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Summary

This paper is a guide for the users of the Fortran computer code SAGAP®,
which has been developed by the author for the thermo-fluiddynamic analysis

of gas cooled fuel element bundles.

The pﬁysical models and the mathematical procedures used in SAGAP® have been
already described by the author of this work in a previous paper. Thus this
work contains only a description of the structure of the code, together with

the other informations necessary to the users.

A listing of SAGAP® is included in Appendix, together with an example of in-

put preparation and parts of printed results.

SAGAPP, ein Rechenprogramm zur thermo- und fluiddynamischen Analyse von gas=

gekiihlten Brennelementbiindeln

Zusammenfassung

Diese Arbeit ist ein Handbuch fiir die Benutzer des vom Autor zur thermo- und
fluiddynamischen Analyse von gasgekiihlten Brennelementbiindeln entwickelten

Fortran-Rechenprogramms SAGAP{.

Die in SAGAPY angevwendeten physikalischen Modelle und mathematischen Methoden
wurden vom Autor dieser Arbeit schon in einem friiheren Bericht beschrieben.
Deshalb enthdlt diese Arbeit nur die Beschreibung der Struktur des Codes,

zusammen mit den anderen Informationen, die fiir die Benutzer notwendig sind.

Eine Liste des ausfiihrenden Programms von SAGAP®, ein Beispiel von Eingabe-

daten und Teile einer Ergebnisliste sind im Appendix beigefiigt.
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1. INTRODUCTION

SAGAPP is a computer code for the analysis of the steady state pressure
drop and pin and shroud surface temperatures for gas cooled bundles of
partly smooth and partly roughened rods, i.e. for bundles as those used

in the Gas Cooled Fast Reactors with fuel element rods.

The SAGAPY code was initially developed for the analysis in turbulent flow
conditions /1,2,3/. Later the possibility of performing calculations in

the case of laminar flows was also introduced in the code, to allow the
prediction of the thermo-fluiddynamic behaviour of the Gas Cooled Fast

Reactor also in the case of low Reynolds number /4,5/.

With SAGAP@ thermo-fluiddynamic calculations for bundles with a hexagonal
shroud profile can be performed. A modification of the code is also available
for the calculations of the Calibration Elements, which have been tested

in the Imstitute of Neutron Physics and Reactor Engineering of the Karls-—
ruhe Nuclear Center in order to allow the thermo-fluiddynamic design of

the 12-rod bundle fuel element to be irradiated in the Mol Reactor BR2
/1,2,3/. In this version of the code only a few subroutines of the ori-

ginal version have been replaced or eliminated: these modifications

concern only geometry and indexing computations.

The physical models and the mathematical procedures used in SAGAPD were
accurately described by the author of this work in a previous paper /5/.
Thus only the structure of the code will be presented here, together
with the informations necessary to the users. Frequent references to
equations presented in /5/ will be made in this work, to better explain
which calculations are performed in the single subprograms and to des-
cribe the meaning of some parameters. For this aim, some references

will be made also to equations presented in /1,2/.

Zum Druck eingereicht am: 15. August 1977



2. GENERAL INFORMATIONS

2.1 Geometries

Fig.1 shows the geometry of a 19-rod bundle with a hexagonal shroud
profile, whereas Fig.2 refers to the 12-rod bundles. Both figures show
the usual division of the flow section into central, wall and corner
channels. The only possible shape of the corner channels in the present
version of SAGAPP is the angular one, as shown by the figures. Bloéking
triangles with base angles of 30o (as those used in the 12-rod bundles)
can be considered in the wall channels. As described in /5/, a very fine
subdivision of the flow section is performed by SAGAPP: the central and
the wall channels are subdivided into subchannels, each wall subchannel
into a central and a wall portion (see Fig.3a)and finally each corner
channel, each central subchannel and both portions of the wall subchannels

into sub-subchannels (see Fig.3b).

The calculations can be performed in the whole flow section, in & half
of it or in 1/12 th of it, in the version concerning hexagonal bundles;
they can be performed in the whole flow section or in 1/3 rd of it, in
the version concerning the 12-rod bundles (1/3 rd of the total flow area
is the minimum section which could be considered for the 12-rod bundles,

due to the spacer profile,see /5/).

SAGAP@ ~in its present version- will handle problems up to 42 flow

channels and 19 rods. These maximum values for the number of the channels
and of the rods was selected for practical reasons, because up to now
calculations have been performed only for 19- and 12-rod bundles (for

a 19-rod bundles the total number of channels is 42) and because with higher
values of these parameters a storage requirement larger than 480 K would
have been necessary for SAGAP® on the computer IBM 370-168 of the

Karlsruhe Nuclear Center: this would have meant a very low priority and

thus a very long time before getting outputs, at the time of the calculations
for the 19~ and the 12-rod bundles. To be able to calculate bundles with

a larger amount of rods and of channels, the dimensions of the various

tensors have to be increased.
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Fig.2 Geometry of the flow section for the 12-rod bundles. Subdivision

into channels. Indexing of the rods.
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Fig. 4 Geometric parameters needed by SAGAPP as input information for
the definition of the flow section geometry (for the symbology

see also 3.1).

The geometrical parameters (as flow areas, equivalent diameters, etc.)

of the channels, of the subchannels, of the two portions of the wall sub-
channels and of the sub-subchannels needed for the calculations are all
computed authomatically by SAGAPP: a very small amount of geometrical
parameters is needed by SAGAPP as input information (see 3.1, Cards 1,
3-8 and Fig.h).

2:1:2. Axial geometry

By means of SAGAP® it is possible to calculate bundles with partly smooth
and partly roughened rod surfaces, with or without unheated ends. In the

present version of the code all the rods must have an equal geometry. In

the case of roughened rods, the calculations are based on the volumetric

diameter , which is the diameter of the smooth rod having the same volume
as the roughened rod, The volumetric diameters must be provided as input

data, for each of the axial portions into which the rods can be divided.*)

It is possible to bundle up to 5 axial portions of the rods, choosing

between the two following possibilities:

*) see below



A-1) unheated smooth portion - 2) heated smooth portion - 3) heated or
unheated rough portion - L) heated smooth portion - 5) unheated smooth

portion.

B-1) unheated smooth portion - 2) unheated rough portion — 3) heated or
unheated rough portion - 4) unheated rough portion - 5) unheated smooth

portion.

The first possibility refers to the 19-rod bundle and the second one to
the 12-rod bundles. Each of the mentioned axial portions is identified
in SAGAPY by means of a different value of the index IPA (see flow-
chart for the main program, Fig.11). More precisely (see Fig.5):

IPA = 1 for the first unheated smooth portion

IPA = 2 for the first heated smooth portion

IPA = 3 for the first unheated rough portion

IPA = 4 for the central heated or unheated rough portion
IPA = 5 for the last unheated rough portion

IPA = 6 for the last heated smooth portion

IPA = T for the last unheated smooth portion

Either the lengths of the axial portions corresponding to IPA=3 and to
IPA=5 or the lengths of the axial portions corresponding to IPA=2 and
to IPA=6 must be set equal to O in input (the first case refers to the
19-rod bundle (A), the second case to the 12-rod bundles (B)). In both

cases, if some of the remaining five portions do not exist, it is suffi-

cient to set their lengths equal to zero.

In this way isothermal calculations are also possible. It is important to

point out that, if a roughened axial portion exists in the rods, portion

3 must have a length different from O (and this both for case A and for

case B). This means also that in the case of isothermal calculations of
bundles with partly roughened rods, the lengths of portions 2 and 4
and the powers of all pins and of the shroud have to be set equal to

zero (both in the case A and in the case B).
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Each of the mentioned five axial portions is divided into axial sections,

up to a maximum number of 100 section per portion. The lengths of these

sections are defined as a factor XD times the equivalent diameter of the
central channels, as described in paragraph 1.1 of /5/. As input are re-
quired only the approximate values of the X,y factors in the regions where
the spacer grids dont have any effect on the pin temperatures and those
in the regions where the spacer grids have an effect on the pin temperatures

(see also chapter 2 in /5/, and 3.1, Cards 19, 20, in this work)

Only spacers of grid-type can be considered in the present version of
SAGAP@. Up to T grids are at the moment allowed. The axial positions
of the grid middle sections, the axial width of the grids (assumed
equal for all spécers), the blockage factors for each subchannel arnd
portion of wall subchannel, together with the corresponding values of
the ratios of the wetted perimeters inside and outside the spacers are

required as input data for SAGAPP (see 3.1, Cards 37-(38 + 4 # NSPACT)).

2.2 Inlet conditions

The calculation can be started at the bundle inlet or at any point after
the bundle inlet; it can be stopped at the end of any of the five axial
portions described in 2.1 (see 3.1, Card 13, 14). The possibility of
starting at a point after the bundle inlet allows dividing long computations

into some steps.

With SAGAPP it is possible to consider uniform mass—-flow-rate and gas-—
temperature distributions at the starting point of the calculation or

to impose any other starting distribution for these variables.

In the first case the inlet mass flow rates and the gas temperatures of the

channels, of the subchannels and of both portions of the wall subchannels
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are authomatically established by SAGAP®, in the second case these values
are read as input data (see SUBR@UTINE INLC@N).

The assumption of uniform mass-flow-rate and gas-temperature distributions
is normally made when the calculation is started at the bundle inlet,
due to a lack of information on the real distributions at this point (see
calculations for the 19- and the 12-rod bundles in /5/). Anyway non-

uniform distributions can be assumed by SAGAP® also in this case.

If a calculation is performed in more than one step, at each new step
the outlet mass-flow-rate and gas—temperature distributions of the pre-
ceeding step can be read as inlet distributions (see 3.1, Card 13).

At the end of each step the outlet mass—-flow-rates and gas-temperature
distributions can be punched, so that the preparation of the input cards

for the next step is simplified (see 3.1 , Card (LO + L % NSPACT)).
If a calculation is started after the bundle inlet, the inlet pressure

drop is authomatically set equal to O by SAGAPP (see flow chart for the

main program, Fig. 11).

2.3 Heating of the rods and of the shroud

With SAGAPP the rods can be assumed to be equally or unequally heated. The
shroud walls can be heated or unheated. A constant or not constant axial

power profile for the rods and the shroud can be assumed.

In the present version of SAGAP( the maximum powers per unit length must
be provided in input for each rod and for the shroud (see 3.1, Cards 30,
31). The axial power profiles (local power/maximum power) are defined in
SAGAPP by means of polynomial equations (both for the rods and for the
shroud), whose coefficients must be provided in input (see 3.1, Cards

35 and 36). The rod power profiles are assumed to be all equal to each
other in the present version of SAGAP(.Several axial power profiles can
be assumed for the rods and the shroud in each heated axial portion, up

to & maximum number of 7 for the whole bundle length (see 3.1, Cards 32).
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The end points of each of these profiles are provided in input (see 3.1,
Cards 33): they are end points for the rod profiles and for the shroud

profiles, at the same time. For each heated axial portion the zero of the

abscissa for the contained axial power profiles is at the inlet section

of the axial portion (see 3.1, Card 3L4) *) Thus for each heated axial

portion there is at least one power profile.

The wdlls of each rod and of the shroud are considered to be uniformly

heated in their peripheral direction, in the present version of SAGAP@.

It is finally assumed that the total powers from the rods and from the
shroud are the powers which correspond to nominal dimensions of the

rods and of the shroud (i.e. not affected by the correction due to the
thermal expansion of the structure; see subroutine M@DFQD and function

FQDEV in paragraph 5)

2.4 Comparison between computed and experimental results

If it is required by the user (see 3.1, Card (LO + L4 # NSPACT)), the pressure
losses and the subchannel pin and shroud temperatures are punched on
cards, which can be used as input data for plotting programs, thus allowing

the comparison between computed and experimental results.

A direct comparison between calculated and measured pressure drops can be

be authomatically performed by SAGAPP (up to 10 pressure taps can

be considered; see 3.1, Card 16): the code prints the computed and

the measured pressures and pressure drops at the desired positions, to-
gether with the error of the calculations with reference to the experimental

data (see paragraph L.L).

*) This has been made to avoid complications in the procedure for the

correction of the geometric parameters of each axial portion, due to
the assumed different thermal expansion of the structure in each axial

portion.
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The printing of the computed pin temperatures at up to a maximum number

of 10 desired axial position is also possible with SAGAP® (see 3.1, Card 17).

2.5 Differences between the two versions of the SAGAP@ code

In the original version of the code, which refers to hexagonal rod
assemblies, the indexing of the channels, of the subchannels, of their
geometrical parameters and of the rods, the connection of the channels,

of the subchannels and of the portions of wall subchannels with each other
and the identification of the rods adjacent to each channel, to each sub-
channel or portion of wall subchannel are authomatically established by
the code, by means of general procedures which are valid for hexagonal

bundles with any number of rows of rods.

The indexing, connection and identification procedures are enclosed in

the subroutines INDEX, INQUA, INGE, HEATR, HEATI, and C@NNIJ.

To perform the calculations for the 12-rod bundles indices, connections

and identification parameters are given in input (in BL¢CK DATA), be-

cause there 15 no need to established general procedures for bundles of

such a form. Thus, in this second version,the subroutines HEATR and CONNIJ

are eliminated and the subprograms INDEX, INQUA, INGE, HEATI, T@PTGE® and DSPDPF
of the original version are replaced with others with the same name.
Furthermore, as mentioned before, BLYCK DATA contains more input data

as 1in the case of hexagonal bundles (see 3.4).

All the other subprograms are common to both versions of the code,

Modifications were performed on some of them to allow their use also for
the 12-rod bundles, in order to reduce the number of the subprograms to
be replaced. These modifications refer mainly to the possibility of con-

sidering blocking triangles in wall channels.

Figs. 6,7,8 show the indexing of the channels and of the rods in the
case of a 19~-rod bundle (for the whole flow section, for a half of it
and for 1/12 th, respectively).Figs.9and 10 show the indexing in the
case of the 12-rod bundles (for the whole flow section and for 1/3 rd

of it,respectively).
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3. INPUT PREPARATION FOR THE SAGAPY CODE

In the present version of the SAGAPY code the input data must be partly
punched on cards (most of which are read in the main program and only

s few in the subroutine INLCPN) and partly provided in DATA blocks,

which are all contained in the BL@UCK DATA. Furthermore, the equations for
the calculation of the physical properties of the gas coolant must be
provided in separate FUNCTI¢NS.

In the following paragraphs the input preparation is accurately described.
The dimensions are provided (for the dimensional variables). The input
geometric parameters correspond to the nominal geometry (i.e. not thermally

expanded). An example of input for the 19-rod bundle is also contained

in Appendix 2.

3.1 Cards read in the main programm

1st Card

S — o o e

NEXC@N NR@DS NSPACT NSPAC(1) NSPAC(2) NSPAC(3) NSPAC(L) NSPAC(S)
(Format (811))

NEXC@N = number of the rows of rods (excluded the central rod, in the

case of hexagonal bundles)

NR@DS = total number of rods

NSPACT = total number of spacer grids

NSPAC(1) = number of spacer grids in the 1st axial portion
NSPAC(2) = " " " " " " ond " 1
NSPAC(3) = " " " 1" " " 3rd m "
NSPAC(L) = 1" " " " " " Lth " "
NSPAC(5) = " " " 0 " " 5¢p " "
2nd_ Card

NSPAC(6) NSPAC(T)

(Format (8110))
NSPAC(6) = number of spacer grids in the 6th axial portion

NSPAC(?) = " 1 " " t " Tth " "
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C 2 ZWC RH PLEN(1) PLEN(2) PLEN(3) PLEN(L4)
(Format(8F10.5))

= pitch of the rods (cm)

= distance between the center of the external rods and the shroud

walls (cm)
ZWC = height of the blocking triangles in the wall channels (cm)
RH = height of the roughness ribs (cm)
PLEN(1) = 1length of the 1st axial portion (cm)
PLEN(2) = " " " ona " " "
PLEN(3) = " w % 3ra " " "
PLEN(L) = " " " hth " " "
kth__cara *)

PLEN(5) PLEN(6) PLEN(T) VDIAM(1) VDIAM(2) VDIAM(3) VDIAM(L) VDIAM(S)
(Format (8F10.5))

PLEN(5) = 1length of the 5th axial portion (cm)

PLEN( 6 ) = " ” 1" 6th " " "

PLEN( 7 ) = " " n Tth " 11 11]

VDIAM(1) = volumetric diameter of the rods of the 1st axial portion (cm)
VDIAM( 2) = 1] " 11 " " " " 2nd 11 " 11]
VDIAM( 3 ) = 11} " " " " 1 1] " 3rd ”n ” "
VDIAM( h ) = " " " 11 1] " " hth n " "
VDIA.M( 5 ) = " " 1] " " " 11} sth " " n
Sth_Card *)

VDIAM(6) VDIAM(T)
(Format (8F10.5))

VDIAM(6) = volumetric diameter of the 6th axial portion (cm)
VDIAM( 7 ) = 1] " " " 7th " n "
#)

Note that VDIAM(I) can be set equal to zero if PLEN(I) = O, Note also
that in the case of smooth rods the volumetric diameter is equal to

the outer diameter.
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6th__Card
AREFB RMISTW(1) RMISTW(2) RMISTW(3) RMISTW(L4) RMISTW(5) RMISTW(6) RMISTW(T)
(Format(8F10.5))

AREFB = total area of the reference surface of the 3rd axial portion

of each rod for the definition of the Biot number (em?).

It corresponds to the area of the root surface or of the surface
including the rib faces, i.e. to the summation of the areas

A or A (respectively) defined in (III.26) and (III.15) of /5/.
Note that AREFB must be equal for all rods in the present

version of SAGAP@. Note also that AREFB must be different from

zero also in the case of isothermal calculetions.

RMISTW(1) radius at in the

which the pin temperatures are measured

1st axial portion (cm)

radius at measured in the

RMISTW(2) vhich the pin temperatures are

2nd axial portion (cm)

RMISTW(3)

RMISTW(L)

RMISTW(S)

RMISTW(6)

RMISTW(T)

radius at
3rd axial
radius at
hth axial
radius at
5th axial
radius at
6th axial
radius at
Tth axial

which the pin temperstures
portion (cm)
which the pin temperatures
portion (cm)
which the pin temperatures
portion (cm)
which the pin temperatures
portion (cm)
which the pin temperatures

portion (cm)

are

are

are

are

are

measured

measured

measured

measured

measured

in

in

in

in

in

the

the

the

the

the

In each axial portion I RMISTW(I) must be equal for all rods. Therefore, for
different position of the thermocouples, an average position must be assumed.
If no thermocouples are set in the rods or if the thermocouples measure the

surface temperatures, RMISTW(I) must be set equal to the volumetric radius.
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Tth Card *)

RINT(1) RINT(2) RINT(3) RINT(4) RINT(5) RINT(6) RINT(7) RTIP(1)
(Format (8F10.5))

RINT(1) = inner radius of the canning in the 1st axial portion (cm)

RINT( 2) = s it " " " " " ond " " "

RINT ( 3 ) = L] " " " " " " 3I‘d " ] "

RINT( )4) = i 1" " o " 1 " hth " " "
RINT(5) = " " TIT " U L " "
RINT(6) = " " wooon " " " Gtp " " "
RINT(T7) = " " " " " " " Tth " " 1"
RTIP(1) = tip radius of the roughness ribs in the 1st axial portion (cm)
8th Card*)

RTIP(2) RTIP(3) RTIP(4) RTIP{S) RTIP(6) RTIP(T)
(Format(8F10.5) ) 4

RTIP(2) = +tip radius of the roughness ribs in the 2nd axial portion (cm)
RTIP( 3) = 11 11 " " 1" " 11 11 3rd 11 11} H13
RTTP( N ) = 1 " " 1" 1 " i " lth " 1" "
RTIP(S) = " " " " " 1 " " 5gp " " n
RTIP(6) = " " " " 1" " " " 6th " " "
RTIP("() = ¥ " " " " " " e Tth " " "
2th__Card

NDVQ NSEL NSC30C NSC30W NSC30A
(Format (8110))

NDVQ = number of the different values of the rod powers
If the rods are all equally heated NDVQ = 1,otherwise NDVQ must
be set equal to NR@DS (see 1st card)

*) As for RMISTW(I) also RINT(I) and RTIP(I) must be equal for each rod in
portion I. If portion I is smooth RTIP(I) is set equal to the outer

radius of the rods.
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NSEL = index to establish the portion of the whole bundle flow section
which must be considered.

For the hexagonal bundles:

NSEL = 1: whole bundle flow section
NSEL = 2: half of the bundle flow section
NSEL = 1/12 th of the bundle flow section

For the 12-rod bundles:
NSEL
NSEL

1: whole bundle flow section
3: 1/3 rod of the bundle flow section

NSC30C number of sub-subchannels in 30o for the central subchannels and for

the central portions of the wall subchannels

NSC30W = number of sub-subchannels in 30°

for the wall portion of the wall subchannels

NSC30A number of sub-subchannels in 300

for the corner channels.

PE PE1 TE TE1 MFLOW XLAM1(1) XLaAM1(2) XLaM1(3)
(Format (8F10.5))

PE = pressure at the point where the calculation is started
(dimensions in Kg/cm2 or in bar, depending on the value

of INDPR, see 15th Card)

PE1 = pressure at the bundle inlet (same dimensions as PE)

TE = bulk temperature for the whole bundle flow section at the
point where the calculation is started (°C)

TE1 = bulk temperature for the whole bundle flow section at the
bundle inlet (°C)

MFL@W = mass flow rate through the whole bundle flow section (g/s)

XLAM1(1) = approximate value of the whole bundle friction factor A = Lf
for the i1st axial portion

XLAM1(2) = approximate value of the whole bundle friction factor A = uf
for the 2nd axial portion

XLAM1(3) = approximate value of the whole bundle friction factor A = kLf

for the 3rd axial portion

*) Note that the first iteration values XLAM1(I) dont need to be very

precise. Also with initial values which are very far from the real
A values, convergence was normally elways reached.
If PLEN(I) = O XLAM1(I) can be set equal to O.
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#*)
11th Card

XLAM1(4) XLAM1(5) XLAM1(6) XLAM1(T)
(Format (8F10.5) )

XLAM1(k) = approximate value of the whole bundle friction factor A = Lf
for the 4th axial portion
XLAM1(5) = approximate value of the whole bundle friction factor A = if
for the 5th axial portion
XLAM1(6) = approximate value of the whole bundle friction factor X = Lf
for the 6th axial portion
XLAM1(T) = approximate value of the whole bundle friction factor A = Lf
for the Tth axial portion
12th_ Card
CPLAMA
(Format (8F10.5))
CPLAMA = factor R, = bs/S.S which takes into account the effect of the
roughness of the shroud walls on the friction factors of the
wall and corner channels (see (I.88),(1.91) and (III.18) in /S/).
13th Card

IPAST IPAEND IREAD1
(Format(8110))

IPAST index of the axial portion at which it is desired to start the

calculation (not necessarely from its beginning)

IPAEND index of the axial portion at the end of which it is desired

to end the calculation

IREAD1 index which establishes whether the mass—-flow-rate and temperature

distributions must be considered uniform or non-uniform at the

point where the calculation is started.

IREAD1 = 1: uniform distributions (evaluated in the subroutine
INLC@N)

IREADt = 2: other distributions (to be read in the subroutine INLC@N)

*) Note that the first iteration values XLAM1(I) dont need to be very precise.

Also with initial values which are very far from the real A values,
convergence was normally always reached. If PLEN(I) = O XLAM1(I) can be

set equal to O,



1kth Card

STLEN

(Format (8F10.5))

STLEN =

_25_

distance from the bundle inlet to the point at which the calculation

is started (cm)

15th Card

INDPR INDQ
(Format (8110))

INDPR =

INDPR =

INDPR =
INDQ = index

INDG = 1:
16th Card

index which establishes the dimensions of

values (see Cards 1o and 28/a, b,...)

per unit length (see Cards 30/a,b,... and

INDQ = 2: dimensions in W/em

1: dimensions in Kg/cm2

2: dimensions in bar

dimensions in cal/s cm

vhich establishes the dimensions of

NEXPRT NEXPR(1) NEXPR(2) NEXPR(3) NEXPR(L) NEXPR(S)
(Format (8110))

NEXPRT

NEXPR(1)
NEXPR(2)
NEXPR(3)
NEXPR(L4)
NEXPR(5)
NEXPR(6)
NEXPR(T)

total number of the experimental pressure values to be read

(see Cards 28/a,b,...)

number of the experimental pressure values in the 1st axial

"

L

L

L1

W

L]

n

2nd
3rd
Lth
Sth
6th
Tth

the read pressure

the maximum powers

NEXPR(6) NEXPR(T)

1]

it

portion

"

L1

T
Obviously it must be ) NEXPR(I) = NEXPRT. Some or all NEXPR(I) can be equal

to zero. For each axigf1portion I,NEXPR(I) comparsons between computed and

experimental pressure drops will be made suthomatically by SAGAPO.
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17th Card

NEXTWT NEXTW(1) NEXTW(2) NEXTW(3) NEXTW(L) NEXTW(5) NEXTW(6) NEXTW(T)
(Format (8110))

NEXTWT = total number of axial positions where a print of the pin
temperatures is required

NEXTW(1) = number of axial positions in the 1st axial portion where & print
of the pin temperatures is required

NEXTW(2) = number of axial positions in the 2nd axial portion where a print
of the pin temperatures is required

NEXTW(3) = number of axial positions in the 3rd axial portion where a print
of the pin tempersatures is required

NEXTW(4) = number of axial positions in the bth axiasl portion where a print
of the pin temperatures is required

NEXTW(5) = number of axial positions in the S5th axial portion where a print
of the pin temperatures is required

NEXTW(6) = number of axial positions in the 6th axial portion where a print
of the pin temperatures is required

NEXTW(7) = number of axial positions in. the Tth axial portion where & print

of the pin temperatures is required

It must be pointed out that average pin temperatures are computed and
printed for each axial section. The NEXTW(I) prints refer to special axial
§osition3 specified in input (see Cards 29/a,b,...). Obviously it must be

NEXTW(I) = NEXTWT. Furthermore some or all NEXTW(I) can be equal to zero.
I=1

18th Card

— ) e e s

ITCM ITC1 ITC2 MSUBDH
(Format (8I10))

ITCM
ITC1

maximum number of iterations allowed for the loop ITCHRR (see Fig.11))
3. -4
instead of 10

number of iteration after which a precision of 10
is required on the whole bundle friction factor AT for the
convergence in the iteration loop ITC@RR. This option was introduced
to overcome critical points in some calculations, where a precision

of 10™% could not be achieved on 2A.



ITC2

MSUBDH
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number of iterations by which the calculation must be repeated in
the loop ITCPRR, without testing the convergence. A minimum value
of 3 for ITC2 is advised, to be sure that the convergence of AT
means also convergence of the other variables involved in the
iteration loop ITCPRR (see also paragraph 5.2 in this work).
maximum allowed number of successive halvings of the length of an
axial section in the case of convergence problems in the subrou-
tines TRICA1, RECCAt, ANGCA1, BALA, SUBBAL and in the subroutines

connected to them (see subroutine SUBDH).

. e o ot T e R > S O

XDE1(1) XDE1(2) XDE1(3) XDE1(k4) XDE1(5) XDE1(6) XDE1(T) XDE2(1)
(Format (8F10.5))

XDE1(1) = approximate desired value of the X, factor for the definition
of the length of the axial sections in the regions outside the in-
fluence of the spacers (length of the section = XD'equivalent
diameter of the central channels, see 1.1 in /5/), for the
1st axial portion

XDE1(2) = as above for the 2nd axial portion

XDE1(3) = as above for the 3rd axial portion

XDE1(4) = as asbove for the kth axial portion

XDE1(5) = as above for the 5th axial portion

XDE1(6) = as above for the 6th axial portion

XDE1(T) = as sbove for the Tth axial portion

XDE2(1) = approximate desired value of the X, factor for the part of the
regions where the pin temperatures are influenced by the spacers,
which begins 3 central equivalent diameters after the inlet
section of a spacer and ends 11 central equivelent diameters
after this inlet section (see 1.1 and (III.11), (III.12),
(III.40) and (III.b41) in /5/),for the 1st axial portion #)

#)

In the other part of these regions (see (III.10) and (III.39) of /5/)

a subdivision into 4 axial sections is made authomatically by SAGAPQ
(see also the flow-chart for the subroutine AXSEC, Fig.13).



20th Card

28~

XDE2(2) XDE2(3) XDE2(kL) XDE2(5) XDE2(6) XDE2(7T)
(Format (8F10.5))

XDE2(2) =

XDE2(3) =
XDE2(k) =
XDE2(5)

XDE2(6)
XDE2(T)

21st Card

approximate desired value of the X, factor for the part of the

regions where the pin temperaturesDare influenced by the spacers,
which begins 3 central equivalent dismeters after the inlet
section of a spacer and ends 11 central equivalent diameters
after this inlet section (see 1.1 and (III.11), (III.12),
(III.40) and (III.k1) in /5/), for the 2nd axial portion #)

as above for the 3rd axial portion

as above for the L4th axial portion

as above for the 5th axial portion

as above for the 6th axial portion

as above for the Tth axial portion

FT PCYRR CTU1 CTU2 CTU3
(Format (8F10.5))

FT = factor fT which takes into account the imperfect analogy between
eddy diffusivity of heat and momentum (see (I.38) in /5/)

PCPRR = correction factor for the Ingesson mixing factors (see (I.11) in
/5/; PC@RR = K oRR in /5/)

CTU1 = mixing factors for the turbulent exchange between central sub-
channels of the same central channel (see (I.h4) in /5/;
CTU1 = I in /5/)

CTU2 = mixing factor for the turbulent exchange between wall subchannels
of the same wall chennel (see (I.h4) in /5/; CTU2 = I in /5/)

CTU3 = mixing factor for the turbulent exchange between the two portions
of each wall subchannel (see paragraph 1.6 in /5/)

#) In the other part of these regions (see (III.10) and (III.39) of /5/)

a subdivision into 4 axial sections is made authomatically by SAGAP¢
(see also the flow-chart for the subroutine AXSEC, Fig.13).
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TWPRCF TCPRCF
(Format (8F10.5))

TWPRCF = Bw correction factors for the inlet gas temperatures of the wall
sub-subchannels (definition see (42) in /1/)
TCPRCF = B, correction factors for the inlet gas temperatures of the corner

C
sub-subchannels (definition see (42) in /1/)

The Bw and BC coefficients were used in the first calculations performed
for the first 12-rod bundle (KE 1) /1,2/, where it seemed to be necessary
to evaluate the local pin temperatures exactly at the positions of the
thermocouples. These local temperatures were thought to be appreciably
different from the average subchannel values,due to the too small distance
Z between the external rods and the shroud. In the calculations performed
later for the KE III and the 19-rod bundle /3,4,5/ both B values were
assumed equal to O, because the values of Z are there sufficiently large,
so that considerable peripheral variations of the pin temperatures inside
each external subchesnnel are avoided for these bundles (see chapter 3

in /5/).

23rd Card

CINL C@uT
(Format (8F10.5))

CINL = coefficient for the pressure loss at the bundle inlet (see (III.10)
and (III.20) in /5/; CINL = Kp in /5/)
CAUT = coefficient for the pressure recovery at the bundle outlet (see

paragraph 8 in /1/; C@UT = Ko in /1/; C@UT was set equal to zero
for the calculations performed for the 19 rod bundle /5,6/ and
for the KE III /3,5/)
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2hth Card

FAREL(1) FAREL(2) FAREL(3) FAREL(4) FAREL(S) FAREL(6) FAREL(T)
(Format (8F10.5))

FAREL(1) =initial value for the relaxation factor FRel in the convergence
procedure for the solution of the system of the axial momentum
equations in the 1st axial portion (see (I.50) in /5/)

FAREL(2) = as above for the 2nd axial portion

FAREL(3) = as above for the 3rd axial portion

FAREL(L4) = as above for the hth axial portion

FAREL(5) = as above for the 5th axial portion

FAREL(6) = as above for the 6th axial portion

FAREL(7) = as above for the Tth axial portion

As pointed out in paragraph 1.7 of /5/ the input relaxation factor is
authomatically corrected by SAGAP@ in the case of convergence problems
in the solution procedure (see subroutines BALA, SUBBAL, RECCA2)

25th Card #)

TWTIPA(1) TWTIPA(2) TWTIPA(3) TWTIPA(L) TWTIPA(S) TWTIPA(6) TWTIPA(T) TBTIPA(1)
(Format (8F10.5))

TWTIPA(1) = average value of the pin temperatures in the 1st axial portion (°c)
TWTIPA(2) = " " " " " " " " oopg M " "
TWTIPA(3) = " " " " " " " " 34 " " "
TWTIPA(L) = " " " " " " ] " Lth " " "
TWTIPA(S) = " v " W ogep W " "
TWITPA(6) = " moomoomo " TP W
TWTIPA(T) = " " wooow " " L Y " "
TBTIPA(1) = average value of the bulk temperature for the whole bundle flow

section in the 1st axial portion (°C)

#) The temperatures TWTIPA, TBTIPA and TBPIPA are used to correct the nominal
geometric parameters in order to take into account the thermal expansion

of the structure (see 3.1.3 in /5/ and functions TBFUN and TWFUN in

paragraph 5 of this work)
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26th Card #)

TBTIPA(2) TBTIPA(3) TBTIPA(L) TBTIPA(S) TBTIPA(6) TBTIPA(7) TBPIPA(1) TBPIPA(2)
(Format (8F10.5))

TBTIPA(2) = average value of the bulk temperature for the whole bundle flow
section in the 2nd axial portion (°C)

TBTIPA(3) = average value of the bulk temperature for the whole bundle flow
section in the 3rd sxial portion (°C)

TBTIPA(L) = average value of the bulk temperature for the whole bundle flow
section in the Lth axial portion (°c)

TBTIPA(5) = average value of the bulk temperature for the whole bundle flow
section in the 5th axial portion (°C)

TBTIPA(6) = average value of the bulk temperature for the whole bundle flow
section in the 6th axial portion (°C)

TBTIPA(T7) = average value of the bulk temperature for the whole bundle flow
section in the Tth axial portion (°C)

TBPIPA(1) = average value of the shroud temperature in the 1st axial portion (OC)

TBPIPA(2) = " eeroon " " " " 2pa " " "

27th Card #)

TBPIPA(3) TBPIPA(L) TBPIPA(S) TBPIPA(6) TBPIPA(T)
(Format (8F10.5))

TBPIPA(3) = average value of the shroud temperature in the 3rd axiel portion (°c)
TBPIPA(L) = ¢ LU " " U U WA " "
TBPIPA(S) = " won " " gl " " o5gp M " "
TBPIPA(6) = " woonwooon " " L B, " "
TBPIPA(T) = " wowooom " " L " "

*) The temperatures TWTIPA, TBTIPA and TBPIPA are used to correct the nominal
geometric parameters in order to tske into account the thermal expension

of the structure (see 3.1.3 in /5/ and functions TBFUN and TWFUN in para-

graph 5 of this work).
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Cards 28/a,b,...

(fail if NEXPRT = o, i.e. no comparison between computed and measured

pressures is required)

XEXPR(1) PEX(1) XEXPR(2) PEX(2) ... XEXPR(NEXPRT) PEX(NEXPRT) PEX@UT
(8 data per card with the Format (8F10.5))

XEXPR(I) = distance from the bundle inlet to the Ith pressure tap (cm)
PEX(I) = experimentsl pressure at the position XEXPR(I) (dimensions

. depending on the value of INDPR, see 15th Card)

PEXgUT = experimental pressure at the bundle outlet (dimensions depending

on the value of INDPR, see 15th Card) (=0 if not measured)

Cards 29/a,b,...

(fail if NEXTWT = o, i.e. no print of the pin temperatures at special axial

positions is required)
XEXTW(1) XEXTW(2) ... XEXTW(NEXTWT)
(8 data per card with the Format (8F10.5))

XEXTW(I) = distance from the bundle inlet to the Ith position at which

a print of the pin temperatures is required (cm)

Cards 30/a,b,...

QPIN(1) QPIN(2) ... QPIN(NRgDS)
(8 data per card with the Formast (8F10.5))

°
°

QPIN(I) = maximum power per cm in the Ith rod (dimensions of the power

depending on the value of INDQ, see 15th Card)

It is important to point out that if NDVQ = 1 (i.e. all the rods are equally
heated) only QPIN(1) must be punched (if NDVQ # 1 all the QPIN values must

be provided). In the case of isothermal calculations it is obviously

QPIN(1) = O and NDVQ=1 (see also 9th Card).
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Card 31

QLINMT
(Format (8F10.5))

QLINMT = meximum power per cm in the shroud (dimensions of the power depending
on the value of INDQ, see 15th Card)

NDPRQT NDPRQ(1) NDPRQ(2) NDPRQ(3) NDPRQ(L) NDPRQ(S) NDPRQ(6) NDPRQ(T)
(Format (8F10.5))

NDPRQT = total number of the different profiles of power in the rods and
in the shroud

NDPRQ(1) = number of the different profiles of power in the rods and in the
shroud in the 1st axial portion

NDPRQ(2) = as above for the 2nd axial portion

NDPRQ(3) = as above for the 3rd axial portion

NDPRQ(4) = as above for the Uth axial portion

NDPRQ(5) = as above for the 5th axial portion

NDPRQ(6) = as above for the 6th axial portion

NDPRQ(7) = as above for the Tth axial portion

1 ‘

Obviously it must be Z NDPRQ(I) = NDPRQT. Furthermore NDPRQ(I) must be equal to
I=1

zero if the Ith portion is unheated or does not exist. NDPRQ(I) is always >0

(2t least equal to 1) for each heated existing axial portion (see 2.3 in this

work). In the case of isothermal computations it is NDPRQT = NDPRQT(I) = O.

Cards 33/a,b,...

(fail if NDPRQT = O, i.e. isothermal calculation)
X2DPRQ(1) X2DPRQ(2) ... X2DPRQ(NDPRQT)
(8 data per card with the Format (8F10.5))

X2DPRQ(I) = distance from the bundle inlet to the end point of the Ith power

. profile (cm)
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For each heated existing axial portion there must be at least one index I at
which X2DPRQ(I) is equal to the distance of the end point of the axial por-
tion from the bundle inlet. The distances X2DPRQ(I) are common to the power
profiles of the rods and of the shroud, so that at the positions where the
pover profile changes for the rods, a new power profile must be considered

also for the shroud, and vice versa (see also 2.3 in this work).

(Pails if NDPRQT = O, i.e. isothermal calculation)

NQDC@
(Format (8110))
NQDC@ = maximum necessary number of the coefficients aji of the polynomial
equations defining the power profiles j, i.e. of the equations:
NQDC® .
AL A = - i-1
Q(x) Qg 121 a; (X=X p)

Q'(x) is the power per cm in & rod or in the shroud at the axial
J [
Cs . . .
position X, QMax the maximum power per cm and XOIPA the axial
distance from the bundle inlet at which the axial portion IPA

begins (X and X in cm)

O IPA
The value of NQDC@ must be set equal to the maximum value necessary for the
profiles of the rods and of the shroud (i.e. an equal number of coefficients
a3i must be considered for the rods and for the shroud and for all power
profiles). NQDC@ = T is the maximum number of coefficients which can be
considered in the present version of SAGAP@. Obviously some of the coeffi-

cients aji can be set equal to zero, for each profile (see Cards 35 and 36).

Cards 35/a,b,...

(fail if NDPRQT = O, i.e. isothermal calculation)

Qpc@(1,1) Qpeg(1,2) ... QDCE(1, NQDCE) QDCA(2,1) QDCP(2,2) ... QDCE(2, NQDCE) ...
QDC@(NDPRQT, 1) QDC@(NDPRQT, 2) ... QDC@(NDPRQT, NQDC®)

(6 data per card with the Format (6E12.5))

QDC@P(J,I) = Jth coefficient of the Ith profile in the rods (see & s
description of Card 34).
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Cards 36/a,b,...

(fail if NDPRQT = O, i.e. isothermal calculation)

QLDC@(1,1) QLDCE(1,2) ... QLDCH(1, NQDCP) QLDC@H(2,1) QLDCH(2,2) ...
QLDC@(2, NQDC@) ... QLDC@(NDPRQT, 1) QLDC@(NDPRQT, 2) ... QLDC@(NDPRQT, NQDC®)

(6 data per card with the Format (6E12.5))

9LDC¢(J,I) = Ith coefficient of the Ith power profile in the shroud (see

. I description of the 3L4th Card).

Cards 37/a,b,...

(fail if NSPACT = O, i.e. no spacers)
WSPO DIST(1) DIST(2) ... DIST(NSPACT)
(8 data per card with the Formet (8F10.5))

WSPO axial width of the spacer grids (cm)

ﬁIST(I)

distance from the bundle inlet to the middle section of the

Ith spacer (cm)

Cards 38/a,b,...

(feil if NSPACT = O, i.e. no spacers)
GRI(1,1,1) GRI(1,2,1) GRI(1,3,1) GRI(2,1,1) GRI(2,2,1) GRI(2,3,1) ...
GRI(NST@T, 1,1) GRI(NST@T, 2,1) GRI(NST@T, 3,1)

(6 data per card with the Format (6F10.5))

.
e

GRI(NS,J,1) = blockage factor of the subchannel J of channel NS, for the

. ist spacer
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This reading procedure of the blockage factors needs the knowledge of the

channel disposition (NST@T is the total number of channels, in the

considered symmetry section, which does not need to be read because it is
established in the subroutine INDEX). Furthermore, it is also necessary

to know which rods are adjacent to each channel, to be able to establish

different values of the blockage factors for each subchannel J of each
channel NS: as each subchannel J is adjacent to only one rod, it is
sufficient to read the index IRGRI(NS,J) of the rod adjacent to it (see
Cards (38+4xNSPACT/)/a,b...) to identify the subchannel to which the read
value of the blockage factor refers. In this way it is not necessary

to know also which subchannel disposition inside each channel is fixed by
SAGAP@ for the calculations: the indices J for the reading of the subchannel
blockage factors can be fixed by the user, provided that the right values
of IRGRI(NS,J) are established at the same time in Cards (38+L4#NSPACT).
Furthermore, it must be pointed out that for & channel with a number Jmax
of subchannels less than 3 (as always for the corner and the wall channels
and also for some central channels in the case of symmetry sections),

the values of the blockage factors for the existing Jmax subchannels must
be punched in the first Jmax fields reserved to the channel. The fields

corresponding to J > Jmax can be left blank.

This rather complicated reading procedure was necessary especially for the
calculation for the 12 rod bundles, which had a very complicated grid
profile (see Fig.40 in /5/). A simpler procedure can be easily
introduced in SAGAP@.

Cards 39/a,b,...

(fail if NSPACT = O, i.e. no spacers)

GRIP(1,1,1) GRIP(1,2,1) GRIP(1,3,1) GRIP(2,1,1) GRIP(2,2,1) GRIP(2,3,1) ...
GRIP(NST@T,1,1) GRIP(NST@T,2,1) GRIP(NSTGT,3,1)

(6 data per card with the Format (6F10.5))

GRIP(NS,J,1) = wetted perimeter inside the spacer/ wetted perimeter outside

. the spacer, for subchannel J of channel NS, for the 1st spacer
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The same remarks made for the blockage factors are valid also for the GRIP
values, It must be only added that the GRIP parameters are necessary if a
sophisticated model for the calculation of the pressure drops due to the
spacer grids is used (see /1/, /2/). For the actual model used for their
calculation in SAGAP@ (see (I.9) in /5/) the GRIP parameters are of no use.
Therefore they were all set equal to 1 for the calculations performed for
the 19-rod bundle and the KE III /3, L4,5/.

Cards 40/a,b,...

(fail if NSPACT = O, i.e. no spacers)

GRIT(1,1,1) GRI1(1,2,1) GRIY(2,1,1) GRIY(2,2,1) ... GRI1(NSPER,1,1)
GRI1(NSPER,2,1)

(6 data per card with the Format (6F10.5))

GRIV(K,J,1) = ratio between the blockage factor of the wall portion of
the Jth subchannel of the Kth external channel and the

blockage factor of the whole Jth external subchannel

NSPER is the number of external channels, which does not need to be read
because it is established in the main program.

About the index J the same remarks made for the description of cards 39 and
40 are valid also here. There is only to notice that the meximum value of

J is here 2 because the maximum number of subchannels in a wall channel is 2.
GRI1 values are read also for the corner channels, although they have a
meaning only for the wall subchannels (which are divided into a wall and
central portion): thus the fields for the GRI1 values referring to cormer
channels can be left blank. ‘

It must be pointed out that the division of the wall subchannels into two
portions is performed authomatically by SAGAP@: the GRI1 values for the

wall subchannels are not known a priori, therefore a first calculation

with all GRI1 = 1 must be always performed. Then, if it is desired to see
the effects of the different values of the blockage factors on the mass—flow
and temperature distributions inside the wall subchannels, GRI1 values can
be eveluated from the results of this first calculation and used as inputdata

for a new calculation.



_38_

Cards 41/a,b,...

(fail if NSPACT = O, i.e. no spacers)

GRI2(1,1,1) GRI2(1,2,1) GRI2(2,1,1) GRI2(2,2,1) ... GRI2(NSPER,1,1)
GRI2(NSPER,2,1)

(6 data per card with the Format (6F10.5))

GRI2(K,J,1) = ratio between the blockage factor of the central portion of
the Jth subchannel of the Kth external channel and the
. blockage factor of the whole Jth external channel.

The same remarks made in the description of Cards 41 are valid also here.

Cards for the 2nd spacer

(fail if NSPACT < 2)

L.n 7

Cards 42/a,b,...: similar to cards 38/a,b,...
Cards 43/a,b,...: similar to cards 39/a,b,...
Cards 4i/a,b,...: similar to cards 40/a,b,...

Cards 45/a,b,...: similar to cards 41/a,b,...

Cards for_ the NSPACT th_spacer

(fail if NSPACT = 0)

Cards (38+(NSPACT-1)}k4)/a,b,...: similar to cards 38/a,b,...
Cards (39+(NSPACT-1)}4)/a,b,...: similar to cards 39/a,b,...
Cards (4O+(NSPACT-1)¢4)/a,b,...: similar to cards 40/a,b,...
Cards (L41+(NSPACT-1)}U4)/a,b,...: similar to cards 41/a,b,...

Cards(38+4*NSPACT )/ a,b,...

IRGRI(1,1) IRGRI(1,2) IRGRI(1,3) IRGRI(2,1) IRGRI(2,2) IRGRI(2,3) ... IRGRI(NST@T,1)
IRGRI(NST@T,2) IRGRI(NST@T,3)

(6 data per card with the Format (6I10))



_39_

L]
.
.

IRGRI(NS,J) = index of the rod adjacent to the I subchannel of channel NS

(see description for cards 38/a,b,...). As for the previously described grid

parameters, if a channel contains a number Jpayx OF subchannels less than 3,

ax
the IRGRI velues for the existing subchannels must be punched in the first
Jmax fields reserved to the channel and the fields corresponding to J>Jp .

will be left blank.

Card (39+L#NSPACT)

g . o e e e e s o i b R s e

TIMEPU
(Format (F10.5))
TIMEPU = computation time (in seconds) after which the punching of the mass-

flow rates and of the gas temperatures of the channels, of the
subchannels and of the two portions of the wall subchannels is
required. After this punching the computation will be stopped
(see subroutine TMPUN)

Card (LO+L4#NSPACT)

IPUNCH

(Format (8I10))

IPUNCH = option for punching the computed pin and shroud temperatures and
the pressure drops

IPUNCH=1: punching

IPUNCH=2: not punching
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3.2 Cards read in the subroutine INLCON

The subroutine INLCON contains the READ statements for the inlet mass-
flow rates and for the inlet gas temperatures of the channels, of the sub-

channels and of the two portions of the wall subchannels, These cards fail

if IREAD1=1, i.e. if uniform distributions for the inlet mass-flow rates

and for the inlet gas temperatures are assumed.

To read these cards it is not only necessary to know the channel disposition,

but also the disposition of the subchannels inside each channel which is

established by SAGAP{. Normally this is no problem, because non-uniform
distributions for the inlet mass-flow rates and for the inlet gas temperatures

are normally assumed only to go on with & new step for a calculation which

has previously stopped because the allowed computing time TIMEPU has been
elapsed *%) In this caese the necessary cards are all provided directly as
output of the preceeding calculation step (they are punched by means of
punching statements contained in the subroutine TMPUN ). Furthermore the
outlet mass flow rates and gas temperstures of the chaanels, of the sub-
channels and of the two portions of the wall subchannels are printed for

all axial sections.

Cards (hO+h*NSPACT)alb,...*)

MI(1) TEMP(1) MI(2) TEMP(2) ... MI(NST@T) TEMP(NSTET)
(8 data per card with a format(8F10.5))

MI(NS) = mass flow rate of channel NS at the point where the calculation
is started (g/s)
TEMP(NS)= gas temperature of channel NS at the point where the calculation

: is started (°C)

#) Ag usual NSTPT is the total number of channels for the considered

symmetry section, evaluated as the subroutine INDEX.

**)orbecause the end of the axial section IPAEND has been reached.
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Card (L1+L#NSPACT)/a *)

MSCH1(1,1) TSCH1(1,1) ... MSCH1(1,NPIN(1)) TSCH1(1,NPIN(1))
(Format (8F10.5))

L]
.
.

MSCH1(1,M) = mass flow rate of subchannels M of channel 1 at the point
where the calculation is started (g/s)
TSCH1(1,M) = gas temperature of subchannel M of channel 1 at the point

where the calculation is started (°C)

Card (4O+4*NSPACT+NS)/a *)

(Format (8F10.5))

MSCH1(NS,M) = mass flow rate subchannel M channel NS at the point where
the calculation is started (g/s)

TSCH1(NS,M) = gas temperature of subchannél M of channel NS at the point

. where the calculation is started (°C)

Card (LO+4#NSPACT+NS)/b

(fails if NTYP(NS)#2, i.e. if channel NS is not a wall channel; obviously
channel 1 can be never a wall channel, thus Card (L1+4$NSPACT)/b does never

exist).

MSCWC1(NSW,1,1) TSCW1(NSW,1,1) MSCWC1(NSW,1,2) TSCWC1(NSW,1,2) MSCWC1(NSW,2,1)
TSCWC1(NSW,2,1) MSCWC1(NSW,2,2) TSCWC1(NSW,2,2) )

(Format (8F10.5))

MSCWC1({NSW,1,1} = mass flow rate of the wall portion of subchannel 1 of

channel NS at the point where the calculation is started (g/s)

#) NPIN(NS) is the number of the pins adjacent to channel NS (the parameters
NPIN(NS) are evaluated in the subroutine HEATI). Note that NPIN(NS) is
always <3; thus 1 card is always sufficient foe each channel NS.

i) NSW = NS-NSTR, where NSTR is the number of central channels for the con-
sidered symmetry section (evaluated in the subroutine INDEX).
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TSCWC1(NSW,1,1) = gas temperature of the wall portion of subchannel 1 of chan-
nel NS at the point where the calculation is started (°C)

MSCW1(NSW,1,2) = mass flow rate of the central portion of subchannel 1 of
channel NS at the point where the calculation is started
(g/s)

gas temperasture of the central portion of subchannel 1

TSCWC 1(NSW,1,2)
of channel NS at the point where the calculation is
started (°C)

MSCWC1(NSW,2,1) = mass flow rate of the wall portion of subchannel 2 of

channel NS at the point where the calculation is started

(g/s)

TSCWC1(NSW,2,1) = gas temperature of the wall portion of subchannel 2 of

channel NS at the point where the calculation is started
(°c)

MSCWC1(NSW,2,2) = mass flow rate of the central portion of subchannel 2 of

channel NS at the point where the calculation is started

(g/s)

TSCWC1(NSW,2,2) gas temperature of the central portion of subchannel 2

of channel NS at the point where the calculation is
started (°C)
Note that these data are exactly 8 for each wall channel and thus they are

all punched in one card.

e e oo

Cards (4O+L4#NSPACT+NSTOT) /a,b

They refer to channel NST@T, i.e. to the last channel which must be considered.

They are similar to cards (40+4#NSPACT+NS)/a,b.
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3.3 BL@CK DATA for hexagonal bundles

In this paragraph the input data which must be provided in BL@CK DATA by
means of DATA statements are described for the original version of the
SAGAPY Code (i.e. for hexagonal bundles). In the next paragraph the addi-
tional data which were provided in BL@CK DATA for the calculations of the

12-rod bundles are also described.

1) CPMMPN BL@CK /DAT1/

A(1), A(2),...,A(10)
A(J), J=1, 10: parameters for the G(h*) function (see function GHPLUS).

g) COMMPN BLPCK /DAT2/

B{(1), B(2),...,B(10)
B(J), J=1, 10: parameters for the R(h") function (see function RHPLUS).

3) C@MMPN BL@CK /DATL/

NDEST, NDEEND

NDEST = number of equivalent diameters after the beginning of an axial por-
tion of the bundle or after a spacer, defining the beginning of a
region where the flow is supposed to be indisturbed. In the per-—
formed calculations NDEST=10 was assumed.

NDEEND= number of equivalent diameters before the end of an axial portion
of the bundle or before a spacer, defining the end of a region
where the flow is supposed to be indisturbede In the performed

calculations NDEEND=2 was assumed.

In the regions defined by NDEST and NDEEND average values of some important
variables will be evaluated and printed by SAGAP® (see k4.4 in this work).

L) COMMPN BLOCK /DATT/

CNUSs(1), CNUSS(2)
CNUSS(1) = parameter defining the maxima of the correction profiles for
the Nusselt numbers due to the influence of spacers

(Ysp = NuB/Nqu) for heated axial sections with smooth rods.
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CNUSS(2) = parameter defining the maxima of the correction profiles for
the Nusselt numbers due to the influence of spacers

(Ysp = NuB/Nqu) for heated axial sections with roughened rods.

For smooth and roughened axial sections Ysp igs defined as:
max

Y = 1 + CNUSS % ¢2
sp
max

where the ¢'s are the blockage factors (see (II+10) - (II+*12) and (II<39) -
(II-41) in /5/). For the performed calculations the following CNUSS values
where used /5/:

CNUSS(1)
CNUSS(2)

5.55
3.55

5) COMMPN BL@CK /DATKM/

D1(1), D1(2),...,D1(7), D2(1), D2(2)4...,D2(T)

. 1]
D1(I), D2(I) = coefficients for the equation defining the thermal conductivity

. of the canning metal for the Ith axial portion of the bundle

as a function of the canning temperature (see function KMET).

6) COMMPN BLPCK /EXDAT/

EX1(1), EX1(2),...,EX1(T), EX2(1), EX2(2),...,EX2(T7), EX3(1), EX3(2),...,EX3(T)

3 .
. . .

. *

EX1(I), EX2(I), EX3(I) = coefficients for the equation defining the thermal

. . . expansion of the canning of the Ith axial portion

. . .
. . .

as a function of the canning temperature (see
function EXPC@)



7) COMM@N BL@PCK /EXDAT1/

EXs(1), EXb(2),..., EXU(T), EX5(1), EX5(2),...,BX5(T), EX6(1), EX6(2),...,EX6(T)

. . .
» L] L]
[ L L]

EX4(I), EX5(I), EX6(I) = coefficients for the equation defining the thermal
. . . expansion of the shroud metal as a functions of

L] . . x

the shroud temperature (see function EXPCL)

8) CPMMPN BL@CK /BIDAT/

BIK(1), BIK(2), BIK(3)
BIK(1), BIK(2), BIK(3) = coefficients for the equations defining the fin
efficiency K as a function of the Biot number (see

function KINF in this work and (II<20) in /5/)

9) CPMM@N BLPCK /BIDAT1/

BIE(1), BIE(2), BIE(3), BIE(4), BIE(5), BIE(6), BIE(T)

BIE(1), BIE(2),...,BIE(7) = coefficients and parameters for the equations
defining the fin efficiency E_ as a function
of the Biot number (see function EINF in this
work and (II-19) in /5/).

10) C@MMON BL@CK /BIDE/

IBIDE
IBIDE = option for the definition of the Biot number (see subroutine C@RRTE)
IBIDE=1 : Bi = a (T ho/k (T
wr, JPR/Ee (Tug, )

IBIDE=2 : Bi = a (Tg. ) hp/k, (Typ)

This option was necessary because of the different definitions for
the Biot number available in the literature /7,8,9/. IBIDE=1

for the 12-rod bundles (see (III+1k) in /5/) and IBIDE=2 for the
19-rod bundle (see (III<26) in /5/).
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11) COMMPN BLACK /LAMINK/

BKAPPA(1,1), BKAPPA(2,1),..., BKAPPA(T,1), BKAPPA(1,2), BKAPPA(2,2),...,
BKAPPA(T,2), BKAPPA(1,3), BKAPPA(2,3),..., BKAPPA(T,3)

BKAPPA(I,1) = K=ARe value for the central channels in the Ith axial portion
E of the bundle in the case of laminar flow (see(IV.3)in/5/).
BKAPPA(I,2) = K=ARe value for the wall channels in the Ith axial portion

E of the bundle in the case of laminar flow (see (IV.3)in /5/).
BKAPPA(I,3) = K=ARe value for the corner channels in the Ith axisl portion

E of the bundle in the case of laminar flow (see (IV.3) in /5/).

K values for the three types of channels and also for both portions of the
wall subchannels can be also computed authomatically by SAGAPY as a func-
tion of the geometric parameters with equation which are well applicable at
the normal values of the geometric parameters (see option IKAPPA, C@MMON
BL@CK/WAKA1/). If it is desired to compute the K values authomatically,

the input BKAPPA values are not used by SAGAPQ.

12) COMM@N BL@CK/MART2/

NS1, NB2

NS1 = index of the external channel at which the simplified procedure
described in paragraph 4.6 of /5/ starts to be applied

NS2 = index of the external channel at which the simplified procedure

described in paragraph L.6 of /5/ ends to be applied.

Note that NS1 and NS2 must correspond to external channels or must be

both equal to zero, otherwise the calculation stops in subroutine KAPC@R.

If NS1=NS2=0 the simplified procedure is not applied. It must be reminded
that this simplified procedure had to be introduced to allow calculations

for laminar flows in the 19 rod bundle which otherwise could not be per-
formed because of convergence problems. The convergence problems were

mainly caused by the fact that conduction in the rods in the circumpherential

direction cannot be taken into account in the present version of SAGAPJ.



The simplified procedure will be eliminated in the future, as soon as the
possibility of taking into account the conduction effects will be introduced.
Due to the provisory nature of the mentioned procedure and because only 1/12th
of the 19-rod bundle was computed (i.e. & section which contsains only one
wall channel and only one corner channel), the possibility of considering

only one big external channel (corner + wall channels) was introduced.

The values NS1=l und NS2=5 were used for the laminar calculations performed
for the 19-rod bundle.

13) COMMPN BLACK /LAMING/

— — gy . ot s e e e o S S o .

I3TIP(1,1), I3TIP(2,1), ..., I3TIP(L2.1), I3TIP(1,2), I3TIP(2,2),...,
I3TIP(L42,2), I3TIP(1,3), I3TIP(2,3), ..., I3TIP(42,3)

I3TIP(NS,J)= option for subchannel J of channel NS, defining which flow

. conditions have to be considered in the subchannel.

. I3TIP=1 : laminar conditions are imposed by the user

I3TIP=2 : turbulent conditions are imposed by the user

I3TIP=3 : the decision whether the flow conditions have to be
considered as laminar or as turbulent is left to

SAGAP®

As pointed out in paragraph 4.7 of /5/, convergence difficulties occured
with I3TIP=3. It must be pointed out that, if it is desired to impose
different I3TIP(NS,J) values to the different subchannels, the channel

and subchannsl dispositions fixed by SAGAPY must be known to the user.

14) CPMM@N BL@CK/WAKA1/

IKAPPA
IKAPPA = option for the laminar calculations
IKAPPA=1 : the K=ARe values are computed by means of equations
(IVe4)=(1v-13) of /5/.
IKAPPA=2 { the K=ARe values are set equal to the BKAPPA values
(see COMM@N BLOCK/LAMINK/); furthermore the K values
of both portions of the wall subchannels are assumed to

be equal to the K values of the whole wall subchannels.
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FCQND
FC@ND = geometric factor KG
duction within the gas (see (I18) in /5/).

for the enthalpy exchange due to thermal con-

No correlations are known to the author for the calculation of these factors.

Therefore they are assumed to be equal to 1 in the present version of

16) _CPMMPN BL@CK/CVREH/

ACVS(1), ACVS(2), ACVS(3), ACVR(1), ACVR(2), ACVR(3)

ACVS(1), ACVS(2), ACVS(3): coefficients for the equation defining the C,
values as a function of the Reynolds number,
for spacer grids set in smooth axial sections
(see function DSPDPF in this work and (I-9)

in /5/).

ACVR(1), ACVR(2), ACVR(3)= coefficients for the equation defining the Cy
values as a function of the Reyndélds number, for
spacer grids set in the roughened axial sections

(see function DSPDPF in this work and (I-9)

in /5/).
17)_CMMPN BL@CK /LAMING
ANGLAM
ANGLAM = input value for the parameter B, which defines

the position of the line dividing the two por-
tions of the wall subchannels in the case of
laminar flow (see L4.2.3 in /5/).

IF IKAPPA=1 the B value is computed in the subroutine SELAWA by means of

the function BETAF and therefore the input value is not used.

Recently three new options have been introduced in SAGAP@, whose values must be
provided in BL@CK DATA: ISIMPL (COMMPN BL@CK /SIMLAM/, see subroutine SIMLA1),

IEXAV (COMM@N BLOCK /EXAVTW/, see subroutine WALLTE) and IGRAV (C@MM@PN BL@CK /GRAV/:
IGRAV=1 to take into account the gravitational force if the direction of the flow
is coincident to that of the gravitational force, IGRAV=-1 if it is opposite,
IGRAV=0 if the gravitational force is not taken into account).



3.4 BLCK DATA for the 12-rod bundles

To perform calculations for the 12-rod bundles the following data (which
concern the indexing of the channels, of the subchannels and of the rods
and the identification of the connections between them) must be provided

in BL@CK DATA, besides the previously described data:

18) COMMPN BLOCK /HEA6/*)

NPIN(1), NPIN(2),..., NPIN(L2)

NPIN(NS) = number of the pins adjacent to channel NS

.
°
.

JPIN(1,1), JPIN(2,1),..., JPIN(L2,1), JPIN(1,2), JPIN(2,2),..., JPIN(L2,2),
JPIN(1,3), JPIN(2,3),..., JPIN(L2,3)

JPIN(NS,J)= index of the Jth pin adjacent to channel NS

If NPIN(NS) is less than 3, the indices JPIN(NS,J) for the existing

adjacent pins (i.e. for J < NPIN(NS)) must be provided at first. The values
of JPIN(NS,J) at J > NPIN(NS) will be then set equal to zero. The vector
NPIN and the matrix JPIN are computed in the subroutine HEATI in the version

of SAGAPP referring to hexagonal bundles.

19) CPMMEN BLPCK /IND3/ *)

NTYP(NS) = type of channel NS

: NTYP(NS) = 1 : central channel
NTYP(NS) = 2 : wall channel
NTYP(NS) = 3 : corner channel
*)Note that all the variables are dimensioned for a bundle with 42 channels

in the present version of SAGAPP. If the considered symmetry section con-
tains & smaller number of channels the variables relating to the existing

NST@T channels must be provided at first in the DATA statements, whereas

the further L2-NST@T variables can be set equal to zero.
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20)_C@MMPN_BL@CK [IJ1[*Z

NER(1), NER(2),..., NER(k2)

NER{NS) = number of the channels which are adjacent to channel NS

NIS(1,1), NIS(2,1),..., NIS(L2,1), NIS(1,2), NIS(2,2),...,
NIS(k2,2), NIS(1,3), NIS(2,3),..., NIS(L42,3)

NIS(NS,J) = index of the Jth channel adjacent to channel NS

If NER(NS) is less than 3, the indices NIS(NS,J) for the existing adjacent
channels (i.e. for J < NER(NS)) are provided at first. The values of
NIS(NS,J) at J > NER(NS) will be then set equal to zero.

Examples of BLOCK DATA for the KEIII, both for calculations to be performed
in the whole bundle flow section and for calculations in 1/3rd of it are
enclosed in Appendix 4. Figs. 9,10 will also help to understand

this part of the input preparation.

*)Note that all the variables are dimensioned for & bundle with 42 channels in
the present version of SAGAPP. If the considered symmetry section contains
a small number of channels, the variables relating to the existing NST@T
channels must be provided at first in the DATA statements, whereas the

further L42-NST@T variables can be set equal to zero.
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3.5 FUNCTI@NS defining the physical properties of the gas coolant

The physical properties of the gas coolant are computed as functions of
the pressure P (dimensioned in Kg/cm?) and of the temperature T (dimensioned

in °C) by means of the following functions.

1) FUNCTI¢N CP(P,T), for the specific heat at constant pressure Cp (dimensions
in cal/g °C)

2) FUNCTI¢N ETA(P,T), for the dynamic viscosity n (dimensions in g/cm s)

3) REAL FUNCTI@N KAPPA(P,T), for the thermal conductivity k (dimensions in
cal/cm s ©C).

4) FUNCTI@N RH@(P,T), for the density p (dimensions in g/cm3)

The equations used for the calculations performed in the case of helium
coalant are presented in the listing enclosed in this paper (see also
(III-1)-(III-4) in /5/).

In the case of other coolants it is sufficient to provide the equations

to be used in the mentioned FUNCTI@NS.
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4. OUTPUT OF THE SAGAP$ CODE

The most important computed variables are printed by SAGAP® (the prints
include also most of the input data). The computed pressure losses and

the pin and shroud temperatures can be punched (if IPUNCH=1, see 3.1,

Card (LO+L4#NSPACT)), in order to provide input data for a plotting code. The
outlet mass flow rates and the outlet gas temperatures of the channels,

of the subchannels and of the portions of the wall subchannels will be
punched if the calculation has been stopped before the desired point

(i.e. if the time necessary for the calculation has elapsed the value

TIMEPU *), or if the end of the axial portion IPAEND has been reached®*)

In this paragraph the output information provided by SAGAPY will be shortly
described: a long description is not necessary because explanations of

the output results are frequently printed by SAGAP@. Most of the WRITE
statements are contained in the main program: in the case of results

printed in subroutines, the name of the subroutine will be cited.

4.1, First set of printed data

1) _total number of rods

2) Conditions at the inlet of the bundle

s S s e . S S s Rk S i i S v i . . s o —

- pressure (Kg/cm? and bar)

- gas temperature for the whole bundle flow section (OC)

- pitch of the rods (cm)

= distance between the center of the external rods and the shroud (cm)

*) See 3.1, Card (39+4#NSPACT)
#*) See 3.1, Card 13
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height ZWC of the blocking triangles (cm)
total length of the bundle (cm)
total length of the heated part (cm)

lengths and volumetric diameters for the existing axial portions (cm)

height of the rougheness ribs,RH (if a portion of the rods is roughened)

(em)

G(H+) = G(n™)

HW+ = value of h+ computed at the pin temperature TW

PR = Prandtl number

RO = radius of the t=0 line for the equivalent annulus

R1 = volumetric radius of the rods

R2 = inner radius of the outer wall for the equivalent annulus

R(H+) = R(h*) parameter

RH = height of the rougheness ribs

TB = bulk temperature in the whole bundle flow section of the equivalent
annulus

TB1 = bulk temperature in the zone inside the t=0 line of the equivalent
annulus

TW = surface pin temperature at infinite conductivity of the canning

- maximum power in the shroud (cal/s cm)
- maximum powers for each rod (cal/s cm)

- end points for the power profiles and coefficients aj1, a for

jg, * 8 0
each profile j (see 3.1, Card 35 /a,b,... and Cards 36 /a,b,...)

- number NRPWS of the rows of channels

- type of section (=NSEL, see 3.1, 9th Card)

- number of central channels

- total number of channels

- type of eaxh channel NS and indices of the channels adjacent to it
(TYPE=1 for central channels, TYPE=2 for wall channels, TYPE=3 for

corner channels)
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~ axial width of the spacers

- distances between the middle sections of each gpacer and the bundle inlet(cm)

4.2 Data and results for the whole axial portions, printed for each axial portion

gl_geometggagarameters corrected for the thermal expansion

- pitch C of the rods (cm)

- distance Z between the centers of the external rods and the shroud (cm)
- height ZWC of the blocking triangles (cm)

- volumetric diameter of the rods (cm)

~ length of the axial portion (cm)

- bulk temperature for the whole bundle flow section (°c)

- pressure (Kg/cm? and bar)

the case of heated portions)

JPIN(NS,J) : index of the Jth rod adjacent to channel NS (see also3.k4)

- flow area and equivalent diameter of the total bundle flow section
(cm? and em, respectively)
- flow area for the considered symmetry section (cm?)
- flow areas and equivalent diameters for the three types of channels
(cm? and cm, respectively) Note that these flow areas refer to the entire

channels
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of the channels and of the subchannels, for all spacers present in
the bundle axial portion (if there are some)

9) geometry of the sub-subchannels contained in the central channels

- flow area and equivalent diameter of 1/6th of an entire central channel

(em?

and cm, respectively)
- indices of the sub-subchannel and corresponding flow areas and equivalent

diameters, for all sub-subchannels contained in 1/6 th of the entire channel

10) geometry of the sub-subchannels contained in the_corner channels

- flow area and equivalent diameter of a half of the entire channel (cm?
and cm, respectively)

- indices of the sub-subchannels and corresponding flow areas and equivalent
diamters, for all sub-subchannels contained in a half of the entire

channel

- length of the axial portion (cm)

- number of the axial sections into which the axial portion has been
divided in the subroutine AXSEC

- input relaxation factor FREL (see FAREL, 3.1., 2hth card).
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4.3 Results for each axial section of each axial portion, printed for each

axial section

1) identification_of the axial section

- index, length and position of the middle point (HEIGHT) of the axial section

- spacer index in the case of presence of a spacer

2) results for the whole bundle flow section

————— . Ty S O e A4 o i e A S o S e o i s K e i MD St

- outlet bulk temperature T 2 (°C)
- outlet pressure P 2 (Kg/cm?)

- average pressure P AV(Kg/cm?)

- pressure loss DELTAP (Kg/cm?)

- friction factor LAMBDA (=AT=hf)

" Y T i . (. St S S o S Y S U i Tl . MY IS D M A R A A e T . e T S i e S e G o e T e T

- number ITCPRR of the iterations which were necessary for the convergence
in the loop ITCPRR (see main program, Fig. 11)

- number ITGL of the iterations which were necessary for the convergence
of the axial momentum equations, for the channels at the last
iteration ITCPRR (see sobroutine BALA, Fig.1k)

- total number ITGL1 of the iterations which were necessary for the conver-

gence of the axial momentum equations for the channels

ITC@RR
(}TGL1 = ) ITG%)
I=1

- number ITERM of iterations which were necessary for the convergence of
the energy equations at the last iterations ITCPRR and ITGL (see sub-
routine BALA, Fig.1h)

- relaxation factor at which the convergence of the axial momentum equations

of the channels was reached (see subroutine BALA, Fig.1l4)
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-~ index of the channel

- outlet mass flow rate (g/s)

- average mass flow rate (g/s)

- outlet bulk temperature (°c)

- average bulk temperature (°¢)

- pressure loss (Kg/cm?)

- average velocity UAV (cm/s)

- net cross-flow rate per unit length WCF (g/s cm)

- summation MO of the outlet mass flow rates of all sub-subchannels of the
channel {g/s) #) )

- friction factor LAM *¥)

- turbulent rates per unit length WT(NS,K) exchanged between the channel
NS and the adjacent channels K (g/s cm)

- channel index

. rod index

. rod temperature at the radial position of the thermo-

< couples (average for the subchannel adjacent to the
rod) (°c)

. total power provided from the rod in the axial section
(cal/s)

- for each rod

#)

This print is made to allow controllingif the convergence of A, in the

T
loop ITCPRR means really convergence of the other variables.

vy
This print is made only in the axial sections without spacer grids:

in the axial sectionswhich contain & spacer these variables are not

computed.
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_Besultg_gf the calculations 1n the subchannels for each’' subchannel of

each channel *)

channel index [A]

subchannel index, index of the corresponding rod [A]

outlet mass flow rate GUT. MASS (g/s) [A]

outlet bulk temperature @UT. TEMP (°c) D\]

friction factor LAMBDA [A]

Reynolds number REB (gas properties computed at the bulk temperature) [A:,
Reynolds number REW (gas properties computed at the surface pin temperature)
[4]

Power Q LINER provided by the shroud to the subchannel in the axial section
[a] **)

Biot number BI¢T D?—}T_[

Surface pin temperature at infinite conductivity of the canning TW INF.
(average for the subchannel) (°C) [A]

shroud temperature T AT LINER (average for the subchannel)(OC) [wc—ﬂ
values of h; (the gas properties computed at the subchannel bulk tempera-
ture) HB+ [R]

value of h; (the gas properties computed at the subchannel pin temperature)
HW+ [R]

parameter R(H+) [R]

parameter G(HW+) E?-}I]

Nusselt number NU [H]

Pin to bulk temperature ratio TW/TB (both temperatures are °K) [R-H]

ratio TW/TE between the pin temperature TW and the gas temperature at

*)

Prints for all subchannels -+ [:A]

Prints only for wall subchannels > [W]

Prints only for wall or corner channels -+ [WC]
Prints only for roughened sections -+ |R]

Prints only for heated sections + [H]

Prints only for sections without spacers - [NS]

)

Obviously Q@ LINER=0O for the central subchannels



_59_

the bundle inlet TE (both temperatures are in “K) [R-H |

- ratio Y/RH between ¥ = r_, - r, (r, and r., are the inner radius of the

outer wall and the outereradius o? the i;ner wall for the equivalent
annulus, respectively) and the height RH of the rougheness ribs [R-H]

- parameter G(h®) reduced to TW/TB=1, Y/RH=100, Prandtl number PR=1 [R-H]

- bulk temperature TBSSCH(1) for the whole sub-subchannel "1" of the
subchannel [ﬁ—NS] *)

- rod temperature TWSSCH(1) at the radial position of the thermocouples
for the sub subchannel "1" of the subchannel (°C) [H-NS] *)

- bulk temperature TBSSCH(N) for the whole sub-subchannel "N" of the sub-~
channel (°c) [E-Ns] *)

-~ rod temperature TWSSCH(N) at the radial position of the thermocouples for
the sub-subchannel "N" of the subchannel (°C) [H-NS] *)

- average bulk temperature TA of the outer zone (i.e. outside the t=0 line)

for the whole subchannel (°C) [WC—H—NS]

*) In the case of central subchannels and corner channels both sub-subchannels
which are placed each at one of the two gaps between the containing central
subchannel or corner channel and one of the two adjacent channels are

"1": the pin and gas temperatures for these two

indicated with the index
sub-subchannels are assumed to be equal in the present version of SAGAPQ
(as no conduction in the pins in the azimuthal direction is taken into

"1" refers to the

account). In the case of the wall subchannels, index
sub-subchannel set at the gap between the containing wall portion of wall
subchannel and the adjacent external channel.

With index "N" are indicated - in the case of central subchannels and outer
channels - the two sub-subchannel (adjacent to each other) which are placed
in the center of the central subchannel or of the corner channel (also for
them the temperatures are assumed to be equal). In the case of wall sub-
channels, "N" indicates the sub-subchannel of the wall portion which is
adjacent to the central portion.

Finally, it must be pointed out that in the axial sections with smooth rods
the values of the pin and gas temperatures for the single wall and corner
sub-subchannels are not computed in the present version of SAGAP®: these
temperatures are all set equal to the corresponding values of the con-

taining wall portion of wall subchannel or corner channel (see 1.9.3. in

/51).
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- average bulk temperature TB of the inner zone (i.e. inside the 1=0 line)
of the whole corner channel or of the whole wall portion of wall sub-
channel (°C) [WC-H-Ns ]
- average bulk temperature TBC of the inner zone (i.e. inside the 1=0 line)
of the whole corner channel or of the whole wall subchannel (°C) [WC-H-NS] #)
- rod temperature TW(1) at the radial position of the thermocouples for the
wall portion (portion 1) of the wall subchannels (°c) [W-H—NS]
- rod temperature TW(2) at the radial position of the thermocouples for
the central portion (portion 2) of the wall subchannels (°c) [:W—H—NS]
- bulk temperature T1SSCH(1) for the inner zone (i.e. inside the =0 line)

of the sub-subchannel "1" of an external subchannel (°C) [WC-H-NS] )

- bulk temperature T2SSCH(1) for the outer zone (i.e. outside the 1=0 line,
of sub-subchannel "1" of an external subchannel (°C) [WC-H-NS] )

- bulk temperature T1SSCH(N) for the inner portion (i.e. inside the
1=0 line) of the sub-subchannel "N'" of an external subchannel (°C)
c-g-ns ] **)

- bulk temperature T2SSCH(N) for the outer portion (i.e. outside the
T=0 line) of the sub-subchannel "N" of an external subchannel (°C)
[We-H-Ns ] **)

- outlet mass flow rate MPUT(1) for the wall portions of the wall sub-
channels (g/s) E‘JJ

- outlet bulk temperature TPUT(1) for the wall portions of the wall sub-
channels (°¢) W]

- flow area AREA(1) for the wall portions of the wall subchannels (cm?)

A

#) For the corner channels it is obviously TB=TBC, whereas for the wall

subchannels TBC is obtained averaging TB and the bulk temperature of

the central portion.

**)see note pag.59
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- friction factor LAMBDA(1) for the wall portions of the wall subchannels
5]

- outlet mass flow rate MPUT(2) for the central portions of the wall sub-
channels (g/s) [W]

- outlet bulk temperature TPUT(2) for the central portions of the wall
subchannels (°C) Eﬂ]

- flow area AREA(2) for the central portions of the wall subchannels
(cm?) [W]

- friction factor LAMBDA(2) for the central portions of the wall sub-
channels [w],

4.4 Recapitulatory prints for each axial portion of the bundle

index of the axial section

distance between the inlet of the axial section and the point where

the calculation has been started (cm)

bulk temperature for the whole bundle flow section (°C)

inlet pressure (kg/cm? and bar)

ﬁyglues for the whole bundlg_flow section)

- index of the axial portion
- coolant density (g/cm3)

- coolant viscosity (g/cm s)
~ coolant velocity (m/s)

- Reynolds number

- frietion factor
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(see 3.3 COMM@PN BL@CK/DATL/). The variables refer to the whole bundle
flow section.

bulk temperature (°c)

pressure (kg/cm? and bar)

coolant density (g/cm?)

coolant viscosity (g/cm s)

coolant velocity (m/s)

Reynolds number

friction factor

The variables refer to each subchannel of each channel

channel index

subchannel index, index of the rod adjacent to the subchannel
n® (HB+) *)

hy (HH+) *)

R(b*) (R(m+)) *)

G(n") (a(xs+)) *)

1
Q" =

(Q"=power per unit surface, A=flow area, m=mass flow rate, cp=specific heat
at constant pressure, T,= gas temperature at the bundle inlet in k)

T.,/Ty (TW/TB) *)

T /T (TW/TE) *)

W' 'E )

- #

2+r1)/hR (Y/RH)

G(n") parameter reduced to T,/Ty=1, Pr=1, Y/RH=100 *)

(r

*)

See paragraph U4.3 in this work for the meaning of these variables.



_63_

thermal expansion of the structure #)

- input and computed average pin temperature TWTIPA (OC)

- input and computed average bulk temperature TBTIPA (°c)
©

- input and computed average shroud temperature TBPIPA c)

- dimensions ("kg/cm?" or "bar")
- index of the pressure tap
- distance HEIGHT from the point where the calculation has been started (cm)
- experimental pressure P EX
~ experimental pressure drop (DP EX.= P EX. -Pg1) from the bundle inlet ik )
- theoretical pressure P TH.
- theoretical pressure drop (DP TH. = P TH. - PE1) from the bundle inlet *¥¥)
- difference between the computed and the measured pressure (P TH. - P EX.)
- percentage error on the computed pressure drop ((DP TH. - DP EX.)/

DP EX. # 100)

- index of the axial position

- distance HEIGHT from the point where the calculation has been started (cm)

*) Average values for each axial portion of the bundle (see also 3.1, Cards
23, 24 and 25)

##)mhig print is performed if NEXPR>0 for the axial portion of the bundle
(see 3.1, 16th Card)

###)sce 3.1, 10th Card, about PE1

Habtodt )
This print is performed if NEXTW>O for the axial portion (see 3 .1,

17th Card ).
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. subchannel index M
- for each subchannel . channel index NS

of each channel ﬂ . index JPIN of the rod adjacent to subchannel M
. pin temperature TW TH.(NS,JPIN) (°c)

L., 5 Final Prints

- pressure recovery at the bundle outlet (kg/cm?)

- pressure at the bundle outlet (kg/cm? and bar)

- used coefficient CPUT for the pressure recovery (see 3.1, 23rd Card)

~ experimental pressure at the bundle outlet *)

- total theoretical pressure drop, from the bundle inlet to the bundle
outlet (DP TH. = P TH. - PE1) *)

- total experimental pressure drop, from the bundle inlet to the bundle
outlet (DP EX. = P EX. - PE1) *)

- precentage error on the total computed pressure drop ((DP TH. -

DP EX.)/DP EX. # 100) *)

4.6 Punched Cards

As already mentioned, in the case of IPUNCH=1 (see 3.1 , Card (4LO+L4*NSPACT))
the computed pressure drops and the computed pin and shroud temperatures
(together with the necessary information abcut the spacexs positions) are
punched by SAGAPY on cards. This punching 1is made for each of the com-
puted N axial sections**). The WRITE statements for this punching are all
contained in the main program (see Fig. 11 and Cards 1-(9+(NT@T-1)#L), in this

*)These prints are made only if the input value of PEXQUT is greater than
zero, i.e. if the comparison between the computed and the measured total

pressure drop is required (see 3.1, Cards 28/a,b,...)
* . .
)N=1 for the axial section which begins at the point where the calculation
is started, N=NTOT for the last axial section of the bundle. If the

calculation stops before the bundle outlet, only the punching for a

certain number N of axial section (N < N will be obviously made.

TOT)



paragraph). A second set of cards is punched (by means of WRITE statements
contained in the subroutine TMPUN) to provide the necessary set of new
input cards for a new step of calculation, if the computation has been
stopped before the bundle outlet, because the allowed calculation time
TIMEPU has been elapsed or if the calculation has reached portion IPAEND
(see 3.1, 13th Card) and IPAEND<T.

NSPACT
(Format (8110))
NSPACT = total number of spacers (see 3 .1, 1st Card)

%)
Card 2

(fail if NSPACT=0, i.e., in the case of no spacers)

DIST(1) DIST(2)...DIST(NSPACT)
(3 data per card with the Format 3E15.5)

DIST(I) = distance of the Ith spacer from the bundle inlet (cm)

. (see 3.1, Cards 37/asbs...)
The lengths DIST(I) are already correctedto take into account the thermal

expansion.
card 3 *)
IPA

(Format (8110))

IPA = index of the first existing axial portion in the bundle

*)
These cards are punched only if the calculation is started from the

bundle inlet, i.e. only if STLEN=0 (see 3.1, 14th card)
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XLT@T DPBAR(1)

(Format 3E15.5)

XLTPT = 0 (a zero is punched, because XLT@T corresponds here to a point
immediately after the bundle inlet: the inlet pressure drop
DPBAR(1) is assumed to be localized at the bundle inlet)

DPBAR(1) = absolute value of the inlet pressure drop (bar)

(for the 1st computéd axial section)
IPA
(Format (8110))

IPA = index of the axial portion containg the 1st computed axial section

Card 6

(for the 1st computed axial section)
XLT@T DPBAR(2)
(Format (3E15.5))
XLTPT = distance from the bundle inlet to the end point of the 1st computed
of axial section (cm)
DPBAR(2) = absolute value of the pressure drop from the bundle inlet to
the position XLTPT (bar)

*) These cards are punched only if the calculation is started from the

bundle inlet, i.e. only if STLEN=0 (see 3.1, 1ith card)
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(for the 1st computed axial section)

DAL

(Format (3E15.5))

XM = distance from the bundle inlet to the central plane of the 1st computed

axial section (cm)

(for the 1st computed axial section)
T™W(1,1) ... TW(1, NPIN(1))
(Format (3E15.5))

TW(1, M) = pin temperature at the radial position of the thermocouples

. for subchannel M of channel 1 at the axial position XM (°C)

(for the 1st computed axial section)
TW(NS,1) ... TW(NS, NPIN(NS))
(Format (3E15.5))

TW(NS, M) = pin temperature at the radial position of the thermocouples

: for subchannel M of channel NS at the axial position XM (°C)

) These cards are punched only in the case of heated axial sections. NPIN(NS)

is the number of pins adjacent to channel NS (the NPIN parameters are
established in the subroutine HEATI; see also 3.2, Cards (L1+L#NSPACT))
One card is sufficient for the punching of the TW values for all sub-
channels M of a channel NS, because NPIN(NS) <3.

Note finally that the subchannel indexing is that which is fixed by
SAGAP® in the subroutine INDEX (see prints for the subchannels to get

to know the indexing procedure).
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Card 8/NSb®)

(for the first computed axial section, only in the case of external channels,
i.e. for NS >NSTR**))

TLINER (NS-NSTR,1) TLINER(NS-NSTR, NPIN(NS))*#**)

(Format (3E15.5))
TLINER(NS-NSTR, 1)

shroud temperature for subchannel 1 of channel NS at

the axial position XM (°c)

TLINER({NS-NSTR,2) shroud temperature for subchannel 2 of channel NS at

the axial position XM (OC)***)

Card 8/NST@Ta"™)

(for the 1st computed axial section)

Similar to card 8/NSa, for channel NST@T (last channel).

Card 8/NST@TDL*)

(for the 1st computed axial section)

Similar to card 8/NSb, for channel NST@T (last channel).

Cards for the 2nd computed axial section (N=2)

Card 9 : similar to card 5

Card 10: similar to card 6

Card 11: similar to card 7

Card 12/1,..., 12/NSa, 12/NSb,..., 12/NST@¢Ta, 12/NST@Tb: similar to cards
8/1,... 8/NSa, 8/NSb,..., 8/NST@Ta, 8/NST@Tb

#) see note pag. 67

**kard 8/1b does not exist, because channel 1 is never an external channel.

***)Obviously, if channel NS is a corner channel or a wall channel with

only one subchannel (i.e. NPIN (NS)=1) only TLINER(NS-NSTR,1) will
be punched.
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Cards_for thg_ﬁth computed axial section

Card (5 + (N-1) #4) : similar to card 5

Card (6 + (N-1) #L4) : similar to card 6

Card (7 + (N-1) #4) : similar to card T

Cards (8 + (N-1)¥4)/1, ..., (8 + (N-1)#L/NSa, (8 + (N-1)#4)/NSb, ..., ,
(8 + (N-1)#k)/NST@Ta, (8 + (N-1)%L)/NSTPTb: similar to cards 8/1, ...,
8/NSa, 8/NSb, ..., 8/NST@PTa, 8/NSTHTL

-1) #h)

(fail if the calculation has been not be carried out up to the bundle

outlet; in thi it is N
et; in s case it is N<NTOT)

DP@BAR

(Format (3E15.5))
DPPBAR = total pressure drop, from the bundle inlet to the bundle outlet,

included the pressure recovery at the bundle outlet (bar)

L.6.2 Cards punched if the computation time TIMEPU has been elapsed

Card (9 + (N-1) # L)

PE PE1 TE TE1 MFLGW XLAM1(1) XLAM1(2) XLAM1(3)
(Format (8F10.5))

PE = outlet pressure for the axial section at which the calculation
has been stopped = inlet pressure for the next calculation step
(dimensions in kg/cm2 or in bar, depending on the value of INDPR,
see 3.1, 15th card)

PE1 = pressure before the bundle inlet (same dimensions as PE)

TE = outlet bulk temperature for the whole bundle flow section, for

the axial section at which the calculation has been stopped =

inlet bulk temperature for the next calculation step (°C)
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TE1 = bulk temperature for the whole bundle flow section at the bundle
inlet (°C)
MFL@W = mass flow rate through the whole bundle flow section (g/s)

XLAM1(1) = approximate value of the whole bundle friction factor AT=th

for the 1st axial portion
XLAM1(2)

approximate value of the whole bundle friction factor AT=th
for the 2nd axial portion

XLAM1(3) = approximate value of the whole bundle friction factor AT=th
for the 3rd axisal portion

This card must replace the 10th input card (see 3.1) in order to start

a new calculation step.

Card (10+ (N-1) # L)

JPAST IPAEND IREAD?1
(Format (3I10))
IPAST

index of the axial portion in which the calculation will be
stopped = index of the axial portion in which the next calculation
step must start

IPAEND

index of the axial portion at the end of which it is desired to
end the calculation (it is the input value IPAEND for the present
calculation step) (see 3.1, 13th Card) #)

IREAD1

2 (this option is set authomatically equal to 2, in order to

allow the reading of non-uniform mass-flow-rate and gas-temperature
inlet disturbutions in the next calculation step; see 3.1, 13th
Card)

This card must replace the 13th input card (see 3.1) in order to start

a new calculation step.

Card (11 + (N-1) # L)

STLEN

(Format (8F10.5)

STLEN = distance from the bundle inlet to the end point of the axial
section at which the calculation has been stopped = distance from

the bundle inlet to the point at which the calculation will start

#) The punched IPAEND value must be replaced to start a new calculation step
if the present step is stopping because portion IPAEND(<7)has been reached.
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in the next step (cm)

This card must replace the 1hth input card (see 3.1) in order to start

& new calculation step.

Cards (12 - (N-1) # 4)/a, by ... = (12 = (N-1) * L)/ a,p

In this last block of cards the outlet mass flow rates and gas temperatures
of the channel, of the subchannels and of the two portions of the wall
subchannels (inlet values for a new calculation step) are punched with

the Formats described in 3.2. Cards (11 + (N-1) #* L)/a,b,...~

(11 + (N-1) #b + NST@PT)/a,b will be used as input Cards (LO+L#NSPACT)/a,b,...
-(40+4*NSPACT + NST@T)/a,b in the next calculation step (see 3 .2).
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5. STRUCTURE OF SAGAP@®

5.1. Introductory remarks

In the next paragraphs the main program and all subprograms, of which
SAGAPP consists, will be shortly described. For each subprogram, the used
equations will be cited, referring mainly to /5/ (sometimes also to /1/

or to /2/). Furthermore the meaning of the subprogram arguments *) yill be

*i#) the name of the calling sub-

explained. For most of the subprograms
program will be cited. For the main program and for some important sub-
routines, simplified flow-charts are also included in this work (see

Figs. 11-23).

5.2 Main program

The mein program reads most of the input data, performs some simple cal-
culations, organizes the calculations performed mostly in subprograms
and prints and punchs most of the output data. The input and the output
steps have been accurately described in paragraphs 3 and 4. In Fig.11

a simplified flow-chart of the main program is presented.

5.3 FUNCTI@N AKA

AKA computes the parameter kAékA(r’/rz, ¢A) (AKA) which takes into ac-
count the inlet effect on the pressure drop in the case of laminar flow

(see (IV.19)-(IV.28) in /5/). AKA is called by the subroutine ENTRFR.

*) It must be pointed out that the geometric parameter are all based on

the volumetric diameter (and not on the tip diameter), in the case of
roughened rods, if it is not differently specified.
**)Except for some subprograms which are called by a large number of

other subprograms.
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Arguments:
R1DR2 = r1/r2
PHI = @A

5.4 SUBRPUTINE ANGCA1

ANGCA1 organizes the sub-subchannel calculation for the corner channels.
Furthermore it computes the friction factors LAMSCH for the whole corner
channels, both in the caese of turbulent flow (see (I.66) in /5/) and in

the case of laminar flow (see (IV.3), (IV.T), (IV.32) in /S/). In the case
of turbulent flow ANGCA1 evaluates also the friction factors LAMB and

the equivalent diameters DETB of the inner zones of the corner channels, the
ratios ADAB between the flow area of the inner zone and the flow area of

the whole corner channels. Finnaly it computes average values of some
sub-subchannel varisbles (see flow chart, Fig.12). ANGCA1 is called

by the main program.

Arguments:

K = index of the axial section

NS = channel index

N = number of sub~subchannels in a half of the entire corner channel

(i.e. for a rod sector of an angle 7/6)
IRH

index for the type of the rod surface (IRH=1 for smooth rods,
IRH=2 for roughened rods)
PRPV = PT (see (I.111) in /5/)

PB = average pressure for the axial section (kg/cem?)
RH = height of the roughness ribs (cm)
H1 = (length of the axial section)/(length of the containing

axial portion)



ALFA

A(1)...A(N)
AT

DET

DET@T

D

W

NSTR

PR1

PR2
SQDPG

SUR

DDDD
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Eﬁé = angle of the rod sector for each sub-subchannel of
the corner channel
flow areas of the sub-subchannels (cm?)

flow area for a half of the entire corner channel (cm?)

equivalent diameter for the corner channel (cm)

equivalent diameter for the whole bundle flow section (cm)
volumetric diameter of the rods (cm)

distance Z (between the centers of the external rods and

the shroud) + D/2 (cm)

number of the central channels in the bundle

length of the axial section K (cm)

inlet pressure for the axial section (kg/cm?)

outlet pressure for the axial section (kg/cm?)

gas temperature at the bundle inlet, average for the whole
bundle flow section (°C)

volumetric surface of a rod for the whole axial portion (cm?)
summation of the computed average mass flow rates of the

sub-subchannels contained in the half of the entire corner

channel (g/s)

Al (see (1:66) in /5/)
AiAx

2D;ps

summation of the computed terms

for RETURN1, in the case of convergence problems in the
subroutine RECANG (the axial section will be halved)
summation of the computed average mass flow rates of the
outer zones (i.e. outside the t=0 line) of the sub-sub-

channels contained in the half of the entire corner channel (g/s)

summation of the computed average mass flow rates of the
inner zones (i.e. inside the t=0) of the sub-subchannels

contained in the half of the entire corner channel (g/s)
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Fig.12 Simplified flow-chart for the subroutine ANGCA1

I=sub-subchannels index
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5.5 SUBRPUTINE AXSEC

AXSEC estsblishes the number of axial sections into which each axial portion

of the bundle has to be divided, the lengths of these axial sections (fixing

the positions X(K) and X(K+1) of the inlet and outlet planes of each axial

section K with the procedure described in 1.1 of /5/) and the correction

factors YY(=Y
Sp

in /5/) for the Nusselt numbers of the subchannels, which

take into account the spacer effects on the heat transfer coefficients (see)
(II.10) - (II.12) and (II.39) - (II.41) in /5/); see also flow chart
Fig.13). AXSEC is called by the main program.

