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Abstract

This paper describes the new models inserted in the computer code
SAGAP@-A for the thermo-fluiddynamic analysis of gas cooled fuel
element bundles. Moreover, it is intended to be a guide for the user
of the code.

The physical background of the new models inserted in the code has
been described by the author of this work in a previous paper.

A listing of the code is included in the Appendix.

SAGAPQ:A Beschreibung des Rechenprogramms und Benutzerhandbuch .

Zusammenfassung

In diesem Bericht werden die in dem fiir die thermo- und fluiddynamische
Analyse von gasgekiihlten Brennelementbiindeln neu eingefiigten Modelle

beschrieben.

Die physikalischen Grundlagen der in dem Rechenprogramm eingefligten
Modelle wurden vom Verfasser dieses Berichts in einer vorherigen

Arbeit vorgestellt.

Eine Liste des Rechenprogramms wird als Anhang gegeben.
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1. Introduction

SAGAP@-A is an improved version of the computer code SAGAP@ /1/

for the thermo- fluiddynamic analysis of gas cooled fuel
element bundles.

The most important improvements with respect to the earlier version
of the code are: 1)-the insertion of medels for the calcuiation of
the heat transfer due to radiation and 2) the heat conduction within
the pins and the shroud. Further modifications regard the treatment
of some physical phenomena, such as laminar flew and spacer grids
effect on the heat transfer.

The physical models and the mathematical procedures used in the
earlier version of the code are described in ref. /2/, while the
physical phenomena relative to the improvements introduced in the
last version were described by the author of this work in a previous
paper /3/.

Further modifications are concerned with the structural part of the
code, in order to allow the insertion of the new models and the
interaction between the different parts.

Purpose of this work is:

a) to describe the structure of the new developed models and the
modifications performed on the code in order to allow their in-

sertion

b) to supply a guide to the user of the code.

To avold repetitions, no description of the unchanged parts of the
code will be given here. The reader is also supposed to be familiar
with the ref. /1/ and, of course, ref. /2/ and /3/.

As pointed out in ref. /5/, SAGAP@-A can run with dynamic dimensioning.
However, in this work the dimension of arrays and vectors will be
referred to the whole 19-rod bundle.



2. General informations

2.1 Geometries

In axial direction we consider first the physical subdivision of the
bundle in axial portions; generated by the fact that the rods are
only partially heated and only partially roughened: Fig. 2.1 shows
the generation of the axial portions from the superposition of the

heated/unhéated‘and'of the rough/smooth subdivisions.

Furthermore, the axial portions are subdivided, for a mathematical
purpose, in axial sections: these represent the mesh used for the
calculation in axial direction. The length of the axial sections

is defined as factor X, times the equivalent diameter of the central

D
channels (cfr. 3.1 in /1/).

The flow section is subdivided into channels, subchannels and sub-
subchannels, as described in ref. /1,2,3/. Figures 2.2 to 2.7

show the indexing of the channels and of the subchannels for some
different bundles, both in the case where the calculation is per-
formed for the whole bundle and in the case when the calculation

is limited to a symmetry section.

The pins and the liner are subdivided, in circumferential direction,
into sectors; these represent the part of the pin (or of the liner)
adjacent to a subchannel. Figures 2.7 and 2.9 show the sector

subdivision of pin and liner.

In radial direction the pins are subdivided .in different manner
depending on their nature: when the pin consists of a directly heated
tube (KE4 and B193D bundles), no radial subdivision is performed.

In this case, by assuming the inner wall adiabatic and the thickness
of the tube small in comparison. with the diameter, the one-dimensional
Fourier's equation is solved, neglecting the temperature gradient

in radial direction at this point of the calculation; a further
correction is introduced to consider the position of the thermo-
couples within the wall (cfr. ref./3/). |




a)

b)

c)

d)

e)

Fig.2.1:
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If the pin consists of an inner generating core separated from the
external tube by an insulated gap, the two-dimensional Fourier's
equation is used.

Also for the thermal conduction within the shroud, no radial sub-
division is performed: by assuming the thickness of the shroud to
be small in comparison with the diameter, the problem is solved
using the one-dimensional Fourier equations, The explained sector
subdivision in circumferential direction is also used for the
radiation calculation: the sector is the surface unit for the

analysis of the radiation exchange.

The geometrical aspects of the convergence procedure are shown in
fig. 2.10, where the general flow chart of SAGAP@-A is presented:
starting from the beginning of the bundle, each axial portion will

be subdivided into axial sections. In each axial section the calcu-
lation is perfofmed for each channel, subchannel and sector (SUB-
CHANNEL ANALYSIS). When the convergence is reached (INDICE=0), the
calculations gees on to the next section, until the end of the bundle

is reached.

2.2 Recall of the_ solution method

As described in /3/, the solution of the thermo- and fluiddynamic
problem is obtained separating the different phenomena: as shown
in fig.2.11, at each axial section, at the beginning of the calcu-
lation, the convective heat flux relative to each sector is
computed as geometrical function of the heat generated within the
pin (or within the shroud). '

On the basis of these heat fluxes, the flow problem is solved for
the distributions of mass flow, gas temperature, and pressure loss.
In this step also the convective heat transfer coefficients are
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computed. It is therefore possible to compute approximate values
for the wall temperatures. Using these wall temperatures as boundary
conditions, it is possible to solve the radiation problem for the

heat exchanged by radiation.

At this point, the thermal conduction equations are solved, using the
bulk temperatures, the radiative heat fluxes and the heat transfer

coefficients as boundary conditions.

The convergence is now tested (for pressure drop, bulk and wall tempera-
tures), and, if no convergence is achieved, the convective heat fluxes
are calculated one more time as a function of the heat transfer coeffi-
cient and the bulk and wall temperatures., The process is now repeated,
until the convergence is reached. With reference to the figures 2.12

and 2.10 it must be pointed out that the fiags INDICE, IFL@W and IHEAT
are used just to explain the convergence process: they do not correspond
to the flags really used in the code. This is due to the fact that

the convergence process in the code is slightly (but merely formally)

different from the process shown here.

2.3 Structure of the code

. S T T o Ty — —

The flow chart of the procedure explained in the previous paragraph
i1s shown in the figures 2.12 to 2.14.

The main connexion between the earlier version of the code and the
new models is given by the subroutine TEMC@N, which organizes the

thermal calculation.

At the beginning, TEMC@N (see fig. 2.13) calls the subroutine WALLTE,
which computes the heat transfer coefficients and a first approximate
value for the wall temperatures. WALLTE is a modified version of the
subroutine with the same name present in the earlier version of the
code. Then TBRTBS computes the dummy bulk temperatures (cfr. 5.5

in ref, /3/) and RADIA organizes the calculation for the radiation
| problem. The option IRAD allows neglecting the radiation calculation.,
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LEIST B@TH

Fig. 2.14: Flow chart of the subroutine T@RG
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The subroutine T@ERG (see also fig. 2.14) determines the conduction
model to be used depending on the option IC@N: the subroutine LEIST
performs the one-dimensional analysis, while B@TH uses the two-
dimensional approach in the case of central heated core. Also the
thermal conduction can be neglected (IC@N=0), but in this case no
radiation calculation is allowed. Finally, the subroutine C@NSHR
organizes the calculation for the thermal conduction within the

shroud, also under the cption ICS.




3. Input/Output

In fig. 3.1 the input/output files of SAGAP@-A are shown.

The input is provided as "INPUT DATA", whose records are read from
the code, and YBL@CK DATAY The main modifications.of the input para-
meters, with respect to the earlier version of the code, have been
performed on the "BLOCK DATA".

The output files consist of a LISTING, partly modified with respect
to the earlier version, of the files RESULTS®4, where the results

of the calculation are stored for further plotting and comparison with
experimental results, and of the file RESTART which are automatically
written by the code if the availabhle calculation time is going to be

exceeded.

3.1 INPUT_DATA
The geometrical data of the bundle and the thermo- and fluiddynamic

conditions of the case to be computed are mainly given in this file.

No significant modifications have been performed with respect to
the earlier version of the code. The changes are concerned with the

following items:

a) A new card must be inserted before the first card in ref. /1/.
Any text can be written in this new card; no use of which will
be done by the code: the card-allows the identification of the
block of input cards.

b) Cards 39,40 and 41 {and 39a, 40a, 41/a etc) have been eliminated.
Moreover no use of the parameters GRIP, GRI1 and GRIZ is done in
the present version of the code. These parameters are automatically
set to 1.



Fig, 3.1
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The BL@CK DATA has been strongly expanded with respect to the
earlier version. Actually, it provides the options for the cal-
culations, the coefficients for some functions and, in some cases,

arrays concerned with the indexing of the bundle.

The new parameters to be provided in the BL@CK DATA (beyond the
parameters already described in /1/) are listed in Tab.3.1.

According to /1/, in case of a 12-rod bundle further parameters are
to be provided in BL@CK DATA.

If a symmetry section of the bundle (12-rod bundle case) is
computed, also the parameters listed in Tab. 3.2 are to be provided
in BL@CK DATA. Differently from the other parts of the paper, in
this table the dimensions of the arrays are referred to 1/3 of the
whole 12-rod bundle.



COMMON | ARGUMENT EXPLANATION
BLACK
SCo4cC RFUEL Radius of the heated pin core (fuel); it

corresponds to rf of fig. 5.1 in /3/ (cm)

SCO6C D3(3) Coefficients for the thermal conductivity of
the cladding material (K=D3(1)+T#D3(2)+T2¥D3(3)).

SCO9C is IS=1 The superposition principle for the ex-
texnal channels (e¢fr.5.5 in /3/}is to be
used.

IS=0 no superposition principle

SC18C o RE = outer radius of the ring corresponding
RI to the liner (cfr. 5.3 in /3/) (cm)
!
RI = inner radius of the liner equivalent
ALFW, .
ring (cm) -
ALFC . , ) .
ALFW = angle (in radiants) corresponding to
1/2 of a wall channel:
2¥RIRALFW = perimeter of a wall channel
ALFC = angle in radiants corresponding to a
corner channel.
sC19C IC@N ICN = 1 Conduction within the clad’
ICN = -1 Conduction within core and clad
ICPN = O no conduction
8Sc22cC NT@T Total number of sectors in the shroud
8C23C ICcs ICS = 1 conduction in the liner
ICS = 0 no -conduction. in' the liner
SC25C NPRINT NPRINT < O Print results at each axial section
AR (10) NPRINT = O Print results between the positions
defined by AR(1) < X < AR(2)
NPRINT > O (<10) Print results at the axial
sections corresponding. to AR(1},
AR(2),...,AR(NPRINT)
SCO2L JLAM JLAM = 1 The K values for the laminar friction

factor for corner and wall channel are
averaged (cfr. 3.3.2 in /3/).

JLAM = O no average

Tab, 3.1: New C@MM@N BLPCKS in BL@CK DATA



COMMON ARGUMENT EXPLANATION
BL@CK
SCO3L IPHUD IPHUD = 1 Heat losses at the shroud are
computed by means of the EIR
method.
TPHUD = O Heat losses at the shroud are
given by input.
SCO4L TAMB, TAMB: Room temperature during the experi-
HUDFAC, ment (C)
HUDFAC: total heat transfer coefficient be~
TMS N — 1 2
tween liner and room (cal sec ‘cm
c™
TMS: average shroud temperature (C)
SCOBR IRAD IRAD = 1 Thermal radiation is taken into
account
IRAD = O no thermal radiation
SC15R IEPS IEPS = O constant emissivity for the pins
and on the shroud sectors.
IEPS = 1 emissivity as function of the
temperature
SCO7R EPSR, EPSR = constant value assumed for the rod
EPSS, emissivity(if IEPS = 0)
SIGMA EPSS = the same as EPSR, but for the shroud
SIGMA = Stephan-Boltzmann constant
(1.35%10712 cal cm™2 sec”! K7H)
SCo18 THAS IHAS = 1 the correlation for the heat trans-
fer improvement due to the spacer
is based on the local Re, Pr,e,Dy
IHAS = O the spacer correlation is based on
average Re,Pr,s,Dh
b
SC16R IC@MP ICPMP = 1 The view factors are normalized by
modifying each factor.
IC@MP = O The normalization is performed by
introducting the dummy factor £;;
(cfr. 4.3.2 in /3/).
Tab. 3. Cont.
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C@MMPN
BL@CK