NDE1 =
NDE2 =

DETC =
wsP =
CPNST =

DDD =

1T =

HH =

MSPAC =
LENGTH =

IPA =

NST@T

aor =
XMAXNU =

input value XDE1 for the axial portion (see 3.1, 19th Card)
input value XDE2 for the axial portion (see 3.1, Cards 19

and 20)

equivalent diameter of the central channels (cm)

axial width of the spacer grids (cm)

CNUSS value for the axial portion (see 3.3 , CPMM@PN BL@BCK/DATT/)
distance from the point where the calculation has been

started to the end of the axial portion (cm)

index of the first spacer whose position has been not yet
reached by the calculation (if the last spacer present in

the bundle has been already overtaken, II is the index of

this last spacer)

distance from the point where the calculation has been

started to the beginning of the axial portion (cm)

number of spacers in the axial portion

length of the axial portion (cm)

number of axial sections in the axial portion, computed in AXSEC
index of the axial portion

O for unheated axial portions
NR@DS
( 121 QPIN(T))*LENGTH for heated ax.port. (see 3.1, Cards 1,30)

totaI number of channels

perameter for the correction profiles for the Nusselt
numbers, which fixes the number of equivalent diameters from
the inlet section of a spacer to the point at which the
profiles have a maximum. In the present version of SAGAPQ®
XMAXNU

XMAXNU = 1 is assumed for the roughened axial portions

1.6 is assumed for the smooth axial portions and

(see main program and mentioned equations in /5/).
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Fig.13 Simplified flow chart for the subroutine AXSEC

ISPAC = spacer

index
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parameter for the correction profiles for the Nusselt
numbers, which fixes the value of the correction factors Ysp
at three equivalent diameters after the inlet section

of the spacers

Ysp(x:p = 3) = 1+ CNUSS # 2 #CHSLNU (e=blockage factor)

In the present Version of SAGAP@ CHSLNU = 2/3 is assumed
for the smooth axial portions and CHSLNU=0.5 is assumed for
the roughened axial portions (see main program and mentioned

equations in /5/).

5.6 SUBR@UTINE BALA

BALA computes the average and the outlet mass—flow rates MAV and M2, the

turbulent rates WT, the cross-flow rates WCF, the average velocities UAV, the

pressure losses DP, the inlet and the average gas temperatures TAV and TEMP2

and some other channel variables {see flow chart, Fig.14) for all channels,

at each axial section K, using the equations described in 1.5 of /5/. BALA

is called by the main program.

NST@T
INDSP

ASEC

LENGTH
PR1
PR2
PBT
FREL

ITCPRR

index of the axial section

total number of the channels

index for the presence of a spacer 1nthe axial section
INDSP=1 : no spacers

INDSP=2 : there is a spacer

ares of the considered symmetry section of the bundle (cm?)
length of the axial section (cm)

length of the axial portion containing the axial section (cm)
inlet pressure for the axial section (kg/cm?)

outlet pressure for the axial section (kg/cm?)

average pressure for the axial section (kg/cm?)

relaxation factor (FREL=input value (see 3.1, 24th Card )
the first time that BALA is used for calculation of each

axial portion, then FREL=value previously computed in
BALA itself)

input factor fy (see 3.1, 21st Card)
actual value of the iteration index in the loop for the

convergence of the whole bundle friction factor (see main

program, Fig.11)
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Fig.1L4 Simplified flow-chart for the subroutine BALA

ITFREL = index of the iteration loop for the correction of FREL

ITGL = index of the iteration loop for the convergence of the axial
momentum equations

ITERM = index of the iteration loop for the convergence of the

energy equations
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maximum number of iterations for the loop ITCPRR (see 3.1,
18th Card)

average pressure loss for the channels, computed in BALA
(see (I°51) in /5/) (kg/cm?)

nunmber of iterations necessary for the convergence of the
energy equations in BALA

number of iterations necessary for the convergence of the
axial momentum equations in BALA

for RETURN1, in the case of convergence problems (the
axial section will be halved)

axial width of the spacers (cm)

index of the first spacer which has been not yet overtaken

by the calculation in the preceeding axial section.*)

5. T FUNCTIPN BETAF

BETAF evaluates the parameter B(BETAF) for determination of the separation

line for the

calculations

ZWe

two portions of the wall subchannels in the case of laminar

(see (IV-18) in /5/). BETAF is called by the subroutine SELAWA.

1]

(pitch of the rods)/(tip diameter of the rods)
(distance between the center of the external rods and the
shroud + tip radius of the rods)/(tip diameter of the rods)

(height of the blocking triangles)/(tip diameter of the rods)

5. 8 SUBRPUTINE CEWA

CEWA performs the calculations for the "central-type" sub-subchannels, i.e.

for the sub-subchannels contained in a central subchannel or in the central

portion of a wall subchannel. It is used only for turbulent calculations.

The equations described in 1.9.1 and in chapter 2 of /5/ are applied in

CEWA. CEWA is called by the subroutines TRICA1 and RECCA1. About CEWA

see flow-chart in Fig.15.

#) I1SPAC=1 for the first spacer contained in the axial portion



Arguments:

IRH

PRV

S £ B g

GG

DET@T
H1

ALFA

JJd

PR1
PR2
SQDPG

TT

DDDD

SUR
ITYP

index of the axial section

index of the containing channel

index for the type of the rod surface (IRH=1 for smooth
rods, IRH=2 for roughened rods)

P, (see (I+111) in /5/)

average pressure for the axial section (kg/cm?)

height of the roughness ribs (cm)

flow area of the sub-subchannel (cm?)

equivalent diameter of the sub-subchannel (cm)

terms G, and G, (see (I*73), (I-76) in /5/)

first iteration value for the mass—flow rate of the sub-
subchannel (it corresponds to an uniform mass distribution)
(g/s)

equivalent diameter for the whole bundle flow section (cm)
(length of the axial section)/(length of the containing
axial portion)

/6

nr. of sub-subchannels in w/6

index of the sub-subchannel

index of the containing subchannel

length of the axial section (cm)

inlet pressure for the axial section (kg/cm?)

outlet pressure for the axial section (kg/cmz)
4 IAPIEC
summation of the mass flow rates ﬁi for the already computed

sub-subchannels of the subchannel JJJ (g/s)

summation of the terms ﬁiTi for the subchannel JJJ (g oC/s)

A.

e S
’A.Ax
1
2D;p;

already computed sub-subchannels of subchannel JJJ

summation of the terms (see (I+66) in /5/) for the

gas temperature at the bundle inlet (°C)

volumetric surface of a rod for the whole axial portion (cm?)

type of the containing subchannel (ITYP=1: central subchannels;

ITYP=2: wall subchannels)
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Fig.15 Simplified flow chart for the subroutine CEWA
ITW = iteration index for the convergence of the pin temperature TiWR

IT = iteration index for the convergence of the friction factor Ai
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III = NS-NSTR (NSTR = number of the central channels)

HPLUS1 = gsummation of the terms h;

sub-subchannels of the subchannel JJJ (cm?)

iAi for the already computed

HPLUS?2 = summation of the terms h;;iAi for the already computed
sub-subchnannels of the subchannel JJJ (cm?)

TIE = inlet temperature for the sub-subchannel (= inlet temperature
of the containing central subchannel or central portion of
wall subchannel in the present version of SAGAPP) (°C)

SIGMA = parameter E£/A for containing central subchanael or central
portion of wall subchannel (see 1.8 in /5/)

PHI = parameter Y/A for the containing central subchannel or

central portion of wall subchannel (see (I:80) in /5/)

* = for RETURN 1 in the case of convergence problems
D = volumetric diameter of the rods (cm)
TWI = gurface pin temperature at infinite conductivity of the

canning for the last computed sub~subchannel (if
I=1 TWI is set equal to the bulk temperature TI at the
first iteration) (°C)

TI = gverage gas temperature of the sub-subchannel (OC)

c = pitch of the rods (cm)

5.9  SUBRPUTINE CEWACQ

CEWACY evaluates the total flow areas AREA(I), the total equivalent diameters
DE(I) and the total mass-flow rates ME(I) (corresponding to an uniform mass
flow distribution) for the "central-type" sub-subchannels (i.e. for the
sub—subchannels contained in central subchannels or in central portions of
wall subchannels)and for the sub-sunchannels defined in the second cal-
culation step of the corner channels. Furthermore it computes the coefficients
G{I) (=Gi, defined by (I°73) or (I:76) in /5/) for the central sub-sub-
channels and evaluates the following geometric parameters for the corner

sub-subchannels:

PER(I) = wetted perimeter of the shroud for sub-subchannel I{cm)

RR2(I) = inner radius of the outer wall for the annulus equivalent
to the whole sub-subchannel I (cm)

ALPA12( 1) = (inner radius)/(outer radius) for the annulus equivalent to

the whole sub-subchannel I



Arguments:

N

NN

NTYP

ALFA

AT

DET

ATQT
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= number of sub-subchannels contained in & half of the entire

central subchannels or in a half of the entire corner channels

(i.e. in /6)

= N for the corner sub-subchannels

= 3/2#N for the central sub-subchannels (the central portions
of the wall subchannel could be larger than the central
subchannels)

= type of the sub-subchannels (NTYP=12 for the central sub-

subchannels, NTYP=3 for the corner sub-subchannels)

= 16

N
= volumetric diameter of the rods (cm)

= angle of the rod sector for each sub-subchnanel

= 0.5#(pitch of the rods) for the central sub-subchannels (cm)

= distance between the external rods and the shroud for the
corner sub-subchannels (cm)

= flow area of a half of an entire central subchannel or
corner channel {cm?)

= equivalent diameter of the central subchannels or of the
corner channels (cm)

= flow area for the whole bundle (cm?)

AREA(1)... AREA(NN)

= flow areas of the central or of the eorher sub-~subchannels,
computed in CEWAC@ (cm?)

DE(1)...DE(NN)

= equivalent diameters of the central or of the corner sub-

subchannels, computed in CEWAC® (cm)

ME(1)...ME(NN)

= mass flow rates in the case of uniform distribution, for
the central or for the corner sub-subchannels, computed

in CEWAC® (g/s)
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5.10 SUBR@UTINE CF1

CF1 is used for the evaluation of the cross-flow variables ) (T ;)CF and
Z(ﬁ A)CF*) in the calculations for the channels, the subchannels and the
two portions of the wall subchannels (see subroutines BALA, SUBBAL, TMCF
‘UA, RECCA2). In the procedure used in the present version of SAGAP® the
cross—flow temperature TgF is assumed to be equal to the average &f the
temperatures (let say T, and T2) of the two entire connected channels,
subchannels or portion of wall suhchannels, weighted with the mass flow
rates (see (I.24)in /5/ for the channel calculation); mCF is the therefore
equal to the summation of the mass-flow rates (let say m1 and mz)of the
two eptire connected channels, subchannels or portions of wall subchannels.
Similarly the cross-flow velocity GCF is assumed to be equal to the

average of the velocities (let say 51 and u.) of the two entire connected

o)
channels, subchannels or portions of wall subchannels, weighted with

the flow areas (see (I.32) in /5/); ACF is therefore equal to the summa-
tion of the flow areas (let say A1 and A2) of the two entire connected
channels, subchannels or portions of wall subchannels. With these defi-~
nitions of TCF and GCF the identification of the "donors'" is not needed
(see 1.5.2, 1.5.3 in /5/), therefore CF1 is now very simple and most of
its input arguments (which were used in the previous version of the code

/1/) are now not needed. CF1 is called by the subroutines UA, TMCF, SUBBAL
and RECCAZ2.

Arguments

X1 = TT (°c) or 51 (em/s)

X2 =T, (%) or u, (cm/s)

Y1 = 51 (g/s) or A1 (em?)

Y2 = 52 (g/s) or A2 (cm?)

DP1 = Ap, (pressure loss) (kg/cmz)**)

DP2 = Ap, (pressure loss) (kg/cmz)**)

#) Each time that CF1 is used, the terms referrlng to the con51dered exchange

are added to the input values of Z(T n)CF and of z (u Aa) F, as also to
J m CF and to | AC

wit) not used in the present version of SAGAP®



..90...

ITVIA = option (not used in the present version of SAGAP®) for the
procedure required for the evaluation of TCF and ECF (see
/1/)
ITVIA =1 : as in /5/
=CF -CF
s U

ITVIA > 1 : T = bulk temperature and mean velocity

of the donor.
$(T m)°F (g %/s) or J(@ A)°F (em¥/s)
YT = ﬁCF (g/s) or Z ACF (em?2)

e
+3

5.11 SUBRGUTINE C@NNIJ

CONNIJ is used only in the version of SAGAPP concerning hexagonal bundles,
to evaluate the number NER(NS) of the adjacent channels for each channel
NS and to identify these channels by means of the matrix NIS(NS,M)
(NIS(NS,1) = index of the first channel adjacent to channel NS, ...,
NIS(NS, NER(NS)) = index of the last channel adjacent to channel NS).
CPNNIJ is called by INDEX, which prepares also some input parameters for
the procedure of CPNNIJ. The procedures used in CPNNIJ are partly derived
by the HERA-1A code of Nijsing and Eifler /10/.

Arguments:

NSTR = number of the central channels

NST@T = total number of channels

NR@MA = pumber of the rows of rods €xcluded the central rod)
NSEL = index to establish the portion of the whole bundle flow

section which must be considered (see 3.1, 9th Card)
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5.12 SUBRPUTINE CPRRIE

CORRTE is used in the case of roughened rods and turbulent flow to correct
the surface pin temperatures (computed integrating the logarithmic tempera-—
ture profiles, i.e. corresponding to the case of infinite conductivity of

the canning metal) to take into account the Biot effect (see 2.1.6 in /5/).

The Biot number (BI@T) is computed by means of(III.14) or (III.25) of /S/
depending on the value of the index IBIDE (see 3.3 , COMMAN BLPCK/BIDE/).

If there are no thermocouples or if the thermocouples are set at the outer
surfaces of the pins, equation (III.19) of /5/ is used for the correction; if
the thermocouples are set below the outer surfaces, (III1.20) of /5/ is used
(see RMISTW, 3.1, 3rd Card).

Furthermore the correction due to the temperature difference between tip
and root of the ribs, in the case of roughened rods and laminar flow, is
also made in CPRRTE (see k.1 in /5/).

Finally CORRTE organizes also the correction of the surface pin tempera-
tures (for smooth and roughened rods, turbulent and laminar flow) to
take into account the position of the thermocouples inside the canning.
This correction is performed by means of the function TWCTEP.

CPRRTE is called by the main program.

™ = pin temperature (input: not corrected value; output:
corrected value) (°C)

TB = gas temperature (°C)

PB = average pressure for the axial section (kg/em?)

NS = channel index

M = gsubchannel index

I = 0 for the subchannels

= 1 for the wall portions of the wall subchannels and for

sub-subchannel "1"

of each subchannel (see note pag. 59 )
= 2 for the central portions of the wall subchannels and
for sub-subchannel "N" of each subchannel (see note pag.59)
BIOT = Biot number computed in CPRRTE

TWINF = not corrected pin temperatures {(=input TW value) (OC)
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_5.13 FUNCTI@N CP

CP evaluates the coolant specific heat at constant pressure c_ (CP) as
a function of the pressure and of the temperature ([;p] = cal/g °C;
about CP see also 3.5 )

pressure (kg/cm?)

temperature (°C)

5.14 SUBRPUTINE CRFL1

CRFL1 evaluates the cross-flow rates WCF at each iteration of the loop
ITGL, for the calculation of the channels, of the subchannels and of the
two portions of the wall subchannels (it is called by the subroutines BALA,
SUBBAL and RECCA2). In CRFL1 the equations described in 1.7 of /5/ are
applied.

Arguments:

ITGL = actual value of the iteration index in the convergence
loop for the solution of the axial momentum equations
( (1) 4 1.7 of /5/)

DPJAV = average pressure loss at the preceeding iteration
(6p27") in 1.7 of /5/) (xg/cu?)

FREL = actual value of the relaxation factor

AJT = area of the computed portion of the whole bundle flow

section, for the channel calculsation (cm?)

= flow area of containing channel, for the subchannel
calculation (cm?)

= flow area of the containing wall subchannel,for the cal-

culation in the two portions of the wall subchannels (cm?)
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JMAX

total number of channels, for the channel calculation

number of subchannels in the containing channel, for the

subchannel calculation

2, for the calculation in the two portions of the wall
subchannels
AJ(1)...AJ((IMAX)
= flow areas of the channels or of the subchannels, or of
the two portions of a wall subchannel (cm?)
MI(1)...MJ(JMAX)
= mass flow rates at the inlet of the axial section, for the
channels, or for the subchannels,or for the two portionms
of a wall subchannel (g/s)
DPJ(1)...DPJ(JMAX)
= pressure drops computed at the preceeding iteration
(Ap(i_l)in 1.7 of /5/), for the channels, or for the
subchannels, or for the two portions of a wall subchannel
(kg/cm?)
WCFJ(1)...WCFJ(JMAX)
= cross—-flow rates at the preceeding iteration, for the

channels (=W§F(l—1)

,in 1.7 of /5/); modified cross-
flow rates YCF(i’1) for the subchannels or the two portions
of the wall subchannels (see (I.53), (I.54) in /5/) (g/s cm)
WCFJ1(1)...WCFJ1(JMAX)

= cross—-flow rates at two iterations before, for the channels
(=wCF(1—2) F(i-2)
(] )
for the subchannels or the two portions of the wall sub-

channels (see (I.53), I.54) in /5/) (g/s cm)
EP1J(1)...EP1J(JMAX)

in 1.7 of /5/); modified cross~flow rates YC

(i-2) (1-2))

- APav
the subchannels, or for the two portions of the wall sub-

= difference (Ap for the channels, or for

channels (kg/cm?)
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2 .15 FUNCTIPN CSFUN

CSFUN computes the parameters cg for the velocity profiles in the zones
outside the T = O line (see (I.88)-(I.90) and (I.102) in /5/). cS=CSFUN=1
in case of smooth rods /5/. For roughened rods the calculation is performed
combining equations (55) and (56) of /11/to (I.88) of /5/ (in the case

of wall sub~subchannels and in the first calculation step for the corner
sub-subchannels) or to (I.91) of /5/ (in the second calculation step for

the corner sub-subchannels). CSFUN is called by the subroutine RECANG.

Arguments :

IRH = index for the type of the rod surface (IRH=1 for smooth
rods, IRH=2 for roughened rods)

REAT = Reynolds number for the outer zone (i.e. outside the
=0 line) of the sub-subchannel

SQBLIA = /§7X;; (see 1.9.2 of /5/); the input value of this argument is
corrected in CSFUN)

SQBLIB = VB/x,, (see 1.9.2 of /5/)

GA = 6.037 or=5,966 for the wall sub-subchannels and for the first

calculation step of the corner sub-subchannels, in the case

of smooth or roughened rods, respectively (see (I.88)

in /5/)

Gai for the second calculation step of the corner sub-subchannels

(see (I.92) of /5/)

5 .16 SUBRQUTINE DD@NNE

DD@NNE is used in the case of axial sections where the rods are roughened
and the flow is turbulent, to compute the gas temperatures of the two zones
of the corner channels, of the wall portions of the wall subchannels and
of the "wall-type" sub-subchannels, which are divided by the t=0 line.

It makes use of equations (II.16)-(II.18) of /5/. It is called by the
subroutines RTRI and RECANG.
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Arguments:

TWO = T;Rm , surface pin temperature at infinite conductivity
of tne canning metal (°c)

TBT = bulk temperature for the whole corner channel, or for the
whole wall portion of wall subchannel, or for the whole
sub-subchannel (°C)

GHPL = a(n") parameter

= #)
RODR2 ro/r2
R1DR2 =r,/r, #*)

= #)

YDi (x,- 1)/h

R2MROH = (ry-r )/ng *)

FF - QR/ PPy B

T2 = Ta’ bulk temperature for the zone outside the 1=0 line (OC)

T1 = Tb’ bulk temperature for the zone inside the t=0 line (OC)

TE = gas temperature at the bundle inlet (°c)

5. 1TFUNCTI@N DSPDPF

DSPDPF was introduced in SAGAPY to evaluate the coefficients KD/2 (for the
whole bundle flow section, for the channels, for the subchannels and for
the portions of wall subchannels),which take into account the pressure

loss due to friction inside the spacers (see /1,2/). As the method proposed
in /1,2/ for the evaluation of the KD‘s has been later demonstrated to be
not good enough (see 1.4 in /5/), in the present version of the SAGAP®
code the global coefficients Ksp are computed by means of (I.9) of /5/; w
thus the KD's are obtained subtracting from the Ksp's the terms referring
to the local pressure losses at the inlet and at the outlet of the spacer
(see function GRIFUN). This procedure is used to easily allow the reintro-

duction in DSPDPF of a better method for the calculation of the coeffi-

cients KD. Obviously most of the arguments of DSPDPF are not used in the

*) For the symbology see chapter 2 in /5/

**)Ksp = C_(Re)e?,where ¢ is the blockage factor, Re the Reynolds number out-
side the spacer and Cy(Re) is computed as:
C, = ACVS1 + ACVS2/ReACVE3 in the case of smooth axial sections
Cy = ACVR1 + ACVR2/ReACVR3 in the case of roughened axial sections

(see 3.3, CPMMPN BLPCK/CVREH/) , for the hexagonal bundles. For the 12-rod
bundles the method proposed in /12/ is used.
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present version of DSPDPF, because they are useful only for the method
described in /1,2/.

DSPDPF is called by the main program and by the subroutines BALA, SUBBAL
and RECCA2.

Arguments :

EPS = £, blockage factor

DE = equivalent diameter outside the spacer (cm)

LAMBDA = friction factor outside the spacer

WSP = axial width of the spacers (cm)

PGDP = ratio between the wetted perimeter inside the spacer
and the wetted perimeter outside the spacer

RE = Reynolds number outside the spacer.

ITYP = type of the flow section (=1 for the central channels,

=2 for the wall channels, = 3 for the corner channels,
=4 for the whole bundle flow section)
5 . 18 FUNCTIPN EINF

EINF evaluates the fin efficiency E_ (=EINF; for the definition see (II.19)
in /5/) as a function of the Biot number (see (III.1Lk) and (III.25) in /5/).
To allow an easy approximation of the available curves E_=E_ (Bi) for the

12-rod bundles (see 3.3 in /5/), E_ is computed as follows:

BI5 + BI6 + Bi + BI7 # Bi2, if Bi < BIkL
BI8 + BI9 # Bi + BI10 * Bi2, if Bi > BIL

The coefficients BIS5,...,BI10 must be provided in BL@CK DATA (see 3.3,
COMMPN BL@CK/BIDAT1/). EINF is called by the subroutine CORRTE.

BIAT = Biot number (Bi)
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5. 19 SUBRPUTINE ENFRC{

ENFRCY is used for the laminar calculations if the simplified procedure
described in 4.6 of /5/ is applied. In this case ENFRC§ evaluates the
average yYpy coefficient defined by (I.88) of /5/. Furthermore it corrects
the previously computed friction factors A(A=Ky/Re) of the corner and
wall channels, of the wall subchannels and of both portions of the wall
subchannels, to take into account that Yex has to be used instead of the
real y coefficients defined by the equations (IV.32) end (IV.36) of /5/.
ENFRCP is called by the subroutine BALA. All variasbles are provided to
ENFRCP in COMMPN (no arguments).

5.20 SUBRPUTINE ENTRFR

ENTRFR is used in the case of laminar calculations to evaluate the coeffi-
cients y which take into account the inlet effect on the friction factors.
The y-coefficients are computed at each axial section for all subchannnels
and for the two portions of all wall subchannels with the equations des-
cribed in 4.2.4-4.2.7 of /5/.

Furthermore ENTRFR corrects the fully-developed-flow friction factors of
all subchannels and of the two portions of all wall subchannels (previously
computed in the subroutines TRICA1, RECCA1 and ANGCA1) multiplying them by
the corresponding y-coefficients.

ENTRFR is called by the subroutines ANGCA1, RECCA1 and TRICA1.

Arguments:
K = index of the axial section
I = 1 for the corner channels, for the central channels and
for the wall portions of the wall subchannels
= 2 for the central portions of the wall subchannels
ITYP = index for the identification of the type of channel (ITYP=1

for the central channels, ITYP=2 for the wall channels,

ITYP=3 for the corner channels)



R1 =
RO =
R2 =

NS =
I1I =
JJJ =
DE =

TB =

5.21 FUNCTI@N
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tip radius of the rods (cm)

radius of the maximum velocity line (cm)

inner radius of the outer wall for the annulus whose inner
zone is equivalent to the inner zone of the subchannel

or of the portion of wall subchannel (cm)

channel index

NS-NSTR (NSTR= number of the central channels)

subchannel index

equivalent diameter (based on the volumetric diameter of
the rods) (cm)

flow area (based on the volumetric diameter of the rods)
(cm)

mass-flow rate (g/s)

average pressure for the axial section (kg/cm?)

bulk temperature (°C)

laminar friction factor (in input it is the value corres-
ponding to fully developed flow conditions, A = K/Re; in

output it is the corrected value, A = Ky/Re)

ETA

ETA evaluates the dynamic viscosity n (ETA) of the coolant as a function

of the pressure

3 .5)

——— S — S o

and of the temperature ([h] = g/cm s; about ETA see also

pressure (kg/cm?)

temperature (°C)



_99_

5.22 FUNCTI@PN EXPCL

EXPCL evaluates the expansion coefficient B (EXPCL) of the shroud metal
for the correction of geometric parameters of the shroud (see (III.5) of
/5/), as & function of the average shroud temperature Ts in each axial
portion IPA (=TBPIPA(IPA), see 3.1, Cards 26 and 27). B, is computed

as:
B, = EXW(IPA) + EX5(IPA) # T_ + EX6(IPA) Tg
where IPA is the index of the axial portion and the coefficients EXL,

EX5 and EX6 must be provided in BL@CK DATA (see 3.3, C@MM@N BL@CK/EXDAT1/).
EXPCL is called by the main program.

Argument:

T = Ts = TBPIPA(IPA), input value for the average shroud temperature
in the IPAth axial portion (°C)

5 . 23 FUNCTIPN EXPCQ

EXPCP evaluates the expansion coefficient of the steel B (EXPCP) for the
correction of the geometric parameters of the rods and of the spacers (see
(11I.5) of /5/), as & function of the average rod temperature TWTIPA(IPA).,
or as a function of the average gas temperature TBTIPA(IPA) in each axial
portion IPA (see 3.1, Cards 25 and 26, see also 3.1.3 in /5/). By is

computed as:
Bm = EX1(IPA) + EX2(IPA) # T + EX3(IPA) # T2

where IPA is the index of the axial portion, T=TWTIPA or = TBTIPA and
the coefficients EX1, EX2 and EX3 must be provided in BL@CK DATA (see
3.3, COMMPN BLOCK/EXDAT/). EXPCP is called by the main program.
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éggument:

T = TWTIPA(IPA) (average pin temperature in the IPAth axial portion)
or = TBTIPA(IPA) (average gas temperature in the IPAth axial
portion) (°C)

5.24 FUNCTI@N FKAPPA

FKAPPA evaluates the K=ARe values (FKAPPA) for the calculation of the
friction factors of the corner channels and of the wall portions of the
wall subchannels, in the case of fully developed laminar flow conditions.
Equations (IV.7) and (VI.8) of /5/ are used in FKAPPA. FKAPPA is called
by the subroutine SELAWA.

Argument:

R = r%, defined by (IV.9) of /5/ in the case of corner channels and

by (IV.10) of /5/ in the case of wall portions of wall subchannels.

5.25 FUNCTI@N FQDEV

FQDEV integrates the power profiles (for the rods and for the shroud) in
each axial section. If the power profiles do not change in the axial
section, FQDEV is called (by the main program) once for the rod profile
and once for the shroud profile and the integration is carried out from
the inlet of the axial section (x1) to its outlet (x2). If the profiles
change in the axial section, FQDEV is called four times (the first two
times the integrations are carried out from the inlet of the axial section
(xq)to the point where the profiles change (x2), the second two times

from the point where the profiles change (x1) to the outlet of the axial

section (x2)).
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FQDEV is computed as follows:

X2 X

= t t - s - =
FQDEV [ [éj(x)/QMax] dx J i£1 aji (xXy1p,) } dx
X4 X4
NQDCP a
= VR - O
121 i [:xz *orpa)” T (¥17%orpa) ]
¢ *
NQDC a.. . .
= z — (x* - x* ) - (x* - * )
121 . Bi 2 OIPA 1 OIPA
< P1pA
where the 8 's are the expansion coefficients (see functions EXPC® and

IPA
EXPCL), the lengths (x—xOIPA

of the axial portion IPA, the lengths (x*

) are the nominal distances from the inlet
S 3 -
xOIPA) are the distances cor
rected to take into account the thermal expansion (see also 3.1, Card

34, and subroutine M@DFQD).

Arguments :
a..
A(1)...A(N) = coefficients T——%i—— for the j th power profile of the
L B1pa
rods or of the shroud (computed in the subroutine M@DFQD)

N = input value NQDCP (see 3.1, Card 3k4)

X1 = iﬁ—xSiPA = distance from the inlet of the axial portion IPA
to the point where the integration is started (i.e. to the
inlet of the axial section, or to the point where the
power profiles change; see above)

X2 = x;—xgiPA = distance from the inlet of the axial portionm

IPA to the point where the integration is ended (i.e. to
the outlet of the axial section or to the point where the

power profiles change; see above)

*)This equation implies that the nominal total power is removed by the

coolant in each axial portion (see 2.3)
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5.26 FUNCTI@N GHPLUS

GHPLUS evaluates the parameter G(h+) (GHPLUS) with the method suggested
by Dalle Donne /11/ (see also (III.9), (III.22), (III.23) in /5/).

The G(h*) function is computed as: #)

To . \A6 h A8
) = P, [ MR of —2A——
G(h") = GHPLePr (:%ﬁ;;) (:57_(r2_r1):>

_ + \A2 A3 :
///////g1 = A1 (hWR) + (h+ )Ah , 1if g, > A10

GHPL = \\\\\\ VR

A10 , if g, < A10

The parameters Ai,..., A10 must be provided in BL@GCK DATA (see 3 .3,
COMMPN BL@CK/DAT1/). In the present version of the method of Dalle Donne
/11/ it is A3 = 0 and AL = 1.

Arguments :

HPLUSW =h'
WR

W = T;R - 273.16, surface pin temperature at infinite con-
ductivity of the canning metal (°C)

TBT = T,-273.16, bulk temperature (°c)

PR = Prandtl number

YDH = (ro-—r1)/hR

REW = Reynolds number (gas properties evaluated at the pin
surface temperature)

R2MROH = (rQ—rO )/hR (=0 for the central subchannels and for the

central portion of the wall subchannels)

*) for the symbology see also chapter 3 of /5/
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5 .27 FUNCTI@N GKAPPA

GKAPPA evaluates the K = ARe values (GKAPPA) for the calculation of the
friction factors of the central subchannels and of the central portions
of the wall subchannels, in the case of fully developed laminar flow
conditions. Equations (IV.4) and(IV.5) of /5/ are used in GKAPPA.

GKAPPA is called by the subroutine SELAWA.

Argument:

X = X, defined by (IV.5) of /5/ in the case of the central subchannels
and by (IV.11) of /5/ in the case of the central portions of wall

subchannels.

5 .28 FUNCTI@N GRIFUN

GRIFUN evaluates the coefficient (K1+KO)/2 (GRIFUN) for the local pressure
losses at the inlet (KI) and at the outlet (KO) of the spacers (for the
whole bundle flow section, for the channels, for the subchannels and for
the two portions of the wall subchannels). The method which is used in
the present version of SAGAPP for the evaluation of K, and K. is des-

I o]
cribed in /1,2/. GRIFUN is called by the main program.

EPS = blockage factor.

5. 29 FUNCTI@N GSTAR

GSTAR evaluates the parameters G.,, G ‘R {defined by the

ir* %pis? Gpi
equations (I.73), (I.76), 1.83), (I.85) of /5/)used in the sub-sub-
channel calculations. GSTAR is called by the subroutines CEWAC@ , TLINE, RECCA1.
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Argument:

EPS = roi/r1 (radius of the 1=0 line for the equivalent annulus/

volumetric radius of the rods)

_5.30 SUBRPUTINE HEATI

Two different versions of HEATI are available: one is used for the cal-
culation of hexagonal bundles and the other one for the calculation of
the 12-rod bundles.

In the version concerning the hexagonal bundles HEATI evaluates, for

each axial portion,the number of pins NPIN{(NS) which are adjacent to
each channel NS, the indices JPIN(NS,M) of the pins adjacent to each
subchannel M of channel NS, the powers QSCH(NS,M) (QSCH(NS,M) = [@aximum
power per unit axial length removed from rod JPIN(NS,M) by the coolant
flowing in subchannel M of channel NS] *[}ength of the axial portion]),
the powers QQ(NS,M) (QQ(NS,M)=[&otal maximum power per unit axial length
removed from rod JPIN(NS,M)] #|length of the axial portion] ) and the
powers QT(NS) (QT(NS) = [&otal maximum power per unit axial length re-
moved by the coolant flowing in channel NS] *[iength of the axial portion] ).
For all powers the dimensions are cal/s. The procedures used in this
version of HEATI are partly derived from the HERA-1A code of Nijsing and
Eifler /1Q.

In the version of the SAGAPY code which concerns the 12-rod bundles the

vector NPIN and the matrix JPIN are provided in BL@CK DATA (see 3.k,

COMMPN BLOCK/HEA6/), Thus the structure of HEATI is here very simple:HEATI
evaluates only the powers QSCH(NS,M), QQ(NS,M) and QT(NS).The

subroutine HEATI is called by the main program.

Arguments:

NST@T = total number of channels

NSTR = number of the central channels

NSEL = index to establish which portion of the whole bundle flow
section must be considered (see 3.1, 9th Carad)

NROMA = number of the rows of rods (excluded the central rod, in
the case of hexagonal bundles)

IPA = index of the axial portion
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Fig.16 Indexing of the rods in the subroutine HEATR
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5.31 SUBRPUTINE HEATR

HEATR is used only in the version of the SAGAP@-code concerning the
calculation of hexagonal bundles. It is called by the subroutine HEATI,
It provides indices to the rods and to the corresponding powers in a form
which is useful for the indexing procedures used in HEATI (and derived
from/10/) for the hexagonal bundles. The input indices I of each rod are
each set equal to an element IDPIN(NR@®, NUM) of the matrix IDPIN (NR@ =
index of the row of rods, which increases starting from the bundle center,
being NR@=0 for the central rod; NUM=index for the identification of

each rod in the containing row NR@). Similarly a matrix QQ is defined

in HEATR, whose elements QQ(NR@, NUM) are set equal to the input powers
Q(I)= Q(IDPIN (NR@, NUM)) at I > 1 (i.e. excluded the central rod).

Q(1) is defined in HEATR.

For the central rod the power QQO0

Note that Q(I) = [@aximum power per unit axial length removed from rod

I] #[length of the axial portion | (cal/s).

Fig. 16 will help to understand the identification procedure used in
HEATR.

NR@MA = number of the rows of rods (excluded the central rod).

5 .32 SUBRPUTINE INDEX

Two different versions of INDEX are available: one is used for the
calculation of hexagonal bundles and the other one for the calculation

of the 12-rod bundles.

In the version concerning the hexagonal bundles INDEX defines the channel
disposition(as shown by Fig. 1), defines the vectors NUMS and NR@W (NUMS(NS)=
index which establishes the position of channel NS in the containing row

of channels; NRPW(NS) = index of the row of channels containing channel

NS), defines the matrix N@T (N@T (NRP, NUM) = index NS of the channel
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contained in the row NRP = NRPW(NS) at the position NUM = NUMS(NS)) and
some other vectors useful for the calculations which must be performed in
the subroutines C@NNIJ, HEATI, INQUA and INGE (see listing). Furthermore
INDEX computes the total number of channels NST@PT, the number of central
channels NSTR and the number of the rows of channels NR@. Finally INDEX
evaluates the type NTYP(NS) of each channel NS contained in the considered
portion of the bundle flow section (NTYP(NS) is set equal to 1 for central
channels, to 2 for wall channels and to 3 for corner channels). This

version of INDEX is partly derived from /10/.

In the version concerning the 12-rod bundles INDEX is very simple be-
cause the wvector NTYP is provided as input in BL@CK DATA (see 3 .bL,
CPMMPN BLPCK/IND3/) and because the definitions of NUMS, NRPW, N@T, etc.
is not needed.*) In this version INDEX fixes only the values of NST@T,
NSTR and NR@.

Arguments :

NSEL = index to establish which portion of the whole bundle
flow section must be considered (see 3 .1, 9th Card)

NR@MA = pnumber of the rows of rods (excluded the central rod, in
the case of hexagonal bundles).

NSTR = number of the central channels, computed in INDEX

NST@T = total number of channels, computed in INDEX

NR@ = number of the rows of rods, computed in INDEX.

*) This is due to the modification of the subroutines INQUA, HEATI and
INGE and due to the fact that the subroutine C@NNIJ is not used in the
version of SAGAP@ concerning the 12-rod bundles (the vector NER and
the matrix NIS are provided as input in BL@CK DATA; see 3.4, C@MM@N
BL@CK /1J1/).
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5.33 SUBRPUTINE INGE

INGE evaluates the following geometric factors:

CTURB(I,M) = K G /20 &

CORR IK KM KM

for the turbulent exchange between each channel I and each of the connec-
ted channels Ky (see (I.11) in /5/);

CC@ND(I,M) = K /256

G
G IKM IKM

for the enthalpy exchange due to the conduction in the gas between each

chennel I and each of the connected channels KM (see (I.18) in /5/);

CTURB1(1) = I / 20 &

central [Gsc1 sc, Dcentral sC,y sczjcentral

for the turbulent exchange between the subchannels sc1 and sc, of a central
channel (see (I.uLk4) in /5/)

CTURB1(2) = I

G /20 & ]
wall __sc1 sc 2 all c1 sc2 wall

for the turbulent exchange between the subchannels sc, and sc, of a
wall channel (see (I.hl4) in /5/)

COND1(1) = K, Cse, sc, /28, scz]central

for the enthalpy exchange due to conduction in the gas between the sub-

channels sc, and sc, of a central channel (see (1.18) in /5/);

2
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cegnni(2) = KG __Gsc1 sc2 /2 6sc1 scz} wall

for the enthalpy exchange due to conduction in the gas between the sub-
channels sc, and s¢, of a wall channel (see {(I.18) in /5/).

Two versions exist for the subroutine INGE: one is used for the calcula-
tion of the hexagonal bundles and the other one for the calculation of

the 12-rod bundles.INGE is called by the main program,

Arguments:

NR@MA = number of the rows of rods (excluded the central rod in the
case of hexagonal bundles)

NSEL = index which establishes which portion of the whole bundle
flow section must be considered (see 3.1, 9th Card)

NSTR = number of the central channels

NSTPT = total number of the channels

C = pitch of the rods (cm)

A = distance between the centers of the external rods and
the shroud (cm)

D = volumetric diameter of the rods (cm)

ATC = flow area of the entire central channels (cm?)

ATW = flow area of the entire wall channels (cm?)

ATA = flow area of the entire corner channels (cm?)

PIG =7 = 3.141593

PC@PRR = input factor K,gpg (see (1.11) in /5/ and 3.1, 21st Card,
in this work)

CTU1 = input factor I for the central subchannels (see (I.4Lk) in
/5/ and 3.1, 21st Card, in this work)

CTU2 = input factor I for the wall subchannels (see (I.u4L) in /5/
and 3.1, 21st Card, in this work)

DETC = equivalent diameter of the central channels (cm)

DETW = equivalent diameter of the wall channels (cm)

EM1 = (C-base of the blocking triangles)/2 (cm)
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5 . 34 SUBRQUTINE INLC@N

INLCEN establishes the mass-flow rates and the gas temperatures of the
channels (MI, TEMP), of the subchannels (MSCH1, TSCH1) and of the two
portions of the wall subchannels (MSCWC1, TSCWC1) *) at the point where

the calculation is started. If the input value of IREAD1 (see 3.1, Card 13)
is equal to 1, uniform mass-flow and gas-temperature distributions are
assumed; if IREAD1 is equal to 2 the mass flow rates and the gas tempera-
tures are read in INLCPN (see 3.2).

INLCON initializes also the average mass flow rates (MSCH) and the average
gas and pin temperatures (TSCH and TW) of the subchannels. INLC@N is called

by the main program.

Arguments:

NST@T = total number of the channels

MFL@GW = mass-flow rate through the whole bundle flow section (g/s)

ATQT = flow area of the whole bundle flow section (cm?)

TE = bulk temperature for the whole bundle flow section at the
point where the calculation is started (°C)

IREAD] = index which establishes whether the mass-flow-rate and the
gas-temperature distributions must be considered uniform
or non-uniform at the point where the calculation is
started (see 3.1, 13rd Card)

NSTR = number of the central channels

#)

If uniform distributions are assumed, the mass-flow rates of the two
portions of the wall subchannels are computed in the main program, after
evaluating in RECCA1 the position of the line which divides the two

portions.
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5.35 SUBRPUTINE INQUA

INQUA computes the flow areas A(NS) of all channels NS into which the
considered bundle symmetry section is subdivided and the flow areas
ASCH(NS,M) of all subchannels M contained in each channel. Furthermore
INQUA defines the vector DE, whose elements DE(NS) are the equivalent
diameters of the NSth channel. All geometric parameters computed in INQUA
are based on the volumetric diameter of the rods.

Two versions of INQUA exist, one for the hexagonal bundles and one for

the 12-rod bundles. INQUA is called by the main program.

Arguments :

NSEL = index which establishes which portion of the whole bundle
flow section must be considered (see 3.1, 9th Card)

NST@T = total number of the channels

NROMA = number of the rows of rods {excluded the central rod in
the case of hexagonal bundles)

ATC = flow area of the entire central channels (cm?)

ATW = flow ares of the entire wall channels (cm?)

ATA = flow area of the entire corner channels (cm?)

DETC = equivalent diameter of the central channels (cm)

DETW = equivalent diameter of the wall channels (em)

DETA = equivalent diameter of the corner channels (cm)

5.36 SUBRPUTINE KAPC@R

KAPCPR organizes the calculation of the laminar K = ARe-values for the
channels in the case of IKAPPA = 1 (computation in subroutine SELAWA;

see 3.3, COMM@N BLOCK /WAKA1/). If IKAPPA = 2, KAPC@R saves the input
K-values provided in BL@CK DATA. Furthermore KAPC@R corrects the K-values
computed in SELAWA by means of equations (IV.85) - (IV.8T) of /5/),
if the simplified procedure described in 4.6 of /5/ has to be applied.
KAPCOR is called by the main program.

NST@T total number of the channels

NSTR number of the central channels
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5.37 __REAL FUNCTI@N KAPPA

KAPPA evaluates the coolant thermal conductivity k (KAPPA) as a function
of the temperature ([k] = cal/em s°C; about KAPPA see also 3.5).

Arguments:

pressure (kg/cm?)

temperature (°c)

5.38 REAL FUNCTI@N KINF

KINF evaluates the fin efficiency K (=KINF; for the definition see (II.20)

in /5/) as a function of the Biot number (Bi).K_ is computed as follows:

K, = BI1 + BI2 # Bi + BI3 # Bi?

The coefficients BI1, BI2, BI3 must be provided in BL@BCK DATA (see 3.3,
COMMPN BL@CK/BIDAT/). KINF is called by the subroutine C@RRTE.

BIPT = Biot number

5.39 REAL FUNCTI@N KMET

KMET evaluates the thermal conductivity of the canning metal kc (KMET)
as a function of the canning temperature TWR (OC)([kcj=cal/cm s °c,

ETWRJ =°c). k. is computed as follows:



-113-

k, = D1(IPA) + D2(IPA) * T

where IPA is the index of the axial portion and the coefficients D1, D2
must be provided for all axial portions in BL@CK DATA (see 3.3, COMM@N
BLPCK/DATKM/). KMET is called by the subroutine C@RRTE.

W = Tmo canning temperature (°c)

5.40 SUBRPUTINE M@PDFQD

MJDFQD computes the coefficients A(I,J) = aij/j B;PA for a power profile
"i" of the rods or of the shroud, each time that it is called by the

main program (see also function FQDEV).

I = index of the power profile

NI = total number of the different power profiles (=NDPRQT in
3.1, Card 32)

NJ = number of the coefficients (=NQDCP in 3.1, Card 3k)

A(I, 1) ..A(I,NJ)

coefficients ai1...ai NQDC@

¢/NQDC¢ ¥ Bﬁgﬁc¢ ) in output

in input; coefficients

(8;5/81pa) (85 nanc

EXF = BIP
IPA computed st the pin temperature TWTIPA(IPA) (see 3.1,
25th Card)

As 8verage expansion coefficient for the axial portion
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5,41 SUBRPUTINE NEWT@N

NEWTPN is used in the calculations of the laminar friction factors of the
central subchannels and of the central portions of the wall subchannels
to evaluate the outer radius Toa of the annulus whose inner zone (i.e.
inside the 1=0 line) is equivalent to the central subchannel or to the
central portion of the wall subchannel. In NEWTYN equation (IV.37) of

/5/ is solved iteratively, using the Newton method. NEWT@N is called by
subroutine ENTRFR,

Arguments :

RO = Tono radius of the 1=0 line (cm)

R1 = r,, outer radius of the rods (tip radius in the case of
1’ roughened rodsf fcm) (tip

R2 =T, (see above) (cm)

5.42 SUBR@UTINE N@PRMT

N@RMT normalizes the average gas temperatures TAV(NS) of the channels NS
at each axial section, making use of (I.30) of /5/. With similar equa-
tions N@RMT normalizes also the average gas temperatures of the sub-
channels M of each channel NS (TSCH(NS,M)) and the average gas tempera-
tures of both portions 1 and 2 of each wall subchannel M of each channel
NS (TAVWC(NS-NSTR, M, 1), TAVWC(NS-NSTR, M, 2)) so that the average
enthalpy in each channel is always equal to the summation of the average
enthalpies in the contained subchannels and that the average enthalpy

in each wall subchannel is always equal to the summation of the average

enthalpies in its two portions. N@RMT is called by the main program.

Arguments :

NST@T = total number of the channels

NSTR = number of the central channels

TBT = average gas temperaturefor the whole bundle flow section,

in the axial section (OC)
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ATQT = flow area of the whole bundle flow section (cm?)

ASEC1 = flow area of the considered symmetry section of the whole
bundle (cm?)

MFLOW = mass-flow rate through the whole bundle (g/s)

5.43 SUBRPUTINE RECANG

RECANG performs the turbulent calculations for each "wall-type' sub-
subchannel (i.e. for each of the sub-subchannels contained in the corner
channels and in the wall portions of the wall subchannels). The equations
described in 1.9.2.and in chapter 2 of /5/ are applied in RECANG (see
flow chart, Fig. 17). RECANG is called by the Subroutines RECCA1 and
ANGCA1.

Arguments:

1 = sub-subchannel index (integer form)

Al = sub-subchannel index (real form)

NS = channel index

K = index of the axial section

IVIA = index which establishes if the position of the t=0 line

must be computed (IVIA=1) or not (IVIA=2) .IVIA=1for ggggﬁ%f the
sub-subchannels contained in the wall portions of the wall
subchannels and in the first step for the calculation of
the corner sub—subchannels
IVIA=2 in the second step for the calculation of the corner
sub-subchannels
IRH = index for the type of the rod surface (IRH=1 for smooth
rods, IRH=2 for roughened rods)
ALFA = angle of the rod sector for sub-subchannel I
AMA1 = inlet mass flow rate)/ (flow area) for the containing wall
subchannel or for the containing corner channel (g/s cm?)
TI = Ti; in input : assumed equal to the bulk temperature of sub-
subchannel I-1 (if I=1 TI is the inlet average temperature -
in the axial section of the containing wall portion of wall

subchannel or of the containing corner channel); in output:

bulk temperature T. of sub-subchannel I (OC)

#) gee flow chart Fig.17.
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average pressure for the Kth axial section (kg/cm?)
volumetric diameter of the rods (cm)

distance between the centers of the external rods and the
shroud + D/2 (cm)

height of the roughness ribs {cm)

equivalent dismeter for the whole bundle flow section (cm)
PT (see (I.111) in /5/)

equivalent diameter of the outer zone of the sub—subchannel
(i.e. outside the 1=0 line) (cm)

equivalent diameter of the inner zone of the sub-subchannel
(i.e. inside the 1=0 line) (cm)

flow ares of the outer zone of the sub-subchannel (cmz)
flow area of the inner zone of the sub-subchannel (cm2)
factors GbiS of GbiR defined by (I.83) or (I.85) of /5/.

A . Ax
A ./ o , computed in RECANG (see (I.66) and (I.94)
ar 2Dai Pai

of /5/)

Apj Bx

s computed in RECANG (see (I.66) and (I.95)

of /5/)

;ti’ total mass-flow rate in sub-subchannel I computed in
RECANG (g/s)

type of the containing channel (NTYP=2 for wall channels,
NTYP = 3 for corner channels)

(length of the axial section)/(length of the containing
axial portion)

length of the axial section (cm)

inlet pressure for the axial section (kg/cm?)

outlet pressure for the axial section (kg/cm?)

/TasTe,

index of the containing subchannel of channel NS

gas temperature at the bundle inlet (OC)

volumetric surface of a rod, for the whole axial portion (cm?)
in input: surface pin temperature for sub~subchannel I-1

at ITW1 = 1 (if I=1 TW1 is not defined in input); in
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output: surface pin temperature for sub-subchannel I at
ITW1=1 (see also flow chart, Fig. 17)

hg; mass flow rate in the outer zone of the sub-subchannel,
computed in RECANG (g/s)

Tai’ bulk temperature in the outer zone of the sub~subchannels
computed in RECANG (°C)

;bi’ mass flow rate in the inner zone of the sub-subchannel,
computed in RECANG (g/s)

Tbi’ bulk temperature in the inner zone of the sub-sub-
channel, computed in RECANG (°C)

NS-NSTR (NSTR = number of the central channels)

inlet temperature (in the axial section) of the containing
wall portion of wall subchannel or of the containing corner
channel (°C)

average temperature (in the axial section) of the containing
wall portion of wall subchannel or of the containing corner
channel (OC)

h'. for the sub-subchannel

Bi

h;WR for the sub-subchannel (see (I.86) in /5/)
I

) ALFA

L=1 L

(pitch of the rods - base of the blocking triangle)/2

for sub-subchannels contained in wall subchannels (cm)

0 for corner sub-subchannels

O for the sub-subchannels contained in corner channels and
in the zone of the wall portions of the wall subchannels
where the sub-~subchannels are defined by lines normal to
the shroud walls (see Fig. 3b)

1/V/3 for the sub-subchannels contained in the wall portions
of the wall subchannels and defined by lines which are

not normal to the shroud walls

1 if XC1 =0

2 # XC1 if XC1 = 1/V/3

for RETURN 1, in the case of convergence problems

DET@T in the present version of SAGAPP (it was the equivalent
diameter of the containing corner channel or of the con-

taining wall portion of wall subchannel in /1,2/; see 1.9.3

in /5/) (cm)
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Cs = in input: cg value for sub-subchannel I-1 (if I=1 cs=1);
in output:cs value for sub-subchannel I (see (I.89),(I.90)
in /5/ and function CSFUN is this work)

5.4l  SUBR@PUTINE RECCA1

RECCA1 organizes the sub=-subchannel calculation for the wall subchannels
(which is performed in the subroutine RECANG for the "wall-type" sub-
subchannels and in the subroutine CEWA for the "central-type" sub-sub-
channels). Furthermore it computes the friction factors LAMSCH for the
whole wall subchannels, the friction factors LAMWC, the flow areas ASCHWC
the equivalent diameters DEWC and the rod heated perimeters PHWC for
both wall (1) and central (2) portions of the wall subchannels. These
computations are performed both in the case of turbulent flow (see /5/11.66),
(I.69) for the friction factors) as in the case of laminar flow (see /5/,
(Iv.3), (Iv.k4), (IV.7), (IV:10) - (IV.13), (IV.18) for the friction
factors)%)ln the case of turbulent flow RECCA1 evaluates also the
friction factor LAMB and the equivalent diameter DETB for the inner
zone of the wall portions, the mass-flow rates XMSCHA and XMSCHB for

the outer and the inner zones of the wall portions, the ratios ADAB

between the flow area of the whole wall portions and the flow area of
the inner zone of the wall portions. Some average values of sub-sub-

channel variables are finally computed in RECCA1 (see flow chart, Fig.18).
RECCA1 is called by the main program.

Arguments:

K = index of the axial section

NS = channel index

N = number of the "wall-type" sub-subchannels in a rod sector
of an angle of n/2

NSCLs = number of the "central-type" sub-subchannels in a rod sector

of an angle of #/k (Obviously the angles of the rod sectors

for the central portions cannot be larger than n/k4)

*J In the case of laminar calculations the friction factors of the two portions
are set equal to the subchannel friction factor (see also SUBBAL and RECCA2)
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IRH = index for the type of the rod surface (IRH=1 for smooth
rods, IRH=2 for roughened rods)

PRYV = PT (see {(I.111) of /5/)

PB = average pressure for the axial section (kg/cm?)

RH = height of the rougheness ribs (cm)

H1 = (length of the axial section) /(length of the containing
axial portion)

ALFA = Eég- = angle of the rod sector for each "wall-type" sub-

subchannel of the wall subchannel
A(1)...A(NSCk5)
= flow areas of the "central-type" sub-subchannels (cm?)
DE(1)...DE(NSCkL5)
= equivalent diameters of the "central-type" sub-subchannels (cm)
MEC(1)... MEC(NSCL5)
= mass-flow rates of the "central-type" sub-subchannels corres-

ponding to an uniform mass distribution (g/s)

AT = flow area of the wall subchannels (cm?)

DET = equivalent diameter of the wall subchannels (cm)

ATQT = flow area for the whole bundle flow section (cm?)

DET@T = equivalent diameter for the whole bundle flow section (cm)
MFL@W = mass-flow rate through the whole bundle flow section (g/s)
W = distance between the centers of the external rods + volu-

metric radius of the rods (cm )

D = volumetric diameter of the rods (cm)

C = pitch of the rods (cm)

JJJ = subchannel index

NSTR = number of the central channels

H = length of the axial section K (cm)

PR1 = inlet pressure for the axial section (kg/cm?)

PR2 = outlet pressure for the axial section (kg/cm?)

SQDPG = /Tople,

TE = gas temperature at the bundle inlet, average for the whole

bundle flow section (°C)
SUR = volumetric surface of a rod, for the whole axial portion (em?)
AMT = summation of the computed average mass flow rates of the
sub-subchannels contained in the whole wall subchannel (g/s)
DDDD = gummation of the computed terms ———éii———— (see (I.66) in /5/)

Ilti Ax
2 Dyj Py

1
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ATSCH = bulk temperature of subchannel JJJ computed averaging the

sub-subchannel bulk temperatures (°C)

CTU3 = mixing factor for the turbulent exchange between the two
portions of each wall subchannel (see 3.1, Card 21)

EM1 = (pitch of the rods-base of the blocking triangle)/2 (cm)

# = for RETURN1, in the case of convergence problems in the
subroutine RECANG or in the subroutine CEWA (the axial
section will be halved)

ALFACE = L = angle of the rod sector for each "central type"

NSCu5

sub—-subchannel

5.45 SUBRPUTINE RECCA2

RECCA2 computes the average mass flow rates MAWC and the average gas tempera-
tures TAVWC and some other varisbles for both portions of each wall sub-
channel ,at each axial section,in the case of turbulent flow in the wall
subchannel (see 1.6 of /5/)

RECCA2 is called by the subroutine SUBBAL. *)

Arguments:

NS = channel index

III = NS-NSTR (NSTR=number of the central channels)

NP = number of the pins adjacent to the wall channel NS=number
of the subchannels contained in the wall channel NS

INDSP = index for the presence of a spacer in the axial section
(INDSP=1 : no spacers; INDSP=2 : there is a spacer)

H = length of the axial section {cm)

LENGTH = length of the axial portion containing the axial section (cm)

PR1 = inlet pressure for the axial section (kg/cm?)

PR2 = outlet pressure for the axial section (kg/cmz)

PBT = average pressure for the axial section (kg/cm?)

FRELI = value of the relaxation factor at which convergence was

#)ps the structure of RECCA2 is very similar to that of BALA, no flow chart
is presented here for RECCA2.
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reached in the previously performed calculation step of the

wall subchannels of channel NS

FT = input factor fT (see 3.1, 21st Card)
ITCPRR = actual value of the iteration index in the loop for the
convergence of the whole bundle friction factor (see main

program Fig.11)

PIG = 7=3.141593

D = volumetric diameter of the rods (cm)

DPAV = average pressure loss for the channels (see subroutine
BALA) (kg/cm?)

#* = for RETURN1, in the case of convergence problems

WSP = axial width of the spacers (cm)

I1SPAC = index of the first spacer which has been not yet over-

taken by the calculation in the preceeding axial sections. #)

5.46 FUNCTI@N RELAM

RELAM computes the Reynolds numbers Re, (=RELAM) to be used for the calcul-
ation of the subchannel friction factors in the case of laminar flow

(A am=K/Rex’ see (IV.3) in /5/; see also note pag.120 in this work). The

teiperature Tx (at which the gas properties are defined for the evaluation
of Rex) is set equal to the bulk temperature in the case of unheated sec-
tions and at ITCPRR=1 alsd in the case of heated sections. For heated
sections at ITC¢RR>1,Tx is set equal to the surface pin temperature in the
case of central subchannels and it is computed by means of the function TNU
in the case of corner channels and wall subchannels . RELAM is called by

the subroutines TRICA1, RECCA1 and ANGCA1.

Arguments:

A = flow area of a half of the entire central channel or of

8 half of the entire corner channel or of a wall sub-

channel {area based on the tip diameter in the case of

roughened rods) (cm?)

*)I1SPAC=1 for the first spacer contained in the axial portion
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equivalent diameter of the subchannel, based on the tip dia-
meter in the case of roughened rods (cm)

subchannel bulk temperature (°C)

subchannel pin temperature (°c)

subchannel mass—flow rate (g/s)

subchannel shroud temperature,in the case of corner and
wall subchannels (°C)

0,in the case of central subchannels

index for the type of the subchannel (ITYP=1:central;
ITYP=2 : wall; ITYP=3 : corner)

(tip radius of the rods)/(inner radius of the outer wall

of the snnulus which is equivalent to the whole channel),
for the corner channels

(tip radius of the rods)/(inner radius of the outer wall

of the annulus which is equivalent to the whole wall portion),
for the wall subchannels

O for the central subchannels.

1 for the central subchannels and for the corner channels
(total wetted perimeter for the wall portion)/(total wetted
perimeter for the whole subchannel), for the wall sub-
channels (the wetted perimeters are based on the tip dia-

meter, in the case of roughened rod)

5.47 FUNCTI@N RHQ

RHP evaluates the coolant density p(RH@) as a function of the pressure

and of the temperature ([b] = g/cm3; about RHP see also 3.5)

pressure (kg/cm?)

temperature (°c)
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5.48 FUNCTI@N RHPLUS

RHPLUS evaluates the parameter R(h+) (RHPLUS) with the method suggested
by Dalle Donne /11/ (see (III.8), (III.19) of /5/ and also 1.10 in /5/).

The R(h") function is evaluated as follows *):

o0

- B h T B10
*) =r= B2 . R B8 ., (_WR _
R(h') =r _B1 + (h+)33] + BS ¢ 1n <B6(ro—r1)> + (h+)B9 <Tb 1

(where h+=h;R in the case of heated roughened rods (IRHPL=1),h+=h; in

the case of unheated roughened rods (IRHPL=2) *¥) if:

+

r < 5.5+ 2.5 1n hy

(see (I.115) in /5/). If this condition is not satisfied R(h+) is

computed as:

R(n*) = 5.5 + 2.5 In (n})

The parameters Bl,..., B10 must be provided in BL@CK DATA (see 3.3,
COMMEN BLPCK/DAT2/). In the present version of the method of Dalle Donne
/ 1V Bl=1.

*) For the symbology see also paragraph 1.10 and chapter 3, both in /5/.

) The value of IRHPL is established in the main program. There IRHPL is
set equal to 2 only at IPA=5 (at IPA=1,2,3,4,6,7 IRHPL=1); at IPA=3
this is not necessary because the pin temperatures are all set equal

to the bulk temperatures of the adjacent subchannels.
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Arguments :

HPLUSB = h; = h' value defined with the gas properties evaluated at
the bulk temperature Tb of the subchannel zone which is
inside the =0 line.

™ = T;R - 273.16, surface pin temperature at infinite conduc-
tivity of the canning metal (°C)

TE = bulk temperature for the whole bundle flow section at the
bundle inlet (°c) *)

QPLUS = Q"A/(me TE) (symbology see U.,4 in this work) *)

HPLUSW = h;R = h value defined with the gas properties evaluated at
the surface pin temperature corresponding to an infinite
conductivity of the canning metal

TB1 =T - 273.16, bulk temperature of the subchannel inner zone (°C)

YDH = (ro_rl)/hR

5.k49 SUBR@UTINE RNU

RNU evaluates the turbulent Nusselt numbers for the sub-subchannels, for
the corner channels, for the central subchannels and for both portions of
the wall subchannels in the case of axial sections with roughened rods(Nu
for unheated shroud walls). RNU makes use of equations (II.4) - (II.T) of
/5/. RNU is called by the subroutines CEWA, RECANG and RTRI. )

Arguments :
HPLUSW = h;R = h" value defined with the gas properties evaluated
. - (-]
at the surface pin temper:ture TER (or TWRm)
TWI = surface pin temperature ’I'WR (or TWRw) at infinite conduc-
tivity of the canning metal (°c)
#)

These parameters are not used any more in the present version of the
Dalle Donne method / 11/.
**) For the symbology see chapter 2 of /5/.
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LAMIB = friction factor A, for the zone inside the 1=0 line

REI = Reynold number ReB

PRI = Prandtl number PrB

TBT = bulk temperature Ty (°c)

YDH = (ro—r1)/hR

R1DR2 = r1/r2 in the case of "wall-type" sub-subchannels, or of
corner channels, or of wall portions of wall subchannels

= r1/ro in the case of "central-type" sub-subchannels, or
of central subchannels, or of central portions of wall sub-
channels

R2MRO = (r2-ro)/hR in the cases where R1DR2=r1/r2

= 0 in the cases where R1DR2=r1/r

U1DU = ub/uB in the cases where R1DR2 = r1/r2

= 1 in the cases where R1DR2 = r1/ro

REW = Reynolds number defined with the gas properties evaluated
at the surface pin temperature T;R (or Tng)

YYI = NuB/Nqu, factor which takes into account the effect of the
spacers on the surface pin temperture (YYI=1 if the calcula-
tion of the surface pin temperatures corresponding to
industurbed flow conditions is required ) #)

NUI = Nusselt number NuB (or NuB°° , if YYI=1), computed in RNU

GHPL = G(h+) factor, computed in RNU by means of function GHPLUS.

5. 50 SUBRPUTINE RTRI

RTRI is called by the subroutine WALLTE, in the case of axial sections
with roughened rods, for the calculation of the surface pin temperature
TW1 (corresponding to an infinite conductivity of the canning metal)

of a central subchannel, or of a corner channel, or of one of the two
portions of a wall subchannel. If the flow in subchannel M of channel I

must be considered as laminar at iteration ITCPRR (i.e. if I2TIP(I,M)=1,

otherwise TWI=T..

# . -
} In this case TWI TWRw, WR
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see ANGCA1, RECCA1 and TRICA1), the subroutine TEMLAM is immediatly called
by RTRI. #) Otherwise, the pin temperature TW! is computed iteratively
with the equations described in 2.1.2 - 2.1.5 of /5/,making use of the sub-
routine RNU. Together with the pin temperatures, in the case of a corner
channel or of the wall portion of a wall subchannel, also the bulk
temperatures TSCHA and TSCHB of the outer and of the inner zone are com-
puted (making use of the subroutine DD@NNE) and the shroud temperature
TLINER is evaluated. These temperatures TSCHA, TSCHB and TLINER(as the pre-
viously computed value of TW1) correspond to the real average bulk temp-
erature and to zero heat flux from the shroud (see 2.1 in /5/). Then, if
the h™ value is such that the flow has to be considered as "hydraulically
smooth" (but still turbulent; see (I.115) in /5/) the subroutine RTSI is
called, where the calculation of TW1, TSCHA, TSCHB and TLINER is repeated
using the equations described in 2.2 of /S/.**) Otherwise, if the flow is
"rough", the subroutine TELIN is finally called, in the case of a corner
channel or of the wall portion of a wall subchannel with heated shroud
walls, to compute the real value of the temperature TLINER and to correct
the computed surface rod temperature by means of the "superposition

principle" (see 2.3 of /5/). About RTRI see also flow chart of Fig.19.

Arguments:

PBT = average pressure for the axial section (kg/cm?)

TBT = average temperature TB of the whole corner central subchannel
or of the whole portion of wall subchannel (OC)

MASSI = average mass—~flow rate of the whole corner or central sub-
channel, or of the whole portion of wall subchannel (g/s)

DE1 = equivalent diameter of the inner zone (cm)

AREAT = flow-area of the whole corner or central subchannel, or of

the whole portion of wall subchannel (cmz)

#) Coming back from TEMLAM, the calculation returns at the end of RTRI,
by means of a statement RETURN1 (see Fig.19).

*#) Tt nust be pointed out, however,that the equations used in RTSI in the

present version of SAGAP® are not valid at low Reynolds numbers, such

as those corresponding to "hydraulically smooth" flow (see 1.10 in /5/).
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ratio between the flow area of the whole corner channel
(or wall portion of wall subchannel) and its inner zone,
in the case of corner channels or of wall portions of wall
subchannels

1, in the case of central subchannels or of central portions
of wall subchannels

friction factor for the inner zone

correction factor (NuB/NuBm) which takes into account the
influence of the spacers on the Nusselt number

average heat flux per unit surface for the adjacent rod,
in the axial section (cal/s cm?)

correction factor which takes into account the inlet effect
on the Nusselt number

bulk temperature for the whole bundle flow section at the
bundle inlet (°C)

height of the roughness ribs (cm)

channel index

I-NSTR (NSTR = number of the central channels)

subchannel index

index of the pin which is adjacent to subchannel M of
channel I

surface pin temperature at infinite conductivity of the
canning metal, computed in RTRI (OC)

(pbub/pBuB) for the corner channels and for the wall portions
of the wall subchannels

1 for the central subchannels and for the central portions
of the wall subchannels

1 for the central subchannels and for the central portions
of the wall subchannels

2 for the wall portions of the wall subchannels

3 for the corner channels

equivalent diameter for the whole corner channel, or for
the central channel, or for the whole portion of wall sub-
channel (cm)

volumetric diameter of the rods (cm)

(rg-r1)/hR, for a corner channel and for the wall portion
of a wall subchannel

(ro--r1)/hR for a central subchannel, or for the central

portion of a wall subchannel
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#* = for RETURN1, in the case of convergence problems
F2ATIP

ratio between the whole flow area based on the tip diameter

of the rods and that based on the volumetric dismeter®)

F2DTIP ratio between the equivalent diameter based on the tip
diameter of the rods and that based on the wolumetric

diameter *)

5.51 SUBRPUTINE RTSI

RTSI is called by the subroutine WALLTE in the case of axial sections
with smooth rods and also by RTRI in the case of roughened rods but
"hydraulically smooth flow" ; it performs the calculation of the surface
pin temperature TWI (corresponding to an infinite conductivity of

the canning metal) of a central subchannel, or of a corner channel, or
of one of the two portions of a wall subchannel. As for RTRI,if the
flow in subchannel M of channel I has to be considered as laminar

at the iteration ITC@RR (i.e. if I2TIP (I,M) = 1, see ANGCA1, RECCA1
and TRICA1), the subroutine TEMLAM is immediately called.

Otherwise, the pin temperature TWI is computed iteratively with the
equations described in 2.2.1, 2.2.2, 2.2.4 and 2.2.5 of /5/. Further-
more, in the case of a corner channel or of the wall portion of a wall
subchannel, the bulk temperatures TSCHA and TSCHB of the outer and of
the inner zone, together with the shroud temperature TLINER, are
computed with the equations described in 2.2.1, 2.2.3 and 2.2.6 of
/5/. These temperatures TSCHA, TSCHB and TLINER (as also the previously
computed value of TWI) correspond to the real bulk temperature and

to zero flux from the shroud (see 2.2 in /5/). If the shroud walls

are heated, the subroutine TELIN is finally called (as in RTRI), to
compute the real shroud temperature and to correct the surface pin

temperature TWI (see flow chart, Fig.20 ).

=1 for the wall portion and for the central portion of the wall sub-
channels, because for them AREA and DEI are already based on the tip
diemeter of the rods (see RECCA1).
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The arguments for RTRI are practically the same as for RTRI, thus they
will not described here again. It must be only pointed out that the
name for the surface pin temperature is TWI in RTSI (and not TW1),
that the name for the whole equivalent diameter is DEIR (and not DEI,
because in RTSI DEI is the equivalent diameter of the equivalent
annulus) and that in RTSI the factor YYDH is not defined (argument
XXXX in RTSI).

5.52 SUBRPUTINE SELAWA

SELAWA computes the laminar K=\Re -values (see (IV.3) of /5/) for

each axial portion IPA. The K-values for the central subchannels
(BKAPPA (IPA, 1)) and for the central portion of the wall subchannel
(AKAWC( 2)) are computed by means of function GKAPPA,that for the
corner channels (BKAPPA(IPA, 3)) and that for the wall portion of the
wall subchannels (AKAW(1)) by means FKAPPA. The parameter B which
defines the position of the line dividing the two portions of the wall
subchannels in the case of laminar flow (see 4.2.3 in /5/),is evaluated
by means of the function BETAF. The K-~value for the wall subchannels is
finally evaluated in SELAWA by means of (IV.13) of /5/.

SELAWA is called by subroutine KAPCPR only if the value of the para-
meter IKAPPA (see BL{CK DATA, CPMMPN BLPCK/WAKA1/) is equal to 1.
Otherwise the K-value provided in BL@CK DATA are saved (see subroutine
KAPC@R) .

The subroutine SELAWA has no arguments (all its parameters are pro-
vided in C@MM@N)
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5.53 SUBR@GUTINES SIMLA1 and SIMLA2

SIMLA1 and SIMLA2 *) are called by the subroutine TEMLAM in the case of
laminar flow, if the simplified procedure for the calculation of the
external channels (described in 4.6 of /5/) has to be applied. Equations
(IV.89) - (IV.101) of /5/ are used in SIMLA1 and SIMLA2. SIMLA1 is called
to correct the values of the pin and of the shroud temperatures corres-
ponding to the real bulk temperature and to zero heat flux from the shroud;
then, if the shroud is heated, the calculation enters from TEMLAM direct-
ly in the last part of SIMLA1, by means of the statement "ENTRY SIMLA2",
and corrects the values of the pin and of the shroud temperatures corres-

ponding to the real bulk temperature and to zero heat flux from the rod.**)***)

Arguments for SIMLA1:

TE = bulk temperature for the whole bundle flow section at the
bundle inlet (°C)

TI = bulk temperature for the corner channel or for the wall

portion of the wall subchannel (Tgi in 4.6.3 of /5/) (°c)

TWI = surface pin temperature corresponding to TI and to Q;hroud=o
(in input: not corrected; in output: corrected) (°C)
= 1 " =
TLI shroud temperature corresponding to TI and to Qshgoud 0
(in input: not corrected; in output: corrected) ( C)
NUI = Nusselt number for the rod at §" =0 (in input: not
shroud
corrected: in output: corrected)
TETAI = dimensionless shroud temperature at Q" =0 (in input: not

shroud
corrected; in output: corrected)

®) SIMLA? is the name of the final part of SIMLAT1.

we) Also in the case of the central portion of a wall subchannel, the cal-

culation enters directly in SIMLA2, because all the necessary para-—
meters which are computed in the first part of SIMLA1 are the same

as those already computed for the wall portion.

***)Recently the option ISIMPL has been introcuded in SAGAP@, which allows to
epply the simplified procedure described in 4.6 of /5/ without correcting
the Nusselt numbers and the dimensionless temperatures (case of ISIMPL#1)
The value of ISIMPL must be provided in BL@CK DATA (C@MM@N BL@CK /SIMLAM/.



=137~

I = channel index

JJJ = subchannel index

TBEQ 1 = temperature T, defined by (IV.95) of /5/ (°c)
TBEQ2 = temperature EBS defined by (IV.96) of /5/ (OC)
11 = I-NSTR (NSTR = number of the central channels)

Arguments for SIMLA?

TI = as for SIMLA1

TWI = as SIMLA1 #) or shroud temperature corresponding to TI
and to Q;Od=0 (in input: not corrected; in output: corrected)**)
(°c)

TLI = as for SIMLA1 *) or surface pin temperature corresponding

to TI and to Q;od=0 (in input: not corrected; in output:

corrected) ) (OC)

NUI = ag for SIMLAT“'> or Nusselt number for the shroud, at é;od=0
(in input: not corrected; in output: corrected) *it )

TETAL = as for SIMLA1*) or dimensionless surface rod temperature at
Q;0d=0 (in input: not corrected; in output: corrected)*¥)

TBEQ 1 = as for SIMLAT*) or temperature EBS defined by (IV.96) of
/51 **) (°c)

TBEQR = as for SIMLAT*) or temperature T, defined by (IV.95) of

/5/%*) (°c)

*) If SIMLA? is called for the central portion of a wall subchannel the

arguments have all the same meaning as for SIMLA1.

i) If SIMLAZ is called for the calculation of the pin and shroud tempera~
tures corresponding to the real bulk temperature and to zero heat
flux from the rods (but Q" % 0), the arguments which referred to

shroud
the rod in SIMLA1 refer now to the shroud and vice versa.
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FUNCTI@N SMFUN1

SMFUN1 evaluates the coefficients V8/Aai (SMFUN1) in the second calcula-

tion step for each sub-subchannel

"i" of each corner channel (see sub-

routine RECANG; Aai = friction factor of the zone outside t=0 line).

SMFUN1 is called by the subroutine RECANG.

Arguments:

RHPI
ETAT
DET@T
PROV
I
KVIA

REAI
DAI

SQ8LIA

RO

Cs

2.5

gas density p,; for the outer zone (g/cm3)

gas viscosity Ngi for the outer zone (g/cm s)

equivalent diameter for the whole bundle flow section (cm)

PT (see (I.111) of /5/),in the present version of SAGAP@.
sub-subchannel index (=i)

1 at the first iteration in RECANG (ITTEMP=1, ITW=1, ITW1=1)
2 at the next iterations

Reynolds numper Reai for the outer zone of the sub-subchannel
equivalent diameter for the outer zone of the sub-subchannel(cm)
value of /§7X;I-ax the preceeding iteration (at the first
iteration,i.e. at KVIA=1,it is not defined)

radiusof the t=0 line for the annulus which is equivalent

to sub-subchannel I

parameter Gai (see (1.92) in /5/ and flow chart for the
subroutine RECANG, Fig.17)

parameter c_ (see (I.89) - (1.91) in /5/)

SUBRPUTINE SUBBAL

SUBBAL is used for the calculations of the subchannels. It computes the

average mass flow rates MSCH, the average gas temperatures TSCH and some

other varibales,which are partly needed for the calculations of RECCA2,
i.e. the cross-flow rate WCFNS and the turbulent rates WINS1 for the ex-

changes between subchannels of the same channel, the pressure losses
DPNS, the terms PHII=y/A (see (I.81) of /5/), the terms SIGMAI=f/A (see
(I.57) of /5/), the terms RUASN=pu® etc. (see 1.6 of /5/).
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The subroutine SUBC@N is called at the beginning of SUBBAL, to identify
the connections between each subchannel I of each channel NS and the
channels adjacent to subchannel I (see subroutine SUBC@N). At the

end of SUBBAL, in the case of wall subchannel (i.e. NTYP(NS)=2),and if
the flow has to be considered as turbulent in the wall channel (i.e.
I2TIP(NS)=0) the subroutine RECCA2 is called, for the calculation in the

two portions.

SUBBAL is called by the main program *) .

Arguments:

NST@T = total number of the channels

NSTR = number of the central channels

INDSP = index for the presence of a spacer in the axial section
(INDSP=1: no spacers; INDSP=2: there is a spacer)

H = length of the axial section (cm)

LENGTH = length of the axial portion {cm)

D = volumetric diameter of the rods (cm)

PIG = 7=3.141593

PR1 = inlet pressure for the axial section (kg/cm?)

PR2 = outlet pressure for the axial section (kg/cm?)

PRT = average pressure for the axial section (kg/cm?)

FREL = value of the relaxation factor at which convergence was
reached in the previously performed calculation step for
the channels (see flow-chart of subroutine BALA, Fig.1L4 )

FT = input factor fT (see 3.1, 21st Card)

ITCPRR = actual value of the iteration index in the loop for the
convergence of the whole bundle friction factor (see main
program , Fig.11)

DPAV = gverage pressure loss for the channels (see subroutine
BALA)(kg/cm?)

#)

As the calculation procedures used in SUBBAL are very similar to those
of subroutine BALA, no flow—chart for SUBBAL will be presented in

this work .
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* = for RETURN1, in the case of convergence problems
WSP = axial width of the spacers (cm)
I1SPAC = index of the first spacer which has been not yet overtaken

by the calculation in the preceeding axial sections (I1SPAC=1

for the first spacer contained in the axial portion).

5.56  SUBRPUTINE SUBC@N

SUBCPN evaluates the number NCHC(I) of the channels which are adjacent

to each subchannel I of each channel NS and identifies these channels

by means of the matrix JCHC (JCHC(J,K)=index of the Mth channel
J=NIS(NS,M) connected to channel NS*), which is the Kth channel adjacent
to subchannel I); furthermore, by means of the matrix JSCH, SUBC@N
identifies which subchannel II of the same channel NS is connected to the
channel J together with T*#) (JSCH(I,M)=index II of the subchannels which
is adjacent to channel J together with I, for the Mth connection between
channel NS and channel J). SUBC@N is called by the subroutine SUBBAL if
channel NS is subdivided in more than 1 subchannel. Thus SUBC@N is never

called for corner channels.

Arguments

NS = index of the containing channel

NP = number of the subchannels in channel NS (=number of the
pins adjacent to channel NS)

NP1 = NP-1

NI = number of the channels adjacent to channel NS.

#)  J=NIS(NS,M) is the real index of this channel (see subroutine CNNIJ)

#) A maximum number of two subchannels of a same channel are both connected
to another channel J. If only subchannel I is adjacent to channel J,
JSCH(I,M)=0 is established by SUBC®N.
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5.57  SUBR@UTINE SUBDH

SUBDH halves the length of an axial section K, if in this axial section
convergence problems have accured (see subroutines BALA, SUBBAL, RECCA2,
RECANG, CEWA, RTRI, RTSI, TLINE, TAU). SUBDH increases by one the number

N of the axial sections into which the axisl portion was previously divided,
rearranges the vector X (X(XK)=distance from the point where the calcula-
tion is started to the inlet of the Kth axial section) and the tensor YY
(YY (K, NS, M)= correction factor for the effect of the spacer grids on

the Nusselt number of the Mth subchannel of channel NS, average for section

K; see subroutine AXSEC)*). SUBDH is called by the main program.

Arguments:

N = pnumber of the axial sections 1n the axial portion (in input:
previous value; in output: input value increased by one)

K = index of the axial section where convergence problems occur

K1 = set equal to K in SUBDH (at the beginning of an axial portion it
is set = 1 in the main program, see flow chart, Fig.11)

NST@T = total number of the channels.

5.58  SUBRPUTINE TAU

TAU evaluates the values of the function F (r .) = F .-F. . {(where F .

o1 al b1 al
(FO) and Fs (FO1) are defined by the equations (I.108) - (I.111) of /5/)
at different values of the radius roi in the iterative procedure for
the determination of the position of the 1=0 line for each "wall-type"
sub~subchannel i. TAU is called by the subroutine TLINE, where the menti-

oned iterative procedure is organizedq**) In TAU it is assumed that the

#*)By halving an axial section the same YY values are assumed for the new
two sections (i.e. the new real YY values are not computed, but their
average value is used).

**)Convergence for this procedure is reached at the value of r,; at which

.)=0 (see subroutine TLINE).

Foi = Fpp» 1eee F(r°l

al
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Fig.21 Geometric parameters for the '"wall-type" sub-subchannels.

Arguments:

I = sub-subchannel index (integer form)

AI = sub-subchannel index (real form)

P = PVERT(I)/(0.5#volum.diam.of the rods) (see Fig.21 )

ALFA = angle of the rod sector for sub-subchannel I

D = volumetric diameter of the rods (cm)

W = distance(at the gap)between the centers of the external rods
and shroud + D/2 (cm)

RH = height of the roughness ribs (cm)

DET = equivalent diameter for the whole bundle flow section,
in the present version of SAGAPP(see 1.9.3 of /5/)(cm)

PROV = Py (defined by (I.111) of /5/), in the present version of
SAGAPP (see 1.9.3. of /5/)

IRH = index for the type of the rod surface (IRH=1 for smooth
rods, IRH=2 for roughened rods)

DAI = value of the equivalent diameter for the outer zone of
sub-subchannel I, corresponding to the actual value of roi
and computed in TAU (cm)

DBI = value of the equivalent diameter for the inner zone of sub-

subchannel I, corresponding to the actual value of Toi and

computed in TAU (cm)
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value of the shroud heated perimeter for sub-subchannel I,
corresponding to the actual value of roi and computed in

TAU (cm)
Fai Toi
R(h ) value for sub-subchannel I, computed in TAU in the

(see above)

case of roughened rods

surface pin temperature (°C)

bulk temperature for the whole bundle flow section at the
bundle inlet (°C)

actual value of the iteration index ITTEMP (see flow-chart
for subroutine RECANG, Fig.1T)

Qg Abi/ﬁbicpTE) (symbology see 4.4 in this work)

gas viscosity nai for the outer zone of sub-subchannel I
(g/cm s)

gas density Pai for the outer zone of sub-subchannel 1
(g/cm3)

gas viscosity n for the inner zone of sub-subchannel I

bi
(g/cm s)

gas density pbi for the inner zone of sub-subchannel I
(g/cm?)

gas viscosity " WR computed at the surface pin temperature
TWI (g/cm s)

gas density PiWR computed at the surface pin temperature

TWI (g/cm?)

I
] ALFA

L=1 L

(pitch of the rods - base of the blocking triangle)/2, for
the wall sub-subchannels (cm)

0 for the corner sub-subchannels

0 for the sub-subchannels contained in the corner channels
and in the zone of the wall portion of the wall subchannels
where the sub-subchannels are defined by lines normal to
the shroud walls (see Fig.21)

1/V/3 for the sub-subchannels contained in the wall portion
of the wall subchannels and defined by lines which are not
normal to the shroud walls(see Fig.21)

11if XC1 =0
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2 % XC1 if XC1 = 1/V3

T1 = bulk temperature in the sub-subchannel inner zone (°c)
#* for RETURN1, in the case of convergence problems
cs = QS value for sub—subchannel I (see (I.89), (I.90) (I.108)

in /5/).

5.59 FUNCTI@N TBFUN

TBFUN evaluates the mean shroud temperature (TBFUN) at each axial
section.

TBFUN is called by the main program.

Arguments:
NSTR = number of the central channels
NST@T = total number of the channels.

5.60 SUBRPUTINE TELIN

TELIN is called by the subroutines RTSI and RTRI in the case of tur-
bulent flow and heated shroud walls. It computes the shroud Nusselt
number NU2 and the dimensionless rod temperature TETA2 for the case
of heated shroud and unhested rod, msking use of equations (II.52)-
(1I1.58) of /5/. Then, if the rod is heated, it applies the 'super—

position principle", to evaluate the Nusselt numbers and the surface
temperatures of the rod and of the shroud, using equations (II.59)-

(I1.63) of /5/.

Arguments:

TW1 = surface pin temperature TWR(at infinite conductivity of the

canning metal for roughened rods) (°c)



_1h5_

TLINER = surface shroud temperature T (°c)

TI = bulk temperature T (°c)

TE = bulk temperature for the whole bundle flow section at the
bundle inlet (°C)

TETA2 = dimensionless surface shroud temperature eSad’ correspon-—
ding to zero heat flux from the shroud walls

FIWA = dimensionless surface shroud temperature eSadw corres—
ponding to zero heat flux from the shroud walls and to
fully developed flow conditions (see (II.3k4) of /5/)

QA = heat flux from the rod, Qﬁ (average in the axial section)
(cal/s cm?)

QALIN = heat flux from the shroud, Qg (average in the axial section)
(cal/s cm?)

NU1 = Nussel number for the rod (in input,if the rod is heated:
value corresponding to Q; = 0 *); in output: real value
defined by (II.59) of /5/)

NUTU = Nu, ., defined by (11.31) of /5/

A1 = ¢(Pr), defined by (II.27) of /5/

KI = thermal conductivity of the gas, k (cal/s cm OC)

R1DR2 = ratio between the vol.rod radius and the inner radius of
the outer wall for the equivalent annulus (=DR/D2EQ, see
2.2.2 of /5/).

DEI = equivalent diameter for the equivalent annulus, defined by
(I1.25) of /5/

I = channel index _

JPIN = index of the pin which is adjacent to the subchannel

YYT = correction factor Ysp for the Nusselt number, due to the
spacer effect (see (II1.10)-(II.12), (II.39)-(II.L1) in /5/)

FACHE = correction factor YNu for the Nusselt number, due to the
inlet effect (see (II.35) - (II.37) of /5/)

)

If the rod is unheated NU1 is not defined in input.
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5.61  SUBRPUTINE TEMLAM

TEMLAM is called by the subroutines RTSI and RTRI in the case of
laminar flow in & subchannel, to evaluate the surface pin and shroud
»T,;; and TLINER *) . The equations presented in 4.3 - 4.5
of /5/ are applied in TEMLAM. If the simplified procedure for the

temperatures

calculation of the external channels (described in 4.6 of /5/) has to
be applied, the subrputines SIMLA1 and SIMLA2 are called by TEMLAM.
About TEMLAM see flow-chart in Fig.22.

Arguments:

# = for RETURN1 (TEMLAM returns at the end of RTRI or RTSI)
PBT = average pressure for the axial section (kg/cm?)

T = bulk temperature (°C)

MASSI = massflow rate (g/s)

DEIR = equivalent diameter for the whole corner channel, or for

the whole central subchannel, or for the wall portion of

wall subchannel (cm)

AREAI = flow area (cm?)

QQ = heat flux from the rods, Qﬁ (cal/s cm?)

QALIN = heat flux from the shroud, Qg (cal/s cm?)

TE = bulk temperature for the whole bundle flow section at the
bundle inlet (°C)

I = channel index

11 = I-NSTR (NSTR=number of the central channels)

M = gsubchannel index

TW1 = surface pin temperature at the tip radius (°C)

ITYP = 1 for a central subchannel or for the central portion of

a wall subchannel

2 for the wall portion of a wall subchannel

3 for a corner channel

*)In the case of roughened rods the computed rod temperature refers

to the tip surface of the roughness ribs (see 4.1 of /5/).
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F2ATIP ratio between the flow area based on the tip diameter of
the rods and the flow area based on the volumetric diameter

(=1 for smooth rods) *)

F2DTIP ratio between the equivalent diameter based on the tip
diameter of the rods and the equivalent diameter based on

the volumetric diameter (=1 for smooth rods) #)

DV@L volumetric diameter of the rods (cm)

5.62 FUNCTI@N TIS

TIS evaluates the correction factor YNu(TIS) for the Nusselt numbers due
to the inlet effect, in the case of turbulent flow. For smooth rods
equation (II.36) of /5/ is applied in TIS; as no correlation 1is avai-
lable to take into account the inlet effect for roughened rods, in this
case, TIS is set equal to 1 in the present version of SAGAP®. The inlet
effect for the shroud Nusselt number is finally taken into account by
use of (II.S55) of /5/. TIS is called by the subroutines RTRI, RTSI,

CEWA and RECANG.

Arguments :
R1 = volumetric radius of the rods (cm)
R2 = inner radius of the outer wall for the equivalent annulus
(=R1+Dgqa/2, see (II.25) in /5/)
INU = 1 for the calculations of YN for smooth rods
= 2 for the calculation of YN for roughened rods

3 for the calculation of YNu for the shroud

o

*) =1 for the wall portion and for the central portion of the wall subchannels
also in the case of roughened rods, because for them the flow area AREAI
and the equivalent diameter DEIR are already based on the tip diameter
of the rods (see RECCA1).
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5,63 SUBRGUTINE TLINE

TLINE is called by the subroutine RECANG to determine the position (roi)

of the t=0 line for each sub-subchannel"i"contained in the wall portion

of the wall subchannels or contained in the corner channels (for these only in
the first calculation step, see RECANG). Together with the position of

the 1=0 line, TLINE evaluates also the flow areas AAI and ABI for the
outer and for the inner zone of the sub-subchannel, the rod wetted
perimeter PBI andsby means of the function GSTAR, the parameter G (=G~bis
or GbiR in 1.9.2 of /5/). For the determination of the position of the
t=0 line, TLINE looks first for two consecutive values of ro: at which the
function F(roi) =F .-F . *) has different signs. Then TLINE applies

al bi
the tangent method, starting from these two points (roi . F(roi))’ to
evaluate the "zero" of the function F. The values of the function F are
all computed by calling the subroutine TAU. For the meaning

of the geometric parameters see Fig.21, pag. 1L2.

Arguments:

I = sub-subchannel index (integer form)

AT = sub-subchannel index (real form)

ITTEMP = actual value of the iteration index ITTEMP (see flow-
chart for subroutine RECANG, Fig.18 )

NS = channel index

K = index of the axial section

ALFA = angle of the rod sector for sub-subchannel I

D = volumetric diameter of the rods (cm)

W = distance between the centers of the external rods and the
shroud + D/2 (cm)

RH = height of the roughness ribs (cm)

DET = equivalent diameter for the whole bundle flow section, in

the present version of SAGAP@ (see 1.9.3. of /5/) (cm)

*) F,; and F_. are defined by equations (1-108)-(I.111) of /5/. The

position of the 1=0 line is found if Fa'

1=Fbi’ i.e. 1f F=0
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P (defined by (I.111) of /5/), in the present version of
SAGAPY (see 1.9.3. of /5/)

index for the type of the rod surface (IRH=1 for smooth rods,
IRH=2 for roughened rods)

equivalent diameter for the outer zone of sub-subchannel I
(computed in TAU) (cm)

equivalent diameter for the inner zone of sub-subchannel I
(computed in TAU) (cm)

flow area of the outer zone of sub-subchannel I (computed
in TLINE) (cm?)

flow area of the inner zone of sub-subchannel I {computed
in TLINE) (cm?)

R(h*) value, computed in TAU

(defined by (I.83) of (I.85) of

coefficient Gb or Gb

is iR
/5/, computed in TLINE)
surface pin temperature (at infinite conductivity of the
canning metal, in the case of roughened rods) (°C)

bulk temperature for the whole bundle flow section at the
bundle inlet (°C)

Q% Abi/(fnbi c, TE) (symbology see 4.4 in this work)
gas viscosity Nai for the outer zone of sub-subchannel I
(g/cm s)

gas density Pai for the outer zone of sub-subchannel I
(g/cm?)

gas viscosity Mot for the inner zone of sub-subchannel I
(g/cm s)

gas density Ppi for the inner zone of sub-subchannel I
(g/cm3)

gas viscosity N uWR computed at the surface pin temperature
T™WI (g/cm s)

gas density PiWR computed at the surface pin temperature TWI

(g/cm®)

ALFAL (=argument BETA for TAU)
1

i e

(pitch of the rods—base of the blocking triangle)/2, for
wall sub-subchannels (cm)

0 for corner sub-subchannels
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XC1 0 for the sub-subchannels contained in the corner channels

and in the zone of the wall portion of the wall subchannels
where the sub-subchannels are defined by lines normal to
the shroud walls (see Fig.21 )

= 1//3 for the sub-subchannels contained in the wall portion
of the wall subchannels and defined by lines normal to the
shroud walls (see Fig.21)

Xc2 = 11if XC1 =0
=2 % XC1 if XC1 = 1//3

™ = bulk temperature in the sub-subchannel inner zone (°c)
#* = for RETURN1, in the case of convergence problems
cS = ¢_ value for sub-subchannel I (see (I.89), (1.90) and

(1.108) in /5/)

5.64  SUBRPUTINE TMCF

TMCF evaluates the average cross—flow temperatures ngv for each channel

C. Subroutine CF1 is called by TMCF, where eguation (I.27) of /5/ is
used for the calculation of ngv in the present version of SAGAPP (see
also CF1). TMCF is called by the subroutine BALA.

Arguments:

I = channel index

NI = number of the channels which are adjacent to channel I

TT = cross-flow temperature ﬁgiv’ for channel I

TGTM = (Tﬁ)gFfor channel I (see CF1) (°c)

MAVI = mass-flow rate for the entire channel I (i.e. not for its

considered symmetry section) (°c g/s)
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5.65  FUNCTI@N TME

TME evaluates the turbulent rates per unit length wT (TME) for the ex-
changes between channels, for the exchanges between subchannels, and
for the exchanges between the two portions of each wall subchannel.
Equation (I.11) of /5/ is used in the case of the channel calculation,
equation (I.44) of /5/ in the case of the subchannel calculation and an
equation similar to (I.kl) of /5/ also for the calculstion of the two
portion of the wall subchannels. TME is called by the subroutines BALA,
SUBBAL and RECCAZ2.

Arguments:

PBT = average pressure for the axial section (kg/em?2)

M1 = mass-flow rate for the considered entire channel, or
subchannel, or portion of wall subchannel (let say 1) (g/s)

M2 = mass-flow rate for the considered entire adjacent channel,
or subchannel, or portion of subchannel (let say 2) (g/s)

T1 = bulk temperature for 1 (°c)

T2 = bulk temperature for 2 (°C)

LAM1 = friction factor for 1

LAM2 = friction factor for 2

A1l = flow area for the entire 1

A2 = flow area for the entire 2

CTURB = factor KcorrGTELT§D12/2O 815 if 1 and 2 are channels (see
subroutine INGE)

= factor I (G12 D/20 612), if 1 and 2 are subchannels (see

subroutine INGE)
= factor IWC (Gwc D/20 GWC) 1f 1 and 2 are the two portions of
a wall subchannel (see function TURBWC)
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5.66 SUBRPUTINE TMPUN

TMPUN punches the Cards which are necessary to start a new calculation step,
if the actual calculation step stops because the allowed calculation time
TIMEPU (see 3.1, Card (39 + U4 % NSPACT)) has been elapsed or because the
end of the axial portion IPAEND has been reached (in the case of IPAEND<7

in input, see 3.1, Card 13; see also flow-chart for the main program,

Fig. 11). The variables whose values are punched have been already des-—

cribed in paragraph U4.6.2. TMPUN is called by the main program.