ARGUMENT

EXPLANATION

SCO1P

S({19}

Alternative method to define non-uniform
power distribution in the pins: instead to
read Q{I), I=1,NR@DS als input data, it is
possible to read only one Q and to define
the vector S; for each pin it will be

Q(I) = Q + s(I)
This method was used for the 19-rod bundle
calculation by uniform heating, to consider
the slight power differences between the
pins.

CEVO1

LAM@P 1

2 in laminar flow, the spacer smooth corre-
lation for the pressure loss is used in
the rough part too

= 1 spacer rough correlation in the rough
part

CEVO3

LAMOP2

= 1 corrections for gas thermal conduction
between the ribs

= 2 no correction

CEVO4

LAMOP3

= 1 for laminar flow
= 2 for turbulent flow

CEVO2

RTIP4

Tip radius of the rough part of the pin (cm)}.

SC34cC

ISUC

= 1 Superposition principle for the central
sectors (cfr. 7.45)

= O No superposition principle for the
central sectors

sScoz2p

IPSUB

= 1 New and old print for the subchannel
variables

= O only new print

Tab. 3.1:

Cont.




- 25 -~

CQMMQN ARGUMENT EXPLANATION
BL@CK
sco1cC NCAN(12) ¢ NCAN (J) : number of channels adjacent to pin 5
LIrs(12,10) : LIPS (J,K): index of the K" channel adjacent

to pin J. LIPS is used for the
conduction calculation: the chan-
nels LIPS {J,K) must be contigues

SC13R NAFF (30) NAFF (J) number of sectors interacting with
gsector J through radiation
SC14R KAFF (30,13) KAFF (J,K) : index of the KTH sector interact-
ing through radiation with sector
J.

Tab. 3.2: Parameters to be provided in BL@CK DATA only in the case
of 1/3 of the whole 12-rod bundle.




Many modifications have been introduced in the listing produced by

the code. The main modifications regard the following items:

a) View factors information : at the beginning of each axial portion
the computed view factors are printed together with their sum and the re-

sult of the normalization.
b) The subchannels variables can be printed by means of a new method
using the three subroutines JELLA, JELLB, JELLC {cfr. also C@MM@N

Block SCO2P in 3.2).

The subroutines JELLA supply the following results:

CHA Channel index
ROD rod index
QGEN Heat generated in the portion of pin corresponding to

that sector /W/.

QFLUX Convective heat flux, also QQE§§%E91 /W cm_z/
QRAD Beat exchénged through radiation /W/.

ORAD > O means heat transmitted to the sector.

NU Nusselt number: it corresponds to the final value, i.e.
it is modified by spacer effect and inlet effect (if any).

YH Spacer effect: NU = YH % NUO
ALFA Heat transfer coefficient based on NU. /W cm_2Ch1/
TBULK Subchannel bulk temperature /OC/
TBR Subchannel reference temperature /OC/; as described. in
5.5 of /3/ it is:
QFLUX = ALFA % (TWINF - TBR)
TWINF Sector wall temperature at the infinite conductivity of

the canning material /°C/.

TWALL Temperature at the position where the thermocouple is
rlaced (also TWALL is corrected for the Biot effect, cfr.
5.8 in /3/, and for the conduction in radial direction
cfr. 5.9 in /3/).
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The same results are printed for the shroud sectors; in this case

YH is always set to 1 because no spacer effect on the Nu number

of the shroud is considered.

The subroutine JELLAC supplies the following results:

CHA
R@D
QTRA

MASS

cp
T2-T1

LAMDA

DP

REB
DENSITY
TH.C@ND.
ETA

channel index

rod index

Heat transmitted to the subchannel by the adjacent pins
and shroud /W/.

Mass flow rate in the subchannel, average on the axial
section /g sec-1/

Specific heat of the coolant /J g'1 c-1/

Temperature increase in the coolant between the inlet
and the outlet of the axial section /OC/

Subchannel friction factor (4 times the Fanning friction
factor).

Pressure loss in the subchannel /Bar/

Subchannel Reynold's number

Density of the coolant /g cm™3/

Thermal conductivity of the coolant /W cm™! 0C-1/
Dynamic viscosity of the cooclant /glcm"I sec_1/.

Subroutine JELLC supplies the following data:

CHA
R@D
H+B
H+W
RSM
RO
RH+
GO1
GH+
TW/TB
TW/TE
BI@T

channel index

rod index

ht evaluated at the bulk temperature of the coolant

+ ,

h

R(h%) in case of hydraulically smooth flow
+

Parameter R01 (hw)

Parameter R (h%)
+

Parameter GO1(EW)

Parameter G (hW)

Wall to bulk temperature ratio

evaluated at the wall temperature

Ratio between wall and inlet temperature
Biot number (cfr. 5.8 in /3/).
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These subroutines are called only in case of heated sections.

Once more, JELLC is called only in case of rough surfaces.

c} At the end of the calculation some data referred to the general

heat balance are printed.

3.4 RESULTS%4

To allow the generation of a graphical output, the results of SAGAP@-A
(wall temperatures and pressure drop) are stored in 4 files on a disk.
The plot procedure, which also allows the comparison with the experi-

mental results, is described in Ref. /5/.

The four files are written in free format and contain index, axial
position and value to be plotted. A description of these files is

shown in Tab.3.3; for more information cfr. ref. /5/.

File Format Contents Note
FTO2F001 free X,DP DP = pressure drop at heigh x
FTO3F001 free NS,M,X,T T = wall temperature of the

sector of pin adjacent to sub-
channel M of channel NS at the
height X

FTO4F001 free NW,M,X,T T = wall temperature of the
sector of liner adjacent to
subchannel M of wall channel
NW at the height X

FTO9F001 free NW,M,J,X,T| T = wall temperature of the sur+
face adjacent to the part J of
subchannel M of wall channel NW
at the height X

Tab. 3.3: Output files RESULTS¥%4
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3.5 RESTART

This procedure was already present in the earlier version of the
code. If the given calculation time is almost used up, the cards
with the mass flow rate - and temperature distribution are punched.
This procedure allows the restart of the calculation. Because this
procedure was not modified, the description given in Ref. /1/

is still valid and no more details will be presented here.
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4. Thermal conduction model

As previously pointed out, two conduction models are available:

the first one (one-dimensional model) i1s organized by the subroutine
LEIST, while the calculations for the two-dimensional model are per-
formed by the subroutine B@TH.

In fig.4.1 the flow chart of the subroutinte LEIST is shown. The sub-
routines ALFAC and FGE¢ determine the heat transfer coefficients (in

the form requested by the following part of the code) and some geometri-
cal factors. Then the coefficient matrix is built up and the resulting
system of linear equations is solved by the subroutine GAUSS1. GAUSS1
solves the system of linear equations by means of the Gauss elimination

method with pivotal condensation /8/.

TNEW assignes the computed temperature values tO the arrays used in
the other parts of the code and QC@C builds up an array (QJ) for the
definition of the modified convective heat fluxes. In fact, the con-

vective heat fluxes are defined as

_ qGEN + QJ
9 AREA

At the first iteration is QJ = 0.0 (cfr., 2.2 and fig.2.12).
In the following iterations, QJ is defined by QC@C and J results
a function of radiation and conduction aswell. QC@C also performs the’

control on the thermal balance.

In case of two-dimensional model, as shown in fig.4.2, together with ALFAC
and FGE@,also the subroutine KGAP .is called,which computes the heat

transfer coefficient at the gap between core and clad.
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The coefficient matrix is built up by the subroutines CCLAD
{(coefficient for the clad) and CFUEL (coefficient for the heated

core) . When the calculation is limited to a symmetry section of

the whole bundle, for some of the pins the calculation is also re-
stricted to a symmetry section of the pin. In this case the subroutines
CCLAD3 and CFUEL3 are called.

Then the subroutine GAUSS1 solves the system and the convergence
on the core temperature is tested. When the convergence is reached,
the calculation goes on with TNEW and QC@C.

4.2 Conduction in the shroud

The calculation of the thermal conduction within the wrapper tube
is organized by the subroutine C@PNSHR (see fig. 4.3).

As pointed out in 5.3 of /3/, the shroud is considered to consist
of a ring, whose dimension must be given in BL@CK DATA (cfr. C@MM@N
block /SCISC/), together with the angles corresponding to a half
wall sector and to a whole corner sector.

The coefficient array is built up by the subroutine MATBUS and the
system is solved by the subroutine GAUSS. GAUSS is a slight modifi-
cation of the subroutine GAUSS1, the difference cvonsisting in the
method used to. transfer the matrix of the-coefficients.

Subroutine TNEWS assignes the computed values to the temperature
array and QDEFIS computes the array for the definition of the modi-
fied convective heat fluxes (in analogy to QC@C in 4.1). QODEFIS
performs also the control of the thermal balance.



Fig. 4.3:

C@NSHR

MATBUS

GAUSS
TNEWS

QDEFIS

Flow chart of the subroutine C@NSHR
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4.3 New subroutines and modifications

The subroutines concerned with the conduction problem areg

LEIST, ALFAC, JZURU, KGAP, CCLAD, FGE(@, KFUEL, CFUEL,TESTNU, TNEW,
CCLAD3, CFUEL3, QC@C, TESTB, TESTW, ASSE, TEST1, MEZZI, TT@T, T@RG,
B@TH, C@NSHR, MATBUS, TNEWS, QDEFIS, GAUSS, PIV@T, GAUSS1, PIV@TI,
DELIP, TBRTBS,

To allow the insertion of the conduction model the following sub-

routines have been modified:

MAIN, ANGCA1, BALA, CEWA, RECANG, RECCA1, RECCA2, SUBBAL, TRICAT1,
WALLTE,
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5. Radiation model

5.1 General information

The radiation calculation is subdivided into two parts: the deter-
mination of the connexion arrays (which sector exchanges with which
etc.) and the solution of the problem (determination of the heat
transferred by radiation).

For the first purpose, five subroutines are called by the main program

at the beginning of each axial portion.

TPTSEC: computes the total number of sectors.
TARRAY: builds up the arrays (ISU,IGI,ISS) which allow the inter-
action between the flow model and the radiation model.
VFXAL: computes the view-~factors
VFDET : determines the sedtors exchanging with each other
the relative view-factor type.
VFCTR: controls the produced arrays

The problem is then solved by the subroutine RADIA (see fig. 5.1):
within it, MATBUI builds up the array of coefficients and SYSQ@L
solves the system of linear equations by means of the Gauss-Seidel
method /6/. For the solution of the radiation system, the Gauss-
Seidel iterative method has been preferred to the Gauss elimination
method because of the sensible decrease of storage requirement

allowed by the iterative method.

It must be pointed out, that if EPSR # EPSS (see later 4.2) the
sufficient convergence condition for the Gauss-Seidel method is

not fulfilled: in this case-you will get a warning on the listing,

but the calculation will nevertheless be performed by means of the Gauss-
Seidel method: in all the calculations performed up to now no conver-
gence problems occurred also if the sufficient convergence

condition was not fulfilled. QDEFI builds up the arrays QPR, QSR

(heat exchanged by radiation for pin and shroud sectors) and per-

forms the thermal balance.