Arguments :

NST@T = total number of the channels

NSTR = number of the central channels

TE = outlet bulk temperature for the whole bundle flow section
at the axial section at which the calculation has to be
stopped (°C)

PE = outlet pressure,for the axial section at which the calcula-
tion has to be stopped (kg/cm?)

PEBAR = outlet pressure,for the axial section at which the calcula-
tion has to be stopped (bar)

TE1 = bulk temperature for the flow bundle flow section at the
bundle inlet (°C)

PE1 = pressure at the bundle inlet (kg/cm?)

PE1BAR = pressure at the bundle inlet (bar)

INDPR = 1 if the pressure values have to be punched and read in
kg/cm? #)

= 2 if the pressure values have to be punched and read in

bar *)

MFL@W = mass—flow rate through the whole bundle flow section (g/s)

IPAST = index of the axial portion at which the calculation stops,
i.e. index of the axial portion at which the new calcula~
tion step must start

IPAEND = input value of Card 13 (see 3 .1) for the axial portion at
which the calculation must end. #it)

#)

It is the input value of INDPR for the performed calculation (see 3.1,
Card 15)

)

see note pag. TO.
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IREAD1 = 2, in order to read non-uniform mass-flow and gas-temperature
distributions in the next calculation step (see 3.1 Card 13)
XLAM1(1)...XLAM1(T)
= input values for the whole bundle friction factors of Cards 10

and 11 , see 3.1)

STLEN = distance from the bundle inlet to the end point of the axial
section &t which the calculation has to be stopped (cm)
#* = for RETURN1 (TMPUN returns at the end of the main program)

5.67 FUNCTI@N TNU

TNU is used in the case of laminar calculations (it is called by the
function RELAM). It evaluates (for the corner channels and for the wall
subchannels) the value of the temperature T (TNU), at which the gas pro-
perties must be computed for the definition of the Reynolds number Rex,

and, consequently, for the evaluation of the friction factor )\=K/Rex (see

(IV.3) of /5/). In the last version of the SAGAP@ code, the temperature

Tx for the corner channels and for the wall subchannels is computed as the
average of the pin and of shroud surface temperaturesweighted by means of the
corresponding wetted perimeters, according to the last results of calcula-

tions and measurements performed in the INR for annular flow sections /13/.
Thus, the method suggested in /5/ is not used any more.

Arguments:

™ = surface pin temperature for the subchannel (OC)

TL = surface shroud temperature for the subchannel (°C)
ITYP = type of the subchannel (ITYP=2: wall; ITYP=3: corner)
PERL = shroud wetted perimeter for the subchannel (cm)

PIG = 7 = 3.141593

RTIP =

tip radius of the rods (=outer radius in the case of smooth rods)
(cm)
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5.68 SUBRPUTINE T@PTGEO

Two versions of TPTGEP are available: one is used for the calculations

of hexagonal bundles, the other one for the 12-rod bundles. In both versions

TPTGEO evaluates the geometric parameters for the whole bundle flow sec-—

tion and for the three types of channels, i.e., mainly:

the flow area for the whole bundle flow section, ATPT

the flow area for the considered bundle symmetry section, ASEC

the equivalent diameter for the whole bundle flow section, DET@T

the wetted perimeter for the whole bundle flow section, PERLT

the flow area ATC=ACH(1) for the entire channelf)the flow area AAC=ACT/6,

the equivalent diameter DETC and the shroud wetted perimeter PERL(1)
(obviously set =0) ,for the central channels

the flow area ATW=ACH(2) for the entire channel *), the flow ares
AAW=ATW/2, the equivalent diameter DETW and the shroud wetted perimeter
PERL(2) for the wall channels.

the flow area ATA=ACH(3) for the entire channel *), the flow area AAA=

ATA/2, the equivalent diameter DETA and the shroud wetted perimeter
PERL(3) for the corner channels.

the ratios FATIP(1), FATIP(2), FATIP(3) between the flow areas based
on the tip diameter of the rods and the flow areas based on the volu-
metric diameter of the rods (1scentral; 2=wall; 3=corner) )

the ratios FDTIP(1), FDTIX2), FDTIP(3) between the equivalent diameters
based on the tip diameter of the rods and the equivalent diameters

based on the volumetric diameter of the rods (1= central; 2=wall; 3= corner)**)

#)

#it )

"entire channel" means the channel which is defined dividing the whole
bundle flow section (and not a symmetry section of it)

Obviously these parameters are equal to 1 in the case of smooth rods
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TPTGEP is called by the main program, at each axial portion IPA.

Arguments:

NSEL = index defining which portion of the whole bundle flow sec-
tion must be considered (see 3.1, 9th Card)

D = volumetric diameter of the rods (cm)

= pitch of the rods (cm)

Z = distance between the centers of the external rods and the
shroud, in the wall channels (cm)

PIG = = 3,141593

NEXC@N = number of the rows of the rods (excluded the central rod, in
the case of hexagonal bundles)

NR@DS = number of the rods, for the whole bundle

W = 7 + D/2 (computed in T@PTGEPD)

WA = distance W for the corner channels,set equal to W in the
present version of SAGAPP #)

ZA = distance Z for the corner channels, set equal to Z in the
present version of SAGAP® #)

EM1 = (C-base of the blocking triangles)/2 (cm)

PERLT = wetted perimeter for the whole bundle flow section, computed
in TPTGEG (cm)

RTIP = tip radius of the rods (cm)

5,69 SUBR@PUTINE TRICA1

TRICA1 organizes the sub-subchannel calculations for the central sub-
channels (these calculations are performed in the subroutine CEWA, which

is called by TRICA1). Furthermore TRICA1 computes the friction factors

#)
The parameters WA and ZA had been introduced in SAGAPY to easily allow

to consider bundles with angles in shroud profile at the gaps between
the corner and the wall channels, instead of angles at the center of

the corner channels.
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LAMSCH for the whole central subchannels, both in the case of turbulent
flow (see (I.66) of /5/) and in the case of laminar flow (see (IV.3),
(IV.k4) and (IV.36) of /5/). Finally TRICA1 evaluates also average values
of some sub-subchannel variasbles. TRICA1 is called by the main program.

About TRICA1 see flow chart of Fig. 23.

Arguments:

K = index of the axial section

NS = channel index

NN ’ = number of the sub-subchannels in a half of an entire central
subchannel (i.e. for a rod sector of an angle 7/6)

IRH = index for the type of the rod surface (IRH=1 for smooth rods,
IRH=2 for roughened rods)

PRQV = PT (see (I.111) of /5/)

PB = average pressure for the axial section (kg/cm?)

RH = height of the roughness ribs (cm)

A(1)...A(NN)= flow areas of the sub-subchannels (cm?)
DE(1)...DE(NN)

= equivalent diameters of the sub-subchannels (cm)
MEC(1)...MEC(NN)

mass flow rates for the sub-subchannels, corresponding to

an uniform mass-flow distribution (g/s)

AT = flow area for a half of the entire central subchannel (cm?)

DET = equivalent diameter for the central subchannel (cm)

DET@T = equivalent diameter for the whole bundle flow section (cm)

H1 = (length of the axial section K)/ (length of the containing
axial portion)

ALFA = %ﬁ? = angle of the rod sector for each sub-subchannel of
the central subchannel

H = length of the axial section K (cm)

M = subchannel index

PR1 = inlet pressure for the axial section (kg/cm?)

PR2 = outlet pressure for the axial section (kg/cm?)

SQDPG = V|Apig

c
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TE = bulk temperature for the whole bundle flow section at the
bundle inlet (°C)

SUR = volumetric surface of a rod for the whole axial portion
(em?)

D = volumetric diameter of the rods (cm)

AMT = summation of the computed average mass flow rates of the

sub—~subchannels contained in & half of the entire central

subchannel (g/s)

A.
DDDD = summation of the computed terms Al = (see (I.66) in /5/)
i
2D; ey
ATSCH = bulk temperature of subchannel M, computed averaging the
sub-subchannel bulk temperature (°C)
#* = for RETURN1, in the case of convergence problems
C = pitch of the rods (cm)

5.70  FUNCTI@N TUBENU

TUBENU is called by the subroutines RTSI and RTRI in the case of tur-

bulent flow. It evaluates the Nusselt number Nutum (TUBENU), for a smooth

tube having the same Reynolds and Prandtl numbers as the annulus which is
equivalent to the central subchannel or to the corner channel or to the
portion of the wall subchannel, whose calculation is performed in RTSI or

in RTRI. For the evaluation of Nu, oo equations (II.31)-(II.33) of /5/

are used.

Arguments:

REI = Reynolds number
PRI = Prandtl number
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FUNCTI@N TURBWC

TURBWC evaluates the geometric factors IGD/208 (TURBWC) for the turbulent

exchange between the two portions of each wall subchannel (see 1.6 in

/5/). TURBWC is called by the subroutine RECCAT.

Arguments:

PRAD

GAMMA
Al

DE1
DE2
EM1

input value of the mixing factor I for the turbulent ex—
change between the two portions of the wall subchannels
(see 3.1, 21st Card)

length of that segment of the boundary line dividing the
two subchannels of the same wall chennel, which belongs to
the central portion (cm)

length of boundary line between the two portions + volumetric
radius of the rods (cm)

volumetric diameter of the rods (cm)

distance (at the gap between two external channels) from
the centers of the external rods to the shroud + D/2 (cm)
pitch of the rods (cm)

angle of the rod sector for the central portion

flow area for the wall portion (cm?)

flow area for the central portion (cm?)

equivalent diameter for the wall portion{cm)

equivalent diameter for the central portion (cm)

(C - base of the blocking triangles)/2 (cm)

5.72 FUNCTI@N TWCTEP

TWCTEP corrects the computed surface pin temperatures to get the pin

temperatures

T

WR (TWCTEP) at the radial position RMISTW (see 3.1, Card 6),

at which the thermocouples are set. In the present version of SAGAPY this

correction is performed by means of equation (II.21) of /5/, which takes

into account only the conduction in the radial direction and is valid in
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the case of electrically heated canning metal. Equation (II.21) of /5/
is solved now in TWCTEP assuming that the thermal conductivity of the
canning metal (kc) varies linearly with the canning temperature (i.e.
that kC=D1+D2*T, see function KMET). TWCTEP is called by the subroutine
CORRTE.

Arguments:
& T f%— é 21 a
QRMDAR = factor €85 , r3 1 ZE88 for (II.21)
2_..2 2 T r
(ré-r%) 1
1 71
of /5/, defined in the main program
W = surface pin temperature (°C)

2.13 FUNTI@N TWFUN

TWFUN evaluates the mean pin temperature (TWFUN) at each axial section.

TWFUN is called by the main program.

Arguments:

NR@DS = total number of the rods (for the whole bundle)

NST@T = total number of the channel (for the considered bundle
symmetry section)

PIG =7 = 3.141593

AAC = flow area for 1/6 th of an entire central channel (i.e.
for a rod sector of an angle of /6) (cm?)

AAA = flow area for a half of an entire corner channel (i.e. for

a rod sector of an angle of n/6) (cm?)
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5.74  FUNCTI@N UA

UA evaluates the average cross—flow velocities agzv for each channel C.
UA calls subroutine CF1, where equation (I.37) of /5/ is used for the cal-

culation of ECF in the present version of SAGAPP (see also CF1). UA is

Cav
called by the subroutine BALA.

Arguments:

I = channel index

NI = number of the channels which are adjacent to channel I

ACHI = flow area for the entire channel I (i.e. not for its con-
sidered symmetry section) (cm?)

IUAV = option (not used in the present version of SAGAPP) for the

procedure required for the evaluation of the cross-flow

velocities EFC in CF1 (see CF1)

1

5.75 SUBRQUTINE WALLTE

WALLTE organizes the calculation of the surface pin temperatures #) for all
the central subchannels (TW), for all the corner channel {(TW) and for both
portions of all wall subchannels (TWWC), both in the case of turbulent

flow and in the case of laminar flow. The subroutine RTSI is called by
WALLTE in the case of smooth rods and the subroutine RTRI in the case of
roughened rods. The mean pin temperature (TW) for the wall subchannels is
computed in WALLTE averaging the pin temperatures of the two portions,
weighting them by means of the wetted perimeters. In the case of roughened rods
the parameter YDH=(r2-r1)/hR for the whole wall subchannels is also
evaluated in WALLTE (this parameter is used for the definition of an
average value of the G(h¥) parameter for the whole wall subchannel, see
(II1.9) and (III.22) in /5/). WALLTE is called by the main program. i)

#) at infinite conductivity of the canning metsl, in the case of roughened

rods.

**)Recently the option IEXAV has been introduced in SAGAP@, to allow the
calculation of an average rod and an average shroud temperature for the
external channels, instead of the single subchannel values (case of IEXAV=2).

The value of IEXAV must be provided in BL@PCK DATA (CPMM@N BL@CK /EXAVTW/).
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Arguments:

K = index of the axial section

NST@T = total number of the channels

NSTR = number of the central subchannels

RH = height of the roughness ribs (cm)

SUR = volumetric surface of each rod, for the axial section (em?)

D = volumetric diameter of the rods (cm)

PIG = m=3.141593

TE = bulk temperature for the whole bundle flow section at the
bundle inlet (°C)

PBT = gverage pressure for the axial section K (kg/cmz)

#* = for RETURN1, in the case of convergence problems in RTRI
or in RTSI.

RTI = name of the subroutine which must be called by WALLTE for

the calculation of the pin temperatures (RTI=RTSI in the case
of smooth rods; RTI=RTRI in the case of roughened rods)

5.76 FUNCTIgN ZEIT

ZEIT is a library function of the IBM computer of the Karlsruhe Nuclear
Center which is used to evaluate the time (in seconds) from the beginning

of & calculation to the instant at which ZEIT is called. In SAGAP@ ZEIT is
initialized at zero at the beginning of the main program and it is called

by the main program at each axial section K (before starting the calculations
for the axial section), to control whether the allowed computation time
TIMEPU(see 3.1, Card (39+4#NSPACT))has been elapsed or not. If TIMEPU has
been elapsed the subroutine TMPUN is then called by the main program.

T = time elapsed from the beginning of the calculation (s)
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5.77 Variables in CPMMPN BL@PCKS

In this paragraph the meaning of the variables which are contained in
COMM@PN BL@CKS will be explained. The names of the containing subprograms
will be also cited. For the names of the variables of each C@MM@N BL@CK
it will be made reference to one of the containing subprograms (sometimes

the variables have different names in the various containing subprograms).¥)

1) COMMPN / ANG1/ RR2(30), ALFA12 (30)

For the definition of RR2 and ALFA12 see subroutine CEWAC@.
RR2 and ALFA1 are evaluated in CEWAC® and are used in RECANG and SMFUN1.

For the definition of PER see subroutine CEWACH.
PER is evaluated in CEWAC® and is used in ANGCA1.

3)_C@MMPN /BIDAT/ BIK(3)

For the definition of BIK see 3.3 (BL@CK DATA).
BIK is used in KINF,

4) C@gMMPN /BIDAT1/ BIE(T)

For the definition of BIE see 3.3 (BL@CK DATA). BIE is used in EINF.

5) CPMMPN /BIDE/ IBIDE

For the definition of IBIDE see 3.3 (BL@CK DATA). IBIDE is used in CORRTE.

#)he COMMPN BLOCKS /SIMLAM/, /EXAVTW/ and /GRAV/, which have been introduced
only recently in SAGAP@, are not included in this listing (see pag.ui8).
/SIMLAM/ is used in BL@CK DATA and in SIMLA1. /EXAVIW/ is used in BL@CK
DATA and in WALLTE. /GRAV/ is used in BL@CK DATA in the main program, in

BALA, SUBBAL and RECCA2.
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6) _CPMMPN_/CEN1/_G(k45)

For the definition of G see subroutine CEWACP. G is evaluated in CEWAC®
and is used in RECCA1 and TRICA1.

7) COMMBN_/CBLAM1/ CLAMB

CHLAMB = factor for the correction of the friction factors. It is set
equal to =1 in the main program, in the present version of SAGAPQ.
It is used in CEWA, RECANG and TAU.

8) CPMMPN /CPLAM2/ CPLAMA

CALAMA is read in the main program (see 3.1, Card 12) and is used in

CSFUN, RECANG, SMFUN1 and TAU.

9) CEMMPN /C@NDO/ FC@ND

For the definition of FC@ND see 3.3 (BL@CK DATA). FCPND is used in INGE.

For the definition of CC@ND see subroutine INGE.
CCPND is evaluated in INGE and is used in BALA and SUBBAL.

11) COMM@N /C@PND2/ CC@ND1(2)

For the definition of CC@ND1 see subroutine INGE.
CCPND1 is evaluated in INGE and is used in SUBBAL.
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12) COMM@N /C@RR/ SIGMA(MZ), PHI(hZ) SBMNS

SIGMA(NS) = factor (£/A) for channel NS (see (I.56) in /5/)
PHI(NS) = factor (y/A) for channel NS (see (I.80) in /5/)

SBMNS = ) ( mNS Eyg) (see (I.T1) in /5/)
SBMNS, SIGMA and PHI are computed in BALA and are used in the main program

and in SUBBAL.

13)_CPMMPN /CPRRE/ QHRDAR, QRMDAR, QLAMR

QHRDAR = [@eat flux at the reference surface] *[beight of the rougheness
ribs | , for the evaluation of the Biot number (see CPRRTE)

QRMDAR = input argument f%r function TWCTEP (see)

QLAMR = factor Q; ry In ;E' for the evaluation of the temperature

b
difference between the tip and the base of the roughness ribs, in

the case of laminar flow (see (IV.4T) in /5/)
QHRDAR, QRMDAR and QLAMR are evaluated in the main program and are used in
C@RRTE.

SIGMAI(NS,M) = factor (&/A) for the Mth subchannel of channel NS
(see (I.57) in /5/)
PHII(NS,M) = factor (¢y/A) for the Mth subchannel of channel NS (see
(1.80) in /5/)
SIGMAI and PHII are evaluated in SUBBAL and are used in the main program,
in RECANG, RECCA1, RECCA2 and TRICAI1.
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(E/A) .
CHI (NS-NSTR,M,I)= ratio (E/A)P°rtl°n for the Ith portion of the Mth
subchannel
wall subchannel of channel NS (see (I.57), (I.58) in
/5/)
. (W/A)portion .
PSI(NS-NSTR,M,I) = ratio W75 for the Ith portion of the Mth
subchannel

wall subchannel of channel NS (see (I.80) in /5/)

The elements of CHI and PSI are evaluated in RECCAZ ,CHI and PSI are used
in the main program, in RECANG , RECCAt1 and SUBBAL.

For the definition of ACVS and ACVR see 3.3 (BL@CK DATA), ACVS and ACVR
are used in DSPDPF.

17)_coMMgN_/DAT/ PIG

PIG = n=3.141593

PIG is defined in the main program and is used in ANGCA1, CEWA, RECANG,
RECCA1, RELAM and TRICA1.

18) CPMMPN /DATKM/ D1(T), D2(7)

For the definition of D1 and D2 see 3.3 (BLPCK DATA). D1 and D2 are used
in KMET and TWCTEP.

#)

For a hexagonal bundle with 42 channels the number of the external
channel is 18 (NSTR is the number of the central channel; I=1 for the

wall portion, I=2 for the central portion)
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CPMMPN /DAT1/ A(10)

the definition of A see 3.3 (BL@CK DATA). A is used in the main program
in GHPLUS.

COMMPN /DAT2/ B(10)

the definition of B see 3.3 (BL@CK DATA). B is used in the main program
in RHPLUS.

COMMPN _/DATL/ NDEST, NDEEND

For

the definition of NDEST and NDEEND see 3.3 (BL@CK DATA). NDEST

NDEEND are used in the msin program.

CPMMPN /DAT6/ IRHPL

IRHPL = index for the definition of h' {(see RHPLUS). The value of

IRHPL is established at each axial portion in the main

program. IRHPL is used in RHPLUS.

23)_CPMMPN /DATT/ CNUSS

For the definition of CNUSS see 3.3 (BLOCK DATA). CNUSS is used the main
program.

24) COMMPN /EXDAT/ EX1(7), EX2(7), EX3(T)

For

the definition of EX1, EX2 and EX3 see 3.3 (BL@CK DATA). EX1, EX2

and EX3 are used in EXPC@.
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25) CPMMPN /EXDAT1/ EX4(T), EX5(7), EX6(T)

For the definition of EX4, EX5 and EX6 see 3.3 (BL@CK DATA). EX4, EXS and
EX6 are used in EXPCL.

CKAPPA(1), DEA(1), GAMMA(1)

= coefficient K=ARe, equivalent diameter {cm), coefficient ¥y #)

in laminar flow conditions for:

~ the equivalent annulus, for the corner channels

-~ the annulus which is equivalent to the wall portion,for
the wall subchannels

- the annulus whose inner zone is equivalent to the sub-

channel, for the central subchannels

CKAPPA(2), DEA(2), GAMMA(2)

coefficient K=ARe, equivalent diameter (cm), coefficient ¥y
in laminar flow conditions for the annulus whose inner zone
is equivalent to the central portion, for the wall sub-
channels (these variables are defined only for the wall

subchannels)

WGAMMA (M) ®) = v coefficient for the Mth subchannel of a wall subchannel,
defined only for wall subchannels
Al = flow area of the central or of the wall portion of the wall

subchannels, based on the tip diameter of the rods, in
laminar flow conditions (defined only for the wall sub-
channels) (em?).
CKAPPA, DEA, GAMMA, WGAMMA und A1 are defined in ENTRFR and are used only
there. The CPMM@N BL@CK/ENTR1/ is defined in order to save the values
of CKAPPA, DEA, GAMMA and A1 computed for the central portion of the wall
subchannels,so that these values are available when ENTRFR is called for

the calculation of the wall portion

#)

#) see 4,2.6 of /5/
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CGAMMA(NS-NSTR) = y coefficient for the external channel NS (NSTR=number
of the central channels) *)

CGAMMA is defined ENTRFR and is used in ENFRCQ.

28) COMMPN /GEN1/ LAM(L2)

LAM(NS) = friction factor for channel NS
LAM is evaluated in the main program, is eventually corrected in ENFRC@

(see)and is used in BALA.

A(NS) = flow area for channel NS, based on the volumetric diameter of the
rods (cm?).

A is defined in INQUA and is used in the main program, in BALA, ENFRC@,
INLCN, INQUA, KAPCPR, N@RMT, RECCA1, RECCA2, SUBBAL, TMCF and TRICAI1.

MI(NS) = mass flow rate for channel NS, at the inlet of an axial section
(g/s)

MI is defined in the main program (except for the first axial section of the

bundle, for which it is defined in INLCPN) and is used in BALA, SUBBAL

and TMPUN.

31)_coMMpN_/GENs/_TEVP (k2)

TEMP(NS) = gas temperature for channel NS at the inlet of an axial section
(°c)

TEMP is defined in the main program (except for the first axial section of the

bundle, for which it is defined in INLC@N) and is used in BALA and TMPUN.

#) see 4.2.6 of /5/.
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DE(NS) = equivalent diameter of channel NS, based on the volumetric
diameter of the rods (cm)

DE is defined in INQUA and is used in the main program, in BALA, ENFRC®,

INGE, KAPC@R, RECANG, SUBBAL and WALLTE.

33) _CPMMPN /GEN6/ MO(h2)

MO(NS) = summation of the mass-flow rates of the sub-subchannels contained
in channel NS, at the outlet of an axial section (g/s)

MO is defined in the main program and is used only there in the present

version of SAGAP{.

For the definition of ACH see subroutine T@TGED.
ACH is defined in TPTGE@ and is used in BALA, INGE, RECCA2, SIMLA1, SUBBAL,
TBFUN, TEMLAM, TMCF , UA and WALLTE.

For the definition of AT@T, DETPT and ASEC see subroutine T@TGE®.
AT@T, DETPT and ASEC are defined in TPTGE® and are used in the main pro-

gram.

36)_CPMMAN_/GE@S/ ATC, DETC, ATW, DETW, ATA, DETA, AAC, AAW, AAA *)

For the definition of ATC, DETC, etc, see subroutine T@TGE{P.

These variables are defined in TPTGEQ and are used in the main program.

# . . .
) These geometric parameters are all based on the volumetric diameter

of the rods.
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CSPC(NS,I) = coefficient (KI+KO)/2 for the local pressure losses at the
inlet and at the outlet of the Ith spacer contained in the
axial portion, for channel NS

CSPC is defined in the main program, at each axial portion (by means of

the function GRIFUN), and is used in BALA.

EPSWC(NS-NSTR, M, JWC, I), CSPWC(NS-NSTR, M, JWC, I)

= blockage factor € and coefficient (KI+K0)/2(see above),

for the local pressure losses at the inlet and at the outlet

of the Ith spacer contained in the axial portion, for the

JWCth portion of the Mth subchannel of the external channel NS

(NSTR=number of the central channels) ¥)
EPSWC and CSPWC are evaluated in the main program (CSPWC by mesns of the

funetion GRIFUN) at each axial portion and are used also in RECCA2 .

CSPSC(NS, M, I)= coefficient (KI+KO)/2 for the local pressure losses at the

inlet and at the outlet of the Ith spacer contained in

the axial portion, for the Mth subchannel of channel NS.

CSPSC is evaluated in the main program at each axial portion (by means of the

function GRIFUN), and is used in RECCA2 and SUBBAL.

#)
The elements of EPSWC and CSPWC corresponding to corner channels are

not defined . JWC=1 for the wall portion of a wall subchannel; JWC=2 for

the central portion.
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EPSISC(NS, M, I) = hlockage factor ¢ for the Ith spacer contained in the
axiasl portion, for the Mth subchannel of channel NS
EPSISC is defined in the main program at each axial portion and is used

also in AXSEC, RECCA2 and SUBBAL.

4L1) cpMMPN /GRID2/ YY{100,42,3), DIST(7)

e s e e L o A A e O D s e Sl e s A b i e

<
[
=
=2
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=
[}

correction factor Ysp for the influence of the spacer
grids on the Nusselt number, for the Mth subchannel of
channel NS in the Kth axial section of the axial portion
(see AXSEC)

DIST(I) = distance from the bundle inlet to the middle plane of
spacer I (cm)

YY is defined in AXSEC. DIST is read 1in the main program. YY and DIST are
used in CEWA, RECCANG, SUBDH and WALLTE.

k2)_CMMPN_/GRID3/ X(100)

X(K) = distance from the point where the calculation is started
to the inlet plane of the Kth axial section of the
axial portion(cm)

X is defined in AXSEC (only X(1) is established in the main program) and

is used in the main program, in ENTRFR and in SUBDH.

EPSIC(NS, I) = blockage factor € for the Ith spacer contained in the
axial portion, for channel NS

EPSIC is defined in the main program and is used also in BALA,
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PGDPC(NS, I) = ratio between the wetted perimeters inside and outside the
Ith spacer of the axial portion, for channel NS

PGDPC is defined in the main program and is used in BALA.

45) CPMMPN /GRIDS/ PGDPSC  (L2,3,3)

PGDPSC(NS, M, I) = ratio between the wetted perimeters inside and outside
the Ith spacer of the axial portion, for the Mth sub-
channel of channel NS.

PGDPSC is defined in the main program and is used in RECCA2 and SUBBAL.

46)_CPMMPN_/HB3/ TEMP2(h2)
TEMP2 (NS) = bulk temperature at the outlet of an axial section, for
channel NS (OC)

TEMP2 is defined in BALA and is used also in the main program.

47)_CPMMPN_/HEA1/ Q(19)

Q(I) = |maximum power per unit axial length | *[iength of the
axial portion] for the Ith rod (input indexing for
the rods, see Figs. 1,2) (cal/s)

Q is defined in the main program and is used also in HEATR.

48) CoMMPN /HEA2/ QQ(2,12), QQO0

For the definition of QQ and QQ0 see subroutine HEATR. QQ and QQO0 are
defined in HEATR and used in HEATI.
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49) COMMPN /HEA3/ QT(k2)

For the definition of QT see subroutine HEATI.
QT is defined in HEATI and used in BAIA.

50) COMMPN /HEAS/ Qa(k2,3)

For the definition of QQ see subroutine HEATI. QQ is defined in HEATI and used
in the main program,in ANGCA1, CEWA, RECANG, RECCA1, TRICA1 and WALLTE.

)

51)_CPMMPN_/HEAG/ NPIN(L2), JPIN(k2,3)

For the definition of NPIN and JPIN see subroutine HEATI.

NPIN and JPIN are evaluated in HEATI in the version of SAGAPY concerning
hexagonal bundles. They are provided as input data in BL@CK DATA in the
version for the 12-rod bundles(see 3.4).They are used in the main program, in
AXSEC, BALA, ENFRC@, ENTRFR, INLC@N, N@RMT, SIMLA1, SUBBAL, SUBC@N, SUBDH,
TBFUN, TMPUN, TWFUN and WALLTE.

For the definition of IDPIN see subroutine HEATR.*)
IDPIN is defined in HEATR and used in HEATI.

ot APty AGuSguRy Atpuiey SN S i R St A

For the definition of QSCH see subroutine HEATI.
QSCH is defined in HEATI and used in RECCA1, RECCA2? and SUBBAL.

*) The CPMMPN BLPCK/HEAT/ exists only in the version of SAGAP@® concerning

hexagonal bundles.
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For the definition of NER and NIS see subroutine C@NNIJ.

NER and NIS are evaluated in C@NNIJ in the version of SAGAPQ concerning
hexagonal bundles. They are provided as input data in BL@CK DATA in the
version for the calculation of the 12-rod bundles (see 3.4). NER and
NIS are used in the main program,in BALA, INGE, RECCA2, SUBBAL, SUBC{¥N,
TMCF and UA.

55) C@MM@N /IND1/ NRQHLMZ), NUMS (L42)

For the definition of NUMS and NRPW see subroutine INDEX.

NRPW and NUMS are defined in INDEX in the version of SAGAPP concerning
hexagonal bundles *). In this version they are used in C@NNIJ, HEATI,
INGE and INQUA.

56) CMMBN /ND2/ N@T (3,18)

For the definition of N@T see subroutine INDEX.
NPT is defined in INDEX in the version of SAGAPY concerning hexagonal
bundles**),N¢T is used in CPNNIJ.

For the definition of NTYP see subroutine INDEX.
NTYP is defined in the subroutine INDEX in the version of SAGAPY concerning

#) The CPMMPN BLOCK /IND1/ does not exist in the version of SAGAP@ con-

cerning the 12~-rod bundles.

)
The COMMPN BLPCK/IND2/ does not exist in the version of SAGAP® con-

cerning the 12-rod bundles.
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hexagonal bundles. It is provided as input in BL@CK DATA in the version
for the 12-rod bundles (see 3.4). NTYP is used in the main programs, in
BALA, CPNNIJ, ENFRC®, INGE, INLCOPN, INQUA, KAPCPR, N@RMT, RECCA2, SIMLA1,
SUBBAL, SUBCYN, TBFUN, TEMLAM, TMCF, TMPUN, TWFUN, UA and WALLTE.

58) _CPMM@N /INDL/ NUM3(3), NUM6(3), NUM12(3), NUM18(3), NUM2L(3), NUM30(3),

NUM36(3)

NUM3(NR@) = number of the channels of the NRfth row contained in
1/12 th of the whole bundle flow section

NUM6 (NR@) = number of the channels of the NRth row contained in
1/6th of whole bundle flow section

NUM12(NR®) = number of the channels of the NR@th row contained in
1/3 rd of the whole bundle flow section

NUM18(NR@) = pumber of the channels of the NRPth row contained in
a half of the whole bundle flow section

NUM2L (NR@) = number of the channels of the NR@th row contained in
2/3rd of the whole bundle flow section

NUM30(NR®) = number of the channels of the NR@#th row contained in
10/12th of the whole bundle flow section

NUM36(NR@) = number of the channels of the NR@th row contained in

the whole bundle flow section

NUM3, NUM6, NUM12, NUM18, NUM2L, NUM30 and NUM36 are defined in INDEX
in the version of SAGAP® concerning hexagonal bundles, and are used, in
the version, in C@NNIJ and HEATI. The COMMPN BLOCK /INDL/ does not exist
in the version of SAGAP® concerning the 12-rod bundles (see also /10/).

59) COMM@N /INITL / XMHE

XMHE = distance from the beginning of the heating to the middle

plane of an axial section (cm)

XMHE is defined in the main program, at each axial section, and is used

in TEMLAM and TIS.
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60) CPMM@N /INPAR/ IPA

IPA = index of the axial portion

IPA is established in the main program, at each axial portion, and is
used also in ANGCA1, EXPCL, EXPC®, KAPC@R, KMET, RECCA1, RELAM, SELAWA,
SIMLA1, TEMLAM, TRICA1 and TWCTEP.

61) COMMPN / IRPSM@/ IRH

IRH = index for the type of the rod surface (IRH=1 for smooth
rods, IRH=2 for roughened rods)
IRH is fixed in the main program, at each axial portion,and is used also

in CPRRTE, DSPDPF and WALLTE.

62) CPMMPN /LAMINK / BKAPPA(T,3)

For the definition of BKAPPA see 3.3 (BL@CK DATA), KAPCPR and SELAWA.
BKAPPA 1s used also in RECCA1 and SIMLAT.

63)_CAMMPN _/LAMINO/ I2TIP(42,3)

I2TIP(NS,M) = index whic¢h establishes if the flow is laminar or
turbulent in the Mth subchannel of channel NS (I2TIP=1
for laminar flow, I2TIP=0 for turbulent flow)

The I2TIP values are established in ANGCA1, RECCA1 and TRICA1., I2TIP is

used also in the main program,in BALA, CPRRTE, RTRI, RTSI and SUBBAL.

64)_COMMPN /LAMIN1/ AKAPPA(k2)

AKAPPA(NS) = K=ARe value for channel NS in fully developed laminar
flow,in the axial portions (corrected value if the simp-
lified procedure of 4.6 of /5/ is applied).

AKAPPA is defined in KAPCPR and is used in ANGCA1, ENFRC®, ENTRFR, RECCA1,

SIMLA1 and TRICAT.
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For the definition of FATIP and FDTIP see subroutine T@TGE®.
FATIP and FDTIP are evaluated in the subroutine T@PTGEP and are used in
ANGCAT1, ENFRCﬁ, KAPCPR, RECCA1 and TRICA1.

F1ATIP(NS) = ratio between the real *) channel flow ares and the
channel flow area based on the volumetric diameter of
the rods, for channel NS

F1DTIP(NS) = ratio between the real*) channel equivalent diameter and

the channel equivalent diameter based on the volumetric
diameter of the rods, for channel NS
The F1ATIP and FiDTIP parameters are evaluated in ANGCA1, RECCA1 and
TRICA1 and are used in the main program, in BALA, NPRMT, SUBBAL and UA.

67) COMMPN /LAMINL/ F2ATIP(L42,3), F2DTIP(L2,3)

F2ATIP(NS,M) = ratio between the real ¥) subchannel flow area and the
subchannel flow area based on the volumetric diameter of
the rods, for the Mth subchannel of channel NS

F2DTIP(NS,M) = ratio between the real ¥) subchannel equivalent diameter

and the equivalent diameter based on the volumetric dia-

meter of the rods, for the Mth subchannel of channel NS
The F2ATIP and F2DTIP parameters are evaluated in ANGCA1, RECCA1 and TRICA1.They
aré used in the main program, in N@RMT, SUBBAL and WALLTE.

68)_COMMPN_/LAMINS/ RTIP(7)

RTIP(I) = tip radius of the rods in the Ith axial portion (cm)

The RTIP values are read (see 3.1, Cards 7,8)in the main program. There,

they are corrected to take into account the thermal expansion of the rods.RTIP is
used also in ANGCA1, RECCA1, RELAM, TEMLAM and TRICAl.

#*) If the flow is laminar in & subchannel of channel NS, the subchannel

flow area must is based on the tip diameter of the rods.
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ANGLAM = parameter B which defines the position of line dividing
the two portions of the wall subchannels in the case of
laminar flow (see 4.2.3 in /5/).

An input value of ANGLAM must be provided in BL@CK DATA (see 3.3). Then,

if IKAPPA=1 (see 3.3, COMMPN BLPCK /WAKA1/), a new value of ANGLAM is

computed in SELAWA and the input value of BLOCK DATA is not used. ANGLAM

is used in RECCA1.

10)_CPMMPN /LAMINT/ FIPTIP

F1PTIP = F1ATIP(NS)/F1DTIP(NS), defined in subroutines RECCA1 and
TRICA1 by means of subsequent additions of subchannel
variables, in the procedure for the evaluation of
F1DTIP(NS)

F1PTIP is defined in RECCA1 and TRICA1 and is used only there.

For the definition of I3TIP see 3.3 (BL@CK DATA).The I3TIP values must
be provided as input data in BL@CK DATA. I3TIP is used in ANGCA1, RECCA1
and TRICA1.

72)_CPMMPN_/MART / ITCORR

ITC@RR = actual value of the index ITCPRR in the iteration loop
for the convergence of the whole bundle friction factor
(see Fig.11)

ITCPRR is defined in the main program and is used also in ANGCA1, CEWA,

RECANG, RECCA1, RELAM, TAU and TRICA1.
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73)_CPMMPN_/MART2/ NS1, NS2

For the definitions of NS1 and NS2 see 3.3 (BL@CK DATA).

NS1 and NS2 must be provided as input data in BL@CK DATA (see 3.3).
They are used in BALA, ENFRC®, KAPCPR, SIMLA1 and TEMLAM.

T4)_CPMMPN_/MART3/ TBEQR, TBEQL

For the definitions of TBEQR and TBEQL see subroutine SIMLA1. TBEQR and
TBEQL are computed in TEMLAM by means of SIMLA1. The C@MM@N BLHCK / MART3/
is defined only for TEMLAM, to save the values of the parameters TBEQR

and TBEQL for the wall subchannels, which are evaluated during the computa-
tions for the wall portion (so that their evaluation does not meed to

be repeated for the computation of the central portion).

75) COMMPN /MARTS/ NSTR

NSTR = number of the central channels

The CPMM@N BLPCK /MART5/ is defined in the main program (NSTR is computed
in INDEX). NSTR is used in ENFRC@.

16)_COMMPN /MpB1/ M2(L2)
M2(NS) = mass flow rate at the outlet of an axial section, for
channel NS (g/s)

M2 is computed in BALA and is used also in the main program.

17)_CoMvpN_/ MpB2/ UAV(L2)

UAV(NS) = velocity for channel NS (average for an axial section)
(em/s)

UAV is computed in BALA and is used also in the main program, in RECCA2,

SUBBAL and UA.
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78) CEMMPN /M@BL/ WCF(L2)

WCF(NS) = cross-flow rate per unit length for channel NS (g/s cm)
WCF is evaluated in BALA and is used also in the main program and in SUBBAL.

79) CPMMPN /MPB5/ TAV(42)

TAV(NS) = bulk temperature of channel NS, average for an axial
section (°C)

TAV is computed in BALA and is used also in the main program, in N@RMT,

RECCA2, SUBBAL and TMCF.

80)_CoMMpN_/MPB6/ MAV(L2)

MAV(NS) = mass-flow rate (average for an axial section), for
channel NS (g/s)

MAV is computed in BALA and is used also in the main program, in N@RMT,

RECCA2, SUBBAL and TMCF.

81)_CoMMpN _/MPB8/ DP(L2)

DP(NS) = pressure loss for channel NS, in an axial section (kg/cm?)
DP is computed in BALA and is used also in the main program, in RECCA2,
SUBBAL, TMCF and UA.

82)_CoMMpN_/MpB2L/ WT(h42,3)

WT(NS, M) = turbulent mass~flow rate per unit length exchanged
between channel NS and the Mth adjacent channel (i.e.
channel NIS(NS,M), see C@NNIJ) (g/s)

WT is evaluated in BALA by means of the function TME and is used also in

the main program snd in SUBBAL.
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RUAS(NS) pu ¥ (densitye<friction velocity) for channel NS (cm/s)
RUAS is defined in BALA and used also in SUBBAL.

TEMPB(NS,M) = bulk temperature for the whole inner zone (i.e. inside
the 1=0 line) of the Mth subchannel of channel NS (°C)

XMASSB(NS,M) = mass—-flow rate for the whole inner zone of the Mth
subchannel of channel NS (g/s)

YDH(NS,M) = |(inner radius of the outer wall for the annulus which

is equivalent to the whole subchannel M of the channel NS)

- (volumetric radius of the rods) | /(height of the

roughness ribs)

85) COMMPN /QPAR1/ QDEV

#) removed from a rod

QDEV = [éverage power per unit axial length
in an axial section] /Eﬁaximum rod power per unit axial
length]

QDEV is defined in the main program, at each axial section, and is

used also in BALA, CEWA, RECANG, RECCA1, RECCA2, SUBBAL and WALLTE.

QLINM = maximum power per unit surface *) removed from the
shroud (cal/s cm?)
QLDEV = [éverage power per unit surface *) removed from the

shroud in an axial sectionj /QLINM
QLINM and QLDEV are defined in the main program (QLDEV at each axial section)
and are used also in BALA, RECANG, RECCA1, RECCA2 and SUBBAL.

*) Based on the nominal lengths (see also FQDEV and M@DFQD)
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87) CPMM@N /QPAR3/ PERL(3)

For the definition of PERL see subroutine TPTGE{.
PERL is evaluated in T@TGE® and is used in BALA, RECCA2, RELAM, SIMLA1,
SUBBAL, TBFUN, TEMLAM and WALLTE.

88)_CPMMPN_/QSHR/ QALIN

QALIN = gverage power per unit surface removed from the shroud
in an axial section (cal/s cm?)

QALIN is defined in the main program, at each axial section, and is

used also in RTSI and RTRI.

PVERT(I), PRAD(I)=parameters defining the position of the t=0 line for the

Ith wall-type" sub-subchannel (cm) (for the definition
of PVERT(I) and PRAD(I) see Fig.21)

PVERT and PRAD are defined in TAU #) and are used also in ANGCA1, RECANG,
RECCA1 and TLINE.

90)_C@MMPN_/REC2/ E(90)

I
E(I) = Z (shroud wetted perimeter of the "wall-type" sub-sub-

L=1 channel L) (see Fig.21) (cm)
E is defined in TAU *) and is used also in ANGCA1, RECCA1 and TLINE.

*) Except for the last sub—subchannel of the wall portion of each wall sub-

channel and for the last sub~subchannel inside this portion, which is
defined by lines normal to the shroud walls: for these PRAD(I), PVERT(I)
and E(I) are defined in RECCA1 (see).
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91)_CPMMPN /REC3/ P(90)

P(I) = PVERT(I)/(volumetric radius of the rods), for the Ith
"wall-type" sub-subchannel (see Fig.21)
P is evaluated in TLINE*) and is used also in ANGCA1 and RECCAT.

92) CPMMBN /RETEM/ TNY

TNY = temperature Tx at which the gas properties must be
computed for the evaluation of the Reynold number Rex,
and, consequently, for the calculation of the laminar
friction factor A=yK/Re  (see (IV.31) and (IV.35) in
/5/).

TNY is computed in RELAM for each subchannel, and is used also in ENTRFR.

93) CPMMPN /SHRPUD/ TLINER (18,2)

TLINER(NS~-NSTR,M)=surface shroud temperature for the Mth subchannel of
channel NS (NSTR=number of the central channels) (°C)

TLINER is defined in RTRI or in RTSI, in the case of turbulent flow and

in TEMLAM,in the case of laminar flow. TLINER is used also in the main

program, in ANGCA1, RECCA1, TBFUN and WALLTE.

For the definitions of NCHC and JSCH see subroutine SUBC@N. NCHC and JSCH
are defined in SUBC@N and are used in RECCA2 and SUBBAL.

*) Except for the last sub—subchannel of the wall portion of each wall
subchannel and for the last sub-subchannel inside this portion, which
is defined by lines normal to the shroud walls: for these P(I) is defined
in RECCA1 (see)
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95) C@PMM@PN /SUBC2/ JCHC(3,2)

For the definition of JCHC see subroutine SUBC@N. JCHC is defined in
SUBCPN and is used in RECCA2 and SUBBAL.

96) CEMMPN /SUBLA/ CLASUB

CLASUB 1.0576 for axial portions with smooth rods

1 for axial portions with roughened rods
CLASUB is established in the main program, at each axial portion. It is
used in GSTAR.

97)_COMMPN_/SUB1/ ASCH(42,3)

For the definition of ASCH see subroutine INQUA,

ASCH is evaluated in INQUA and is used also in the main program, in ANGCA1,
INLC®N, N@PRMT, RECCA1, RECCA2, SIMLA1, SUBBAL, TBFUN, TEMLAM, TRICA1,

TWFUN and WALLTE.

98) CPMMPN /SUB2 TSQH(h2,3), MSCH(L2,3)

TSCH(NS,M) = bulk temperature (average for an axial section) ,for the
Mth subchannel of channel NS (°C)
MSCH(NS,M) = gverage mass flow rate (for an axial section)for the Mth

subchannel of channel NS (g/s)
TSCH and MSCH are initialized in INLCPN,or in ANGCAI, or in RECCA1, or
in TRICA1, are computed in SUBBAL and are used also in the main program,
in N@RMT, RECCA2, SIMLA1 and WALLTE.

ADAB(NS-NSTR,M) = (flow area for the whole corner channel or for the whole
wall portion of wall subchannel)/(flow area for the cor-

responding zone inside the t=0 line), for the Mth sub-
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channel of the external channel NS¥)

DETB(NS-NSTR,M) = equivalent diameter for the inner zone of & corner
channel or of the wall portion of a wall subchannel, for
the Mth subchannel of the external channel NS (cm)*)

The elements of ADAB and DETB are defined in ANGCA1 or in RECCA1. ADAB and

DETB are used also in RECCA2, SUBBAL and WALLTE.

100) C@MM@N /SUBL/ LAMB(18,2)

LAMB(NS-NSTR,M) = friction factor for the inner zone of a corner channel
or of the wall portion of a wall subchannel, for the
Mth subchannel of the external channel NS *)

The elements of LAMB are computed in ANGCA1 or in RECCA1. LAMB is used

also in WALLTE.

101)__C@MM@N/ SUB5/_LAMSCH(L2,3)

LAMSCH(NS,M) = friction factor for the Mth subchannel of channel NS.
The elements of LAMSCH are computed in ANGCA1, or in RECCA1, or in TRICAIT.
LAMSCH is used also in the main program, in ENFRC@, SUBBAL and WALLTE.

TSCH1(NS,M) = bulk temperature at the inlet of an axial section, for
the Mth subchannel of channel NS (°C)

TSCH1 is read or established in INLC@N at the first axial section of

the bundle and is established in the main program at the other axial

sections. TSCH1 is used also in ANGCA1, SUBBAL, TMPUN and TRICA1.

*) NSTR = number of the central channels
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MSCH1(NS,M) = mass flow rate at the inlet of an axial section,for the
Mth subchannel of channel NS (g/s)

MSCH1 is read or established in INLCPN at the first axial section of

the bundle and is established in the main program at the other axial

sections. MSCH1 is used also in ANGCA1, RECCA1, RECCA2, SUBBAL and TMPUN.

104) COMMPN /SUB20/ PR@GVI(18,2)

PRPVI(NS-NSTR,M)= parameter Pm defined by (I.111) of /5/ in the present
version of SAGAP@,equal for all subchannels M of all
external channels NS *)

The elements of PRPVI are still defined in the main program,at each iteration

m_ D ‘ A
ITCPRR (see Fig.11),as Pp =<:T%[;B . §§1:> as in /1/ (see there equations
p 1

(22) and (23)). But then, in the present versjon of SAGAP®, they are all
4

set equal to PT as soon as RECANG is called (see 1.9.3 in /5/). PR@VI is

used only in the main program and in RECANG.

TSCHA(NS-NSTR,M)= bulk temperature for the outer zone of a corner channel
or of the wall portion of a wall subchannel, for the Mth
subchannel of the external channel NS (°C) *)

TSCHB(NS-NSTR,M)= bulk temperature for the inner zone of a corner channel
or of the wall portion of & wall subchannel, for the

Mth subchannel of the external channel NS (°C) *)

*) NSTR = number of the central channels.

i) Also in /1/ at ITC@RR=1 all Pp were set equal to P_ (see listing for

RECANG).

T
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The elements of TSCHA and TSCHB are computed in RTRI or in RTSI,in the
case of turbulent flow ;they are set equal to the bulk temperature of the
whole corner channel or of the whole wall portion of wall subchannel in
TEMLAM,in the case of laminar flow. TSCHA and TSCHB are used also in the
main program in RECANG and WALLTE.

TW(NS, M) = pin temperature (average in an axial section) for the Mth
subchannel of channel NS (°C)

TW is initialized in INLC@N. The elements of TW are then computed in WALLTE

by means of the subroutines RTRI and RTSI (these are the surface values,

which correspond to an infinite conductivity of the canning metal, in

the case of roughened rods *)). TW is used also in the main program, in

ANGCA1, CEWA, RECANG, RECCA1, TRICA1 and TWFUN.

HPLUSB(NS,M), HPLUSW(NS,M), QPLUS(NS,M), PRB(NS,M), YODH(NS,M) =
= average values (at each axial section) of hg, h;R, Q+,
(r-r,)

H
B hR

channel NS (for the symbology see 4.3 in this work and

3.2.3.0f /5/).
The elements of HPLUSB, HPLUSW, QPLUS, PRB, YODH are evaluated in ANGCA1,

, respectively, for the Mth subchannel of

or in RECCA1, or in TRICA1 and are used in the main program,

*) Each temperature TW(NS,M) is then corrected in the subroutine C@RRTE.
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RUASNS(3)
WCFNS(I) = net cross flow rate leaving the Ith subchannel of a
channel (g/s cm)
DPNS(I) = pressure loss for the Ith subchannel of a channel
| (kg/cm?)
WINS1(I,II) = turbulent mass-flow rate exchanged between the Ith and the

IIth subchannels of a channel (g/s cm)
WINS2(I,K1)

turbulent mass—flow rate exchanged between the Ith sub-
channel of a channel and the Mth channel which is adjacent
to the channel containing subchannel I *) (g/s cm) ,
UANS(I) = average velocity for the Ith subchannel of a channel (cm/s)
RUASNS(I) = pu¥-value for the Ith subchannel of a channel (g/cmz)**)
WCFNS, DPNS, WINS1, WINS2, UANS and RUASNS are defined in SUBBAL for each

channel. They are used in RECCA2, if the channel is a wall channel.

109) CPMMPN /TRANS/ RHTU, RHSM

RHTU = value r of R(h'), obtained computing R(h¥) with the
equations of Dalle Donne /11/ (see RHPLUS)
RHSM = 5,5 + 2.5 1n (hg) = R(h*) value in the vase of "hydrauli-

cally smooth" rods (see RHPLUS)
RHTU and RHSM are computed in RHPLUS and used also in RTRI.

110) CPMMPN /TUR1/ CTURB(L2,3)

For the definition of CTURB see subroutine INGE. CTURB is defined in INGE
and is used in BALA.

*) M=JCHC(I,K1); see also subroutine SUBCEN

**)See function TME
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111) C@MM@N /TUR2/ CTURB1(2)

For the definition of CTURB1 see subroutine INGE.
CTURB1 is defined in INGE and is used in SUBBAL.

112) CPMMPN /WACP1/

XMSCHB(NS-NSTR, M)

XMSCHA(NS-NSTR, M)

XM§9HB(18,2), KMSCHA(18,2)

mass flow rate for the inner zone of a corner channel
or of the wall portion of a wall subchannel, for the
Mth subchannel of the external channel NS (NSTR=number
of the central channels) (g/s)

mass-flow rate for the outer zone of a corner channel
or of the wall portion of a wall subchannel, for the
Mth subchannel of the external channel NS (NSTR=number
of the external channels) (g/s)

The elements of XMSCHB and XMSCHA are defined in RECCA1 for the wall sub-

channels and in the

main program for the corner channels. XMSCHA and

XMSCHB are used also in ANGCA1, RECCA2, SUBBAL and WALLTE.

113) CPMM@N /WAKAO/

CD, WD, ZD, ZWCD, AWD2, PWWD

ZD =

ZWCD

AWD2 =

PWWD

(pitch of the rods)/(tip diameter of the rods)
(distance between the centers of the external rods

and the shroud + tip radius of the rods)/(tip dia-
meter of the rods)

(distance between the centers of the external rods and
the shroud)/(tip diameter of the rods)

(height of the blocking triangles)/( tip diameter of
the rods)

(flow area of the wall subchannels, based on the tip
diameter of the rods)/(tip diameter of the rods)2
(wetted perimeter of the wall subchannels, based on the

tip diameter of the rods)/(tip diameter of the rods)

The parameters CD, WD, ZD, ZWCD, AWD2, PWWD are defined in T@TGE® and are

used in SELAWA.
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WFC®1(NS-NSTR, M)

parameter (KT:1/K)(K‘;1 is defined by (IV.100) of /5/)
for the Mth subchannel of channel NS, if NS is a wall
channel *)

= 1 if NS is a corner channels

parameter (K;/K) (K; is defined by (IV.99) of /5/)

for the Mth subchannel of channel NS, if NS is a wall
)

WFC@(NS-NSTR, M)

channel

[}

1 if NS is a corner channel

The elements of WFCP1 and of WFCP are all set equal to 1 in KAPCPR. The
elements for the wall channels are then computed in RECCA1. WFC@1 and WFCQ
are used in SIMLAT.

116) CPMMPN _/WALLKA/ AKAWC(2)

AKAWC(1), AKAWC(2)= K=ARe-value in fully developed laminar flow, for the wall
portion and for the central portion of the wall sub-
channels, respectively

AKAWC(1) and AKAWC(2) are set equal to the input K-value for the wall sub-

channels in KAPCPR. Then, if SELAWA is called, new values for them are

computed in SELAWA, AKAWC is used also in RECCA1.

117) CPMM@PN /WCSE1/ DEWC(18,2,2), PHWC(18,2,2)

DEWC(NS-NSTR,M,I), (PHWC(NS-NSTR,M,I) =
= equivalent diameter and rod heated perimeter, respec-—

tively, for the Ith portion of the Mth subchannel of

#) NSTR = number of the central channels.
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channel NS, defined only for wall channels (cm) *) ww)
The elements of DEWC and PHWC are evaluated in RECCA1 for the wall sub-
channels. DEWC and PHWC are used also in the main program, in RECCA2 and
in WALLTE.

118) CPMMPN /WCSE2/ MSCWC1(18,2,2)

MSCHWC1(NS-NSTR,M,I) =
= mass flow rate ar the inlet of an axial section for the
Ith portion of the Mth subchannel of channel NS,
defined only for wall channels (g/s) *)

MSCWC1 is evaluated in the main program at each axial section (only if
non-uniform mass-flow and gas-temperature distributionsare assumed at

the inlet, at the first axial section MSCWC1 is read in INLC@N). MSCWC1
is used also in RECCA2 and TMPUN.

119) CPMM@PN /WCSE3/ LAMWC(18,2,2)

LAMWC(NS-NSTR,M,I)= friction factor for the Ith portion of the Mth sub-
channel of channel NS, defined only for wall channels #*)
The elements of LAMWC are computed in RECCA1 for the wall subchannels. LAMWC

is used also in the main program,in ENFRC®, RECCA2 and WALLTE.

120) CPMMPN /WCSEL/ CTURB2(18,2)

CTURB2(NS-NSTR,M) = parameter TURBWC for the turbulent exchange between the
two portions of the Mth subchannel of channel NS, de-
fined only for wall channels®) (see function TURBWC)

The elements of CTURB2 are evaluated in RECCA1 for the wall subchannels, by
means of function TURBWC. CTURB2 is used in RECCA2.

%) NSTR=number of the central channels; I=1 for the wall portion, I=2 for
) the central portion
#
Based on the volumetric diameter of the rods in the case of turbulent

flow and on the tip diameter in the case of laminar flow.
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121) COMM@N /WCSE5/ TSCWC1(18,2,2)

TSCWC1(NS-NSTR,M,I) =
= bulk temperature at the inlet of an axial section for
the Ith portion of the Mth subchannel of channel NS,
defined only for wall channels (°C) *)
TSCWC1 is defined in INLCON at the first axial section of the bundle;
at the other axial sections it is defined in the main program. TSCWC1 is
used also in RECCA1, RECCA2 and TMPUN.

ASCWC1(NS-NSTR,M,I)=flow area at the inlet of an axial section for the Ith
portion of the Mth subchannel of channel NS, defined
only for wall channels (cm?) *)

ASCWC1 is defined in the main program and is used in RECCA2 *#),

123) CPMMPN /WCSET/ MAWC(1§,2,2)

MAWC(NS-NSTR,M,I) = mass flow rate (average for an axial section) for the
Ith portion of the Mth subchannel of channel NS,
defined only for wall channels (g/s)*) |

The elements MAWC are computed in RECCA2 for the wall channels in the case

of turbulent flow and in SUBBAL in the case of laminar flow.

MAWC is used also in the main program, in N@RMT and WALLTE.

ASCHWC(NS-NSTR,M,I)=flow area (average for an axial section) for the Ith

*) NSTR=number of the central channels; I=1 for the wall portion, I=2 for
the central portion.

**)This parameter is not used in the present version of SAGAP@: it was in-
troduced to allow to take into account the contribution to the pressure
losses which is due to the variation of the flow area. This contribu-
tion is now neglected (it is normally very small and sometimes gives

origine to convergence problems).
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portion of the Mth subchannel of channel NS, defined
only for wall channel (cm?) #)

The elements of ASCHWC are defined in RECCA1 for the wall subchannels (they

are based on the volumetric diameter of the rods in the case of turbulent
flow and on the tip diameter in the case of laminar flow).

ASCHC is used also in the main program, in N@RMT, RECCA2, SUBBAL and
WALLTE.

125) COMMPN /WCSE9 /TAVWC(18,2,2)

TAVWC{NS-NSTR,M,I)= bulk temperature (average for an axial section) for the
Ith portion of the Mth subchannel of channel NS, defined
only for wall channels (OC) #)

The elements of TAVWC are computed in RECCAZ for the wall subchannels, in

the case of turbulent flow. They are set equal to the bulk temperature of
the containg subchannel in SUBBAL, in the case of laminar flow. TAVWC is

used also in the main program, in N@RMT', RECCA1 and WALLTE.

o L i, o S ) SR e s s

TWWC(NS-NSTR,M,I) = pin temperature for the Ith portion of the Mth sub-
channel of channel NS, computed only for the wall
channels (°c) #)

The elements of TWWC are computed in WALLTE by means of RTRI or of RTSI,

for the wall subchannels: these elements are the surface pin temperatures,
(which correspond to an infinite conductivity of the canning metal ,in the
case of roughened rods). The TWWC values are then corrected in the main

program by means of CPRRTE.

%) NSTR = number of the central channels; I=1 for the wall portion,
I=2 for the central portion.
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127)_CMMPN_/WSSCH/ T1SSC1(18,2), T2SSC1(18,2), T185C2(18,2), T285C2(18,2)

T1S8C1(NS-NSTR,M), T2SSC1(NS-NSTR,M), T1SSC2(NS-NSTR,M), T2SSC2(NS-NSTR,M) =
values of the temperatures T1SSCH(1), T1SSCH(N), T2SSCH(1), T2SSCH(N),
respectively (whose meaining has been explained in k4.3),for the Mth sub-
channel of the external channel NS (°C) *)

The elements of T1SSC1, T2SSC1, T1SSC2, T2SSC2 are computed in RECANG in

the case of turbulent flow; they are set equal to the bulk temperature

of the containing subchannel in ANGCA1 and RECCA1, in the case of laminar
flow . T1SSC1, T2SSCt, T1SSC2 and T2SSC2 are used also in the main pro-

gram,

128) CPMM@N /WSSCHO/ TBSSC1(k2,3), TWSSC1(k2,3), TBSSC2(Lk2,3), TWSSC2(L2,3)

TBSSC1(NS,M), TWSSC1(NS,M), TBSSC2(NS,M), TWSSC2(NS,M) =
= values of the temperatures TBSSCH(1),TWSSCH(1),

TBSSCH(N), TWSSCH(N) (whose meaning has been

already explained in L.3), for the Mth subchannel of

channel NS (OC)
The elements of TBSSC1, TWSSC1, TBSSC2 and TWSSC2 are dJdefined in TRICA1
for the central sub-subchannels, in RECANG for the "wall-type" sub-sub-
channels in the case of of turbulent flow and in RECCA1 and ANGCA1 for the
"wall-type" sub-subchannels in the case of laminar flow. TBSSC1, TWSSC1,
TBSSC2, TWSSC2 are used also in the main program.

2
normalized to the average enthalpy, see (L42) in /1/)

DELTIE(NS-NSTR,M,I)=temperature factor [?(%*ﬁK"> - TE(K“)> ], (# means

for sub-subchannel I of the Mth subchannel of the

external channel NS *)¥¥) (°c)

*)  NSTR=number of the central channels.
) These variables were introduced for the computations of /1/.
K=index of the axial section; Tpj=outlet temperature for sub-subchannel ij;

T, =outlet temperature for the corner channel or for the portion of the wall
subchannel containing sub—subchannel i; about B see 3.1, Card 22.
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DTIEAV(NS-NSTR,M) = normalization factor for the temperature factors

(G - 50) ] 16 (7 - 50

for the Mth subcahnnel of the external channel NS (°¢)
(see (42) in /1/) *)
The elements of DELTIE are defined in the main program, whereas those of
DTIEAV are computed in ANGCA1 or in RECCAt1. DELTIE and DTIEAV are used
also in RECANG.

TIP(NS-NSTR,M,I) = outlet temperature T at the axial section K for the
Ith sub-subchannel of the Mth subchannel of the external
channel NS (°c) ¥) ¥¥)

The element of TI@P are defined in RECANG for each "wall-type" sub-sub-

(K)
2i

channel and in RECCA1 for the "central-type" sub-subchannels of the wall
(%)

5 are assumed). TIP is used

subchannels (for these equal values of T

also in the main program.

#)

#i)

NSTR = number of the central channels

see the note of pag. 196.
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APPENDIX 1

Listing of the version of SAGAP® for hexagonal bundles
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A. MARTELLI
ot odok ok Ho0k

A COMPUTER CODE FOR THE THERMUO-FLUIDDYNAMIC ANALYSIS OF GAS CCCLED
BUNDLES 0OF PARTLY SMOCTE ANC PARTLY RCUGHENEDR RODS IN STEAQY STATE
CONDITIONS

T T L I I I L T T L T N S T N I N I S S I I T N T I T SN TSmO R I o I ST s s o SRR eSS

THE CCCE HAS BEEN WRITTEN IN FORTRAN IV FOR THE CONMPUTER IBM 27C0-
168 OF THE KARLSRUHE NUCLEAR CENTER

DESCRIPTION OF THE PRYSICAL MODEL: KFK 243&-EUR 5¢(¢R

USER' S GUIDF: KFK

MAIN PROGRAM

THE NAIN PROGQAM READS MOST OF THE INPUT DATA, PRINTS AND PUNCHS
MOST OF THE COMPUTED RESULTS,PERFORMS SOME SINPLE CALCULATIONS
ANC ORGANIZES ALL THE CALCULATICNS OF SAGAPD

REAL LENGTH,LAMBDOMy,MFLOWyMA;MSCH oMIMC,MEC,LAM L MEAL LAMI 4MN2

1 yMSCHLy LAMSCHyMSCHBy MSCHB1 yLAMBLCA{1Q0 )y MAV,MARWC ¢yMSCWC 19 LAMWC »

2 NDE Ly NDEZsKAPPA

REAL*S TITLE(4,7 )/ INITIAL *, "UNHEATED?®y ¥ SMOOTH ®,*PART?,

"FIRST HE® s *ATED SMC®*,*0OTH PART®*, * #,fFIRST LA*,

"HEATED R, *0QUGH PAR',*T?,*ROUGH PA®,*RT {HEAT®,

TED OR UN® 4THEATED)? ,*LAST UN®*,*FEATEC R', 'CUGH PAR','T?,
YSECIOND HT,fEATED SM*,*00TH PART(* Ty "LAST LNKE® ,*"EATEL Sk*,
*C0TH PAR® 7T/

DIMENSION PGDPT{3),EPSITI3),CSPT(3),CPEAR{100),PBAF{100),
T{100},RHOBT{100),ETABT(130),UBTL1CC),REBT{1CO) P(LCO),
GRI{4243,7),IRGRI(42,3),GRIPL42:3y7)XDEI{T) s XDE2( T},
QP IN{A2) s XLAMLUT7) yNSPAC(7) yPLENLT)  VEIAM(TI,FARELIT ),
CIPALT ) s ZIPA(T )y TWTIPA(T )y TBTIPA{T ), TBPIPRBLIT)sWSPLT),
PLENDUT7),RHIPA(3) ,ACWI45) ,DECH(45) ¢ FEC(45),
AAL(39),DEAL(30),MEAL(3D),RMISTWIT7IRINT(T),

HPLUST (4253} s HPLUS2(42+3),TWAL42,3)3QPLUSE(4243 ),
PRBA (4253)y XSTART{T) s XEND{T),AMASST(42,3)
yAMASSB{42,3),TEMPBAL42,3),YCHAU42,3 ), TEMFTAL 42, 3)

CIMENSION INDSP{100) yNEXPRUT ) oPEX{LQ) yXEXPRULIC) s NEXTRIT )y
XEXTWILO) yTWTH{42:3,10) yTWP{42,2),DELTIC(18,2,9C),
GRIL(LB,2,7)sGRIZ{184+247) +YOCHAL42453),
X2DPRQA{T7I4NDPRQ{T},QDCOT{T),QLOCCI(T7)Q0CC(T4+7),
QUDCOLUT 7)o XPRQI3),BINT(42,3), TWINF(42,3),CSECT(Z)

COMMCN/GRIDWC/E? SWC(183523293) 3CSPWC(1842,2+3) /CCRRE/QHRCAR,QRNLAR

P QLAMR/QPARL/QDEV/QPAR2/QL INM, CLLCEV/QPAR3/PERLI3)
/CORR/SIGMA (42} ,PHI(42) ySBENS
/CORRL/SIGMATI(42,3) g PHIT(42,3)/CORR2/CHI(185292)sPST(18,52,2)
/GENL/LAM{42) /GEN4/TENMP{42)/GEN2/AL42)/ CENS/LE(42)
/GEN3/MI(42)/GEN6/MOL42) /HEAL/QUL9)/HEAS/QQ{42,+3)
/GRID/CSPC{42,3)/GRIDO/CSPSC{4243,3)
/GRIDLI/EPSISC(42,343)DISTI{7 ) /GRID3/X(100)
/GRID6/EPSICI42,3)/GRIDT/PGDPC {42432} /GRIDB/PGEPSC{425343)

O DB g oSt PN e WP O e

o P
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9 /IND3/NTYP142)/GEC2/ATOT,CETOT,ASEC

COMMCN/GEDS/ATC,DETC ,ATW,,DETWsATALDETA JAAC s AAW,AAA
/HB3/TEMP2(42)/M0OBL/MM2{42)/ MOBA/WCF{42)
/MOB27UAV{42) /MOB5/TAV(42)/M0B6/MAV{42)/MORB/EPNS(42)
/MOB24/WT(42,3)/5UB2/TSCH{4243),N¥SCHI42,2)
JHEAG/NPIN{42) ,JPIN(42,3)/SUBL/ASCE{(42,3)
/SUBH/TSCHL(42,3) /SUBS/LAMSCH{42,3) 7SUBB/MSCH1(42,3)
/SUB2D/7PROVIILB,2)/SUB22/TW{42,3)
/SUB23/HPLUSBL42,3) yHPLUSW(42,+3) ,QPLUS (42,3) ,FFR (42,3}
s YODH( 42,3 )/TJL/NER{42V ,NIS(42,3)/MART/ITCORR /DAT/PIG
/COLAMI/COLAMB/COLAM2/CCLAMA/SUR2L/TTSCHALLB,2),TTSCHB{18,2)

COMMON/DATL/N0,01,02,03,04,05,01¢,017,01€,019
/DAT2/06,407,08,09,010,011,012,013,C14,015/DAT4/NDEST,NCEEND
/DATE/IRHPL /DATT/CNUSS{2)/ WACOL/ XMSCHRB{18,2) yX¥SCHEA(18,2)
JACSE2Z/MSCHWCLI{18, 2,2 )/WCSEI/LAMACI 18,25 2) /WCSET/MANC{18,252)
/WCSEG/ASCWC1(18,2,2) /WCSES/TSCWCL(LB,2,2)
JUCSEB/ASCHWC (184 242} /WCSES/TAVNC(184242)/WCSEL/DEWC(1845242)
pPPAWCC(L18 4242) /WCSEL2/THWHC{L8,2,2)/GRAV/IGRAV
/PARTB/TEMPB{42,3) s XMASSB(4243) yYOH{42,3)/INITL/XMHE
/WSSCH/TLISSCL{1842),T25SC1{1842),T1SSC2{18,2),725SC2{18&+2)

. JWSSCHO/TBSSCL(4243) s TWSSCL{4243),TBSSC2{42,2),TWSSC2(42,3})

COMMUN/WSSCHYI/DELTIE(18,259C), DTIEAV{18,2)/WSSCH2/7IC{18,2,3C)

1 /IROSMO/IRH/SUBLA/CLASUB/SHROUC/TLINER(18,2)/CSHR/QALIN

2 JINPAR/IPAJLAMINIG/FIATIPL42) yFIDTIP{42) /JLAMING/F2ATIP{42,3),

3 F2DTIPL{42 43 )/LAMINS/RTIP{T)/LAMIND/I2TIP{42,2)}/MARTS5/NSTR

FXTERNAL RTRILRTSI

O I PHwror-

CALL FSPIFE

BT £ ¥ S L HDOPE O LY L OB VOB D OL LD SOD D ISR T L VD O TR 2E20 8 S8 S8 e D6 S DD e eR

1-READ AND WRITE INPUT DATA

TIMEQ=D.
TIMELI=ZEIT{TIMED)
PEXCUT=0.
CCLANB=1,
SQ2=SCRT(3.)
PIC=34141593

1 FORMAT(8110)

2 FCRVMAT{8F10.5}
READ{S, LINEXCON, NRODS,NSPACT,NSFAC
READ{D,2)C+Z,ZWCyRH,PLEN,VDIAM
READ{S 42 JAREFB 4 RMISTHW,RINT,RTIP
READ(E, LINDVQyNSEL4NSC30C,NSC30%WyNSC30A
REAC(S4+2 IPE,PEL,TE, TEL, MFLOW, XLAML
READ(E,2)CNLAMA
READ(S5,1)IPAST, IPAEND,IREAD1
READ{S+2)STLEN
READ(E,13INDPR, INDQ
REAC(5,1) NEXPRT,,NEXPR
READ(S,1) NEXTWT NEXTHW
READIS,1)ITCM, ITC1,ITC2,MSUBDH
READ(S5,2)XDEL,XDE2
READT S, 2} FTyPCORRLCTUL,CTU2,LTU3
READ{S 2 ) TWPRLF,TCPROF
READ(E,2)1CINL,COUT
READ(5,2)FAREL
READ{S,2)TWTIPA,TBTIPA,TRPIPA
IFINEXPRTGT.OIREADIS 2V XEXPRIT ) ,PEX{I) s I=14NEXPRT)PEXQUT
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3800

4001
2716

]

971

972

980
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IFINEXTWT aGT cOIREADIS, 2V {XEXTWI T ) I=1,NEXTKT)

IF{NDVE.EQ.L)GOTO 3

READ(E, ZM{QPIN{T),,I=1,NRODS)

GOTO 5

READIZ,2)QPIN(1L)

DO 4 I=1,NRODS

CGPIN{I)=QPIN{L)

CONT INUE

READ (5,2 )QLINMY

IFCINCQ.EQ.1)GOTO 3800

DC 3789 I=14NRODS

QPINLI)=QPIN(I}/4.186

QLINMT=QLINMT/4.186

CONTINUE

READ{ &, LINDPRQT 4 NDPRC

TFINCFRQT.EQ.D)IGOTO 3716

READ(S5,2){X2DPRO{ 1) ,I=1 NDPRQT)

READUS, 1 INQDCO
REAC{5,4001)((QLCOLIsJ),J=1,NGCCO), I=1,NCPRQT}
READRL{ S5, 4001 (QLDCO(I oJ) yJ=1,NCDCO) 4 I=1, ADPRCT)

FORMAT {6E12.5)

CONTINLE

HEALEN=PLEN{2)+PLEN{4)+PLEN(S)

TOTLEM=PLEN{1)+PLEN(3)+PLEN{S ) +PLEN(T)+HFALEN

IF{ABS{PE/PF1~1:}.6Ts1F—-CSJCINL=0,

PEG=PE]

IFCINDCPRLEQ.LIGATC 6529

PE=PE/0.980665

PEO=PEL/D.930665

CONTINUE

PEBAR=PE*0.930665

PECRAR=PED*0.980665

WRITE(6s6)NRODSyPEC, PEOBARTEL ¢ MFLDH yC s Z ¢ ZWC s TCTLENSHEALEN

FORMAT{IHL ;5XI45% RCDS BUNCLE :'//5Xs*INLET PRESSURE=",F1C.7y% KGC

1/SQCM™ =%, F10. 7y % BARS?

1 /5Xs VINLET TEMPERATURE=?,F13c2," C'/EX,"TOTAL MASE FLOW RATE
2=y F1z.64% G/SEC*///5X,*GEOMETRY AT 20 DEGREES = v//
3 5Xs *ROD PITCH=®,F10.6," CN"/

45X, "CISTANCE CENTER OF ROD - EXAGONAL WALL=® ,Fl0.£€,% CM'/5X,
53IWC="yFl0T,* CM*//5X,
6 STCOTAL LENGTH=' ,F10.3,% CMY/S5X,"HEATED LENGTH=*,F1C.3,% CM*/5X,
TYLENGTH AND VOL. DIAMETERS FUOR THE EXISTING PARTS z2%)

DO 972 1IPA=1,7

IF(PLENIIPA) ,LE.1.E-26)GOTC 972
WRITE(6,9T1)IPA,PLEN(IPA),,IPA,VDIAM{IPA)
FCRMAT(SX,"LENGTH{® , IL,* }=? F10.6,°® CM*,5X,*'"VOL. CIBN.(*,]1,%)=",
1 Fi1C.6, " CM?)

CCNTINUE

IF(PLENI4).6T.1.E~06)

*WRITE{64980)RH,

1 016+017+04,0C5,C0C,CLsC2,03, 06,07,08,09
2,010,011,013,014,015

FORMATL(///7/7775%, *HEIGHT OF ROUGHNESS {RH) =% ,F8.5, CH?/5X,
LeGIH+) % ({R2-RL}I/RH*¥yFOa3,)%k%? ;F5,3,8 / (PR¥X? ,FE,3,"%{(TWe273.,
2150/ (TR42T3,15) %X g F6 a3, P )=0/5X g =" 9F€o Qg "k [ HWH) % ¥ P 3F 63,49 4FG.3
39/ {Hhe)®k? F6.3//7/5X,

5 TR{H+)={"y F6.3,%+%, FToly"/(HW#)®XTy FHELB,7)%%T, FE.34" 4% ,F6:3
GVRLNIRH/ {? 3F6 39" %{RO-RL)IIV/12Xy *+ Py FO 3 */{HW#) XAV yFE. T, "4 L TW+27
73160 7LTB1+273.16)-11%%x? F6.3//)
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WRITFE(6,3727IQLINMTL(1,QPIN{I),I=1,NRODS)
3727 FORMAT{//SX, "MAX IMUM POWER FROM THE LINER:?//5X,'Q MAX=',E15.%,
1 * CAL/SEC%CM?
z F/775X s PMAX TMUM POWER OF RODS: #//(5X,%Q MAX{ 9,14, 9)=%,E15.5,
3 " CAL/SECXCM? )}
IF{NCFROT.EQ.0)G0TY 373C
WRITE{6,43731) :
2731 FCORMAT(//5X, 'COEFFICIENTS FOR THE POLYNCOMIAL FRCFILES CF THE RCD P
10WER { O TAKEN AT THFE BEGINNING OF THE ACTUAL PART j:2%/)
DD 2729 I=1,NDPRQT
A729 WRITE{6,37281X2NPRQ{TII, (QCCO{1,J)sJ=1,NQDCC}
3728 FCRMAT(/5Xs" AS FAR AS X =% ,Fl10.6,% CM 3*/(5X,8E15.51)
WRITFE{653733)
3733 FCRMATI(//5X,'COEFFICIENTS FOR THE POLYNOMIAL PROFILE OF THE LINER
IPOWER ( O TAKEN AT THE BEGINNING OF THE ACTUAL PART )zt/)
DO 37322 I=1,NDPRQT
2732 WRITE{6.3723)X2DPRQTUII 2 {QLCCCTIT,J)sd=1,NCCCO)
3730 CONT INUE

DO VTR ED DR S OSSP Y D O DD 8PS VPO S S VLB O OD EO DO ODD DO E VD OD O ED YR SRS

2-INCEXING AND CONNECTIONS FOR THE CHANNELS

CALL INDEXI{NSELyNEXCON,NSTR NSTCT,NRCML}
NSPER=NSTDOT-NSTR

BB POH DO PO 06 DODO PO 9P SO DD EOPO DDO O OD A DD D PP OORD CRLO VDO OEROe OD

3-REAT AND WRITE INPUT DATA

TF{NSPACT .EQ .0)GO0TD 7
READIS 42)HSPY{DIST{I}, I=1,NSPACT})
WRITE(E,STOYHSPO,(I,DISTII) +I=1,NSPACT)
970 FORMAT{//5X, "SPACFRS [AT 20 DEGREES)I*//SXs*WIDTH=",F10.6,% LMY/
LUSXe*DISTU ¥ 12,4 ) =¥ ,F10.3,% CM*})
WRITE{6,83]}
DC 11 I=1,NSPACT
READ{S, 981 {{GRI{NS,Js 1 )} +Jd=153) s NS=1,NSTOT)
REAC{5,981 J{{GRIPINS +J,y I }od=1y 33 sNS=1sNSTOT)
READ(S5,98LI{{GRILIK,J,I Jed=132)s K=1, NSPER)
READI54981){{GRI2{KsJds I Jed=1,2)sK=1,NSPER)
11 CONTINUE
READ{E, 982 (IRGRIINS:J) sJd=153) o NS=LASTCT)
G881 FCRMATIHEF1ID.S)
982 FORMAT(AI10)
7 CONTINUE
READ{E:,2) TIMEPY
READ(5, LYIPUNCH

D B R DO OODD DD OO RO PO DB ODOD OO OB CE BDe OO DY OGRS OO VESR I OOED OO OO DS

4-CORRECTION NOF THE INPUT DIMENSIONS 7O TAKE INTC ACCCULNY THE
THERMAL EXPANSION OF THE BUNCLE STRUCTURE

SFLENC=D,

NEXPRP=0

NEXTHP=0

NSPACF=D

NDPRGP=0

No 882 IPA=1,7

EXFTBP=1 . +EXPCL{TBPIPALIPA) }X(TBPIPA(IPA)}=-20.)
EXFTWT =1 +EXPCO{THRTIPALIPA) ) ®{TWTIPA(IPA}-2C.)
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IF{NEXPRIIPA).EQ-.0)GOTD 1010
TEXPR1=NEXPRP+1
IEXPRZ=NEXPRP+NEXPR{IPA)
NEXPRP=IEXPR2
DO 1CCS IEXPR=IEXPRL,IEXPR2
1009 XEXPR{IEXPR)=(XEXPR{IEXPR)—SPLENC)*EXFTBP
1010 CONTINUE
IFINEXTW({IPA).EQ.CIGOTO 1012
TEXTWI=NEXTWP+]
IEXTW2=NEXTWP+NEXTW(IPA)
NEXTHP=TEXTH?2
DO 1C11 TEXTW=TEXTWL ,TEXTW2
1011 XEXTR{IEXTW)=(XEXTW{ IEXTW)—-SPLENC)*EXFTWT
1012 CCONTINUE
IF(NDPRQIIPA).EQ.QC}GCTO 1015
IDPRCLI=NDPRQP+1
IDPRG2=NDPRQAP+NDPRG{IPA)
NDPREP=IDPRQ?2
DO 1014 IDPRQ=IDPRQL,IDPRQ2
CALL MODFQDUIDPRQyNDPRQT,NQDCO,QBCO, EXFTKT)
CALL MCOFQD{IDPRQ,NDPRQT,NQDCO,; QLDCOLEXFTHWT)
1014 X2DPRG(IDPRQI={X2DPRQIIDPRCI-SPLENO)*EXFTWT
1015 CONTINUE
IFINSFACI{IPA).EQ.O)GOTO 882
ISPAC I=1+NSPACP ‘
ISPAL2=NSPACP+NSPAC{IPA)
NSPACP=ISPAC2
WSPUIPA)=WSPOX{ 1. +EXPCO(TBTIPALIPA))IX{TBTIPA{IPA)=-2C.))
DC 881 ISPAC=ISPACL,ISPAC?2
881 DISTUISPAC)={DISTUISPAC)-SPLENO)*EXFTBP
882 SPLENQO=SPLENO+PLEN(IPA}
EXCCN=NE XCON
DO 983 IPA=1,7
EXFTEBP=1.+EXPCLITBPIPA(IPA) )X{TBPIPA{IPA)-20.)
EXFTWT =1 +EXPCO(THWTIPA(IPA))*(TKTIPA{IPA)}~20.)
PLENO(IPA)=PLEN{IPA)
PLEN{IPA)=PLEN{IPA)*EXFTBP
RMISTW{IPA)=RMISTW{ IPA) XEXFTWT
RINT A{IPA)=RINT {(IPA)*EXFTWT
RTIP (IPA)=RTIP (IPA)*EXFTWT
VOIAM(IPA)=VDIAM{IPA)XEXFTHWT
CIPA(IPA)=C*{1.+EXPCCOITBTIPA(IPA))X(TBTIPA{IPA)-20.))
ZIPACIPA )= (Z+EXCONXC*SQ3% 0« S)*EXFTBP—EXCONAC IPA(IPA)#SQ3%0.5
983 CONTINUE
SPLEN=C.
NEXPRP=0
NSPACP=0
NDPRQP=0
DO B85 IPA=1,7
IFINEXPR{IPA).EQ.CIGOTOD 1020
TEXPRI=NEXPRP+]
[EXPR2=NEXPRP+NEXPR{IPA)
NEXPRP=TEXPR 2
DO 1019 ITEXPR=IEXPRLl,IEXPR2
1019 XEXPRUIEXPR)=XEXPR{IEXPR)+SPLEN
1020 CCATINJE
IFINSPAC(IPA).EQ.C)GLTO 885
ISPACI=1+NSPACP
ISPAC2=NSPACP+NSPAC(IPA)
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NSPACP=1SPAC?2
DO 884 ISPAC=ISPACL,ISPAC?2
B84 DISTUISPAC)=DIST{ISPAC) +SPLEN
885 SPLEN=SPLEN+#PLEN(IPA)
CC 8 IPA=1,7
IF{PLEN({8-IPA).LE.1.E-06)GCTC B
1PAM=8-1IPA
GOTC ¢
8 CONTINUF
9 CONTINUE
PLEN(IPAM)=SPLEN
IPAL=TPAM-1
DU 10 IPA=1,IPAl
PLENCUIPA)=PLEND{TIPAY* ({1l +EXPCO{TWTIPALIPA) )*{THTIFA(IPA)-20.})
" PLENTIPAM)=PLEN(IPAM)-PLEN{IPA)
10 CCNTINUE
CO EE¢ 1PA=3,5
JF{PLEN(IPA).LE.1.E~-06)GOTO 886
RHIPA{IPA-2) =RHX( 1 +EXPCO(TWTIPAL{IPA) J*(TWTIPALIPA)-20.))
886 CCNTINUE
SPLEN=C,
NEXTWP=0
DO 1013 IPA=1,7
IFINDPRQUIPA).EQ.D)GCTO 1017
JOPRCI=NDPRQP+1
IDPRC2=NDPRQP+NDPRQ{IPA)
NDPRGP=TDPRQ?2
DO 1016 IDPRQ=IDPRQL, IDPRQ2Z
1C16 X2DPRQUIDPRQ)=X2DPRQUIDPRQ) +SPLEN
X2DPRQUINPRR2)=X2DPRQIINPRQ2) *1, 1
1017 CCANTINUE
TFINEXTWIIPA).EQ.C)GOTO 1022
TEXTWI=NEXTWP +1
TEXTRZ2Z=NEXTWP+NEXTH{IPA)
NEXTWP=TEXTW?2
DO 1021 TEXTHA=IEXTWLl,IEXTW2
1021 XEXTWOIEXTW)=XEXTW( IEXTK)+SPLEN
1022 CONT INUE
1013 SPLEN=SPLEN+PLEN{IPA)
UNHLE=PLEN(L)+PLENI(3)

A B DO ORI ORP DHE OO DD ORDYDOD R OBY OO OL OO DD DeODLD SN TOOE QW OO SIS D OORROOD

5-REARRANGEMENT OF THE GEOMETRIC AXIAL DATA IFf THE CALCULATICN OCES
NCT START AT THE BUNDLE INLET

ISTAIN=1

SPLEN=0.

IPASTI=]PAST-1

NEXPRS=0

NEXTWS=0

NSBACS=D

NDPRCS=0
TF(IPAST1.EQ.DIGDTO 2222
DO 6532 1PA=1,IPAST]
SPLEN=SPLEN+PLEN(IPA)
PLEN{IPA)=D.
NEXPRT=NEXPRT-NEXPR{IPA)
NEXPRS=NEXPRS+NEXPR{IPA)
NEXPR{IPA}=0
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NEXTWY=NEXTWT~-NEXTH{IPA)
NEXTWS=NEXTWS+NEXTHW{IPA)
NEXTW{IPA)}=0
NDPRCT=NDPRQT-NDPRQ{IPA}
NDPRGCS=NDPRQS+NDPRQLIPA)
NDPRE(IPA)=D
NSPACT=NSPACT-NSPACLIPA)
NSPACS=NSPACS+NSPAC(IPA)

NSPACLIPA)=0

6532 CONTINUE
IF{IPAST JEQ.4)AREFB=AREFB*{PLEN{4) #+SPLEN-STLEN}/PLEN(4)
2222 CONTINUE
PLEN{IPAST )=PLENU{IPAST)+SPLEN-STLEN
TFLABS{STLEN-SPLEN).CT.1.E-04)ISTAIN=2
TFINEXPRT.EQ.OIGOTO 5534
IEXPR1=0
NO 6533 T=1,NEXPRT
XEXPRUTI=XEXPR{I+NEXPRS}=STLEN
IF(XEXPR{I) e LEeD+) IEXPRI=TEXPRI +]
6533 BPEX{ I}=PEX{I+NEXPRS)
NEXPRIIPAST)=NEXPRUIPAST }-IEXPR1
NE XPRT=NEXPRT-TEXPR1
IFINEXPRTEQ.0)GOTO 6534
DO 973 I=1,NEXPRY
XEXPR(T)=XEXPRUI+IEXPRL)
973 PEX{T)=PEX(I+IEXPRL)
€534 CONTINUE
IFINEXTWTLEQ.0)GOTO 6536
TEXTwW1=D
DO 6535 I=1,NEXTWT
XEXTWUI)=XEXTW{IT+NEXTHS }-STLEN
TF{XEXTW{I) e LEaD JIEXTWI=TEXTHWL#+1
6535 CONTINUE
NEXTWIIPAST) =NEXTWI{IPAST)I-TEXTHIL
NEXTWT=NEXTWT-TEXTHWL
TEINEXTHWT.EQ.0)GOTO 6536
NN 974 T=1,NEXTWT
974 XEXTW{I)=XEXTH(I+IEXTW1)
6536 CONTINUE
IF{NCPRQT.EQ.031GOTO 6535
ICPREI =D
DO 654C 1=1,NDPRQT
X2DPRC(I)=X2DPRQ{ I+NDPRQS)-STLEN
IF{X2DPRQ(I) .LE.O.) IDPRQLI=ICPRQL+1
NO €54C IQDCO=1,NADLO
EDCCAT,I1QDCO)=RNCCLI+NDPRGS,1IQDCO)
QLDCO(TI, IQDCO)=QLDBCO{I+ NDPRQS,IQDCO)
6540 CCNTINUE
NDPRC{IPAST) =NDPRG{IPAST)-IDPRGL
NDPRQT=NDPRQYT-IDPROL
TF{ NCPRQTLEQWIIGETO 6539
DO 97¢€ I=1,NDPRAQT
X2DPRO(II=X2DPRQ{I+IDPRAL)
D0 G7¢e 1QDCO=1,NQDCA
QDCo{I1,1Q0CO)=QDCO(I+IDPRQL,IQDCO)
QLDCC(1,1QDCO)=QLOCC{I+IDPREL, IGDCO}
576 CONTINUE
6539 CONT INUE
IFINSPACT.EQ.D)GOTO 6533
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ISPAC1=0

DD 6537 I=1,NSPACT
DIST{I}=DIST({I+NSPACS)I-STLEN
IF(DIST({I).LE.Q.YISPACL=1ISPACL+1
DC 20C0 NS=1,NSTOT

no 2CC1 J=1,3
GRIINS s Js I)=GRI[INSyJ »I+NSPACS)

2001 GRIPINS;J,1)=GRIPINS,Jy I+NSPACS)
IFINSJLELNSTRIGATO 2000
NSW=NS-NSTR
DN 2CC2 Jd=1,2
GRILI{NSWJsT}=GRTI1I{NSW, Jy T+NSPACS)

2002 GRIZ2{NSH,J4I)=GRIZ{NSU, Jy [+NSPALS)

2000 CONTINUE

6537 CCATINUE
NSPAC{IPAST) =NSPAC{IPAST)-ISPACL
NSPACT=NSPACT-ISPAC1
IFINSPACT.EQ.O}IGOTO 6538

DO S77 I=1,NSPACT

DO 2003 NS=1,NSTOT

NN 20C4 J=1,3
GRI(NSeJs I 1=GRIINS,J, I+ISPACL)

2004 GRIPINSsJs1)=GRIPI{NS,Jy I+ISPACL)
TFINSLEJNSTRYGDOTO 2003
NSw=NS~-NSTR
No 2¢C5 J=1,2
GRIV{ANSW,, 2T )=GRTIL{NSWyJs I+ISPACL)

2005 GRIZ2{NSHsJ, 1) =GRIZ2INSH, J,I+ISPACIL)

2003 CONTINUE

977 DIST{I}=DIST{I+ISPACL}

6538 CONTINUE
HEALEN=PLEN{2)+PLEN(4)+PLEN (6}
UNHLELI=PLEN{L)+PLEN{3)
TOTLEN=UNHLEI+HEALEN+ PLEN(SI+PLENLT)
HRC AR=RH/ AREFSB
IF{PLEN{4) 5Tl E-0B)}FCORLA=ALCGI{RTIF(4)/IRTIP(4)-RFIPA(2)])}/

/ (2. %PIGXPLEN(4})

BB P DS VOO e HE D HER D DESDED PO SR E OO ED T OB SO OGSO CTOE S EODESBOPH O SO O

6-INITIALIZATICN OF VARTABLES

QL INMT=0QL INMT*HEALEN
DC 3734 I=1,NRODS

3734 QPIN{I)=QPIN(I)*HEALEN
ANCE=NSC30C
AN®WA=NSC30W
ANCC=NSC304A
ALFACE=PIG/[6.*%ANCE)
ALFARA=P IG/{ 6. %ANWA )
ALFACC=PIG/(ANCD*6 )
NSCS0=3%NSC30W
NSC45=NSC30C/2+1+4NSC30C
L=1
Til)=TE
PL{l )=FE
PBAR{1)=PEBAR
X{1)=C,
XDEST=NDEST
XDEEND=NDEEND
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YO=TE
PO=PE
INLET=1
I1SPAC=1
II=1
HH=0,
TEXPR]1=1
TEXTHW1=1
TEXTWC=1
IDPRQ=1
SPRLEAN=D.,
IRHPL=1

e R ¥ B PR OOV OO NSO HE DO EID LD RRHDD O OO TS OB ORPOOOS PP DRV LRSS SO

7- LCCP IPA ¢ A SUBDIVISION OF RODS IATC SEVEN PCUSSIBLE CIFFERENT
PARTS IS MADE { BUT ONLY FIVE TOGETHER ARE SUPPLCSED 7O EXIST :
1) SMOOTH UNHEATEOD+SMOOTH HEATED+ROUGH+SMOOTH REATED+SMOOTH
UNHEATED
2} SMOOTH UNHEATEC+ROUGHE UNHEATED+ROUCGH HEATED4#RCUGH UNHEATED+
SMOOTH UNHEATED)

INITIAL UNHEATED SMCGTH FPARTY
FIRST HEATED SMOOTH PARTY

FIRST UNHEATED ROUGH PART

ROUGH PART {HEATYED OR UNHEATED)
LAST UNHEATED ROUGH PART

SECOND HEATED SMOCTH PARY

LAST UNHEATED SMODTH PART

IPA=]
TPA=2
1PA=3
1PA=4
1PA=S
IPA=§
IPA=T

s Y* sm

28 gy e O

DO REES] IPA=1,7
IF(IP2.EQ.IPAEND+L)JCALL TMPUN{NSTOTyNSTR, T{L),P{L)},PBAR{L),
*TEl PEO,PEOBAR, INDPR,MFLOW,IPA, IPAEND, 2, XLAM]L, X{L ) #STLEN,8742)
IF{PLEN{IPA} .LE.1.E-C6)GOT) B8EES
SFLENG=SPRLEN
IFUIPALEQ.IPAST) SPLENG=SPLEN-STLEN
C=CIFRLIPA)
I=71PA(IPA)
D=vDRIM{IPA)
LENGTF=PLEN{IPA)
LAMI=XLAM1{IPA)
MSPAC=NSPAC{IPA)
NDEL=XDFE1{IPA}
NDE2=XDE2(IPA)
FREL=FAREL (IPA)
IHCIPA=ZYUC A{ L +EXPCC(TRPIPA{IPA) J%(TRPIPA{IPA)-2C,))
POBAR=PO*D.980645
WRITEL6,99L) (TITLECT,IPA) 3 I=1+4)sCoZ+ZWCIPA,DyLENGTFMSPAC,TC, PO
1, POBAR
991 FCRMATI{LIHL ¢5X94A8///5Xs "C='3F 106y, ® CMI/SXy"2=%3)F1Ce€y" CM'/5X,
1°ZWC="yF10.6,% CM¥/ 5X,'VOL. CIAMETER=",F10.6,57 CM*/5X, *PART LENGT
2H="  4F10.5y % CM¥/5X, "NUMBER OF SPACERS=',13//5X,* INLET CONDITIONS
3 3V/S5X,* INLET AVERAGE TEMPERATURE=",FT7.2,% C'/5X, "INLET PRESSURE=?
43 F1C. 7+ KG/SQCHM =V, FLO.7y" BARSY///77)
IF{MSPAC.EQ.DIGOTC 968
[SPACZ=ISPAC+MSPAC—]
WRITE(6,96TIWSPIIPAY, (IsDISTII},I=1ISPAC,ISPAC?2)
367 FNRMATI(S5X,? SPACERS {DISTANCES ARE EVALUATEC FROM THE BUNDLE ENTRAN
1CE) 2%/5X, *WIDTH=*,F1Cehs® CMY/{5X,*DIST(" ,12,°)=2,F10.3," C¥K'"))
WRITE(6,83)
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CCNTINLE

L2=C*%0.5
EMI=C2-ZWCIPAXSQ3
X{1)=HH

DOC=FEH+LENGTH
SUR=PIGHD¥*LENGTH
IF(IPAEQ.S5)IRHPL=2
GOTC{SS3,994,993 4,994,993,994,992}, IPA
PLDHL=C.