‘ RADIA ,

] MATBUTI

SYS@L

QDEFI

( Return )

Fig. 5.1: Flow chart of the subroutine RADIA



For the solution of the radiation problem, the emissivity must be
provided (see later 5.2) and the option IC@MP must be defined in
BL@CK data (see 3.2). The option IC@MP is concerned with the problems
discussed in 4.3.2 of ref. /3/.No great differences between the two
approaches have occured up to now in the SAGAP@-A calculations;
however, the analysis of the radiation exchange performed on a simp-
lified model shows that slightly better results are obtained by
putting ICgMP=0 (normalization of all the computed view factors).

It must be pointed out that a radiation calculation for a symmetry
section (1/2, 1/3,... etc. of the whole bundle) is not possible,
because 1in this case the reciprocity rule for the view factors

is nolonger fulfilled.

However, a radiation model for 1/3 of the 12-rod bundle has been
developed, because, due to the particular geometry of the 12-rod
bundle, the error introduced by this schematization should be re-

latively small.

The emissivity is the parameter defining the radiative exchange.

It depends on many factors, mainly on the temperature of the sur-
faces. In SAGAP@-A two different methods are allowed to define the
emissivity value to be used, depending on the option IEPS (cfr. 3.2):

IEPS=0: the emissivity is assumed to be constant for the pins and for
the shroud. In this case no dependence of the emissivity on
the temperature (i.e. on the axial position of the surface)
is considered. The constant values for the pin emigsivity
(EPSR} and for the liner emissivity (EPSS)lmust be defined
in BLGCK DATA. :




- 39 -

IEPS=1: The emissivity is assumed to depend on the temperature.
In this case a function EPS must be defined, which provides
the necessary correlation. If IEPS=1 the values EPSR and
EPSS are not used at all. On the contrary, if IEPS=0 the
function EPS is not used.

Due to the difficulty of determining the emissivity, both methods are
approximated. The choice between the two methods i:s therefore mainly
dependingcn1operativeprob1ems(availaﬁility of data on the bundle to be
analyzed, calculation at different emissivity values to evaluate the
radiation effect, etc). In most of the performed calculations for the
12;rod bundle it was assumed IEPS=0 by setting

EPSR=0. 6  EPSS=0.3.
while in the calculation for the 19-rod bundle it was generally

assumed

EPSR=ESPS=0.42

5.3 New subroutines and meodifications

S ) B Yt AP T M S Sl A B ek S e e A S A

The radiation model consists of the fbllowing subroutines:

RADIA, TARRAY, VFCAL, SYS¢L, SUFC@N, GAUDEL, MATBUI, VECTR, QDEFI,
N@RMA, DAREA, VFDET, VFDE1, VFD3, EPS, CFCl1,..., FINDFl1... .

To allow the insertion of this model the MAIN program has been
modified.
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6. Other modifications

A new method has been developed for the evaluation of this effect.
It is based on the last experiment performed at the KfK in this

field /7/.

The axial bundle subdivision has been left as it was in the earlier
version of the code (also depending on the presence of the spacer),
but the spacer effect is now computed at each section, inespective

of the presence of a spacer grid. This is performed by calling the
subroutine SPANU, which in turn calls SPANUG (in case of smooth sur-
faces) or SPANUR (rough surfaces). The subroutines SPANUG und SPANUR
are a slight modification of the subroutines used +to elaborate

the data presented in /7/ and are due to the courtesy of Md.A. Hassan.

To allow the insertion of this new method, modifications have been
performed on the following subroutines:
MAIN, CEWA, RECANG, WALLTE, RTRI, RTSI, TEMLAM.

6.2 Laminar flow

—— o ———

As pointed out in 3.3.2 of /3/ in case of laminar flow the corner
channel and the adjacent parts of wall channels are combined to-
gether for the calculation of pressure loss. This procedure consists
of a modification of the K fac%ors (egq. 3.20 in /3/) and is per-
formed by the subroutine C@RKA (see later 7.11).

To allow the use of this method, the subroutine XKAPC@R has been

modified.




6.3 Superposition_principle

—— e B o e -

The superposition principle is used in two different cases:

1.

Determination of the temperature of a pin sector facing the liner
and of the temperature of the correspondent liner sector (cfr.

5.5 in /3/). In this case the superposition principle is switched
on by the option IS (cfr. SCO9C in 3.2). As already pointed out
(2.3) some "dummy" gas temperatures are defined by the subroutine
TBRTBS. '

Determination of the temperature of the sectors facing a central
channel (only in case of rough surfaces and turbulent flow) /9/.
This method is switched on by the option ISUC (cfr. SC34C in 3.2).
The calculations'are performed by the subroutine SUPCEN, and the
subroutine TBRTBS is also used.



7. New subroutines

In the present chapter a short description of the new inserted
subroutines and functions is presented together with the explanation
of their arguments. No description of the subroutines and functions

contained in the earlier version of the code is given here.

7.1 Subroutine ALFAC

Builds up the array FALFA (42,3), to be used as boundary condition
for the conduction equations.
ALFAC is called by LEIST and B@TH.

Arguments:
VDIAM: volumetric diameter of the pin {(cm)
H : length of the axial section (cm)

7.2 Subroutine ASSE

Attributes a start value to the temperatures within the heated
core (fuel).
ASSE is called by B@TH.

Arguments:

NCA : number of sectors in the actual pin

XF temperatures.
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B@TH organizes the calculation of the thermal conduction within the
pins in the case of power generated within a heated core (two-dimen-
sional approach to the problem). B@TH is called by the subroutine
T@RG.

Arguments:

VDIAM: volumetric diameter of the pin (cm)

PIG : 3.1415.

H ¢ length of the axial section (cm)

VDIA1: Tip or volumetric diameter of the pin {cm), depending on the
option LAM@P3. |

RINT: inner radius of the clad {(cm).

The flow chart of ;his subroutine is presented in fig. 4.2.

CCLAD computes the coefficients for the thermal conduction equations
within the clad in case of power generated within a inner core (two-

dimensiocnal model).

CCLAD is called by B@TH.

Arguments:

NCA : number of sectors in the considered pin

A : array containing the ajy coefficients (left hand six of the
equations),

B : vector for the bj coefficients (right hand side of the
equations).

RETAR : reference radius for the thermal exchange across the gap
(cm). Cfr. 5.2.1 in /3/.

R : average radius of the clad (cm)

H ¢ length of the axial section (cm)

J : index of the considered pin

S .+ clad thickness (cm)
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7.5 Subroutine CCLAD3 .

CCLAD3 computes the coefficients for the thermal conduction equation
within the clad when the two-dimensional model is used for a half of
a pin. It is called by B@TH. The arguments are the same as in the
‘case of CCLAD.

7.6 Subroutine CFUEL

—— e ——— i — —— - ——

CFUEL computes the coefficients for the thermal conduction equations
within the core. It is called by B@TH.

Arguments:

NCA : number of sectors in the pin J

A : array of the coefficients ai,k (left hand side of the equations)
B  : vector of coefficients bi {(right hand side of the equations)
RSTAR: reference radius (cm) cfr. 5.2.1 in /3/.

H ¢t length of the axial section (cm)

J : index of the considered pin

Xr : vector containing the temperatures within the heated core (fuel).

7.7 Subroutine CFUEL3

CFUEL3 is the analog . to CFUEL (see) in the case when only a half

of a pin is computed.
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—— e e e —— o ——— e ————— i ———

CFC1 computes the view factor of type F1 (pg. 134 in ref. /3/).
Analogously CFC3 computes the view factor of type F3 (pg. 135 in

/3/) and so on. Because of the similarity of these subroutines, no
individual description will be presented. They all are called by the sub-
routine VFCAL,

Arguments::
P : pitch‘of the rods (cm)
D : volumetric diameter (cm)
PIG ¢ 3.1415
FCX : view factor corresponding to the numerator of definition
4,27 in /3/:i.e.
FCX = fij X 2Ai = fji » 2Aj

-where A; is the surface of sector 1.
= volumetric radius (cm)
Z = distance between the center of a wall pin and the shroud
wall (cm).
ZWC = height of the blocking triangles (cm).

Organizes the calculation of the thermal conduction within the shroud.
It is called by TEMC@N and has no arguments. The flow chart is
Presented in fig. 4.3.

Prints information about the convergence process. It is called by the

MAIN program.
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Arguments:
FA : friction factor in the precedent iteration
FA1 ¢ friction factor in the present iteration

ITCPRR: index of the ITC@RR loop (cfr. /1/)
INDICE: convergence flag for the thermal calculation.

C@RKA modifies the computed K-values (for the calculation of the
friction factor in laminar flow) if the corner channel and the ad-
jacent part of wall channel are computed together (case of JLAM=1)
according to the procedure described in 3.3.2 of /3/. C@RKA is
called by KAPC@R and has no arguments.

7.12 Function DAREA

The function DAREA computes the area of the sector L, To allow its
direct use in the equation (4.27) of /3/, it supplies the double of
this area, i.e.:

DAREA(L) = 2 ¥ Area of the sector L.

DAREA is called by MATBUI, VFCTR, N@RMA and has the following
argument

L : index of the sector.

7.13 Subroutine DECP

DECP fixes the switch IPRINT, which determines the print (IPRINT=1)
or not {(IPRINT=0)} of the thermo- fluiddynamic variables at the
actual axial seétion. The value of IPRINT depehds on the input data
NPRINT and AR (see C@MM@N/SC25C/ in 3.2).

DECP 1s called by the MAIN program.
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Arguments:

IPRINT: = 1 The results for the actual axial section are printed
on the output listing

= 0 no print

X1 : distance between the beginning of the actual axial section and

the point where the calculation is started (cm)

X2 : distance between the end of the actual axial section and
" the point where the calculation is started (cm).
STLEN: Distance between the bundle inlet and the point where the

calculation is started {cm).

7.14 Subroutine DELI

——— T ——— e} — ———, ———

DELIP builds up the array .LIPS (19,10} and the vector NCAN (19):

NCAN(J): number of channels adjacent to the Jth pin, J = 1, NR@DS
LIPS (J,I): index of the I'P
I=1, NCAN (J)

channel adjacent to the pin J, .

DELIP is called by the MAIN program and has no arguments.

7.15 Function DPIN

DPIN represents the coefficient for the pressure logs at the
bundle inlet (cfr. equation 6.9 in /3/).

It is called by the MAIN program.

Arguments:

1

MFL@W: mass flow rate relative to the whole bundle: (g/sec ')

PE ¢ 1inlet pressure (kg cm_z)
TE : inlet temperature (OC)

CINL : 1limit value for DPIN at high turbulent flow: 1.2.
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7.16 Function EPS

EPS represents the emissivity of the sector L. The values of EPS
are computed depending on the option IEPS as described in 5.2.
EPS is called by the subroutine MATBUT.

Arguments:

T : temperature of the sector L (OC)

L : index of the sector for which the emissivity has to be
determined.

T —— S ————

FGEY computes the average radius of the clad (R), his thickness (S)
and the reference radius RSTAR (cfr. 4.1). It is called by LEIST
and B@TH.