GGTQ S95

PLOHL= PLEN{IPA}/HEALEN
CONT INUE

GCTC (59649969997 3997,997:99€,5,996), [PA
IRH=1

CLASUB=1.,05756
XMAXNU=1.6

CHSLNU=2./3,

GOTO 998

IRH=2

CLASUB=1.

XMAXNU=1,

CHSLNU=.5
RH=RHIPA(IPA-2)
WRITE(6,99D)RH
FORMAT{/ /75X, *HEIGHT OF ROUGHNESS=*,F1C. 74" CNM¥'/// /)
CONTINUE
CONST=CNUSS{IRH)
QT3T=0.

DO 992 I=1,NRODS
QUI¥I=CPINUI)*PLOHL
QTCT=CT0T+Q( 1)

SUBROUTINES HEATITOTGEQ,INQUA, KAPCCR

CALL FEATI{NSTOT 4NSTR4NSEL;NEXCCh,IPR)
CALL TOTGEDUINSEL 9DsC 4ZyPIGoNEXCCAgNRCDS, Wk yWAZA, EN1,PERLT,

¥RTIPLIPAY)

QLINM=QULINMTXPLOHL /PERLT
CALL INQUAINSEL,NSTOT,NEXCONsATC,ATWsATA,CETC,DETW,CETA)
CALL KAPCOR{NSTOT,NSTR)

B R 6 DD OGO DN O BH OO L 2D LD DO HBORS POS OO PR P O H CR DS POED DO DR PO S

DEFINITION 3F THE REGIONS WHERE INDISTURBED FLCW IS ASSUMEL AND
EVALUATION OF THE SPACER PARAMETERS

DXST =XDEST#DETC

DXENLC=XOEEND*DETC

XSTART(1)=X{1}+DXST
XENDAMSPAC+1)=X{1)+LENGTH-DXEND
IF{MSFAC.EQ.D)GOTO 12

JSP=MSPAC+ISPAC~-1

IPAFLC=1

DO 4430 I=1S5PAC,JdSP

T1SPAC=I-ISPAC+]

IPAFD=IPAFD+1

XSTART(IPAFD)I=DIST{I)+D XST+®WSP{IPA)*(.5
XENCUIPAFD-1)=DIST{I)}-WSP(IPA)*0 .,5-DXEND
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PGDPT(I1SPALC)=D.
EPSIT{I1ISPAC}=0,
DC 5601 NS=1,NSTQT
PGDOPC{NS,I1SPAC)=0.
EPSTICINS,I1SPAC)=0.
NP=NPIN(NS)
DO 5600 J=1,NP
NG 5599 M=1,NP
TFLTIRGRIINSy JIoNELJPININS,M})IGOTC 5599
EPSTISC{NSyM, T1SPAC)=GRIINS,Jds1)
PGNP SCANSy M, T1ISPAC)=GRIPINS ;1)
EPSICINS, TLISPAC)=EPSICINS, I1SPAC)I+EPSISCINS,M;T1ISPAC)I*ASCHINS¥)
PGDPCINS,I1SPAC)=PGDPC{NS, TL1SPAC)+PGCPSC NS, M, J1SPAL)*4 ;% ASCHINS,
*MY/DEINS)
IF(NTYPINS).NE.2)GOTC 5600
NSH=NS—NSTR
FPSWCINSW My 1y I1SPACI=GRILINSWyM,I)*EPSTISCINSsVM,I1SFAC)
EPSWCAINSW M3 2,11 SPAC)I=GRI2Z{(NSH, ¥, T)*EPSISCINS M, I1SFAC)
GNY0 56900
5595 CUNTINUE
5600 CONTINUE
EPSITUI1ISPAC)=EPSIT{ILISPAC)+EPSICINS,I1ISPAC)
PGOPT(I1SPAC)=PGDPT(ILISPAC) +PGDFPCINS,I1SP2C)
FPSICINS, I1SPAC)=EPSICINS,I1SPAC)/A(NS)
PGDPCINS,T1SPAC)=PGDPCINS, I1SPACI*CEINS)*0.25/A(NS)
5601 CONTINUE
EPSIT(ILSPACI=EPSIT{ILSPAC)/ASEC
PEOPT(ILISPAC)=PGDPT{ILSPAC)*DETCT*),25/AS¢EC
CSPTLIISPAC)=GRIFUNILEPSITUILISPAC))
DC 5602 NS=L4NSTOT
CSPCINS,; TISPAC)=GRIFUN{EPSICINS,I1SPAC))
NF=NPIN(NS)
DO 56C2 M=1,NP
CSPSCINS My T1SPAC)I=GRIFUN(EPSISC{NS,M,I1SPAC})
TEINTYPINS) NEL21GOTO 975
NSW=NZI-NSTR
CSPRCINSW oMy 1, I1SPAC )=GRIFUN(EPSWC(NSW My 1T 1SPAC) )
CSPROCINSHWyM; 2, I1SPAC)=GRIFUN{EPSWCINSW M2, I1SPAC))
975 CONTINUE
C632 CONTINUE
WRITE{€,96D)I,EPSIT{ILSPAC)
960 FCRMAT(// SX'SPACER NR.',I5y5Xy "EPSILON TOT.=fyF1C.7)
DD 9€48 NS=1,NSTOT
NE=NFIN{NS)
WRITE(6:961) NSy EPSICINS yTLISPAC) , {JPININS M), NS M,
*EPSISCINS M, T1SPAC) M=1,NP)
961 FORMAT{/5X,* CHANNEL NRe "y I545Xy TEPSILON=",F10.7/
I SX, *SUBCHANNELS:®/{S5X,*ROD NR."3J5,%) EPSTLCN{(? ,I5,%,%,12,%)=",
2 Fl0.711}
S64 CONTIMUE
WRITE{6,83)
4430 CONTINUE
12 CONTINLE

OB 0SB BOH B DR BE O R RBD OO0 PR COEODE DD OB DD O RSSO IO D DD D IS BDDOEDB

10-SUBROUTINES INGF AND CEWACC

CALL INGEI{NEXCON NSEL NSTRyNSTOT 4C,yZ,CsATC,ATH,ATA,FIG,PCORR,CTUL,
¥CTU2, DETC,DETW,EML)
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CALL CEWACO(NSC30CyNSC45,12,ALFACE,DC2,AACDETC ¢ MFLCWsATOT+ACH,
* DECW,MEC)

CALL CEWACO(NSC30A,NSC3C0As3,ALFACC,D7ZA-AAA,DETA,MFLTK,ATOTyAA]L,
* DEAL y MEAL)

MA=MFLOW/ATOT

PROVI=MAXDETOT

PRCV2=-1.E-D3%MA%%2/980 .665

© % 5 0% 988 P O L OGP T T O PO OCDE Ve OO R OTHE O RO OD RORT DO DER HETEROE D SODO DS TP OO R8P

LI-INLET MASS FLOW RATES AND TEMPERATURES FVALUATION CF PRESSURE
LOSS AT THE BUNDLE INLET

IF{INLETLNELLIG2TO 4435

CALL INLCON{INSTOT,MFLOW,ATOT,TE, IREADL,NSTR)
PI=PE

DD 44322 1=1,10
PO=PE+CINL*PROVZ/RHO{PI TE}*0 .5
IF(ABS{PO/PI=-1e)eLEa1.E-06)G0TO 4434%

4432 P1=P)

WRTITE(6,4433)P0,PI

4433 FORMATUIHL,5X, *CALCULATION STOPS @ PC=%,F10.7s* ; FI=%,F10.7)

OO

YOO

STCP

4434 CONTINUE

DPE=PO-PE
DPEBAR=DPEXD . 980665
WRITE{6,1333)0PE,DPEBAR,CINL

1333 FORMARTL///713D4{**¥}//5X,

* 'PRESSURE LOSS DUE T9 ENTRANCE=®! 3F10.7:% KG/SQCM =7,
*F10.7+" BARS | CINL=*yF4.24%)%//)

INLET=2

DPBAR{1)=PEORAR-PEBRAR-DPEBAR

TF{STLENLGT.1.E-D6 .CRe IPUNCH.EQ.Z)GOTO 4435

WRITE(L, LINSPACT J
IFINSFACT .GTOMWRITE(L, 6069 MDIST(I) ,1=1sNSPACT)

XLYG71=0C.

WRITE(l,1)1IPA

WRITE{L 6069 )XLTOT,DPBAR{L)

4435 CONTINUE

® B 6 5 O PBHLEPI LS OR O VS O BD OO0 DO 0DD OO PR O DO OV OO VOO T E BV YRE SR ERND LN

12-FEVALUATION OF SECTION LENGTHS AND CORRECTICN FACTCFS FCR NUSSELT

CALL AXSEC{NDEL,NCE2,DETC WSP{IPA),CONST,CCD, IT1,HE¢MSPAC, LENGTH,N,
¥IPAy QTOT NSTOT s XMAXNU,CHSLNU)
WRITE{6,14) LENGTH,y Ny FREL
14 FORMAT{//7/130(*%x%)/7/
¥ SXe *TOTAL LENGTH=®3FT.2, LXs *CM?o5X, *NUMBER CF SECTIONS=",13
*".—‘.X"FRELz' yFlO-‘!f///,

® 8 5% 8 DD HO OV OO OO B POV OOH IO OO OL OO0 LD VWO DBOLEVEOD OO OVOE L RD OO EE RO

I3—INITIAL ITZATION O3F VARIABLES

T{1)=1C

P(1)=PQC
PRAR{L)=PO%0.980665
NSEFD=Q

IPAFL=1

TH=0,

PM=0.
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LAMBDM=0.
REM=C,
UM=0.
DELTAX=D.
TWIC=C.
TBTC=0.
TBPC=0.
NSTRI=NSTR+1
0O 5636 NS=NSTR1NSTOT
NP=NPIN{NS)
DO 5626 M=1,NP
TLINER(NS-NSTRyM)=TSCHL {NS,M)
IFLISTAINGEQ.2)5G0TD 978
DO 5634 JWC=1,2
2634 TSCRCL{NS-NSTR My JWC)=TSCHLIAS,, M}
978 CONTINUE
DC 5635 [=1,NSC90
DELTICINS-NSTR,M,1) =0,
5635 TICINS-NSTRyM;I)=0.
€636 CONTINUE
IF{IRE.NEL2)GDTO 4439
DO 4438 NS=1,NSTOT
NP=NPIN{NS)
IC 4438 M=1,NP
HPLUSI{NS, M) =0.
HPLUSZINS,M} =D,
TWA{NS,M)}=D,
QPLUSA{NS,,M} =D,
PREA INS+MI=0.
YDHINS,M) =0,
YODH{NSyM)=0,
TEMPBINS yM)=TE
XMASSB{NS,M) =1,
YOCHA{NS ¢ M}=0.
YOHA(AS M) =D,
TEMPRA(NS,M)=0.
AMASSE (NS M) =D,
TEMPTA{NS,M} =0,
AMASSTINSsM) =0,
4438 CONTINUE
4439 CONTINUE

BW RSOGO OD OSSO OO TS DD S CTD OIP O OOROIRVE P PO DO O S RY PO RO LS DD DBYR O S ODPD

14-THE AXIAL LOOP STARTS {K=INDEX OF THE AXIAL SECTICHMN )

Ki=1
NSUBLCF=0
€503 CCNTINUE
DN 5955 K=K1,N

TIME2=ZFIT{TIMEL)
IF{TIME2.GT.TIMEPU)CALL TMPUN{NSTOT,NSTR,TIL),P{L) FBARILY},
¥TEL yPEDZPEDBAR, INDPRyMFLOW, IPA, IPAEND, 29 XLAM1, X{L ) +STLEN,8742)

ASECL A=ASEC
DETCLA=DETQOT
L=K+1
H=X{L)-X{K)}
QDEV=C.




1018

£670

€504

15

4437

4440

16

4441
17
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QLDEV=QC,

INDPR(C=1

IFINCPROUIPA)LEQ.O)GCTO 3702
XPRQ{1)=XIK)-SPLENG
TFIX{L).LT.X2DPRQ{IDPRQ}IGOTO 1018
XPRQ{Z2)=X2DPRQAUINDPRQI-SPLENG
INCPRC=2
XPRQUINDPRQ+1)=X{L)-SPLENG

DO 3402 IQDEV=1, INDPRQ
T1QDEV1I=IQDEV+1
TTQDEV=IDPRA+IQDEV-]

DO 3401 1QDCO=1,NQDCO

RODCOITIQDCO) =QDCO{IIGCDEV,ICCCC)
QUDCOT(IQDCD)I=QLOCO{IIQNEV, 1QDCO)
QDEV=FQDFEVIODCDI s NQDCCy XPRG{IQDEV) 4XPRQUIQTEV 1)} +QCEV

2 QLDEV=FQDEV(AQLDCOI,NQDCO s XPRQUIGDEV) JXFRO({IQDEVI) ) +CLDEV

GDEV=QGCEV/H

QLDEV=QLDEV/H

CONT INUE
OALIN=CLINMXQLOEV/LENGT K

DO €€7C NS=NSTRL,NSTOT
NP=NPININS)

DC 6675 M=1,NP
DTIFAV(NS-NSTR M )=0,

XM= (X{L)+ XTK)) %0 ,5+STLFN
XMHE = XM=UNHLE
TFINSUBDHLEQDYWRITE(H, 8504)
FORMAT{IHL)

WRITE(S,y 15K Hy XM

FURMAT{ 5Xs ' AXTAL SECTICN NR&'3I1445X, *1 SECTION LENGTH=',F1C.5,
#9353 HEIGHT=',F10.5,° 17%)
H1=F/LENGTH
DELTAH={QTOT*QDEV+QLINMXPERITHQLOEV) *HLI/MFLOW
RHOL1=RHO{P{K), T(K)}
TF{NSFACT.EQ.D)GOTL 16
IFOXUK)LT.DISTUI SPAC)Y) GOTO 4437
IF{IPAFDLELMSPAC}IPAFD=IPAFD+1
IF{ISPAC.EQ.NSPACT)}GOTO 16
ISPAC=ISPACH]

CONTINUE
TR{X{L)LT.DISTLISPACYIGOTC 16
INPSP(K}=2

I'1SPAC= ISPAC-I1+1
WRITE{6,4440)1I5PAC

FORMAT (1H+,830Xs* SPACER NR<? 4T3, IS PRESENT®,24(%."}/5X%,211"-"))
IF{K.EQ.1)GOTO 8500

GCTC 17

INDSP(K) =1

SBMMS=MFLOW/ATOT*ASEC
WRITE(6,44441)
FORMATIIH+, 78X, 50(*.*)/5X,,211°="))
CONT INUF

DC 4444 NS=1,NSTOT

SIGMA(NS)=0,

PHI(NSI=D.

NP=NPIN{NS)

DD 4443 M=1,NP
MSCHINS, M) =MSCHL {NS, M)
TSCHINS s M)=TSCHL{NS,M)
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IF{K «GT 21 <AND. NSUBDH.EQ.O)THP (NS,M)=TW{NS,M)
SIGMAT INS M} =0,
PHIT{NSyM)=0.
IFINSLEWNSTRIGNATO 4443
DR 4442 IWC =1,2
CHTIINS=NSTRy My JWC =1,
PST (NS=NSTRy My, JWCi=1.
4442 CONTINUE
4443 CONTINUE
4444 CONTINUE

ITGLT=0

DELTAF=D,

TILI=DELTAH/CPIP{K) s T{IK}}+T(K)

PRT=FI{K)
C LA R AR B NREEAE A EEEEEEEREREEREZERNEERENENENERFENFEEENENEEERENEETEBEEERNFFEEEEEEREY ]
C
C 15-THE LCCP ITCORR STARTS
C

DN 49 ITCORR=1,ITCM

IF{INCSP(K) 2 EQe2 AND. ITCCRR.GT.2)GOTO 45
C

LAVMBDA(K )=LAM]
pRND 1=C.
CadkdxCALCULATION OF DELTAP AND DELTAT FCR THE WHCLE BUNCLE FLOW SECT.x%
DC 4448 ITTEL=1,10
TL=TLL)
TET={T{L)I+T (K} }%0.5
DO 4445 1TTEZ2=1,10
TBT1=TAT
TBT=DELTAH/CPIPRT TBT }*D.54T{K)
IF(ABS{TBT/TBT1I-1.)eLE. Lo E-04)GOTO 4447
4445 CONTINUE
WRITE{(6,4%45)TBT,TBTL
4446 FORMAT(IHL,*CALCULATION STOPS: ITTE2=1C 5 TBT=1,E1S,7¢5X,'T811=7,
* F15.7)
STOP
4447 CONTINUE
TIL)=DELTAH/CPIPRBT ,TBT ) +T(K)
DO 18 ITPR=1,10
NP=NFLTAP
PBT=P(K)+0,5%DP
P{LY=F(K)+DP
PHCBT(K) =RHO{PBT ,TRT)
RHOZ2=RHO{P (L), TL{L})
DELIRT={RHQOL -RHND2 } / RHOBT {K ) *%2
DELTAP=PROVZ2¥{LAMBDA{K) ¥H/{ 2. ¥RHOBT(KI¥DETCLA)+DELIRT)* {ASEC/
JASECL AY®2 +IGRAVXRHOBT{K }X¥H*),001
ETABTUK)=ETA{PRY,TBT)
REBTIK}=PROVLI/ETART(K)*DETOLA/DET3T*ASEC/ASECLA
TFUINDSPIK) - FQ2)CELTAP=DELTAP+PROV2*{CSPT{ 1 ISPAC)+LSPDPF{FPSIT{
1 T1SPAC),DETOLA,LAMBDAIK) sWSP{IPA) PGDPT{IISPAC),REET(K) &)}/
2 RHCEBTI{K])
PLL=P{K) +DELTAP
IFLABS{PLL/PIL)-16}oLEL 1.E-C5)G0T0 2C
18 CONTINUE
WRITE(6¢ 19K, ITCORR,,DP,DELTAP
19 FORMAT{LHL s5Xs"CALCULATICON STOPS: ITPR=10 FOR SECTION®3I442X,°1IT7C
*MRR=9,124"%) DP=*3E20.5¢5Xs" AND DELTAP=3,E20.5)
STop
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29 CONTINUE
T(L)=DELTAH/CPIPBT ;THRT )+ T K)
TF(ABSITIL)/TL-1.)elE1E-C4)GOTO 445C
4448 CONTINMNUE
WRITE{6,4449)T{L),TL
4449 FORMAT(LHL,5X, ' CALCULATION STOPS: ITTEI=10 5 TIL)=",EL1S5.7+5X,
* FIL="4F15.7)
STOP
4450 CCONTINUE _
UBT(K)I=MA/RHOBT{(K)/1C0. *ASEC/ASECLA
PROV=REBT(K)*ETABT (K )}*%S QRT (ABS{L AMBDA(K) }*0.125/RHOBT(K))
SQDPG=SRT(ABSIDELTAP)*G30665.)
SIGMST={SQRT{ABS( CELTAP-IGRAVXRHOBT(K) *H*(,001)*98C£65.)-5CDPG)/
JSQRYULAMBDALK) *H/ (2. %DETCLAXRHNDEBT{K]) )}
IFCINESPIK) . FQ.2)G0TO 45

LAE 2R IR B B0 JE 2N 2% 20 20 I BRI BE NK BE BN BN BE BN I IR BE I BN IR NE B B IR BN BN N B O BE B R A BE B BE BN BE K B IR BE IR I B K N IR B R R I R N N N J

FOR SECTIONS WITHDUT SPACERS: SUB-SUBCHANNEL CALCULATICN

MOy OO

DO €671 NS=NSTRL,NSTOT
NE=NPIN{NS)
NO 6671 M=1,NP
DN €671 I=1,NSC90
6671 DELTIE{NS-NSTR,MyI)=DELTID{NS=NSTRyMy I)~CTIEAVINS-ASTR, M)
ASECLA=0. '
DETCOL A=D.
DC 29 NS=1,NSTOT ;
IFUITCORRGEQ L) SIGMA(NS )=SIGMST
TF{NTYPINS).EQ.3)GOTC 25
NP=NPIN({NS)
DCOCNS=D.
TNS=C.
AMNS=C.
DO 24 M=1,NP :
TFCITCORRLEQ.L)SIGMAT{NS,M)=SIGMST
IF{NTYP(NS).EQ.2)16G0OTD 22 '
C
C %% xSUYR-SUBCHANNEL CALCULATION FOR THE CENTRAL CHANNEL S# %ok dokokokok g dkokk
C
CALL TRICAL({K NSyNSC3OC,IRFPROV,PRTyRH,2CW,CFCW,ME(,AACyDETC,CETO
2Ty Hly ALTACE HyMyP (K ) yP{L) , SQDOPG s TF 14 SUR,D yAMT ,DDDD 4, ATSCH,48500,C)
ANMSCH=AMT*ASCH{NS y M}/ AAC
GOTO 232
o
22 CCNTINUF
CaokddokSUR-SUBCHANNEL CALCULATION FOR THE WALL CHANNEL Soskobo ook ok dojol o xokk &
CALL RECCAL{KyNSyNSCI9, NSC45, IRFyPROV,PBTy RHyHL1, ALFAWAZACW,CECHyM
XEC 9 AA Wy DETWyATOT 3 DETCT gy MFLOWy Wi g CsCoyMgNSTRyH, P{K) s F({L) s SQDPG,TEL,
% SUR L AMT , DDDDy ATSCHy CTU3 ,EM1, 88500, ALFACE)
NSW=NS-NSTR
IF{KCTL.1)GNTN 4455
DC 4451 JWC=1s2
IF{IRFAD1.FQel oNRe ISTAIN.EQel)IMSCWCLINSW yMyJWC)=FSCHL(NSyM)/ASCH
*{NSyM)*¥ASCHWCINSW,Ms JWC )/ F2ATIP{NS M)
4451 ASCWCI{NSW, MyJHC)=ASCHWC{NSW,M, JIKC)
4455 CONTINUE
AMSCH=AMT
23 CONTINUE
DCDONS=DDDDNS +AMSCH/ AMT *DDDD+ASCHINS s MI%{ SIGMAI(NS, M)—SIGMA(NS))/
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*SQDPC
AMNS=AMNS+AMSCH
24 TNS=TAS+ATSCH*AMSCH
TNS=ThRS/AMNS
RHONS=RHO{PBT, TNS)
LAMINSI=C(AINS)/DODDNS ¥ %2 ) %2 %DE{NS ) *RHONS/H *F1ATIP{NS)*% 2%
¥FIDTIP(NS)
COTO 28

CH*%%x%xSURB-SURCHANNEL CALCULAT IGN FOR THE CORNER CHANNEL S#3% %% sk iohiohs

e NeNeNe]

Oy O

e EREe]

25 CCNTINLE
IFCITCORRGEQ L) SIGMATINS 1) =SIGNST
CALL AANGCAL{KyNSyNSC3DA,IREPROVPBT 4REyF1)ALFACD 201, AAASCETALDET
FOTeD s WA NSTR yHy PUK) yP{L) ,SCDPG,TEL,SUR, AMT CODDNS, 48500, AMAT,
2ANMBTY)
AMNS=BMT:ASCH{NS, 1} /AAA
XMSCHA{NS~-NSTR, 1) =AMAT*¥ASCH{NS,1}/AAA
XMSCHPINS-NSTR,1)=AMBT*ASCHI{NS, 1}/ AAA
DUODNS=DDDNDNS*ASCHINS;L )} 7AAA
LAMINSI=LAMSCHI{NSs 1}
28 CONTINLE
ASFCLA=ASECLA+AINS)=FIATIP(NS)
DETCLA=DETOLA+AINS)/DEAINS)AFLATIPINS)/FIDTIPINS]
MOINS =2, *AMNS-MI{NS)
DUCCT=DDDOT +5DDONS
29 CONTINMNUE
NETOLA=ASECLA/DETDLA

% 8 0 B R FLD LD PL HIR O DO OS DO OET DOO R DR OB SO DD DD O S DTHPBDE D B OEED DB S B OB RO

16-NFW VALUE FOR THE WHOLE BUNDLE FRICTION FACTOR

IF{ I TCORR. EQ.LIGOTC 48
CECCT=DNDDT * {MFLOWXASEC )/ L SBMNS *ATOT }

DPSI==-DPAV/ABSIDPAV)
LAMI={{ASEFCLA/DDDDY } %42 %DPSI=-DFEL IRT+IGRAVRRHOBT(K ) *¥CEQ. £H S *H*
®{ASECLA *ATOT/ {AS ECHMFLOW ) )32 ) %2 . ¥DFETOL A¥RHOBTIK ) /+

® b @B D GOV 26 O OO D6 O DS S L SD OO D OSSO OO 0P OO OO 0D OO D e DRSS DSBS H 6O DD DO DS

L7-CONVERGFNCE TEST FCR THE LCCF ITCORR

45 CCONTINUE
IF{ITCORRLLFLITC2)GOTG 48
DELAM=ABS{LAMBDAI(K)/LAM]I-1.)
IFTACT . IDFLAMOLESLoF-04 s0Rs (LELAM L E.1.E-03 ANLCs ITCORRLGT.
% ITCL) «NR. (DELAMLLE.1.E-02 AND, TTCORR.GT.{ITCI+5})1}1GATC 48

B0 BEe OOV OB O 80 HE D DR H OOE OO B O HOD B BB EDBOD D OO O OBED P DOOHTBDV DO EDDOS

18-CONVERGENCE HAS BEEN REACHED: PRINT AND PUNCH RESULLIS FCR SECT. K

WRITE(E,46)
¥ T{L), P(L)Y, PBT, DELTAP L AMBDA(K) ,ITCORR, ITGL, YTCLT,ITERM,FREL
46 FORMATLU/S5X ' T 2=% yF10a% 30X P 2= FLl0.695Xs"P AV=F3F10.655X,
¥ IDELTAP=7,F 118Xy *LAMBDA=*sFT7.5/5X%,¢{ ITCORR=",127,
* 5Xe% ITGL=" g 155X s P ITGLLI=" 155X, PITERM=", I£,5X,
*  TEREL=%,F5.2y% ¥ /// 5Xs *CHANNEL® yGX ¢ CUTLET NMASS?',8X,*? AVERA
XGE MASSY,7X, "OUTLEYT TEMP,* 48X, *AVERAGE TEMP,*,7X, *PRESSURE LCSS*/)
WRITE(SsBLI{INS MM2INS) s MAVANS) s TEMP2(NS) s TAV{NS) o CFASINS),
*  NS=1,4NSTCT)
81 FORMATIT12,5E20.8)
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WRITE(6,83)

DD BO MS=1,NSTOT

ARTTE(H, TBINSy JAVINS)Y NS, WCF(NS)

TECINDSPUK IS EJ L IHRITEL{ A, TOINSyMOINS )y NS, LAM{NS)
T8 FORMATISX, " JAVI? 4 13,9)=" yE13.5,10X, "WCF{?,13,%}=%,E12.3)
T3 FORMAT(LH+, TT7D, "MOU 13, )="3F10.2,10X,"LAM{?,13,%)=",F10.5)
B TONTINUE

WRITE(A,83)
33 FURMATL(/ )

DO 85 NS=1,NS5737

MI=NER(NS)

WRITE(Hy BRI I My NSy NISINS yM) s WTINS M)y M=1, NI}
B4 FORMATI3(5X, 12y ") WTL? 4I14,4%,%,164,%)=",F12.3))
835 CONTINUE

XLTNT=X{L)+STLEN

PBARIL)=P{L}%D.380665

NPBAR{L)=PEDBAR-PBAR(L)

TF{IPUNZH.FQ L) ARITE(L,1)1PA

TECIPUNZH.2Q.1)WRITE(L, 6069 )IXLTDT,DPBAR{L)

TS TSP RPOEE LT DL RS OET S BD S Re D PSS TEO L L0 S OGBS OSSO e DR DT D TR ECD ST DO DS

19-CORRECTION 3F THE COMPUTED SURFACE PIN TEMPERATURES FOR THE BIOT
EFFECT AND =02 THE RANTAL POSITION 3F THE THERMOCOUPLES

TF{ QTOT.LE.1.E=-D6)5G0TT 50
DO 53 NS=1,NSTIT
NSW=NS~NSTR
MNP=NPIN(NS)
DO 51 M=1,NP
THINF{NS M)=TAINS M)
TF{QQINS,M) . LT.1.E-06)50T0 51
OHRNDAR=QAINS s 1} xQDEV *¥HADAR
RYOL=N*D,5
TRUI2TIPINS,; M) o20.1 oANDs IPALEQ.AYRVOL=RTIP(4)-RH
FCORTH=({RVIL*x«2 -RMISTH{IPA} %2 )%} 5 +RINT{ IPA ) R%2XALDG{RMISTHWI IPA)
ARVOLI)/ZL(RYIL¥%2-RINT(IPA) *%2} %xSJR) *RVOL
ORMDAR=QQ{NS 4} *QDEV*FCORTH
TF(TIPAEQ.%) QLAMR=0Q (NS, M} *QDEVXFCORLA
CALL CORRTE{TA{NS M}, TSCHINS,M),P3T, NSsMe Do BIOTINS, M) s THINFINS,
*¥MY )
CALL CORRTE{TWSSCL{NS,M), TBSSCLINS,%),PBT, NSyMy 1LyBIOTIL,TWINF1)
CALL CORRTE(THSSC2{NS,M},TBSSC2(NS,4},PBT, NSyM,y2,BIOTIZ,TWINF2)
TFINTYP{NS) NEL,2)G0OTO 51
DO 3721 JWC=1,2
CALL CORRYZ{TAACINSW 4,y JWC) s TAVWCINSW,M, JWC) 4PBT, NS+My JdC,BIDT
¥WC, TWINWC)
3721 CONTINUE
51 CONTINUE
53 CONTINUE
WRITE{6,85)
86 FORMAT{ 775X 3 "CHANNEL® y3(2Xy*ROD' 44X, "TEMP
#ERATURET , 5%, *HEAT POWER') /)
IFCTIPUNCHL.EQ.1)WRITE(L, 60691XM
DO 88 NS=1,NST2T
NP=NPININS)
D3 3723 M=1,NP
3723 QSECT{M)=22(NS, M) *QDEVEH]
WRITE{G6,BTINSy { JPIN{NS, M) s THINS,M) ,QSECT (M) ,M=1,NP)
87 FORMAT(I12,3(15,2F15.5))
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IFUIPUNCHOEQLLIWRITE(LyBI69){TWINS M) 4 M¥=1,NP)
IFINS.LENSTRIGOTC 48
NSW=NS=-NSTR
IF{IPUNCHLEQ.LIWRITE(L1,606F){TLINERINSW,M),N=1,NP}
6069 FORMAT{ 3EL5.5)
88 CUNTINUE
GDBTJ =C

® 9 D S 0 RLS DO RH SO OR SO L SN OO BEDDODHS S D e DE LR VR DO OO OH OO PV DD O OO0 TR

20-CALCULATION IN THE CHANNELS, IN THE SUBCHANNELS AN IN THE TkO
PORTICNS OF THE WALL SUBCHANNELS

48 CONTINUE
CALL EALA(K,NSTOT, INDSP (K} s ASFCLAy HyLENGTH,PI(K)},PIL),PBT,FREL,FT,
HITCORR,ITCHM, DPAV ,ITERM, ITGL 4 &28500, WSP{IPA} ,TI1SPAC)
TTCLT=ITGLT+ITGL
CALL SUBBALINSTOT NSTR, INDSPIK)sFyLENGTH,L4PIG,P{K),P{L})yPBT,FREL,
*FT, ITCORR,DPAV, 48500, WSP{IPA},I1SPAC)
CALL NCRMTINSTOT NSTR,TRT,ATOT,ASEC, MFLOW)
TEUIRKELEQel »AND. QTOT.GTl.E-O04ICALL WALLTE
* {KyNSTUOTyNSTRyRHySURyDyPIGy TEL 4PBT,&B500,RTSI)
TFIIRFEQe2 JAND. QTOT.GTel.E-D6)CALL WALLTE
* (KaNSTOT ¢y NSTRyRHy SURyDyPIGy TEL 4PBT,485004RTRI)
NS1=ASTR+1 ‘
DO &4 NS=NSL,NSTOT
NP=NPININS)
NSTYP=NTYPI{NS)
NSW=NS-NSTR
PO 7034 M=1,NP
GOTO(7C33,7033,7032) 4NSTYP
7032 PROVTIINSWyMI=MSCHINS M)*DEANS I/ASCHINS,M)ASQRTILAMECHINS, M} *(0.125
*/RHD(PBT ,TSCHINS y¥) } )
60T 7034
7033 PRCVI INSWoM) =MAWC INSUH ¢M 5L }*¥CEACINSW,y My 1)/ ASCHUCINSHW My 1) %
HXSORTALAMUWCINSW M, 1) %01 25/RHD(PBT,TAVHCINSWsM,1)))
7034 CONTINUE
64 CONTINLUE
49 CCNT INUF

21-ENC CF THE LCOP ITCORR

WRITE(H5,56)ITCHM, LAMBDA(K),LAML,DFLTAPLLCPAV
56 FORMAT{1HL,*CALCULATION STOPS: ITCORR=%,12/5X,"( LAMEBDA=',E]15.7,5X
Ky LAMI= ' B 157, 5Xs ' DELTAP=" ,E15.7 55X y"DPAV=" jE15.T74" ) )
STCP

22-DEFINITION OF THE INLEYT VALUES CF CHANNEL AND SUBCHANNEL
VARTABLES FOR THE NEXT AXIAL SECTIGN; SUBSEQUENT BLCITIONS FCR
AVERACE VALUES NF VARIABLES

50 CONTINUE
NSUBEF=0
INDTW=1

PBAR(L)=P{L)*0.980665

NG 100 NS=1,NSTOT
TEMP{INS)=(2. 2MAVINS) *TAVINS)-MI{NSI*TENP (NS))/¥M2(RNS)
MIINS }=MM2 [NS)
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NP=NPIN{NS)
DO ST M=1,NP
PMSCH1I=MSCHI {NS, M}
MSCHI{NS M) =2, %«MSCHINS, M) ~MSCHL (NS4 M)
TSCHLINS yM)= (2, *MSCHINSyMI*TSCHINS M) =PMSCHLATSCHLINS, M)} /VNSCHLINS
¥y M)
IFINTYP{ANS)aNE3 DR INDSP(K}IECa2)GCTO &€47
DC 6646 I=1,MSCI0
€646 DELTICINS-NSTRyM,yI)={TICINS-NSTR,MyI)}-TSCHLINS, M} }FTCPRCF
€647 CONTINUE
IFIQQINS M) GT. L. E-D6)GOTD 5633
THINSyM)=TSCHINS M)
TEVMPRINS,M)=TSCHINS 4M)
BINTINS,M) =0,
TAINFINS yM)=TSCHINS, M)
5633 CONTINUFE
IF{K-EQal «NRe NEXTHW{IPA}.EQ.OIGCTO 1180
TRAXAKYoOT o X EXTWIIEXTWC ) o ANDX{K~1 ) LE JXEXTHLTEXTHCIIGDTO 11 €1
TF(KaEQaN JANDe X{N+LJGT XEXTW{TEXTWC) oANDL. X{N) JLELXEXTW( IEXTWC
*)IGOTO 1181
GCTC 118D
1181 TWTHINS My TEXTHC ) ={TW{NSyM)=TWP RS yMI} /{IX{K+1 ) -X{K-1D 1 %2 % {XEXTW!(
KTIEXTWO =05 {IX{K) #X{K=1 1)) +TUP (NS M)}
TNDTW=2
1180 CONTINUE
IFINTYPINS) . NEL.2)GOTC 97
NSW=NS~NSTR
00 95 JWl=1,2
PMSCWC=MSCUHC LINSWH,My JWC )
MSCWCLINSW My JHAC =2 %MAWC I NSW M, JUC) -PMSCHWC
TSCWCLANSW oMy JlC) =2 *MANC{NSWHy Me JHC I EXTAVWCINSH My JKCI-PMSCHC*
* TSCWCLINSW;My JWC) ) /MSCHCLINSW My JIWC)
ASCWCL INSHyMyJWCI=ASCHHCINSHs My JWC )
35 CONTINUE
TFLINDSP(K).EQ.2)607T0 97
NG 6648 I=1,NSC90
€648 DELTTICINSH M,y T)={TIO(NSWyMsI}~TSCHCLINSW M4l I*TWPER(F
97 CONTYIAMUE
100 CONTINLE
TFUINDTWoFED a2 oANDe IEXTWCLLTNEXTWT)IEXTWC=TEXTWC 41
IF{INDPRQ.FQ.2 ~AND. IDPRQ.LT.NOPRQTIICPRQ=IDPRQ+]
TRTC=TWFUN{NRODS s NSTOT,PIGsAAC; AAAI®H+TUTC
TRPC=TBFUNINSTR NSTOTI*H+TBPC
TBTC=18T*H+TBTC
TRFIXUK) LT XSTART{IPAFD) 0ORe X{L)}GToXEND{IPAFD})IGCTC 103
NSEFD=NSEFD+1
THM=TM+TRBT%xH
PM= FM4PRT *H
LAMRBDM=LAMBD M+ LAMBDA{ K} *H
REM=REM+REBT (K ) *H
UM=MeUBT { K} %H
DELTAX=DELTAX+H
TF{IRF.EN.1)IGUTN 103
PO 6869 NS=1,NSTOT
NP=NPIN{NS)
NC 9899 M=1,NP
HPLU S TINS, M) =HPLUSLINS, M)+HPLUSBINS V) *H
HPLUS2 (NS sM)=HPLUS2(NSs M) +HPLUSWINS M) *H
QPLUSAINSyM) =QPLUSAINSy ¥) +CPLUS(AS M) %}
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PRBA (NSyM)=PRBA (NS,M)+PRB [NS,V)*H
TWAINS yM)=TWA(NS s M) +TWINS yM ) %xH
YDHA{NS M) =YDHAUNS ;M) +YDH (NS, M) xH
YODHA(NS ¢ M)=YODHA{NS, M) +YODH (NS, M) *H
AMASSRBINS M) =AMAS SBINS, M) +XMASSBINS M) *H
TEMPBAINS M) =TEMPBAINS, M) +TEMPB (NS yM) % XMASSBINS, M) *}
AMASSTINS yM) =AMASST{NS M) + MSCH{NS, M) *F
TEMPTA(NS M) =TEMPTAINS, M)+ TSCHINS, M) kMSCH (NS, M) *H
5899 CONTINUE
103 CONTINUE
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23-PRINT SUBCHANNEL VARIABLES

WRITE({6,83)
DO €887 NS=1,NSTOT
NP=NPININS)
NSk=NS-NSTR
WRITE({6, 8885)NS
8885 FORMATI{S5X,* CHANNEL NR.*,15)
DO BRET M=1,NP
TFICCINSy M) uGT o1 E-OB)SCNUSS=QQINSyMI*QDEVEDEINS)*FZDTIPINS, M)/
ZUSURK{LTWINFINS yM) =TSCHINS yM) ) %KAPPA{PBT,TSCHINS,M) ) )XD*C .5/
/RTIP{IPA)
SCREB=MSCHINS yM)XDEANS ) *F2DTIP(NS, M) /{ASCHINSyM)XF22ATIP{NS,M)*
*ETA{PBT,TSCH(NS,M)))
SCREW=SCRER*ETA(PBT, TSCHINS M} ) ARHO{PBT, TWINF{NS,M))/(ETA(FBT,
XTWINFANS M) ) XRHD(PBT yTSCH{ANS, M} )}
QLINSC=QUINMRQUDEVXPERLINTYPINS} }HASCHINSy ¥} JAINS) *F1
WRITE(6488836 )My JPININS, M)y MSCHLI{NS yM), TSCHI{NS M} LANSCHINS,¥)
*y SCREB ySCREW
B886 FORMAT(S5X, I24*'—(ROD NRe "y J4,"')*yT27,°0LT, MASS? ,F1(4€4152,'CLT. TE
IMPe =y FTe2,TTS5y " LAMBDA=® qF10.5, TG99, REB=? 4 FT .0, TL1Zs"REW=?,F7,.C)
WRITE(6,3725)QLINSC
3725 FCRMAT(T27,'Q LINER=',E15.5)
IFTIRFLEQ.2 JAND. QTOT.GTaloF-06 JANLC. I2TIP{AS,M).NEL1)
* WRITE(6,4,2724)8I0T(NSsM)
3724 FORMAT(IHETS52,'BI0T=',F10.5)
IFIQTOTGTL1.E-0B)IWRITE(6453722) TWINF{NSyM)
3722 FORNMAT{1H+, TT75:'TW INF.='F10.2)
IF{QTCTGTeleE-D06 LANDe NTYPINS)NEJLIKRITE(G6,3T40ITLINER{NSK M)
3740 FCRMATH{1H+,799,*'T AT L INER=',Ff10.2)
IFLINDSPIK) . FRL.2)G0TO 91
IF{IRF.EQel WOR. I2TIP{NS,M).EQ.1)GOTD 372¢
RHPLN=RHPLUS (HPLUSBINS M) s TWINSsM),TEL , QPLUSINSy M) yHPLUSHINS,M},
*TEMPB{NSyM), YODHINS, M)
WRITE(648883 JHPLUSBINSy M), HPLUSHWINS, M) 4RFEPLM
8883 FORMATIT27,'HB+ =' ,F12.5,T52,"HW+ =%, E12.54T75,'R{ 4 )=V,F12.5)
TF(QQINSy M) LEs 1.E-06)G0TO 91
GHFLNM=GHPLUS {HPLUSWINSy ¥}y TWINSyM),TSCHINSyM),PRB (NS,M), YDHINS,M)
1, 100CC+y0.)
TWOTENM={TH{NS,M) 4273 .16 )/ (TE+273.16)
TWDIBNM=(TWINS M) +273.16) /7 {TSCHINS,M) 4273 .1¢)
PHIN=CHPLM/ (PRB (NS,M)*x*04 * TWDTBM%I05)*(016*YDH{ANS,M) )x%C17
WRITE(6,94)GHPLM, SCNUSS yTHODTBM, TWOTEMYDH(NS o ¥ ) 50440055016
1 C17,PHIN
94 FORMAT(LH+,799,*G( HW+ I=",E12.5/T273'NJ =%, E13.6+TE2,"TW/TB=",E12
Le 5y T75, " TW/TE=" 4y F13.5,T799,' Y/RH=?yF13.5/T27,*G{ HW+ )/ PR¥k'",F4,2
29 x (TW/TB)RKY 3 F4,.2,% ) % (*yF6.3,"*Y/RH)I¥XV,F6,3,* =*,E13.¢€)
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3726 TF{CQINS M) LE.1.E~-06)GCTC 91
IFCIRFLEQel JDORse T2TIPINSyM)EQ.1IWRITE(£44242)SCNLES
4242 FORMAT(IH#,TH2,'NU =%",F13.6}
WRITF(éy6685)TBSSC1(NS,M3vThSSCl(NS,P).TBSSﬁZlNS,“),THSSCZ(NS M)
6685 FORMATI{T2T7, ' TBSSCH{L)=" yFT.2,T52, " TWSSCH{ 1)=%3F7.2,T75,*TBSSCHIN) =
VP g F 724799, TWSSCHIN) =T ,F7.2)
IFINTYP{NS).EQ.L}IGNTO 91
WRITE(H664D)TTSCHA(NSW M)y TTSCHRINSW M), TEMPBINS,¥)
€640 FORMAT(T 27,9 TA=1 yFT.2,T52,4%TB=1,FT7.2,T75,*TBC=",F7.2)
TEAINTYPINS ) o EQo2 IWRITE( 6, 6644 }TWHC{NSW My 1)y TWHCINSh My 2)
€644 FORMATIT27, " TWL 1) =" yF7.2,T752,"ThI2)=%,FT7.2)
WRITE(6,6645 )T1ISSCLINSW M)y T2SSCLINSHsM) s TISSC2INSh M)
* T2SSC2INSH M)
65645 FURMAT(T?7,'T13§CH{1)",F7.4,T52y'TZ<SCH(l)",F? 291755 T1SSCR{N)=
L? yFTo29T99 4P T25SCH{N)=* ,FT7.2)
91 CONTINUE
TFINTYP{NS)NE.2)COTO 8887
WRITE(6,90) { JWC yMSCWCLINSW oMy IJWC)  JWC, TSCWCL {NSUWs My JWC )y JWC,y ASCHC L
HINSHy My JWT Iy JHC,LAMWCINSHW My JWC ) 4 JWC =152}
G0 FORMAT(T27, 'MQHTi'yIl,')=',E13.6,T52,'TOUT(',Ily‘)='.E13.6,T75y
1 PAREAL T, T 132 )="4FE13.6,T99 Y LAMBDA{*yI1ls*)=',E13.6)
BBBT CONTINUE
55556 CONTINUE
GOTO €499
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24~-PCINT REACHED IN THE CASE OF CONVERGENCE PROBLEMS [LCUP K ENDS
AT LABEL 9999)
8530 CONT INUE
NSUBDE=NSUBDH+L
IFINSUBDHL.LE . MSUBDH)GATC 85(2
WRITE(658501 IMSUIBDH
8501 FCRMAT(//' STOP DUE TO REACHED MAXIMUM NUMBER OF SUECIVISIONS FDR
XAXTAL PITCH: NSURDH=9%,12}
STOP

8502 CAalLL SUBDHIN K K14NSTOT)
GOTC 8503
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25-YALUES NF VARIABLFES FOR THE WHCOLE BUANDLE FLOW SECTICAN

8499 CONTIAYE
DEPTOT=P{LI-PL L)
WRITE(6,8389)
8889 FLRMAT(LIHL ,4X,*VARTIABLES FCF THE WHOLE BUNCLE®/SX,2C{*-%})/7//
* 55Xy 'A) INLET VALUFS OF TEMPERATURE AND PRESSURE®//5X,*SECTICN NR
Kot ZT26, "HEIGHT (CM) T, T43,'TEMPERATURE { C)'sT63, *PRESSURE {(KG/SQC
#M)?,TEE6, "PRESSURE (BARS)*®/)
WRITE (64,8390 0L, XTI L) TLL)4P(T),PBAR{ I} I=1,4L1)
8890 FORMATITX, I3 415X sFFe4 Ll 3X3FT7e2411X3FT:5512X,F9.5)
WRITE(£,8891)

8891 FORMAY{/////5Xs*B) VALUES AVERAGED OVER AXIAL SECTICNS®//5X,*SECTI
*ON NRL "3 T23, "DENSTTY (G/CCM)® 3 T41,*VISCOSITY{G/CMXSEC)® ,T64, "VELOC
#ITY {M/SEC)! 4T85, *REYNULDS NR, 'y 799, *FRICTION FACTCRY/)

WRITE(6,8892 ) (1 ,RHOBT(I) 4ETABTL{I),UBTII),REBT{I),LANMECALL)},I=1,N)

8892 FORMAT(TX, I3, 17X sFTe5312X:FGaT912XyFTa34911X9F3e2:6X4FT7.5)

WRITE{6,887BIDEPTOY
8878 FORMATU///5X,"TOTAL PRESSURE DROP=",F9.64" KG/SQCN')
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26-EVALUATION AND PRINTING OF AVERAGE VALUES CF VARIAELES FOR TRE
REGICNS WHERE INDISTURBED FLOW IS ASSUMED

IFINSEFDL.EQ.0)GNTO 8197

TM=TN/OELTAX

PM=PM/DELTAX

PMEAR=PM*),.980665

LAVMBDRDNM=LAMBDM/DEL TAX

RHOM=RHO{PM, TH)

ETAM=FTA(PM, TM)

REM=RFM/DELTAX

UNM=UN/DELT AX

WRITE{&,+48393) TM,PM,PMBAR,RECM,ETAN, UM REM,L AMEDM
8893 FORMAT{////5X,'C) TOTAL MEAMN VALUES AVERAGED IN PARTS WHERE UNCIST

¥URBELC FLOW IS SUPFQSED®// EXy "TEMPERATURE? ,T22,'=",4F9,
%297 CV/5X, "PRESSURE® ;722,47 =%,F9.4,% KG/SLCHM =V, FG.4," BARS?
* /5Xe PDENSITY? ,T22,'=",

£ F9.5," G/CCMI/BX P VISCOSITY® 4 T22,%=",F9.7," C/CMASEC'/5X,
¥WELOCITY 3, T22,'=%,FG,3,% M/SEC*/5X,*REYNCLDS ARa ' 37122 ,7=°%,F9.2/5X
* s "FRICTION FACTOR® ,T22,4'=%,F9.5//)
IFUIRFL.EQ.LIGITD 8897
WRITEL6,83)
DO E8T7H NS=1,NSTOT
NP=NPIN{NS)
NDC 8874 ¥M=1,NP
TFLI2TIPINS, M) EQ.1)GOTO &BSGT
HRITFE(6,8885 NS
HPLUSTINS M) =HPLUSLINS, M) /DELTAX
HPLUSZ (NS y M) =HPLUS2{NS, M) /DELTAX
CPLUSAINS M) =GPLUSAINSy M)}/ DELTAX
PRRA (NSy;M}=PR3A {NS5,M)/DELTAX
THACNSyMI=TWAINS M) /DELTAX
YOHAINSE,M)=YDHA(NS ,¥) /DELTAX
YODHAINS ¢M)=YODHAINS, M} /DEL TAX
TEMPTAINS M) =TEMPTA(NS, ¥} /ANMASST NS, M)
TEMPRA(NSyMI=TEMPBAINS,™) /ANASSBINS, M}
PRHPLA=RHPLUS {HPLUSLINS M) yTWAINS M), TEL, QPLUSAINSy ¥ )y HPLUS2(NSyM) 4
LTEMPBAINS M) ,YODHA(INSyM) )
WRITE(6,8375 My JPININS, M) yHPLUSTINS, M) 4HPLUS2{NS,¥),RHPLA
EBTS FORMATISX, 12 3" —{RCD NRe Ty I4 %)% 4727, "HEB+ =%, F12.5,T52, "FW+ =%,E12,
15,775, "R{ H+ )=1,FE12.5)
IF{CCINS M) LEL L. E-D6)GCTC 8874
THOTEA={ TWALNS,M) ¥273.16) /1LTE+273.16)
TWDTEA={TWAINS ¢M) #2731 6)/ (TEMPTAINS 4M)+273, 1€)
GHPLA=GHPLUS{HPLUSZINS s ¥#) s TWAINS M), TEMPTAINS,#)}, PRES (NS,M]},
LYCHA(RNS 3M) 510000445 06)
PHIA=GHPLA/{PRBA (NSyM) *%04 * TULTRAX¥CS5)*{N16*YDHA(NS,M) ) #%017
WRITHEF(6,94)GHPLA, QPLUSA{NS M) 4, TWDTBA,TWDTEA, YRHA(NS, M)y C4, 05,016,
1017,PHIA
E874 CONTINUF
8876 CONTINUE
8897 CUOMNTINUE
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27-CONMPAFISCON BETHWEEN THE INPUT AND THE COMPUTED AVERACE
TEMPEKRATURES OF THE GAS, OF THE SHROUD AND OF THE FINS IN THE
AXIAL FPCRYION




69

OO D

1023

1069
1070
1971

1072
1073

1024

1025

1026
1627

1028

1031

1037
1040

'aRakl

28~

29

-226~

TWIC=TWTC/LENGTH

TRTC=TBTC/LENGTH

TRPC=TBPC/LENGTH

WRITE(6469) TWTIPA(IPA) ,TWIC,TBTIPA{IPA} ,TBTC,TBPIFA(IPA) ,TBFC
FORMAT(///5X,*COMPARISON OF INPUT TEMPERATURES WITE COMPUTED VALUE

IS*/ /T 1T, "INPUTY s T26, "COMPUTED Y /5X s *TWTIPA® y2F11.2/5X%,*TBTIFPA®",2F11
2:2/5X, ' TBPIPAY ,2F1]1.2)

LR R EAREEBEFEERENFNEEENEENENEFEENENRNEEERERNINIENE I E B E I I I N I A S I I B R NN IR WY

COMPARISON BETWFEN THE EXPERIMENTAL ANC THE COMPUTEL PRESSURE
LOSSES

IF{NEXPRIIPA)aGT O «ORe NEXTWIIPA)GT.CIWRITE(E,1Q022)
FORMAT(//7//5Xys *COMPARISON WwlITH EXPERIMENTAL RESULTST/5X,36("~")//)
IFINEXPR(IPA)LEQ.N)GCTO 1040
GOTO (1069,1070), INDPR
WRITE(A,1072)
6070 1C71
WRITE(6,1073)
CONTINUE
FORMAT{5X, '1) PRESSURES (KG/SQCMI®/ /)
FCRMAT(5X, "1} PRESSURES (BARS)*//)
TEXPRZ2=IFXPRLI+NEXPR{IPA)-1
Kl=1
DO 1037 TEXPR=IEXPRL,TEXPR2
DY 1024 K=K1,4N
K2=X
TEFUXEXPRITEXPR)LGELXIK) «ANCo XEXPRUTEXPR)LLT.X(K+1))COTO 18
CONT INUE
GCTC 1049
Ki1=K2
IFCINDSPIK).EQ.2)3G0TN 1026
KK =K2
GOTID 1627
KK=K2-1
TF(KKLEQeQ)KK=2
CONT INUE
GOTO {1028,1029), INDPR
PR1=P{KK)
PRZ2= PIKK+1)
GCTC 1030
PR1=PHAR{KK)
PR2=FPRAR{(KK+1)
PTH={PR2-PRL}/{X{KK+1)=X{KK)}*( XEXPRUIEXPR)—-X{KK))+FR1
DPEX=PEX({IEXPR}-PEI]
DPTH=FTH~PEL
PTMPE X=PTH-PEX{TEXPR)
DPERR={DPTH-DPFX)}/DPEX*1090.
WRITE(H, 1031 )IEXPR XEXPRIIEXPR) y FEXITEXPR}yDPEXyPTECPTH, PTMPEX,

o
L%}
i

*DPEFHER

FORMAT(SX 4124 JHEIGHT=® ;F10.5,% CM*, 565X "'P EXa="¥,F1C5, 5%, 'P EXe~PE

*1=03F 1047y 5Xs 'P THo=1,F10.5,5X,"P TH.=PEL1=*,F10.7/33X,*P TH.-P EX.
*=1 ,F10.745X," (NP TH.-DP EX.)/DP EX. #1C0 =%, F7.3/)

CONTINUE
CCNT INUE
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FRINY COF THE PIN TEMPERATURES AT SPECTIAL AXIAL POSITIONS
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TFINEXTW{IPA}.EN.CIGOTO 1060
WRITE{6,1041)
1041 FORMAT(///5X,%2) COMPUTED RCD TEMPERATURES ( C)*//)
TEXTHZ2=TEXTHL+NEXTW{ IPA)-]
N0 1050 TEXTW=IEXTWL,IEXTH2
WRITE(E, LOGSIIEXTH  XEXTR{IEXTH)
DO 1044 NS=1,NSTOT
NP=NPIN(NS)
WRITE(6y 1046 1My NSy JPININS M) s TRTHINS M, TEXTH) yM=1 4NP)
1344 CONTIANUE
1045 FORMATU/S5Xs 12, JHEIGHT=",F1C.5,* CVM* /)
1046 FORMAT{3(5X,12,y%) TW THU{ ', 15:%, %, 15,%)=%,F10.3y" C*))
1050 CONTINUE
1060 CONTINUE

TH DL DOCD SO TR EOD PO PP PD OED D TD L DRE O DD Y OR SEB PDESCREESEDEE IS SE RS

30-STARTING VALUES OF VARTIABLES FOR THE NEXT AXIAL PCRIICN

IFEX{L Y GTDISTITSPACY LAND. ISPACNELANSPACT)ISPAC=ISPAC+L
To=T(L})
PC=P (L)
DPBAR(1)=DPBAR(L)
TI=T14NSPAC{IPA)
FTEXPRI=IEXPRLI+NEXPR{IPA)
TEXTWI=TEXTWI#NEXTH{ IPA)
SPRLEN=SPRLEN+PLEN[IPA)
HE=SPRLEN
IFINDPRQIIPA}.GT.O)IDPRA=ICPRQ+]
ISTAIN=1

8888 CONTINUE
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31-ENC CF THE LOOP IPA; CALCULATION OF THE PRESSURE RECOVERY AT THE
DUTLET OF THE BUNDLE

NDEPCUT=~COUT *PROVZ/ RHE2#%D 5
POLT=PO+DEPOBUT
PROEAR=POUT*J .9A06£5
WRITE(£,3835)DEPQUT,POUTPCEAR,CCUT
8896 FORMAT{////5X, *PRESSURE RECAPTURE DUE TO EXIT=",FT7.5,% KG/SQLNM? 45X
* v " FRESSURFE NUTSICE=' s F10 .5, KG/SGCM =9, F10.5s " BARS { COUT=
¥V, FhdaZst V)
DPCBRAR=PENRAR-PIBAR
IF{IPULNCHFQ.LIHWRITEL(L, 6069 )DFCRAR
IFIPEXNUT.LE«1.F-06})STOP
TFUINCPR.FQ.2)IPOUT=PORAR
DPEX=PEXOUT-PE]
DPTH=FCQUT-PEL
DPERR={ DPTH-DPEX}/CPEX*1J0.
WRITE(&,y 1028 IPEXOQUTDPTH,DPEX,DPERR
1208 FORMAT(/5X,*EXP. PRESSURE QUTSICE=",FLC.5/5X, 'P THe~PE1=*,F10.7/5X
¥y P EX,=PELI=F,F10.7/5X; *{DP THe— OP EXe)/DP EX*10C=",F5H.3)
T42 STOP
END
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BLCCK DATA

BLCCK CATA FOR THE 19-R(CD BRUNDLE

COMMON/DAT 1/ AC10)}/DAT2/B(1C) /DATA/NDEST ,NDEEND/DATT/CNUSS{2)

] /DATKM/DLLT) 4 D2{7 ) /7EXCAT/EXLAT ) EX2{T),EX3{ 7T)/EXDATL/

2 EX4(T)yEX5(7),EX6(T)/BIDAT/BIK(3)/BIDATL/BIE(T)/RIDE/IEICE
3 /LAMINK/BKAPPA(T,3)/LAMINS/I3TIP(42,3)/CONDC/FCOND/MART 2/
4 NSLyNS2/ 4AKAL/ TKAPPA/CVREH/ACYS{3) ¢ACYRI(3)/LANING/ ANGL AM

5 /GRAV/IGRAY/SIMLAM/ISIMPL/EXAVTW/TEXAV

DATA A/3.813)‘)-274,0-y1o1’3:4410051{)4-0179-05311009 1(-/

DATA B/2e¢7155100¢93551le s00490601900954 306542/

DATA NCEST,NDEEND/19,2/

DATA CNUSS/5.5553.55/

DATA [1,D2/7%2.9976-02, T%3.87TE—-3%/

DATA EXLsEX29EX3/0.1665F-0445%0:16F-0440.1665E~34,C.66TFE-08,
* 5%¥0,25E-085Co 66TE-J84T%C, /

DATA EXAeEXS 3 EXA/ TR 1665044 7*0.657TFE-08,7T%0./

DATA BIK/Lley2%0./

’DATA EIE/‘O.)I.,Z*O.’1012*301'

DATA IRIDE/2/

DATA BKAPPA/ 2%118.5 3%115:6592%118: 5, T%53,242%53,9,53%52,342%93,9/

® O 040 60 T DO OE OB D OSSO SD DO DD OV DECODORPB DD DD OSSO SO OY HOOS EEO O eY O

TURBULENT CALCULATION IS IMPOSED FOR ALL SUBCHANNELS

DATA I3TIP/L26%2/
DATA NSLeNS2/73,2/

DATA FCOND/1./

DATA ANGLAM/ 1./

DATA ACVYS 9ACVYR/5.933500)esDe893%3./

IF THE DIRECTION OF THE FLOW IS COINCICENT TD THAT CF THE
GRAVITATIONAL FORCE IGRAV=13; IF IT IS CPPGSITE IGRAV=-1

IF THE GRAVITATIONAL FORCE IS NOT TAKEN INTO ACCOUNT IGRAV=Q0
ISIMFEL=2 IN THE CASE OF LAMINAR FLOW, IF THE NUSSELT NUMBERS

NF THE EXTERNAL CHANNEL S "NS®™ [ NS1-1<ANS<ANS2+1 ), I.E. IF IT MUST
BE CC1,CN2#1 IN SIMLAL. IN THE OTHER CASES ISIMPL=1

TEXAV=2 TF AN AVERAGE VALUE CF THE PIN TEMPERATURES AND AN AVERAGE
VALUE CF THE SHROUD TEMPERATURES MUST BE COMPUTED IN WALLTE FCR
THE EXTERNAL CHANNELS INSTEAD OF THE REAL VALUES. CTYFERWISE
TExXAV=1

DATA IKAPPAZIGRAV,ISTMPL,TEXAV/14D42%1/
END

FUNCTION AKA{RINDRZ, PHI)
AKA CCMPUTFS THE APDITIQNAL FRICTION IN THE LAMINAR FYDQOOYNANIC
ENTRANCE LENGTH

TR{PFTGTLD:222)1G07T0 1
AKA=1Z22,53%PHI/RINDR2%*%(,013
RETURA
IFIPHI.GELD.OLTH5)G0OTO 2
A=0.,7€82+0.3421%A1L0G(PHIT)
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GOTE &

2 TF{PHI.GE.D.05)6G0T0 3
A=—C,o (503340, 1322*ALNG{PHT)
GCTC 4

3 TF(PHI.GTL.0.1)GDTN 5
A==0.4463

4 B=—C0.205%PHI *%0. 44362
AKA=EXP {A) *R 1DR 2%%B
RETURN

5 AKA={L. €64 /RIDR2**D.0738
RETURN
END

SURROUTINE ANGCAL{KsNSyNyIRHsPRCOV,P3, RHeH1 yALFA 2 4AT,DETLCETCT

Dy %,hSTR HyPRLPR2,SCDPGyTE, SUR, AMT ,CDDD g%, AMA,AMB)
SUBRCUT INE ANGCAL CALCULATES FRICTION FACTORS AND AFPREXINATE
AUTLET MASS FLUOW RATES AND TEMPERATYURES FCR CORNER (FANNELS

REBL LAMSCH,yLAMB, MSCHL,KAPP A, MSCH, LAMLAM

DIMENSION Al 30)

COMMCN/WACOL/XMSCHBL 18y 23 XMSCHA{L18,2) /DAT/PIG/ANG Z/FAL3D)
/SUB3/ADAB(LB 2)+DETBI{18,2)/SUBL/LANME(18,2)/SURL/ASCHL42,3)
/SUB2/TSCH{ 42,319 MSCHI42,3)/SUBS/LANSCH(42,3)/INPAR/IPA
/SURG/TSCHL{42,3)/S5UB22/TW{42,2)/MART/ITCORR
JSURG/MSCHLI(42,3) /SUB23/HPLUSB(4243) yHPLUSW{42,3)
P QPLUS {42,3),PRB (42,3),YODH{42,3)/HEAS/QQ{ 42,43)
JUAMING/IZ2TIP(42,3) /LAMINL/AKAPPALA42)/LAMINZ2 /FATIP(3),
FDTIPUY/LAMING/FLIATIPLA42) (FIDTIPL{42) /LAVINA/F2ATIPL42,43),
F20TIP{42,3)/WSSCHL/DELT IE(L3,2,90),DTIEAV{18,2)
/REC L/ PVERT{90) 4PRAD(90Y /REC2/E(90)/REC3/PL{S0)
FASSCH/TLISSC1(1842),T25SCL(1842),T1SSC2(18,2),725SC2(18,2)

COMMEN/WSSCHO/TASSCL(42 530  TWSSCL(42,3),TBSSC2(4243),THSSC2142,3)
FLAMING/T3TIPL42y 2) /SHROUD/TLINERU18,2)/LAMINS/RTIP{T)

ITI=NS-NSTR

DTIFAV(TITII,1)=0.

I2ZTIF(NS 1 )=13TIP{NS,1)

1HL I2TIPINS, 1} .EG.LICOTO 2999

. o D Rl S D D D it D R D At ST S T S ek S S AN LR i S o\ WD e Al TACD o i, A i} AT D A o, D bl Ml A T i, ek, W D e ATED O D D Yl

L@~ TN WN D

-

13TIP#1: THE TURBULENY CALCULATICN MUST BE PERFORMEL

TWIAV=C,

CS=1.
AMAL=NSCHL {NS,1) /AT
ANGT=C.

ANT =0,

T1=C.

AMB=C,

1TE=0.
SRAMIB=0.
DODCA=0,
NDnDB=0.

ATB=C,
HPLUSEBINS,131=D.
HPLUSKINS,1) =0,
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TI=TSCHLINS, 1)
CEPA=CETOT

DO 3 I=1,N
Al=T1
ANGT=ANGT+ALFA

CHdoexkEIRST STEP: EVALUATION OF THE TAU=C LINE AS FOR WALL CHANNELS*%%k

CALL RFECANG(IsAI sNSyKyl s IRHyALFA AMAL,TI,PByDyWyRHyCETOTsPROV,DAI
*4s0B81,AA14A81,6G,S5SSA,SSSByAMTI 3 ,HLyH,FRLPR2,SQDPC1,TEZSUR,TWI,
HAMAT $TAT 9y AMB I, TBI ITI,TSCHLINS, 1), TSCHINS,y 1) s HPLUST4HPLUS2 JANGT 4.
%yCa9lesyRTTTH,DEPA,LCS)

CxxxXkXSECOND STEP: SUBCHANNELS DEFINED WITH RADII FRCM RCD CENTERckk¥X

Oy 5y

Oy

AAT=8{1}-ABI

DAI=4.*AAT/PA(])

TI1=T1

TAIl=1A1

TBRI1=TRI

Tl =TkI

CS1=CS

CALL RECANGUI,AT NS, Ky2y IRHyALFA,AMAL,TIL1,PB,D,W,RELDETOT,PROV,LA
T yDB T 4AAT JABT s3G5 ySSSALSSSRLAMTI 3y HL s HyPRLePR2,SQLPCyLsTEsSURTW L,
*AMAT, TATL1 AMBITBIL, TIT s TSCHI(NSy 1) TSCHINS1) sHPLLS1,HPLUSZ yANGT,
%0a 9Do 31e »&7TTT,DEPAL,CS1)

TWIAV=TWIAV+TWI%ALFA

DYIEAVIIII,1)=DTITEAVIITI, L}4DELTIE(ITIT, 1, I 1%AMT]

AMT=AMT+AMTI]

TT=TT+AMTI*T 11

AMB=ANREAMBI

RAMIB=AMTI*ART/{ AAT#ABT)

SRAMIE=SRAMIB+RAMIB

TIB=TTB+RAMI 3%T3I1

COCLA=CDDDA+5SSA

LLCCB=CDRNBR+SSSH

DECD=CDDDA+DDDDR

ATB=ATB+ABI

IFUIRFLEG.LIGNTD 3

HPLUSBINS,y 1) =HPLUSBINS, L) +HPLUSL *ABI
HPLUSWI{NS, 1 )=HPLUSWINS, LY+HPLUS2%AB]

CONTINUE

ThIAV=TWIAVX12./PIG
DTTEAVIIII,1}=DTIEAV(IITI, 1) /aMT
ATSCH=TT/AMT
RHOT=RHO(P3,ATSCH)
LAMSCEINSy 1 )={{AT/DDDD} *%2 YR2LADETHRHEDT /H
ADABI{TIIT,1)=AT/ATB
DETRB{TII,1)=43.%ATB/{PIG*D)
AMA=ANT~AMB
TSCHB=TTB/SRAMISB
RECBT=RHO{(PB,TSCHB]}
LAMBLTIII»1)={UATB/LCDDDB }*x*x2 Y¥2HDETBIIII, 1}ARFOBT/H
I2TIPINS,1)=0
F1ATIP(NS) =1,
FIDTIP{NS)}=1.
F2ATIPINS,1)=1,
F2DTIPINSs1}=1.
IFCI3TIPINS,1).EQ.2V560T0 2C00

e e o S o o P Ao e S D D A G s i o A D S e .l s S i Nl S A o T A D D s AN s e e S SN ey A P Wl R D R M e e AN T A AR Sl S D
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C
C 12T IP=32 THE LAMINAR CALCULATION MUST BE ALSC PERFCRNEC
C
IFUITCORR.GTLL)50TO 2999
MSCHINS, 1 )=AMT®ASCH{NS, 1} /AT
TSCH{ANS,1) =ATSCH
TWINSy 1)—TMIAV
£ e e e e e e e e e o e s e o e e
C
C FOR TIZ271P=1 OR I3T7IP=3
C

2999 CONTINLE
RIDR2L=1+/SARTI 1. +12. *ATHFATIP{ 2} /(PIG*RTIP(IPA)¥%Z))
RELA=RELAM{ASCHINS, L)*FATIP(3),DETXFOTIP{3),P8,TSCH{NS; 1)y TWINS, 1}
& s MSCHUINS, 1), TLINERITITIT 1) 43,R1IDR2L41.)

LAMLBAN=AKAPPA(NS ) /RELA

R2COR=RTIP(1PA) /RIDR2L

CALL ENTRFR{Ky 143 4RTIP{IPA}R2CORGR2CORNSHITI41,DETXFDTIP(3),

ASCH{NS ¢ 1) *FATIP(3 ), MSCHINS,1)PB, TSCHUNS,1),LAMLAM)

i

IF( IZTIP(NS,l).EQ.l)GQTC 2667
£ o e i et e e i s e e i o e e e o e o . . s e o e o i
C
C 137 IP=3: SAGAPO DECIDES WHETHER THE FLOW IS LAMINAR R TURBULENT
C

TF{LANMSCHINS,1) 6T, LAMLAM)GOTO 30006
(‘ __________________________________________________________________
C
C THE FLDOW IS LAMINAR
C

2997 CONMNTINUE

LANSCHINS, 1)=LAML AM
DDDD=ATRFATIP{3) /SQRTILANMLANKHI (2. ¥DETHFOTIP {3 )%
R*RHD(PE, TSCH{NS,1))))
AMT=NSCHINS, 1) *AT /ASCHINS, 1)
ATESCH=TSCHI{NS, 1}
I2TIP(NS,1)=1
FIATIFINS)=FATIP(3)
FIDTIPINSY=FDTIP{3)
F2ATIP(NSs1) =FATIP{3)
FeDTIPINS, 1)=FDTIP(3)
HPLUSE(NS,1)=1.
HPLUSWINS,1) =1,
QPLUS (NS, 1)=1,

PRBINS,1} =1,

YODH(NS, 1) =1,

TBSSCL{ NS,1 )=TSCH(NS,1 )
TISSCIUIII,1  D)=TSCH{NS,1 )
T2SSC1(ITT,1  }=TSCHINS,1 )
TWSSCLT NSyl )=TWINS,1 )
TBSSCZINS ,1 }=TSCHINS,1 )
T1SSC2{111,1 )=TSCHINS,1 }
T2SSC2{I11,1 )=TSCH(NS,1 )
TWSSC2( NS,1  )=TWINS,1 )
ADAB(III 1)=2.

AMA=AMT®O, 5

ANMB= AWV A

20200 CONTINUE
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C THE FLOW IS TURBULENT

IF(IRF.EQ.L1)RETURN
IF( I2TIP{NS,1 ) .EQ.1}RETURN

fl

HPLUSEINS, 1 )=HPLUSB{NS, 1}/ATB
HPLUSWI{NS,1) =HPLUSWINS,1}/7ATB
CPT8=CP{PB,TSCHB)
QPLUSINSy1 1=00INSy 1 ) *AT B/ {SUR*AMBXCPTB¥*{TE+273.16))
PRBINS; 1) =ETA(PBATSCHI*CP{PB,ATSCH)/KAFPA{PB,ATS(})
YODHIANS gL 1=0 5% {SQRT(D%*2+D*DETB{TII,1))-D)/RH
RETURM
777 RETURN 1
END

SUBRCLTINE AXSEC{ADEL ,NDE2yCETCowSPyCONST DD IT4FF yFSPAC,LENGTH,N
*y IP Ay CTUT,NSTUT;XMAXNU CHSLNU)

C AXSEC EVALUATES SECTION LENGTHS AND CCRREC?ION FAC]CRS FOR NU.

REAL LENGTH NDE1l,NDE2
COMMON/HEAS/NPIN(42)3JP IN{42,33)/GRIDIZEPSISC{42:3532)eDIST(7)
1 JGRIN2/7YY{L100,42+3)/GRID3/X{1D0}
DIMENS ION B{425,3), AAL 42 93), SLOPET4G42:3)3YYNM{3 4342 43)
X1=NDEL*DETC
ITF{MSPAC.GT.0 <ANDe IPAEQIPA/2%?2 JAND. LTOT.GT.1.E-08)GCTO 2
ool ¥ sk s sk ok ok ok sk sk ok e sleste e ok ok i o oK ok ok o ol sk ok ok s ko ok s ok ok ob 3% sk ok ok ol o ok ok 3 3k o o oK ok % ok okl Kk
Ckktkk UNHEATED SMOOTH PART OR PART WITHOUT SPACERS sokokiokor ok shaohd % # bk
(o %l ot s o sk o o ok ok sk o ko ol ol o 2 o o ik o sk e skt e o o e fote ok ook s oo ok ok sk 3 skl 3 ok K kkokok % K
SFC=LENGTH/X]1+1.
=SEC
SEC=N
H=LENGTH/SEC
DO 1 K=14N
D0 100 NS=1,NSTODT
NP=NPIN{NS}
NO 100 M=]1,%P
100 YYIK RSy M) =],
I X{K+#1)=X{K)+H
RETURDM
s ok e ok skt e ok ok ok e e e e stk v e sk ok ek 3k skl ok Sk ook S ol ol k3 ok ok ok 3 b ook b o oRok sk sk o ) o ok o8 ok o ok i o sk ok ROk
CHARARHFATED PART WITH SPACERS: AXTAL STEPS FIT CORR. PRLF. FLCR NU%sok¥k
ok kot ok sobe o sk ok o se et ok ok e e e ok ok sk sk e sk ok stk ok o ko ool 9 ok st ok ok ok b ook ok SR 3 3 ok ook B ok KoK Ok
2 CONTINUE
ZETAL=2./71{1.+XMAXNU)
JSPAC=MSPAC+TI-1

C
AMN=B o /NDE2+0.5
MM=AMM
BMM=MM
NDF2=8./BMM
X2=NDE2*DETC
C
C {NOTF THAT B8/NDE2 MUST RE AN INTEGER TC FIT CORR. PRCF. FOR NU)

NETIW=11.%DETC-WSP*0.5
NFSEC=D
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K=0
M1=NPSEC+1
M2=NM1 e4MMe3
M3=M2+1

DO 1& ISPAC=I1,JSPAC

T1SPAC=ISPAC-IT+1

DO 3 AS=1,NSTOT

NP=NPININS)

DC 3 NN=1, NP

BINSy NN} =CONSTHEPSISCINS NN, TiSPACI*%2

YYM{LgNS NN =1 +075%ZETALXBINS NN)

YYML2GNSHyNN) ={1 + BINS,NN) R0 5% (1. +ZETAL) )X IXMAXNU~ 1o )+(2.— XMA XNU) *

X( 1o+ Qo 5*¥BINS,yNN) ¥ { 1o #CHSLNU+ (Lo —CHSLNU}/ {3 =XNAXNU}))

YYP{2IgNS NN =L o+ 0 oS ¥BINS NN ¥ {2 JHCHSENU#( 1 ~CHSLNU) 7 {2 ~-XMAXNU}
AA{NSyNN)=1. +CHSLNUXBINSyARN)

SLOPEINS yNNI=CHSLNU*B {NSyNN)*0. 125/DETC
XXX1=CISTL{ISPAC)-WSP*0D.5-0ETC

TF{ISPAC.EQ.T1 LAND. HHW.GE . XXX1)GOTD 11

K=K+1

L=K¢1

TF{K.NELNPSEC+1)GNTD 10

CHdickx AXTAL STEPS WHERE NO EFFECT CF SPACERS ON NJ IS PRESENT#kkddok¥kkk

DX=XXX1~HH
SEC=DX/X1+1,
NSEC=SEC
SEC=NSEC

H=DX/ SEC
ML=NSECHNPSEC+]
M2=NLENNES
M3=MZ+ 1

CONT TNUF

PO 8 NS=1,NSTOT
NP=NP IN{NS}

NO 8 NN=1,NP

YY (K NSy NN) = 1,
X (L)=X{K)+H
GOTO 4
IF(K=-M1)7,11,13
CONTINUE

Caxte AX TAL STEPS {DISTU{ISPAC)-WSP/2-NDFTCI-{DISTUISPAL)I-WSF/2+3XDETC) ¥

C
C

12

XXX 2=X{K}=-XXX1

XXX24C 1F DETC > DISTANCE BETWEEN THE FIRST SFACER AAL THE IANLET
CF THE PART

X{L 3 =X{K)+DFTC-XXX2

DC 12 NS=1,NSTDT

NP=NFIN{NS)

DO 12 NN=1,NP
YY{KsASyNN)=1Lo 40 25 B (NS NNIR{ 1. +XXX2/CETCI*ZETAL
nn s J=1’ 3

K=K+1

L=K+1

X{L)=X{K})+DETC

DL 59 NS=1,NSTOT

NP=NPIN{NS)

DD 59 NN=14NP
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59 YY(KyASyNN)I=YYM{J 43NS 4NN )
IF(X{L).GT.DDDIGOTC 61
60 CCNT INUE
Lt=tL
GOTO 4
C
C¥¥xxkPART EADS BEFORE (DIST{ISPAC)-WSP/2+¢33#CETC ) IS RERCHELD *xdd%ddokxk
61 CONTINUE

X{L)y=DDD
N=K
RETURN
C
13 TF(KJEQ.M3)G0TD 15
c

CHxkkkAXTAL STEPS WHERE INFLUENCE COF SPACERS IS CECREAS TNC#doktakok kdaddakk

X{L)=Xx(K)+X2
L 14 NS=]1,NSTOTY
NP=NPIN{NS)
DO 14 NN=1,NP

L4 YV(KyPSyAN)=BAINSyNN)—( XTK)4X2%0 5-X (LL) ) *SLOPEINS,NN)
GNTO 4

15 CONTIANUE

c
C ENC CF INFLUENCE OF THE SPACER.
NPSEC=NM2
K=K-1
HH=DIST{ISPAC)+DELIW
L6 CONTINUE
C
C AlLL SFACERS HAVE BEEN CONSICEREC.

IF(HFEGTLDDD)IGNTO 21
CexxxEND OF SMOOTH OR ROUGH PART NOT YET REACHF Dok ok kok s oh ook ok e ok e sk ook
NX=DDO-HH
SFC=CX/X1+1,
NSEC=SEC
SFC=NSEC
H=CX/SEC
Kl=K+1
N=K +NSFC
DN 20 K=Kl 4N
L=K+1
X (L)=X{K)+H
DC 1S NS=1,NSTOT
MP=NPININS)
DC 19 NN=1 NP
19 YY(K,NS,NN)=1,
20 CONT INUE
RETURA
C
CHkkdk END OF SMNOOTH OR ROUGH PART OVFRTAKEN: CORRECTION 1C FIT END PCINT
21 CCNTINUF
DX=DDO-X(LL)
SEC=DX/X2+l.
NSEC=SFC
SEC=NSFC
H=CX/SFC
N=LL+NSEC—-1
DC 25 K=LLyN
L=K+1
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X{L)=X{K)+H

DO 24 NS=1,NSTOT

NP=NPIMNS)

NN 24 NN=1,NP

YY(K NSy NN)=AA{INS g NN)=(XAK ) +H*D ¢ E=X{LL )} ) *SLOPE(NSy NN}
CONTINUE

RETURN

END

SUBROUTINE BALAUK NSTOT s INDSPSASEC yH,LENGTH, PRL,PR2 (PET, FREL,FI
# g ITCCRR,ITOCMDPAV L ITERMy ITCLy %, WSP, T 1SPAC)

. — ot {— L — . " oo, T o s 7. ] D O kD . 7 bt POl S il D W . T kB A .o, Mt ) o T L L o W i PO st~ o AR S A S R

1300
1001

399

1

O 0 N VW DO -

SUBRCUTINE BALA EVALUATES OUTLETY MASS FLOW RATES ANC TEMPERATURES

REAL LAM¢MI M2, MAV,LENGTHMAVCF o MAVL VAV2 ,KAFF R
DIVENSION WCFL{42),EPLL42),8042),DE(42),
TA{42), RHUAV{42),RHCL(42 ) XMEM(42),I1TIF{42)

CCMMCN/GEND/ ACHU3 ) /HEAG/NPINL42) 4 JJIROD(42,43) /GRID/CESPAC(424+3)
/CORR/SIGMAL42) 4PHI{42),SBMNS/LAMIND/ 12T IP(42,32)
JUJL/NER{42) yNIS(A42,3)/GENL/LAM(42) /GEN2/AZ(42)/CEN3/MIL42)
/GEN4/ TEMP (42 )/ GENS/OEZL42)/LAMIN3/FLIATIP{42),FIDTIP{42)
JIND3/NTYPU42)/M031/M2(42) /MCB2/UAVI4A2)/MCRB/TF{42)
/MOB4/ WCFL{42)/MOBS/TAVI42)/MDB6/VAVI42)/¥DB24/WT(42,3)
/MOB26 JRUAS(42)/TURL/CTURB{42,3)/HB3/TEMP2{42)/HEA3/QT{42)
FQPARL/QDEV/QPARZ2/QLINA,QLDEV/QPARI/PERL(3) /GRIDOG/EPS{42,3)
JGRIDT/PGNP{42,3)/CONC1/CCOND{42,3)/MART2/NNSST;NNSS2
/GRAV/IGRAV

® 6 % DO VPR O HEOBO S LD OOR DR OO OB LSO OE OG0 6 SO 00 PR D OO0 ODO D OB R DO SRS

AFPROXTIMATE METHOD FOR THE LAMINAR CALCULATICNS

TENFR=1

DD 10C1 NS=1,NSTOT

NP=NEININS)

D0 1CCC JJJ=1,NP

TFCI2TIPINS: JJJ) 2 EQsO o0ORe NTYPINSILEQ.LIGCTO 100C

IEAFR=2

CONTIAUE

CONTINUE

TF{NNSSL.NE-O «ANC, NNSS2.NEL.O BND. IENFRLEQ.Z2JCALL ENFRCO

DL 400 NS=L,NSTOT
RHOL{NS)=RHI{PRL, TEMP (NS}
NP=NPIN{NS)

THE FLOW AREAS ANC THE EQUIVALENY DIAMETERS ARE BASEL ON THE TIP
DIAMETER OF THE RODS IN THE CASE OF LAMINAR CALCULATIONS
ILTIPINS)=0 FOR TURBULENT FLGW; ILTIPI{ANS)=1 FOR LANMINAR FLOW

ILTIPINSY=D

A(NS)=AZINS) *FLIATIP(NS)
DE(NS)=NEZ(NSI*FLIDTIP(NS)

DO 35% JJJ=1,NP
TITIPINSI=ILITIP(NSI+I2TIPINS,JJ3)

DO 4CC M=1,3
HT!NS'M,_.-O‘
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400 CCKNTIMUE

C ® @ AP 05O B0 ED LS H S L VDB VLS OOV BDEOP O SO OO PO VD STPDOCO 6B S BTED OO OO PR ERO
C ITERATION ON THE RELAXATICN FACTCR {LOCP ITFREL)
C

CO 99G ITFREL=1,98

Ivia=1
C B & % A% DS O OO SHBOO PO SO L L0 DO SO OR 6D S VO VS OO LO LR DD O HBEE 0 OO CRDEEDDIDEE S
C CALCULATION OF THE PRESSURE LOSSES (LCCP ITCL)
C

NC 15 ITGL=1,7D
C ¥k EVALUATION OF CROSS=FLOW SCLUTI CNSH sk sdkoaoiorskdokok doror %o 4 4% % o ook b 4 odokolok
CALL CRFLLUITGL,DPAV,FRELyASECyNSTOT4AMI,DPyhCFyWCFL14EPL)
DC 1 AS=1,NSTOT
M2UINS )=MT(NS)-H*WCF(NS)
MAVINS)={M2(NS)+MI(NS))}*0D.5
TA(NS)=TEMP{NS)
1 CONTINUE
TFLITGL.GT.1  JAND. IVIALEQ.1)GDTD] 9

% 9 9D 8 69O T 8 SD DO L DDe PO OSSO H LR PR DS ETE ER O ST PO OON eSS DO OD DS

CALCULATION OF THE AVERAGE GAS TEMPERATURES (LOOP ITERM)

OO

N0 7 ITERM=1,20
DC 3 NS=1,NSTOY
THEX=C.
CCNEE=D.,
NI=NERINS)
ACHI=ACHINTYP(NS))
MAVI=FAVINSY*ACHI/AZINS)
DO 2 #=1,NI
J=NISINS M)
ACHZ2=ACH{NTYP{J})
MAV2=MAV {J ) %ACH2/AZ(J)
TFITAINS . LE.D:e <0Ra TAINS)WGT 3000 o0Re TA{J)eLE ol OR. TA(J)
*.GT.2CO0NIGOTT 302
WTINS MI=TME(PBT y MAVI MAV2,TAINS ), TALJ)» LAMINS )y LANM{J)ACHL4ACH2,
*CTURB(NS M} )
TFLIITIPINS) NELO DRy I1ITIPIJ)MNELCIWTINS M) =Co
TANSJU={TA(NS)IEMAVI+TA{J)}AMAV2 )/ {MAV] MRV 2)
CONFE=CONHE={TAINS)=TA{ J) ) %CCOND(NS, ¥) X (KAPPA{FPBRT, TAINS)) +KAPPA
*{PRT«TATUI )}
2 THEX=THEX—={TAINS)-TA(J) }*WTINS,M)I*CPL{PBT,TANSJ)
TFLITCL.GT L1)GOTO 101
CFHEX=C.
GOTO 1C2
171 CONTINUE
DO 303 LS=1,NSTAT
IF{M2{LS).LE.D.)GOTO 302
303 CONTINUE
CALL TMCFINS NI, TACFsMAVCF,MAVL])
TANSCF={TA(NS)*MAV1+TACFX*MAVCF)/ (MAV1+MAVCF)
CFHEX=WCF{NS)*{TAINS)-TACF)*CP(P3T 4 TANSCF)
102 TEMP2{NS)=TEMP (NS ) +H/ {MAV(NS)*CP(PBT s TAINSII )X {(QT{NSI*QDEV+QLINMX
*PERLINTYPINS))*AZ(NS)/ACHL*CLDEV )/ LENGTH4THEX+CFHEX+CONFKE)
PHIINS)=ITHEX+CFHEX+CONHE ) *H/AZ (NS)
TAVINS) ={M2INS)XTEMP2{NS)+MIINS )*TEMPINS ) ) #0 « 5/MAVINS)
3 CONTINUE
IF(ITCL.EQ.1)GOTO 9
DO 4 NS=1,NSTOY
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IFLABS(TAYV {NS)/TAINS)I-1e).GTo1eE-04)G0TC 5
CONTINUE

GOTD ¢

CONT INUE

NG 6 NS=1,NSTOT

TA{NS)I=TAV(NS)

CONT TANUE

B eSO RSN eSS DO PO LD O S0 PBOO DOODED RN E PO AP D S D LD DR VOO S GEAN NSO S DEOWEe S

END OF LOOP ITERM

WRITE{As8)ITGL,ITCORR, (TAVINS) 4 NS=1L4NSTET)
FORMAT( 5Xy ¢ CHANNEL CALCULATION STOPS IN LOOF ITERM AT [TGL=

$Py1649/5X 4P ITCORR=Y 415/ 5X ' TEMPERATURES='/{8FE15.5))

RETURN 1

CALCULATION OF PRESSURE LOSSES FCR CHAMNELS

CONTINMUF

DO 10 NS=1,N5TaT

RHC AV INS }=RHO{PBT,TAVINS))

UAVINS)=MAV(NS)/ (A{NS)¥RHCAVINS))

DPAV=C.

SMA=0,

DO 12 NS=1,NSTOT

T¥CEX=0.

NI=NER(NS)

ACR1I=ACHINTYP{NS))

DC 11 M=1,NI

J=ENTS{INS M)}

TMOEX=TMOEX-{UAVINS)-UAVIJ) ) =dT (NS, M)

CTCATINUE

TMOEX=FTXTMOEX/A{NS) *H

TF{ITCLLGT.1)G0OTC 103

CFMOE X=0.

GOTO 104

UCFAV=UAINSyNT,ACHL,1)

CFMOEX={2.,%¥UAVINS)-UCFAVI¥WCF{NS)}/A{NS) *H

CONT INUE

XMEMINS) =LAM{INS) *H/ {2 *NDE{NSI*RHCAV{NS})

RE=MAVINS }X¥DE{NS) /(A(NS)*ETA(PBT, TAV(NS)))

TFUINDSPLEQe2Y XMEMINS)=XMEMINS )+ (CSPACINS, T1SPAC)+CSPDPF{EPSINS,I1
*SPAC) sy DECNS) LAMINS) yWSPyPGDPINS,TLSPAC) yREWNTYPINE)))/RHCAVINS)
DPINS I =XX*k{-(MAVINS)/AUNS ) ) A#2%{ XMEMINS]) ~{RHO{PR2, TEMP2{NS}}-RHCO1{

*NS)) /RHOAVINS ) *%2 ) +TMOE X+ CFNOEX+ IGRAVXRHOAV NS )1%*980 665%H)

DPAV=CPAV+DP (NS ) *MI{NS})
SVA=SMA+MI INS)

CONT INUF

NPAV=CPAY/SMA

B O S E OSSP DO BEAB SRS 0SS NEE R OO0 RS DO O T BP SOV OB O T O IO E SO SORe

TEST CF CONVERGENCE FOR THE CHANNEL PRESSURE LOSSES

DO 14 NS=1,NSTOT

[FUABRSIDP(NS )/DPAV=-1.)GT o 1.E-02)GOTO 15

IF{ABS{DP{NS) /DPAV=1,).GTe1l.E-03 AND. ITGLLLT.40)CCYO 15
CONT INUE

TF(IVIA.EQ.2)GOTQO 17

NO 301 NS=1,NSTOT

TFIM2INS).LELDL.IGOTD 302

CONTINUE
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IVIA=2
CCNTINUE

END C€F LOOP ITGL

CONTINUE
AIT=1TFREL
FREL=1.-A1T%0.01
CONT INUE

® 8 S0 8 0T Y BTY BB DO ROPE LD ORD DRSO LR O ROD IO VDPR SO EL D RSO B OE DSOS e

END CF LOOP ITFREL

WRITELALLIG6)ITCORR, (DPINS) yNS=1NSTOT } (MAVINS)4NS=1,NSTOT) s{ TAV{NS
*) yNS=1,NSTOT)

FORMAT(// 5X,*CHANNEL CALCULATION STOPS IN LQCP ITCL AT ITCORR=
*15/5X%, *PRESSURE LOSSESy AVERAGE MASSES, AVERACE TEMPERATURES: Y/
*{3E15.51))

RETURN 1

CONTRIBUTIONS OF CRUSS-FLOW, TURBULENT MIXING AND DENSITY

TO THE PRESSURE DRCPS OF THE CHARNNELS {SICGMA)

CCANTINUE

SBMNS=C.

NO 21 NS=1,NSTAT

RUAS (NS) =MAV (NS) %SQRT{LAMINS I XD .125)/AZINS ) *ACHINTYP(NS))
BMNS=SOQRT(ABS(DPAV) /{ XX*XMEMINS))) *A(NS)

SIGMA(NS )={(MAVINS})-BMNS }/AZ(NS)

SBMNS=SOMNS+3MNS

CONTINUE

RETURA

END

FUNCT ICN BET AF{P,W, ZWC)

- - . | T — —— - — . — {——— T . e (D o ———— " - — T L ——— T —- i o7 o, .

BETAF FVALUATES THE PARAMETER BETA FOR THE OETERMIMATICN OF THE
SFPARATION LINE DEFINING THE TWC PORTICNS OF THE W2LL SUBCHANNELS
IN THE LAMINAR CALCULATIONS

THE FCLLOWING EQUATION IS EXACTLY VALID AT ZIWC=0, 1.2<P/DyW/D<1.5}

BETAF={ 3.77165-2,0795%P}+{—-1.71685+1.2135%P}%h
RETURN
END

SUBRDUTINE CEWA{K NS, IRHy PROV,PBsRHy AA; DD, GG, AML,DETOTyHL,ALFA,
X1 ¢ JJIyHsPRL,PR2 sSCDPG,AMT 3 TT,0DCD, TESSURL,ITYP, 1Ty FFLUSLy HPLUS 2,
HTIEsSIGHMAPHI s 3Dy THILTILC)

e o — S T — - —— " - — o 1 T W " " s A TS Sl e M A e N i i it A o A . WD S ot il NV e s . . "

SUBROUTINE CEWA EVALUATES FRICTICN FACTCRS AND AFPFRUXIMATE
VALUES OF MASS FLOW RATES ANC TEMPERATURE FOR ‘CENTRAL-TYPE® SUB-
SUBCHANNELS ( CENTRAL AND WALL CHANNELS ).