Arguments:

VDIAM: volumetric diameter of the considered pin (cm)
RSTAR: reference radius (cm)

S : -clad thickness (cm)
R : average radius of the clad (cm)
RINT : inner radius of the c¢lad (cm)

7.18 Subroutines FIND ...

———— T —— i i o ——

The subroutines of this group fill the arrays KAFF(132,13),VFAC(132,13):

KAFF (L,N): index of the Nth

with the gector L
VFAC (L,N): view factor £

sector having a radiation exchange

L,N




There is a subroutine of this type for each type of view factor,
as it is shown in Tab. 7.1.
All these subroutines are called by VFDET,

Arguments:

L - ¢ index of the sector

NAFF : counter of the sectors interacting with sector L through
radiation

NS : index of the channel adjacent to the sector L

J : index of the rod to which the sector L belongs.
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Subroutine Detects the view factorks) of type

FINDF1 F1

FINDF3 F3,F15

FINDF4 F4

FINDF5 F5

FINDF9 F9

FINDW2 F2

FW7 F7

FW8 ! F8

FwWw1112 F11,F12

FW13 F13

FW16 F16

FW1718 F17,F18

FINDA F24

FS1112 : F11,F12 . %

FFS13 F13 ¥

FFS524 F24 *

FSA F17,Fi8 =

FF32 F32

FFW31 F31 (relative to wall sec-

tors)

FFA31 F31 (relative to corner
sectors)

Fs2 | F15 ¥

Tab. 7.1: Reference table for the subroutines of type
FIND....

* relative to shroud sectors.
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7.19 Subroutine GAUDEL

——— — e ————————— f—_ - —

This subroutine solves the system of linear equations for the radiation
problem using the GAUSS-SEIDEL method /6/. In order to reduce the requested
storage amount, the coefficient matrix has been compressed from A(132,132)
to A{132,13) (case of 19-rod bundle) by means of a particular index
manipulation. The subroutine GAUDEL has been written to solve this
particular system of equation. It cannot be used for general purpose.
The accuracy of the convergence process and the maximum number of

allowed iteration are fixed in the calling subroutine, SYSQL.

Arguments:

A : matrix of coefficients (left hand side of the equations)
B : vector of coefficients (right hand side of the equations)
X : solution of the system: X(L) is the net heat quantity

(cal/sec) exchanged through radiation at the sector L.
PERC : accuracy of the calculation

ITMAX :+ maximum allowed number of iterations.

7.20 Subroutine GAUSS

GAUSS solves the system of linear equationsgenerated by the thermal
conduction within the wrapper tube by means of the Gauss elimination
method with pivotal condensation. It is called by the subroutine
C@PNSHR and it is written to solve this particular problem (it cannot

be used for general purpose).

Arguments:

A : array containing the coefficients for the left hand side
of the equations
vector containing the coefficients for the right hand side

(os]

of the equations

X :+ vector containing the computed temperatures,
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7.21 Subroutine GAUSS1
GAUSS1 is a general purpose subroutine suitable to solve a system of
linear equations by means of the Gauss elimination method with
pivotal condensation. It is used to solve the equations for the
thermal conduction within the pins and is called by LEIST or by
B@TH.

Arguments:

A : array containing the coefficients for the left hand side of
the equations
B : vector containing the coefficients for the right hand side of

the equations

X : vector containing the computed temperatures
NT@T : number of equations ,
N1 : first dimension in the DIMENSI@N statement for A in the

calling subroutine; i.e.: 1if in the calling subroutine it
is DIMENSIgN A (6,7)
Then N1=6.

7.22 Subroutine HEATBA

HEATBA'checks the heat balance for the whole bundle., At each axial
section the heat transmitted to the gas from the pins and from the
shroud is computed for each subchannel. HEATRA is called by the
MAIN program and has following arguments:
IND: =-1 initialization of the arrays.
=0 the arrays are filled up

= 1 print the results
PBT : average gas pressure
INDQ: cfr. pg. 25 in /1/
TE inlet gas temperature
MFL@PW: mass flow rate.

*
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7.23 Subroutine JELLA
JELLA prints the subchannel heat transfer results at each axial
section (cfr. 3.3). JELLA is called by the MAIN program and has

the following arguments:

JL : index which establishes what results are to be written:
JL<0 the results for all subchannel are printed
JL>0 the results of the subchannel adjacent to pin JL are
printed; also, if JL>0 it must be
1 < JL < NR@DS.

JELLA is called only at the heated sections.

7.24 Subroutine JELLB

JELLB prints the results relative to the gas conditions in
the different subchannels. (cfr. 3.3).

It is called by the MAIN program and has the following arguments:

JL : has the same meaning as in JELLA {(cfr, 7.23)
PBT : Average pressure of the gas at the present axial section,.

JELLB is called only in case of heated sections.

7.25 Subroutine JELLC

JELLC prints information about the roughness parameters in the
~different subchannels at each axial section (only in the case of
rough heated part and turbulent flow). It is called by the MAIN
program and has the following arguments:

JL : cfr., 7.2.3
TE i+ gas bulk temperature at the bundle inlet
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TE1 : gas bulk temperature at the point where the calculation is
started
BI@GT : Biot number

7.26 Subroutine JZURU

JZURU builds the array JZUR(19,42), used for the conduction calcu-
lation. It is called by the MAIN program and has no arguments.

JZURU(J,NS) is the index M of the subchannel of the channel NS
adjacent to the pin J.

7.27 Real Function KFUEL

KFUEL computes the thermal conductivity of the heated pin core
1 =1

(cal sec ' cm Ch1) as function of the temperature.

It is called by CFUEL and CFUEL3 and has as argument the temperature

of the actual sector of heated core.

7.28 Real Function KGAP

KGAP determines the heat transfer coefficient at the gap between

the heated core and the clad material (cal sec”l em™2 ¢™ ). 1t is

called by CFUEL and CFUEL3 and has no arguments.,
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7.29 Subroutine LEIST

LEIST organizes the calculation for the thermal conduction within
the pins in case of heated clad (one-dimensional model). In fig. 4.1
the flow chart of LEIST is presented. It is called by the subroutine
TPRG and has the following arguments:

VDIA : volumetric diameter of the pins
PIG : 3.141593
H : height of the axial section

VDIA1 : For laminar calculation only, tip diameter of the pins.
RINT : inner radius of the clad

7.30 Subroutine LINP@W

—— — ey T —— = — o —

LINP@GW fills the matrix SHQ(18,2) with the initial values of the
power generated in the shroud. It is called by the MAIN program

and has no arguments.