REAL LAMI(KI ,KAPPA,NUI



-239-

COMMCN/GRID2/YY(1C0,42,3) /HEAS/QCL42 4,3)/CAT/PIG/MART/ITCORR

i /QPAR1/QDEV/COLAML/COLAMB/ SUB22/TH (42, 3)

C

TECIRFLEQLL)GDTH 10GC
C
C IN THE CASE OF SMOCTH RODS SINGLE VALUES OF THE SUE-SUBCHANNEL
C PIN TEMPERATURES ARE NOT COMPUTED

R1=0%0.5

RO=0,E%SQRT{D**2+DD*D)

FACHE=TISIR]1,RO, IRH)

RIDRC=R1/RO

Y PNH={RO-R1}/RH
c

1000 CONTINUE
QRCD=CGINS ,JJJ ) *QDEV
Q=QRCC*ALFA/{2.%PIG)*H]
QA=QROD/SUR

TI=TIE
C LA I B L B BN R R B BN I AR R IR IR B RE I 2R 3R BF I I BE B BN BE BE RS NE NN B BN BN I NN BERE B R BRI BV R B B N RE NE R B N N BE N BE BRI BE BN BN IR I 3
C THE TTERATIAN PROCEDURE STARTS ASSUMING UNIFORM MASS—FLOW
C DISTRIBUTION
C

DO 10 ITW=1,10
C

D3 4 17T=1,5)

DELTAT={Q+PHI*AA)/ [AML%CP(PB,TI))

TI=TIE#D.5%DELTAT

FYAT=ETA(PRB,TI)

RHOI=RHD(PB, TI)

REI=AMLI*DD/ {AA%XETATL)

ETATW=ETA(PR ,THI)

PHOIW=RHO{PB,TWI)

REIW={ETAT*RHOIW )/ (FTAIWXRECI)*RET

TF(IT.EQel JAND, T1TW.EQ.L) GOTO 32
C L A N R N N N R LR R T I O N R N I N R I O A A I I A I
C AFTER 1.ST YTERATION FRICTICN FACTCRS ARE EVALUATEL FROM THE
C VALUES OBTAINED IN THE PRECEEDING ITERATIGN
C

IFIREI.GTeDe oAND. SQ3LIGT.0.)GCTC 700
1001 WRITE(63699)NS,JJJIy14RET,SQBLI
699 FORMAT{//5Xy *NS=" 3 15,5X,"M=%,12,5X,* 1=, 13/5X,*RE=",E15.5,5X, 'SQRT
*(B8/LAMBDA}="4E15.5)
RETURN 1
700 CONTINUE
[FIIRELEQL2IGOTD 1
SQE8LT=2.5%ALAOGIREI/SQBLIN+5.5-GG
GnTn 3
1 TFISQBLTI.LE.D.)IGOTO 1301
HPLUSB=RH/DD*RET /SQ3LI
HPLUSW=HPLUS BX*REIW/REI
GCYC 21
1.ST ITERATION: FRICTION FACTORS ARE EVALUATED BY MEANS DOF THE
FEQUATION (LAMBDAI®*RHCI*UI*%2/D01) = (LAMBCAXRHC*UX*2/LC) TaT.

OO D

30 TF{IRK.EQ.2)G0OTH 2
SQBLI=2.5%ALOG{PROV/ETAI*SQRT{(DD/DETCT)**3%*RHOI)} ) +5.5-6GG

GGCTC 3
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HPLUSB=RH/DETOT*PROV/ETATXSQKT{ECD/DETOT*RECT)
HPLUSW=RH/DETOT*PROV/ETATWXSQRT(DD/DETCT*RHOI W)

CONTINUE

OPLUS=QAXAA/ (AM1*(TE+273, 1€)*CP(PB, TI))
RHPL=RHPLUS{HPLUSB,yTWI, TE,QPLUSy HPLUSWsT1,YDH)
SQALI=2. 5%ALOG(DD /RH} +RHPL~GH
LAMTI=8./SQ8L [ %%2%C0O{L AMB
SSS=AA/SQRTULAMINH/ {2 . RHCGIXDNOY )
AM2=SSSHSQDPG+STIGMAXAA

IF{IT.FEQel «ANDs ITW.EQ.L}IGCTO 50
TFCABRS{PLAMI/LAMI-1.).LE.1.E-04)G0OTO £
PLEMI=PLAMI

AM3=AN]

PLAMI=LAM]

AMI=AM2

B & 858 508 80 DT TS O RV RBE RO LD R D OO OO DPE O RDE SO OD LD ED O E OSERERES S B SO

END OF LCOP IT

WRITE(£95)1,NSyKy ITW, ITCORR,AA, DOy ALFA,LAMIPLANML ,AM3,AN2 ,T1,TIE,
LTHT yPHI ,STGMA

FORMAT(1HLy 5X, "CALCULATICN STOPS: IT=1C FCR SUBCH.",13,2X," (CFANNE
NRo ¥y 142Xy *AXTAL SECTION NR."3I1347) %y 2X, * ITW=",12,2X,* [TCORR=",

RETURN 1

TFIQQINSyJJI)elELL1F~-06)GOTL 12
IF{IRFLEQ.1)GOTA 13

OO R H O B ERDSOOLEODC OB DO ODS DTS LY PR DB RS BE VDD ONDS S EIBe S OO RN DO eSS

ITERATION TO FIND ROD TEMPERATURE FOR THE ROUGH PARTY

KI=KAFPAIPB,TI)

PRI=ETAIXCP{PR,TI}/KI

CALL RNUIHPLUSW, TWI,LAMI,REIyPRIZTIo,YOF,RICRO»0us 1o sRFIW,YYI KGNS,
1 JJJV e NUT,GHPL)

ALFAI=NUIXKI/DD®FALHE

TIw=TI+QA/ALFA]

TF(ABSITIW/TAI-1. ) LELLL.E-CAIGNTCY2

THI=TIw

END CF LOOP ITW

WRITE(E, 1)1 4+JJJ9NS
FORMAT { 5Xy "CALCULAT JON STOPS: ITW=10 FCR SUBCH..?',13,2X, *{M=?,

*IZ,Z)‘,'NSz"ISy‘ ")

RETIRN 1
TWI=TWINS,JJJ)

AMT=ANT+AM?
TT=TT4TI*AM2
DCEC=CLCOD#5SS
TF{IRF.EQe. 1) RETURN

HPLUSTI=HPLUSL+HPLUSR*AA
HPLUS 2=HPLUS 2+HP L USW*AA
RETURA
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END

SUBROUTINE C NACU(N NNy NTYP,ALFA D, X3AT,DET, NFLGW,ATCT,ARFA CEq¢ME)
SUBRCUTINE CEwACD EVALUATES GEOMETRICAL PARAMETERS AND INLET MASS
FLOW RATES FOR '"CENTRAL-TYPE* ANLC CORNER SUP-SUBCHANNFLS.

REAL MFLOW,ME
DIMENSTON ARFAINN),DE(NN),ME{NN)
COMMCN/CENL/G{45) /ANGL/RR2{30) yALF12(30) /ANG2/PER(20)
PERCC=ALFA%D%D .5
ARRQOD=PERND% O, 25%N
E1=0.
N0 3 I=1,NN
Al=1
F2=X*TAN{ALFA%AL}
DELTAE=E2-F1
AREA{T1)=X®¥DELTAE*0,5-ARROD
NE({1)=4.%AREA(I)/PEROD
IFINTYP.EQ.3)60TO 1
FPS=SORT(1.+DE(T)/D)
G{I)=GSTAR{EPS)
GNTO 2
1 PER({I)=DFLTAE
RR2{I)=SORT{ N %2 +CE{ 1)%D)*0.5
ALF12{1)=D%D.5/RR2{ 1)
NE(1)=4*AREA{1)/ {PERCD4PER(I))
2 CONTINUF
ME(T) =MFLOWXAREA(I)/ATOT
3 Fl=E2
IF{INTYP.FQ.3)GUTD &
WRITE{H,4)
4 FORMAT(//7/7/71300v%%)//77//
* 5X, "GEOMETRY OF CENTRAL CHANNELS {REFERENCE 7O 1/69%//)
601N 7
5 WRITEL6,6)
6 FORMATI////1300Y%*)/ /775X,  GEOMETRY OF ANGULAR CHANMNELS {REFERENCE
x TD 1/21%77)
7 CCNTINUE
WRITE(6,B)ATDET
8 FORMAT(5X, *TOTAL FLOW AREA=',F5,2,1X,*SQCM*,5X,* TOTAL EQUIVALENT D
XTAMETER=® yF4,1,1X,'CM?/ /)
WRITE(£,9)
9 FORMAT(SX,'SECTION NR." y5X, 'FLOW AREA (SQCM)*,4X, 'EQUIV. DIAMETER(
*CM) Y /)
WRITE(6y 1011, AREALTI),DELT)I=1,N)
10 FORMAT{TX I3 ,15X,FTe5517XsF5.3)
RETURN
FNE €

SUBRCUTINE CFL{X14X2sY1sY2,CPL,CP2yITVIA,XYT,YT)

A~ —— D (ot ] o T O D O M T D o T D i T . D O W n A i AT D e Yt e o WD g il A M o T AT . Tt A A i M D . it W A D0 o 2 oo .

CF1 IS USED IN THE CALCULATION OF THE AVERAGE CRUSS-FLOW TEMPERA=
TURES AND VELOCITIES
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XYT=X1*Y1#X2%Y2+XYT
YT=Yl+Y2+YT

RETURN

ENC

SUBROUTINE CONNIJUNSTR¢NSTCT,NRCVA,NSEL)

CCNNIJ EVALUATES FfJR EACH CHANNEL I THE NUMBER NER(I) Of
INTERACTIONS WITH OTHER CHANNELS J AND WHICH CHANMELS INTERACT
WITH 1.

COMMCN/ INDL/NROW (42) s NUMS{42)/IND2/NOTI3,1E8)/IND3/NTIYP(42)
1 /IND&/NUM3(3) yNUMO(3 ) 4NUMLI2{3) 4NUMLB(3),NUM24(3),NUM3C(2),
2 NUM36(3)/TJL/NER(42) yNIS(42,3)

NAN=NRCMA+2

NBN=1

NCN==-1

DO 43 NS=1,NSTOT
NRO=NROW{NS)
NUNM=KUMS {NS)
NUMA3=NUM3(NRD)
NUMAB=NUMH{NRO)
NUMAL12=NUML2 {NRD)
NUMA 18=NUM1R{NR])}
NUMAZ2 & =NUM24 (NRO}
NUMAZC=NUM3D(NRDO)
NUMA3E=NUM36(NRD)
IFINSGTNSTRIGOTC 29
IF(NUMGTLLIGOTO 5
TFINSEL-2)14244%

1 NEFR{NS)=3
NIS{NS+31=NOT{NRG,NUMA3E)
GOTC 2

2 NER(NS)=2

3 NISINS,1}=NS¢l
60710 13

4 IF{NRC.GT.1)GOTO 2
NER(1}=1
NIS{1,1)=3
GUTC 43

5 IF{NSEL-2)b8,7,8

6 NUMSP=NUMA35%

GCIC S

7 NUMSP=NUMALSR
GOTQ ¢

8 NUMSP=NUMA3

9 JFINUMLEQ.NUMSP)GOTO 10
NER{AS) =3
NISINSy 31=NS+]L
GOTC 12

10 IFINSFL.EQ.1)GOTO 11
NER(NSI=2
GCYC 12

11 NER{NSI=3
NIS (NS 3 )=NOT(NRD, 1)



12
13

14

15

16

17

18
19

21

22

23

24

25

26

27

28

29

39
31

32
33

NIS{NSs1)=NS~1

TFINUMGT NUMAGYGOTO 14
NANM=NUM

GCTIC 16
TFINUMGTNUMALZ2IGOTO 15
NANM=NUN=-NUMAS

GO1Nn 1S

TF{NUN.GT NUMALB)GOTO 16
NAM=NUM~-NUMAL2

GOTO 16
TFINUMGT.NUMAR4)GCTC 17
NAM=NUM-NUMA1S8

GOTD 19
IF{ANUNGTONUMARD)GOTO L8
NAM=NUM-NUMA 24

GOTC 19

NAM=NLM-NUMA 30

TFINAF EQo INAM/ 2%2))GOTO
Ti=1
TFINRC.EQ.NRIMAIGNTO 20
12=1

12=0

GCTC 22

12=2

[3=1

cavo 22

I'l=~-1

12=1

13=9

NROL1=NRO+I1

IF(NUNLGT JNUMALIGOTO 23
NUNMA={NUM+T1)/12+13

GOTN 2€

TFINUMJGT NUMAL2 ) CGOTC 24
NUMA={NUM+T1-NUMAK) /12
GOTO 28
IF{NUNLGTLNUMALB)YGCTC 25
NUMA={NUM+T1-NUMA 12) /12
GoTC 28
TFINUNMGTLNUMAR L) GOTE 26
NUMA=(NUM+T1-NUMALB)}/I2
G010 28

IFINUMLGT JNUMAZD)IGOTO 27
NUNA=(NIMeT1-NUMA24)/ 12
G070 28

NUMA= (NUM+T1-NUMA3ZC)Y/ 12
NIS{NS,2)=NOTINROL sNUMA)
GOTN 43

TRINUV.GTL1)GOTO 22
TFINSEL.FQ.1)G3T0 30
NER{NS)=1

GNT0 31

NER{NS)=2
MISINS,2)=NSTOT
NISINS,1)=NS+1

GNTO 43
IF{NSEL-2)33,34,40C
NUMSP=NUMA36

GOTO 35

~243~
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+NUMBINRAOL)

+NUM12(NRO1)

+NUM1B(NRO 1)

+NUM24 {NRO1)

+NUM3D{NRO 1)
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34
35
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39

49
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42

43

200
109
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NUMSPE=NUMALS
TF{NUM.EQ.NUMSP}GOTD 37
NIS{NS,1)=NS+1
NISINS,2)=NS~1
IFINUMEQ.NANIGDTO 36
NER{NES)=3

NUMA= {NUM-NBN) *2+NCN
NISTNS 3 1=NOTINRD-1 s NUMA)
GOTO <¢3

NER(NS)=2

NAN=NAN+NRQO

NBN=NBN+NRO
NCN=NCN+2XNROMA-]

GOTO 43

TFI{NSELL.EQ.1)G0TU 38
NER{MNSI=1

GOTO 39

NERINS}I=2

NISINS,y 2)=NATI{NRG, 1}
NISINS,y1)=NS~-1

GOTO 43
TFINUMJEQ.NUMAB)IGOTO 41
NER{ANS) =3

NIS{NSy3)=NS+1

GOTC 42

NER{NE)=2

NIS{NS,1})=NS-1

NUMA= {NUM~1) %21

NISINS, 2)=NOTINRO~-1,NUMA)
CCNTINUE

DO 1C0C  NS=L,NSTOT
NI=NERI(NS)
WRITEL642DDI NSy NTYPINS) y{NISINS ¥} 4M=1,NI)
FORMATISX, *NS=%, 125X, P TYPE=2,1145X, "CHARNKNELS CCNNECTELz:? ,315)
CONTINUE

RETURN

END

SUBRCLTINE CORRTE(TW,TB,PBy NSy ¥y I, EIOT,TWINF)
CORRTE CORRECTS THE COMPUTEC TEMPERATURES FOR THE RBIOY EFFECT AND
THE PCSITION DOF THE THERNMCOCCUPLE INSICE THE CANNINC

COMNMCA/TROSMO/IRH/BICE/ IBICE/CORRE/QHRCAR,, QRMD AR, QLAMR/LAMINC/
127IP{42,3)

REAL KMET,KINF,KAPPA

TWINF=TH

TF{IRKHLEQL1IGAT) 100

ONLY FOR ROUGHENED RODS
TFCI2TIPINS, M) NE.L)GOTO 9

I ENERENNYERNNENNENIIIRINIE RN BN NEENIENNIENEEREERENNEREIRERN®EI®RJIEENZERENRERENESSES IS

FOR RCUGHENED RODS AND LAMINAR FLOMW

Th=Th+QLAMR/KAPPA(PB,TH)
GOTH 129
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C L2 BRI B AR K N B JE 2E 2% BN IR O BE BN IR R Bk BF B B R IR IR BN BN BN IE BN BN BN IR IR NN BN N RE N RE I BE IR NN NE N NN N CNE BN CNE N I RN ML N WE-RN O B NN NN N
C FOR ROUGHENED RODS AND TURBULENY FLGW
C
9 TWEI=TWINF
DTWINF=TW-TB
DO 10 IT=1,10
TWP=Tk
IF(IBIDE.FQe 1} TWBI=TK
BIOT=CHRDAR/ {({TWBI -TB) *KMET{TWBI})
TW=DTWINF/KINF{BICT)+TB
IF{ABSITWP /TW-1.)LF.1.E-04)GOT0 13
10 CCNTINUE
WRITE(Oy12INS oMy I BICTy TWP4TH
12 FCRMAT {IHL5X, *CALCULATION STUPS IN SUBROUTINE CORRBI:z NS=1,15,°* M
=0 1247 1= 13/5X,'BI0T="4E15.5,5Xs " TWP=2 4 E15.545X,*TW=1,F15,.5)
sSTop
C
13 IF{QRMDARLE.L.FE-06)THW=DTWINF/EINF{RICT)+T8
C ® 8 0 5 5B ORI SO LD SO OOHO PO OCBD S DO SIS O LR LD DY L DTODS IO NS PO LSO D
C FCR SKMCOTH AND ROUGHENEL RCCS, TURBULENT AND LAMINAR FLOW
C
100 TW=TKHCTEP(QRMDAR, TW)
RETURN
END
FUNCTION CP{P, T}
C ______________________________________________________________________
C FUNCTION CP EVALUATES THE SPECIFIC HEAT OF THE COCLARNT (CAL/G K)
C
C CASE OF HELIUM COOLANT
C
CP=1.242
RETURN
END
SUBROUTINE CRFLI(ITOL,DPJIAY FREL JAIT s INAX 2 AT MIDRIWCFJ,WEFLJ,
*EPLY)
C _____________________________________________________________________
C CRFL1 EVALUATES THE CPHSS FLOW QPLUTILNS
C
REAL MJ
DIMENSTON AJ{JAAX )y MICIMAX ), DPILIMAX ), WCFJUIMAX) y WCFIJUIMAX)
*EPLJ(IMAX)
IFCITCL-231,3,5
C DR DS ODP D BO SO E DO ST IEN DD D PSS DS DS DD B D TS BT SRS S EDDOD O BDD OIS
C FIRST ITERATION : ASSUMED WCFJ(J)=0
C

1 CONTINUE
PO 2 J=1sJMAX

WCFJ(J)=0,
2 WCF1J1J)=0.
RETURN

C D O G 0 ODOLE D DO O VOO L S DD OSSOSO OSD OO RN BN OSSOV O LD S DO L B TE NSO OOV S CED e 9
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SECOND ITERATION : ASSUMED WCFJ{J)=-0.5%{DFJ{J)-DPJ AV)*
MJlLJ)/DPJILI)

CONT INUE

WCFJT=0.

DO 4 J=1,JMAX

EPLJ (I )=DPJL J}-DPIAV

WCFJ{J) ==0.5%EPLJINI®*MI(J)/CPILI)
WCFJT=WCFIT+WCFILJ)

GeIn 7

CONTINUE

PO ORI O OO DD OO D POE OB ODDDOPO PO D OD D PED DD BT BDODY O DOEED OO L RO SV OE O

ITGL>Z: WCFJ{J) ARE OBTAINELC BY USE OF THE TANGENT VMETHOD

HWHCFJT=0.

DC 6 J=1,JMAX

EPJ=DPJ (I I-DPJAY

IF(ABS{EPLILJI-EPJI LT 1.E~-201G0DTD 6

WCFJP=WCFJ(J)

WCFJ(J)=WCFIP-FREL*EPJ* (WCFJIP—-WCFLJIIJ))/{EPJ-EPLI(J))
WCF1J{J)=HCFJP

EPL1J(J)=EPJ

WCFIT=WCFJT +WCFJI(J)

CONTINUE

B D0 60 0HRPBES DS PO NOO O PO SSEN OO ETE PO EE 0P DO SESE S0 ERE S S0 O SR RO W

NORMALIZATION OF THE WCF{J}: THEIR SUMMATICN MUST BE =C

WCFJT=WCFRIT/ AJTY

DO B8 J=1,JMAX
WCFJ{JI=WCFI(JI)I-WCFIT*A I J)
RETURN

END

FUNCT ICN CSFUN(IRH,REAT,SQBLIA,SQSLIB,GA}

L S — . o W .l . Sl e i A T i S o o S~ " D T — Vo > S o W D AL M o T M T " S A AT — T — - A D s o S D P T >

CSFUN COMPUTES THE FACTOR CS=AS/2.5% FOR THE VELOCITY PRCFILE
IN THE ZONES QUTSIDE THE TAU=0 LINE {IN THE CASE OFf SMOOTH
RONS CSFUN=1)

COMMON/COLAMZ2/COLAMA

IF{IRF.EQ.2)GOTD 1

CSFUN=l.

RETURN

PROV=SQRT (1.056+0.0C5*{ SQBLIA/SQBLIB)**2)
SQBLIA=ABSI{SQABLIA)

SQBLIA={2.5%ALOG(REATI/{ SQ8L IA%PROV)}) +5,5%COLAMA-5, €SS} /PRCV
SQ8LTA=ABS(SQBLIA)

CSFUN={SQ8LIA-5,5%COLAMA} 7{2.5*ALOGIREATI/SCBLIA}-GA)
RETURN

FAD

SUBROUT INE DDONNE(TWO,TBT,GHPL,RODR24RIDR2yYDH ,R2MRCE,FF4T2,T1,TE)

L s o2 — A "y o . o el o s i o AR e O VS ki il A D AR D s S e VLD A N i S Sl A D M <l A ek e Al A D s sl S R A, A D Sl D S M MBS T S
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DDONNE EVALUATES THE TEMPERATURES T1 AND T2 OF THE TWO REGIONS OF
CORNER CHANNELS AND OF THE *®*WALL PART® OF WALL SUBCKANNELS

RODRZ2Z=RODR 2%% 2

RIDR22=R1DR2%%2

F1=1.-R0ODR22

F2=1.-R1DR 22

F3=ROCR22-R1DR22
VT2=TWO-FFX{(GHPL+2. 5/F X (F2¥ALOG(YDH+R2VROH )-F3*ALCCIYDH)-0.5%(1 .+

+2 % R1CR2-RODR22-2.*R1OCR2*ROLR2) ) )

TI1=F2/F3%TRT-F1/F3%T2
IF{T1.GE.TE JAND. T2.GE .TEIRETURN

T2=TE
TI=F27F3%TBT~-FL/F3%T2
RETURN

END

FUNCTION DSPDPFUEPS,DEy LAMBCA,WSPyPGLP,RF, ITYP)

—————— - — " — - — - T i A R AT A S D W e e A e A — S M M > — " D ——— W A - — o

DSPOPF EVALUATES THE FACTOR TAKING THE LARCER DISTRIBUTED PRESSURE
LOSSES IN THE SPACER INTC ACCOUNT

VERSICN FOR THE EXAGCNAL BUNDLES
COMMCN/ TROSMO/7 IRH/CVREH/ACVS{3j4ACVRI{3)
REAL LAMBDA

RF=ABS{RE)

PROV=-GRIFUNI{EPS)

IFUIRFL.EQ.1)GOTO 100

® 0BS5S HBE S S SN LSS DSOS S S CTOEDH DD OD OO RS PR EE TR REE EEDESHSOe DS O OES

FOR SPACERS IN AXIAL SECTIOANS WITH RCUCHENET RCDS

CYR=ACVR (1 )+ACVRI2 )/ REX*ALVR{3)
NSPDPF=PROV+CVR %0, 5%E PS*k*x?2
RETURN

B8P D E S S D S B CE DD E O DO E DD GO L RSN OD D ON RS BE OO PN S LN BE O PDOO SO 0SS ODCS S

FOR SPACERS IN AXIAL SECTIONS KITH SNMGCTH RODS

130 CONTINUE

CVS=ACVS{1)+ACVS(2)/REX*ACVS( 3)
DSEDPF=PROV+CVS *D,5%EPS*%2
RETURN

END

FUNCTION EINF(BI0T)
EINF EVALUATES THE E INFINITE VALUE

——— o —— - — o =~ bt} Wi T " o "> o e T A kI D Ay i N D S D A . " s VT Nl D MY P D AT . 7D A D A S D Y

COMMCN/BIDAT1/B14,B815,816,817,BI8,BIG,E110
IF{BICT.GT.BI4)G0OT0 1
FINF=BIS+BIA*RINT+BIT*BI0T*%2

RETURN
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EINF=RI8+BIO*BIOT+BI10%BICT¥%2
RETURN
END

SLBROLTINE ENFRCO
ENFRCC CPVPUTFS AN AVFRAGF CAMMA VALUE FOR THE LAMINAR
CALCULATIONS IF WALL AND CCRNER CHANNELS ARE CCMPUTELC TCOGETHER

REAL LAM,LAMSCH, LAMKC

COMMON/MARTS/NSTR
COMMON/SURS/LAMSCH{42,3 )/ GENL/LAMI42 )/ GEN2/AL42)/GENS/DE(42)
1 /LAMINL/AKAPPA(42) /LANIN2/FATIP(3) ,FDTIP(3)/ INC3/NTYP(42)
2 JMART2/NS1yNS2/HEAG/NPIN(42) 4 JPIN(42,3) /GAMCC/CGAMMAL18)
3 JWCSE3 /LAMWC (18,2 42)

P=0.

PP=0.

DO 1C0 NS=NS1,NS2

ITYP=NTYP(NS )
ADDK=2(NS)*FATIP L ITYP )% (DE(NS)¥FDTIP(ITYP))**x2/AKAPFAINS)
P=P+ACDK

PP=PP+ADDK/CGAMMA {NS=NSTR)

P=P/PP

DO 120 NS=NS1,NS2

ITYP=NTYP(NS)

PDCG=P/CGAMMA{NS=NSTR)

LAMINS }=LAM(NS } *PLCG

NP=NPIN{NS)

DO 12C M=1,NP

LAMSCHINS ¢ M) =LAMSCHINS, M) *PLCG

IF(ITYP.EQ.3)60T0 120

DO 11C JWC=1,2

LAMWC {NS=NSTR, 4, JKC) =LAMWC ({NS=NSTR, M, JWCI*PDCL

CONT INUE

RETURN

END

SUBROUT INE EVTRFR{K Iy ITYPyRLyROGR2yNSy I TT9JJJsDEAyMyP,TBLAMLAM)
ENTRFR COMPUTES THE GAMMA FACTORS TO CORRECT THE FRICTION FACTCRS
IN THF HYDRODYNAMIC ENTRANCE REGION

REAL NM,LAMLAM

COMMON/GRID3/X{LOQ) /RETEM/TNY/LAMINL/AKAPPB{42)/GAMCC/CGAMMA({18)
1 /ENTRL/CKAPPAL2) 4DEAL2) ,GAMMAL2) ,WGAMMA(2) ,AL/HEAB/NPINL42),
2 JPIN(42,3)

RE=MXDE/{AXRHO(P,TB) ) *RHO(P,TNY)} /ETA(P,TNY)

TF{ITYP.EQel DR ToFQe2)CALL NEWTON{RGO,R14R2)

RIDR2=R1/R2

ROBRI=RC/R1

DEA{T}=2.%(R2-R1)

CKAPPA(T)=FKAPPA{RIDR2)

DKAPFA=AKAPPA(NS )
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IF(IEQ.2)IDKAPPA= GKAPPA(RODR]Y)
REA=RE*DEA( 1) /DE

IFCITYP.EQel «0R. I.EQe2)REA=REAXDKAPPA/CKAPPA{I)X(CEA(TI)/CE)*%3
PHID X=4. /{DEA(I) %REA)

PHIALI=PHTIDX%®X{K)

PHIAZ2=PHIDX*X{K+1)

AKA 1=AKA{RIDR2,PHIAL)

ARAZ=AKA{RLIDR2,PHIAZ)
GAMMA(I)=1.+4,/CKAPPA(] )% {AKA2-AKAL)/(FKIA2-PHIAL}
IFLITYPLEQ.2)GOTD 10

LAMLAN=LAMLAMKGAMNMALL)

IFCTITYPL.EQL3)CGAMMALTIIY )=GAVMMAL(L)

RETURN

T E BB RDO O DDEOOOD D OO VT L SO OO VDO OF DO DO LH SOV BORE 0 CEDODDE D OO0 Y SO S

ONLY FOR THE WALL SUBCHANNELS

Al=A

IF(T.EQ.1IRETURN
Cl=A1*DEA{1)*%2/CKAPPA{1L)
C2=A%DEX**2/DKAPPA
WOGAMMALIJJ)=(CL+C2)}/{CL/GAMMA{ 1) +C 2/ GAMMAL 2} )
LAMPAN=LAMLAMRWGAMMALJ] J)
TFCJJI-LT NP IN{NS}IRETURN
CGAMMRA{IIT)=D.

NP=NPININS)

DD 20 JJ=1,NP
CGAMMAM{TTI)=CGAMMA{TII) +WGANMMALIJ)
COAMMA(LTITII)=COGAMMA{ITIT) /FLOAT(NP)
RETURA

END

FUNCTICN ETAL(P,T)

—— D 7 i L i S T T 100y D T oo LS e R W P s W e R e o D M o i e e LM o A WD e o s N R i s i e s Pt S . R . A e i

ETA FVALUATES THE DYNAMIC VISCOSITY OF THE COOLANT {G/CH¥ S}
CASE CF HELIUM COOLANT

ETA=18.84E-05%{(T+273.16)/273.16)%%#0.66
RETURN
ENC

FUNCTION EXPCLIT)
EXPCL CGMPUTFS THE EXPANSICAN CGEFFICIENTS FOR THE (CRRECTICN OF
THE CGEOMETRICAL DIMENSIONS CF THE LINER

COMMCN/EXDATL/EX4UT) JEXSUT) yEX6(T7)/INPRR/IPA
EXPCL=EX4{IPA)+EXSUIPA)*THEXH({IPA) ¥TH%2
RETURN

END
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FUNCTIDON EXPCO(T)
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EXPCC COMPUTES THE EXPANSICN COEFFICIENTS FOR THE CCRRECTICN CF TFW
GEOMETRICAL DIMENSIONS OF THE RCDS

COMMON/EXDAT/ EXI(TIZEX2(7),EX3{7) /INPAR/IPA
EXPCO=EXLUIPA)+EX2(TIPA)XTH+EXI{IPA)XT %%2
RFTURN

END

FUNCTION FKAPPA[R)

FKAPPA EVALUATES THE KAPPA VALUES FOR THE CORNER CHANNELS ANC THE
WALL FORTINON OF THE WALL SUBCHANMELS { VALIDITY FCF COURNER CHANNE-
LS 1.2< W/ D <1.5})

FKAPPA=62.146%{( 1 oe~R}I¥%2/( 1 +R*¥%2+{ 1.,-R**x2) /ALCG(R})
RETURN
END

FUNCTION FADEVIAy NsX 14X 2)
FQDEV INTEGRATES THE PROFILES OF POWER

DIMENSION A(N)

FQOFV=0.

X1AI=C.

DO 1C I=1,4N

Al=1

IFIX1eGTo0a ) XIAT=X1X%A]
FCDEV=FQOEV+A( T} *(X2¥*AI-X1AT)
RETURN

END

FUNCTION GHPLUS{HPLUSW,TW,TBT,PRyYDHyREW,R2MROH)

I ——— —— T — 3 il i i o D S it S S A O U e Y e M A A S D . S Sl e v S A Ol D D AT D Tl T o O o S o o — - " {2

GHPLUS EVALUATES THE FUNCTICON G{H+)=G{HW+, PRANDTL , Th/TB,Y/RH}

COMMCN/DATL/ AL, A24A3,A4,A5,A6,A7,A8,AG,A1C

GHPL =(ALXHPLUSWX**A2+A3/HPLUSW**A4)

IF{GHPLL.LELAT)GHPL=AL10
GHPLUS=GHPL*PR¥*AS*{ {TW #273.16)/{TBT+273.16) ) **A6/{AT*( YDH+RZMRCOH)
# )k %A 8

RETURN

EAND
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FUNCTION GKAPPA{LX)

GKAPPA EVALIATES THE KAPPA VALUES FOR THE CENTRAL SUBCHANNELS AND
THE CENTRAL PORTIONS DF THE WALL SUBCHANNELS ( VALICITY FOR THE
CENTRAL CHANNELS AT 1.2< P/L <1.5)

GKAPPA=54 23Tk X*%2—1, ) ¥¥ Ik Yk%0o 242 /AB S( Fo R Xk k4=~ 4 o A X*K =4, KX kK GX
*ALCGI{X)+1,)

RETURN

ENC

FUNCTION GRIFUNLEPS)

. o - - D ) i o i " oty X7 oo ol e i A AR e Ll AR S D M A D o S S R s R WD A o i D L Wl i s o D kL S e M 5

RIFUN EVALUATES THE CDFFFICIENT KO/72={KI+KQ)/2 FOR THE LOCAL
PRESSLRE LOSSES AT THE INLEYT AND AT THE CUTLETY CF ¢ SPACER

GRIFUN =Js SH{EPS* D S¢FPSH%2 ) /{1 —EPS )k

RETURN
END

FUNCTION GSTAR{EPS)

A —— i ——— — > 3\ o YO . s D L ok > T LS T S R S SR A e e AT, D Pl A s e D e e S ek Sl D i i A S s R it S Sl ot D e D S

GSTAR EVALUATES THE FUNCTICMN GLEFSILON)

CNVMCA/SUBLA/CLASUSB

GSTAR=(3, 75%CLASUB+1.25%EPS) /{1 +EPS)+2.5*ALUG{(2. % (EFS+1))
RETURN

EAD

SUBROUTINE HEATT{NSTOT,NSTR,NSEL;NROMA,IPA}

- . W - A — A VS it O R o D A W Ty 7D i O S P s RS T e A AR VAL Al M e o > o i S T e il G D e, D s SRS o VS D il D S TS D .

HEATT EVALUATES THE HEAT FLUXES QQINS,I) FCR THE RCLS ACJACENT TO
EACH CHANNEL NS AND THE TOTAL FLUXES QT{NS}) ENTERING EACH

CHANNEL NS. HEATI IDENTIFIES ALSO THE CCNNECTIONS EETWEEN THE
SUBCHANNELS 1 AND THE ADJACENT RODS BY MEANS OF THE MATRIX JPIN

{ NPININS)= NR. OF SUBCH. IN CHe NS = NR. OF PINS ACJ. TO CH. NSJ)

VERSION FOR HEXAGONAL BUNDLES
COMMON/INDL/NRDW{ 42) JNUMS( 42) /HEA2/Q(2,12) ,Q0/HEA3/CT{42)
1 JHEAS/ QQU4243)/HEAG/NPIN(42),JPIN(42,3)/HEAT/IDPIN{Z,12)
2 FINDA/NUMBL3) yNUMGL3) sNUML2{3) JANUMLBI{3 ) JNUM24 {3}, NUM30(3),
3 NUM36(3)/HEALD/QSCH(42,3)

CALL FEATRINROMAY)

NAaN=1]
NBAN==NROMA
NN=1-RRIOMA

N 1% NS=1,NSTOT
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NUM=NUMS {(NS)
NRC=NRCWI{NS)
IF{NS.GT.NSTRIGOTO 12

CENTRAL CHANNELS AND SUBCHANNELS
TEFINUMLGTLNUMG6(NRD)IGNTO 1
NAN=NUN

MN1=0

N2=0

GCTC ¢
IFINUMJGTNUMLI2INRO}IGOTO 2
NAM=NUM~-NUMS {NRO)

N1=NRC

N2=N1-1

GCTO €

IFINUMLGT NUMLB{NRDO}IGOTO 3
NAM=NUM=-NUML 2 (NRD)

N1=2%NR0

N2=N1-2

GOTC &

[FINUMLGT NUM24{NRD)IGOTO 4
NAM=NUM-NUMLB (NRD)

N1=23%NR0

NZ2=N1-3

GOIC 6
IFINUN,GTNUMBOINRDIIGOTO 5
NANM=NUM=NUM2 4 (NR()

N 1=4%NRD

N2=N1-4

GOTC €

NAM=NUM-NUM3O(NR(}

N1=5%AR0

N2=N1-5

TF{NAM.EQ. NAM/2%2 )GOTO 8
NUR={MNAM+1 )/ 2+N1

Q1=Q{NRQy NUR)
JPININS,,y 1 1=TDPININROyNURY}
IFINUR.FEQ.H6%NRO) NUR=D
Q2=Q(NROyNUR+1)
JPININS,3)=IDPININRGyNUR+L)
IFINRC.EQ. 1VGOTO 7
NUR={NAM+1 ) /2 #N2

IFINUR.EQ. 6%*NRNO-5 ) NUR=]
Q3=Q (NRO~-1,NUR)
JPIN(AS,2)=IDPIN{NRO-14NUR)
GOTO ¢

Q23=Q0

JPIN(NS,2) =1

6NT0 <

NUR=NAM/2+N2
D1=Q{NRN-1,NUR)
JPIN(NS,1)=1DPIN{(NRO=1, NUR)
IF{NURLEQ. 6%NRD~6) NUR=D
Q2=Q(NRO-1,NUR+ 1]}
JPINIAS,3)=IDPININRO-1,NJR+1)
NUR={NAM+2)/2+N1
Q3=C{ARO,NUR}
JPININS,2)=IDPININRO,NUR)
CONTINUE
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QCINS,11=Q1
QQINS,2)=Q3
DAINS,2)=Q2
TFINSEL.FQe3 +AND. NUM.EQ.NRQO)GCTO 10
NPIN{NS)=3

GoTC 11

Q2=GC,

Q3=Q2/2,

NPIN(NS) =2
QTINS)=(Q1+Q2+03) /6.
QSCHINS,1)=Q1/6.
QSCH{NS,2)=Q3/6.
QSCHINS,3)=02/5.
GCTC 15

ITF{INUNJLT LNAN)IGOTC 14

CORNER CHANNELS
NN=NN+AROMA

NAN=NAN+NR{O

NBAN=NBN+NRO

NPIN(AS) =1
QQINS;1)=Q{NROMA ¢NN)
JPIN{NS,1)=TINPIN{NRONMA, NN)
IFINSEL.EQ.3)GATO 13
TF{INSFL.EQe2 JANDs NUMWEQwl} RANSEL.EQ.2 «AND. MINMJEQ.NUMIBINRD
*)})GOT0 13
RTINSI=QINROMANNY/6,

GOTC 29
NT{NS)I=Q{NROIMALNN) /12,
QSCTHINS 1 )=0RT(NS)

GOTO 15

WALL CHANNELS AND SUBCHANNELS
NMUR=NUM-NBN+NN~1

01=C{ANROMA, NUR)
JPINIAS, 1) =I0PININROMA, NUR])
TFINS<FQNSTIT AND. NSEL.EQ.1) NUR=(
Q2=Q{NROMA,NUR+1)
JPIN{NS,2)=IDPININRONA,NUR+1)
GLINS,1)=0Q1

0GINS,42)=Q2

JFINSFL.EQ.3 LAND., NUM.FQ.{NRO/2+1) AND. NRCLEQ.NR{/2%2)GOTC 30
NPIN{AS)=2

GOTO 21

02=0.

NPININS) =1

CONT INUE

RTINS)={QL+Q2} /4.

QSCHINS,1)=01%0. 25

QSCHINS,21=Q2%0.25

CCNTINMLE

TF{IPALNELIPA/2%2)RETURN

WRITE(6y16)
FORMAT(/// /75X, "RESULTS OF HEATI*////8X, *CHANNEL?, 3{ 21X, *R0OD*,2X)}/)
PO 19 NS=1,NSTOT
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NP=NPIN{NS)

WRITE{S 18 INSy {MyNSeMeJPININS sM)sM=1,NP)}

FORMATIZ2X 110313 XeT1,%) JPINI[? 15, 49,12,9)=2,15}1}
CONT INUE

RETURA

END

SUBRCUTINE HEATR [NROMAY)
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HEATR PROVIDES INDICES T3 THE ROD HEAT FLUXES { QIDMRC,NUMY ) AND
IDENTIFIES THE PINS BY MEANS OF THE MATRIX IDPIN

EXISTS CNLY IN THE VERSICN FOR HEXAGONAL BUNDLES
CONMON/HEAL/QUL9)/HEAZ2/QQ(2+12),QRQC/HEAT/IDPINI2,512)
I=1
QQC=Q (1)

DO 2 MRO=1,NROMA
NR26=€xNR{

DC 1 NUM=1,NR35
I=1+1
IDPIN{NRO, NUM) =1
CGEINRC,NUMI=0Q(T])
CONTINUE

RETURN

END

SUBRNOUTINE INDEX{NSEL,NROMA;NSTR NSTLT,NRO)

o e 1 ot S VD ot et D SR D T Y e AR AR e S e e ) O i A e o o {2 . > i S it . okl S R o e MDD S ot O Ll e e S D ot s i .

INDEX PROVIDES INDICES TO THE CHANNELS

VERSION FOR HEXAGCNAL BUNDLES
CCVMMON/INDL/ NROW(42) 4y NJNMS(42)/ INC2/NOT (3,18} / IND3/NTYPL42)/IND4/
1 NUM3{3) ;NUME[3) s NUML2(3) yNUMLIB{3) ,NUV24 (3 ), NUMIO{3),NUF3E(3)
NS=1
DO & NRO=1, NROCMA
NUM3 (NRO )=NRD
NUM6 (NRO)=2%NRO-1
NUML2{NRO) =2%NUMS6(NRC)

NUM18 {NRO)=3%NUME (NRO)
NUM24 {NRO) =4%NUME {NRC)
NUM3OINRD)=52XNUME6(NRO)
NUM3 6 {NRD ) =5 %NUM6 {NRCT)
IFINSEL~2)142,3
NUNSE=NUM3SINRO)

GOTC4

NUMSP=NUM18{NR?D)

GOT04

NUMSP=NUM3{ NRO)

CONT INUE

DC 5 NJM=1,NUMSP
NUMS{KS})=NUM
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NROW{NS }=NRD

NCT{NRC ¢ NUM} =NS

NTYPI{NS)=1

NS=NS +1

CONTINUE

NSTR=NS-1

NRC=NECMA+L

NUMZ{INRO)=NRO/2+1

NUM6 {ARO}I=NRO+1

NUMI2{NRO) =NUMSINRQ) ¢NRLC
NUMIB{NRO)=NUM12{NRO)+NRD

NUM2 4 {NRQC} =NUMLIB {NRC)+NRD
NUMICINRO)=NUM24(NRO)+NRQ

NUM3 6 (INRO)=NUM3D {NRO ) +NROMA
IF{NSFL-2)7,8,9
NUMSP=NUM36( NR(O)

GCTC 19

NUMSP=NUM18({NRD)

GCTC 19

NUMSP=NUM3{NRNO)

NANM=1

DO 13 NUM=1,NyMSP
IF(NUMJEQ.NANIGOTD 11
NTYP{NS)=2

GOT0 12

NTYPINS}=3

MNAN=NAN+NRD

NUMSINS I =NUM

NRCW {NS)=NRD

NCT{NEC,NUM) =NS

NS=MS+]1

NSTCT=NS—-1
WRITE(As14)NROSNSELyNSTR{NSTOT
FORMAT( /74X YRESULTS OF INDEXY//5Xe *NROKS="412,5x,*TYPE CF SECTI
#ON=",11,45X,*NR., OF CENTRAL CHANNELS=%',14,5X,*TOTAL MUMBFR 1JF CHANN
*ELS=",14/7)

CALL CONNTJUNSTRGNSTCT , NROMAZNSEL)
RETURN

END

SUBROLTINE INGEUNROMAGNSEL NSTRoASTOT, Ly 2,C4ATCsATR ATALPIG, PCORR,
*CTUL, CTUZ2,DETC,DETW, EML )

s T s T o ot S W Y s S o 7 " ot D D T Al e AR R Sl P> Pl D et B —— -

INCE EVALUATES THE TURBULENT MIXING CCNSTANTS CTURE(I,J) FCR THE
THE CHANNEL EXCHANGES AND CTURBII(K} (K=1,2) FOR THE SUBCHANNEL
EXCHANGES, FURTHERMCRE INGE EVALUATES THE CONSTANTS CCUNDIU{I,J)
ANE CCONDLIK) FOR THE ENTHALPY EXCHANGE DUE TO CONCLCTION IN GAS

VERSION FOR HEXAGONAL BUNDLES
COMMON/INDL/NROW(42) yNUMS{42) /IND3/NTYP{42)/1J1/NER(42),NIS{42,3)
1 /TURLI/CTURB(42,3) /GENS/DE{42)/GEOQ/ACH{2)/TURZ/CTURB1(2)
2 /CONDD /FCOND/CCNDL/CCCND{42,3)/CCNC2/CCONDL(2)
REAL NGAPS(42)
DIVEANSTON SUM{42)
SQ3=SQRrRT(3.)
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R=0%0 .5

A2=A%%2

A3=ANp2

R2=R%%2

R3=R=*R2
APIN=PIG*R2
EM2=C*0, 5-FEM1
IWC=EM2/54Q3
ATWI=EN2HZWE
GAP1=C-D
GAP2=CAPL1*0.5
GAP3=A-R
YBC=L%*D.5/5Q3
YBW3=48~7WC/3.

XBWS 2=C*0,5~EM2/3,
YBW=(A¥¥2XCk()5-2 /3 *RI-YBWI*ATW3 ) /ATK

XBUS=2 X {ARC k¥ 2% 3, 125-R3/3. ~XBWS3*ATHI %05/ ATHW
XBA={5+/36.%A3~{A/SQ3-R/PIG)I*APIN/6.) /{A2/SQ3-APIN/€)

YBA=XEAXSQ3
DELTAL=2.%*YBC
DELT A2=Y BT +Y BW
DELTA3=C

DFELTA4=SQRT ((A-YBW-YBA) *¥ 24 {C%*D, E+A/SQ3~ XBA) *%x2)

RAL=1.+APIN/ {2.%ATC)
RAZ= 1. +APIN/TATC+ATHW)
RAZ=1 +APIN/ {2 .%ATH)
RAG=1 4APIN%2 /{3, ¥ {ATW+ATA})
ALFAW=ATAN(YBW®2,/C)
APLl=YRC* %), 5-APIN/bH,
AP2=YBW*Cx D, 5-ALFAWHR2
AP3={ATW=-AP2 }%) .5
AP4=A2%(0,5/533-YRAXXBA*)s5-APIN/ 12
AS1=GAPL*YBC
AS2=GAP1%*YBW
AS3=C*0.5%GAP3
ASH={2/SQ3-XBA}*GAP3
R1AI=AS1/APL
R1A2=10S2/AP2
R1IA2=AS3/AP3
RIA4=AS4/AP4

DO 10 I=1,NSTOT
ITYP=NTYP{ I}

GOTO {1ls244%),1TYP
SUM{I)}=3.%R1Al

GATO 32
SUM{T}=R1A2+2.,%R]1 A3
NGAPS{I)=3.

GoTn 10

SUMI{T)=2.%R1A4
NGAPS{I)=2,

CCNT INUE

DO 24 I=1,NSTOT
NI=NER{I)

DO 23 M=1,4NI
JENIS{I M)
TF{T.GT.NSTRIGOTO 16
IF{NSEL.FEQe3 o« AND. NUMS{I) . EQ.NROW{I}}ICOTO
GAP =GAP 1

GOTQ 14

12
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13
14

15

16

17

18

19

23

21
22

23
24

LW N

..25"(_

IFINU¥S{J) EQ.NROW(J) «CR. NTYP{J}.EQ.2)GOTO 13
GNOTO 11

GAP =GAP?2

ITFINTYPLI).FQ.2)G0T0 15

DELT A =DELTAL

RAPPA=RAL

G310 22

DELTA =DELTA2

RAPPA=RA?

GCTC 22

IFINTYP{T1).EQ.3)G0TO 20

TFINTYPLJ)-2)17,19,2C

TE{NUMSII)LEQeNROW(J) < AND. NSEL.EQ.2)COTO 18

GAP =GAP1
GOTC 15

GAP =GAP2
GOTO 15

DELTA =DELTA3
RAPPA=RAZ

GCTC 21

DELTA =DELTA4
RAPPA=RA4

GAP =GAP3
CONTINUE

AREAT= ACHINTYP{I]}))

AREAJ= ACHINTYP{J}))
DETJ={AREAT+AREAJ )/ (AREAT/DE{I}+AREAY/DE(I))

YH = L L4XSQRT{INGAPSU T I+NGAPS{J) )/ {SUM{T ) ¢SUMLJ) ) I %RAPPAK%2
CTURBUC T 4MI=YHXGAP/DELT AXDET J%D.05%PCORR
CCOND{I,M)=GAP/DELTA%FCOND*0.5

CCNTINUE

CAONT INUE
DELSC1=C-{T7,*C*x*3/48.~R3)/[D.25%C**¥2-PIG*R2%SQ3/6.)
DELSC2=C=2,%XBHWS
CTURBI{11=CTUL*D.OB¥DETCHYBC/DELSC]
CTURBL{2)=CTUZ%D O5*DETW*{A-ZWC)/DELSC2
CCONDI{1)=YBC/DELSCL*FCOND*C.5
CCONDL{(23=(A-ZWC)/DELSC2%FCOND*0.5

RETURN

END

SUBRCUTINE INLCONUINSTOT ¢MFLCWoATCT,TE, IREACL,NSTR)

.y D D KIS 3 Y L > D ) VR WS oK e D) AR W N S s S A . 0 i i WD D O D e e M W S AN WD s S WO ) S W Ml T o TR M L WD O

SUBRCUTINE INLCON FIXES THE INLEY CONOITIONS FOR MASS FLOW RATES
AND BULK TEMPERATURES OF THE CHANNELS ANLC THE SUBCHAMNNELS ANLC FOR
THE BULK TEMPERATURES OF THE TWO PORTIONS OF THE wALL SUBCHANAELS

REAL MFLOWeMI ¢MSCHLIMSCWC1,NMSCH

COMMON/ IND3/NTYP{42)/SUB2/TSCHI42,3) sMSCHE 42,31 /SUB22/TH{42,43)
IGEN2/A{42)/GENI/¥IL42)Y/GENG/TEMF(42)
FHEAS/NPIN{ 423, P IN{ 424 3)
/SUBY/ASCHU4243)75SUBB/TSCHLI42,3)/SUBB/MSCH1(42,3)
FWCSE2/MSCWCLL 1842423 /HCSES/TSCWCLI{184242)

JF{IREADL.EN.2)IG0OTC 3

BB RO BOROTEO DB OB DB EOREO PO OV OODEN DOV DO DD SR OO DO OO S S VDOV OV O DD ODOERS

IREACLI=1 MEANS UNIFDRM DISTRIBUTIONS
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DO 2 NS=1,NSTOT
MIINS )=MFLOW*A{NS )}/ ATOT
TEMP{NS) =TE
NP=NP IN{NS)
DC 1 F=1,4NP
MSCHIINS yM)=MFLOWXASCHINS,M}/ATOT
TSCHLINS yM)=TE
IFINTYPINS) . NE.2)GOTC 1
DO 6 JHC=1,2
6 TSCWCL{NS-NSTR,M,JWC}=TE
CONTINUE
2 CONTINUE
GOTIC 1000

2 9 & 25 6 &S OO0 6P GO OO P B S G O S SDP LN OO SO OH PO WS SO SO PH 6B O P B B S OL O OR S LD BN R D

IREADL =2 MEANS NON-UNIFORM CISTRIBUT IONS

fowr

[aReNe!

3 CONTINUF
READ(5 4 ) IMIINS) , TEMPINS) 4 NS=1,NSTOT )
N0 % NS= 1,NSTOT
NSW=NS-NSTR
NP=NPIN{NS)
REFADIS 4 Y{MSCHLI{NS,; M)y TSCHLINS,;M) sM=1,NP)
IFINTYPINS).FQe2)READ(S 34 ) { IMSCWCL INSW My JWC ) s TSCWC T{NSH, My JWC ),y
* chzlyZ’yM=192)
4 FORMAT({BF1D.5)
5 CONTINUE
1000 CONT INUE
DO 1001 NS=1,NSTOT
NP=NPIN(NS)
NC 1GC1 M=1,NP
MSCHINS ;M) =MSCHL {NS, ¥)
TSCRINSyM)=TSCHL{NS,M)
1001 CONTINUFR
RETURN
END

SUBROUTINE INQUA{INSEL,NSTOT,NROMA,ATCsATWsATA,CETC sDETW,DETA)
INQUA PROVIDES INDICES 7O CHANNEL FLCW AREAS AND EGUIVALENT
DIAMETERS AND TDO SUBCHANNEL FLOW AREAS

VERSIUN FOR THE EXAGCNAL BUNDLES
COMMCN/IND L/NROW(42) yNUMS{42) /INC3/NTYP(42)/SUBL/ASCEL42,3)
1 /GEN2/ A{42)/GENS/DEL 42)
I11=C
KK=0
DC 1C NS=1,NSTOTY
IF(NTYP{NS)~-2}1,3,6
CEkikx CENTRAL CHANNELS AND SUBCHANNEL Sskololk ok s d o kool sk ol ok sk ok o oo sk sk ko ook ok ok
1 DEINS}=DETC
ASCH(NS, 1)=ATC/3.
TFUINSEL.EQe3) e ANCoINROWINS ) EQaNIMS {NS))ICGOTO 2
AINS)=ATC
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ASCH{NS,y 2) =ASCHINS,y 1)
ASCHINS,3)=ASCHINS,1)
GOT0 1C

CONT INUE

A(NS)=ATC/2.

ASCF{NS, 2)=ATC/ 6.,
GCTC 12

CHfoidse WALL CHANNELS AND SUBCHANNE LSk ok ok skok sk sk ok ook 3 3 ook ok o 3 % ok ok % %

3

(%]

DE{NS }=DETW

ASCHINS 1) =ATW%D.5
IFINSEL.NEL3)IGITD 4
ITF{NRCMAEQ. (NRDMA/2%2} )GOTC 4
TF{NUMSINS)EQ. INRCMA+1 ) /2+1}GOTC 5
COCNT INUE

A{NS) =ATHW

ASCHINS, 2}=ASCHINS,1)

GCTC 10

CONTINUF

A{NSY=ATH /2.

GCTC 10

Codokkyr CORNER CHANNELS AND SUBCHANNE € Stk skok sk ok sk odeok e e ook e ok ot ol dlexte sl o s o e o ok sk 3ol o

aXeleaEelale

6

19

DE(NS)=DETA

IFINSELLEQ.LIGATC 7
TF{RSEL.EQ.31G0TO 9

TF{I1.EQe0 « DR, KKoFGe2} GCTO 8

KK=KK +1
CONTINUE

AUNS)=ATA

ASCH(NS, 11=A(NS)

6CTC 10

T1=1

CONT INUE

AINS)=ATA /2.

ASCH NS, 11=A{NS}

COCNTINUE

RETURN

ENC

SUSROLTINE KAPCOR{NSTCT,NSTR)

KAPCCR COMPUTES THE KAPPA VALUES FCR THE LAMINAR C2LCULAT IONS

(1F IKAPPA=1, OTHERWISE SAVES THE VALUES CF BLCCK C2TA) ANC
CORRFECTS THFE KAPPA VALUFS CF THF CORNER AND WALL CHANNFLS IF IT IS

NESIREN TN HAVE THERE ABOUT THE SAMF VALUE OF (LANECA/EQ. DIAM,)
COMMOCN/LAMINZ/FATIP(3),FOTIP(3)/IND3I/NTYP(42)/GEN2/£142)/GENS/
) NE(42)/INPAR/IPA/LAMINK/BKAPPA(7,43) /LAMINL/AKAFPA{42)
2 JMART2 /NS1yNS2/WALLCC/WFCOL{18,2)yWFCO(18,2)/wALLKA/AKAWC(2)
3 JWAKAL/IKAPDPA

AKAWC{L)=BKAPPA(IPA,2)
AKAWC{2) =BKAPPA(LIPA,2)
ITFCIKAPPALEQ 1 JCALL SELAWA
DEC 5 AS=1,NSTOT
IFINSLLFLNSTR)IGOTD 5

DO 4 I=192

WECO (NS-NSTRyI}=l.
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4 WFCOLINS-NSTR,I}=1.
5 AKAPPAINS)=BKAPPA{IPA,NTYP{NS}}
JFINSL.EQ.D AND. NS2.EG.Q)GGTC 35
TFINST.GT NSTR L AND. NS2.LENSTOTIGNTO S
WRITE{H,6) NSLyNS2
& FORMAT(1H1,5X, *STOP BECAUSE NS1=°,I5,% AND NS2=',15)
STCP

9 AT=0.

pPP=3,

PO 1C NS=NSLIyNS2

ITYP=NTYPINS)

ATIP=RA{NS)*FATIP{NS)

PP=PP+ATIP A DE{NS)I¥FDTIP{ITYP))*%2/BKAPPA{IPA,ITYP}
19 AT=AT+ATIP

PD=AT /PP

DO 20 NS=NS1¢NS2
203 AKAPPA(NS)={DE(NS)I*FDTIPINTYPINS)) }=%k2%pp
35 CONTINUE

WRITE (#4301 (NS,AKAPPA(NS) yBKAPPALIPASNTYPINS));NS=1,NSTOT)
30 FORMATY( 5Xy YCHANNEL® ,I5,% = USED KAPPA=?',F10.3,' {INPUT KAPPA="®
* s Fl0e3,4% )7 )
RETLRN
END

REAL FUNCTION KAPPA([P,T)

KAPPA EVALUATES THE THERMAL CONDUCTIVITY OF THE COCLANTY
{CAL/CM S K)

CASE CF HELTUM COCLANT

KAPPA=35, 1E-05%{ {T+273.163/273. 1€} %%(, €6

RETURA

END

REAL FUNCYION KINF{BIOT)

o e et o iy M o et Y o e e S W A M T ] o . Skl o A oA S o " i e T D S o VD . Tl ) o D T S e A W T o e ol W o it e VT . S o i S . 0D s A S

KINF EVALUATES THE K INFINITE VALUE

COMMCN/BIDAT/BT1+BI2,BI3
KINF=ET1+B8I2*8I0T+BI3#B JOT#*%2
RETURN

END

REAL FUNCTION KMET{TW)
KMET EVALUATES THE CONDUCTIVITY GF THE PIN CANNING

i o e s i i S A AT . T AR . e e D o R o AR i o i i A i D "R i e o Y T o M LD e Al i LD Sl S kS el g S A O D s T Ak . Ak T D W < Sl . D b o WA mmp.

COMMON/DATKM/DLI 7)4D2(7) /INPAR/IPA
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KMEY=C1(IPA}+D2{IBA}*TH
RETURA
END

SUBRCUTINE MODFDU{IZNIsNIsAyEXF)
MWODFQD COMPUTES THE COEFFICIENTS A OF THE INTEGRAL ERCFILES CF
PrWER

A - — oD = ey AR o o o s i S S S Y S i D it i D D e M A ol i WO AR D S i D B W o S e Y p il Sl S i D e R

DIVMENSION A{7,7)

DE1C J=1,4NJ

Ad=J

AT yJd)=A1T 0}/ LAJRFXFR% DY)
RETURN

ERD

SUBPOLTINE NEWTONIRO,R1 4R2)

NEWTCN FINDS R2 IN THE TAMINAR CALCULATICNS OF THF (ENTRAL
SUBCHANNELS AND THE CENTRAL PORTIONS OF THE WALL SUBCHEANNELS
BY MEANS OF THE NEWTOCN ITERATION METHOC

R2F=2 *RD~-R1

A==, H/RD*%2
Bz—ALOG{R1}+J,5%{RL/RQ) *%x2

=2 %A

DN 1C 1T=1,20
FpLCC{R2PI+ARR 2P ¥%2 48

DF=1., /R2P+LxR2P

R?2=R2P-F/DF
TF{ABSI{R2/N2P~1} . LE.1.FE-D4)GOTD 29
R2P=R 7

WRITFIH,15})R?2

FORVMAT{/5X,* 5TOP IN SUBRCUTINE NEWTCN 3 R2=',F15,.5)
STOPR

RETUIRN

FND

SUBRCUTTINE NORMT(NSTOT, NSTRsTOBT 4 ATOTyASEC 1, MFLCYW)

- —— 0 o o W D o — 1 (oa0 HD S Co T D op So  e  O W u n O o MAB o Dl e o P i WD A A i, WD M o il S, O . P

ORMT NORMAL TZES THE CHANNEL TEMPERATURES T THE TCTAL BULK
TF”FEP&TURE THE SUBCHANNEL TEMPERATURES T0 THE TEMPERATURE NF THE
CONTAINING CHANNELS. IT NORMALIZES ALSC THE VALUES CF THE
TEMPERATURES NF THE TWO PCRTIONS OF THE WALL SUBCHAMNELS TO THE
TEMPERATURE 0OF THE CCONTAINIAG WALL SURCHAANNELS

REAL FMAV MSOH,MAWC, MFLOW

DIMENSION A(42) ,ASCHI 3)

COMMUN/GEN2/ AZL42)/SUBL/ASCHZ{ 42, 3)/5UB2/TSCH142, 3)yMSCH{42,3)
JINDB/NTYP {42V /HFAS/NFINT42) s JPIN(42,3)/M0B5/TAVI(42)
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2 IMOBS/MAV42) /WCSET/MANC(18,242) /WCSEB/ASCHW( (18,42,2)
3 FHCSEI/TAVHC (18422 ) /LAMINZ/FLATIP{42) s FIDTIF(42)/LAMING/
4 FRATIP{42,3)4F2DTIP{42,3)

DEF=TRT*MFL DWW XASECL/ATOY

ASEC=0.

NO 10 NS=1,NSTOT
AINS)=AZ{NSI%RFLATIP{NS)
ASFC=ASEC+A(NS])
10 DEH=DEH-TAV{NS}*MAV(NS)
DEHA=CEH/ASELC
DN 11 NS=1,NSTOT
11 TAVINSI=TAVINS)}+DEHA®A{NS }/ MAV{NS)
DO 5 NS=1,NSTOT
NP=NPIN{NS}
NO 1 M=1,NP
ASCH{MI=ASCHZINSyM)%XF2ATIP[NS,4M)
1 SHECH=CSHSCH+MSCHINS yM}XTSCH{AS, M)
DEH=MAVINS ) *TAV({ NS J—-SHS CH
DEC 4 NM=] NP
RAPPA=ASCH{4 }/A(NS])
TSCHINS M) =TSCH{NSyM}4DEHXRAPPA/ MSCHINS, M)
JFI{NTYPINS) . NE.2)GOTC 4
NSW=NS-NSTR
SHRC=C.
DO 2 JWC=1,2
2 SEWC=SHWC+MAWCINSWy My JNCI AT BVHC {NSHy My JWC)
DEHWC =MSCH({ NS, M)*TSCH(NS M} -SHWC
NC 3 JWC=1,2
RAPPA=ASCHWL (NSWeM,y JWC) FASCHIM)
TAVWC (NSWeMp JWC I =TAVWCINSW oMy JWC)+DEHWCHRAPPA/NMAWC(ASH My JWC)
CONTINUE
CONTINUE
RETURA
END

TR

SUBRGUTINE RECANGOT AT NS oKy IVIATIRHZALFAAMALSTI 4 FEsDsHWyRHL,DETCT
* ¢ FROV DAL DRI, AAL,ART4G4SSSA,SSSPy, AMTI,NTYP,H1,H,PR1,PR2, SQDPG,JJ
e TE s SURGTWL AMAT 4 TATAMBL oTRBI 111 ,TIETIAV,HPLUSE,,FPLUSW  ANCT,EML
*yXC1 Xr7, P NEPA, CS)

’SUBROUTINC RECANG EVAlUATFS FRICTION FACTORS AND AFFROXIMATE MASS

FLCW RATES AND TEMPERATURES FOR WALL~-TYPE SUB-SUBCHANNELS.

REAL LAMIA,ULAMIB,KI, KAPPANUI,NUD

COMMCN/CORRL/SIGMAT(42,3),PHIT142,3)/CCLAMY/COLAMB/COLAMZ2/COLAMA
JCNRRZ2/CHIL 1852921 sPSI118,24+2) /GRID2/YY{100,42+3)
/ANGL/RA2(60) /HEAS/QQ(42+3)/ CAT/PIG/RECL/PVERTISO)+PRAD{SGC)
/SUB2I/PROVI(LB,2) /GENS/DE{42) /SUB22/THW{42,3)/VART/ ITCCRR
/SUB2L/TSCHA{ 18,2 )y TSCHB({ 18,2} /QPARLI/QDEV/QPAR2/QLINM,QLDEV
/WSSCHL/DELTIE(1B,2,90)s DTIEAVI18,2)/WSSCH2/T1I0{18,2,90)
/WSSCH/TISSCI{ 18, 2),T25S5C1{1852) ,T1SSC2(18,2),725SC2{18,2)
/WSSCHO/TRSSCL{42 33 ) TWSSC1{4253), TBSSC2(42,2),THSSCZ{42,3)

N UL W N

ICS=1
IF(1.GTa1) TWI=TwWl
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IF(ITCORRGEQeL)PRCOVI{IIT ,JJJ)=PRCV

PROVI(ITI,JJJ)=PROV

DEPA=CETCT

QROD=QQ(NS,JJJ)*QDEV

Q=QRCLCH*ALFA/ {2.%PIG)*HL

QRQA=QROD/SUR

QL IN=CL INMXH I%RQLDEV

AMABT =AMAL

LCCP 1TWl STARTS {(CALCULATION OF THE BULK TEMPERATURES OF THE
TWD ZONES DIVIDED BY THE TAU=0 LINE, TAI AND TBI)

D0 2000 ITWLI=1,10

LOOP ITW STARTS (CALCULATICN OF THE PIN TEMPERATURE TWI}

DO 14 1TW=1,290
LCCP ITTEMP STARTS {CALCULATION CT THE FRICTICN FACTCRS ANL OF
THE MASS FLOW RATES FOR THE TWO ZONES DIVIDED BY THE TAU=0 LINE
AND CGF THE BULK TEMPERATURE 71 FOR THE WHOLE SUB-SUBCHANNEL)

LC 7 ITTEMP=1,60
IF{ITRI.GTLLIGNTO 1998

1F( ITCORR oGVl JAND. GQQINS,JJJ}GT. 1.E-D6)GCTC 25
TAal=T11

TRI=T1

GOTD 26

CONTINUF

TAI=TSCHAUTIT,Jd4J)
TBI=YSCHB{III,JdJd)

TI=TIAV

CONT INUF

TF(ITHW.EQal «AND, I.EQa1)TWI=TBI
IF{ITW.EQ. 1) TWI=TWI

CONT INUE

FTAA=ETA(PB, TATL}
ETAB=ETA{PRB, TBI)
RHCA=RHO{PR,TAT})
RHOB=RHO{PB,TBI)
ETATW=ETA(PB,TWI)

RHCT W=RHO{PB,TWI)
OQPLUS=QA/{AMABIXCP{PB,TRI)*(TE+273.16))

IF{IVIALEQe2 «NRe ITWl.CTLLIGOTC 1

CALCULATION OF THE PCSITVION OF THE TAU=0 L INE

CALL TLINF{T AT, ITTVTEMPyNS,KyALFA Dy WoRH,DEPA  4PRCVI{ITI+JJI) 6IRH,

*DAI sDBIZAAT s ABT s RHPL yG o TWI oy TE,QPLUS,ETAAZ RHECOASET AR RFEOBSETAIW,
*REOIWs ANGT,EML, XC1oXC2,TB1 ,&B50C,CS)

CONTINUE

PAT=4 *AAT/DAL

RO=0Q, S*SQRT(D¥%2 +D*0BI)

YDH={R0-0.5%D} /RH

IFLITTEMPL.FQ.l ANDs ITW.EQol «AND. ITW1.EQ.1)G0TO Z(

'EE R EEREEEREEEEEEERNI I NI NI B I I I B B I 2 I N 3 I B K JE B B 25 B B B B I AR BF B IR JE BB R 2 IR B 2R B I BN B B J

AFTER THE FIRST ITERATION THE FRICTION FACTORS ARE EVALUATED
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BY MEANS OF THE REYNOLDS NUMBERS AND OF THE FRICTICN FACTORS
COMPLTED AT THE PRECEEDING ITERATIGN
REATI=AMATHDAT/ LAATXETAA)
REBI=AMBI*DBI/{ABI*ETAB)
RETW={ETAB¥RHOIW ) /{ETATW*RHOB}*REBI
IF{(REATGTeDe oANCs. REBI.GT 0o +AND. SCBLIAGT 0. «8ND. SQELIR.GT.
*0,)1G0TD 700
WRITE(69699)INSy JJJs IyREATSQBLIA, REBI,SQBLIB, ITCORR,LICS
699 FORMAT(//5Xs 'NS=7 ,15,5X " M=2,12,5X,%I="313/5X,"RE £=,E15.5,5X,?5Q
*RT (/L AMBDA) A=? , E15.5/5X, *RE B=',E15.5, EXy, *SQRT{B/LAMBDA) B=?,E15
e 5/5Xy *ITCORR=Y 315,5X,* ICS=%,12})
8500 RETURN 1
700 CONTINUF
TFUIRF.EQ.21GOTO 27
SCEBLIB=2.5%ALOG{REBI/SQ3LIB)+5.5~G
GA=6.0737
GOTO 28
27 HPLUSB=RH/D3I*REBI /SQS8LIB
HPLUSW=HPLUS B¥REIW/REBI
RHPL=RHPLUS{HPLUSB TWI , TE,QPLUS s HPLIJSW,TEBI,YCF)
SQ8LIB=2.5%ALOGI{DBI/RH)+RHPL~G
GA=5,566
28 IF{NTYP,.EQ.3 AND. IVIA.EQ.2)G0OTO 29
SCBLTA=CS*(2 ,5%ALOGIREAI/SQBLIAI-GA) +5.5%COLAMA
GOTo 2
29 SQ8LIA =SMFUNLIRHOALETAA,DETOT,PRIOV,[42,REATDAT,SCELIA,RDO,GA,CS})
3 CS=CSFUNIIRH,REATISQB8LIA;SQ8LIR;GA}
GOTO &
FIRST ITERATION : THE FRICTICN FACTORS ARE EVALUATEL BY MEANS
OF THE EQUATION (LAMBDAI¥RHCI**2/D1) = {ULAMBDA¥RHC*L*%*2/D) TCT.
30 IF{IRF.EQ.21GDTD 2
SEBLIE=2 5 *ALOG(PROV/ETABXSQRT({DBI/DETOT )%k 3%RHOB ) 345, 5-5
GA=6,(737
GOTO 4
2 HPLUSB=RH/DETOT*PROV/EY ABXSCRT(CRI/DETCT*RIOB)
HPLUSW=RH/DE TOT®*PROV/ETAI W* SQRT{DBI/DETCT¥RHCOIW)
RHPL=RHPLUS{HPLUSBs TWI, TE, QPLUS s HPLUSW,,TBI ,¥YDH}
SQBLIB=2.5%AL0GINBI/RH) +RHPL-G
GA=5.566
4 TFINTYP.EQ.3 .AND. IVIA.EQ.2)GOTC 5
SQBLIA=CS*{2,5%ALOGIPROV/ETAAXSQRTI{CAI/DETOT ) %3 %FFCA)I~GA)+5.5
x*COLAMA
GDT0 ¢
5 SQ8LTIA =SMFUNL(RHDA,ETAA,DETOT,PROV,1s1,REAT 4DAT,SCELTAL,RO+GA,CS)
6 CUNTINUE

LAMIA=8,/SQ8LTA%%2

LAMIE=8B./SQ8LIB*%*2

SSSA=AAT/SQRT{LAMIAXE/ {2 . *RHOA%C AL })
SSSB=ABI/SQRT{LAMIB*H/{Z2.*«RHOB*CEI))
AMBI=SSSBXSODPG+ABI*SIGMATINS JJJI*CHI{TI1 sddJel)

AMAT =SSSAXSQDPG+AATXSIGMAT{NS  JUJIXCHILTITT, 0351
AMTI=AMAT+AMBI

TF{ ITCORR.GT o1 «ANDes QQINSyJJJ)GT.1.E~0€6 <AND.
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*ITW1.EQ.1)GDTO 48

DELTAT=(Q+QL IN*PA T+ PHITINS yJJJY*PSI{III,JJd, )X AAI+AB]L) )/

*{AMTI*CP{PB,TI))

TI=TIE+OS5HDELTATHDELTIE(ITIT,J04d,1)
TICATIII s3I 1)=TI+0.5%DELTAT

CCNTINUE

IFCITTEMP.EQ.LYIGOTO 50

TF(ABS{AMAT/ AMAT1-1.) L EeloE-D3 JAND. ABS{AMBI1/AMBI-1o).LE.L1.E-D3
*)GCTC 9

AMATI=AMAT]

AMBT]1 =AMBI

AMABI=AMBI/ABI

CONT INUE

END CF LOOP ITTEMP: POINT REACHED IN THE CASE CF CCAVERCENCE
PRCBLEMS

WRITE(6e8) s NSyKs ITH,ITCORR

FORMAT { S5Xy YCALCULAT JION STUPS: ITTYEMP=10 FOR SUBUHANNEL®*sI452Xs
HV0F CHANNELY 314 ,2Xs "{AXTAL SECTICN® , J14,8) ITW=",1245XsYITCCRR=9,15
e )

RETURN 1

% 8 B % O SO0 8 0SS LD C B OGS SIS0 OO0DENDDOSSH OS PR DR LI NLEY SRODSE SRS CEHOR B

CCNVERGENCE IS RFACKHED IN THE LOOP ITTEMP

CONT INUE

IFLITWLLEQeLlITWI=THWI

TFLQQINSyJJJ)eLELLLE=06)G0OTLC 2002

AT I=AAI+ABT

DEI=ATI/(AAI/DAI+ABL/CBI)

IFUIRFL.EN.LIGOTD 600

CALCULATION OF THE PIN TEMPERATURE ONLY FCR KEATED RCUGHENED
SECTICNS

IF{ABS{TWO).LT.30030. .AND. ABS{TWI).LT.3000.3GCTL 2005
WRITE(6y 2034 INSy JJJ»TWO 4 TIWI

FORMAT 5Xe*STOP IN RECAMNG: NS=%,15,5Xs%JJJ=1,T5/5X, " TWO=",E15.
#535X s *TWALL=%,F15.5)

RETURNM 1

CONTINUE

IFINTYP.EQL3 AND. ITVIALEQ.2)G0OTO 500
R2=RC+C.25¥%DATIX*XC2

GCTC 501

R2=RA21{1)

CONT INUE

R2MROF={R2~-RI}/RH

RI=D*{.5

RINDR2=R1/R?2

FACHE=TIS(R1 4R2, IRH)
KI=KAPPA(PB,TI)

FTAI=FTA(PR,TI)

RHOI=RHOIPB, T}

CEI=CP{PB,TI)

PRI=ETAI*CPI/KI
REI=ANMTI®DET/{IETATI*ATI)
ULCU=AMBI*AT I%RHOI/ { AMT [ *¥ABT*RHOB)
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REWDI=REIWXETAIWXRHO(PB, THI) J/{RHOIWHETA{PR, TWO))
HPLUSC=HPLUSWXRENWO/RFIW

CALL RNU{HPLUSW ,TWIZLAMIBsREIsPRIyTI s¥DH,RIDRZ;RZMRCHsULDUsREIW,
1 YY{K¢NSyJJJ)yNUT,GHPL)

CALL RNU{HPLUSD; TWO, LAMIB,REI4PRIZTI 4 YDH,RIDR2Z2;R2NROH U1 DU REWC,
| 1o o NUDLGHPL)

ALFAT=NUIXK T /DEI *FACHE

TIW=TI+QA/ALFAL

ALFAQ=NUDXKI/DET

TWO=TI+QA/ALFAD

IF(ABS(THRI/TIW-1.3.LE.L.E-D4)GOTQ L6

TWI=TIW

END CF LOOP ITW : POINT REACHED IN THE CASE OF CONVERGENCE
PROBLEMS

WRITE(S,15)14JJJ,NS

FORMAT( 5Xy *CALCULATION STOPS:ITW =10 FOR SUB-SUBCH.*I3,2X,% (¥
K= T2 32X s ¥NS =t 4 [5,%) %)
RETURN 1

5 0 OB 9 B AP EEH RN OSSR HOR DT DS OO LE LSBT D AD OH DY SR O ODO L ODTED O O DL DSOS S

CONVERGENCE IS REACHED IN THE LOOP ITW

CCATINUE

IF{ITWL.GT.1)IGATO 1999

TWl=TKI

IF{ITCORR.EQLLIRETURN

CALCULATION OF THE BULK TEMFERATURES OF THE TWO IONES DIVIDED BY
THE TAU=0 LINE ONLY FOR HEATED RCUGHENED SECTICNS 2T ITCORR>1

ULSTAR=AMBI/{RHIB*ABI)XSQRT{LAMIB*),125)
FF=QA/{RHJI*CP I *U1STAR)

RODR2=RI/R2

CALL CDONNE(THWO, TI,GHPL yRODR2,RIDR2,YDH,R2NMROHFF,TAI,TIB,TE)
IF{ABRSH{TRI/T iIB~1.).LEWl£-04)G0TO 2002

TBI=TIR ‘

END CF LOOP ITW1: POINT REACHED IN THE CASE OF CONVERGENCE
PROBLEMS

WRITE(6,2001) I ,NSyJJIy ITCCRR,TBI,TAI,TI,TWI,TWO

FORMAT(/5X,*STOP IN RECANG (LOOP TTW1) I=%,13,7% NS=",15," M=¥,12,
1 * ITCCRR=",1I3/5X,y"TBI="3EL5.545Xy*TAI=? 4FE155s5Xy ' TI="yE15.5,5X,
2 "THI=',E15.595Xy *TWO=" yE15.5)

RETURAMA 1

® B BB RB DD B O LR TR B YD OO0 ODe HELTHHOOPD 0D B0 O RLI O CDROOD DTS DDDID LD OO0 S

CONVERGENCE IS REACHED IN THE L0O0P ITKL
TRI=TW{NS,JJJ)

CONTINUE

TBSSCZ2(NS ,JJJI=T1
T1SSC2(I11,J3J)=TBI
T2SSC2{111,JJ3)=TAIl
TWSSC2{ NS,JJJ)=TWI
IF{1.CT.1)RETURN

TBSSC1{ NS,J.341=T1
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TLISSCI{ITII,JJJ)=THI
T2SSCHITIIJJJ)=TAI
THSSC1{ NSyJJJI=TWI
RETURM

END

SUBRCUTINE RECCAL(KyNSy NgNSC4AS5, IRH,PROV,PB, RHyH1,ALFAs Ay DE4yMEC,
*AT,DEToATOTsDETOTSMFLOW s WD 9Cy JJIJIsNSTRyH3FR1 4 PR2, SCEPGs TES SUR,
*AMT o CODD o ATSCH,CTU3 s EML s ¥, ALFACE )

SUBRCUTINE RECCA1l CALCULATES FRICTION FACTORS AND AFPRCXIMATE
QUTLET MASS FLOW RATES AND TEMPERATURES FCR WALL CHANNELS ANC Susc

REAL NEC,MFLOW,LAMB,LAMSCH, LAMWC ;MSCELKAPPA,L AMLAN ;M SCH,

1 MWC 1L yMWC2L

DIMENSION A{45), DE(45), MEC{45)

COMMON/WACOL/XMSCHBI(18,2) o XNSCHA{18, 2} /DAT/PTIC/CENT/C(4T)
/RECL/ PVERT(90) yPRADI{9C) /REC2/E{SC)/REC3/PIS0)
/SUBL/ASCH{42,3)/5UB2/TSCH(4252)4,MSCHT{42,3)/SLB3/ADABI18B,2),
DETB{18,2)/SUB4/LAMB{18,2)/SUBS/LANMSCHI42,3)
/SUBB/MSCHL{42,3)/SUB23/HPLUSBI{42,2) ,HPLUSW{42,3)
sAPLUS{S2,3),PRB  {42,3);YODHI42,3}/FEAS/QQU4253 )/ INPAR/IPA
FSUBR22/TW(4233)/WCSEL/MEWCI184252) sPHWC{18,2,2)
JLAMINDG/ZI2TIP{42,3)}/LAMINLI/AKAPPA(42) /LAMINZ/FATIP{Z),
FOTIP{3}/LAMINS/FLATIP(42)+FIDTIP{42)/ LANVING/F2ATIP (42,3},
F2DTIPT142, 3 Y/LAMINS/RTIPITI/ LAMING/ANG LAR/LANMINT/FLPTIP
FWSSCHLI/DELTIE{1B+2,90)y DTIEAV(LIB,2}/WSSCH2/TICU18,2,90)

COMMON/LAMINK/ BKAPPALT, 3) /OPARL/QDEV/QPARZ2/QLINN, CLCEV/HEALD/
QSCH{42,3) /WALLCO/WFCUL{18:2) s WFCCI18,2)/WALLKA/AKAWC(Z)
JWCSEB/LAMUHCTLIB,2+2) /WCSEA/CTURB2{1842) /WCSEE/ASCHWC 118,252
/HCSES/TSCHWCL {185 292) /WCSES/TAVWC{1852,2)/GENZ2/ACHAL42)
/CORRL/SIGMATI(42,53) 4PHIT{42,3)/CCRR2/CHI(L8,2,2)PST{18:s2921%
/WSSCH/TLISSCL(18,2),T255C1{18,2),7155C2(18,2),7255C2{18,2)
JWSSCHO/TBSSCL142 33),TWSSCL{423), TESSC2{42,2),TWSSC2{(42,3)
JLAMING/I3TIP (42, 3)/SHROUD/TLINER{ 1842} /MART/ITCGRR

TF{JJdJeGTa1)60T0 2998

FIATIPI(NS)=0,

FIPTIP=0.

CONTINUE

ITT=NS-NSTR

DYTEAVITIIT v 3 JJ)=D.

I2TIPINS,JIJ)=I3TIPINS,:JIJ}

1F{ [2TIP{NSyJJJ) «EQa 1IGOTD 255G

P20 B H G BE R OR DO DD B O O DO LDOR OOV OB OOV DR DO DD DD DS ROPE O T VDRSO RSB SeR

O X NPV~ O

NOUNTT  WWNY pee

B o L O R OO HDO BO BD HH L BO PE O PO OO OOV ON BY OV Y OB TO IR O BT R LBV VD RSB DY D IR

I3TIP4#Ll: THE TURBULENT CALCULATICN MUST EE PERFORMED

TeIAV=D,

CS=1,
AVAL=MSCHLINS,JJJ /AT
TETA=RLFA

ANGT=C(.

AMT=0,

AMA=C,

TT7=0.

TTA=0,



™YY O

o]

OSSO

1

30

-268-

DDA =0,

ATA=C.

nnpone=on,

SRAMIEB=0,

HPLUSEHINS,J0J)=0,

HPLUSWINS,4J4)=0,
TI=TSCWCLITTI,Jddd,1)
SIGMAZ=SIGMAT(NS y JJI)=CHILIIT,JJJd,2)
PHIZ2=FHITINS s JJJ)*PST(TTI1,d4d,2)
ASCHWC{III,JJJ,1)=0.

1ViA=1

ENAX=ENM]

XCl=Q.

XC2=1.
IF(ITCORRSEDSL)DEWC T »JJJ,1)=DETOT
CALCULATION OF THE "WALL-TYPE SUP-SUBCKHANNELS (I= SUB-SUBCHANNEL
INDEX)

DC 3 1=1,N
Al=1

CONTINUF
ANGT=ANGT +TETA
CALL RECANGUI AT NSy K IVIA,IRH,TETA, AMAL,TI,PB,DyW,RF,DFTOT,PROV,

HDALZCBI AAT ABT 956Gy SSSA,SSSBAMTI24HL yH 9PRLyPR2,y SCLFG,JJJHTELSUR,

*TWT AMAT , TAT,AMB ], TBT, I 11,TSCWCI(YTT,Jdd9 1), TAVWCLIIY dJJ,s1),
HHPLUSLyHPLUS 2 ANGT yENML,XCL oy XC2,8777,CEWCITIII3dJy1),CS)
TF{FL{ 1) .GELEMAX LAND, IVIALEQ.11GOTD 5

TWIAV=THIAV+THIXTETA

AMT=ANT +AMT ]

ANA=ARA+AMA]L

RAMTA=AMTI*AAT/{AAT+ABT)

RAMIE=AMMTI*ABI/ (ABT+ART)

TT=TT+AMTI*T]

TTA=TTA+RAMIAXTA]

SRAMI A=SRAMI A+RAMIA

SRAMIB=SRAMIB+RAMIB

COCDA=UDDDA+SSSA

DODLB=0DDDB+SSSH

CCCC=C00DA+DDDDB

ATA=ATA+AATY
ASCHWC{ITT,JJJ, ) =ASCHWC{IIT,JJJy1)+AAT+AR]
DYTEAVITIITJJdJ)=DTIEAVIIITJIJ)+AMTI*DELTIE(TIITJJJH 1)
IF{IRH.EQ.1)GDTO 30

HPLUSB(NS, JJJ)=HPLUSBINS,JJJI+HPLUS1*ABI
HPLUSHINS y JJJ)=HPLUSW (NS, JUJI+HPLUS2*ARI
CCONTINUE

TF{IVIALEQ.1)GOTD 3
TF(ABSIEMAX%2,/C-1.}LE.1.E~-05)GOTO 10
PCINT REACHED 8Y THE CALCULATION IF THE SHROUCD PROFILE HAS
BLOCKING TRTIANGLES

Ivia=]1
EMAX=CXD.,5
XCl=1.,/SQRT{3.)
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XC2=2.%XC1

TETA=ALFA

E(I)=gM]

P{I)=FP

CONT INUE

I HAS REACHED THE VALUE N, WHICH WOULD MEAN NO "CENTRAL-TYPE"®
SUB-SUBCHANNELS

WRITE(6,4INS,JJIHELT),I TCORR {1 PVERT(I),PRAD(I)sI=1L,N)
FORMAT (LHY,5X,*CALCULAT ION STOPS: ND CENTRAL SUBCHANNELS IN WALL C

HHANNEL® yT4/5X " M= 312, S5X,'E{I)="yEL15.595X, ' ITCORR=",13

* FUSX ¥ I="4313,5Xy "PVERT=",E15.595X,"PRAD=! ,E15.5)})
RETURN 1

RECALCULATION JF THE SUB-SUBCHANNEL FCR WHICH IT WAS E(I)>EMAX,
IN ORDER T0O FIT EMAX (l1.E. E{(I)=EMAX)

CONT INUE

fvia=2

11=1

ANGT=ANGT-TETA

DEE=EMAX-ELI-1)
PP=P{I-1)-DEEX(P{I-1)=-P(I)Y/(F{I)-E(I-1))
RETA=ATAN{EMAX*2,/(PP%D})

TETA=BET A~ANGT

PVERT(I)=PPxD%3.5
PRAD{II=PVERT{I)/COS(3FTA)

PAT=DEE*XC2
WW=W={{EMAX+E(I-1))*C.5-EML1)*XC1

DAI=4 ¥ (WW-05%{D+PVERT (1) +PVERT(I-1)))/XC?2
DBI=2.%(P{I-1)}*EMAX~-FP*¥E{(I-1))}/TETA-LC
PBI=TETA *D%0D.5

AAT=DAT*PAI%*D,25

ABI=CBI*PBI*0.25

EPS=5CRT(1.+#DBI/D)

GG=GSTAR(EPS)

GOTN 1

ALL THE "WALL-TYPE SUB-SUBCHANNELS HAVE BEEN CCMPUTEC: CALCULATION
OF AVERAGE SUB-SUBCHANNEL VARIABLFS FOR THE WALL PLRTICN

CONT INUE

NTIEAMVIITIWJJI)=DTIEN(TIT,,JJJ)/AMT

TSCHAB=TT/AMT

RHOT AE=RHO(PB, TSCHAB)

PHRCIIII 3JJy1 )=BETAXD®0,5

DERCITITJIds 1 )=4 o *ASCHWC{TIT y3JJ41) Z(IPHWCIITI »JJJ ) +{EMAX-EN])*
*  XC2+EM1)

LAMWC(ITT »JJJs 1)=1LASCHRCUIIT ydJJy1)/DDDD)¥%2 ) %2, %L ERC{TITI Ty JJJy1)*

s RHOTAB/H

ATB=ASCHWCIIII, JJJs1)=ATA
ADAB(I1I1,JJJ)=ASCHWCHIII,,JJJ,1)/ATB
DETR{TIT 4JJJ) =4, % ATB/PHWCITIIT ,ddds 1)
£onoB=0DDD~-DLDDA

XMSCHLE{TITIT,JJUJ)=ANMA

XMSCHBA{ITI JJJ)=ANT-XMSCHALIIT,JJJ)
TSCHBR=(TT-TTA)/SRAMIB
RHCTE=RHO(P3,TSCHB)
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LAMBUTITIT ,JJ0)=((ATB/DDDOBI**2 %2 . *DETB(I11,JJJ)*RHCTE/H
AMT RE= AMT

TT4B=1T7

DECCAE=DDDD

e 6 B Y H COR DO VO 606 VOO0 LD SR D PO ODDE SO BV SR DS DD S BOED OOV R DO OO ODD

CALCULATION OF THE “CENTRAL-TYPEY SUR-SUBCHANNELS

ALFC=2LFACE

GAMMA=PIG*0. 5-BETA

ANI=GAMMA/ AL FACE

NLlI=AN}

TEANL.EDQOJALFC=GAMMA

TFIN.EQsDINL=1

TF{NTLLELNSCA5)GOTO 12

WRITE{6,11 INS, K,y ITCORR

FORMATILIHL +5X,*N1 GREATER THAN NSC45 FCR CHANNEL®, 14,2X,*{AX 1AL SE

#CTICN' 134 %) ¥/ 5Xe *ITCORR="413)

STICP

CONT INUE

L=11

[Ii=11+1

00 10C0 I=1I1,N

TIOUTIT+JdJJ, I1=TIC{ITILI,JdJ, L)

AN1I=N1

BETAL=ALFC®ANL

TF{ABRS{BETAL/GAMMA-1.)e LTe1.E-06)GCTC 99

CALCULATION OF THE CENTFAL SUB-SUBCHANNEL CEFINEC €Y AN ANCLE
OF THE ROD SECTOR = ALFAL { IF ALFALDC )

ALFAI=GAMMA-GETAL

F1=C*0.5*TAN{BFTAL)

DELTAF=PVERT({II}-E1

AA=CXCELTAEXD ., 25~ALFALXDR%2%(,12¢%

DD=8.%AA/{ALFALXD)

EPS=SCRT{1.+DD/D}

GG=GSTAR{EPS)

AML=MFLOWXAAJATOT

L=11+1

CALL CEWA{K NSHyIRH,PROV,,PEyRH; AN, CCyCCyAML,DETOT H1,ALFALsL,JJdeHy

*¥PR1sPR2ySANP Gy AMT 3 TT4DDDD 9y TEsSUR 9231 TI yHPLUSB{NSy JJJ}y HPLUSHWINS»JJ
¥4V S TSCHCIATT T, Jd02 )V sSIGHMAZPHI 227779 TWI, TICEN,C)

ThIAV=TWIAV+ THI*ALFAL
CALCULATION OFf THE "CENTRAL-TYPE SUB—~SUBCHANNELS CEFINED BY AN
ANGLE OF THE ROD SECTOR = ALFC

CONTINUE

DO 13 J=1,N1

I=N1-Jd+1

AA=A(1)

DC=DEL 1)

6G=G{I}

AMI=MEC(TI)

Li=L+J

CALL CEWAIK,NS,IRH,PROV sPByRH,AA,CCy GCoAML,DETOT, H14ALFCyLLsJJIJsH,

®*PR1,PR2,SADPG, AMT o TT4DDDDy TEy SUR 42 T TI JHPLUSBINS yJJJd) 4 HPLUSWINS,3J
*J) o TSCWCIITITI 143392} sSIGMA2,PHI2&TT 7oLy TWI, TICEN,C)
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TWIAV=THIAV+TWIXALFC

CONTINUE

THE CALCULATION OF THE ®CENTRAL-TYPE®™ SUB-SUBCHANNELS HAS BEEN
COMPLETED: CALCULATICON OF AVERAGE SUB-SUBCHANNEL VARIABLES FOR THE
WHOLE CENTRAL PORTICON AND FCR THE WHCLE WALL SUBCHANNEL

ThIAV=TWIAV*2,/PIG

PHWC(TIIT,JJJ,2)=GAMMAXD*].5
ASCHWCIIIT,JJJ,2)=AT-ASCHWC{TIII,JJJ, 1}

DEWCAIIT 303421 =4 ¥ASCHWC(ITI,JJJs2)/PHHCIIITJ0d,2)
TSCHC=I(TT-TTAB) /{ AMT-AMTAB)

RHCTC=RHO{PB,TSCHC}

DCDOC=DDDD-DDNDAB

LAMWC(IIT33Jde2 )= {{ASCHWCITIT+JJJy2)/DDDDC I *%k2 1% 2 #CENC{IITsJJJs2)
* ¥RHCTC/H

ATSCH=TT/ AMT
RHCY=RHO{PBs ATSCH]
DO 14 JWC=1,2

14 CCCC=CODD+ASCHWC(IITsJJJe JWC)*STGMALI NS, JJJII*{CHI(TT11,JJJ,JKCI-1.)

2999

*/SQCPC

LAMSCHINS s JJJ)={(AT/DDDDI*%2) %2, *DETHRHOT/H

CTURBZ2(ITI yJJJ)=TURBWC{CTU3PVERT{IT},PRADI(II }4DsWsC,GAMMA,ASCHWC
ITTT9JJJy 1)y ASCHRWCL T I3 JJJ92) yDEWCIITIT 9JJJsl) yCEWCHITIIJJJy2), EML)
I2TIPINS s JJJd =D

F2ATIPINS,JdJd)=1.

F2DTIP{NS,JJd)=1.

IF{I3TIPINS, JJJ).EQ.2)GCTC 3000

IF{ITCORR.GT.L)IGOTD 2999

MSCHINS, JJJ) =AMT

TSCHINS 4 JJIJ) =ATSCH

TRINS ¢JJJ)=THIAYV

B 2 5 5 & 5 65 S 6B 6 LB S O S 2O S OP 2SO0 DTR2D2D O DD OV ETOD PO SR 0D O N O T SO SV S PEOE P e

FOR I3TIP=1 OR I37]IP=3

CONTINUE

ZWC={CxJ.5-EML)/SQRT{3.}
PPPP=({W-0e5%D-ZWHC)*ANGLAM

NDVEGA=ATAN{PDPPP%2, /C)
PHACIL={PIG*0,5-0MEGAXRTIP{IPA)
PHWC2L=0MEGAXRTIP{IPA)

AWC2L= C*0a25%PPPP~RTIP{IPAIR¥2%(,5%0OMECA
AWCLL=ASCHINS,,JJJI*FATIP(2)-AWC2L
PHWCTL=PHWCLIL+2 . *ZWC+EM1]

DFWCLL=4ARCIL/PHWCTL

DEWC21 =4 % AWC2L/PHWC 2L
MWCIL=MSCHINS y JJJ I HAWCIL/{ASCHINS,JJJ)*FATIP(2))
MWC2L=MSCHINS, JJJ)-MWCIL

RINDR2L=1,/7SQRT{1e+ 2.%AWCLIL/{PHWCIL*RTIP(IPA}))
R21wA=RTIP{IPA)/R1IDR2L
RC2WA=SQRTIRTIPIIPA)* K242 XKTIO(IPA) *AWC2L/PEWC2L)
PHWCTE=1.

PHKCLlE=1,

IF(CQINSyJIJ)sLE1.E-06)GOTC 4444
QRCOD=CSCHINS ,JJJ) *QDEV

QLIN=CQLINM®*Q{DEV*C*0.5
PHWCTE={QROND+QLINI*{ PHWCIL +PHWC 2L} /QROC
QRCD1=CROD*PHWCIL/ {PHWCLL+PHWC2L)
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PHWC 1E={QROD1+QLIN) /QRODL*PHUWCLL

4444 FPROV=I(DET*FDTIP{2) )#*2%AT*FATIP{2)/PHWCTE

OO

OO

c
C

2997

WFCCLATITyJJJY=AKAWCIL) *PHWCLEXFPROV/ {AWCLIL*¥DEWCLLA%2)

WFCOLTIT,JJJ)=(WFCOMLITTJJJIY*PHWC LL+AKAKCI2) *PHWC 2L %% 2*FPRCV/
/{ARC2L*DEWC2L%%2 ) )/ {{PHWCLIL+PHWC2L ) *BKAPPALIPA,2))

WFCOM(TTIJJI)=WFCOLLTIIT 4 JJJ)/BKAPPA(IPA,2)

RELA=RELAM (ATX*FATIP(2), DETXFDTIP(2),PByTSCHINS,JJJ)y TWINS,JdJJ)»
* MSCHUNS ¢ JJJ) yTLINER(TIXyJJJ) 92, RLDR2L, PHRCTL/{PHWCTL +
+PHWC2L))

LAMLAM=AKAPPAINS) /RELA

CALL ENTRFR{Ky1ly2,RTIP(IPA),RC2WASR2IWAZNS,III,JJJCEWCIL,AWCIL,

% MWCLL,yPByTSCHINS,dJJ)LANLAN)

CALL ENTRFR{Ks2,2yRTIP{IPA) yRO2WAJR22WAZNSHITT,4JJJ,CEWC2L ,AWC2L,
* MWC2L s PByTSCHINS yJSJ ), LAMLAM)

IF{ I2ZTIPINS yJJJ) o EQLICCTC 2997

® 8 5 9D 8 OHS P DGO BL B P OD GBI OOD LRSI OB e OSSP ECES DSOS ESOIOHR OIS A OO eSS

I3T1P=3: SAGAPO DECINES WHETHER THE FLCW IS LAMINAR CR TURBULENT

TELLANMSCHINS,3J1) .GY JLAMLAMIGOTC 3000

THE FLCW IS LAMINAR

CONTINUE
LAMSCHINS, JJJ)=LANLAM
LAMWC{IIT ,JdJ,1)=LAMLAM
LAMWC(TIIT,JJJ.2)=LAMLAM
DOCC=2TxFATIP(2)/SQRT (L AMLANMXH/ { 2. %DETAFDTIP{ 2 )*
®*RHEO(PB,TSCHINS,JJJ))))
AMT=MSCHINS,dJJ}
ATSCH=TSCHINS,J3J)
[2TIPAINS,JJJ)=1
F2ATIPINS,JJJ)=FATIP(2)
F2DTIPINS,JJJ)=FDTIP(2)
ASCHWCLITIT,JJJ,1)=AWCIL
ASCHWCI{TIIT,JJdJ,2)=AWC2L
PHWCUITI»JJdJ,1)=(PIG*0, 5—OMEGA)*D* (. 5
PHWCIII1JJJ42)=0MEGA%D*0.5
DEWC{III,JJJ,1)=DEWCIL
DEWC{III,JJJ,21=DEWC2L
HPLUSB(NS,JJJ)=1.
HPLUSW{NS,JJJ)=1.
QPLUSINSyJJJ)=1.
PRBINSyJIJ)=1.
YOCHINS,JdJ3Jd)=1.
TBESCI{ NS4JJJI=TSCHINS ,JJIJ)
TISSCU{ITI,JJd)=TSCHINS,JJJ)
T2SSCI(ITI4J3JI)=TSCHINS yJJJ)
TBSSCZINS ,JJJ)=TSCHINS,JJJ}
TI1SSC2{I11,JJJ)=TSCHINS yJJJ)
T2SSC2(TIT11,J43)=TSCHINS,JJJ)
TWSSCI{ NS,JJI)=TW(NS,JJJ)
TWSSC21 NS, JJJ)=TWINS,JJJ)
XMSCHA(TII JJJ)=MSCHINS,JJJI*ASCHWCL{TIT4JJdJs L}/ {ASCRINS,,JIJ)*
*E2AT IP(NS,JJJ D) *0.5
XMSCHR(IIT,JJJ)=XMSCHA(TIII,JJJ)
ACAB(III,J3J)=2.
FOR LAMINAR AND TURBULENT FLOW

3000 CONTINUE
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FLATYIPINS)=FLATIPINS ) +ASCHINS , JJJ)}/ACHA(NS)I*F2ATIPINS9JJJ)
FIPTIP=FLPTIP+ASCHINS; JJJI/ACHAINS)Y*F2ATIP(NS,JJJI/F2DTIPINS,JJJ)
FIDTIPINSI=FIATIP{NS)/FIPTIP

IF{IRH.EQ.1l .OR. I2TIP(INS,JJJ) cEQ.1)RETURN

@ @ 0% 9 PO GO OB PO PO G HOOOEDH OO0 OGS S DD O RNEIPE DO B DD DE VOO DRSE VOSSP

NNLY FCR TURBULENY FLOW ANC ROUGHENEC RODS

ATBC=ATB#ASCHWAC( I ILyJJd,2)

HPLUSBINS, JJJY=HPLUSBINS,JJJ)/ATBC
HPLUSWINS,JJJ}=HPLUSWINS,,JJJ}/ATBC

AMTBC=AMT—-SRAMIA

TSCHBC=(TT-TTA)/AMTBC

CPTBC=CP(PB, TSCHBC)

QPLUSINS y 3401 =QQ{NSy JJJ I *ATBC/ {SURKAMTBC*CPTBC*{TE+273.16)})
PRBINSyJJJSI=ETA{PB,ATSCHI*CP(PByATSCH)/KAFFPA(PB, ATS(H)
YODHINSy JJJ I =05%ISQRT{D**2+16.*ATBC/PIG)I-D) /RH

RETURNMN

RFETURN 1

END

SURROUTINE RECLCAZ2 (NS, TIIsNPyINDSPyHyLENGTHyPRL4PRZ,,PBT,FRELI,LFT,
ITCCRRPIG D sDPAV ok 3 WSP,ILSFAC)

SUBRCUTINE SURBBAL EVALUATES MASS FLOW RATES AND TEMPERATURES FOR
THE T®D PARTS OF WALL SUBCHANNEL

REAL LENGTH, LAMWC yMAWC, MIWC{2),M2WC{2) 4MSCWCL,M¥SCH,#SCH1,MAVCF (2},
MAV, MAVJT
CIMENCSION WCFUDI2)yWCFWC{2) 4 WCFIWC{2),EPINWC{2),QWCLALZ2)»TIKCIZ)»
TAWC{2) 2 T2WC(2) ,RHOL(2) ,RHCAV(2) yRUASWC{2)4ANC(2),
TMOEX{ 23, TACF{2),UACFL2) ,ACF(2) »WTHWC2(2) y»TWC3(2)
y XMEMI2) y,DELTAA(2),IPAWC(2)yELINWCI2),THEX{2),DPWC{(2),
UWCH{ 2)

COMMOCN/CORRL/SIGMAI{42,3),PHII{42,3)/CCRR2/CHI{18,2,2),PS1{18,2+2)
/GRINDI/CSPACL424343)/1J1/NER(42) ,NIS{42,3}/INC3/NTYP(42)
/GEN2/AL42)/M0B2/UAVI42)/MOBS/TAVLA4Z) /MCBE/MAV(42)
/M0B8/D0P(42)/S5UBC2/JCHC{3,2)/SUBL/ASCHI42,3)/SUB2/TSCH{42,3)
yMSCH(42,3)/S5SUBB/MSCH1{4243)/SUB31/WCFNS(3),DFNS{3) 4yWTASLI3,
3) yWTINS2(3,2)yUNS{3) ,RUASNS{3)/HEALD/QSCH{42,2)
/WCSEL/DEWC(189242) sPHWC(18452,2) /WCSF2/NMSCUCL{1842,2)/6WCSES/
TSCWCL(L1By242)/ WCSEB/LAMWC(184+2,2)/7WCSE4/CTURBL18,2)
SACSES/ASCHWCLI{18,2,2) /RCSET/MANCILB,2,2)
/WCSEB/ASCHWC(184242) /WCSES/TAVRC(184252)

CCMMCN /SUBCL/NCHC(3),JSCHI{3,3)/GEQD/ACHI3)
/GRIDLI/EPS({42+s343),,DISTS(7)/GRID8B/PGOP{(4243,3)
/SUB3/ADAB{(18,2),CCBB(18,2)/WACOL/XMSCHB{18y2)4XMSCHAI1E,2)
/QPARL/QDEV/QPAR2 /QLINM,QLDEV/CPAR3/FERL{3)
/GRIDAC/EPSHWC{18,29253),CSPWC{18y29253)/GRAV/IGRAYV

XX=1./580665,

DO 70 I=14NP

FRELWC=FRELI

NCHCI=NCHC(TI)

IW IS THE OTHER SUBCHANNEL CF WALL CHANNEL NS5 NCHCI IS THE NUMBER
OF CHANNELS CONNECTED TO SUBCHANNEL 1




SO0

OO0 ]

o000

aEeNe!

iol

5

A)

B)

_27h_
1k=3-1

PCRTICN 1 IS CONNECTED TO AN EXTERNAL CHANNEL3; PORTICN 2 10 A
CENTRAL CHANNEL { PCRTICN INDEX = IPAWC )

DC 101 K1=1,NCHCI

J=NISINS, JCHC(I,K1})

IPAWC (KL }=3-NTYPLJ)+NTYPL{J}/3

CONT INUE

CC 3 JWC=1,2

WCFUD{JWC I =WCFNSTT)*ASCHWC(ITII 1 4JWC)/BSCHINS, 1)
MIWC{JWCI=MSCHCL(ITT, 1, JWC)
ARCIJWC)=ASCHWC (I IT,1,JWC)

DELTAALJWCI=0.

QWCL (UWC)=QSCHINS g T)*PHWC{III41 5 JWC) JLLENGTH*C . 254P IG*D)*QDEV
QUINWCI3=JWC ) =QLINMXPERL{JHCI*05*QLTEV/LENGTE
TIWCUJIWCI=TSCWCLL ITL,15 JWC)

RHOL{JWC)=RHD{PRL ,TSCWCILIII,I,JWC}])

CONTINUE

2 B O S B O3 OES DO D RS OD B D90 SODPRDO D OE PE OO DDOO LD R TOLD B DOODPO OB PE DS

ITERATION ON THE RELAXATICN FACTCR (LOOP ITFREL)

DO 5C ITFREL=1,98
IVIA=1

® DD O H O DS D IR OH TE RO OB DY BOEDOOODO VDY PO P DO SO PE DD O L EIRBODD SR OD SRS S

CALCULATION DF THE PRESSURE LOSSES (LOCP ITGL)
DC 4% ITGL=1,6D

-EVALUATION OF THE CROSS FLCW SOLUTION

CALL CRFLI(ITGL,DPWCAV, FRELWCyASCHINS ¢ 1) 2+AWNC,MINC ;DPWCyWCFWL,
* WCFLWC,EPLWC )

CT 5 JuWC=1,2

WCFWCUJHC ) =WCFWC { IWCI+WCFUC (JWCY
M2WCHJIWC)=MIWC{IWC )= FXdCFWC{JWC)

MAWCCITT 1o JWCI=(M2ZWCIJHC) +MIWCLIWC) }H0L5

TAWCUJIWC )=TSCHINS, 1)
RUASWC(IWC)=MAWC L TTI, 1y JWCIASQRT{LAMWC(IIT,Io,JWCI*Ca125)
CONTINUE ‘

TFOITCL.GT .1 JAND., IVIA.EQ.1 }GOTD 30

CALCULATION OF THE AVERAGE GAS TEMPERATURES {LCOP ITERM)
DO 25 ITERM=1,20
TURBOLFENT EXCHANGE BETWEEN THE TWO PARTS CF SUBCHANMNEL

TF(TAWC{1YeLEDe oORs TAWC{11.GT 43000, «0Re TAWC({2)a.LE.C. .OR.
# TAWC{2)67.3000.31G0T0 59

WTRCLI=TME(PBT yMAWCTITL, 1o 1) yMAWCHTIIT »1+2), TAWC(L) s TAKC(2) s LANMGKCIII
%Y 31y 1Yo LAMWCITIT 3142) yARCI{L)AWC (23, CTURBIIIT, 1))

TAL2=(MAWCH T I, Iy L) RTAWCO L) #MAWCHIITI 41,2} % TAWC{2) ) /WSCHINS,I)

THEX (1 )=—(TAWCI{L)-TAWCI2} ) ¥WTWCL*CP{PBT,TAL2)

THEX{2)=—THEX(1)

TURBCLENT EXCHANGE WITH CHANNELS

DC 8 Kl1=1,NCHC]
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TWC=1PAWC{KL)

J=NISINS,JCHC{I,K1}]}

MAVJIT=MAV{JIXACHINTYPL{J )}/ ALY)

WTIWC2{ IWC)I=WTNS2(1 ;K1)

TATJ=(TAWC U IWC I *MAWCT{ IT I, Iy TWCI+TAVII)*¥MAVIT ) /{MARCI{III,I,IKC)+
* MAVIT )

THEX{ THC I=THEX{ THC )~ {TAWCUTIWCI-TAVII ) MW TRC2{IRC) *CF{FBT,TAL U
8 CCNTINUE

IFINPLEQ.1)5B0TO 11

oy
-

TURBCLENT EXCHANGE WITH THE CVYHER SUBCHANNEL

SRUAS=RUASWC(1 )} +RUASWCI2}+2 #RUASNS{ IW)
DO 10 JWC=1,2
WTWC3{JWCI=WTNSL{ 1, 2) ¥ {RUASKC{JIKC) +RUASNS{IW)} ) /SRLAS
TATJ={TAWC{JWC) *MAWC{IT [o Iy JWCI#TSCHINS, TW)#MSCHINS,IW )}/
* (MAWC{ITL, 1y JWC)+MSCHINS,INW))
THEX{ JWC I=THEX (JWCI—{TAWC{IWCI-TSCHINS o IR} I RWTHWCI(JIBCIRCP{PBT,TAI J
*)
10 CONTINUE
11 CONTIMIE

D) CRCSS FLOW EXCHANGE BETWEEN THE TWO PARTS OF SUBCHANNEL

TACF({1)=0.

MAVCF{1)=D.

CALL CFLUTAWCIL) 3 TAWC(2) 4MAWCITTITI,41) yMAWCLITI,1,2),0PWC{L),
*DPWHCI2) s ITOGL,TACF{L),MAVCF(1})

TACF{ 2)=TACF {1}

MAVCF({2)=MAVCF(1)

E} CROSS FLOW EXCHANGE WITH CHANNELS

DC 16 Kl=1,NCHCI

TWC=IPAWCI{KL}

J=RIS{NS,JCHC(I,K1))

MAVIT=MAV{ J) *ACHINTYP(J})/7A14)

CALL CFLUTANCL{IWC) TAVIJ) MAWCITIII I IWC) MAVIT ,O0FRC(IWC),DP(J)},
*TTGL s TACF(TUWC) yMAVCF(IWC))

16 CONTINUE
TF{AF.FQ.1)G0TO 18

F)} CRCSS FLOW EXCHANGE WITE THE OTHER SUBCHANNEL

DO 17 JWC=1,2
CALL CFLITAWC{JAC)y TSCHINSy IW) yMAWCITIT I, IoJIWC) MSCHINS,TH),
ADPUWC{JIWC ) yDPNSLIW) o ITGL 2 TACF({JWC ) MAVCFIJHC) }
17 CCNYINUE
18 CONTIMUE
DO 20 JWC=1,2
TACFUJWC)I=TACF{JWC I/ MAVCF(JIWC)
TATCF={ TAWC(JWC)*MAWCUTII I, JWC)+TACF(JWCIRMAVCF{JWC))I/(MAWCIITET,
13 JWC)+MAVCF {JWC) )
CFHEX=WCFWC{ JWC) * (TARCIJWC)-TACF(JWC ) }#¥CPIPBT,TAICF)
T2WCUJWC)=TSCWCL{TIT 1o JWCI+H/{MAWC(ITI 1y JNCI*CP(FETTAWC(JWC) ) ) *
* (QWCL{JWC) +QL INWC{JWC I+THEX{JWC ) +C FHEX])
IF(ABS{PHIT{NS,I11)6GTa1.E-2C)GOATC 230
PSI{IILIsI JuCr=1.
GOTC 201
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CONTINUE

PSI{III I4JWC)=(THEX(JWC)+CFHEX)*H/{ARC{JIWC)*PHIT(MNS,1))

CONTINLE

TAVWCUIIT, I, JUWC)={M2HCL JWC)I XT2RCIIWC)+NIWCTIWCIRTSCRCLIAIITI,I,JWC))

* *¥) o5 /MMACU{III,I9JWC)

CONTINUE

IFUITCLLEQ.LIGOTO 30

DO 21 JWRC=1,2
IF(ABS(TAHCIJIWC) /TAVRCUITI 414 JWC)I-1.)eGTL1.E~-D4)GOTC 22
CONTINUE

GoOTn 3¢

CCNTINUE

DC 23 JWC=1,2

TAWC(IWC )=TAVWHC{ IIII,4JWC)

CONTINUE

END OF THE LOOP ITERM: POINY REACHED IN THE CASE OF CONVERGENCE
PRCBLENS

WRITE(6426INSy 1y {TAWC(JWC)yJIJWC=1,2), ITCUORR

FORMAT( 5X¢*STCP IN LOOP ITERM COF SUB. RECCA2. NS=7,15,2X,'I=",
*T29 EXg YTEMPERATURES="/5Xy2E15.7/5X "I TCORR=?,15)

RETURNM 1

CCNVERGENCE HAS BEEN REACHECD FOR THE ENERGY EQUATIGAS; THE CALCU=
LATICN OF THE PRESSURE DROPS STARTS

CONTINUE

DD 31 JWC=1,y2

RHOAVIJIWC)=RHO(PBT, TAVWC(III,14JWC})
UNC(JIWCY=MAWC(TIII yI4JWC)/ {AWC{IWCI*RHEOAV{JIHCYH)
CONTINUE

DPWCAV=D,

SMKC 1=0.

TURBCLENT EXCHANGE BETWEEN THE TWO PARTS OF SUBCHANNEL

TMGEX(L)=—{UWC{ L)—UAC(2) 1 *WTHWC]
TMOEX{2) =-TMOEX{1)

TURBCLENT EXCHANGE WITH CHANNELS

DO 2% K1=1,NCHC!

J=NIS{NS,JCHC(I,K1})

IWC=1IPAWC(KL)

TMCEX{IWC)=TMUEX{ IWC)=(UWC{IWC)I=UAV{J) I*KTRC2{IWC)
CCNTINUE

TURBCLENT EXCHANGE WITH THE CGTHER SUBCHANNEL

DD 37 JWC=1,2
IFINP.NELL)TMOEX(JWC)=TMOEX{JWC)~(UWCL{JWC )=UNSTIW) JIWTWC3( JWC)
TMOEX(JWC)=TMOEX{JWC ) *F TH/AWC{ JWC )

uaCrF{1}=0.

ACF(1)=0.

CROSS FLOW EXCHANGE BETWEEN THE TwWO PARTS OF SUBCHANNEL

CALL CFI{UWCI1),UWC{2), AWC(1),AWCL2) ,DPKC{1)+DPWC(2), 1 yUACF (1),
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% ACF{1))
UACF( 2)=UACF(1)
ACF{2)=ACF{1)

CROSS FLOW EXCHANGE WITH CHANNELS

DC 4C Kl=1,NCHC!

TWC=TPAWC(K])

J=NISINSyJCHCITI K1 ))

AJT=ACHINTYP( U))

CALL CFL{UWCHIWC) yUAVIJ I ARCLIIWC Yy AJT sDPUHCLIWC)DF(JYs1,
% UACFITIWC) yACF( IWC))

CONTINUE

DO 45 JWC=1,2

CROSS FLOW EXCHANGE WITH THE OTHER SUBCHANNEL

IFINP.NESL) (ALL CFLIUWCUJWC) sUNSLIW) yAWNC(JIWC) ASCHINS,yIW),
* CPWCLIWC ) DPNS(IW) s yUACFLJWC) JACFLJWC))

UACF{JWC)=JACFIJWC I/ ACF {IWC)
CAMCEX={2%UWC{JIWC)-UACF{JIWC) ) *WCFWC {JWC) *H/AHC(JIWC)
XMEMOJIRCI=LAMACITITy Iy JWCI*E/ {2 *DEWC(ITIT, 14 JRCIRRECAV(IWC))
RE=MAWC(III I, JWC)*DEWCHLITIL,I,JWCH/ (AWCHIWCI*ETA{PBT,TAVWC{III, 1,
1JKWC) 1)

TFLINCSPLEQ 2V XMEMUIWC ) =XMEMIJWC )+ {CSPWCLIITI, I9JWC,I1SPAC)+DSPCPF{
*EPSWC{ITI I, JWC, ILSPAC) sDEWCIITI oI yJWC) »LAMAC(IIT, I4JWC),WSP,
#PGOPANS, I, ILSPAC),RE,2) )/ RHOAVIUWC)

DPRCLIWC) =XX*{~{MAWC{TIIT s 1o JWCI/AWC{IWE) YHk2% (XMEM{JWC )= (RED(PR2,
* T2WCL JAC) ) -RHOL{ JWC )} ) /RHOAVIJ WCI**2-DELTAALJWC)/ {AWC L JWC ) *
* RHCAV{JWC) ) )+ TMOEX(IWC) +CFMOEX+ IGRAV*98D.665*%RHCAVIJIWC ) *H)

DPWCAV=DPWCAV+DPHC{JWC) XMIWCIJIWC)

SMWC1=SMWC1+MIWC{JWC)

CONTINUE

DPWCAV=DPRCAV/SMWC1

S0 OB 6 D DDSD L OEDOEHSH ST OO DR EOO SRS DE NS ED SO HPHOE T OETE® SO OSSOSO S O

TEST CF CONVERGENCE ON THE PRESSURE DRCPS

IF{ITCLL.LT.A)GOTO 47

DO 46 JWC=1,2
TF{ABS{DPWC({JWC)/DPWCAV~1.)eGTo1.E~-22)GOTO 47
IF(ABS{DPWC{JWC) /DPHACAV~12) eGTo1.E-03 +AND, ITGL.LT.40)CGOTC 47
CONTINUE

IF(IVIALEQ.2)GDTO 55

IF(M2WC(1)eLEeDe oDRe M2WC{Z2).LE.C.)GCTO GS
Tvia=2

CONTINUE

DD 48 JWC=1,2
WCFWCLJWC) =W CFACTJWC)~HWCFUC (JWC)

CONTINUE

S ® & 5 0 8 9908 P DSBS DB OH P ES ST OO RO S GO BD VO OO PLH S0 ECHOL P ENOEDBDD SO PVOCOR S

END CF LOOP ITGL

CONTINUE
AIT=1ITFREL
FRELWC=1.,~AIT*0.01
CCNTINUE

"FEELEEBREEIEEEEFEEIEFEFENFE RN E R BN I X B I A I I I B I 35 I B IR B I B0 B BRI BN B BN B I B IR BN IR BN IR BN BRI BE BN IR N IR J
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END CF LOOP ITFREL: POINT REACHED IN THE CASE OF CUCNVERGENCE
PRCBLENMS

WRITE(E6s51 ) ITCORR NSy Iy {DPWC{IWC )9 JAC=1,2) o {MAKCITIIL oI5 JWCH,JWC=1,

* 2V s {ITAVHCLIIT T2 JWC) 3 JWC=142)y (AWC{JIWC) yJHC=1,2)

FORMAT{// 5X,?STOP IN LOOP ITGL OF RECCA2: ITCORR=',I5,5Xy"AS=
LI545X* I=?,12/5X s *"PRESSURE LOSSES:?;2E15.5/5%X, "AVERAGE MASSES:*®,
22E15.5/5Xy"AVERAGE TEMPERATURES:® 42EL5.5/5X, " AREAS29,2E15.5)

RETURN 1

THE ENERGY EQUATIONS AND THE AXIAL MOMENTUM EQUATICAS HAVE

REACHED CONVERGENCE

CONTINUE

DC 56 JWC=1,42

BMWC=SQRT{ABS{DPAV) /Z{XX®XMEM{J&C)))*AWC{JWC)
CHIMITIy 19 JWC)={MAWCITII s I3 JWC)-BMWC)/ (AWCLIWCIRSTICMATINS,1})
CONTINUE
EPSM=MAWCU{IILs Iy 1)—(XMSCHA(III I )+ XMSCHBIIII 1))
XMSCHA{TIII I )=XMSCHA{IIT, 1) ¢EPSM*{1.-1./A0AB(III, 1))
XMSCHB(TII,T)=XMSCHB{III,I)+EPSM/ADAB(III,T)
CONTINUE

RETURN

END

FUNCTICN RELAMUA D, P TB,TW, ¥, TL INER; ITYP, RlDR2LyPHIEPH§
RELAM CGHPUTES THE LAMINAR REYNCLOS NUMBERS FOR THE CALCULATYICN
OF THE SUBCHANNEL FRICTICN FACTCRS

PEAL ¥
CGNMCA/INPAR/IPN/LAMINS/RTIP(7)/DAT/PIG/CPARB/PFRL1’)1”ART/ITCORR
1 /RETEM/TNY

TL=TLIMER

IF(IPA/2%2 . NE.IPA ,OR. ITCORR.EQ.1}ITh=1B

RENU =MxD /{A%RHO{P,TB))

TNY=Tk

TF(ITYP.NE.1 o AND. IPA/2%2.EQeIPA AND. ITCORR.GT.1)

* TNY=TNU(TW,TLyITYP, PERLUITYP),PIC,RTIF{IPA})
RELAM=RENU *RHO(P,TNY)/ETA{P,TNY)
RETURN
END

FUNCTION RHO(P,T)

N+t il e o e < S T e e P D RS S D D A D T Tl oD A R il S Dl e M RS Sl D Ul T e D s M SR T it A M e s e D o TP S e R el s e g S S il -

RHO EVALUATES THE DENSITY OF THE COOLANT {G/CCM)
CASE CF HELIUM COOQLANT

TCDT1=273.167/{273.16+T)
RHO=0,172823E~03%P*TODT~0.GC4002E~ QT %Pk 2% TODT*%2, 2
RETURH

END
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FURNCTION RHPLUS{HPLUSB, TWsTEsQPLUS,HPLUSK,TB1,YDH)

T 0D AT A S o, oD A e D e N D T i ) RS T i, WS LU D s A Dl Sy e e . R AP o I sl S T ST . e WD e, v NN S D g il A S g £ A W O . Yl D A S O A e e

C
C
C RHPLUS EVALUATES THE FUNCTICN R{H#}

C IRHPL=1 : R{H&#)=R{HW+)+CONST/ (HW+ )% *xCONSTH{TW/TBL1~-1)*%CONST+
C +CONST*ALOG{HR/{Co CL*{RO-R1)} })

C IRHPL=2 : R{H+}=R{HB+) (FOR THE LAST UNHEATED ROUGK PART)

C

COMMON/DAT2/BlsB24B3;B4,B5,B64B7:B8,BG,B1C/TRANS/RETLsRHSW
1 /DAT B/ IRHPL
CORRTW=D0,
GOTC{L.2),IRHPL
1 HPLUS=HPLUSY
CTW={TW+273.16)/{TB1+273.16)-1.
IFICTKGT ... JCORRTW=CTW*%B1Q
GDTN 2
2 HPLUS=HKPLUSB
3 RHPL =(BL#B2/HPLUSH*B3 1 **B4+BS¥ AL CG{Ll ./ {YTH%ER) ) #+RE/FPLUSH*BT ¥
* CORRTW
RHTU=RHPL
RHSM=%,542,5%ALOGI{HPLUSB}

IF R{E+) TURB. DRHSM THE FLCW IS "HYCRAULICALLY SMCLTH"

leEnEe!

IFIRHFL.GT JRHSMIREPL=RHSHM
RHPLLS=RHPL

RFTURN

END

SUBROUTINE RNU{HPLUSW,TWI sLAMIBREI4PRI,TBT,YDH,RICE2,R2MROBEULDU,
*REWsYYI o NJT s GHPLY

- v - . o - 7 o . i N o ARV o W i AT i o S oo Tl U T W D o a7 2 o Do Ty P T S o 2

RNU EVALUATES NUSSELT NUMBER IN THE ROUGH PART

REAL LAMIB, NUI
GHPL=CHPLUS{HPLUSW, TWI,TBT 4PRI,YEH,REW,R2MROH)

FF=GHPL+2, 5*¥ALOG{YDH+R2MROH)}~(125+3.75%R1ICR2)/{1.4R1DR2)
STI=SCRT{LAMIB*0.125)*U1DU/FF

NUI=STI*REI*PRI*YYI]

RETURN

END

SUBROLTINE RTYRI{(PBT,T3T,MASST DEL,AREAI,ACAB,LAML YYI,CA, FACKE,TE,
¥ REgI511y MyJPIV TWL,RULCRU; ITYPyDEI Dy YYDH o vF2ATIFyF2DTIP§

RTRI EVALUATES ROD TEMPERATURES FOR CENTRAL AND CCRAER SUBCHANNELS
AND FCR THF TWO PARTS OF WALL SUBCHANNELS IN THE RCUGH PORTICN.THE
BULK TEMPERATURES OF THE TWO REGIONS DEFINED BY THE TAU=0 LINE ARE
ALSC COMPUTED.
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REAL LAMI,MASSI (KI,KAPPA,NUI,NUO,NUTU
COMMON/SUB21/TSCHA{18,2) s TSCHB{18,2) /SHROUD/TLINER{18,2)
1 /QSHR/ QAL IN/TRANS /RHTU, RHSNM/LAMINO/I2TIPL42,3)

TEMLAN IS CALLED IF THE FLOW IS LAMINAR; THE CALCULATION RETURNS
THEN AT THE END OF RTRI

IF(I2TIP{I M) . EQeL)CALL TEMLAM{A2000,PBYsTBT,MASSIsCEI,AREAI QA,
& RALINy TE gLy I T yMyTWL LITYP,F2ATIPLF2DTIP,C}H
ok ook o o o oK ok ek ook Ok ok skl ool e ok ook sk ok ok ok ok ok oh ok o o ook ok ol ol ok ok o 3 ok koK kol s sk sk koK ke o
THE FLOW IS TURBULENT: CALCULATICN PERFORMEC ASSUMINC ROUGH FLCW
ook sk ok b o ook o ol ok e ok ok gk i ik ok ofe ol ok aK kR o i ok ok ok sk ook ok sk sk e sk kool ok ok o ok ok ok Sk ook sk ok Kk ok

R1=D%C.5
RO=0.5*SQRT{(D¥x2+DEL*D}
R2=SQRT{D**2+ADABXDEL*D }*0V.5

L2 2N BE BN B OE I BN B BX 2 BE N B BN R BN JE 3K BR B IR NN N N B BN I B BN B BE B BRI I I BE N BN WY BE R BE B CNE BN N 2R BRI B I NE N R BN NE NN BN OAR R N AN 2

INLET EFFECT ON THE NUSSELT NUMBER OF THE RODS
FACHE=TIS(RL1,R2,2)

YDH={RC-R1}/RH
R2MROE={R2-RD}/RH
YYDH=YDH+R2MROH
RODR2=RO/R2
RIDR2=RL/R2
KI=KAPPA(PBT,TBT)
ETAI=ETA{PBT ,THBT)
RHOI=RHOIPBT ,TRT}
CPI=CP(PBT,TBT)
REI=MASSI*DET/{AREAI*ET ALY
PRI=ETAI*CPI/KI
YI1=MASSI/{AREAIXRFOT)
TWALL=TBT

TWO=TBT

TB1=TRY

B85 P E OO OO0 DD DOD OO R SODOTOC DY DO LD PO D DL VD D OD OO L OPO R DS ERDO RS ETP RS SEE @

CALCULATION OF THE BULK TEMPERATURES OF THE TWO ZONES DIVIODED BY
THE TAL=0 LINE { LOGP ITW )

DC 7 ITH=1,10

RHO1=RHOIPAT ,TB1}

UICU=RULIDRUXRHOI/RHOL

Ul=U1TU*UI

UISTAR=UL%*SQRT{LAM1*0.125)

CALCULATION OF THE SURFACE PIN TEMPERATURE AT INFIANITE CONCUCTI=
VITY CF THE CANNING METAL AND AT {(Q°*)SHRGCUD = O ( [LOOP ITkl )

DO 2C ITWl=1,1D
TF{ABS{TWI) oLT430004ANDs ABS{TWALL} LT.3000.)GOTO &S
WRITE{64+28)I+JPIN,TWO, TWALL

28 FORMAT({ 5Xs *STOP IN RTRI:Z NS="'315,5X'PIN="3I5/CXy*Thd="4E15.5,

I5X, " ThALL=? ,EL5.5)
RETURN 1

29 CCNTINUE

ETAW=ETA{PBY,TWALL)
RHOW=RHO(PBT  TWALL)
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REW=U1*DEL*RHOW/ETAW

REWO=REWXETAW*RHO(PBYy TWO)/{RHOWXETA{PET ,TWO )}

HPLUSW=RH*REWXSQRTILAMLI#).125}/DEL

HPLUSC=HPLUS W*REWO/RENW

CALL RNUIHPLUSHW, THALL+LAML,REL,PRITBT4YDHsR1DR2,RZ¥NROHULDU ¢REW,
YYT3NUT 4GHPL )

CALL RNUCHPLUSO, TWO JLAML,REI PRI TBT sYDHsR1IDR2,RZMROH,ULCU,REWO,

1.9NUD,GHPL )

ALFATI=NUI*KI/DEI*FACHE

ALFAD=NUO*KI/DE!

TWI=TBT+QA/ALFAIL

THO=TBT+QA/ALFAD

TF{ABS{THL/TWALL-1)LE-1.E-04¥GOTO 32

TWALL=THW]

ENC CF LCOP ITWl: POINY REACHED IN THE CASE OF CONVERGENCE

PRUOBL EMS

WRITE(6,31)1 ,JPIN,THL
FORMAT{1IHL+5X,*STOP IN RTRI {LOGP ITWL) NS=7 ;15,5 PIN= 315,5X,

¥TH1=13E15.51)

32

1

7

8

$

9

RETURN 1

CONVERGENCE HAS BEEN REACHEC FOR THE PIN TEMPERATURE

CONTINUE

IFLITYP.EQ.LIGOTO 9

ONLY FCR THE CORNFR CHANNELS ANC FOR THE WaALL PCRT IChN OF THE WALL
SUBRCHANNELS

FE=GQA/{RHOI*CPI*ULSTAR)

CALL DDONNE{TWD,TBTyGHPL,RODR2,RIDR2,YDHR2ZMROH,FF 3 1SCHA{TI L ¢¥)
TSCHBITI, M), TE)

[FLABSTTSCHB{ITI M)} /TIBl-1a)oLEa1.E-04)GCTC 9

TBLI=TSCHB{ 1I,M)

CONTINUE

END CF LOOP ITW: POINT REACKED IN THE CASE OF CONVERGENCE

PROBLEMS

WRITE(5,8)1,JPIN,TB1

FORMATLIHL,5X,*STOP IN RTRI {LOCP ITK) I=%,15,5X:'FIh=",15,5X%X,2T81
=¥ 4E15.5)

RETURN 1

CCNVERGENCE HAS BEEN REACHELC FCR THE BULK TEMPERATURES OF THE

TWC ZONES DIVIDED BY THE TAU=(0 LINE; ThE ASSUMPTICA CF ROUGH FLCW

IF TESTED { THIS POINT IS REACHEC ALSO BY YHE CALCULATION FOR THE

CENTRAL SUBCHANMNELS AND THE CENTRAL PCRTICA CF THE wWaLL SUBCEFANNEL

CCNTINUE

ETALI=ETA(PBT,TB1)

HPLUSEB=HPLUSW*RHOL*ETAW/{ETALXRECH )
RHPL=RHPLUSIHPLUSBy TWALL yTE 9 XYXYXsHPLUSKH 4 T81 ,YTH)
IF{REFTU.LELRHSMIGOTO 100

Sfe s 3 oo 3 o ok e e o e ok o i e sl e sk ol kol sk Sk sk kool s stk ool skl o e ol sk sk sk ook of o o ko ok ok R o ok R sokolOk
THE FLOW IF YHYDRAULICALLY®™ SMOOTH: THE CALCULATICAN IS REPEATED INA
SURRCUTINE RTSI. THE CALCULATION IS BASED STILL ON THE VOLUMETRIC
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DIAMETER. THE CALCULATICN RETURNS IMMECIATELY AFTER COMING BACK
FROM RTSI
st e ok e o 3k ok sk s ko ok e st o sk ol ok o oo e ok sk oo s ol o o sk ok ok o o 3 ok ok b o ook 3b 3b ok sk o 3 o8 3b e ok o o ol ok o o koK

CALL RYSI(PBT TBT,MASSIDEL,AREATI,ACAB,LAM]L,YYI,QA FACHE ,TEsRK,1,
AIT oMy JPIN, TWL,RULDRUITYP4DEID,YYCH,&8500,F28T P, FZLTIP)

RETURN

ste el ok ok ok e sk skt ok ok sk ok ko ol sl ok kb 3 K0k skok o ok ok k%0 ok skolokokOk % ok ok o o 3 3ok 0k o ook ok okok %

POINT REACHED IN THE CASE CF ROUGH FLOW

o8 oh 3k o 3% 3 sk ok ok et s okl sl skl ook ok ok sk ook s e sk sk sk ok ok skl sk o ok ok ol sk okl ok ok

IF{ITYP.EQ.L1IRETURN

CALCULATION OF THE SHROUD TEMPERATURE FCOR THE CORMER CHANNELS AND
FCR THE WALL PORTION OF THE WALL SUBCHANNELS { VALLE AT

{G")SHRCUD = 0 )

TLINER{IT MI=THWO-FF¥{2,5%ALOG({R2-RL)}/RH)+GHPL)
TE{TLINER{II 4M) LETEITLINER{II M)=TE

CORRECTION OF THE PREVIOUSLY COMPUTEC PIN AND SHRCUL TEMPERATURES
OF THE CORNER CHANNELS AND OF THE WALL PCRTICN CF THE WALL SUBCHA=
NNELS IN THE CASE OF HEATED SHROUD WALLS {(SUPERPOSITION PRINCIPLE)

DEIAN=2. ¥(R2-R1)

TETA2=D,
IF{QAGTeleE-DO6)TETA2={ TLINFR(TITI M})~TBT)*KI/{QA%0EI2N)
NUT=NUI*DETAN/DET

REI=REI=DEIAN/DEI

Al=0.45/12.4+PRT)

NUTU=TUBENU(REI, PRI}

PEI=REI*PRI

FTHA=22.%¥( 0 2T*RIDR2#%2~1, ) /{PET¥XC, ETHPRI**C,18) *RICR2
TF{QALINGGT 1 FE-06)CALL TELIN{TWL,TLINER(II M) TBT,TE,TETA2, FTWA,
1 QA QALINyNUIyNUTUSAL yKTyRIDR2yDEIANyI s JPINyYYI,FACHE)

2000 RETURN
8500 RFTURN 1

END

SUBRCUTINE RTSI{PBT,TI MASSI,DEl, AREAI,ACAB,LAM]L,YYI,QA,FACHE,
 TEGWRFy Iy ITeMyJPINyTWI yRUIDRUSITYPDEIR Do XXXXo%k, F2ATIP,F20TIP)

( o i —— ——— > S o s W o 7> o O T S s Ve i D e AT e A S L e D MO S N R G ST A S DS oA e S S N i S D T AT i . it S T P D e W
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RTST EVALUATES ROD TEMPERATURES FOR CENTRAL ANC CCFMER SUBCHANNELS
ANC FOR THE TWO PARTS OF WALL SUBCHANNELS IN THE SMCCTH PARTY

REAL NUTUZNUIO,NUI yKIsKAPPA,MASSI,LAN]
COMMCN/SUB2L/TSCHA{ 18,2}, TSCHBU 18, 2) /SHROUC/TLINER{1E,2)

kd JQSHR/QALIN/LAMINO/ZI2TIP{42,3)

TEMLAN 1S CALLED IF THE FLOW IS LAMINARS THE CALCULATION RETURNS
THEN AT THE END OF RTSI

IF{I2TIP{I M) EQ.1)ICALL TEMLAM{Z2000,PBT,TI,MASSI,LEIRyAREAI QA
& QALINS TE4 I, I 4M,TWI I TYP,F2ATIP,F2DTIP,0D)
e Skt e ok o ok e sl ok ok sk ok skl sl skl s o ok okok sk ok sk ok b o sk o sk ok ok ob bkl o o 3 kol sk o sk dokokokok X

THE FLOW IS TURBULENT
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ok e 3ok 3 ok ol o e e ool el o ook e 3R Rk e o ok ko e ok ol ok ok ok sk ok ok okl ke e sl ok 3 ok ool ks ok ke ok ok ok R oK
R1=D*0.5

RO=0, 5*SQRT{D%%x2+DE1%D)

R2=SQRT{D%*2 + ADAB*DEL1*D } %0 .5

DEI=2.%{R2~R1}

RODR2=RO/R2

RIDRZ2=R1/R2

RIDRC=R1/RQ

OB HE D PR OO DO LT O R P O DD RED DR DS BE DD DD OO ODVBOD O DEDRD VPO RS B DR B

INLET EFFECT ON THE NUSSELT NUMBER OF THE ROCS
FACHE=TIS(RLyR2,1)

THIO=THI

KI=KAFFA(PBT,TI)

ETAT=ETA{PRT,TI)

RHCI=RHD{PRT ,T 1)

CPI=CP{PBT,TI)

REI=MASSI*DEI/(AREAI*ETATL)

PRI=ETAI*CPI/KI

Al=C.45/{2.4+PRT)

A2=0.,16%PRI**{-0.15)

A3=1.

IFERICRZ L ToDe2)A3=Lo+{ 7o5%(1./RINDR2-5,) /RET ) %%(0. 6
NUTU=TURFNUIREIsPRI)

FNU=(1=A1)/RIDR2¥*A2 kA3 [TE+273.16)%%0.2%NUTUY
CALCULATION OF THE SURFACE FIN TEMPERATURE AT (QW)SHROUD = O
{ LOOP ITW )

PO 5 TTW=1,13

TWALL=TWI

NUT=FNUZ (THT #2733 16 ) %%0  2*%YYIXFACHE
NUIO=FNU/{TWIO0+273.161%%0,2
ALFATO=NUIO*KI/DEI

ALFAT=NUT*KI/DE]

TWI=TI+QA/ALFAI

TWID=TI+QA/ALFAID
TRFIABS{TWALL/TWI-1e)aLE=1E-D&4)GCTC 7
CONTINUE

END CF LOOP ITW: POINT REACEHED IN THE CASE CF CONVEFRGENCE
PRORLENS

WRITE(6,6) T4 JPIN, TWI ,TWALL

6 FORMATILIHL5X,*STOP IN RTSI {CHANNEL*I54% 5 PINT,IE,%) 3 Tu=®,
H#E1E, 795Xy *TWALL=? ,E15.7)

RETURN 1

CONVERGENCE HAS BFEEN REACHEL FOR THE PIN TEMPERATURE

IF {ITYPL.EQ.LIRETURN

CALCULATION OF THE SHROUD TEMPERATURE FCR THE CORNER CHANNELS AND
FOR THE WALL PORTION OF THE WALL SUBCHANNELS { VALLE AT

{C")SHROUD = 0 )

PLEI=RET*PRI '
FTIWA=22%{ 00 2THRIDR2¥%2~16 ) /{PET¥¥], BT*PRI¥%0.18) *RICR2
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TLINER(IT JM)=FTWARQAXDEI/KI+T]
TFATLINERIII M) LELTEITLINER(II M)=TE

TETAZ2=0,

TSCHA{IT,M)=T1

TSCHB{II ,M)=T1

IF(QALLEL1.E-06)G0TQ 22

TETAZ={TLINER{ IT M)~-TI}AKI/{QA%*DE]L}
GTI={1.5%RIDR2+0.5}/(RICR2+1.,)

GT1={1.5%R1DRO+0.5) /{R1IDRO+1.,)

UI=MASSI/{AREAI*RHKCI)

FI=RO*#%2-R1%%2

F2=R2%%2-R(%%2

FI=FL+F2

T31=11

CALCULATION OF THE BULK TEMPERATURES CF THE TWC ZCMES CIVICECD BY
THE TAU=0 LINE FOR THE CURNER CHANNELS AND FOR THE wALL PORTION OF
THE WALL SUBCHANNELS ( LOCP ITHWL )

DC 20 ITWLl=1,1D

RHOL=RHDI(PBT ,T8B1})

ETAL=ETA{PBT,TB1)

ULDUAS=RULDRU*RHCTI/RHOL#*SQRT{LAMLI*0.125)

U1AS=UI1DUAS *yI

FF=RECI*CPI%*U1AS/QA

DD=ETA1/{RHOL*U1AS)

AS=-TETA2*PEIXUIDUAS/GT I
BS={ThIO-TI)*FF-AS*{ALOGL{{R2-R1)/DD}-GT1)

TSCHATTT yM)=FI/F2%TI-FL/7F2%(TWIC—(AS*{ALOG{{RC-R1}/LC)I-CT1}+BS)/
/FF)

IF(TSCHA{II M) LE.TE)TSCHA(II sM)=TE

TSCHEUTIT yMI=FI/FLATI-F2/7/F1XTSCHALII,M)

[TF{ABS{TSCHB{II M)/TBl-1le)+LEs1.E-04)GOTO 22
TBL=TSCHBIIT M}

20 CONTINMUE

ENC CF LOOP ITW1l: POINT REACHED IN THE CASE OF CONVERGENCE
PRCBLEMS

WRITE(6,21)1,JPIN,TB1

21 FORMAT{IHL,5X,¢STOP IN RTSI (LOOP ITWL)I=*, 155X, FIN=",15,1TEL=",
1E15.5)
RETURDM 1
CONVERGENCE HAS BEEN REBCHEL FOR THE BULK TEMPERATURES OF THE
TWC ZONES DIVIDED BY THE TAL=0 LINE
CCRRECTION OF THE PREVIOUSLY COMPUTED PIN AND SHRCLC TEMPERATURES
OF THE CORNER CHANNELS AND CF THE WALL PCRTION OF THE WALL SUBCHA=
NNELS IN THE CASE OF HEATED SHROUD WALLS (SUPERPOSITION PRINCIPLE)

22 TRFIQALIN.GT.1.E-06)CALL TELINITWI, TLUINER{II«M),TI,TE,TETAZ2,FTWA,QA
1eRALINSNUT s NUTU, AL KT sRIDR2DET [y JPINSYVYIoFACHE])
2000 RETURN
END

SUBRCUTINE SELAWA
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SELAWA COMPUTES THE KAPPA VALUES FOR THE SUBCHANNELS AND THE TuWC
KAPPA VALUES FOR THE TWC PORTIONS OF THE WALL SUBCHANNELS IN THE
LAMINAR CALCULATIONS

COMMEN /LAMING/ ANGLAM/W ALLKA/AKAWC L2 ) /WAKAC/P gWol o200 3PW

1 JLAMINK/BKAPPAL(T,,3)/INPAR/IPA
BKAPPA{IPA, 1 )=GKAPPA(L1, C50075%P)

BKAPP2{IPA,3 )=FKAPPA{D.4T6156/1)

ALFA=ATAN{ 2, %(7-2%WC ) /P)

BETA=BETAF (P, 2WC)

ALFAR=ALFAXBETA

ANGL AM=TAN(ALFAB}/TAN(ALFA)

A2 =PXx*2x TAN{ALFAB)}*) ,125-0,125%ALFAB

PWZ2=ALFAB*], 5

Al=A-A2

PRI=PW-PW2
R=SQRT{{1.570796-ALFAB) /{4, %Z*P—PR*2xTAN{ALFAB)-6.528204%ZWC%x*2))
X=PxSCRTITAN{ALFAR}/ALFAB)

AKAWC{ 1)=FKAPPALR)

AKAWC (2)=GKAPPA(X)
BKAPPALTIPA,2)=A%K3/ (Puk*2% (A2%%3/ [PW2XH2 % AKAWCL2) ) 4A1%%3/ (PW1¥%2x%
*AKAWCTLIY) D)

RETURN

END

SUBQOLT{NE SIMLAL(TEoTIyTwIvTLI9NUIyTETAIgIyJJJ,TEECI;TBEQZ,II)
SIVMLAL CORRECTS THE NUSSELT NUMBERS ANC THE DIMENS ICNLESS TEMPERAT
URES GF THE UNHEATED WALLS IN THE CORNER AND WALL CHANNELS IN THE
LANINER CALCULATICNS IF THE KAPPA VALUES HAVE BEEN CCRRECTED IN
SUBROUTINE XAPCOR

REAL AUI

COMMON/HEAG/NPIN{42),JPIN(42,3) 7IND3/NTYP{42)/CPAR3/PERL(3)
i /SUBL/ASCH{42,3)/ GECO/ACHI2}/MARTZ2/NS1yNS2/INFAR/IPA
2 FLAMINK/BKAPPALT,3) /LAMINL/AKAPPRA{42 )}/ WALLCC/WFCCL1{18,2),
3 WFCO(18,2)/5UB2/T78B{42+3)4BMASS(42,2)/SIMLAM/ISIMPL
IF{TIGToNSL .0ORs JJJaOGT L1IGETC 2C

TBAVR=0,

TRAVL=D.

PERLT=0,

SANG=C.,

AVRAKE=0,

AVRAKL=0.,

PO 10 NS=NSL,NS2

NE=NPININS}

TTYP=NTYPINS)

PDC 10 M=1,NP
PERLSC=PERL{ITYP)*ASCHINSyM}/ACH(ITYP)
ANG=6CXFLOAT{T7-2%ITYPIXASCH{NS ¥} /ACH{ITYP)
SANG=SANG+ANG

PERLT=PERLT+PERLSC

RAKA=BKAPPA{IPA, ITYP)/AKAPPA(NS)
RAKR=RAKAXANGXWFCO(ITyJJ3J)

RAKL=RAK AXPERLSCH*WFCOL{ 11,444}
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AVRAKR=AVRAKR+RAKR
AVRAKL=AVRAKL+RAKL
TRAVR=TBAVR+TB(NS,M}*RAKR
10 TBAVL=TBAVL+#TB{NS M} *RAKL
TBAVR=TBAVR/AVRAKR
TRAVL=TBAVL/AVRAKL
AVRAKR=AVRAKR/SANG
AVRAKL=AVRAKL/PERLT
TBEQL=TE+{TBAVR-TE)*AVR AKR
TBEQZ=TE+{(TBAVL-TE)*AVRAKL

LA R N E RN ENENENEIRNMNEEENENEENNEREZSEEIRIEEJEJMNNEXEII B NI EIE B3NN B NS IR I NN NN NN Y

ENTRY SIMLA2(TI ,TwI,TLI  NUITETAI ,TBEGLsTBEC2)

20 COl=1.+(TBEQLI-TI)/(TWI-TI)
CN2=1+(TBEQ2-TI)/{TLI-TI)
IF{ISIMPL.EQ.2)G0OTO 1111
Cll=1.
CC2=1.

1111 CONTIMNUE

NUI=NLI/COL
TETAI=TETAI*CO2
TwI=TI+{TWI-TI)*CC1
TLI=TI#(TLI-TI)%L02
RETURA
END

FUNCTICON SMEUNI(RHOI ,ETATI ,DETCT,PROVeTsKVIA (REAI,CAILSGC8LIALRQO,
*G4CS)

FUNCT ION SMFUNI EVALUATES SQRT(LA“BDA/E) FCR THE SMCCTH REGICN CF

CUCRNER SUBCHANNELS {SECCKD CALCULATION STEP) .

COMBON/ANGL/R2U30),ALFA(30)/COLAM2/COLAMA
BETA= RO/R2(1I)
=(G*2.-8.1815+1.25%BETA)/{1.+BETA)
IF(KVIA.EQ.1)GOTO 3

@8 BB L SO0 DB LN N S L O BDE T ORE OO D OO OB 0T OD OB PO BO BDeRDPODERO T 0PSRN O CR BB SO

AFTER THE FIRST ITERATION IN RECANGC

SMEUNI={2.5%ALOGI{R2{1)-RO}/DATHREAT /SQBLIAI-GI*CS+E.5%COLANA
RETURM

QP D@ DED O D DO DD OO SR EDDOS POV DOV N O OO0 OO De OO LH P SO OP O BE LD OO OSRREeR 0

AT THE FIRST ITERATION IN RECANG

3 UAST2=SQRT{{Ll—-BETA%%2) /{1 ~ALFA{I)) I*FRCV/{DETCT#ECRT(RHCI))
SMFUNLI=CS*{2 .5%ALOGILIR2{ I )-ROI*RHDI/ETAI*UAST2)-G) +5,5%COLAMA
RETURM
END
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SUBROUTINE SUBBALINSTOT,NSTRy, INDSP,H,LENGTHD4+PIGsFRL 4FR2 4PBT,FRE
LyFTL,ITCORR, DPAV %, WSP, [LSPAC)

. L . I St AV D D D AT D D D s MRS AR G il D AT T i R DS S e e O LD s s SR T S N MR o o Ao W g Slon T W i — T i o Wn 47 Sl > o s

SUBROUTINE SUBBAL EVALUATES THE SUBCHAAVFL MASS FLOW RATES AND
BULK TEMPERATURES

REAL LAMSCHoMIyMAV MSCHLsMSCHyMAVCF, LENGTHsMINS{3),MZNS(3),
MAVI,MAV?2 ,MAWC ,KAPPA
CIMENSION RHOL(3), TINS{3),WCFUD{3) s WCFINS{3),EPLINS(Z),TANS(D),
T2NS(3) yRHOAV (3) 4 ANS{3 ), XMEM(3),CE(3) ,A142)

COMMCON/CORR/SIGMAL42) ,PHIT43)/CCRRL/SIGMATI{42,3),PH1I(42,3)
JGRIDI/CSPACI42:3 43 )/ 1JL/NER{42),NIST42,3}/ INC3/NTYPL4Z)
JGENZ2/AZ{42) /GEN3 /MI{42) /GENS/DEZ{42)/MCB2/URVI42)
/MOBA/ACF({42)/MOBS/TAVI42)/MOB6/MAV(42) /MOBB/CPL42)
/SUBCL /NCHC (3 ) s JSCH{3,3)/SUBC2/JCHC{3,2)V/SUBRL/ASCH(42,3)
/SUR2/TSCH{42,3) 4 MSCH{42,3)/SUBS/LAMSCHI{42,3)
/SUBLG/TSCHL(42,3) /SUBB/MSCHL{42,3)/HEALD/QSCH{42,3)
/SUB3L/WCFNSE3) 4DPNST3) yWINSLU3,43) yWINS2(3,2)LNS(3),RUASNSH{
3)V/M0B24/4WT {42,3)/M0B26/RUAS{42)/TUR2/CTURBLL(Z)
JHEAG/NPIN(42) ,JPIN(42,3)/CEQO/ACHI(3)

COMMON/GRIDL/ZEPS(4253,3)DISTSPUT)/GRIDB/PGDP(42,32,2)
/SUB3/ADAB{18,2),00T8B(13,2)/WACCL/XMSCHBULB,2), XMSCHA(18,2)
/QPARL/QDEV/QPARZ2/QLINM, QLDEV/CPAR3/PERL (3)
JTLAMIND Y/ 2T IPL42,3) /LAMINZ/FLIATIP (L2}, FIDTIPL42)
JLAMING/F2ATIPU42,3) 4F2DTIPL42 4,3)/ WCSET/NAWC (18,42,2)
FACSEI/TAVAC(L18,2,2)/CORR2/CHI(18,242)PSIL1E4252)
/WCSES/ASCHWC(18,4242) /CCNDL/CCONC (4243 )/CONTCZ2/CCONDLL2])
/GRAV/IGRAV

XX=1./580665.

CCRRECTION DF THE CHANNEL FLCW AREAS TC TAKE INTO 2(COUNT THAT
THE SUBCHANNEL SEOMETRIC PARAMETERS MUST BE BASED OM THE TIP
DIAMETER OF THE RODS IN THE CASE OF LAMINAR FLOW

DC 1000 NS=1,NSTOT
AINSY=AZ{NS)I*FLIATIPINS)

LCOP "AS"™ STARTS { NS = CHANNEL INDEX )

DO 813 KS=1,MSTOT

TT1I=NS=-NSTR

FRELI=FREL

NP=NPIN{NS)

IFINPIN(NS) . ERL.L1)GATH &5

s S 3 3% ok kool s ok ke s ook ok e ok koo o kool sk Sl ol ok ok ok otk OB ok b o ok B Aok B R b % R ok X

ONLY FOR CHANNELS WITH MORE THAN 1 SUBCHANNEL

NI=NERINS)

NPl=NP~-]

T17YP=NTYP{NS)

NSCH=4-1TYP

SCH=NSCH

AREASC=ACHLITYP ) /SCH

CONNECTIONS BETWEEN THE SUBCHANNFLS CF CHANNEL "NS" ANC THE
CHANNELS ADJACENT TO “nS™ '
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CALL SUBCONINS NP sNPL ,NI)

DO 1 I=1,NP

RHOL(TI=RHO(PRL, TSCHLINS,1})
MINS{T)=MSCHL{NS, 1}
ANS{T)=ASCHINS, I ) *F2ATIPINS,I)
DECT)=CEZINS)*F2DTIP(NS, 1}
TINS{TI)=TSCHLINS »1)

WCFUD (L I)=WCFINSIRANS{I) /A(INS)

BB W OB OO O D DY DO DN EOE ORD B Ee OHRE VD OO HD BB DO OR OO D VDO DDOD S OE DV DSOeB

ITERATION ON THE RELAXATION FACTCR {LCCP ITFREL)

DU 48 TTFREL=1,98
IVIA=1

® 2 B8 B T EO VLR EO BNV D L OO DD Y PP VB O PR O D B DO SV DO O PP BEDED DD HDD OB O

CALCULATION DOF THE PRESSURE LOSSES (LCCP ITGL)
DC 47 1TGL=1,60
EVALURTION NF THE CROSS~FLOW SOLUT ICNS

CALL CRFLI(TITGL,DPNSAV, FRELIZAINS) ;NP oANS,MINS ;DPNESWCFNS WCFINS,
¥  EPLINS)

DO 2 T=14NP

WCFNS{II=WCFNS{TI)Y+WCFUDI(T

M2NS{TII=MINS(I)-H*JCFNS{ )

MSCHINS; T =(M2NSLI)+¥INS(I}))*0.5

TANS{I)}=TAVINS}

RUASNSIT 1 =MSCH(NS; I} %SQORTILAMSCHINS,; 1}40 ,125)/ASCHINS, 1 J*AREASC
TFUITEL.GT. 1 AND. IVIAGEQ.L)GQOTO 25

% 0 5 ® P O B PO BB LSOO P S OB VDO LR D O R LDE D EP OO O BT OSBRSS ODE P LD O OO BED DD

CALCULATION DOF THE BULK TEMEERATURES ( LCOP ITERM )
N2 2C ITERM=1,29
A) TURBOLENT EXCHANGE SUBCHANNEL-SUBCHANNEL

DO 4 I=1,NPl

MAVLI=MSCHINS, I)*AREASC/ASCHINS, 1}

Tl=1+1

D0 3 ITI=I1,NP

MAV2=NSCHINS yT1)*AREASC/ASCHINS ,11)

TF{TANSI{T)LE.DOe «OR, TANS({1).56T.3000. LR, TAMS{ITI)}.LE<O. .CR.
*TARNS{II}.GT.30309,.,1G0T0 322

WINSLIL{T,I1)=THMEL{PBT ,MAV L, MAV2 4 TANS{T ), TANS({IT),LAMSCHINS, L),
¥LANSCHINS y 11),AREASC, AREASC,CTURBL(ITYP})

IF{I2TIPINS; I} oEQel «ORs I2TIPINS, [T} EQ-1JWTNS1I{I,11)=0C,
WINST(IT,I)=WINSL(I,11)

CONTIANUF

DN 16 I=1,NP

THEX=0,

CONHE=G.

MAVI=FSCHINS, 1) =AREASC/ASCH{NS, I}

NG 5 1I=14NP

IFIT.EQ.TTIGOTO 5

MAV2=NSCHINS, IT Y *AREASC/ASCEINS, IT)

TATTI={MAVLRTANS{TI+MAV2XTANS{II))/ {NAV]I+MAVZ)
CONFE=CONHE-{TANS(I)-TANS{TI))*CCONDLIITYP)*{KAPPA(FBT,TANS(I))+
+KAPPR(PBT,TANSITIT)))
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THEX=THEX-{TANS{TI)-TANSUII)}*dTNSL{I,I1)%CP{PBT,TAITI}
CONTINUE

B) TURBILENT EXTHANGE SUBCTHANNEL~-THANNEL

NCHCI=NCHCI{T)

IFINCHCI.EQ.D)533TD 7

DO 6 Ki=1,NZHCI

M=JCHC{I,K1)

T1=JSCHIT M)

J=NIS (NS, %)

MAV2=MAV L) «ACHT NTYPULIYI/ZAZUJ)

WINS2{ Y, KLI=HWT{NS, M}

TROI2TIPINSy 1) EQa LIWTNS2(1,K1)=90,
TR(TLNELDIATNS2(T KL} =WTINS2(T,K1)*{RUASNS{I}+RUAS{J)I/TRUASNS(I)+
¥ RUASNS(ILI#2 . %RUASTI))
TATJ=({TANS{T)}*MAVI+TAV{ J)EMAV2)/ (MA/ 1#MAV 2]
CONHEP={TANS{I)-TAV{ J) ) *CCONDINS M) = (KAPPA(PBY , TANS(I) }+KAPPA{PBT,
=TAVIJ)))

IFU(ACHIITYP)/AZINS)oLELal LOR. ACHINTYPU{J))/AZIJ)LE1.1) oAND.
RANTYPINS ) oEdel IR NTYPUJ)EJL)ICONAEP=CONHEP:0,. 5
CONHE=CONHE-CONHEP
THEX=THEX=(TANS{ I)-TAVIJ) Y *WTNS2(1,K1)*CP{PRT,TALJ)

C) CROSS FLIW HEAT EXCHANGE SUBCHANNEL-SUBCHANNEL

CONTINUE
TACF=0.
MAVCF=0.
DO 8 TI=1,NP
IF{I.EQ.IT)5DT] 8
MAY2=MSCHINS, TT)¥AREASC/ASCHINS 411
CALL CFRLETANSU{IV,TANS(IT),MAVL,MAV2, DPNS{I),DPNS(T1),
# ITGL,TACF,MAVCF)

) CROSS FLW H4REAT EXCHANGE SUBCHANNEL-CHANNEL

CONTINUE

TE(NCHCI.EQ.2)533T0 12

DD 11 K1=1,NCHCI

M=JOHC{I,K1)

J=NTS (NS, M)

MANVZ=MAV{JY«AZHAINTYP{J) )/ AZNS) _
CALL CFL{TANS{I),TAVIJ) MAVLIMAV2,0PNS{TI),DP(J),ITGL,TACF ,MAVCF)
CONTINUE

CONTINUE

TACF=TACF/MAVCE

TATCF={TANS{ I} ¥MAVL+TACF*MAVLF }/ {MAV 1+MAVCF)
CFHEX=WIFNS{T)})*{TANS(I)-TACF)*CP{PBT,TAICF)

PHIT(NS, I)={THEX+CFHEX+#CONHE)*4/ASCH(NS, 1}

T2NS{T)=TSCALINS g T +H/{MSCHINSy T}*CP{PBT,TANS (1)) ) *{{QSCHINS, 1)*3D
+EVE QUINMEPZRUINTYPUINS) 1 *0 S*QLDEV) /LENG TH+ THEX+ CFHEX+CONHE)
TSCHINSy T¥=(M2NS{T)*T2NSCT)+MSCHIINS s T}XTSCHLI{NS, T} }1*Da5/

* MSCHINS, 1)

CONTINUE

IFETITGL.EQ.L}53TD 25
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TEST OF CONVERGENCE FOR THE GAS TEMPERATURES

DC 17 I=14NP

TF(ABSITANSIT)/TSCHINS, T1)-1.3eGTolaE-D04)CGCTO 18

CCNTINUE

cOTC 25

CONTINUE

DO 19 I=1,NP

TANS{I)=TSCH{INS, I}

CONT INUE

END CF LOOP ITERMz: POINT REACHED IN THE CASE CUF CCANVERGENCE
PRCBLENMS

WRITE(Ey 2LINS, { TANS{1),1I=14NP},ITCORR
FORMAT { 5Xy *SUBCHANNEL CALCULATION STOPS IN LOOP ITERM OF CHAN

“NEL® 3 1645Xs ' TEMPERATURES=*/5X43E15.7/5X%,* ITCORR=?,15)

RETURN 1
CONVERGENCE HAS BEEN REACHED FOR THE ENERGY EGQUATICASS THE CALCU=
LATICA OF THE PRESSURE CROPS STARTS

CONT INUE

DC 26 I=14NP

RHOAV{ I)=RHI(PBT, TSCHINS,1)}
UNS{I)=MSCH(NS, T}/{ANS( T} *RHOAV( 1}
CONTINUE

DPNSAV=D.

SMSCHL =D,

DO 4C T=14NP

TMOEX=0.

DC 27 II=14NP

IF(I.EQ.I1)G0OTDY 27
TMOEX=TMOEX=(UNSH{I}-UNS{IT})WTNSI{I,T1)
CONT INUE

TURBULENT EXCHANGE SUBCHANNEL-CHANNEL

NCHRCTI=NCHC(T)

IFINCHCTFQ.,0)GOT0 29

DC 28 Kl=1,NCHCI

M=JCHC{I,4Kl)

J=NIS(NSyM)
TMOEX=TMOEX—(UNS (1)~UAV {J) )*¥WTNS2{ T, K1)
TMDE X=TMOE X*F TxH /ANSITT)

UACF=0.,
ACF=C¢
ARFAI =AREASC*F2ATIPINS, I}

CROSS-FLDW EXCHANGE SUBCHANNEL-SUBCHANNKEL

NC 3L TI=1,NP

IF(I.FQ.II)GOTO 30
AREATI=AREASCX*F2ZATIP{NS,I1)
CALL CFI(UNS(I)oUNS{ITI) AREAT ,AREAII,DPNSI{I)DPNS(II),
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* 1, UACF,ACF}

30 CCNTINUE

CRNOSS-FLOW EXCHANGE SUBCHANNEL-CHANNEL

TFINCHRCI.EQ.Q)GOTO 36

NC 35 K1=1,NCHC!

M=JCHC{I,K1)

J=NTS{NS, M)

AREAJ=ACHINTYP(J) IxFLAT IP(J)

ChALL CFRI{UNSITI} UAV(IJ) sAREAT sAREAJDPANSTTI)DPUJ) 51,
* UACF, AC= )

35 CONTINUE

36 UCF=LACF/ACF

49

41

3101

45

302

48

CFMOEX={ 2 ¥INS{II-UCF)*WCFNS{I}/ANS{I) *H

XMENM{T) =LAMSCHINS, I)*H/ (2. %CE(T) *RHCAV(I))

RE=MSCHINS, T )*DEL{I) /(ANS{T) *ETA(PBY yTSCHINS, 1))}
TELINCSPEQe2 IXMEM{ I )=XMEM{T)+{CSPACINS, I, 11SPAC)+CEPDPF{EPSINS, I,
*T1SPAC) #DE(TI) JLAMSCHINS,I) yWSP,PGCPINS, Ty ILSPAC),RE,ITYP})/
/RECAVIIT)

DPNSTI)=XX*{=(MSCHINS 1)/ ANS(I) ) A# 2% (XMEM (1) = (RFO{PR2, T2NS( 1))
* —RHO1(T)}/RHOAVL T )%%2)+TMOEX+C EMCE X+ IGRAVERHCAVIT )%980.665%
* )

DONSANV=DONSAV+DPNS{IIAMSCHLINS , 1}
SMSCHI=SMSCHLI+#MSCHIL{NS, I)
CONTIMUE

NDPNSAV=DPNSAV/SMSCHIL
TFLITCLLLT4)GOTO 45

PP B PO D OSSO EH ORGP O DD B OO DD DS LON S e DO DE O DO DS OO e LD R EE SO OOD DN S SDOE S

TEST FOR THE CONVERGENCE OF THE PRESSURE DROPS

DO 41 I=1,NP

TFUABS{DPNSL{ I}/ NPNSAV—1.).GTo1leE~D2)GDTD 45
TF{ABS{DPNS{ I} /DPNSAV=14)eGTa1laE=D3 AND. ITGLLLT.4C)GGTO 45
CONT INUE

IF(IVIALEQ.2VGOTC 59

N 301 I=14NP

IF{M2NS{TI)LLELDL)GOTO 302

CONTINUE

IVIA=2

CCNTINUE

DN 4¢& I=1,NP

WCFNS{T)=WCFNS(I)-WCFUDI{I)

CONTINLE

FND CF LOOP ITGL : POINT REACHET IN THE CASE OF CONVERGENCE
PROBL EMS :

COCNTINUE

AIT=1TFREL

FREL I=1.-AIT*0.01

CUNTINUE

FND CF LOOP ITFREL: POINT REACHED IN THE CASE OF CCNVERGENCE
PROBLEMS

WRITE(6349)ITCORRy NSy IDPNS {I)y I=1s NP )y (IMSCHINS,I)sI=14NP},

* {TSCHINS,I) ,I=14NP}
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FORMATL// 5X, "SUBCHANNEL CALCULATION STCPS IN LOCF ITGL: ITCCRR=
1T 31545X4*NS=%,15/5X,*PRESSURE LGSSES + AVERAGE MASSES + AVERAGE TE
ZJMPERATURES : */(8F15.5))

RETURN 1

CCNVERGENCE HAS BEEN REACHED FOR THE ENERGY EGQUATICAS AND FOR THE

AXTAL MOMENTUM EQUATIONS

CONT INUE

DC €D I=1,NP

BMI=SCQRT{ABSIDPAV]) /UXXkXMENM{T)))XANSLI)

SIGMAT(NS s I ) ={MSCH{NS s T )-BMI)/ASCHINS, I}

CONTINUE

GNT0 70

stk s ok e kR e fe s e S ek R oo ol stk ool kol ok st ok b 3k ok ok ook oot Ol kR o o o ook ok ok sk koKl %
FOR THE CHANNELS WITH ONLY ONE SUBCHARNEL

MSCHIMS, 1) =MAVINS)

TSCHINS, L1=TAV{NS)

STGMATINSy1)}=SIGMA{NS)

PHIT(NS,1)=PHI(NS)

TFINTYPINS ) NE.3)GOTO 7¢C
FPSM=MSCHINS ;1) - IXMSCHALITII, 1 )+#XMSCHBLITI,1))
XMSCHA(TIT, 1 )=XMSCHA(TIT,1)+EPSMX(1.-1./ADAB{III,41))
XMSCHE(ITL 1) =XMSCHBUIII, 1) ¢FEPSM /JADABL(ITI,1)

CONTINUE
IF INTYPINS) e NEL 2) 6070 80
ool o o 3 ke sk kol et kol ook ok ok i 3 skodokol Sl e ot ok et ko e kol ookl K 3 o8k kot Kok dkokok 3 ok ok ok

ONLY FCR THE WALL SUBCHANNELS

I2TTIP={

DO 4000 I=1,NP

12TTiP=12TTIP+I2TIP{NS; I}

CC 4000 JWC=1,2

CHITITI I ,J90) =1,

DSI(III,1sJWCl=1.

TAVWC{ITIT oI JWC)=TSCH{NS, I}

MANCITITy Ty JWC)=MSCHINS y 1) %ASCHWC{ITIsI,JWC) /ANSHT)

RECCAZ IS CALLED CNLY IF THE FLCW IS TURBULENT IN THE WHOLE WALL
CHANNEL

IFLTI2TTIP.EQ.O)

®CALL RECCAZ  INS, TI1 NP, INDSP,HyLENGTH;PRL,PRZPBT,FRELI+FT,
KITCORRZPIG D JDPAV 4&TTT,WSP,I1SPAC)

CONTINUE
END CF LODP ®NS™ @ THE CALCULAYICNS HAVE BEEN PERFCRFMED FOR ALL
SUBCHANNELS OF ALL CHANNELS

RETURN
END
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SUBROUTINE SUBCON{NS ;NP ¢NP1 NI}

( R <000 e ALD i ke s . a  Vl V NPt A i T $O it ol ST LD Sl MY ol S W o Rl i v S VD s A et Pl AR L LR WD WO S AT W s A i D WS . . - VDR A MDD T WD et

SO0

T,

O

4

SUBROUTINE SUBCON EVALUATES THE NUMBER OF CHANNELS CCNNECTED TC
EACH SUBCHANNEL T OF CHANNEL NS  NCKCI{I) 3, ICENTIFIES THESE
CHANNELS BY MEANS OF JCHC{I,K), IDENTIFIES WHICH SUECHANNEL II CF
THE SAME CHANNEL NS IS CONNECTED TO THE SAME CHANNEL { BY MEANS OF
JSCHIT M) )

COMMOCN/HEAG/NPIN{42),JPIN{42,3) /7 TJLI/NERU4Z),NIS{42,2)
1 /SUBCL/NCHC (3}, JSCHI3,3)/S5UBC2/JCHC(3,2)/ INC2/NTYP(42)
DO 4 I=1,NP

NCHCII)=0

DN 3 M=1,NI

J=NTSINS M)

NPJ=NFIN(J)

DN 1 1Jd=1,NPJ

TFOJRFINIIy T EDe JPININS, I} IGOTO 2

CONTINUE

GCTC 2

NMCHCTT)=NCHC (1) +1

JCECUTNCHC{I) )=M

JSCH{T ¥} =3

CONT INUE

COCNMNTINUE

DD 9 I=1,NP1

[IFINCFCITI) EDLO)GCT 9
NCHCI=NCHC{ T}

D 8 Kl=l,NCOHCI

Ti=I+1

DO & I1I=11,NP

TFINCHC{TII ) EQD)COTLC 6
NCHCTI=NCHC(IT)

00 5 K2=1,NCHCII

TRF{JCHCUT K1) EQe JCHC (I [,K2)¥G0TC 7
CONT INUFE

CONTIMNYE

GO0TN £
JSCHIL, JCHO T KLY )=
JSCHUTT JCHC LT 4K1 )}
CONT INUF

COCNTINMNUE

RETURN

ENC

I

SURROUTINE SUBDHIN,K KL NSTCT)

SUBRDH FALVFS THE KeTH AXIAL SECTION IF CUNVERGENCE FRCBLEMS
OCCURRED IN IT

COMMON/GRID2/YY{ 100,42,3)/GRID3/X{100) /HFAG/NPIN(42),JPIN{42,3)

THE MAXIMUM VALUE OF THE AXIAL 1hDICES IS 100

IFINLLTL13D)60TT 2




C
C
C

[ ]

30

-29&-

WRITE{6,3)
FORMAT{1HL,5X, "NUMBFR OF AXIAL SECTICNS BECOMES TCL EBIGY)
STOP

D8 535 TSSO B DO BO VO 06U S SO0 LW B BOCEOD TS LD D OE VO ODE ONDO QO VDE DO O EL S BB R

CCNTINUE

NT=N-K

N=N+1

DO 10 T=1,NI

T1=N-1+1

X{I1I+1)=Xx{11)
X{II¥=X{11-1)

NO 1 NS=1,NSTOT
NE=NFININS)

NN 1 M=1,NP
YY({IyNS\yM)-‘-YY(II"l’NS'N)
CONTINUE

X{K+L )= {X{K)Y+X{K+2)}*0,5
NG 20 NS=14NSTOT
MP=NPIN(NS)

DC 20 M=1,NP

YYTUR+ 1o NSy M) =YY {KsNS¥)
Ki=K

WRITE{A,3D)
FORMATI/130( %"} //})
RETURN

END

SUBRCUTINE TAY{I Al sPsALFASD,WeRHyDET,PROV,IRH;DATICBI»PATsF,

HRHPL y TWI o TE, ITTEMP,OQPLUS yETAA, RHCA ETAE, RECB, ETAIWRFOIW, BETALEML,

AXC19XC2,T1,%,CS)

(‘ e . . Y e i S ) ot i S S e S S S o O S S T G T i Sy VA A o i i A, D . O o o il S o T il A A o St P R S Gnar ) i il . o S
-

1

SUBRCUTINE TAU EVALUATES POINTS CF THE LINE F=F(P) {F=C FCR PCINTS
ON THE TAU=D LINE)}.

COMMON/CALAML/COLAM3/C OLAMZ2/COLAMA/MART/ITCORR/RECL/PVERT{9C)
yPRADIZO)/REC2/ELS0)

PVERT {1)=P%D%D.5
PRAD(I)=PVERT(I}/COSIBETA)
E(T)=PVERT(I}) *TANI(BETA)
IF{I.G7,11G60T0 1

® 9 BT VDD E DD O DBDRLO BV D O ES ODIDH LR OD Y DE CODE BB O S L eDS ¢OREDE O S OO ED OO O

FIRST SUB-SUBCHANNEL

IAT=W—C.5%D~PVERT{1)
DELTAE=F{1}
DBI=2.*E(1¥*P/ALFA-D
GOTO 2

BB O OD B OO D BD 6D PR R OOV OR OB D DPEORD IV OOV REODRY OSSO HSD D DD D LR DS OO OBRO

FOR THE I.TH SUB-SUBCHANNEL, IF I>1

CCATIMNUE
WW=W~{{E{TII+E{I-1))*0.5~EM1)*XC1
IAT=Wh=D 5% {D+PVERT{I}+PVERT(I-1})
DELYAE=E(I)-E{I-1)
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DBI=2.%(PVERT{I~-L)*TAN{BETA)-E(I-1))*P/ALFA-D

FOR ALL SUB~SUBCHANNELS

DAT=4 . %ZA1/XC2
PAI=DELTAE*X(?2
IBI=0.5%{SQRT{D*%2+D*DB 1}-D)

IF{DAT.GT.0. AND. DBI.GT.0.)GOTC 100
WRITE(6422)1 4DAT OB, Py ECEYSE(I-1),PVERT{I),PVERT{[-1),ITCORR

22 FURMAT(S5X,*STOP IN TAU : [=9,]1545X,"0DAI="E15.5,5X,'CBI=",E15.5

L/75K y P P=1 E 10 590X ' E{T) =" E15.59 85Xy *E{I-1)="3E15.5/5 X *PVERT(I) =",
2E154595X " PVERT(I-11=% yE15.5,5X,y " ITCCRR=",15)
RETURN 1

100 CONTINUE

3

FO=2 5*ALNGIZAT *PROV%:SQRT(RHOA *DAI/DET*%3)/ETAA )*CS+5.5%COLANMA
IF(IRF.EQ.2}GOTD 3

IN THE CASE OF SMOUGTH RODS

FOI=SQRT(DBI*RHDA/{DAI*RHOR) ) *{2.5%ALCG(ZBI®PRCV*SCRTIRHOBXCEI/CET

%%%3 )/ ETAB) 45.5)

GOTO 4
IN THE CASE OF ROUGHENED RQTS

HPLUSB=RH/DET*PROV/ETAB*SQRT{DRI /DET%RHIB)
HPLUSK=RHXDET %*PROV/ET AIWXSURTI{CBI/DET*RECIW)
YNE={SQRT{D*%*2+N%DB1)-D } %I .5/RH

RPHP1L =RHPLUS{HPLUSB TWI; TE,QPLUSy HFPLUSW,,T1:YDH)
FCl=SQRT{DBI*RHOA/{DAIXRHEB))*{2.5*%ALOCIZEBI/RE)+REFFL )

4 F=F0-FCl

10

RETURN
EANG

FUNCTION THFUN{NSTR,NSTOT])
TBFUN EVALUATES THE MEAN LINER TEMPERATURE IN THE AXIAL SECTIGN

COMNMON/SHRDUD/TLINER{L8 42)/CPARI/PERL{3})/INCI/NTYPLLZ)

1 JTHEAG/NPINU42) ¢ JPIN{ 42, 3) /SUBL/ASCHI42,4+3)/GECC/ACHI3)

NSTR1I=NSTR+1

TBPIP2=0,

PERLT=C,.

DO 10 NS=NSTRL,NSTOT

NP=NPINM{NS)

DO 1C M=1,NP
PERLSC=PERLINTYP (NS} }*ASCHINSM)I/ACH(NTYP(NS))
PERLT=PERLT+PERLSC
TBPIPA=TRPIPA+TLINER(NS—-NSTRyM)*FERL SC
TBFUN=TBPIPA/PERLTY

RETURN
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END

SURRQUTINE TELINITWL,TLINER,TI, TE, TETA2,FTHWA,QA,QALIN, NUL,NUTU,
1 Al, KI;Pl)R?:DFI.I,JPIN,YVI,FACHE)

G . D D S R ek S0 St I | R Sl R e ALl i i D D il D S il Ll S e D D s WD AN MWD ekl ety S i XD ANRSD i S e RS Ak S i e W o S b W S, D R R ) D

TELIN COMPUTES THE LINER TEVPERATURES ANC CORRECTS THE PIN TEMPERA
OF THE EXTERNAL CHANNELS IN THE CASF OF HEATED LINER (TURB. FLCHW)

REAL NUTUGNUL NUZ K]

INLET EFFECTY ONM THE LINFR ANUSSELT ANUMBER

R1=DEI*RINRZ*],5/(1.-RIDR2)
R2=R140.5%DET
FACHE=TIS{RL+R253}

FNU={1.—-ALDRRIDR 24X 0 ) XNUTUX{TI #2733, 16)%%0.5*%YYI%xF ACHE
ITERATION FOR THE CALCULATICN OF THE LINER TEMPERATURE AT
(QWIRCH = O ( LOOP ITwWl }

DD 1 ITW=1,10

TW2=TL INER

NUZ=FAU/(TW24273.16)%%0,5

ALFAZ=NU2%K 1/NE]

TLINER=TI40ALIN/ ALFA?2
IFLABSUTLINER/TW2-1e)oLEa1le E-04)CGOTO 5
CONT INUE

e Re B BV O AW HSRDOD L DGR EOCD YD YD ROV DD D BV PO DPD OO ODH D RELDD DB TD DS ECH D

CCNVEFRGENCFE PROBLEMS IN THE 1L00P ITW1

WRITE(E,2)I4JPIN,TW2

FCRMATLLIHL 55X, *STOP IN TELIN: I=9%,01545Xy"PIN=%,15,5X," TLINER=",
1E15.5)

sT0P

CONVERGENCE IN LORCP ITWls CALCULAT ICN CF THE RCC TEMPERATURE AT
{QWIRCH = O

TWl =FTWA/RLIDR2*QALINDET/KI+TI

TE{TW] LE.TE}TWL =TE

TETAL={TW]l -TI)*KI/(GQALIN*DETI)
IF(QA.LE.L1.E-D6)G0OTD 10

IEENERBEAEEEREEEREENE BENEEIENNFEENENNEINFEEEEREE N EINEIEIRENEI B I E-IEE I I -B I NI I A I I 3]

REAL ROD TEAPERATURE IN THE CASE OF HEATED ROD AND FEATED SHRCTUD

NULI=AULI/{1.+QALIN/QAXTETAL*AUL)
ALFAI=NUI*KI/DE]
TWl=TI1+QA/ALFAL

DR O O DOL D OB O6R TP B OO DDRO O P OB DR OO PO VO D DO OO S DD P OLEO RE O 0D S DD

REAL SHRDUD TEMPERATURE IN THE CASE OF HEATED ROD AAND HEATED SHROU

NU2=NUZ2/{1.+QA/QALIN*TETAZ2*NU2)
AL FAZ=NU2%*KT/DE]
TLUINER=TI+QALIN/ALFA2

RETURN
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SUBROUTINE TEMLAM(* ¢PBT,TI 4MASST,DEIRLARENI,QCsQALIN,TE, I,11oM,
8 TWl,ITYP,F2ATIP,F2DTIP,DVOL]}
TEMLAM COMPUTES THE PIN TEMPERATURES AND THE TEMPEFRTURE UOF TFrE
LINFR IN THE SUBCHANNELS WHERE THE FLOW IS LAMINAR { THE VELDCITY
PROFILE IS ASSUMED TC BE ALREADY DEVELCPED AT THE FCSITION WHERE T
HEATINC STARTS)
ITyP=1 = CENTRAL SUBCHANNELS AND CENTRAL PART Cf WALL SUBCHANN
[TYyP=2 : WALL PART OF WALL SUBCHANNELS
ITYP=3 : CORNER CHANNELS

REAL MASST,KIKAPPA,NULsNULINsNUZyNUZIN
COMMCN/INPAR/IPA/LAMINSG /RTIP(T)/QPAR3/PERLI3}I/INDI/NTYP(42)

i /SUSL/ASCH{ 42,33} /GEOQC/ACH{ 3} /INITL/X/SHRCUD/TLINER{18,2)
2 /SUB21/TSCHA{LB,2 ), TSCHB{18,2) /MARTZ/NS1,NS2/¥ART3I/TBEQR,
3 TREQL

QA=QCHNDVYCL/RTIPLIPA}#D,.5

TSCHALTIM)=T1

TSCREBLITM)=T1

Ph=4 , ¥ AREATXF2ATIP/{DEI R*F20TIP)
PH=PW-PERL{ITYP)*ASCH(I,M)/ACHINTYP(I})
R2=SCRT(RTIP{IPAI**2+42 *RTIP{IPA)*ARFAIRF2ATIP/PH)
DEI=2.%(R2-RTIP{ IPA})

RAS=RTIP{L{IPA}/R2

KI=KAFPA{PBT,TI)

ETAT=ETA(PRT ,T1)

RHCI=RHO{PRT,TI)

CPI=CP(PRT, TI)
REI=MASSTHDC I/ (AREAIAF2ATIPAETAL)
PRI=ETAIXCP] /KI .
PET=REI®PRI

GRI=X/{DEI*PET)

-------- (MU LVINF IF (QILIN =0

IF(ITYPL.FOQ.LIGDTO ]

NMITIN=4,07 4] 237 /7RASH¥#0 .80272

G070 2

NULIN=RAS/ (1. +RASI*{ 14, 1207+4.12¢1%ALOG({CaG52313/RA%~1.1)}
CCANTIMIE

———————— YAUL=(NU 13/ (NU 1)INF IF {Q)LINER =G

IF{GRI6GT. 0.02516070 3
R==(0,19327 ¢, 121 747/GRI**0),14828

GOT0 4
R==0,0013376+0,3000277181/GRI**%],T7£2E5
TF{R.1T.0.3B=D,

YNUI={RAS/0.,0U0DH2 1 %*B

NUL=NLTIN®=YNUL
NULI=NU1%*0.967
ALFAL=ANJIXKT/DEI




_29 8-

TWl=TI+QA/ALFAL

TL1=0.

TETAZ2=0,

IFINTYPIT) .EQe2 AND. TTYP.EQal <ANDe I.GECNS1 JANL. T.LEWNS2Z2)
*CALL STMLA2{T I, TW1,TLI,NUL,TETA2,TBEQR,TBEQL)
TFITTYPL.EQ.1IRETURN 1

C
C-vm—m— CALCULATIONS ONLY FOR THE CORNER CHANNELS AND THE WALL PARTS OF
L=mmmem— THE WALL SUBCHANNELS {(IF {Q)LINER =0 )
C
C=——===--— {TETA 2)INF
C
IF{RAS.GT. J.,11CGOTC 5
TETA2I=-0.193313%RAS¥*), 3489
GCTC 6
5 TETAZI=0e0142-0,078435T*RAS%*0,4828
6 CONTINUE
C
Cmmrm—m YTE2={TETA 2)/(TETA 2)INF
C
IF{GRI.GT. 2.2L1GDT0 7
YTE2=31. 105%GRI
GCYC ¢
7T IFIGRILGF. D.025)G07C 8
YTE2=15,59936%GRI*%0Q,8501383
. RCYIC S
B YTEZ2=1./10.98293+0.000125822/GRI*%2,242421)
IFIYTE2.6T.1)YTE2=1.
C
9 TETAZ2P=TETAZ2I*YTE2
TLINER(IIM)=TETAZ2P*QAXDEI/KI+TI
TETAZ=TETA2P
TFOTLCESNSL WANDS ToLEJNS2)CALL SIMLALITE, 11, TWly TLIMNER(IT 4¥) 4NUL,
x* TETA2, 1M, TREQR,TBEQL,IT)
TFITLINER(IT M) JLTLTEITLINER{II yV)=TE
TF{ABS(OALIN)LELL1.E-D6 )JRETURN 1
C
C-==——=~-— (PASE OF HEATED LINER { FOR CORNER CHANNELS AND BALL PART CF TH
Co—m===== W2LL SUBCHANNELS) ¢ (NU 2) AND (TETA 1) IF {Q)RCC =¢
C
TETAZ=0,
IF{GCAGT 1 E-06) TETA2={TLINER(TI M)-TI)*KI/{QA*DETI)
C .
Crmmmm - - {NY 2 JINF
C
NU2IN=4,T54%EXP{0.1246%RAS)
C _
(e YNUZ=(ND 2)/7(NU 2} INF
C
JF(GRI.GT., 2,003)607TC 11
YNU2=C.2881/GRI**0,.3334
CTC 12
11 YNU2=1.4#0,060344/GRI*%0506%EXP(-49,.%CGRI)
12 NU2=NU2 IN*YNU2
NU2=NL2%0. 967
C
C-—-==~--- {TETA 1)
¢

TETAL=TETA2P/RAS
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TWI=TETAL*QALIN*DEI/KI#T1I
ALFA2=NU2*%K] /DET
TUINER(II,M)=TI+QALIN/ALFA2Z
IFUIGEJNSL <AND. ToLE-NSZ2)CALL SIMLA2{TI,TLINER{II,M),TWl,NUZs

% TETAL, TBEQL, TBEQR)

IF (TWl.LETEITWL=TE
TETAL=(TWLI-TI)*KI/{QALIN%DET)

—————— GENERAL CASE OF HEATED LINER ANLC ROT {CCRNER CHANNFLS AND WALL

(=—====—=PART OF THE WALL SUBCHANNELS)

C

sBelaleNe!

NUZ2=NL2/ 1.+ QA/QALIN*TETAZ%NUZ)
ALFA2=NU2*K T/DET
TLINER{TIM)=TI+QALIN/ALFA2
TF{QALLE., 1.E-O6)RETURN 1

NUL=NUL/{L.+QALIN/GAXTETAL*NUL)
ALFAL=NUL*K I/DEI
Twl=TI+QA/ALFAL

RETURN 1

ENC

FUNCTION TIS(R1, R”,!hU)

TIS EVALUATES THE CORRECTICN FACYCR FOFR THE NUSSELT NUMBERS IN
THF REGCTON WHERE THE TEMPERATURE PROFILE IS MNOT YET FULLY

DEVELLCPED { CASE CF TURBULENT FLOW )

INU=1 = FOR SMOITH RCDS

INU=2 3 FOR ROUGH RODS

INU=3  FOR SMOOTH LINER

COMMON/INITL/X

SOTO{1s2¢3) 5 INUY
TSI=0BA+DB8%{ 2. %(R2=-RL I/ X ¥%C 4% {RL/R2Z2)*%(,?
COTC 4

st e i e b el o e sk sleatr sk e skORok Stk stk sk ak skl 3k kool ol ek sk ok o ok ok sk o SOk s 3 o sk ok Sk ol ok fokokk Ok
NO EQUATIONS ARE AVAILABLE AT THE MOMENT FCR THE INLET EFFECT IN

THE CASE OF ROUGHENED RODS: THUSy AT INU=Ze TIS=1 IS IMPOSED
sk o e e ok 7ok sk sl ok ok i ok sl sk ok kR o ok oot ok kol ok sk ok ok 3 3 o o ok ok ok o ok sk o o o sk koK R b o R ok ROk

2 TSi=1.

GOTO 4

TST=CB6+0.54%(2,%{R2-R 1)/ X}¥*0o4*%{ 1o+ Lo 48%(R1/R2)*%(, 37}

TF{TST.LE.1.3¥TST=1.
TIS=7SI

RETURN

END

SUBROUTINE TLINE(IZAI ITTEMPyNSyKyALFA,C,WsRHJCET, FRCV,IRKF,CAL,DBI1

g AAT g ABT yRHPL Gy THI, TEy QPLUS,ETAA,RHOASETAB,RHCB ETAIW,RHOIW s ANGT,
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SURRCUTINE TLINE EVALUATES THE PUSITIGN OF THE TAU=C LINE FOR EACH
WALL=-TYPE" SUB-SUBCHANNEL

COMMUN/RECL/ PVERT (90 ) ,PRAC(90) /REC2/E(SC)/RECZ/P{CD)
NNN= 20

X [Rt=1RH

I1=1-1

IF{I.CT.1)6070 )

© 0 & B 5 6RO OO R PR OV O O OO B OO S8 YS DR OO DO BB OHE DL 8D HOTO DO D OD RO OOV

STARTING POINT {F{P},P) FOR THE 1.ST SUH-SUBCHANNEL

Pl=l.CODL—{W/D-1. ) %0.39*%{2 . -XIR})
XX=0, 29
GGTC 2

(AR AR R EEENRERENEEEINENNENERINEENENENIENEZEIE I EI RN I EIE I N B I B E NI BN BN I

STARTING POINT (F{P},P} FOR THE T.TH SULB-SUBCHANNFL { 1>1 )

P1=P{I1) #0.08%{W/D-1.)

XX=-0,04

RESEARCH OF TWO CCNSECUTIVE POINTS (F(P),P) AT WHICH F= FAI-FBI
HAS DIFFERENT SIGNS { ITERATION LOOP ITAUL )

CONT INUE

NC 4 TTAUL=]1 ,NNM

P2=P Ll XX¥{W/D~1.)

CALL TAULT AT sP2 3 ALFAD Wy RHyDET3PROV, IREyCALCBIsPATSF2,RHPL s TWL s

*TEy ITTEMP, QPLUS »ETAAZRHDALETABRHOByETAIW s RHCIWs ANCT ,EML, XCL,XC2,
271,&8500,CS)

IF(TTAUL.EQ. L)GUTO 3

IF(FL*F2.LF,0.160T0 6

Fl=F2

Pl=p2

TR CONSFCUTIVE POINTS AT WHICH F =FAI-FBI HAS CIFFERENT SIGNS
HAVE BEEN NOT FOUND : IT WILL BE TRIED T0 START CLCSER TO THE RCDS
( IF IT HAS NDT YFT BREEN TRIED AND IF IT IS I>1 )

WRITE{6:5)T, ITTEMP,NSHK
FORMAT{SX,*STOP IN TLINF IN LCOF ITAYUL FOR SUBCHE. "'y I3, 2X, "(ITTE

HEMP=9, 72, *)0OF CHANNEL 7314, 2X,* (AXTAL SECTICN NR.¥,14,1)/130("%%}}

TE{NMNLEQL4DIRETURN 1

NNN=4C

IF{TIeCT2)11=1-2

GCTC €400

TWC CONSFCUTIVE PCINTS (F{(P),P) KAVE BEEN FOUND, AT WHICH

F= FAI-FBI HAS DIFFERENT SIGNS; THE V2LUE CF P AT wWHICKH F=0 WILL
BE NLCW RESEARCHED BY MEANS OF THE TANGENT METHCD { ITERATICAN LOCP
T7aL2 )

CONTINUE

DO 8 ITAU2=1,3D

PP=P1-F1*(P2-P1})/{F2-F1)

CALL TAU{T AT ,PP  ALFA,DyW,RE,DET ,PROV, IRK,CAT,CBI,FAI,F yREPLsTHI,
LITE, ITTEMP,QPLUS,ETAA,RHDALETAB yRHOBSETAI We RHCI W,ANCT 4ENML o XC1 4 XC2,
271,48500,CS5)
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IF{ABS{PP/PLl-1e)sLEL1.E-D4 .DRe ABS{PP/P2~1.).LE.l.F~-04) GOTO 10
IFIF*F1.,GE.0.)60T0 7
F2=F
pP2=PP
GCTC 8
7 Fl=F
P1l=PP
8 CONT INUE

2 0 LR OLO B OV OO 6 ODEDOO EDD O OCD DO OE DE SO DB OH PO BV DED D D IIRD DO D CD OB P

PROBLEMS IN FINDING THE POSITION NF THE TAU=C LINE

[nEaRe]

WRITE(6,9)I, ITTEMP 4NS,4K
S FORMAT(5X,'STOP IN TLINE IN LDOP ITAUZ2 FOR SUBCE® 41342X%,%{1T7
HEMP=% 12,2 )0F CHANNEL', T4 ,2X,* (AXIAL SECTIGON NR.?, 14,%)")
8500 RETURN 1
THFE PCSITION OF THE TAU=0 LINE HAS BEEN FCURND FOR SUE-SUBCHANNEL I
SOME CFOMETRIC PARAMETERS WILL BE NOW COMPUTED

SO

17 PBI=ALFAXDX) .5
AAT=DAI*PAT*0.25
ARI=CEI#PBI*0.25
PLI)=FP
EPS=SCRT{1.+DBI/D)
G=GSTAR{EPS)
RETURN
EAND

SUBROLTINE TMCEF(I 4NI,LTT,TOTN,MAVI])

- - —— - D G W W R D D R e b A — o W Y WP D M R - i U W A Y S AI S AT R M AL WD M T - A — D P AN W —

C

r TMCF FVALUATES THE AVERACE CRCOSS-FLOW TEMPERATURES FOR TFKE
C CRESS~-FLOW EXCHANGE BETWEEN CHANNMELS
C

REAL MAY MAVI ,MAV]
COMMON/TIJLI/NERT42) o NISO 42, 2)/MOBE/TI42)/¥0BE/DPL42)/MCBA/MAV{42)
i JGEON/ACHU3)/ IND3 /NTYPL42)/GEN2/A{42)

TT7=0.

TLTw=C,

DC 2 bk=1yNI

J=NISTL,M)

MAV =MV {JI®ACHL NTYPUJ))/ALJ)

CALL CFI{TLL) s TLJ) ,MAVY y  FAVI, DPUIL),0PLJ) 2, TT,TLT¥)

2 CUNTINUE

TT =71/70TM

RETURN

END

FUNCTION TMEA(PBT oML, M2, T1,T2,LAML,LANM2,8] ,A2 ,CTURB)

o ———— — o —r o> " ———— i ] o Vo i i o D ok Vil D W A O o i A S s D e el . S S M. i e T i o D MDA S o D ki i S e R M SO s il

TME EVALUATES THE MASS FLCW RATES PER UNIT LENGTE EXCHANGEC CUE
TO TURBHLENCE

Y DTY ™
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REAL M1,M2,LAML,LAM2

TI2=(TIRMLI4T2%M2) 7 IM1+M2)

RHC12=RHO{(PBT,T12)

RHOL=RHO{PBT 4T1)

RFQ2=RHD{PBT ,T2)

UASTL2=(SORT {LAMLI %) 125 1 *ML/RHOL+SQRT{LAMZ2*0 . 125)¥M2/RHO2) /{A1+A2)
TME=CTURBX*RHO12*JAST12

RETURNMN

END

SUBROUTINE TMPUNINSTOT,NSTR,TE,PE, PEBAK,TE1,PE1,PELRAR,
“INDPRGNMFLON, IPAST , IPAENL, IRFACL, XLAMl,ﬁTLEN,*)
THMFUN PUNCHS THE CARDS WHICH MUST BE CHANGED 10 START A NEW
CALCULATIDON STEP (PUMNCHING UNITY=1)
THE ACTUAL CALCULATICON STEP IS STOPPED BECAUSE THE ALLCWED
CALCULATICN TIME TIMEPYU HAS REEN ELAPSED OR BECAUSE THE £ND
OF THE AXIAL PORTION IPAEND (IPAENDKT) HAS BEEN OVEFTAKEN

REAL MFLOW,MI,MSCHL 4¥SCHCL

DIMENSION XL AMLI(T)

COMMORN/GEN3/MIL42) /GENA/TERPL42)/5UB6/TSCHIU42,43)/SUBB/MSCHLT42,3)
1 JHCSEZ2/MSCHCL{LB,292) FWCSES/TSCWCLIL18B,2,2}/ IPL3/NTYP{42)

2 /HEAG/NPIN{42 ), PIN(42,3)

10TkH CARD:
IF{INDPR.EQ.LIGDTC 1

F=PEBAR
PEI=PELBAR
WRITE(Y42)1PE PELSTE,TEL yMFLCW, {XLAML(T),1I=143)
FORMAT(8F10.5)

13TH CARD
WRITE{143)IPAST, IPAEND, IREADLI
FORMAT(3ILO)

14TH C(ARD
WRITE{(l+2)STLEN

LAST BLOCK OF CARES

WRITE(Ly &)Y IMIINS),TEMPINS) ¢NS=14NSTLCT)

NC 5 NS=1,NSTOT

NSW=NS=-NSTR

NP=NPIN{NS}

WRITE{1494) {IMSCHL (NS M), TSCHLINS,,¥) yM=],NP}
IFANTYPINS)oFQu2)WRITEL 1943 ({MSCWCLINSKy M4 JWC) s TSCECL{NSHW,VJWC},
* JHﬁ=l)2’1N=192)

4 FORMAT{8F10.5)
5 CONT INUE

RETURN 1
END

FUNCTION TNU{TW,TL,ITYP,PERL,PIG,RTIP)
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TNU EVALUATES THE TEMPERATURE AT WHICH THE GAS PROFERTIES MUST BE
COMPUTED IN THE CASE OF LAMINAR FLCW FOR THE CEFINITION OF THE
REYNOLDS NUMBER USED FOR THE CALCULATICN CF THE FRICTICON FACTORS
OF THE CORNER AND WALL SUBCFANNELS

LPIC=1ITYP®%2-ITYP
PHR=RTIP*PIG/LPIG*2.
TNU={TL*PERL +TW *PHR } /{PERL +PHR)
RETURNA

END

SUBRCUTINE TOTGEDINSELy Dy CyZyPIG NEXCONyNRODS s WeWAZAEML,PERLT,
ARTIP)

TCGTGEC fALClLATFS FLCW AREAS y EQUIVALENT EIANETFRS ANC OTEHER
GEOMETRIC DATA FDR THE WHOLE BUNDLE FLCW SECTICN , FCR THE
CHANMELS AND FOR THE SUBCHANNELS
VERSION FOR HEXAGONAL BUNDLES

COMMON/GEDO/ACHI3 ) /LAMINZ2/FATIP(3) FOTIP(3)/CPARB/FERL (3)
1 /GFEO2/7ATOT,, DETOT . ASEC/GEQS/ATC 4DETC,ATW,DETW,2TA,DETALAAL,
2 AAWy AAA/WAKAO/CDy WD ZCy ZWCL, AW 2y PHWE

SO3=S5QRTI13.)

W=7+0*0.5

WA=W

ZA=17

EXCON=NEXCON

RODS=NRAODS

EMZ2=C%D3.5-EM1]

LwC=FENM2/5Q3

DT IP=RTIP %2,
SIDE=EXCON*C+(2.%W-D})/5Q3
RPER=RODS*PIG*D
PERLT=6%SIDE-12 %EM2424 % HC
ATOT=2,%SQ3/2.%SIDE**2-RPERKD/ 4, -6 HEMZ2% IWC
DETOT=4.%AT0OT/ (RPER+PERLT)
GOTO{20421422) ¢NSEL

20 ASFC=AT70T
GOTC 23

21 ASEC=ATOT*D.5
6070 23

22 ASEC=ATOT/12.

23 CONTINMUE
ATC=(Ok%2%SQ3-PIG*D**2/ 2.1/ 4.
NETC=4.%ATC/IPIG%D/2,)

ATW=CH(W~-D/2 )=DX¥2%PIG/Be~EMZEIRC
DETW=4,%ATW/ (PIGHO*]) o542 ¥EML 44 o ¥TWC )
ATA={%W-D/2,)%%2/5Q3-D*%x2%P[G/24.

DET A=4 o%AT A/ (DRPIG/6 o+ {W-C/2)%2./5Q3)
AAC=ATC/6.

AMWH=ATH*D .5

ARA=ATARD,S5

ACH{ 1)=ATC

ACH{2 )=ATHW
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ACH{3 )=ATA

PERL{1)=0.

PERL{Z2)=4 . *ATW/NDETW-0.5%P IG*D

PERL{3)=4,*%ATA/NETA-PIG*D/ 6,
FATIP(1)={C*%2%SQ3=-PIGKkDTIP*%2%0,5)%(, 25

FOTIPUL) =4 *FATIP{L )/ (PIG*D.5%DTIP I/ DETC

FATIP(1)=FATIP{1)/ATC
FATIP(2)=CH{W-DY IP*0 S )-DT IP**24PIG%x0, 125~EM2%ZWC

FDTIP(2) =4 %FATTIP{2)/{PIGC*DTIP*05+2 *EML+4.%7WC)/LETH
FATIP{2)=FATIP{2)/ATH

FATIP(3)=(W-DTIPXD 5)x%.2/SC3-DT [PxX2%P [G/ 24,
FDTIPL3)=4.*FATIP(3)/IDTIPYPIG/ 6.+ {HW-DTIP*0.5)%2,/SC3})/DETA
FATIFPI3i=FATIP{3)/ATA

CO=C/0TIP

WD=W/LCTIP

IN=2/071IP

LWCD=ZWC/DTIP

AWD2= 28R FAT [P{2 ) /DT IP**2

PURWD =4, ¥ QAW FATIP{2) /A IDETWAEFDTIPL2)%CTIP)

WRITE(H, LIATOT,DETOT,ASEC

WRITF{643)ATCATW ,ATA,DETC,CETW,,NETA

FORMAT(/// 5Xy*TUTAL FLOW AREA=" yFLO.2 41X *'SQCH*/5X,"TCTAL ECUIVAL
LTENT CTAMETER=',F10.1,1X, "CM'/5X, "FLUW AREA DF SECTICN=?4F 10e241Xy"
*SQCM*E /)

FCRMAT(5X, *FLOW AREAS OF CHANNELS:*/5X, SCENTRAL=9,FI10G.2/5Xs"WALL
=V g F10.2/5Xy "CORNER="3F10.2//5Xy "EQUIVALENT DIAMFTERS®/5X, *CENTRAL
=Py F1C.1/5Xy "WALL=*yF10.1/5X, "CORNER=? ,F10.1////13C1{* %))

RETURN

END

SUBROUTINE TRICAL(K NSy NNy IRHy PRIV ,PBy RHy Ay DEyMEC,AT,DET4CETOT,
*H1gALFAy HeMyPRL ,PRZ2,SQDPG,TESSURy Dy AMT,CLLOy ATSCH, %,0)

SUBRCUTINE TRICAL CALCULATES FRICTIOUN FACTCRS AND APPRCOXIMATE

CUTLET MASS FLOW RATES AND TEMPERATURES FCF CENTRAL SUBCHANNELS

REAL MECsLAMSCH; KAPPAZLANMLAN MSCH

COMMON/SUBS/L AMSCHI 42,3) /CENL1/G{45) /SUBL/ASCH({42,3)/INPAR/IPA
/SUB6/TSCHL(42,3)/CORRI/STICGMAT{42,3)4,PHII(42,2)
JULAMINS/RYIPUT7Y/DAT/PIG/SUBZ23/RPLUSBIA2 43} s HFLUSKI(42,3)
s APLUS (42,3 ),PRB  (42,3), YODH( 42,3) /HEAS/QQ1 42,3)
FHSSCHO/TBSSCI{42 43) s TWSSCL{42,3),TESSC2(42,43),TWSSC2{42,3)
JLAMINOG/I2TIP( 42, 2) /LAMINI/JAKAPPA({42) /JLAMINZ/FATIP{3},
FOTIPUB)/LAMIN3/FLATIP{42),FIDTIP(42)/LAMING/FZATIP{4A2, 2),
F2DTIP{42,3) /LAMINT/FLIPTIP/GENZ/ACHAL{42) /SUB2/TSCH{42,53),
MSCH{42,3) /SUB22/THl42,2)/MART/ITCORR/LAMINS/I3TIP{42,3)

DIMENSION A{3D) ,DF{30), ¥MEC{30)

Co wf ON WIS W g

ITF(M.GTLLIGNTD 2998
FIATIP{NS)=0.

FIFTIF=0.

CONTIMLUF

[2TIPUINSMI=I3TIPI{NS M}

TF{ I2TIP{NS,M) .EQ.1}COTO 29S9

2% DV e DOV DO DL DS EO B OB SE B DYLEDDE SO O OH e R ED BB O EDPDIE IV R PDOBOE DR OO O

® o 0 B O €O DO S BS BB BB S B H2PVe OH D OO H P BE P VP PSP DO DB ORe B DO O LT S CE OO DD
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I3TIP#Ll: THE TURBULENT CALCULAT ICN MUST BE PERFORMEL

TWIAV=0,
AMT=0.
T7=0.
BLEC=C.
HPLUS1=0.
HPLUS?=0.

e R 00D PO VD PO OO 80D VO L OIS VOO LSRR S D RODD SO RSO OO Oe DD I CODO® DD O OO R

SUB-SUBCHANNEL CALCULATIONS ( I = SUB-SUBCHANNEL INMNCEX )

DO 1 I=1,0N

AMI=MEC(I}

AA=A{T}

DD=DELT)

GC=G{ 1}

CALL CEWAIK,NS,TRHyPROV ,PEJRH,AA,CCy CCoAML,DETOT,H1,ALFA,T,M;H,PR1
%y PR2ySQADPGyAMT 4 TT,DODD, TE ySUR L2 IT I HPLUST HPLUS2, TSCHL (NS, M),
*¥STGMATINS oM} s PHITAINS yM) 9 8TTT5sDy TWISTI,C)

TwiAV=TWIAV+TWI*ALFA

TBSSC2{(NS +M =71

TWSSC21 NSyM ) =THWI

IF {I.6GT.1) G313 1

TBSSCIL NS,®  )1=T1

TWSSC1( NSeM  J=Thl

CONT INUE

ALL SUB-SUBCHANNELS HAVE BEcN CCMPUTED; AVERAGE SUE-SUBCHANNEL

VARTABLES WILL BE NOW CNOMPUTED

TWIAV=TWIAV*12,/PIG
ATSCH=TT/AMT
RHOT=RHO{PB, ATSCH)
LAMSCHINS yM)=({AT/DCDD) %2 )42 . %¥DET ¥R KOT/H
12TIPINS M) =D
F2ZATIP(NS,M)=1.
F2DTIPINS, M) =1,
IFUTIZTIPINS,®)EQ.2160TO 3000

B P B 5 VOB R ON RSO RS P DGR POES P00 ER DI T O Oe RO BY SO DO OO0 S LT RO S DS SO SR

FT3TIP=3: THE LAMINAR CALCULATICN MUST BE aLSC PERFLCRMEC

TF{ITCCRRLGTLLIGOTO 2999
MSCHINS M) =AMTEASCHINS, M) /AT
TSCHINS M) =ATSCH
THINSyM)=THIAYV

B2 B P B ODO OO 6CH T H L B BREOCO BO LY DO OOV BERND DO DD 6D D OO D DR E PSR OO DO DD

FOR I37IP=1 DR [3TIP=3

CONTINUE
RELA=RELAMIASCHINS M) %FATIP{L1)DET*FOTIP(1)4PB,TSCHANS,M) s TWINS,M)
A yMSCHINS s M) 4Dy lyDay ls)

LAMLAN=AKAPPA[NS) /RELA

ROCEN=CASQRT {SORT {3.)/(2.*PIG))}

CALL ENTRFR{K,1,1 RTIP{IPA),ROCEN,RZCENyNS,I1I M, CETHFOTIP{1),
* ASCHINS,MI*XFATIP(L1) yMSCH{NS ;M) s FBs TSCHUNS M) ,LANLAW)

TF I2TIPINS M) cEQ.1)COTD 2997

® B B 5D VDO DD OO DOH BB D OB O LS 0O 0DO NN O 6 S5 B BH LEOHDH OIS O DHLDHS ISR O OLOBSB

1371P=3: SAGAPO DECIDES WHETHER THE FLOW IS LAMINAR OR TURBULENT
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C

TECLAMSCHINS yM) . GT.LAMLAM)GCTC 3000
C THE FLOW IS LAMINAR
C

2997 CONTINUE

LAMSCH (NS, M) =LAML AM
DODD=ATHFATIPIL ) /SQRT(LANMLAMXE/ (2. *DETHFLTIP(L )%
#RENIP B, TSCHINS,M) ) )}
AMT=FSCHINS,M)*AT/ASCHINS 4 M)

ATSCH=TSCH(NS,M)

I2ZTIP (NS, Mi=1

F2ATIPINS,M)=FATIP{]1)

F2DTIPINS,M)=FDTIPI 1)

HPLUSE{NS ,M) =1,

HPLUSWINS M) =1,

QPLUS (NSyM) =1,

PRB  {NS,M)=1.

YODH{NS,M)=1.

TBSSC1{ NSe™ I=TSCH{NS M)}

TBSSCZ{NS oM )=TSCHINS,M}

TWSSCI( NSeM  J=TWINS,M)

TWSSC2{ NSeM J=TW{NS,M)

FOR LAMINAR AND FCOR TURBULENT FLOW { HERE COMES THE CALCULATICN
IN THE CASF OF TURBULENT FLCW )

CYYEOY DY

3C00 CONTIMUE
FIATIP(NS)=FIATIPINS)+ASCHINS yM)/ACHA(NS)I¥*F2ATIPINS V)
FIPTIP=FLPTIP+ASCHINS,M)/ACHAINS) *F2AT IP{NS,M)/FcCTIP(NS,M)
FIDTIPINS)=FLATIPINS)}/FILPTIP
IF{IREFL.EQeLl DR, I2TIP{NS,M )} .£Qe1)RETURN

B0 % 66 OO OB TP 89 09 5 O S H D EG PSP A TS0 N OSSP IS BN S DO SO CD O E NSO OO ATEEePIENDS

FOR TURBULENT FLOW AND ROUGHENED RODS

YO

HPLUSPINS M) =HPLUSL/AT
HPLUSW (NS s M) =HPLUSZ2/ AT
CPI=CP{PB,ATSCH)
QPLUSINS »M)=QQINSyMI*AT /{ SURXAMTHCPT*{TE+273,.161))
PRB (NS M)=ETA(PR, ATSCH)*CPT/KAPPA{PB,ATSCH)
YODHINSyM)=0,5%«( SQRT(D**2+DET*D)-D )/ RH
RETURN
777 RETURN 1
END

FURNCTICN TUBENU{REI,PRI)
C_._-_._..__._-_-.__-..v.._.__._....-.._.-—_. o ——— A ——{— " T — T _ " — w2 . A 7O s b D b
C TURENU EVALUATES THE NUSSELT NUMBER OfF A TURE WITH THE SAME REYNOL
G AND PRANDTL NUMBERS AS THE ANNULAR SECTICMN WHOSE CRCSS SECTICNAL F
ARFA IS EQUAL T THE ACTUAL AREA ( TURBULENT FLOW, SMOCTH RCDS

FTU=14/1{1.82%ALOGIO(RETl )=-1.£64)%%2

TUBFENL=FTURD ¢ 125%RET*PRI/{A+12. TSGRT{FTUXC 1251 %{PRI%%(2,/3.)1.)
%)

RETURN

END
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FUNCTION TURBWC(CTU3,E¢PRADyDsWsCyGAMMA,AL A2 ,0EL1 ,CE2,ENML)

s Nela]

TURBWC EVALUATES THE GEOMETRIC CCNSTANTS FCR THE TUFBULENT
FXCHANGE BETWEEN THE TW0O PORTIONS OF THE WALL SUBCHEANNELS

SINGAM=S IN(GAMMA)

COSGANM=COS (G AMMA)

PERSEP=PRAD-0, 5%D

I=W—-[*0 .5

EM2=C%0,5-FM1

IWC=EN2/SQRTY (3,.)

AZ=ENZ2XIWC*D .5

D3=D%*3

C2=C%*2

E2=F%%2

22=7%%2

YB3=C*0.,5-EM2/3.

XB3=7-2ZWC/3.
YBI=(0.,25%(C2%{0+5%Z-E/3.)4D3%(SINGAM=1.)/¢€.)-¥B3%AZ) /A1
XBl={C25%(C*{12-E2/3.)-D3%COSGAM)-XB3%A3) /Al
YB2=(EXC2-D3 %S INGAM®C. 5} /(12.%A2)
XB2={E2%C-N3%{1.~-COSGAM)*0.5)/{12.%A2)
DE12=(A1+A2) /(AL/DEL+A2/DE2)
DELTA=SQRTI{YB1-YB2)*%2 4+(XB1-XB2)*%2)
TURBWC=0.35%CTU3*PERSEP/DELTAXDEL2
RETURN

END

FUNCTION TWCTEP{QRMDAR, ThW)

T > o 222t 2t 72 T i D, VD Tt D . St i R O Y i S M N W D Sy i b i i ARl A i A M R Sl S Al Sl . WA . A M, i, Pl e P A Ml 17l i e W o . .

TWCTEP CORRECTS THE COMPUTEC RCD TEMPERATURE TC TAKE INTQ ACCCUNT
THE PCSITION 0OF THE THERMUOCOUPLES INSICE THE CANNING

COMMON/DATKM/CLUTYC2{T7) /INPAR/IPA

Cl=Cl {IPA)

D2=C2{IPA)
THCTEP={(-D1+SQRT{D1%%2+ 2, %D 2*x (D1 *TW+ Co SXD2XTWXk%2+QRNOAR)} )} /D2
RETURN

END

FUNCTION TWFUN({NRODS,NSTOTPIG,AAC,AAA)

o —— i ——— s o L o D T - A o > ——— T Y T i A > " — D o s ot > . —— S U — - b | WX 1l e b o > D il S Sl Tl e P S

TWFUN EVALUATES AN AVERAGE VALUE FOR RCD TEMPERATURES

COMMCN/IND3/NTYP (42) /JHEAG/NPIN(42) yJPIN{4243)/5UBL1/£SCH{42,+3])
/SUB22/TW {4243}

SANG=C,

TUTIPA=0,

DO 10 NS=1,NSTOY



s OOV O
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)
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NP=NPIN{NS)

ITYP=NTYP{NS)

DT 10 M=1,4NP
GOTGCI{152,3),17YP
ANC=PIC/6 . *ASCH{NS,M}/AAC
GOT0 4

ANG=PIG*0,25

GOTC 4
ANG=PIG/6.*¥ASCHINS,1)/AAA
SANG=SANG+AMG
THTIPA=THTIPA+TW{NS, N}*ANG
CONTINUE
THFEUN=THTIPA/SANG

RETURN

END

FUNCTION UA{T NI ACHI,1UAV)
Ua EVALUATES THE AVERAGE CROSS—FLOW VELOCITIES F3R THE CROSS-FLOW
FXCHANGE BETWEEN CHARNELS

COMMOIN/TJL/NER{42)4NIS{42,3)/M0B8/DP{42)/M0B2/Ul42)
/GEDO/ACHTU3)/IND3/NTYP{42) /LAMINZ/FLATIP{42),FLUTIP(42)

uu=0,

AA={,

ACHN=ACHI*FLATIP (1)

DC 2 ¥=1,NI

JENTSTI M)

ACHJI=ACHINTYPLJ ) ) XFLATIP{J)

CALL CFRLIULT) UL J) s ACHNsACHJ,DP{T),DPLJ), IUAV,UU, AR}

CONTINUE

UA=UU/AA

RETURN

END

SURBRCUTINE WALLTE{KsASTOT yNSTRyRH,SURGCyPIG, TEsPBT 4 #4RTI)
WALLTE ORGANTZES THE CALCULATION OF THE PIN AND 0OF TEE SHROUD
TEMPERATURES

REAL LAMSCH, LAMWC, LAMB, MSCH MAWC
COMMON/HEAS/QQ{42,3) /HEAS/NPIN(42) s JPIN{42,3)/CENS/LCE(42)
/UAMING/ F2ATIP{42,3),F2DTIP(42,3)
/SUBL/ASCH{ 4243}/ SUB2/TSCH{42,3) yMSCH{42,3)
/SUB3/ADAB( 18, 2)4DETB(18,2)/SUB4/LAMB(18,2)
/SURS/LAMSCH{42,3)/SUB22/TW{42,3}/GRID2/YY(1C(s42,3)
JHCSEL/DEWC{18424+2) sPHWC(18,42,2)/WCSE3/LAMWC {18,242}
JHWCSET/MAWC (18423 2)/WCSEB/ASCHAWC {18424, 2) /HCSES/TAVHC{1842452)
FACSEL2/TWHC {1842 42) /IND3/NTYP (42)/CPAR3/PERL(3)/GEQO/ACH(3)
JWACOL/XMSCHBL 184 23, XMSCHA{18, 2) /SHROUD/TLINERI1B,2)
/PARTB/TEMPR{42,3 ), XMASSBL42,3),YDH{42,2)/EXAVTW/IEXAY
/SUB2L/TSCHA(18,2),TSCHBI18,2) /CPARL/QDEV/IRCSVMC/IRH

B8 8 R B BB L OO0 D BLL D O BDO BRSO 0D L OO OO OO VO SO DD OO DO BE D e TDO O BDIIDE PDO O DR BOPOeD



e NaRa)

C

—309.—
[=CHAMNEL TINDEX

DC 11 I=1,NSTOT
NP=NPINII)
TTYP=NTYP{I)
TI=1-NSTR

DO LB O OLD OO LD PO DD P H SYO VDO D OO ED D P DS DD DL L VDD OO0 O RROOE O DD D BD RO LD

M=SUBCGANNEL INDEX

DO 9 M=1,NP
TH{TIs¥)=TSCHII,M)
QA=CC{I,M}) /SURXQDEYV
GOTO{1,2,7),17YP

B e OO P EO L PP B O DRI DL DR DD DD O P LT BPO O DL OO OD PO TS0 D D PO RO D OO DRSO

C——A) CENTRAL SUBCHANNELS

C

1 CALL RYT (PBT,TSCH{TI M) MSCHII B}, DE{T ) ASCHI I, M)y 1asLAMSCH{I,M),
1 YY(KyI yM) 9 QA FACHE yTEyRHy Lo I1 yMy JPIN(I M) 3 Th{T 4M)sleyly
2 DEAT} oDy YDH{T 4 M), 48500, F2ATIP{T M), F20TIPLIsM) )

TEMPBL{I,MI=TSCHI{T,M)
XMASSE(I«M)}=MSCH{I,M]
GCIC S

B9 v OGS 00 CDRLDS O 8D OO DB LOE OO BDEO SO VO SO OO OO PO DD SO OLN D 0N OO DL Ne Y COD G

C--8) WALL SUBCHANNELS

aeRele)

C

RN )

TH{Is¥)}=0.

DO 5 JWC=1l,2
TUWCLIT oMy JWCY=TSCHI{T y M}
GOTO(34+4 )y JWC

—=1-WALL TYPE PART

3 RULDRU=XMSCHBIIT M) *ADABL{TIT M)/ MAHCIIT 4N, 1)

CALL RTI (PBTTAVHCITI My 1), MAWCLTITI My 1) sDETBITII M) 3ASCHWCITITI jMe1)
1 sADABLITIT oM) L LANMBITIT M) g¥YY UK To M) QA FACHE, TEsREy 1o 11 4M,

2 JPIN(T s M)y TWHC {II My 1} s RUIDRU24DEWCIIT s¥ 31140 4XXXX 88500
Fsleglald

GOTO ¢

~2=CENTRAL TYPE PART

4 CALL FTI (PBT,TAVWC{II M 2) s MAWCHIT M2} DEWC{TI  My2)ASCHUWCITII oM,
1 2V 9 le s LAMUC{TIT 3M32) oYY (K3 Iy M) QA FACHE T E s FE T, T11,My JPIN
2 {IsM) o THWHCTITyMe2) g les LaDEWCLITIT yM32) oD o XXX X3&8500 510 9le)

S TWlTyMI=TWITI yMI+PHWCUIT oMy IRCI*TRWC{IT yM 5 JUHC)
6 CONT INUE '

TWIT o MI=TW{I M)%4,/(D*PIG)

XMASSB(I,M)=XMSCHBIII MI+MAKCIIT Ms2)

TEMPBL{I 4 MI={XMSCHB{II,M)*TSCHB{IT,M) +MAWNC{TT M, 2)2T2AVWC({II,M,2))/
FXMASSB{I M)

I {TFFeEQe2 )
RYDHET g M) =0B%{SORT{D*%2+16. /PIGXASCH{TI M) }~D)/RH
GNT0 %5

B R OB O R EO OO OO OB DD S OOV BRD IID O BDD D OY DO RE Y DD VDD BRD B DC OO SO DO O YO

C——C) CORNER CHANNELS

c

7 RUIDRU=XMSCHB({II 1 )*ACABIIT,1)/¥SCH{I,1})
CALL RYI (PBT,TSCH{I,1) MSCH(I,1),DETB(IT,1),ASCH{T,1),ADAB(II,1),
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LAMBOITy 1)y YY{KyIo1)sQAFACHE s TEGRHy I 1T 91 4JPINCI 1),
TW{I,1)RULDRU,34DE{I),D,YCH{I,M),48500, FZATIP{,1),

F2DTIPC I,1))

TEMPBIT,1)=TSCHB{1I,1)

XMASSBUTI o1 )=XMSCHBIII,1]}

CCNT IMNUE

CCONTINUE

IF(IEXAV.EQ.1)RETURN

IF AN AVERAGE VALUE IS DESIRED FOR THE PIN AND FOR THE SHROUL

TEMPERATURES OF THE EXTERNAL CHANNELS

PERLT=C.

TLM=C.

TWM=0,

NSTR1I=NSTR+1

NG 20 I[=NSTRI,NSTOT
NP=NPIN(I)

DO 2C M=]1,NP
PERLSC=PERLINTYP{I })I*ASCHUI,M)/ACHINTYP{I))
PERLT=PERLT+PERLSC
PERRSC=1./NTYP{1])
PERRT=PERRT+PERRSC
TLV=TLM+ TLINER(T-NSTR,M)}%PERLSC
TUM=THM+TW(]I M) *PERRSC
TLM=TLM/PERLT
TWE=TUM/PERRT

DO 30 I=NSTRI1,NSTOT
NP=NPIN{I]]}

DO 3C M=1,NP
TLINER{I-NSTRyM)=TLM
TWIL,N)=THH

RETURN

RETURN 1

END



-311-

APPENDIX 2

Data for a turbulent calculation for the 19-rod bundle
(Test 1 for the 19-rod bundle of /5/)



2.61

2.

1.83
530. 144
0. 822
D.915

39.90999
2.096
l.

l.
189.89
208,01
De
109.3
212.8
101,563
O.

144.8

1.

1.

0.8

. 2022

. 1893

. 206256
1.

1.

l.

1-

1.
22028

. 1893

. 206256
l'

.2062556
1.
L.
1.

2 19
1 J
1.479347 De
42 4.
1.83
0.915% 0.915
€. 822 J. 822
0.945 0.945
! 3
26,90999 189,139
.096 D023
1 7
2 2
5 0
¢ 9
0 3
25 25
2e 2.
0.5 1.
C'
0.
1. 1.
284,79 Js
D 23T .67
22625 D

38.82713 132.8
36,63298 39.66524

3 0
219.8% 224,
1
1. L.
1. 1.

62.9 142.9
. 1893

»2028

« 206256

1. 1.

1. 1.

1. 1.

l. 1.

1. L.
+1893

. 2028

0 206256

1. 1.

1. 1.

1. 1.

i. L.

1. ]..
«1893

. 2028

+ 206255

1. 1.

1. 1.

1. 1e

19

0.03
1.83

0.915
0.822
0.945

126,33
2,023

1.
277.14
O
230.63

39.,81885

22249
. 1893
222937

l.
1.

1.

1.
1893
022937

l..
1.

1.

1.
1893
« 22537

1.
1.
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27,
1.83

0.9183815
D.822
0. G15

19 19
1207.19595

[o]
O W

1.

245.85
240.96
165. €

0 1

»1893

1.

l'

«1892

1.

117.8
1.8367¢€2

0.61¢
0.822
C. S15

0.023

1.
333.04
250.580

39.7H38%

» 2028

2028

1.
1.

O.
1.836763

0.915
0.822

0.023

1.
255,72
189.89%

139.3

75.
1.83617€3

D.915
0.915

0.096

189.893
195,45

3G.,72250



1.
l.

530,

l.
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L.
1.
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APPENDIX 3

Parts of a printed output (Test 1 for the 19-rod bundle of /5/)



19 RCNS BUNDLE :

INLET
INLET
TOTAL

PRESSURE=40,.6968536 KG/SQCM
TEMPERATRE= 189.89 C
MASS FLOW RATE= 1207.,19995

=36.G6CG66731 BARS

G/SEC

GEOMETRY AT 20 DESRFEES @

ROD PITCH= 2. 610000 CM

DISTANCE CENTER OF ROD - EXAGONAL WALL= 1.479347 CM
ZWC= 0.0 CcH

TOTAL LENGTH= 223,000 CM

HEATED LENGTH= 197,000 CM

LENGTH AND VOL. DIAMETERS FOR THE EXISTING PARTS 3
LENGTH(1)= 27.022200 CM VOL. DIAM.{1)= 1.830000 CM

LENGTH(2)=117.820003 C™ VCL. DIAM. (2)= 1.830000 (M
LENGTH(4)= T75.000000 C* VOoL. DIAM.(4)= 1.83¢€762 CM
LENGTH(6) = 4. 200000 CM VCL. DIAM,{6)= 1.830000 (M
LENGTH{7}= 4.000000 CM VoL, DIAM.{7)}= 1.83000C CM
HE IGHT CF ROUGHNESS (RH) = J.,0300) CM

G{H+} * ({(R2-R1}/RH* 0,013} %% 0,053 / (PR¥%x (0. 440k {(TW+273,15)/{TB+273.15)}}%* 0.500)=
= 3,813%{HW+)%% 0,274+ 0.0 /{HW+)** 1,000

RUH#)I={ 2.7104 5100.0/(HW +) %% 3,0001%% 1,200+ 0,400%LN(RH/U C.0L0*{RO-R1})
+ 5. 000/(HWH Y% J.500%({TW+273.16) /(T81+273.16)-11*%x 2,000

MAX IMYUM POWER FROM THE LINFER:

Q MAX= 0.0 CAL/SEC*CM

~qT¢-

MAX IMUM POWER 0F RODS:

Q MAX( 1} = 0.24279E+02 CAL/SEC*CM
Q Max{ 2 )= 0.242T9E+C2 CAL/SECHCH
Q MAX{ 3= 0.24279E+22 CAL/SEC*CM
Q0 MAX( 41= J. 24279E+ 2 CAL/SECHCM
Q Max( 5= 0.24279E+22 CAL/SEC®CM
g HMaxt 6}= 3. 242796402 CAL/SEC*CHM
Q MAX{ T7)= 0624279E+02 CAL /SEC*CM
Q MAX{ )= 0.24279E+02 CAL/SEC*CM
Q MAaX( 9= D, 242798+ 02 CAL/SEC*®CHM
Q MAX( 10})= 0,24279E+32 CAL/SECACM
Q Max{ 1l)= 0.24279E+02 CAL/SECHCM
Q MAX{ 12)= D.242T9E+ L2 CAL/SECH®CM
0 MAX{ 13)= 0,24279E+32 CAL/SEC®CM
Q MAX( 14)= 0.262797+ 02 CAL/SEC®CM
Q MaxX{ 15)= 0.,24279E+N2 CAL/SEC*CH
Q Maxt 16}= 0.24279E+ 32 CAL/SRC*CH
Q Max{ 17)= 0.24279E+C2 CAL/SEC*CM
Q MAX( 18)= D.24273E402 CAL/SEC*CM
Q@ MAXTU 19)= 0.24279E+C02 CAL/SEC*CM



COEFFICIENTS FOR THE POLYNOMIAL PROFILES OF THE ROD POWER |

AS FAR AS X =144.8003223 CM
0. 1C000E+01

AS FAR AS X =219.820003 CH
C.1C000E+D1

AS FAR BS X =224,200000 CM
0. 10000E+01

COEFFICIENTS FOR THE POLYNOMIAL PROFILE OF THE

AS FAR AS X =144.800003 (™
0., 10000E401

AS FAR AS
0.10000E+01

X =219.800003 CM

AS FAR AS X =224.,000000 CM
0. 10000E+01

RESULTS CF INDEX

NROWS=

NS=
NS=
NS=
NS =
NS=

Ut N

3

TyPE OF SECTION=3 NR «
TypE=1 CHANNELS CONNECTED:
TYPE=] CHANNELS CONNECTED:
TYPE=1 CHANNELS CONNECTED:
TYPE=3 CHANNELS CONNECTE=C:
TYPE=2 CHANNELS CONNECTED:

SPACERS (AT 20 DEGREES):

WINTH=

DIST( 1)

DISTH
DIST{

2
3

)
)

9. 809000 CM

62.900 CM
142,900 CM
222.900 CM

OF CENTRAL CHANNELS=

3
3 5
2 1
g
4 2

G TAKEN AT THE BEGINNING CGF THE ACTUAL PART }:

3

TOTAL NUMBER OF CHANNELS=

LINER FCWER ( O TAKEN AT ThE BEGINNING OF THE ACTUAL PART ):

5

-9T¢-



INTTIAL UNHFATED SMONTH PART

C= 2.617942 C"

Z= 1.4€3850 CM

IWC= Q.0 ™

VOL. DIAMETER= 1.8135563 CM
PART LENGTH= 27.038215 CM
NUMBER CF SPACERS= O

INLET CCNDITIONS @
INLEY AVERAGFE TEMPERATURE= 139.89 C

IMLFT PRFESSURE=40.69683536 K5/SQCM =39.9069731 BARS

TOTAL FLOW AREA= 75.1G SGCM

TOTAL EQUIVALENT DIAMETER= 2.0 CM

FLOW AREA OF SECTION= 6.27 SQCM

FLCW AREAS NF CHANNELS:

CENTRAL= 1.6%

WALL = 2.556

CORNER= 0.83 [
=

EQUIVALENT DTAMETERS 74

CENTRAL= 2.3

WALL= 1.9

CORNER= 1.2

e e et oo sk ok dkokok okl e ok okl X e sk e sk i e ok ok e Kok i ol ek ol sk e i s sl sk e R i o sk o 3k 3 ok 3 o ok ok ke o ok ok s s ootk ok ot sk okt sk ko ok ofeoke ok ook ok sk ok o 3 sk ok okl kokok s ook Rk

CHANNEL 1 : USED KAPPA= 118.740 { INPUT KAPPA= 1168.740)
CHANNEL 2 ¢ USFD KAPPA= 118,740 (INPUT KAPPA= 118, 740)
CHANNEL 3 : USED KAPPA= 118,740 (INPUT KAPPA= 118.740)
CHANNEL 4 @ USED KAPPA= 92.790 (INPUT KAPPA= S2.790)
CHANNFL S : USED KAPPA= 91.962 (INPUT KAPPA= 91.9621)

sl ok o ol B K ok ok ok o AR o Rt kol ok Ok K oot o R R et iR e Sk ok Rl o o o o o ok o sk ok ook oK e et o o oo o AR 0 3k 0ok A e AR Kk ook SR e e ok ok ol o 8 ok sk okl ook s ok 3 R kok b o

GEOMETRY 0OF CFNTRAL CHANNELS (REFERENCE TO 1/6)

TOTAL FLOW AREZA= 3.27 SQCM TOTAL EQUIVALENT DIAMETER= 2.3 CV
SFCTION NR. FLMY AREA (SQCM) FQUIV. DIAMETERI{CH)

1 0J.022 85 1.902

2 0.032309 1. 922

3 2.72359 1.964

4 0.024356 2.027

5 2.02540 2.114

& G.02675 2.2217



7 0.72845 2. 3€8
8 0. 03052 24540
9 0.03303 2. 749
10 D.736725 3.001

GEOMETRY OF ANGULAR CHANNFLS (REFERENCE TD 1/2)

TOTAL FLCW ARFA= 2,42 SQCHM TOTAL EQUIVALENT DIAMETER= 1.2 CM
SECTICN NR. FLOW AREA (SQCM) EQUIV. DIAMETER(CM)}
1 0.03564 1.133
2 1.03596 1.136
3 0. C3660 1.152
4 0.03759 1. 171
5 0.03893 1.196
& 0.04067 1.227
7 0.042R4 1. 2€4
8 0.24550 1.308
S 0.04873 1.359

10 0,05262 1.415

o Rk A e ok s o i e e e el o R ol o e e e SR s v iR o oo o o R R e e e ot i ofe o e o ok e e ol ok o o ek e ool ok ok g 3 e o e ol o sk gl sk e ok o 2 e sk e o ok o kR o e o oK e e e g 3 o et o ok e o e e kol e R oK oR b ok kol

PRESSURE LOSS DUE TO ENTRANCE=-C.C3284827 KG/SQCM =-C.0377386 BARS { CIML=1.20)

s o 3 o gk s ook o e o e oK ok ofe e T Aot R e ok o e o ok e o 3 o sl e sl kel 3 o ot o ok sl e 3k ool e ok e s e e s ol ok koo ook ok kol sk e ek ek kR ok ok Ak h Rk okk Aok A kA Rk okkok b A pkk kg

TOTAL LENGTH= 27.08 (M NUMBER DF SECTIONS= 5 FREL= 1.0000

-81¢-



AXTAL SECTINN NR, 1 { SECTION LENGTH= 5.41642;5 HEIGHT= 2670821 Jeuvvoevanscssanssenscsssssessosensssvescscannsesanesne
T 2= 15,897 P 2= 40.656815 P AV= 40,657593 NDELTAP=-0.00153572 LAMBDA=0.01760
{ ITCORR= 5 I1TGL= 7 1T6LL= 28 ITERV= 1 FREL= 1.00 }
CHANNEL OJTLET MASS AVERAGE MASS CUTLET TEMP. AVERAGE TEMP. PRESSURE LOSS
1 701324 27495+02 0.13222527E+02 0.18G8300CE+G3 C.1ESEBSBSE+(C3 -0.1539858 1£~02
2 0.26484879E+02 0.,26444733E+02 C.18939000E+03 0.18988992E+03 ~0.15398590E~(2
3 Je13242T44E+D2 0413222519E+32 C.1898900CE+03 0.18988995E+03 -0.15398546€~02
4 0.654237276+ 01 0.66033974E+01 0.18989000E+403 0.18688592E+03 -G.15398900E-C2
5 0.41087250E+02 C.41106812E+22 €. 18989C00E+03 3.18988988E+03 -0.15398527E~-02
UAV( 1)= 0.39236E+04 WCF( )= -0,T47E-02 MOt 1) = 13.23 LAM( 1)= 0.01757
YAV  2)= 0.39236F+04 WCF{ 2}= -0.148E-01 MO{ 2)= 26.47 LAM{ 2)= 0.,01757
UAVL  3)= 0,39236F+04 WCFL  3)= =0.747E~-02 MO( 3)= 13.23 LAM(O  3)= 0.G17517
UAVI 4)= 0.3B818BE+04 WCF{  4)= 0.225E-01 MOt 4)= 6454 LAMl 4)= 0.01970
VAV S5)= 0.39158F+04 WCFl  5)= 0.722E-02 Mo{ 5) = 41.06 LAML{ S)= 0.01715
) WY 1, ) 0.397E-01
WT{ 2, 3)= 0.795E-01 2) WT{ 2y 5)= 0.534E-0Q1
WTH 3, 2)= 0.795E-01 2) WL 3y 1)= 0.397E-C1
WT( 4y 5)= 0.255E-01
WT Sy 4 0.255E-01 2) WT( Se 2)= 0. 534E~C1
CHANKNEL NR. 1
1-{ROD NR, 2} OuT. MASS 8.828499 OUT. TEMP.= 189.89 LAMBDA= 0.01757 REB=137453. REWR=137453.
Q LINER= Cc.0
2~ {ROC NR., 1) OUT. MASS  4.414248 OUT. TEMP.= 18¢.89 LAVBDA= 0.01757 REE=137453. REW=13T453.
Q LINER= 0.0
CHANNEL NR. 2
1-{RCD NR. 3) 7. MASS 8.828194 OUT. TEMP.= 189,85 LAMBDA= U.01757 REB=137451. REW=137451,
Q LINER= C.0
2—-({ROC NR, 2} OUT. MASS 8.828468 OUT. TEMP.= 185.89 LAMBDAS= 0.01757 REE=13T7453, REN=137453.
Q LINER= 0.0
3-{ROC NR. 9) oUT. MASS 8.8282)29 DUT, TEMP.= 18%.89 LAMBDA= 0.01757 REP=137451. REW=137451.
Q LINER= 0.0
CHAMNEL NR. 3
1-{ROC NR, 2) OUT. MASS 8.828484 OUT. TEMP.= 189.89 LAMBDA= 0.01757 REE=137453, REW=137453.
Q LINER= D.2
2-{RCD NR. 9) OUT. MASS 4.414246 OUT. TEMP.= 189.8S LAMBDA= 0.01757 REE=137453. REW=137453.
Q LINER= 0.0
CHANNEL NR. 4
1-(ROC NR. 3) NUT. MASS 6.542372 OUT. TEMP.= 189.89 LAMBDA= 0.01970 REE= T4004. REW= T4004.
Q LINER= 0.0
CHANNEL NR. 5
1-{ROD NR, 3) NUT. MASS 20.543045 OUT. TEMP.= 189.89 LAMBDA= 0.01715 REB=111982. REW=111982.
Q LINER= .0

AREA{1)= (.101249%9E+(1
AREA(2)= 0.26826TE+30

LAMBDA(L) = 0.171790E~01
LAMBDA(2)= 0.17€C96E-C1

MOUT (1) = 0.162240E+32
MOUT{2)= 0.431901FE+01

TOUTI1)= 0.189890E+03
TOUT(2)= C.18989CE+03

2~(RCD NR. 9) OUT. MASS 2).544174 OUT. TEMP.= 189.89 LAMBDA= 0.01715 REE=111985., REW=111985,
Q LINER= 0.0
MIUT (1)= 0.1€62251E+C2 TOUT{1)= 0.1898%0E+923 AREA{1l)= 0.101249E+01 LAVMBDA{L}= 0.171789E-01
MOUT{2)= 0.431903F+01 TOUT{2)= 0.189890E+03 AREA(2)= 0.26826TE+30 LAMBDA{2) = 0.176096E~01

-bTg-



AXIAL SECTIOM NR. 5 { SECTION LENGTH= 5.41643; HEIGHT= 24,37
T 2= 129.8930 P 2= 43.650650 P AV= 40.651412 DELTAP=-0.0
{ TTCNRF= 5 ITGL= 7 ITGLL= 30 ITER M= 1 FREL=

392

0153785
1.0C )

AVERAGE TEMP.

3a18988982E+03
0.18988585E+403
0.18988988E+403
0.18989CT3E+03
0.18989011E+03

Jaosreacsvsescsseosssvosansvsonascnosnesasansenscnsoscas

LAMBCA=0.,01757

PRESSURE LOSS

~2.15377472€-02
—0.1537753(0E~C2
-0.15377172E-02
-0.15379728E-Q2
~0,15377293E~C2

2~{(RATC NR. 9)

QO LIMER= 0.0
MCUT(l}= 0.161115€E+0Q2

CHANNEL DUTLET MASS AVERAGE MASS OUTLET TEMP,
1 0.133877426+C2 C.1337C€34E+02 C.18S88991F+03
2 0.26762085E+ 02 0.26730515F402 0.1898900€6E+03
3 0.13387403E+02 0.13370583E+02 C.18989003E+03
4 1.6129T7894E+01 0.561759348E+01 C.18989C84F+03
5 1.40932907F+ G2 0.4095205TE+02 0.18989030E+403
UAV( 1)=  ).39682F+04 WCF{  1)= =-0.624E-02 MO{
UAVI  2)=  D.39666E+04 WCFl 2)= =-Q.117€-C1 MO (
UAVL{ 3)= 0.39682F+04 WCF(  3)= -0.621F-02 MO
UAVE  43=  0.3631)E+04 WCF( 4)=  C.170E-01 ¥O(
UAV(  S¥= 0.39016FE+04 WCF{ 5)= 0.707E-02 MO (
1) WTC Ly 3)= 0. 402E-01
) Wil 2y 3)= 0.803E-C1 2) W 2, 5)=  G.535E-01
1) w7 3, 2)=  0.803E-Gl 2} WT( 3, 1)z 0.402E-01
1) WT{ by 5)= 0.250E-01
1) WT( Sy  4)=  3.250E-01 2) WT( S, 2)=  0.535E-01
CHANNEL MR, 1
1-(ROD NR. 2} NUT. MASS 8,925117 OUT. TEMP.= 189.89
Q LINER= 0.0
2-(RCD NR. 1 QUT. MASS 4.452580 OUT. TEMP.= 185,85
Q LINER= 0.0
CHANNEL NR., 2
1-{ROC NR, 8) OUT. MASS B8.918846 OUT. TEMP.= 189.89
Q LINER= 0.0
2-{RCD NR. 2) 0UT. MASS 8.924004 OUT. TEMP.= 189.ES
Q LINER= .0
3-(ROC NR. 9} JUT. MASS 8.919136 OUT. TEMP.= 18S.89
Q LINER= 0.0
CHANNEL NR, 3
1-(RCD NR. 2) OUT. MASS 8.924950 DUT. TEMP.= 189.8%
Q LINER= 0.0
2-{ROT NR. 9) NUT. MASS 4.462414 OUT. TEMP.= 18S.89
Q LI NER= 0.0
CHANNEL NR. 4
1-(RCD NR. 3) OUT. MASS 6.129787 QUT. TEMP.= 185.89
Q LINER= 0.9
CHANNEL NR. 5
1-{ROD NR. 3) OUT. MASS 20.455124 OUT. TEMP.= 189.89

TOUT(1)= 0.18G851E+03

MOUT{2)= 0.434363E+C1 TOUT(2)= C.189891E+03
OUT. MASS 22.477646 OUT. VTEMP.= 189.89

Q LI NER= 0.0

MOUT(1)= C.161333E+02 TOUT{1)= 0.18%891E+03
MNUT (2)= 0.434425E+01 TOUT(2)= 0.189891E+03

1)= 13.39

2)= 26.77

3)= 13.39

4)= 65.13

5)= 40.G4

LAMBDA= 0.,01752
LAMBDA= CaCl782
LAVMBECA= 0.01752
LAMBDA= C.Gl752
LAMBDA= 0.01752
LAMBDA= 0.017¢2
LANMBDA= 0.01752
LAMBDA= 0.02000
LAMBC A= 0.01717
AREA(I)= 0.1C1248E+(1
AREA(2)= 0.,268269E+400
LAMBDA= 0.01716
AREA(1}= 0.101248E+01
AREA(2)= 0.268269E+C0

LAML 1)=
LAMI 2)=
LAaM{ 3)=
LAM{ 4)=
tLAaM{ 5)=

REB=138994,

REB=138995,

REB=138912.
REB=138980.

REE=138916.

REB=138992.

REE=138991.

REB= 69213,

REB=11151C.

LAFBDA(L) =
LAMBDA(2)}=
REE=111613.

0.01752
0.Cl752
0.01752
0.02000
0.,017117

REW=138994.

REW=138995.

REW=138912.
REW=138980.

REW=138%16.

REW=138992.

REW=138991.

REw= 69213,

REwW=11151C,

0.172040E~01
0.,175831E-01
REW=11l613.

LAMBDA(l)= 0.171998E~01

LAMBDA(2) =

0.175826€E-01
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VARIABLES FNR THE WHOLE BUNDLE

A) INLET VALUES DOF TEMPERATURE AND PRESSURE

SECTION NR, HEIGHT (CM) TEMPERATURE ( C) PRESSURE (KG/SCCM) PRESSURE (BARS)
1 0.0 189.89 4C.65827 39.87224
2 5. 4164 189,89 40.65681 39.87071
3 17.8329 189.89 40.65527 39. 86920
4 16,2493 189,89 40.65373 39.86769
5 21. 6657 189.89 40.65219 35.86618
6 27.C821 189,89 40.65065 39.86467

B) VALUES AVERAGED DOVER AXIAL SECTIONS

SECTION NR. DENSITY (G/CCM) VISCOSITY{G/CM*SEC) VELOCITY {M/SEC) REYNOLDS NR. FRICTION FACTGCR
1 0.07410 0.0022669 29,176 119605, 37 C.C01760
2 0. 00410 0.0002669 39,178 119605, 37 C.01761
3 3.00410 0.0032669 39.179 119605. 37 0.01760
4 3. 00410 0.0002669 29.i81 1156065037 C.01758
5 0.00410 0.CCo26€9 39,182 119605.37 0.01757

A%

TOTAL PRESSURE DROP=-0,007721 KG/SGCCM

COMPART SON GF INPUT TEMPERATURES WITH COMPUTED VALUES

INPUT COMPUTED
TWTIPA 189.89 189,89
TBT IPA 189.89 189.89

TBPIPA 189.89 189.89




FIRST HFATED SMONQTH PART

C= 2.618104 CM

I=  1.4E4203 (M

IWC= 0.9 cH“

VL. DIAMETER= 1,838068 CHM
PART LENGTH= 113.32127 ™
NUMBER Of SPACERS= 2

INLET CONDITIONS @
INLET AVERAGE TEMPERATURE= 189,89 C
INLET PRESSURE=40,6506500 KG/SQCM =39,8€46698 BARS

SPACERS (DISTANCES ARE EVALUATED FROM THE BUNDLE ENTRANCE) :
WIDTH=  0.822484 CH

DISTL 1)= 63,095 CM

DIST( 2)=  143.347 CM

RESULTS QF HEATI

CHANNEL ROD ROD

1 1) JPIN{ 1y 1)= 2 2) JPIN{ 1, 2)= 1
2 1) JPIN( 2, 1)= 8 2) JPIN{ 2y 2)= 2
3 1) JPIN{ 3, 1)= 2 2) JPIN{ 3, 2)= 9
4 1) JPIN{ 4y 1)= 8
) 1) JPIN{ 5, 1}= B 2} JPIN{ 5y 2)= 9

TOTAL FLOW AREA= 75 .08 SQCM

TOTAL EQUIVALENT DIAMETER= 2.0 CM

FLOW AREA OF SECTION= 6.26 SQCM

FLOW AREAS OF CHANNELS:

CENTRAL= l.64

WALL= 2.56

CORNER= 0.83

EQUIVALENT DIAMETERS

CENTRAL= 2.3

WALL= 1.9

CORNER= 1.2

CHANNEL 1 @ USED KAPPAS= 118,579 {INPUT KAPPA= 118.579)
CHANNEL 2 1 USED KAPPA= 118,579 [INPUT KAPPA= 118.579)
CHANNEL 3 ¢ USED KAPPA= 118,579 {INPUT KAPPA= 118.579)
CHANNEL 4 @ USED KAPPA= 92.792 ( INPUT KAPPA= $2.792)
CHANNEL 5 1 USED KAPPA= 91.638 [INPUT KAPPA= 91.938)

3) JPINY

2y

3)

ROD

e ok e o o e ok o s deodoole e sk e o Kok s ooOR 3R e ol sk ok g e e e ol e ok ke skl ko ook e sk ok ok sk s e i i e ok ok S sl o el e Kol s i sl e Xl ok e e s 3ok ok ok ok ok ke ok ol ook R kol okodesk o sk ok ok Rk kck R X ¥ F Rk B
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SPACER NR.,

CHANNEL NR.
SUBCHANMELS:
ROD NR. 2)
ROD NR. 1)

CHANNEL NR,
SUBCHANNELS:
ROD ANR. 8)
ROD NR. 2)
ROD NR, 9)

CHANNEL NR.
SUBCHANNELS:
ROD NR. 2)
ROD NR. 9]

CHANNFL NR.
SUBCHANNEL S:
ROD NR. 8)

CHANNEL NR.

SUBCHANNEL S3
ROD NR. B)
ROD NR. 9)

SPACER NR.

CHARNEL NR.,
SUBCHANNELS:
ROD NR. 2)
ROD NR. 1)

CHANNEL NR,
SUBCHANANELS:
ROD NR. 8]
ROD NR. 2)
ROD NR. 9)

CHANNEL NR.

SUBCHANNEL S2
ROD NR. 2}
ROD NR. 9)

CHANNEL NR,
SUBCHANNELS:
ROD NR. 8}

CHANNEL NR,

SUBCHANNELS:
ROND NR. 8)
ROD NRe 9)

1 EPSILON TOT.= C.2012€2¢
1 EPSTLON= 2.15379%9
EPSTLON( 1y 1)= 0.1893000
EPSTLON{ 1, 2)= 0.20280C0
2 EPSTLON= 0.1937999
EPSTLONI( 2y l)= 041893000
EPSTLON{ 2y 2)= (C.1893CC0
EPSILONI 2y 3)= 0D.2028009
3 EPSILON= 0.1637995
EPSTLCN{ 3, 1)= 0.1893000
EPSTLON( 3, 2)= 0.2028000
4 EPSILON= 0.2263696
EPSTLONI 4y 1)= 02293700
5 EPSTLON= 0.20€255%
EPSTLONA 5, 1}= 7.2062560
EPSTLON{ 59 2)= 0.2062560
2 EPSILON TOT.= €.2012529
1 EPSILON= 0,1937999
EPSILON{ 1y, 1}= 0.1893000
EPSTLON{ 1y 2)= 0.2028C00
2 EPSILON= 0,15379%6
EPSILONY 2y 1}= 0.1893000
EPS ILON{ 2y 2)= 0.1893CC0
EPSTLON( 2y 3)= 0.,2028000
3 EPSILON= 0.1937999
EPSTLON{ 3, 1)= 0.18530C0
EPSTLCNT 3y 2)= 0.2028000
4 EPSILON= 0.2253696
EPSTLONY 4y 1)= 0.22937C0
5 EPSILON= 0.2062559
EPSTLONY 5y 1)= 0.2062560
EPSTLON( 5y 2}= 0.2062560

e s e ko s 3O ok ok ok sk o ek s ok e sk e oK ok ol o i e oK 3 8k ok o o SRl ok o o otk o R ko o KRR SR e ek ook ke ke s e oo 3 3K K 3R K3 0K R ool o6k AR ot K S R ok i 3 ok ok ek o o ok ok ok
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GEOMETRY OF CENTRAL CHANNELS (REFERENCE TO 1/6)

TOTAL FLOW AREA= 0,27 SQCHM TOTAL EQUIVALENT DIAMETER= 2.3 (M
SECTION NR, FLOW -AREA (SQCM) EQUIV. DIAMETER(C¥)
1 0.02279 1.894
2 0.02304 1. 915
3 0.02354 1.957
4 0.02430 2.020
5 0.22535 2. 107
6 0. 02670 2.219
7 0.22839 2.36C
8 0. 03046 24532
g 0.03268 2. 741

10 0.23600 2.992

R R o RO R AR e ok ok ook g ok R 0ok ot ot SR ol oot s ok et ok Sk ok o ek o ok ok o ok b kol Stk ok ok b ok % skl Rk R RROR RS § 4 oK R kR R

GEOMETRY OF ANGULAR CHANNELS (REFERENCE TO 1/2)

1
N
TOTAL FLOW AREA= D.41 SQCM TOTAL EQUIVALENT DIAMETER= 1.2 CM ?
SECTICN NR. FLOW AREA (5QCM) EQUIV. DIAMETER(CM)
1 0.035¢61 1,131
2 0.03593 1.13¢2
3 0. 803657 1.150
4 0.03755 1. 16S
5 0. (3890 1.194
6 0.04064 1.225
7 0.04281 1.263
8 0. 04548 1.307
9 0.04871 1.357
10 0,05259 1.414

Skt oot b o ob ok sl Ak o o A o R AR o s o sk e sl s o SR g sk R S s R ok R e Bk o R o o o R oo oo o o e s ook sk sk okt ok ok B HOR oK o ok ok oK oK ok o e ok

TOTAL LENGTH= 118.32 CM NUMBER 0OF SECTIONS= 27 FREL= 1.,0000



AXTAL SECTION NR. 1 [ SECTION LENGTH= 5.556325 HEIGHT= 29.86031 Joessceoscosvenonsnnsocasssnssccsasesnsassosnansensae
T 2= 191.5919 P 2= 40.548819 P AV= 40.64G7324 DELTAP=-0,0018220C LAMBDA=0.01756
( ITCORR= 6 I176L= 7 ITGLL= 38 ITERK= 2 FREL= 1.0C )
CHANNEL OQUTLET MASS AVERACE MASS QUTLET TEMP. AVERAGE TEMP. PRESSURE LCSS
1 D.13409843E+402 0.13398788E+22 C.15190704E+03 0.16089G631E+03 ~0.18215324E-02
2 2.26800903E+02 0.267T81494E+02 C.19190430E+03 0.19089769E#03 —0.18209950E-02
3 0.13409286E+C2 0-13368338E+02 0. 19190724E+03 0.165089944E+¢03 ~0.18216036E~02
& Y. 63501060F+01 0.6089947TE+01 C.19136937€+03 C.1%90G62535E+03 -(0.18229147€~02
5 0.40929764E£+02 0.40931335E+402 Co19121362E+03 0.19055191E+403 ~0,18222283E-C2
UAVL 1= 0.,39932E+04 WC F{ 1}= -0.398E-02 MO( 1) = 13.42 LaM{ 1)= 0.01752
UAV(  2}= 0.399]8E+04 WCF( 2)= -0.699€-C¢ MO 2)= 26 .81 Lamt 2)= 0.01753
UAV( 3}= D.39931E+04 WCFI 3)= —0.394E-C2 MO 3)= 13.42 LAM{ 3)= 0.01752
UAVIL 4)= 0.35889E+04 WCF( 4)= C. 143E-C1 MO{ 4} = 6.05 LAM{ 4)= 0.02007
UAVLE S5)=  0.33091F+04 WCF{ 5})= C.563E~-02 MO( 5)= 40.54 LAML 5)= 0.C171¢8
1) WTl Ly 3)= 0. 403E-01
1} WTH{ 2y 3)= 0.805E-01 2) HT( 2y 5)= 0,535E-C1
1} wT{ 3y 2)= 0.805€E~01 2} WT{ 3y L= 0.403E-01
1) Wit 4y 5)= 0.250E-01
1} W7l 5y 4) = 0.250E~01 2) HWTL 5 2)= 0.535E~C1
CHANNEL ROD TEMPERATURE HEAT POWER ROD TEMPERATURE HEAT POWER ROD TEMPERATURE HEAT PCWER
1 2 0.24884E+C3 0.13430E+(3 1 O, 24884E+C3 0.13430E+4(3
2 8 0. 24888E+03 0.13430E+03 2 0.24885E+03 0.13430E+03 9 Q. 248E8E+03 0.13430E+03
3 2 0.24884E+03 0. 13430E+C3 9 0.24884E+03 0.13430E+¢03
4 8 0.25460E+03 0.13430E+03
5 B 0, 250275+ 03 0.13430E+03 9 0.25021E+03 0.13430E+03
CHANNEL NR., 1 : ;
1-{ROD NR, 2) OUT. MASS 8.939842 BUT. TEMP.= 191.6G1 LAMBDA= 0.01752 - REB=138893. REW=114422.
Q@ LINER= 0.0 NU = 0.329867E+03 . TW INF.= 248.84
TBSSCH({l)= 191.31 TWSSCH({1}= 248.84 TBESCHIN)= 190.52 TwSSCHN)= 248.84
2=(ROND NR. 9] OUT, MASS 4.469950 QUT. TE¥P.= 191,91 LAMBDA= 0.01752 REB=138894. REW=114423.
Q LINER= 0.0 NU = 0.329870E+03 TW INFo= 248.84
TBSSCH(l)= 191.31 TWSSCHI1)= 248.84 TBESSCHIN)= 190.52 TWSSCH(N)= 248.84
CHANNEL NR, 2
1—-{ROD NR, 81 0uT,. MASS 8,9311S¢C OLT, TEMP.= 191.6C LANEDA= 0.01753 REB=138777. REW=114313.
Q LINER= 0.0 NU = 0.329651E+03 TW INF.= 248.88
TBSSCH{1)= 191.31 TWSSCH(1}= 248.88 TBSSCHI{N)= 190.52 THSSCH{N)= 248,88
2=-(RCD NR, 2) NUT. MASS 8.,938011 OUT. TEMP.= 191.91 LAMBDA= d.01752 REB=138870. REW=114400.
Q LINER= Q.0 NU = 0.329824E+03 TW INF.= 248.85
TBSSCH{1)= 191.31 THWSSCH{1)= 248.85 TBSSCHIN)= 190.52 TWSSCH{N)}= 248.¢€5
3-(ROD NR, 9 DUT. MASS 8.931602 OUT, TEMP.= 191.94 LAMBDA= 0.01753 REE=138783. REW=114318.
Q LINER= 0.0 N = C.229661E+03 TW INF,.= 248 .88
TBSSCH(1)= 191.31 TWSSCHE{l)= 248.38 TBSSCHIN)= 190.52 THESCHIN) = 248.88
CHANNEL NR. 3
1-(ROC NR, 2) OUT. MASS 8.939568 OUTe TEMP.= 191.91 LAMBDA= 0.017£2 REE=138890. REW=114419.
Q LINER= 0.0 NU = 0.229861FE+03 T IAF.= 248.34
T3SSCHI{1)= 191.31 TWSSCH({1)= 248.34 TBSSCHIN)= 190.22 TWESCHIN) = 248.E4
2-{ROD NR. 9) OUT. MASS 4.456967S OUTs TEMP.= 1G1l.61 LAVMBDA= 3.01752 REB=138887. REW=114416.
Q LINER= 0.0 NU = 0,329856E+0Q3 TW INF.= 248 .84
TBSSCHI{1)= 191.31 TWSSCHI1)= 248.84 TBSSCH{N)= 190.52 TWSSCH(N) = 248.84
CHANNEL NR. 4
1-(ROC NR, 81) OuUT. MASS 46,050108 OUTe TEMP.= 1G1.37 LAVMBDA= 0.02007 REE= 68134. REW= 55070,
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CHANNEL AR,
1-(RND NR.

2=-{R0OD NR.

5
8)

9}

Q LINER= C.0
TBSSCH{1)= 19C.€3
TA= 190.17

TISSCH{1)= 191.34%

OUT. MASS 20.449387

Q LINER= 0.0
TBSSCH(L)= 190,46
TA= 190.08

TW{l)= 250.54
TISSCH{1l)= 190.956
MDOUT{1)= 0.1€15CTE+C2
MOUT (2)= 0,4298647E+01
OuUT. MASS 20.480240

Q LINER= 0.0
TBSSCH(l)= 190.46
TA= 190.08

THL1 )= 250.47
TISSCHI1l})= 190.96
MOUT(1)= 0.,161775E+C2
MOUT {2)= 0.430272E+01

NU = 0.1629T70E+03
TwSSCH{1)= 254.6C
TB= 191.34

F2SSCHI{L)= 190.17

QUT. TEFP.= 191.22

NU = 0.,261840€E+03
TWSSCH(1)= 250.27

TB= 19C.96

Twi2)= 249.73
T255CH{1)= 190.08
TOUT(L)= 0.191033€E+403
TOUT{2)= 0.191904E+03
OUTe TENP.= 191.21

NU = 0.262104E+03
TWSSCHI{1)= 250.21

T8= 190.96

TW(2)= Z46.68
T2S5SCH{1)= 190.08
TOUT(1l)= 0.191031E+03
TOUTL2)= 0,191502E+03

TW INFe= 254460
TBSSCHI(N)= 190.€3
T8C= 191.34

T1SSCHIN)= 191,34

LAMBDA= U.0L718
TW INF.= 25C.27
TBSSCHIN) = 190,46
TBC= 150.94

TLSSCH{N)= 190,96
AREA(1)= 0.101143E+01
AREA(2)= (.268077E+00
LAMBDA= 0.01717

TW INF.= 25C.21
TBSSCH{N) = 190,46
TBC= 190.94

TISSCHI{N}= 190.96
AREA(L)= 0,101143E+G1L
AREA(2)= (.268081E+00

T AT LINER= 189.89
TWSSCHIN}= 254.€0

T2ZSSCHIN)= 16C.17

REB=111243. REW= 91120.
T AT LINER= 189.89
TWSSCH{N}= 250.27

T2SSCHIN) = 190.C8
LAMBDA{1)= 0.17Z0C7E-01
LAMBDA{2)= 0.176370E-01
REB=11138%. REw= 91256.
T AT LINER= 189,89
THSSCHIN}= 250.21

T2SSCHIN) = 190.08
LAMBDA(L}= 0.171956E-01
LAMBDA{2)= 0.176330€E-01
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AX TAL SECTION NR. 8

{ SECTION LENGTH=

2.27382; HEIGHT=

63, 83086 )

SPACER NR.

1L IS PRESENTavcvcssccsnssscsacncnccsce

T 2= 2Cl.4946 P 2= 40.629578 P AV= 40.63421¢ DELTAP=-0.00927372 LAMBDA=0.01752
{ ITCNRR= 4 ITGL= 4 ITGLL= 12 ITERNM= 2 FREL= 1.00 )
CHANNEL JUTLET MASS AVERAGE MASS CUTLET TEMP, AVERAGE TEMP. PRESSURE LOSS
1 0.13554733€+02 0.13530540£+402 0.20358151E+C3 C.2C3171C4E+C3 ~0.52484425E-02
2 0.27068527E+02 0.27016418E+02 C.20342177E+03 0.20302238E+03 -0.92472918E~C2
3 013552408E402 2e13528000E+02 C.20357193E+C3 Co2C316241E+03 ~0.G2484243E-02
4 0.5709982%E+ 01 0.570L75236E+01 C.20024408E+03 0.19992282£+403 —0.52488974E-C2
5 D.4071415TE+G2 0.40807212E+02 (. 15901585€E+03 0.19873676E+03 ~0.92481077€~-02
UAV( 1)= 0.41392E+04 WCF{ 1)= -0.213E-0Q1
UAVL  2)= 0.41311E+04 WCF{ 2)= -0.458t-Q1
UAV( 3)= 0.41384E+04 WCF( 3)= -0,215E-(Q1
UAVE  4)= 0.34373E+404 WCF{  4)= 0.663E-02
UAVE  5)= 0.39666E+04 WCF( 5)= 0. 819E-01
} WTHL i, 3)= 0. 407E-01
WT( 2 3= J.813F-01 2) WTI( 2y 5)= 0.537E~C1l
1) w7 ER) 2) = 0.813E-01 2) WT( 3y 1)= 0.407E-01
WT { by 5)= 0.246E-01
1} wT{ 5y 4) = J.246E-01 2) WTI 5y 2)= 0.5378-¢C1
CHANNEL ROD TEMPERATURE HEAT POWER ROD TEMPERATURE HEAT POWER ROD TEMPERATURE HEAT PCHWER
1 2 0.27018E+Q3 0.54962E+(C2 1 0. c£952E+03 0.54962E402
2 8 0, 27008E+03 0.54962E+02 2 0,Z7018E+03 0.54962E+C2 9 0.26944E+C3 0.54962E+02
2 2 0.27018E+03 0. 54962E+ (2 9 0.26952E+03 0.54962E+402
4 8 0.27647E+23 0.54362E+02
5 3 0. 2691 4E+ 03 0.54962E+02 9 0.26892€+03 0.54962E402
CHANNEL NR, 1
1-(RCD NR. 2} OuUT. MASS 9.079338 ouUT, TEMP.= 203,58 LANMED A= 0.01755 REB=138190. REW=111247.
Q@ LINER= 0.0 TH INF,.= 270,18
2-(ROD NR. 1) OUT . MASS 4.475296 NUT. TEMP.= 203.58 LAMBDA= 0.01755 REB=137208. REW=110676.
Q LINER= 0.0 TW INF.= 269 .52
CHANNEL NR. 2
1-{ROD NR. 8) QUT., MASS 9.060631 OUT. TEMP.= 203.34 LAMBDA= 0.017%6 REB=137928. RE®=110987.
Q LINER= C. 0 TH INFa= 270,08
2—{ROD NR., 21 DUT. MASS 9.072380 OUT. TEMP.= 203.53 LAMBD A= 0.017%6 REB=138088. REW=111149.
Q LINER= C.0 TW INF.= 27C. 18
3-{ROD NR. 9) QuT. MASS 8.935310 0uT., TEMP,.= 203.39 LAMBDA= 0.017%6 REB=136%$7%., RE®=110445.
Q@ LINER= 0.0 TW IANF.= 2694 44
CHANNEL NR,
1-{ROD NR, 2) OUT. MASS 9.07773% oLT. TEMP.= 203.57 LAMBDA= 9.01755 REE=138168. REW=111226.
Q LINER= 0.0 TW INF,= 270.18
2-{ROND NR, 9) OUT. MASS 4.474588 NUT. TEMP.= 203.57 LAMBDA= 2.01755 REE=13T7i8l. REW=110650.
Q LINER= 0.0 TW INF.= 269452
CHANNEL NR. 4
1-{ROD NR. 8} UT. MASS 5,706980 OUT. TEMP.= 200.24 LAMBD A= 0.02041 REB= 63135. REh= 49311,
Q LINER= Je 0 TW INFe= 2164417 T AT LINER= 189.89
CHANNEL NR., 5
1-{ROD AR, 3} QUT. MASS 20.323990 OUT., TEMP.= 199.C4 LAVMBDA= 0.01721 REB=1095G2. REr= 87088.
Q LINER= 0.0 TH INF,.= 269 .14 T AT LINER= 189.89
MOUT (L) = D, 160426E+02 TAUT(l )= 0.198237E+03 AREA(1)= 0.101372E+01 LAMBDA{1}= 0.17Zz484E-01
MOUT {2)= 0.428138E+01 TOUT( 2)= 0.202034E+03 AREA(2)= 0.265793E+00 LAMBDA{2)= 0.176551E-01
2-{R0OD NR, 3) OUT. MASS 20.389847 OUTe TEMP.= 198,696 LAMBDA= C.01720 REB=109906. REk= 87453.

A%



G LINE
M3UT (1
MOUT (2

R=
)=
)=

0.0
0.161053E+402
0.428446 E+01

ToUuT(1)
TOUT(2)

TW INF.= 268,92 T AT LINER= 1€5. 89
= 0,198178E+03 AREA(L)= 0.,101370£+01 LANBDA{1)}= 0.172305E-01
= 0.,202031€+03 AREA(2)= 0.2658(7E+(C0 LAMBDA(2) = 0,176521E-01
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AXTAL SECTION NR. 26 (

SECTION LENGTH= 2.27382;5 HEIGHT= 144,08276 ) SPACER NRe 2 IS PRESENTecevcccennaccsscocmonnse

T 2= 226.0762
{ ITCORR= 4

P 2= 43.,593155 P AV= 40,.598038
ITGL= 8 ITGL1= 24

DELTAP=-0.00976€1LS
ITERNK= 2 FREL= 1.00 )

LAMBDA=0,0 1749

CHANNEL JUTLET MASS AVERAGE MASS CUTLET TEMP. AVERAGE TEMP,. PRESSURE LOSS
1 0.13650595E+C2 0.1365265T7E402 Ca.23221CSZE+(C2 C.2218C7G8E+03 ~-C.57021684E~02
2 0.27213531E+402 Ce272C2511E+C2 C.23096353E+03 0.,23058278E+03 ~0.97015239E-C2
3 0.13642043E+22 0.13642715E+02 C.23199384E+03 0.231596C8BE+03 ~0.67020306E-02
4 0.54937172E+ 01 0.54400740E401 0.22297421€+03 0.22268627E+03 -0.56952803E~C2
5 0.40599625E+C2 0.,40661148E+02 C.21916522E+03 0.21887852E+03 ~0.97309465€-02
UAV{ 1)= 0.44283E+04 WCF{ 1)= 0.1826-C2
UAVE 2)= 0.440L1E+Q4 WCF( 2)= ~0,935E-Cz
UAV( 3= 0.44232E+04 WCF(  3)= C. 595E-C2
UAV{ 4)= 0.3428BE+04% WCF{  4)= -0.472E-C1
UAV( &)= 0.41225E+04 WCF(  5)= 0.541E-01
1) WL 1y 3)= 0.412E-01
1) WTH 2y 3)= 0.822E-01 2} WT{ 29 5)= 0.539E-(Q1
1} wT{ 3, 2)= 0.822E-01 2) WV 3, 1)= 0.412E-01
1Y WT{ by 51)= 0.244E-C1
1) wWT{ 5, 4)= 0.244E-01 2) WT{ Sy 2)= 0.539E~G1
CHANNEL ROD TEMPERATURE HEAT PCWER ROD TEKPERATURE HEAT POWER ROD TEMPERATURE HEAT PCWER
1 2 0.30035E+C3 C.54G62E+C2 1 0.2SGT4E+C2 0.54962E4C2
2 8 0.29906E+03 0.54962E+02 2 0.26977E+03 0.54962E+02 g 0.29854E+(C3 0.54962E£+402
3 2 0.,30022E+03 0. 54962E+C2 S 0.25950E+03 0.54962E+02
4 8 0.30635E+03 0.54962E+402
5 8 0.29351E+ 03 0.54962E+02 9 0,29285E+03 0.54962E402
CHANNEL NR.
1-(RCD NR. 2} OUT. MASS 9.144966 OLY. TEMP,= 232.2C LANMBDA= 0.01765 REB=134190. REW=108787,
Q LINER= 0.0 TW INF.= 300.35
2-(R0OC NR, 1} OUT. MASS 4.505417 OUT. TEMP.= 232,25 LAMBDA= 0.01766 REE=133162. REW=108155,
Q LINER= 0.0 TW INF.= 299.75
CHANKNEL NR.
1-{ROD NR, 8) OUT. MASS 9.1073C7 OUT.» TENP.= 230.62 LAMBDA= 0.017€7 REB=133823. REN=108345.
3 LINER= 0.0 Tk INFo= 299.06
2-(ROD NR. 2) OuUT. MASS 9.126411 OUT, TEMP.= 231.48 LA¥BD A= 0.01766 REB=133999. REW=108563,
Q LINER= 0.0 TW INF.= 295%.17
3-{RND NR. 9} OUT. MASS 8.979317 OUT. TEMP.= 230.81 LAMBDA= 0.01767 REB=13285€. REW=1C7778,
Q LINER= 2.0 TW INF,= 298.54
CHANNEL NR,
1-(RCD NR, 2} OUT. MASS 9.138847 OUT. TEMP.= 232.G2 LAMBDA= 0.01766 REB=134121. REW=108711.
Q LINER= 0.0 TW INF.= 300.22
2-{R0OD NR. 9) BUT. MASS 4.502977 OUT. TEMP.= 231.6G6 LAMBDA= 0.01766 REB=133119. RE®K=108097.
Q LINER= 0.0 TW INF.= 299 .50
CHANNEL NR, 4
1-{ROD NR, 8) OuT. MASS 5.493715 OUT. TENP.= 222.98 LAMBDA= 0.020ES REB= 5823¢. REWk= 45037.
Q LINER= 0.0 T INF.= 3Cé.35 T AT LINER= 209.80
CHANNEL NR.
1-{RCD NR, 8) OUT. MASS 20.228012 OuUT. TEMP.= 215.2 LAMBDA= 0.01734 REB=105890. REw= 83941,
Q LINER= 0.0 TW INF.= 293.51 T AT LINER= 2G7.11
MOUT(1)= 0.159743E+02 TCUT{1)= 0.218050€+03 AREA({l})= 0.101458E+01 LAMBDA(Ll)= 0.172711E-01
MOUT (2)= 0.425311E+01 TOUTI(2 )= 0.224066E+03 AREA[2}= 0.264932E+00 LAMBDA{2)= 0.177932E~01
2={R0OD NR., 9) OuT. MASS 20.370895 CUT. TEMPo= 219.03 LAMBDA= 0.01721 REB=106781. REh= 84732.
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Q LINER= 0.0 TW INF.= 292.85 T AT LINER= 206.87
MOUT(1)= 0.161102E+02 TOUT{L)= 0.217712E+03 AREA{1l}= 0.101454E+C1 LAKBDA(L)= 0.173253E-01
MOUT(2)= 0.426057E+01 TOUT{2)= 0.224024E+03 AREA(2)= 0.264G66E+C0 LAMBDA{2)= 0.1778£2E-01

AXTIAL SECTION NR. 27 { SECTION LENGTH= 0.,18372; HEIGHT= 145531152 Jeecsccnacvsossssevssenssosnsascscoscsnnassasosscansone

T 2= 226.1324 P 2= 40.593079 P AV= 40.5931CS DELTAP=-0.000C6423 LAMBDA=0.01754

( ITCORR= 5 ITGL= 6 176L1= 23 ITERY= 2 FREL= 1.00 )

CHANNEL OUTLET MASS AVERAGE MASS CUTLEY TewMP, AVERAGE TEMP. PRESSURE LOSS
1 0.13650736E+C2 0.13650665€E+02 0.23227899E+03 0.22224599E+03 -C. (4219377E-04
2 0.27213623E+C2 0,27213577€E+02 0.23102826E+03 0.23099680E+03 —-0.64219494E-04
3 0. 13642170E+02 0.13642105€+02 0-23206088E+03 0.23202835€E+03 ~0.64219043E-04
4 0.54929743E+01 0.54933453E+01 C.22302957£+03 0.22300342€+03 —0.€4271284E-(4
5 0.40599991E+02 0.40595808E+02 0.21921568£+03 0.21515156E+0Q3 ~0e€4219T85E-04
UAV( 1)= 0.44320E+04 WCF{ 1)= -0.7&9E-02 MO{ L)= 13.¢€5 LAML 1)= 0.01766
UAV{ 2)= 0.44063E+04 WCF{ 2)= -~C.52CE-(3 MCU 20 = 27.22 LAML 2)= 0.01767
UAVE  3)=  0.,44273E+04 WCF(  3)= ~0.694E-03 vOL 3= 13.65 LaM{ 3)= C.21767
UAVL 4)= 0,34650E+04 WCF(  4)= C.404E~02 MOL &)= 5.49 LAM( 4)= C.02C77
VAV 5)= 0.41193E+04 WCF{ 5)= -0.206E-C2 MO{ S5)= 40.61 LAK{ 5)= 0.01734
1} W7t i, 3)= 0.412E-01
1) w7l 2y 3)= 0.822E~-01 2) WT{ 2y 5)= 0.538E-01
1) W7 3, 2)= 0.822E~01 2) WT( 3, 1}= 0.412E-C1
1) WTt 4y 5)= 0.244E-01
1) WT( Sy 4)= 0. 244E-01 2) WT( Sy 2)= 0.538E~-C1
CHANNEL ROO TEMPERATURE HEAT POWER ROD TEFMFERATURE HEAT POWER ROD TEMPERATURE HEAT PCOWER
1 2 0.25670E+C3 0.44396E401 1 0.29602E+03 0.44396E+C1
2 8 0.29532E+03 0. 44396E+(01 2 0.25608E+03 0.443G€E+01 9 0.29476E+03 0.4439€6E401
3 2 0.29655E+03 0.44396E4+01 9 0.255T6E+032 0.44356E+C1
4 8 0.29941E+03 0. 44396E+01
5 8 0.28896E+03 0.44396E+01 9 0.Z€E836E+02 0.4435€E+C1
CHANNEL NR. 1
1-{ROD NR. 2) QUT. MASS 9.144707 OuUT. TEMP.= 232.27 LAMBDA= 0.017¢€4 REB=134408. REW=110274.
Q LINER= C.0 NU = 0.2B0152E+03 Tk INF.= 296.70
TBSSCHI1)= 232.25 TRSSCHI1)= 296.7C TBSSCHIN)= 232.23 TWSSCHIN)= 2¢€.17C
2-{RCD NR, 1} OUT. MASS 4.505808 OUT. TEMP.= 232.31 LAMBDA= G.017790 REB=132438. RENW=108887.
Q@ LI NER= 0.0 NU = 0.283320E+C3 THW INF.= 296.02
TBSSCH(1)= 232.29 THSSCH{1)= 296.02 TBSSCHIN)= 232.27 THSSCHIN)= 296.C2
CHANNEL NR, 2
1-{RCD NR. 8} QUT., MASS 9.106956 OQUT. TEMP.= 230.€7 LAMBDA= C.Cl7¢5 REB=134133, FKEW=109918.
Q LINER= 0,0 NU = 0.279844E403 Tw INF.= 295.32
TBSSCH{1)= 230.66 TWSSCHU1)= 295.32 TBSSCHIN)= 230.63 TWSSCHIN}= 265.22
2-(ROD NR. 2) OuUT. MASS 9.126991 OUT. TEMP.= 231.54 LA¥BDA= 0.01765 REE=134262. REWR=110092.
Q LINER= 0.0 NU = 0.279977E+03 TW INF.= 296.08
TBSSCH{1l)= 231.53 THSSCH{1)= 296.08 TBSSCHIN}= 231.50 TWESCHIN) = 296.(8
3-(ROD NR. 9} DUT. MASS 8.680064 OLT. TEMP.= 230.87 LAVBD A= 0.01771 REB=132222. RER=108599.
Q LINER= 0.0 NU = 0,283089€+03 TW INF.= 294.76
TBSSCHU1)= 230.86 THSSCHU1)= 294.76 TBESSCHIN)= 230.83 THSSCHIN)= 294.76
CHANNEL NR. 3
1-{RCC NR, 2) 0uT. MASS 9,138527 OLT. TEMP.= 232.(C8 LANEC A= 0.01765 REB=134350. REW=110208.
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2~{RCH

CHANNEL
1-(RrRCD

CHARNNEL
1-(RrRCE

2-{ROD

NR,

NR,
NR .,

KR,
NR.

NR .

3)

9)

Q LINER= .0
TBSSCHUL)= 232,07

OUT. MASS «503416
@ LINER= J.0
TBSSCHIL )= 232.00
OUT. MASS 5.492975
Q LINER= 0.0
T3SSCH{1)= 223.09
TA= 215.26

TISSCH{L)= 235,59

NUT. MASS 20.228373
Q LINER= 0.0
TBSSCH{1)= 218.C7
Ta= 211.07

Th{l)= 289,11
TISSCH{l)= 227.45
MOUT(Ll)= 0.15974TE+02
MOUT(2)= N.425327E+C1

OUT. MASS 20.371201
Q LINER= c.0
TBSSCH{L)= 217,74
TA= 210.78

TWi{l)= 288.2%
T1ISSCH({l)= 227.05
MOUT(1L)= 0.161104E+02
MOUT (2)= 0.426074E+G1

NU = C.ZEQCT2E+C3
TWSSCH{l)= 296.55
OLY. TENP.= 232.C2
NL = 0.2833212E+03
TWSSCH{1)= 295.7¢

OUT. TEMP.= 2232.(3
NU = C.I120677E+4(3
TWSSCHI{1)= 299.41
TB= 23£.59
T2SSCril)= 215.06

OUT. TEMP.= 219.326

NU = 0.,215777E+02
ThESCH(1)= 288.6¢

TB= 227.45

Thi2)= ZER.64
T2SSCH{d)= 211.07
TOUT(L)= 0.218095E+03
TOUT(2)= 0.224114E+03
OUT. TEMP.= 219.08

NU = 0.216823E+03
TWSSCH{l)= 288,3¢

TB= 227.05

Tw{2)= 7Z88,51
T2SSCHI1)= 210.78
TOUTI(1)= 0.217759€E+03
TOUT{2)= C0.224CT7EE+03

T INFa.= 296.55
TBSSCHIN}= 222.(4
LANBC A= 0.01770
TW INF.= 295.76
TBESCH(N)= 231.638
LANMBDA= 0.02077
TW INF,.= 299 .41

TBSSCHIN)= 223.00
TBC= 23%.56
TISSCH{N)= 235,%9

LAMADA= C.01725
Th INF.= 288.96
TBESCHIN)= 218.07
T8C= 22€.1%

TLSSCH{N)= 227.45
AREA(L)= 0.101457€+01
AREA(2)= 0.264G38E+00
LAMBDA= 0.01722

T INFa= 288.36

TB SSCH(N)= 217.74
TaC= 225.89

TLSSCHIN)= 227.05
AREA(L)= 0.101455E+C1
AREA(2)= 0.264963E+00

TWSSCHIN) = 296455
RER=132416. REW=108850.

ThSSCHIN)= 295,76

REE= 58782. REw= 46421,
T AT LINER= 210.23
TWSSCH(N)= 259.41

T2SSCHIN) = 215.C(¢

REE=105737. REW= 85031.
T AT LINER= 2€7.42
THWSSCH{N)= 288.S6

T2SSCHIN)= 211.(7
LAMBDAL 1)Y= 0.1727S4E-01
LAMBDALZ2)= 0.1T7€211E-01
REB=106524. RER= 85733.
T AT LINER= 207.16
TWSSCHIN)= 288.36

T28SCHIN)= 210.78
LAMBDA(L)= 0.17124£(E~C1
LANMBDA(Z2)= 0.,178147E-0L

-Tge-



VARTABLES FOR THE WHOLE BUNDLE

A) INLET VALUES Jf TEMPERATURE ANEC PRESSLRE

SECTION NR,

DXNPUI D WN

ot ged P et 1t gt b
Do~Nonmdbwhreo

29
21
22
23
24
25
26
27
28

HEIGHT {(CM)

27.5822
32. €385
38. 1948
43. 7511
49,3074
54. 8638
60, 42C1
62.6939
64,9678
67.2416
69,5154
T4.0631
78.6108
83.1584
87.7061
93, 3027
$8. 2993
103.5959
108, 8925
114, 1890
119.4856
124.7822
130. 0788
135.2754
140.6720
142.945$
145.2197
145.4034

TEMPERATURE ( C)

189.89
161. 58
163. 26
165.00
196.7C
168.40
2C0.1¢C
2¢0.80
201. 45
202,19
202 .89
204, 28
205.67
207.C7
208, 4¢€
210,08
211.7€
213.33
214.95
216.57
218.15
215.82
221 .44
223.C6
224.68
225.38
226.08
226413

B) VALUES AVERAGEN OVER AXIAL SECTIONS

SECTION NR,

WD DT g N

OENSITY (G/CCM)

0.004CS
0.04408
0.00406
3.00405
0.00403
0.00402
0.00401
0.,03400
0.017399
0.0C369
0.00398
J.00397
0.0C396
2.27394
0,0C393
0.07392
3.00391
0.00389
J.00388
c.0G3e7

VISCOSITY(G/CM*SEC)

C. CC02672
3.0002679
0.0002685
0.0002¢€6%2
0.0002698
C.CC327(C5
0.0002709
0.0002712
0.0002714
0.0002717
2.0092721
0.0002726
0.0002731
0.0002737
0.0002742
3.0002748
0.0002754
C.CC32761
0.0002767
0.0002773

FRESSURE (KG/SCCM)

4C.£65C€5
40.64882
40.64699
40.64516
40.64331
40.64146
40.63962
40.63885
40.62958
40.62881
40,.62805
40.62653
4C.€25C0
40.62346
40.62192
40.62012
40.61832
40.61652
4C.61470
4G.61288
40.61107
4C.60924
40.60741
40.60558
46.60373
4C.60294
40.,89315
40.59308

VELOCITY (M/SEC)

39.314
39.458
39.602
39.746
39.890
40,034
40.135
40,198
40.262
40.321
40.409
40.527
40.645
40.7€3
40.891
41.029
41l.166
41.3C4
41.441
41,579

PRESSURE {BARS)

39.86467
39.36287
39.86107
35.85928
39.85747
39.855¢6€5
39.85385
39.85310
39.84399
39.84325
39.84250
39.84100
39.83951
39.83800
39.83649
39.83472
39.83296
35.83119
39.82941
39.82762
39.82585
39.82405
39.82225
39.82047
39.818¢€5
39.81787
39.80827
39.80821

REYNCLOS NR,

119338.19
119050.06
118763.69
118479.12
1181%96.25
117915.00
117717.87
117603.56
117489.87
117376.44
1172086.50
116%581.0¢
116756469
116533.37
116292.87
116035,5¢
11571719.5¢
115524.94
115271.87
115023.00

FRICTION FACTCR

0.31756
0.01756
C.01755
C.01754
C.01754
0.01753
0.01752
C.01752
0.01751
0.01751
0.01750
€.01750
0.01750
C.01749
C.0174%
C.01749
C.01T749
3.01748
C.01743
C.01748
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21 0.00385 0.0002779 4l.716 1147€9.69 C.01749

22 J.00384 8.CC02785 41.854 114523.66 0.01749
23 Ue02383 0.0002791 414962 114272.94 C.01749
24 0.00382 0.0002797 42.129 114026.62 C.C1749
25 0.023381 0.00028C1 42,228 113851.37 C.01749
26 0.00380 0.0002804 42.291 113746.37 €.01749
27 0.00380 0.00N02845 42.328 113689.87 0.01754

TOTAL PRESSURE DROIP==0.257571 KG/SCCM

C) TOTAL MFAN VALUES AVERAGED IN PARTS WHERE UNDISTUREED FLOW IS SUPPOSED

TEMPERATURE = 215.7¢ C

PRESSURE = 4046137 KG/SQCM = 39.8285 BARS
DENSITY = 0,00388 G/CCM

VISCCSITY =2.0002767 G/CMASEC

VELOCITY = 41.441 M/SEC

REYNCLDS NR. =11527¢€.31

FRICTICN FACTOR = G0.01749

COMPARISNN OF INPUT TEMPERATURES WITH CCMPUTED VALUFS

INPUT COMPUTED
TWTIPA 284479 284 .24
TBTIPA 208,01 208.01
TBPIPA 195.45 195.29

COMPARISON WITH EXPERIMENTAL RESULTS

1) PRESSURES (BARS)

L}HEIGHT= 179.64131 CM P EXe= 39.82713 P EXx,~PE1=-0.(828552 P THe= 39.82915 F TH.-PEL=-0.0808411
P THe-P EX.= 0.0020142 (DP TH.~DP EXo)/DP EXe ¥100 = -2,.431
2)HEICKT= 133,21532 CM P EX.= 39.81885 P EX.-PE1l=-0.0611407 P THe= 39.82118 P THe-PELl=~(C. (888062

P THe=P EXa= 0.0023346 (0P TH.-OP EXu)/DP EX. %100 = —2.562

p33%



ROUGH PART (HEATED OR UNHEATEDN)

C=  2.615%5426 C™

1= 1.4E5493 CM

ZWC= C.C CM

VOL. CIAMETER= 1.844646 (M
PART LENGTH= 75.32185 CM
NUMBER F SPACERS= O

INLET CCNDITIONS =
INLFT AVERAGE TEMPERATURE= 22€.13 C
INLET PRESSURFE=40.5930736 KG/SQCM =39.80382123 BARS

HEIGHT OF ROUGHNESS= 0.0391287 CM™

RESULTS OF HEATI

CHANNEL R3D ROD

1 1) JPIN{ iy L= 2 2) JPIN{ ly 2= 1
2 1) JPIN{ 2y 1)= 8 2) JPIN( 2y 2)= 2
3 1) JPIN{ 3y 1)= 2 2) JPIN 3, 2)= 3
4 1} JPINY 4y 1)= 8
5 1) JPIN( 5y li= 8 2} JPIN{ Sy 21)= 9

TOTAL FLCW AREA= T4.87 SQCM

TOTAL ECUIVALENT DIAMETER= 2.0 CM

FLOW AREA DF SECTION= 6424 SQCM

FLOW AREAS OF CHAMNELS:

CENTRAL= 1.63

WALL= 2.55

CORNER= J.83

EQUIVALENT DIAMETERS

CENTRAL= 2.3

WALL= 1.9

CORNER= 1.2

CHANNEL 1 ¢ USED KAPPA= 114.793 ( INPUT KAPPA= 114.799)
CHANNEL 2 % USED KAPPA= 114,793 (INPUT KAPPA= 114.7939)
CHARNEL 3 : USEDR KAPPA= 114.799 (INPUT KAPPA= 114.1796)
CHANNEL 4 : USED KAPOPA= 32.84)3 (INPUT KAPPA= G2.840)
CHANNEL 5 & USED KAPPA= 83, 73C (INPUT KAPPA= E8.73C)

3) JPIN(

2y

3)

RCD

AR EORR KR AR R IOR R K R R Nk AR KR ek oK ek R Rk R R KoK R Kook R ROR R o SRR R AOob A b o o ol R 8 R B R Bk ok R R R OROR b 3k B AR RO K KRR Rk
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GEDMFTRY 0OF CENTRAL CHANNFLS (REFERENCE TO 1/61}

TOTAL FLCW AREA= ).27 SQCW TOTAL EQUIVALENT DIAMETER= 2,32 (M
SECTTICN NR. FLOW AREA (SQCM) EQUIV. DIAMETERI{CH)
1 0.C22¢8 1.87¢
2 0.02293 1.8965
3 0. 02343 1.940
4 0.02419 2.004
5 0.02524 2.090
6 0.02659 2.203
7 D.32828 20342
8 0.03036 2.515
9 0.03287 2,723

10 0.03560 2.974

e R ok R o ok R R o ot R oo K oo ok o o el e o 3 oK S S Ao K o 3 o e s k3 o ook ok Ao o o o o SR R R o KR R ok A8 Sk o R oK R o 1 o0 b b ok R kR ok R F ook Kok

GEOMETRY OF ANGULAR CHANNELS {REFERENCE TO 1/2)

TOTAL FLCW AREA= ).41 SQCM TOTAL EQUIVALENT DIAMETER= 1.2 (M
SECTION NR. FLOW AREA (SQCM) EQUIV. DIAMETER(C¥)

1 0.03555 1.127

2 0.03587 1.134

3 0.03652 l. 146

4 0.0375) 1.1¢5

5 0.03885 1.190

6 0.04059 1.221

7 0.04276 1.259

8 0.04544 1.303

9 0.24867 1.354

10 0.05256 1.411 _

e oo e sie e sk ot e o 93 ool el sl e ok v o sl o o ek ot o i v o el e sl okl ke e koo gk 33k ofe s o e s stk Sl ok o ook ok o ook ol koo ok ol %08 03X % b o o ok 3 ko die o ok ok ok ok o R R o b 3 gk ol ot ol b 3 o kb o o o ok ol ofe o o ok ok ek

TOTAL LENGTH= 75.32 CM NUMBER OF SECTICANS= 14 FREL= 1.0000

-Geg-



AXTAL SFCT ION NR. 1 (

SECTION

LENGTH= 5.380123

T 2= 227.73% P 2= 40.58432) P AV= 4),588666
{ ITCNRR= 4 [T6L= 8 1T6L1= 24 ITERW
CHANNEL DUTLET MASS AVERAGE MASS
1 Je 132437146402 D.13447220E432
2 D= 26424240+ (2 C.26318G24E+402
3 2.13236246E+02 N.13439231E402
4 J.58368G650F+ (1L 0.56649342E401
5 041358383542 0.4122G6187E40Q2
UAV( 1)= 0.43921E404 WCF( )= C. 757E~(1
UAV( 2)= 0.43686E+34 WCF(  2)= C.147E40C
UAVIE  3)=  0.43RT4E+04 WCF(  3)= 0.754E-01
Uav{ 4)= 0.35823FE+04 WCFL 4)= =-(,63GE-C1
UAVL  S)= J.41973E+0C4 WCF{ 5)= =-0.234E+GC
1) WY 1, 3)= 0. 106E+0C
1) WTH 2y 3)= 0.213E+00 2) WY 2y 5)=
1} WTH 3, 2)= 0.213E+CC 2y WT( 3y 1)=
1) WT( 4y 5= J.462E-01
1) w¥( 59 4)= 0.462E-01 2y wi{ 5 2=
CHANNEL ROD TEMPERATURE HEAT PCWER ROD TE
1 2 D.26623E4+13 0.13206E+4C3 1 Co
2 8 0.26472E+(3 J. 13006E+03 2 0.
3 2 0.26604E+C3 0.13G06E+03 9 0.
4 8 0.2647T3E+C3 3.13006E4(3
< 8 0.25823F+03 Ca 13306E+C3 S Ow
CHANNEL NR, 1
1-(RCC NR, 2) OUT. MASS 8.849361 ouT. TE
Q LINER= [ ] BICT=
HB+ = 0,218693E+03 HW+ = C
NU = D.52645CE+33 Tw/TB=
Gl HWe ) /1 PR¥%0.44 % (TW/TB)k%(C
TBSSCHIL)= 233.6" TWSSCH (
2—1{ROD NR. 1) O0UT. MASS 4.3935613 OutT. TE
Q LINER= C.0 BICT=
HB+ = 0,21630F+C3 Hy+ = C
NU = 0.521895F+03 Tw/TB=
Gl Hw+ )/ PR¥%0. 44 * (TW/TB)**%C
TRSSCHILY= 233.66 TWSSCHA
CHAMNEL NR. 2
1={ROLC NR, 3) DUT, MASS  5.822338 OUT, TE
Q LINER= J.0 BICT=
HB+ = 0.21836FE+03 Hw#+ = C
NU = 12.5255208+03 Tw/1B=
Gl HW+ 1/ PR¥%]), 44 * (TW/TB)**0
TBSSCHIl)= 231.%9 TWESCHA
2={RCN NP, 2) QuUT. MASS 8.833229 ouUT. TE
Q2 LINER= C.C BI0T=
HR+ = 0,2185CE+C3 Hut = C
NU = 0.526073E+03 TW/T3=
GU HA+ )/ PR*x0D.44 ® [ TW/TBI*%(
TBSSCHIlY= 232.78 THSSCH(

3 REIGRT= 148.09338

NELTAP=~0,00874786
2 FREL= 1.00 )

CUTLET TEMP.

Joeoecsscreossnrssvrosnsosssnsasssnsssansronesnsnsosss

LAMBDA=0.08919

AVERAGE TEMP,

PRESSURE LOSS

G«2342180GE403 Ce23329709E+03 ~0.8744142SE-C2
0.23285312£403 0.23199046E+03 -0.E7441504E-C2
(.23393468E+03 0.23304680E+03 -0.87440641E-02

$.22423528E403
C.2207823CE+03

0.22372682E+03
0.22G07530E+23

~0e.£7424479E-02
~0.87442920E~-02

MO{  1l}= 13.25 LaM{ } 0.12156
POL 2)= 26043 LAM{ 2)= 0.1215§
MOt 3)= 13.24 LAM( 3)= 0.12158
MO{ 4)= 5. 84 LANL 4)= 0.05€41
¥ol 5} 41.88 LaMil 5)= 0.06252
0.11S5E+00C
0.106E+00
0.116E+00
FPERATURE HEAT POWER ROD TEMPERATURE HEAT PCWER
ZEEEEE+C2 0.130CeE+C2
26547E+03 0.13006E+02 9 0.26516E4(032 Cs13CCEE+C3
Z€625E+013 0.13006E+03
2578B5E+(3 0.13006E+03
MP.= 234,34 LANBDA= 0.12157 REE=13159C. REW=118608.
C.CT767 THW INFe= 266423
«19726E+33 R H+ )= 0.247C1E+C1 Gl HW+ )= 0.154€5E+02
G.1065CE+C1 TW/TE= (.11645E+01 Y/Rt= 0,15035E¢0¢
50 ) % ( 0.0l0*Y/RH}#% 0,053 0.162221F%(2
1}= 268.06 TBSSCHIN)= 232.89 TWSSCHIN)= 263.45
¥Pe= 234.38 LAMBOA= 0.121E7 REE=130151. RER=117209.
C.C7667 TW INFo= 26€.56
«134G3E+C3 R{ #+ )= 0,347C2E+01 Gl HW* )= 0.15439E+02
C.l0656E+01 TW/TE= 0.1165€E4C1 Y/RH= (. 150325E+02
«50 ) % { 0.010%Y/RH)** 0,053 0.1616G4E+(2
)= 263.45 TBSSCHIN)= 232.93 TWSESCHIN) = 263,72
MP,= 232.1C LAFBDA= 0. 12157 REE=131393. REW=118353.
C.07752 Tw INF.= 264.12
«19634E403 R{ H+ )= 0.247C1E+CI1 Gl HW+ )= 0.15479E+02
(.10655E+C1 TW/TE= 0O.1161€E+01 Y/Fh=  0.15035E40¢2
S50 ) ¥ [ 0,010%Y/RH)** 0,053 J.162125€E+(2
1}= 266.5€ TBESCHIN)= 231.28 TWSSCH{N}= 261.5¢
MPo= 223,432 LAMECA= Col21E7 REB=131472., REW=118461.
C.C7758 TW INF.= 265047
«197C2E+C3 Ri{ F+ )= 0.347C1E+01 Gl HW+ )= 0.154€2E402
CelCHE2E+(L Tw/TE= 0.11632E+31 Y/RH=  0.15035E40¢
+50 ) % ( Q.O0LC*Y/RH)*% Q.u53 J.162166E4C2
1y= 267.30 TESSCH{NI= 232.C9 TWSSCHIN)= 262.69

-9g¢-



3—(RCD NR.

CHANNEL NR.,
1-{ROD NR.

2-{ROD NR.

CHANNEL NR,
1-{ROD NR.

CHANNEL NR.
1-(ROC NR.

2={ROT NR.,

9}

9}

9)

OUT. MASS 38.767647

Q LINER= 3.0

H3+ = 0.21610E+03

NU = 0.521502€+03

G{ HW+ )/{ PR¥XxQ.44 =
TBSSCH{l)= 232,15

0UT. MASS B,B42247

Q LINER= 0.2

HB+ = J.21360FE+03

NU = 0.52624¢E+C3

G( Hu+ } /1 PR¥x%x0.44 *
TBSSCH{1)= 233.36
QuUT. MASS 4.,3937¢¢

& LINER= 3.0

HB+ = 0.21633E+03

NU = 0.521963E+03

Gl HWt )/( PR¥%x(Q,44 *
TBSSCHIl)= 233.35

OUT. MASS 5,8363%3

¢ LINER= 2.2

HA+ = 0.17419E+03

NU = D,234645E+33

G{ Hut )/ PR¥E%J .44 %
TBSSCH{1)= 223.85

Ta= 219.92

TISSCHIL)= 225.46

OUT. MASS 20.8564C0

Q LINER= 0.0

HB+ = 0.19736E+03

Nt) = 0.380051F+03

Gl HW+ }/{ PR¥%D,44 *
TBSSCH(1l)= 220.55

TA= 216.58

TH{l)= 259.32
TISSCHUl)= 222.36
MDOUT {1)= 0.133952E+02
MOUT(2)= 0.746114E+01
QUT. MASS 21.001236

Q LINER= 0.0

HB+ = 0.19880E+03

NU = 0.382201E+03

G{ HW+ }/( PR*%0,.44 *
TASSCHI1)= 220,22

Ta= 216.31

Tw(l)= 258.7S
TISSCH{l)= 222.01
MOUT(1l)= 0.135049E+(02
MOUT {2)= 0.T745633E+401

OUT. TEMP,= 23Z2.E3
BIOT= C.C7687

HW+ = C.1%464E+023
Tw/TB8= C.1066CE+CL

LAMBDA= c.12157

TW IRFe= 265.16
R{ E+ )= 0.34702E+01
Tad/TE= C.11625E+(1

REB=13003C. REW=117033,

G{ MW+ }= 0,15435E+402
Y/RH= (0.15035E+02

(TW/TB)%%C.50 } * { Q.OLC®¥Y/RH)®% 0,053 = 0,161628E+(2

TWSSCH{1)= 267.0¢

OLT. TENMPe= 234.(9
BICT= 0.07763

HW+ = C.19715E+403
Tw/TB= C.10651E+C1

TBESCHIN)I= 231.44

LANMBD A= 3.12157
TW INF.= 266.04
R{ H+ )= 0.347C1E+01
TW/TE= 0.11644E401

TWSSCHIN}= 262.29
REB=131526. REW=118537.

Gl HW+ )= 0.154E4E+02
Y/RH= 0.15035E+0:z

(TW/TEB)x*0.50 ) * { C.O01C0*Y/RH)** 0.053 = (,1€2167E+(2

TwSSCH{1l)= 267.84
OUT. TEMP.= 234.(2
BI0T= C.C7697

kWt = C.19494E+03
Tuw/TB8= G.10657E+C1

TBSSCHIN)= 232.66
LA¥BDA= G. 12157
TW INF.= 266425
R{U H+ )= 0.347C2E+01
TW/TE= C.11645E+01

TWSSCHIN)= 263,24
REB=130173., REW=117218.

G{ HW# )= 0.15440E+02
Y/Rk=  (.15035E+¢02

(TW/TRI*X*C,50 )} * [ 0.010%Y/RKH)** 0,053 = (0.1€1656E+(2

TWSSCH{1)= 268.16

OLT, TEVMP.= 224.38
BICT= 0.06250

Hu+ = CL.15373E+02
TW/T8= (.10825E401

TBSSCHIN)= 232.63

LAMBO A= 0.05841

TW INF.= 264,73
RU H+ )= 0.,34528E+01
TW/TE= 0.11616E+01

TwSSCHIN)= 263.42

REB= 63449. REHW= 53045,
T AT LINER= 219.20
Gl HW+ }= 0.,14319€+02
Y/RH= 0.21161E+02

(TW/TBI**C .50 )} * { 0.010%Y/RH)** 0.053 = 0.1515C8E+C2

TWSSCH(1)= 267.02
TA= 22£.329
T28SCH{1)= 219.57

OUT. TEMP.= 221,05

BI0T= C.Q676%
Hw+ = C,17556E+03
TW/TB=  (.1CTT2E+C1

TBSSCHIN)= 223.41
T8C= Z225.39
TLISSCEIN)= 224.78

LAMBD A= 0.06353
TW INFe.= 258.33
R{ H+ )= 0.33964E+01
TW/TE= 0.,11478E+01

TWSSCHIN)= 261.15
T2SSCHIN)= 220.(4

REB=107032¢. REW= 94671,
T AT LINER= 215.93
Gl HWt )= 0.147S6E+02
Y/RH= Q. 21626E%(C2

{TW/TBY}%%L .50 ) * [ D.010%Y/RH)*% D.053 = (. 157122E+C2

TuSSCh{1l)= 266466

T8= 221.%9

Tw(2)= 257.19
T28SCH{1)= 215.96
TOUT(1)= 0.2207C6E+03
TOUT(2)= 0.,221677E£+403
OUT, TENP.= 22C.77
BICT= 0.06804

HW+ = 0.17694E+03
THW/TB= (.1076SE+401

TBSSCHIN)= 219.€1
T8C= 221.11

TISSCH(N)= 220.83
AREA(1)= C.817941E+00
AREA(2)= (0.45S5C1E+CO
LAMBDA= 0.06351

TW INF.= 257 .85

R{ H+ )= 0.33963E+01
TW/TE= (.1146E8E+01

TWSSCHIN) = 251.27

T2SSCHIN)= 217.27
LAMBDA(1l)= 0.5102C9E-01
LAMBDAL2)= 0.103140E+00C
REE=107817. REW= 95429.
T AT LINER= 215.66
G{ HWw+ )= 0.14826E+02
Y/RH= (0.21626E+02

(TW/TB)%%C.50 ) * ( 0.0LO*Y/RH)*% 0,053 = 0.15746CE+C2

TWSSCHI1)= 265.94

TB= 221.28

Th(2)= 256.77
T2SSCH{l)= 215.67
TOUT(1)= 0,2203G5E403
TOUT(2)= 0.221456E403

TBSSCHIN)= 219.30
TBC= 2:0.82

TISSCHIN)= 220.52
AREA{l)= 0.817929E+00

AREA{2)= 0.459513E+C0

TWSSCH(N}= 250.83

T2SSCHI(N)= 216.98
LAMBDA{1)= 0.508S(7E-01
LANBDA(2)= 0.103139E+00

A%



AXTAL SECTION MNR. 14 ( SECTION LENGTH= 54380125 HEIGHT= 218403593 )ecncesessserccorescncsoannesscossanenssasoscnasncssoe

T 2= 249.,297) P 2= 43.469912 P AV= 4).47435(C DELTAP=-0.0C3EES565 LAVBDA=0,0867C
( ITCORR= 4 1T6L= 6 [T61L1= 18 ITERV= 2 FREL= 1.00 )
CHANNEL OUTLET MASS AVERACE MASS CUTLET TEMP. AVERAGE TEMP, PRESSURE LOSS
1 7.11322889E+722 0.11833458E+02 C.262281GEE+C3 C.26121167E+403 ~0.E88570C3E-C2
2 3.24099304E+02 0.24110803£+402 0.257552CCE+C3 0.25663%40E+403 —~0.EESSEBE5E-C2
3 1.118684T1E+02 J.1187T365E+02 Ce2606T7C41E+03 0.25966519E+403 -0.83852011E~-02
4 0.666241656+01 0.66592€07E+01 C«24093082E+03 0.24030748E+03 -C.EE855285E-C2
5 0.46146194E+02 0.46118378E+402 Ce23G73C51E+C3 0.23903751E+403 -0.88867657E-02
VAV( 1)= 0.40873E+04 WCF{ 1= Ce3S3E~-C2 MOl 1) = 11.82 LAME 1)= 0.12157
AVl 2)=  0.41283E+04 WCF(L 2)= 0.428E~-02 MO( 2)= 24.10 Lamg 2)= 0.12157
VAV  3)= 0.43908E+04 WCFL 3)= 0e331E~-C2 MO 3)= 11.87 LAM(  3)= C.12157
UAV( 4)= 0.43626F+04 WCF{ 4)= =-Q.117€E-C2 MC{  4)= 6. 66 LANM{ 4)= 0.05783
UAVE  E)=  D.44B75E+04 WCF{ 5)= -0.133E-01 ¥o{ S5i)= 46.14 LAM( 5)= 0.06221
1) WY 1y 3)= 0.938E-01
1) wT( 2y 3)= 0.189E+00 23 WTH 29 5)= 0.12CE+CC
1) wTl 3y 2)= Q.188E+(C 23 WT{ 3, 1)= C.938E-(C1
1) WT( 4y 5)= 74521E-01
1) wTi 54 4)= 0.521E~-01 2) WTH{ 5y 2)= C.120E+C0 '
W
oo
CHANNEL ROD TEMPERATURE HEAT PQOWER ROL TEMPERATURE HEAT POWER ROD TEMPERATURE HEAT PCRWER !
1 2 1.29744E+723 0.13006E+C3 1 0.2S7€0E+C2 0.1300¢€E4(2
2 8 0.29167€+03 U.13006F+03 2 0.26360E+03 3.13006E+03 9 0.29207E+C2 C.13CCEE+C3
3 2 N.29693E£493 0.13706E+03 9 0.25554E+C3 0.13206E+03
4 8 D.27616E+(3 0. 13006E+03
5 8 0.27432E+03 0. 130CHE+ (3 9 Q.274C3E+C3 0.130C6E+03
CHANNEL NR. 1
1-(RQC NR., 2) 0JT. MASS 7.833114 OUT. TEMP.= 262,24 LAMBDA= 0.121%5 REEB=111386., REw= 99952.
Q LINER= 2.0 BICT= (.06348 Th INF.= 297 .44
H3+ = 0.19498E+03 HW+ = C.16612E+03 R H+ )= 0.3247CEE+D] Gl tW+¢ )= 0.147$3E+02
NU = 0.4€1486E+03 Tw/T8= (.10679E+(C1 TW/TE= (.12323£+01 Y/Rbk= C.15035E+4(02z
Gl Hw+ )/( PRE¥*¥D.44 * (TW/TBI*%0G.50 ) * ( 0.0L0%Y/RH)** 0,053 = 0.1547€1E+(2
TBSSCH{l)= 261.61 TWSSCH(1)= 332.05 TBSSCH{N)= 2603.76 TWSSCHIN)= 2583.66
2—-{RCD NR. 1) OuUT. MASS 3.936476 CUY. TEMP.= 262.40 LAMBDA= 0.121%5 REE=111310. REw= 59883,
Q LINER= [ ] BICT= C.06844 TW INF.= 297.60
HB+ = 0,18485E+033 Hi+ = C.166(C0E+03 R(E Ht )= 0.34708E+01 G{ HW+ )= 0.147S0E+02
NU = 0.4€123SE+C3 Tw/TB= G.13679E+J1L TW/TE= (J.12326E+C1 Y/RH=  0.15035E+0¢
G( HWr ) /1 PR¥%0.44 * (TW/TBI®X%*CL50 )} * ( 0.,0l0%Y/RH)** 0,053 = 0.154731E+(2
TBSSCHI1)= 261.76 TWSSCHI{1Y= 200.23 T3SSCHI{N)= 260.91 TWSSCHIN)= 294.12
CHANNEL NR. 2
1-{RCC NR. 8) OUT. MASS 8.069176 QUY., TEMP.= 256.60 LAMBDA= Nel2156 REE=114696. RER=102999.
Q LINER= J.0 BICT= C.C73C1 TW INF,.= 291 .67
Hi+ = 0.19050F+03 HW+ = C.17120E+03 RU H+ )= D.,347C7E+01 G{ HW+ }= 0.14612E+02
NU = 2,472332E+33 Tw/T8= (.12674E+(1 Tw/TE= 0.12198E+01 Y/FfH= 0.15035E+0z
Gl HW+ )/ PREAQ 44 % (TW/TBI*#C.50 ) * [ 0.0LO*¥Y/RH)I*+ 0,053 = 0.,156043E+(2
TBSSCH{1)= 2¢6.39 TWESCHI{I)= 294.11 TBSSCHIN)= 255.62 TwSSCHIN)= 288.24
2-(RCD NR. 2) QUT. MASS 7.97192¢C OUT. TEFP.= 258,54 LAMBDA= C.12155 REB=113104. REW=101505.
7 LINER= C.C BIOT= €.C6925 TW INF.= 293.60
HA+ = 0,18784E+03 HW+ = C.16B70E+03 R{ ++ )= 0.347C8E+01 G{ HW+ )= 0.14855E+02
NU = 0.467104E+03 Tw/TB= (.1C6T8E+C1 Tw¢TE= C.1224CE+01 Y/RH=  0.15035€402

Gl HWt ) /1 PR*%x0.44 » (Tw/TB)%%C.50 ) * ( C.OLOXY/RH)}*% 0,053 = 0,155417E+(2
THSSCH{1)= 258.90 TWSSCH1)= 296.12 TRSSCHIN)I= 257.22 TWSSCHIN)= 250.19



3-{RIC NR,

CHANNEL AR,
1-(ROD NR,

2-{ROC NR.

CHANMNEL NR.
1-(ROD NR.

CHANNEL NR,
1-{RCC NR,

2-(ROD NR,

7}

[AS]
-

3)

9)

aUT. 44SS  8.C57472

Q LINER= JW0

HR+ = 0.,19014F+03

NU = J3.471604E+C3

G{ HAt ) /{1 PREX) 44 *
TaSSCH(1)= 256,76

DUT. MASS T7.906517

0 LINER= )

HB+ = 0.1858€E+03

NU = 0.463138F+03

Gl HA+ )/ PR¥%), 44 %
T8SSCH{1)= 26C. 14
OQUT. MASS 3,6541634

Q LINER= J.0

HB+ = ).13628E+03

NU = C.4€4C3CE+C3

G{ HW+ )/ PR¥*%D.44 *
TBSSCHI1)= 259.87

DUT. MASS 6.662415

Q LINER= C.0

H3+ = J.20053E+03

NU = 0.262574E4Q3

G( HH4+ )/ PR¥%),44 %
TBSSCHIl)= 240.49

TA= 2317.(7

T1SSCH(1)= 241.84

OuT, MASS 23,018295

Q LINER= 0.0

HB+ = J.215C5E+03

NU = 0.401736E+03

G{ HW+ )/( PR¥*0.,44 x*
TBSSCH(l)= 238.18

Ta= 234.64

TWwil)= 272.92
TLISSCH(1)= 239.69
MOUT {1)= 0.149942E£+C2
MOUT(2)= 0.802413E401
OUT. MASS 23.126938

Q LINER= 2.9

H3+ = 0.21600E+03

NU = D.402629E+03

G HW+ )/ PRY%0,44 *
TBSSCHI 1)Y= 237.83
TA= 234.33

TWil)= 272.40
TISSCH(1)= 239.33
MOUT(1)= D.150975E+Q2
MOUT (2)= 0.8C2938E+(1

OLT. TENP.= 257.28
BICT= C.C6991

Ha+ = C.17087E+02
Th/TB= C.19674E+(C1

LAMBDA= 0.12156

TW INF.= 292,97
R{ H+ )= 0.347CTE+CL
TW/TE= 0.12207E+401

REE=114482. REW=102803.

Gl HW+ )= 0.14S(4E+02
Y/RF= 0.,15035E+40¢

(TH/T8)*%C B0 ) % ( CLOLO*Y/RHI** (0,082 = (,155%€1E+(2

TwSSCH{1)= 294.53

CLY. TEMP.= 260.84
BICT= C.C687C

Hiht = C.16€639E+03
Tw/T8= C(.1067SE+C1

TBSSCH(N)= 255.99

LAMBL A= 0.,12155
TW INF.= 266.03
R{ H+ )= D.24T70EE+01
Th/TE= C(.12292E+01

TWSSCHIN}= 288.174
REB=111891. REW=10C399.

Gl KW+ )= 0.14812E+02
Y/RH= (.15(C25E+¢(z

[Ta/TB)**C.S0 ) * { C.OLO*Y/RHI*%x 0,053 = 0.154958E+02

TUSSCHI1)= 298,50
OLT, TENMP.= 26C.38
B10T= C.06883

HW+ = (.16729€£+4023
Te/T8= C(.1C679E+C1

TBSSCHIN)= 259.35

LAFBC A= 0.12155
TW INF.= 295,54
R{ H+ )= 0.347C8E+01
TW/TE= (0.12282E+01

TWSSCHIN)= 292.49
REE=112179. REW=100664,

Gl HW+ )= 0.14821E¢02
Y/RH= 0.15035E402

{TW/TBI*%C.50 ) * [ Q.0LC*Y/RH)** 0.053 = 0.155059E+02

TWSSCH{1)= 299,17

OUT. TEMPu= 240.94
BIOT= (.CT70¢S
HW+ = (.18C27E+03
Tw/TB= C.10698E+Cl

TBSSCHIN)= 259.04

LAKBDA= 0.05783
TW INF.= 276.16
R{ H+ )= 0.34519E+01
TW/TE= 0.11863E+01

TWSSCHIN)= 292.13

REB= 69536. REW= 62214.
T AT LINER= 236446
G{ HW+ )= 0.14870E+02
Y/RH= 0.21161E+0z

(TW/TBIEXC.EC ) * [ 0.010%Y/RH)** 0.053 = 0.158265E+(2

TWSSCH(1)= 277.68
Td= 241.73
T2SSCH{1}= 236.9¢2

OUT. TEMP.= 236,€5
3107= C.C722C

Hut = £.19397E+403
Tw/TB= (.10686E+01

TBSSCHIN)= Z40.10
TBC= 241.73
TLSSCHIN)= 241.30

LA¥BDA= 0.06321
TW INFa.= 274.32
R{ H+ )= 0.33959E+01
TW/TE= 0.11823€+01

TWESCHIN}= 273.173
T2SSCHiIN)= 237.18

REE=116912. REW=104793.
T AT LINER= 234.06
G{ W+ )= 0.15145E+02
Y/RH= 0.21626E+C2

(TW/TB)*%C.50 ) * { Q.010%Y/RH)** 0,053 = 2.1&1476E+C2

TWSSCH({1)= 277.82

TB= 236.(4

Twi2)= 275.53
T2SSCH(1)= 234.35
TOUT(1)= 0.238363E+03
TOUTL2)= 0.242€3SE+C3
GLT. TEMP.= 239,63
BICT= C.07236

HWd+ = C.19488E+02
TW/TB= (C.10685E+01

TBSSCHIN)= 237.32
TBC= 240.33

T1SSCHIN)= 238,45
AREA{1)= 0.818463E+00
AREA(2)= (.458ST3E+0C
LAMBCA= 0.06319

TW INF.= 274.03

R{ H+ )= 0.33958E+Cl
TW/TE= 0.11817E+01

TWSSCHIN) = 266,71

T2SSCHiIN)= 235.18
LAMBDA{1)= 0.506324E-01
LAMBDAL2)= 0.103204E+00
REB=117498., RER=1(5335,
T AT LINER= 233.76
G( KWt )= (.1516€4E+02
Y/RH= 0.21626E402

[TW/TB)*2C.50 } * { 0.0LO0%Y/RH)*% (,083 = Q.161683E+(2

TwSSCH{1)= 277.19

TB= 228,71

Twl2)= 275.90
T2SSCH(1)= 234.34
TOUT(1)= 0.238040£403
TOLT{2)= C.242628E+03

TBSSCHIN)= 236.93
T8C= 24C.13

TLSSCHIN)= 238.12
AREA{1)= 0.8LB448E+(CO
AREA(2)= 0.458954E+400

TWSSCHIN)= 266.25

T2SSCHIN)= 234.85
LAMBDA(1)= 0.50€056E~-01
LAMBDAL{2)= 0.1022C3E+400

3%



VARTABLES FIR THE WHOLFR BUNDLF

A) INLET VALUES OF TEMPERATURE ANC PRESSURE

SECTICN NR, HEIGHT (CM) TEMPERATURE { C) PRESSLRE (KG/SELM) FRESSURE (BARS)
1 145. 4034 226413 4C0.55308 39.30821
2 153. 7836 227.78 40.58432 39.75962
3 156.,1637 229.43 40.57555 39.79102
4 161.5438 231.C¢ 4C.56677 39.78241
5 166. 9236 232.73 40.55800 39.77380
& 172. 2041 234,37 40.54924 39.76521
7 177.6842 236.C2 4C.54048 39.756¢€2
8 183.0643 237.67 40.53171 39.74802
9 188.4444 239.22 4€.52293 36.73941
10 163. 8246 240.57 40.51414 36.7308¢C

11 199.2047 242.€1 40.50534 39.72217
12 204.,58438 244426 4(.4G8652 35.71352
13 209.965¢C 245.6G1 4C.48767 39.70483
14 215, 3451 247.56 40.47881 39.69614%
15 220. 7252 249.21 40,.,46991 39.68742

B) VALUES AVERAGED OVER AXIAL SECTIONS

SECTION NR, DENSITY {(G/CCM) VISCOSITY(G/CM*SEC) VELOCITY {M/SEC) REYNOLDS NR. FRICTION FACTCR
1 0,0C037¢ 0.(CO2€C8 42.523 113251.06 0.08319
2 0.00378 0.0032814 42,4671 113005.31 0.08903
3 0.00377 0.C002820 42.318 112761.00 C.08872
4 2.09375 J.0002€27 42.9€66 112518.GC c.08837
5 0. 00374 0.0002833 43.114 112276.31 €.08803
[ 0.,00373 G.CC028325 43,261 112035.94 0.,08773
7 0.00371 0.0002845 43,409 111766. €1 (. 08748
8 J3.00370 0. 0002851 43,557 111559.06 G.08728
9 3.00369 2,2002857 432.7C5 111322.5C 0.08712
10 J.00368 2.0002863 43,853 111087.16 0.086S¢

11 0.00366 0.00728¢€9 44.001 113853.19 0.08689
12 3.0C365 0.0002875 444150 110620437 C.08681
13 0.00364 0.C002881 44.298 110388.7¢ €.08675
14 3.27363 9.0002887 44,446 110158. 44 0.08670

TOTAL PRESSURE DRAP=-0,123169 KG/SQCM

C} TOTAL MEAN VALJES AVERAGED IN PARTS WHERE UNDISTUREED FLOW IS SUPPOSED

REYNCLDS NR,
FRICTICN FACTOR

111207.87
0.08713

TEMPERATURE = 24C.97 C

PRESSURE = 40,5141 KG/SQCM = 329.7327 BARS
DENSITY =  0.00368 G/CCM

VISCOSITY =3,000286" G/CM*SEC

VELACTITY = 43,779 M/SEC

_Ohg_



CHAMNEL NR, 1

1-{ROD NR. 2) HB+ = 0.193527£+03 HW+ = CL.17CT72F4+03 R{ H+ )= 0.34707E+G1 Gl Hn+ )= C.14S(SE+C2
NU = J).495272E-13 Tw/TR= (.1068€E+01 TW/TE= 0.12105€+91 Y/RH=  (0.15035€E+02
Gl HW+ ) /1 PR¥x0J, 44 * ({TW/TB)X%C.50 ) * ( 0,010%Y/RH)*% J.,053 = (.,155923E+(2
CHANNEL AR, 1
2-{RCD NR, 1) HB+ = 0.19013E+03 Hut = C.17CE4E+02 R{ H+ )= C.247CEE+C1 G( HW+ )= 0.145C7E+(2
NU = 0.,455436E~C3 Th/T8= (.1C686E+C1 Th/TE= Gal2107E401 Y/RH= (. 15035E+40%¢
G HW# )/ PR&¥%Q.44 * (TW/TB}*#0.,50 ) * ( O OLC*Y/RR)** 0,053 = 0.155GC4E+(2
CHANNEL NR. 2
1-(RCL AR, 8} HB+ = 0.19425F+93 HW+ = C.17427E+02 R{ H+ )= (0.347C6E+C1 G( HW+ )= 0.14963€+02
NU = 0.487356E-(3 Tw/T3= C.1C682E+C1 TW/TE= (.12016E+01 Y/RH= 0,15035E+40¢
GU MW+ ) /0 PR¥%D.44 * (TW/TB)%*Ca50 ) * { 0.C1LC*Y/RH)** 0.053 = J.156831E+02
CHANNEL NR. 2
2-{RLN NR. 2) HB+ = 0,19212E+03 HW+ = (,17239E£+02 R{ H+ )= 0.34707E+01 G( HWt )= 0.14948E+02
NU = 0.491941E-03 Th/TB= C(C.1C685E+(1 TR/TE= (.12049E+01 Y/RH= (. 15C35E+(zZ
G{ HW+ )/ 1 PR**0,44 * (TW/TB)%%0.50 ) * { C.O01C%Y/RH)** (,CE3 = 0.156340E+C2
CHANNEL NR, 2
3—{RCC NR. 9} HB+ = (0.194C02E+C3 Hht = (.17416E+03 R{ H+ }= 0.347G7E+01 Gl HW+ )= 0.14988E+02
Ny = C.4E7787E-03 Tw/TB= (C.10682E+40C1 TW/TE= (C.12022€+01 Y/RHE= (. 15C325E+4Ce
Gl HW+ )/ PR*:%xD, 44 * (TW/TBI%%(.50 ) * ( 0.0L0%Y/RH)** (3,053 = 0.156779E+Q2
CHANNEL NR., 3
1-{RCD NR. 2) H3+ = 0.19C82E+03 Hiu+ = (,17120€+403 R{ H+ )= 0.347CTE+QL G{ FW+ )= 0.14920E¢02
NU = 0.494402E-03 TW/TB= C.10686E+C1 TW/TE= (. 12ZC8€E+CGL Y/RH= 0.15035£402
GU Hwt )/ PR¥:0,44 * (TW/TB)*%C.50 ) * ([ 0.010%Y/RH)*%* 0,053 = J,156044E+0C2
CHANNEL NR. 3
2=(RCD NR. 9) HB¢ = 0.19102F+03 HW+ = C.1T7139E+C3 R{ H+ )= 0.,347CTE+0] G{ HW+ )= 0,14925E+02
NU = 0.494002E-03 TW/TB= (.1CAB€E+(] TR/TE= C.12079E+C] Y/RH= 0. 15035E402
Gl HWt )/ PR*%C.44 * (TW/TB)¥*Ca50 ) * [ 0.0L0%¥Y/RH)*% 0,053 = 0.15609CE+C2
CHANNEL NR. 4
1-(RC NR. 3) HB+ = 0.,19978E+03 HW+ = (.17919E+D2 R( E+ )= 0.2451E6E+01 Gl HW+ )= 0.14856E+02
NU = 0.476079E~03 TW/T8= C.107T13E4C1 TW/TE= C.11745E+01 Y/RH= 0.21161E+0¢
G HWe )/ PR¥*¥0,44 * (TW/TB)¥%0,50 ) * ( 0.010*Y/RH)** (0,053 = 0,1580C6E+(2
CHANNEL NR. 5
1-{RCD NR, 8 HB+ = 0.21433F+03 HW+ = C.19287E+403 R{U K+ )= 0.3398SE+(C] G{ HW+ )= 0.15132E+02
NU = 2.412683E-03 Tw/TB= (LICTCCE+C] TW/TE= (C.11694F+01 Y/FH= 0.21626E402
Gl HwWwt )/ PR¥%Q.44 * (TW/TB)*%%C.50 } * ( 0.010%Y/RH)** 0,053 = 0.161223E+C2
CHANNEL NR, 5
2-(RCD NR, 9) HB+ = 0.21533E+03 Hw¢ = (.16382E+C3 R{ H+ )= (.323G658E+01 G{ HW+ )= 0.15151€+02
NU = 0.410887E-03 TW/TB= (,1C069SE+C1 Tw/TE= 0.11687€E+01 Y/Rb= 0.21626E402

GU Muwt )/ PRE¥%xQ.44 * (TW/TB)**C.50 )} * { 0.010%Y/RH)** 0,053 = (Jal€Lla41E+L2

COMPARISON OF INPUT TEMPERATURES WITH COMPUTED VALUES

INPUT COMPUTED
TWTIPA 277.14 277.26
TBTIPA 237.67 237.67
T8PIPA 226.25 225.71

COMPARISCN WITH FXPERIMENTAL RESULTS

1) PRESSURES (BARS)

FYHEIGET= 166.33174 CM P EXe= 39.76389 P EXe~FEl=~0,14610329 P THe= 36,77475 P TH.~-PE1=-(.1352386
P TH.-P EXa.= 0,0128€43 {DP TH.~DP EX.)/CP EX, *100 = -T.436

4IHEIGHET= 189.91974 CM P EX.= 39.7225C P EX.-PF1=-0.1874847 P TH.= 39.,737CS5 P TH.-PEl=-C.]1729431

-The-



5)HELIGHT=

213.50775 CHM

F TH.-F FXe= 0.0145416

P EXs= 39,.6E£26F
P TH.—P EX.= 0.0161133

P EY.-PE1=-C.227CC5¢C

(EP TF.~CP EX.)/CP EX.

(DF TH.-CF EX.)/CP EX.

*1C0

F TH.=

#1300

39.

-1.156

69910
~7.098

F TH.-FE1=-C.21C8917

-Che-



SECONC HEATFD SMOOTH PART

C= 2.€61597) C™

I= 1.4E5062 CM

IWC= C.C o™

VOL. DIAMETER= 1,.839642 CM
PART LEANGTH= 4422213 CM
NUMBER CF SPACERS= 1

INLET CCADITIONS
INLET AVERAGE TEMPERATURE= 246.21 C
INLET PRESSURE=40.4699397 KG/SQCM =3G.6874237 BARS

SPACERS (DISTANCES ARE EVALUATED FROM THE BULNDLE ENTRANCE) :
WIDTH= C.803056 CM
DISTL 3)= 223,646 CM

RESULTS OF HEATI

~ghe-

CHANNEL ROT ROD ROD

1 1} JPIN{ 1y, 1)= 2 2) JPIN( 1y 2)= 1
2 1} JPIN{ 2y 1)= 8 2) JPIN( 2y 2)= 2 3) JPINC 2y 3)= S
3 1) JPIN( 2, 1l)= 2 2} JFIN( 3y, 2)= 9
4 1} JPIN{ 49 1)= 8
5 1) JPINC 5y 1)= 8 2) JPINI 5 21= 9

TOTAL FLCW AREA= 75.1¢ SQCM

TOTAL ECGUIVALENT DIAMETER= 2.0 CM

FLOW AREA DF SECTION= 6,26 SOCM

FLOW ARFAS OF CHANNELS:

CENTRAL= 1.64

Wall= 2.56

CORNER= J.83

EQUIVALENT DIAMETERS

CENTRAL= 2.3

WALL= 1.9

CORNER= 1.2

o e o e s ek sk ok o e e e ok ok o ok ek ok ok e tedoiook ok sl Rl o sl ke ol ok ko sk kol R ek ol b ok ke e ok o R b ok R S ok ok b b o o ok ok kb ko bk ok kol ok ko okl kR ok ok ok ok bk B 4 b ok ok lakokok ok o Rk ak ok

CHANNEL 1 ¢ USED KAPPA= 118.563 (INPUT KAPPA= 118.5632)
CHANNEL 2 ¢ USED KAPPA= 118.563 (INPUT KAPFA= 118.563)
CHANNEL 3 : USER KAPPA= 118,563 (INPUT KAPPA= 118.5613)
CHANNEL 4 : USED KAPPA= 92.792 (INPUT KAPPA= 92.792)
CHANNEL 5 : USED KAPPA= 31.624 (INPUT KAPPA= S1.524)

SPACER NR, 3 EPSILON TOT.= C.2012%2C



CHANNFL NR. 1 EPSILON=
SUBCHANMNELS:

ROD NR. 2) FEPSILONI{ L,
ROD NR. 1) EPSILONI Ly
CHANNEL NR, 2 EPSILON=
SUBCHANNELS:

ROD NR, B) EPSILON{ 2
ROD NR, 2) EPSTLON( 2y
ROD NR. 9) CEPSTLCNS 2
CHANNEL NR. 3 EPSILON=
SUBCHANNELS:

ROD NR. 2) EPSTLON{ 3y
ROD AR, 9) EPSTLONI 3,
CHANNEL NR, 4 EPSILON=
SUBCHANNELS:

ROD NR. 8) EPSTLON( 4y
CHANNEL NR. 5 EPSILCh=
SUBCHANNELS:

ROD NR. 8) EPSILON!{ 5y
ROD NR. 9) EPSILONI 59

Ca 1637995

)= 0.1893000

2)= 0.202800D0

0.163799¢6

1)= Ca1893000
2)= C.18930GCQD
3= 0.2028000

0.1837996

)= C.18%3CCC

2)= 02028000

0.225%3€65
1}= C.22937C0

042062555

i}= 0.2062569
2)= 0.20625¢60

GEOMETRY OF CENTRAL CHANNELS (REFERENCE TO 1/6)

TOTAL FLCW AREA= 0.27 SQCM

TOTAL EQUIVALENT CIAMETER=

SECTICN NR, FLOW AREA (SQCM) EQUIV. CIAMETER(CHM)
1 0.02282 1.855
2 0., 02307 1,916
3 0.02357 1.95%7
4 0.02433 2,021
5 0.,02538 2,108
6 0.02673 2,220
7 . 02843 2,361
8 0.03050 2,533
9 0.23302 2.742
10 0.03605 2,994

GEOMETRY 0OF ANGULAR CHANNELS

TOTAL FLOW AREA= J.42 SAW

(REFERENCE TO 1/2)

TOTAL EQUIVALENY CIAMETER=

s soleote oo St o ko o ok KR ot e K ot SRR R R e otk ok g R RO R oK 3 3 K R R K ROR R R AK ok ok AR AR R Rk R ok ok ok b AR ok B3 ok ko ok Rk bk ok

2.2 CM
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SECTICN NR, FLOW AREA (5QCM™) EQUIV. DIAMETER(CNM)

1 0.0354% 1.132
2 3.03556 1.138
3 0.2366) 1.15C
4 0.03759 1. 169
5 2.,03893 1.154
<] 0.04067 1.225
7 J.C042€5 1,263
8 2.04552 1.3C7
S 3. 04875 1.35¢8
10

2.05264 le4al4
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TOTAL LENGTH= 4.22 CM NUMBER OF SECTIONS= 3 FREL= 1.0G00
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AXTAL SECTION NR. 1 { SECTION LFNGTH= 0244315 HEIGHT= 220,847T4]1 )osceesscscecennssevososncscacsonsacsnscacssvannesesene
T 2= 24%.2818 P 2= 47.469318 P AV= 40.4€58¢€4 DELTAP=-3,3000386G25 LAMBDA=0.01762
{ ITCORR= 6 ITGL= S ITGL1= 48 ITERM= 2 FREL= 1.03 )

CHANNEL DUTLET MASS AVERAGE MASS CUTLET TEMP. AVERAGE TEMP. PRESSURE LOSS
1 J.11326693E+32 1.11324791E+402 (.26238G85E+C3 C.2€233560E+03 —C.E9173875E~C4
2 0.24109604E+02 0.24104446E+02 C.25764844E+03 Ce25760376E+C3 ~0.£3210282E-C4
3 N.11872449E+72 N.11870452E¢02 (.,26077515E+03 0.26072632E403 -0.89257737E~04
4 D.66572065E+71 0.66598110£401 C.24099841E403 €.24C96835E+03 —-0.E52326G84E-C4
5 0.46133316E+C2 C.4613S755E+02 C.23979404E+03 0.23576546E403 -0.89253357E-04
UAV( 1)= 0.40723E+04 WCF( 1})= -C.156E-C1 Moy 1) = 11.83 LAM{ Li= 0.01&37
UAVL  2)= 0.41143E+404 WCF( 2)= -0.422E-01 MOL 2} = 24.12 LAM( 2)= 0.01€27
UAVE 3)= J.40758E+04 WCFl  3)= -0.163E-C1 ¥o(  3)= 11.88 LAM(  3)= 0.01E35
UAVL 4)= 0.43502E+04 WCF(  4)= C.213E-C1 MO  4)= 6466 LAN{ 4)= 0.01599
Uavt 5)= 0.48839E+04 WCFL 5)= 0.527E~01 ¥O( 51 = 46414 LAaM{ 5)= 0.01€97
L) url 1y 3)= 0.364E~C1
1) WT{ 2y 3)= 2.734E-01 2) WTL 2 5)= 0.557€-C1
1) WT( 3y 2)= 0.734E-01 2} Wil 3y 1)= 0.364E-01
1) WTH 4y 5)= 0.278E-01
L) w7 Sy 4)= 0.278E~01 2) Wil 54 21= 0.,557E~-01
CHANNEL ROD TEMPERATURE HEAT POWER ROC TENPERATURE HEAT POWER ROD TEMPERATURE HEAT PLWER
1 2 0.34840E+03 «£90304€+C1 1 C.2486Q0E+03 0.550C4E+C1
2 8 0.34145E+03 0. 59004E+01L 2 0.324392E+03 0.59004E401 9 0.34193E+Q2 G.59CC4E+(L
3 2 0.34678E+(3 Q.59004E+01 9 5. 246196403 0.59004E+401
4 3 0.32453E+03 0.59)04E+01
5 8 0.31601€+C3 0. 55004E+C1 9 G.21550E+03 0.59004E4C1
CHANNEL NR. 1
1-(ROC NR, 2) OUT. MASS 7.885649 QUT. TEMP.= 262.34 LANRCA= J.01837 REE=111454. REw= 87150,
QA LINER= 3.0 NU G.zQ017CQ1E+02 Tw INF.= 348,40
TBSSCH(Ll)}= 262,31 TWSS5CH(1)= 248,40 TBSSCH(N)= Z2€2.:z7 TWESCH{N) = 348.4C
2—-{ROD NR. 1) OUT. MASS 3.940744 OLT. TEMP.= 262.5C LAMBDA= 0.01837 REB=111373. REW= 87084.
§ LINER= 0.0 NU C.2(1l575E+C3 TW INF.= 348,60
TASSCHIL)= 262.48 TWSSCHI1)= 248.¢€0C TBSSCHIN}= 262.43 TRESCHIN)= 348,60
CHANNEL NR. 2
1-(RFCC NR. 8) OuT. MASS 8.072975 OLT. TEMP.= 256.%8 LANBCA= 0.01825 REE=114852. REn= 89987.
& LINER= G.0 NU 0.2C6892E+03 TW INF.= 341.45
TBSSCHILl= 256.96 TwSSCH{l)= 341.45 TBSSCH{N}= 256.52 THWESCHIN)= 341,45
2-(ROD NR. 2) OUT. MASS T7.674781 OUT. TEFP.= 258,63 LANMBE A= 0.01833 REB=113230. REW= 88582,
Q LINER= 0.0 U 0.2C4470E+03 TW Ihf.= 342,62
TRSSCH{Ll)= 2%8.6) TwSSCH{1l}= 243,92 TBSSCHIN)= 258.5%6 TwSSCHIN)= 343,52
3-(ROD NR. 9) OUT. MASS 8.061104 0UT. TEV¥P.= 257,36 LAMBDA= 0.01826 REB=11463(, REW= 89804,
Q LINER= 9.0 NU = 0.20655)E+02 TW INF.= 341.93
TBSSCH(1)= 257.34 TWSSCH(1)= 341.92 TBESCHIN)= 257.3) ThSSCHIN)= 341,53
CHAMNEL NR. 3
1-(ROC NR. 2} OUT. MASS T7.906172 CUT, TEMF.= 26(.G3 LAFPBC A= 0.01835 REA=11158C. RER= E£7557,.
Q LINER= 3.0 NU 0.202540E+03 TW INFe= 34¢.78
TBSSCH{1l)= 260.99 TWSSCH{1)= 246,78 TBSSCHIN)= 260.86 TWESCHIN)= 34€.78
2-{ROD NR. 9) OUT. MASS 3.962954 OUT, TEMP o= 260,48 LAMBDA= 0.01834 REB=112280. REw= 87809.
Q LINER= .0 NU 0.2cC26GTE+Q3 TwW INF.= 346.19
T3SSCH{ 1)= 2€(C. 45 TwSSCHIl)= 346.16 TBSSCHIN)= 260,41 THSSCHIN)= 346.19
CHAMNEL NR, 4
L-(RCC NR. 9) QUT. MASS 6.6572C7 OLT. TEMF.= 241.00 LAVEDA= J.01999 REB= 695€4. RER= 54267,
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CHANNEL NR,
1-(RCT NR.

2-{RCD NP,

5
3)

9]

r

G LINER= C.
TASSCH{1)= 240.97
Ta= 234,27
TISSCHI{Ll)= 251.55

(]

QUT, MASS 23.1011732

Q LINER= 0.9
T3SSCH(1l)= 236,88
TA= 233,66

TW(l)= 317.96
TISSCH{1)= 243,13
MOUT (1) = D.1823T70E+02
MAUT(2)= D.4T7469E+4C1L
QUT. MASS 23.120651

Q LINER= Q0.0
TBSSCH(1}= 233.65
TA= 233.46

TWll)= 317.44
T1SSCH{l)= 247.93
MOUTI{1)= G.183233E+02
MOUT (2)= D.4T79732E+01

NU = 0.11€6402E+332
TWSSCHIL)= 324,52
Td= 2°1.55

T2SSCH{1Y= 234.217

OUT. TEMP.= 236.61

NU = 0.151884E+02
TwSSCHI1)= 316.01

TB= 24t.18

Twi(2)= 211,57
TZSSCH{1)= 233.6¢€
TOUT(Ll)= 0.239897E+03
TOLT{2)= C0.239957£+03
OUT. TEMP.= 236G.€9

N = 0.1G2665E+03
TWSSCH(1)= 215.50

TB= 247.93

TW(2)= Z11.48
T2SSCHI1= 233.46
TOUT(1)= 0.239676E+03
TOUT{2)= 0.235727E+4(C3

TW INF.= 324.53
TBESCHI(N)= Z4C.S57
TBC= 251.55
TLESCHIN)= 251.55

LANMBDA= 0.01698
TW INF,.= 316.01
TBSSCHIN)= 239.83
TBC= 24£.02

T1SSCHIN)= 248.18
AREA(LL)= 0.101512E+C]
AREA{2)= 0.265785E+C0
LAMBD A= C.016%6

Thw INFo.= 315.50
TBSSCHIN)= 23G9.€5
T8C= 244.18

TLSSCHINY= 247.63
AREA({1l)= 0.101512E+CQ1
AREA{Z2)= (.265751E+CC

T AT LINER= 230.20
ThESCHIN)= 324.%3

T2SSCHIN) = 234,27

REE=117T012. REw= 93144.
T AT LINER= 230.43
TWSSCHIN)= 316.(C1

T2SSCHIN)= 233.¢€6€
LAVBDA(Ll)= 0.165970E~01
LAMBOA(2)= 0.174713E-01
REE=117598. REw= 93677.
T AT LINER= 230.25
TWESCHIND= 315.5C

T2SSCHIN) = 233.46
LAMBDA(L)= 0.,165789E~01
LAMBDA(2)= 0.174525E-01
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AXTAL SECTION NR. 3 ( 3 IS PRESENTsemsecnccresccscsvncasnne

SECTION LENGTH= 1.733132; HEIGHT= 224,06583 ) SPACER NR.

T 2= 250.4992 P 2= 41.4589)38 P AV= 47, 4€3942 DELTAP=-0.010C626( LAVBDA=0.01764
{ ITCORR= 4 1TGL= 19 ITGLL= 32 ITERM= 2 FREL= 1.00 }
CHANNEL OUTLET MASS AVERAGE MASS CUTLET TEMP, AVERAGE TEMP, PRESSURE LOSS
1 2.12258911E+12 0.12060417E+02 C.26393237E+(3 C.26345585€+(3 ~-C.10038078€£-C1
2 0424962204E+02 0.24582809E4+02 0.25886597E+33 0.25854150E+03 -(e1C035343E-(1
3 3.12301395€+02 0.12105309E+02 (.26228687E+03 0.26185425E+433 -0.10037113€E~Cl
4 0.63291492E+C1 0.64693851E+01 Ce24198700E+03 C.24164182€+353 -0.10041427E~C1
5 0.44747574E+C2 C.45381317E+4C2 Ce2405GESTE+C3 0.24034846E+03 -0.10042079E~01
Uave 1)= 0.41637F+04 WC F( 1)= -C.233E+CC
UAVL  2)= (.42048E+04 WCFL 2)= ~0.446E+CC
UAV( 2)=  0,41666E+04 WCF( 3)= ~C.23CE+L(C
UAV( 4)= 0.42425E404 WCFL  4)= Q. 165E+0(
UAVL  E)= 0.48106E+04 WCF(  §5)= 0.T44E+(C
1) wWT{ 1, 3)= 0.371E~01
1) WT( 24 3)= J.749E-C1 2} WY 24 5)= C.555E-C1
1) WTH 3 2) = 0.749E~-01 2) HWTH 3y 1)= 0.37T1E~C1
1) WTH 4y 5)= 0.272E-01
1) WT( 5y 4)= 0.272E-01 2) WTL 59 2)= 0.555E-C1
CHANNEL ROD TEMPERATURE HEAT POWER RODD TEMPERATURE HEAT PCWER RCD TEMPERATURE HEAT PCWER
1 2 0.33913E+C3 Ce4l133E+(2 1 «23B6CE+C3 0.41133E4C2
2 8 J.33199E+03 Ce41133E402 2 0.322471E403 0.41133E+02 9 0.33189E+03 0.41133E+02
3 2 J.33752E+(3 J.41133E+02 9 C.23621E+03 0.41133E+¢C2
4 8 0.31452E+C3 Je41133E4C2
5 8 0.30822E+ 03 0, 41133E+02 9 0.20774E+03 0.411232E+402
CHANNEL NR, 1
1-(RCOC NR. 2) OUT. MASS 8.21191¢8 OLT, TEMP.= 263.€4 LAVMBD A= J.013836 REE=113783. REW= 91528,
@ LINER= 0.0 TW INF.= 335.13
2={ROC NR. 1) QUT. MASS 4.046690 OUT. TENMP.= 263.E4 LAMBDA= 0.01837 REE=112891. REW= 90991,
Q LINER= 0.0 TW INF.= 338.60
CHANNEL NR. 2
1-{ROC NR, 8) NUT. MASS 8.404167 0UT. TEMFP.= 257,74 LAMBC A= 0.01824 REB=117363. RER= 94573,
Q LINER= C.C TWw INF.= 331.5%9
2-{ROD NR. 2) OuUT. MASS 3.294498 OUT. TEMP.= 25G.88 LAVMBDA= 0.01830 REE=115550. REW= 92982,
Q LINER= 0.0 TW INFa.= 334.72
3-(ROD NR. 3} OuT. MASS 8.,262779 CUT. TENMP.= 258.34 LAMBDA= 0.01825 REB=116162. REW= §3798.
Q LINER= 0.0 TW INF.= 331.940
CHANNEL NR. 3
1-(RCC NR. 2) OUT. MASS 8.234743 OUT. TEMP.= 262.22 LAMBDA= 0.01835 REE=114313. REw= G1949.
q LINER= 0.0 TW INF,.= 337.52
2={RCLC NR, 9} 0UT. MASS 4.067322 OUT. TEMP.= 261.76 LANMBDA= 0.01333 REB=113788., REW= 91723.
Q LINER= 0.0 TWw INF.= 336421
CHANNEL NR. 4
1-(ROC NR. 3) aUT. MASS 6,.329151 CUT., TEMP.= 241.76 LAVBD A= 0.02001 REE= €751¢. RER= 54274,
Q LINER= 0.7 TW INF.= 314.52 T AT LINER= 230.60
CHANNEL NR. 5
1-(RCD NR. 3) aUT. MASS 22.326736 OuT. TEMP.= 240,22 LAMBOA= 0.01668 REB=115012. REW= 93761.
O LINER= J.0 TW INF.= 308.22 T AT LINER= 220.74

LAMBDA(1)= (.17(C3SE~CL
LAVRCA(2)= 0.174805E-01
REB=115568. REW= 64270,

AREA(L)= J3.1015]12E+01
AREA(2)= 0.265786E+CU
LAMED A= C.01697

TCUT(Ll)= 0.240354E403
TOUTL2)= 0,24122C0E+C3
OuT, TENP.= 240.28

MOUT(L)= 0.LT7HB83E+02
MOUT(2)= 0.463833E+(1

2-{ROD NR. 9) OuUT. MASS 22.4156815
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G LINER=
MOUT(1)=
MOUT (2) =

Je0
0.177630E+22
J. 465687 E+01

TOUuT(
TOUTH

1)
2)

Co243103E403
C.240978E+03

TW INFa= 387.75
AREA{L1)= 0.101512E+01
AREA(2)= 0.2657S1E+Q0

T AT LINER= 230.54
LAMEDAIL)= 0.16G853E-01
LAMBDA(2)= 0.174626E-01
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VARIABLES FOR THE WHOLE BUNNLE

A) INLET VALYES OF TEMPERATURE AND PRESSURE

SECTICN NR, HEIGHT (CM) TEMPERATURE ( C)
1 22041253 249.21
2 220.9696 249.28
3 223.2443 249.98
4 224.9474 250.5C

B) VALUES AVERAGED OVER AXIAL SECTIONS

SECTICKN NR, DENSITY (G/CCM) VISCOSITY({G/CM%SEC)
1 0.0C362 0.(CCc286C
2 0.21362 0.0002892
3 0.00361 0.0002894

TOTAL PRESSURE OROP=-0.,011002 KG/5QCM

COMPARISON OF INPUT TEMPERATURES WITH COMPUTED VALUES

INPUT COMPUTED
TWTIPA 333,04 332.83
TBTIPA 249,85 249.85

TBPIFA 230.63 23D.55

FRESSURE {KG/SCCM)

4C.4€951
40.46982
4C.46898
4C.45891

VELOCITY {M/SEC)

44,348
44.381
44.438

PRESSURE (BARS)

35.68742
39.68733
39.68651
35.676¢4

REYNCLDS MNRe FRICTION FACTGR

110252.81 0.01762
110199.12 C.01763
110114.50 0.Cl764
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LAST UNHEATED SMDOTH PART

C= 2.,621021 CM

= l.4£4461 CH

ZHC= 0.0 o]

VOL. DIAMETER= 1,837915 CM
PART L ENGTH= 3.81876 CM
NUMBER (F SPACERS= 9

INLFT CONDITIONS @
INLFET AVERAGE TEMPERATURE= 250.50 C

INLET PRESSURE=43.4589081 KG/SQCM =36,676€6357 BARS

TOTAL FLOW ARFA= 75.31 SQCM

TOTAL EQUIVALENT DIAMETER= 2.0 CM

FLOw AREA OF SECTION= 6.28 SGCM

FLCW AREAS OF CHANNELS:

CENTRAL= 1.65

WALL= 2.56

CORNER= D.83 '
3

EQUIVALENT DIAMETERS Lres

CENTRAL= 2.3 !

WALL= 1.9

CORNER= 1.2

3 o akok s sk e e ok ke sk 3K ok s ok sloje ik de Ko ofe s ek i sk okl A sk Rk o ok e ke Rk sk o ook o o o o o ofe ok s oo 3 o o ok e ol o ol ok ok ot o o Nk ROk 3 ok ok ok ok dokokokok ok ok ok ok dok R 8 kb ok K Rk sk Y kokak ok

CHANNEL 1 = USED KAPPA= 118.727 ( INPUT KAPPA= 118.727)
CHANNEL 2 1 USED KAPPA= 118,727 (INPUT KAPPA= 118.727)
CHANNEL 3 ¢ USED KAPPA= 118,727 {INPUT KAPPA= 118.727)
CHANNEL 4 : USED KAPPA= 92.792 (INPUT KAPPA= $2.792}
CHANNEL 5 3 USED KAPPA= 91.901 {INFUT KAPPA= S1.901)

etk ot %ok 3 ook ol ok R Rk o 0ok e e ok ek o ok s ok ol o e s B o ok R R K 38 ok s ok e ok oo R R oo o ok ok e R MR o R R ROKR K R R RO R o A R Rk R A Rk

GFOMETRY NF CENTRAL CHANNELS (REFERENCE TO 1/6)

TOTAL FLOW AREA= 3,27 SQCM TOTAL EQUIVALENT DIAMETER= 2.3 (M
SECTICN NR, FLOW AREA {35QCM}) EQUIV. DIAMETERICK)

1 0.02290 1.3503

2 0.02314 1.924

3 0.223 64 1.966

4 J. 02441 2,029

5 J.02545 2. 11¢

[ 0.02681 2.229




K4 0.22851 2.21C
8 C.C3059 2.543
9 0.03310 2. 152
1¢ 0.03613 2,304

e ot e Ao o ok oo SR Y e ok ok e o o N ok o R RO o o oo K o ok ool R oK o R R oK R R B R R R R R R KRR R A R R A A R AR A A AR RS AR AR A Ak R kR AR

GEOMETRY OF ANGULAR CHANNELS (REFERENCE TO 1/2)

TOTAL FLOW AREA= 3,42 SQCM TOTAL EQUIVALENT CIAMEYTER= 1.2 CM
SECTICN NR. FLOW AREA (SGCM) EQUIV. CIAMETER(CHN)

1 0.035¢3 1.132

2 0.035%5 1.138

3 0. 03660 1.151

4 0.03758 ) 1, 1€%

5 0.03832 1.194

6 0.040¢66 1.22¢

7 0.04284 1.263

8 9. C45590 1.307

9 0.04873 1.358

10 0.05262 1.415

Ao o sk ok op ok o otk ok oK ek s ok ook sk oK Al e e ok o o ok et ot oo ok R e ok o ok ok ok ek o ol R e R AR o ok Ak kR R R R FOb o B o A b ok Sk ok o o ok Rt K ot R o ook ok

TOTAL LENGTH= 3,82 CM NUMBER OF SECTICNS= 1 FREL= 1.0000
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AXTAL SECT ION NR. 1 ( SECTION LENGTH= 3.81
T 2= 250.4992 P 2= 41,457457 P Ay= 41,458
{ ITCORR= S ITGL= 3 ITGLL= 32 1T
CHAMNEL QJTLET MASS AVERACE NASS
1 Js12309191E+C2 0.,12284050E402
2 3.25083933c+(2 0.25023CT1E+C2
3 2.12354506E+)2 ).12327950E+02
4 De62631156E+(1 J,62961321E401
5 0.44588470E+C2 Ce446E6B8I15E+D2
UAV{ 1)= 0.42296E+04 WCF{ )= -0.132€
UAV(  2)=  0.42673E+04 WCF(  2)= -~0.319F
YAV 3)= 0.42317£+04 WCF{ 3)= -0.139E
UAVL 4)= 0.413)05E+04 WCF( 4)= 0. L72E
UAV(  S)=  0.47311E+04 WCF{ 5}= 0. 417E
1Y WTH( 1, 3) 0.37€F~(1
1) wT( 2 3) 0.759E£-01 2) WT{ 2y
1) WTH 3, 2)= Cs759E-01 2) WT{ 3,
1) WT( 4y 5})= J«268E-01
1) w7 5y 4)= 0.268E-01 2) WT( 59
CHANNEL NR. 1
1-(ROD NR. 2) OUT. MASS 8.235483 oLT.
Q LINER= 0.0
2—(ROD NP, 1) OUT. MASS 4.C654C1 CUT.
Q LINER= 0.0
CHANNEL NR. 2
1-(ROC NR. 3} OUT. MASS 8.43732C OLT.
Q@ LINER= 0.)
2-{ROD NR. 2) OUT. MASS 8.326977 CUT.
G LINER= 0.0
3-(ROD NR. 3) QUT. MASS 8.318275 GUT.
Q LINER= 0.0
CHARNEL NR. 3
1-{RODC NR. 2} NUT. MASS 8,262493 CuT.
Q LINER= Je0
2—(ROC NR, 9) QUT. MASS 4.091571 CuUT.
Q LINER= 3.0
CHANNEL MR 4
1-{ROD NR, 8) NUT. MASS 6,263113 CUT.
Q LINER= P
CHANNEL NR, 5
1-{ROD NR. 8} GUT. MASS 22.243851 LT,
Q LINER= 0.0
MOUT{1l)= 0.1T5775E+(2 TCUT
MOUT [2)= 3.466632E401) TouT
2=-{R00 NR. 9} OUT. MASS 22,343552 CuT.
Q LINER= Je0
MCOUT (1)= 2.17659TE+D2 ToutT

MOUT(2)= 0.468383E+01

TOUuT

-01

-C1

22€4 856655 )omeseessoonsenssocssccsosscacsescnnscsesoseesoasoee

87€; HEIGHT=
282 DELTAP=-0.30124167 LAMEDA=0.0178C
ERN= 2 FREL= 1,00 )

CUTLET TEMP,

C.2€¢26796SE+C3
C.25849731E+03
(.2615936CE+03
Ce24175224E+03
(.24C47838TE+03

MO{
MO (
MO
MG
MO

-0l
-C1

-01

= J.553FE~C1
= 0.376€~01

0.553E~01
TE¥P.= 263,58

TENF.= 263,79

TENF.= 257.57

TEMF.= 256,73

TEMP.= 258.13

TENMF.= 262.13

TENF.= 261.65

TEVF,= 241,72

TEMP.= 24C.58
{1)= 0.240505E+403
{2)= C.24086(CE+03
TEMPe= 240,23

(1)= C.240256£+03
(2)= 0.,240625E403

AVERAGE TEMP,

C.2€3€74CTE#C3
3.25855200E+03

C.262C0928E+33
0,24174127€+03
0.24042654E403
1= 12.31
2)= 25.09
3)= 12.3¢
4)= 6. 26
5)= 44,60
LAMBDA= 0.01822
LAMBL A= 0.01826
LANBCA= 0.018C8
LAMBCA= 0.01815
LAMBDA= 0.01¢€15
LA¥BLA= 0.01819
LAMBDA= 0.018¢3
LAMBD A= 0,02023
LAMBD A= 0,01711

AREA(1)= (.101349E+01

AREAL2)= (0.268655E+(0
LAMBDA= 0.017C9
AREA(1)= 0.101348E+C1

AREA(2)= 0.268662E£400

PRESSURE LOSS

~(.12411999E~02
~Cl.12412582E-(2
-0,12415568E-02
~0.12418022E-C2
~0.12414102E-02

tame 1= 0.01822
LaM( 2)= 0.01812
LAME 3)= 0.C1€2¢C
LAM( 4)= 0.02023
LAM({ 5)= 0.0171¢

REB=116199. REW=116199.

REB=11462%2. REw=114622.

REB=119838. REW=119838.

REB=117952. REW=117953.

REB=11789€. REW=117896.

REB=116725. RER=116724.

REB=115524., REW=115524.

REB= €573%. REWK= £€573G.

REP=113238. REw=113238.
LAMBDA(1)= C.171298E-01
LAMBDA(2)= 0.175690E-01
REB=113764. RER=113763.

LAMBOA(LY= 0.171126E-01
LAMBDA{2)= 0,175527E-01

-¢6¢-



VARTABLES FOR THE WHOLE BUNDLF

A) IANLET VALUES OF TEMPERATURE AND PRESSURE

SECTICN NP, HEIGHT (CM) TEMPERATURE ( C)
1 224, %474 250.5C
2 228.7662 253.5C

B) VALUES AVERAGFD 0OVER AXIAL SECTIONS

SECTION NR. DENSITY (G/CCM) VISCOSITY{G/CMASEC) VELOCITY (M/SEC)
1 0.00361 3.0002895 44,380
TOTAL PRESSURE DROP=-0.001251 KG/SQCM
COMPARISCN OF INPUT TEMPERATURES WITH COMPUTED VALUES
INPUT COPPUTED
THTIFA 255.72 255 .72
TSTIPA 250,50 250.50
TBPIPA 243,95 240.74
PRESSURE RECAPTURE DUE TO EXIT=0.0 KG/SQC¥ PRESSURE CUTSICE=

EXP., PRESSURE OUTSIDE= 3G.€E£524

P TH,~PE1=—-0,2345386

P EXe—PF1=-0.244T7512

[DP TH.~ DP EX.)/DP EX.*100=-4,152

PRESSLRE {KG/SCCH)

40.45891
40.45766

a

39.676¢4
39.67540

110147.12

40.45766 KG/SQCM =

REYNCLDS NR.

PRESSURE {BARS)

FRICTION FACTCR

€.C1780

39.6754C BARS ( CGUT=0.0

-hSg-
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APPENDIX k&

Listing of the modified subprograms which are used in the calculations

for the 12-rod bundles
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BLCCK CATA
BLOCK DATA FOR THE 12-ROD BUMULFS { 1/3.RD OF THF ¥HCLE BUNDLE
FLOW SECTTION

COMMON/DAT Y/ A{LO)/DAT2/BL103/DATE/NDEST NDEEND/DATT /CNUSS{2)
/DATRM/DLLT) 4 D2{TH/EXDAT/EXLLT Y4 EX2(T) EX3LT)/EXDAT L/
EXGU 7Y EXS{TYLEXS(T)/BIDAT/RIK(3}/8IDATL/BIEL(T7)/BIDE/IRICE
JLAMINK/BKAPPA{T 3 )}/LAMING/ 13T IP{42,3)/CONDD/FCOND/MARTZ/
NSTyNS2/WAKAL/IKAPPA/CYREH/ACYSI3) JACYR{3)/ LANING/ ANGL AM
/GRAV/ IGRAV/HEAS/ NPIN[42),JPIN{425,3)/7INDI/NTYPL42)/141/
NER(TL2) 4NTIS{42,3) /STIMLAM/ISIMPL/EXAVTH/ TEXAY
DATA A/4 04302249065 1e906445Ca5,0.0150.C53,510,4510./
DATA R/H,.74335F 3235142 e@30eD1 9003560905420/
NATA NDEST NDEEND/1O,2/
DAT A CNUSS/5.5543 .55/
DATA DLyN2/7%2.897TE—-02,7%«3.,87TE-05/
DATA JPIN/ 253343565 Tsb 9 2%592%Ay 22%0 2359657933855 096+0sTe33%C3%3,
37xND/7
DATA NIS/ 2y 132439495939 798399 10+31%0363354353621B5510411,45,33%0,
T49, 1113*3 4 33%0/
DATA NER/2%2,3%3,3%2,3,2%2,31%0/
NATA NTYP/@*}., 29332 312y 31%0/
DATA NPIN/ Ly 243%342%2,14329142,31%0/
NATA FEX1:EX2,EX3/7C.1665FE-04, 5%0,1524F 0440, 1665FE~Chy D ABTE~(08,
XD T26E=-084D.66TE-N0840,5%=2,488E-11,0./
DATA FXA4 EXDEXA/THD.1524F =04, 7%0, T26E-08,T%~-0.438¢~-11/
DATA BIK/1les—1e2y0.7
NATA BIF/?-DLQL- 1-3.35' Je yO-(:)QS,“'Z .83,3./
DATA IBIDE/L/
DAT A BKAPPA/21 %],/

#® 6 ® 8 B 6 09R % 50O NP ST IV OO O OO B e s THSED ODH SD S BT L LRSS BE DL OLY O B EBDRDE O DR SD 0P D

TURBULFNT CALCULATION IS IMPUOSEDN FGR ALL SUBCHANNELS

DATA I23TIP/126%2/
DATA ANS14NS2/0,0/

NATA FOOND/ 1./

DATA ANGLAM/ 1./

DATA ACYS,ACYR/ 42754643 090652794845 3530440.8/

IF THE DIRECTION OF THE FLOW IS COINCIDENT TO THAT CF THE
GRAVITATIONAL FORCE IGRAY=13% IF IT IS OPPQSITE IGRAV=-1}

IF THE GRAVITATIONAL FORCE IS NOT TAKEN INTO ACCOUNT IGRAV=D
ISIMPL=2 IN THE CASE OF LAMINAR FLOW, IF THF NUSSELT NUMBERS

NF THE EXTERNAL CHANNELS "NS®™ { NSL-1<NSCNS2+1 )y 1oFe IF IT MUST
fF CCL,CO241 IN SIMLAL,. IN THE DOTHER CASES ISIMPL=1

TEXAY=2 TF AN AVERAGE VALUE NOF THE PIN TEMPERATURES AND AN AVERAGE
VALUE DOF THE SHROUD TEMPERATURES MUST BE COMPUTED IA WALLTE FCR
THE FEXTERANAL CHANNELS INSTFAD NF THE REAL VALUES. CTHERWISE
JEXAY=1

DATA TKAPPAZIGRAV,ISTMPL,IEXAV/1,3,2%1/

END

FUNCT ICN WSDUPF(EPSyDFvLAﬂBDA,NQPprPP REs ITYP)

DSPRPF EVALUATES THE FACTOR TAKING THE LARGER DISTRIBUTED PRFSSURE
LOSSES IN THE SPACER INTO ACCOUNT
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VERS ICN FOR THE 12-ROD BUNDLES

COMMON/IRISMU/IRH/CVREH ZACVSL 3) yACVR(3)
RFAL LAMBDA

RE=ABS(RE) ,

PROV==GRIFUN (EPS)

TF{IRF.FQ.2)GOTN 5

l..“'.b..l..l.‘l‘.‘.".'..’.‘..O.i.’ﬁ‘..‘O‘.-"'.Q..'..'."..1.‘.‘..‘

COEFFICICIENT AA FOR SMOOTH SECTINNS

Aa=1,
GorTo 200

% B 9 ® e WAL HE 6 G e 0T LS DS DOHDB DO PEOR Ve O DO DY OO DD O CHOH O BSOSO YO 8P OO D O

COEFFICICIENT AA ROUGHENEND SECTIONS
GOTND{10423,30,40),17YP

ITYP=1: CENTRAL CHANNELS

ITYP=2: WALL CHANMELS

1TYP=3: CORNFR CHANNELS

TTYP=42: WHOLFE SUNDLE FLOW SECTINON

AA=10,

G TO 200

N.366

GOTND 200
A=0,.575

GOTN 200
AA=01,247

200 CV=6 82%AAR{ L . +39L o *REXX{ =N .8135) ) +10.7*(1e~AA)*{ 1. +6026, ¥REXX

*{~-1.104) )

NSPOPF=PROVHTY k), 5*EP 5¥x%2
RETURN

END

SUPQOLTINE HEATI(NSTBT NSTRy NS;LyNRUMA IPA)

HEATT EVALUATES THE HEAT FLUXES QQINS,1}) FOR THE RCPS ADJACENT TU
FACH CHANNEL NS AND THE TOTAL FLUXES QTINS) ENTERINC EACH

CHANNEL NS. HEATI IDENTIFIES ALSDO THE CONNECTIONS EETWEEN THE
SUBCHANNELS I AND THE ADJACENT RODS BY MEANS OF THE MATRIX JPIN

{ NPIN{NS)= NR., 0OF SURCH. IN CH. NS = NR, OF PINS ACJ. TO CH. NS}

YERSION FOR THE 12-RD0 BUNDLES

COMMCN/HEAL/QU19)/HEA3/ QT {42)/ IND3/NTYP{42)
1 /HEAS/QQU 42,3} /HEAAR/NPIN(42) s JPINI42,3)/HEALQ/CSCH{42,3)
PDC 3 NS=1,NSTOT

NP=NPIN{NS)

DO 2 M=1,NP

QOINS oM)=Q{JPININSyM))

IFINTYPINS).EQ. 216070 1
QSCHINS s M) =QQ{NS M) /6.

G010 2

QSCHINS,My=QQ(NS,M})*0.,25

CONTINUE

3 CONTINUE

TFINSEL.FQ.11GOTD 4
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NSCHI(2,2)=QSCHI2 42 )1 %0 .5
QSCH{6,41)=QSCH(6,1)%0.5
4 CONTINUE
DO 5 NS=1,NSTOT
NP=NPIN{NS)
QTI{NS)=0.
DO 5 M=],NP
5 QTINS)I=QTINSI+QSCHINS, M)
IFITPALNE.TPA/2X2)RETURN

HRITE(6,5)
6 FORMAT(////5X,*RESULTS OF HEATI'//7/8X,* CHANNEL® 3 {21X,*R0UD*,2X}/ )
DO 8 NS=1,NSTOT
NP=NFININS)
WRITE(£y7) NSy {MsNSyM, JPININS,yM) {M=1,NP)
FORMAT(2XyTL D33 (3XyI1y") JPIN('3I5:%,"'512,%)="415))
CONTINUE
RETURN
FND
SUBROUTINE TINDEX{NSEL,NROMA NSTR 4NSTCT 4NRT)

o v —— - — "~ 00 S e N . o " | W M o s T o Vo o NS o N e D YO S o . T g . o o i o i S

INDEX PROVIDES INDICES TO THE CHANNELS

o~

VERSICON FOR THE 12-RCD BUNDLES
COMMCN /TND3/NTYP{42) /TJL/NERI42) 4NISH{42,3)
TFINSEL .FQ.3)6ITT 1
NSTOT=28
NSTR=13
GCTO 2
1 NSTOT=11
NSTR=¢
2 CONTINJE
NRO=NROMA !
WRITF {6y 14INRIDZNSELZNSTR,NSTOT
14 FORMATL  //4X,'RESULTS 0OF INDEX'//5X,"NROWS=",12,5X,*TYPE OF SECTI
®ON=*, I1y 5Xy *NR. DF CENTRAL CHANNFLS=Y,14,5X,'TCTAL NUMBER OF CHANN
*FELS=1,14//)
NO 1CC NS=1,NSTOT
NT=NER(NS)
WRITE{(69270) NSy ATYPINS) » (NIS{NS 4y M) 4M=1,NI)
200 FORMAT(5X, '™NS=',12,5X,* TYPE=*,11,5X, 7CHANNELS CONNECTED:',315)
100 CONT INUYE
RETURN
END
SURROUTINE INGF{NRUMAZNSELyNSTRyNSTOT 3 Co Ay Dy ATCoATHATA,PIG,PCORR,
*CTUI.fTU? NETC )F TWyFML)
C ________________________________________________________________________
C TNGE EVALUATES THF TURRBULENT MIXING CCNSTANTS CTURB{I,J) FOR THE
c THE CHANNFL EXCHANGES AND CTURBL(K) (K=1,2) FOR THE SUBCHANNEL
C EXCHANGES. FURTHERMORE INGE FVALUATES THE CONSTANTS CCOND{I,J)
G AND CCONDLIK) FAR THE ENTHALPY EXCHANGE DUE TG CONCUCTION IN GAS
;
c
C

VERSION FOR THE 12-RCD BUNDLES
COMMON/INDI/NTYPL42)/ TJL/NERLA42) 4NIS(42,3)/GEOQ/ACH{2)
1 /GENS/DEL42)/TURL/CTURBLA2,3)/TUR2/CTURBL{(2)
2 JCONDO/FCOND/CONNL/CCOND(42,3)/COND2/CCONDLL 2)
NIMENSION SUMl42)
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REAL NGAPS({42)

SQ3=SCRT(3.)

R=D*C,.5

R2=R*%2

R3=R2%R

A= A% 2

A3=A2%A

APIN=PIG%R?

EM2=C*0,5-EM1]

IWC=F¥F;2/S503

ATW3I=EM2%ZWC

GAP1=(-D

GAP3=A8-R

YBC=C*0.,5/5Q3

YBW3=A~-7WC/3.

XBWS 2=(%0.,5-EM2/3.

YBW= [ A% XCH) ,5~2 /3, %R 3-YBUWI*ATWR)/ATHY
XBWS=2. % { A% %% 2% ), 125-R3/ 3, ~XBWS3%*ATW3I%D.5)/ATHW
XBA={5./36.%A3-{A/SQ3~-R/PIGI*APIN/6.)/{A2/5Q3~-APIN/E.)
YBA=XEA%XSQ3

DELTAl=2.%YRC

DELTAZ2=YBC +Y BW

DELYA3=C

DELTA4=SORT{ {A-YBW-YBA)} ¥¥2+(C*0,.5+A/5Q3-XBA)**%2)
RAL=1.+APIN/ (2.%ATC)
RAZ=1.+APIN/(ATC+ATHW)

RA3=1 J+APIN/ {2 . *ATW)

RA4=] J+APIN®2, /(3. %(ATW+ATA))
ALFAW=ATAN(YRW %2 ,/C)

APL=YRBUXC*D, 5-APIN/A,
APZ2=YRWHC* D, 5~ALFAWXR 2

AP3=[ATW-AP2 )%),5
AP4=A2%D.5/SA3-YBA¥XBAXD ,5-APIN/12.
AS1=GAPL1%YB(

AS2=GAP1%YRyY

AS2=(C¥0.,5%GAP3

AS4=(R/SQ3-X3A)*%(GAP3

RIA1=AS1/AP1

R1A2=A52/7AP?

R1A3=AS3/AP3

R1A4=AS4/A0P4

C EACH CENTRAL CHANNEL HAS 3 GAPS. IT IS CONNECTED TO 3 CENTRAL CHANNELS

C OR TN 2 CENTRAL CHANNELS AND TO 1 WALL CHANNEL
DO 7 I=1,NSTOT
ITYP=NTYP(T)

GOTO {1y 244),17TYP
1 SUM{TI)=3,.,%R1Al
G010 2
SUM{T)=R1A2+2,%R1A3
NGAPSI(]) =3,
GOTND 7
4 SUM(T)=2 .,%R] A4
NGAPS(I)=2.

7 CONTINJE
DO 15 I=1,NSTOT
NI=NERI{I)
DC 15 M=1,NI
J=NIS{T M)
IF(T.CT.NSTRIGATO 1D

W N




O
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TFINTYP{J).EQ.216G0TO 8

[=CENTRAL CHANNEL, J=CENTRAL CHANNEL
DELTA=DELTAL
RAPPA=RA]
GATD S

1=CENT RAL CHANNEL, J=WALL CHANNEL {OR VICE VERSA)

8 DELTA=DELTAZ
RAPPA=RAZ

9 GAP=GAPL
GOTO 14

10 TFINTYP(T).EQ.3)G0OTD 12
[FI(NTYP(J)-2)8,11,412

I[=WALL CHANNEL , J=WALL CHANNEL

11 DELTA=DELTAS
RAPPA=RAS3
GCTC 13

I=CORNER CHANNFL, J=WALL CHANNEL {(CR VICE VERSA)

12 DELTA=DFLY A4
RAFPPA=RA4L

12 GAP=GAP3

14 YH=1o14%SQRTUINGAPS{TI#NGAPSLJ) )/ (SUMITI+SUNM{J) ) IRRAPPAXX2
AREAT= ACHINTYP{I))
AREAJ= ACHINTYP{J))
DETJ=(AREAI+AREAJ)I/ (ARFAT/DE(I}+BREAJ/ECELI D)
CTURBL T, M)=YH*GAP/DELTAXDETL J*0.05%PL ORR
CCONDUTyMI=GAP/DELTAXFCOND®) 5

15 CONTINUE
DELSCL=C={T7*C%%3/48.~R3)/ (0. 25%Ck*k2-PIG*R2%5Q3/6, )
DELSC 2=C-2.%XBWS
CTURBLI{(1I=CTUL*0, 05%DETCXYBC/DELSC L
CTURRLI2 ) =CTU2Z 2D IS ENETWH{A-7WC)/DELSC?2
CCONDI{1)=YBC/DELSCIAFCOND%0, 5
CCUND1I(2)=(A-ZWC) /DELSC2%FCOND%C o5
TFINSEL.EQ.1)RETURN
CTURBA(1,L)=CTURB(1,1)%0.5
CTURBA{1+2)=CTURB{1,2}%).5
CTURBCZ2,11=CTURRB(2,1)%0.5
CTURF (A2 )1=CTURB (A2 1%D,5
CCONDUL,1)=CCOND{1,1}%0.5
CCONDI(1,2)=CCOND{ 1, 2)%0.5
CCONDI{2,13=CLOND(2,1}%) .5
CCONDL &, 2)=C0CONDL{ 6,2} %0.5
EETURA
FND
SUBROUTINF ITNYUAINSEL(NSTOT ,NROMA, ATC,ATQ,ATA,FFTC CETW,DETA)

INGUA PROYIDES INDICES TO CHANNEL FLCW AREA% AND EQUIVALENT
DIAMETERS AND T SUBCHANNEL FLOW AREAS

VERSTION FOR THE THE 12-R0D BUNDLES

DIMENSION ACHI{3) ,D{3}

COMMON/GENZ2/ AL42) JIND3/NTYP (42) /SUBL/ASCHL 42 43) /GENS/DE{42)
1 JHEA6/NPIN(42) s JPIN{42,3)

ACH(1)=ATC

ACH{2 )=ATW

ACH({3)=ATA

D{1)=CETC

D2)=DETW
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DE3Y=0ETA
DO L NS=1,NSTOT
NP=NEPIN{NS)
NSCH=4-NTYP{NS}
SCH=NSCH
DEINSI=DI{NTYP(NS})
N1 M=1,NP
1 ASCHUIAS, M)=ACHINTYPINS})I/SCk
TFINSEL.EFQ.LIGNTO 3
ASCHI{2421=ASCHI{ 2,2 1%0.5
ASCH{E,1)=ASCHIL,1}%0.5
3 CONT INUE
D0 4 NS=1,,NSTOT
NP=NPININS}
A{NS)Y=0,
NC 4 F¥=]1,NP
4 MINSI=AINS)I+ASCHINS 4 M)
RETURN
FND
SUBROUTINE TOTGEOQUINSELsDsCoZsPIG,NEXCONSNRODS; Wiy WA ;ZAsEMLPERLT,
RRTIP)

TOTGFC CALCULATES FLOW AREAS , EQUIVALENT DI AMETERS AND OTHER
GEOMETIRIC DATA FOR THE WHOLE BUNDLE FLOW SECTION , FOR THE
CHANKNELS AND FOR THE SUBCHANNELS

VERSION FOR THE 12=-R0OD BUNDLES

COMMON/GFOD/ACH 3 /LAMINZ/FATIP{3) ,FETIP{3)/ QPARZ/PERL {3}

1 JGEDR2/ATOT s DETOT ASEC/GEDS/ATC o DETC,ATHSDET W sATA RDETALAAC,
2 AAW, AAA/WAKAT /CDy WDy ZDg ZWC D, AWND2,PHWD

SOZ=SORT{3.])

D2=0x%%2

EMZ2=0C %0, 5-EM]

IWC=EM2/523

NTIP=RTIP%2,
ATC={C¥R2%SQ3-PIGHD 2% 0, B} %0, 25
DETC=8.%ATC/{PIGXD])

ATW=C*7-0, 125%PIGAD2-EM22TWC

DETW=4 ,%ATW/ {2, FEMIF4 % IWCHPIG*D*5,5)

ATA=7%%2/51073 ~-PIGxD2/24,
DETA=4.RATA/L  PIGHD/ 6, +2.%2/5Q03)
AAC=ATC/6,

AAW=A TW*D,5
ANA=ATARD .5
ATOT =13 %ATC 5, *ATHWHH, 2 ATA
DETOT=ATOT/{13.%ATC/DETC+F. ¥ ATH/DETW+6 . xATA/DETA)
TEINSELL.EQ.31G0T0 1
ASFEC=ATNT
GNTO 2
ASEC=ATOT/3.
2 CONT INUE
ACH{1}=ATC
ACHIZ2Y=ATY
ACEL3 ¥=ATA
PERLT=4,%ATOT/DETOT-12, %PIG*D
PERLI{1)=0D,
PERL A2 )1=4 s *ATW/ DETW-2 .5 #*PIG*D
PERL (3} =4. *ATA/DETA-PIG*®D/6.

[




-362~

WW=7+4Ce5%D
1A=7
WA=tk
FATIP({L)=1C#*2%SQ3-PIGKDTIP#k2%0,5}%0,s 29
FOTIPIL)=4 . XFATIPIL}/{PIG*0G.5%DT IP )/ DETC
FATIP{L)=FATIP{1)/7A7C
FATIPUL2)=Cx{WW=DTIP*XD5)-DTIP*%2%P [G*],125-EM2%2WC
FDTIPI2)=4.%FATIP{2)}/{PIGHRDTIP*D 542 kEML ¢4, % 7WC} /CETHW
FATIP{2)=FATIP{2)/ATY
FATIPL3) ={WA-DTIP*®) S5)%*2/SQ3-DT [P*X2%PIG/ 2%,
FOTIP{3)=4 . %FATIR(3) /(DTIPXPIG/ 6, +{WA-DTIP*D.5})%2, /S5C3)/DETA
FATIP{3)=FATIP(3}/ATA
C0=C/DTIP
HO=WW/DT 1P
ID=2/0NT1P
ITWCD=2WC/DTIP
ARD2=PAAWRFATIO(2 ) /DT 1P k%2
PUWD =4  AAARFATIP(2)/{DETWEFDTIP{2)%CTIP)
WRITE(6,3IATOTH,DETOT ,ASEC
WRITE (6,4 ATy ATH,ATASDETC,DETW s NETA
3 FURMAT/ /75X, *TOTAL FLOW ARFA=® ,F10.3,°% SQCMY /55X, *TCTAL EQUIVALENT
] CIAMETER=Y, F1D0.2,% CM?/5X, 'FLOY AREA OF SECTION=®,Fi10.3,7% SQCM*/)
& FORMATISX,*FLOW ARLCAS NF CHANNELS:¥/S5X,*CENTRAL=? z FID.3/8X,*RWALL="?
1y F10e2/76X "CORNER=, F10.3//5X, "EQUIVALENT DIAMETEREz®/EX, *CENTRAL =
CVAF1C.2/RX Y WALL =" yF 1D, 2/6X " CORNER= ", F10.,2//7/130 ("% })
RETURN
END