7.31 Subroutine MATBUI

MATBUI builds the array of the coefficients for the radiation
calculations. It. is called by the subroutine RADIA and has the

following arguments:

A : matrix of coefficients for the left hand side of the radiation
equations
B : vector of coefficients for the right hand side of the radiation

equations.

7.32 Subroutine MATBUS

MATBUS builds the array of ‘coefficients for the calculation of the
thermal conduction within the wrapper tube. It is called by the sub-

routine C@NSHR and has the following arguments:
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A : array of coefficients for the left hand side of the equations.
B : vector of coefficients for the right hand side of the equations.

7.33 Subroutine MEZZI

—— e o e T

The subroutine MEZZI determines the arrays GE@1(42,3) and GE@(42,3);
they represent the fraction of the whole pin corresponding to the
correspondent sector: for istance, in case of calculations referred

to the whole bundle, it is:

Type of adjacent channel GE@1 GE@
CENTRAL 6 T/6
WALL 4 n/4
CORNER 6 " 1/6

MEZZI is called by the MAIN program and has following arguments:

NR@DS : total numbexr of rods

NSEL : index for the considered symmetry section (1 = whole 19-rod
bundle, 2 = 1/2 of the whole 19-rod bundle, 3 = 1/12 of the
whole 19-rod bundle)

NST@T : total number of channels.

Performs the normalization of the computed view factors depending
on the option IC@MP (cfr. 4.3.2 in /3/ and CgMM@N /SC16R/ in 3.2
of this paper). N@RMA is called by the subroutine VFCTR and has

the following arguments:
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TPT : sum of the computed view factors for sector L (in input,
before the normalization, in output after it)

L : considered sector

PIV@T finds the pivotal element for the solution of the thermal
conduction ‘equation within the shroud with the Gauss elimination
method. It is called by subroutine GAUSS and has following argu-

ments:

A : array of coefficients for the left hand side of the equations

B : vector of coefficients for the right hand side of the
equations

N ¢ index of the row reached by the calculation during the

elimination process at the moment when PIV@T is called

7.36 Subroutine PIV@T]

This subroutine is equivalent to the subroutine PIV@T, but it can
be used for general purpose. It is called by the subroutine GAUSS1
and has the same arguments as PIV@T plus:

NT@T: number of equations in the system
N1 : first number for the size of the array A(N1,N2) in the calling

subroutine

QC@C builds the array QJ(19,42) /W/ to define the convective heat

transferred at the sector corresponding to J and NS, i.e.

A,

9convECTION (T,NS) ¥ ATe@ (5 sy = 9GENERATED (J,N8) T 99 (7,Nn8)
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Furthermore QC@C controls the heat balance for the pin J after the
conduction calculation. ' '
QC@C is called by LEIST and B@TH and has following arguments:

NCA : number of sector in the pin J
J ¢ index of the considered pin
X : vector containing the computed wall temperatures

NSE : dimension of the vector X in the calling subroutine

7.38 Subroutine QDEFI

QDEFI bullds the arrays QPR(NS,M), heat transferred by radiation at
the correspondent pin sector (cal/sec), and QSR(NSW,M), heat trans-
ferred by radiation at the correspondent shroud sector (cal/sec),
where _

NSW = NS-NSTR,

NSTR = number of central type. channels.

ODEFI is called by the subroutine , RADIA and as the following

argument:

QJR : vector, of length NSECT, where are stored the wvalues of the
heat transferred through radiation'(cal/sec)

7.39 Subroutine QDEFIS

QDEFIS builds the array SHQC(18,2) after the calculation of the
thermal conduction within the shroud. SHQC is analog tc the array

QJ for the conduction within the pins (cfr. 7.37). QDEFIS controls
also the thermal balance. It is called by C@NSHR and has no arguments.

7.40 Subroutine RADIA .

——— i P oy S S o — ——

RADIA organizes the calculation for the thermal radiation. It's flow
chart is presented in fig. 5.1. RADIA is called byithe subroutine
TEMC@N and has no arguments.
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7.41 Subroutine SPANU

SPANU organizes the calculation of the spacer effect on the Nu
number of the rods (cfr. 5.7 in /3/).

SPANU is called by the subroutines CEWA, BALA, RTRI, RTSI, RECANG,
TEMLAM.,

It has following arguments:

R1 : Reynolds number of the considered subchannel

P1 : Prandtl number of the considered subchannel
NS : channel index '

M : subchannel index

Y : factor g%g

7.42 Subroutine SPANUG

SPANUG computes the effect of the spacer on the Nu number in case

of smooth surfaces

y = Nu/Nuo

where Nu is the undisturbed Nu number. It is called by SPANU and

has the following arguments:

X : dimensionless axial distance between the considered point and
the begin of the spacer (distance referred to a reference
hydraulic diameter: if IHASﬁo, then the hydraulic diameter of
the whole bundle is used; IHAS=1, the diameter of the con-
sidered channel is used. cfr. IHAS in 3.2)

Y : factor Nu/NuO

RE : Reynolds number, also depending on the option IHAS

PR : Prandtl number, also depending on IHAS

AL : dimensionless axial width of the spacer (also depending on IHAS)

E : Blockage area of the considered subchannel
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7.43 Subroutine SPANUR

SPANUR is perfectly analogous to the subroutine SPANUG, but it is

called in case of rough surfaces.

SUFC@PN tests the sufficient condition for the convergence of the
Gauss-Seidel Method /6/ by the solution of the radiation equations
(cfr. 5.1). It is called by SYS@L and has the following arguments:

A : array of the coefficients for the left hand side of the
equations

INDEX:=0 the array A satisfies the sufficient convergence condition

>0 the condition is not respected.

7.45 Subroutine SUPCEN

In SUPCEN is applied the superposition principle in the determina-
tion of the wall temperatures of the sectors adjacent to a central
channel or to a central part of wall subchannel. The subroutine
SUPCEN is’'called by RTRI only in case of turbulent flow. It has

the following arguments:

RH : height of the roughness

PBT : average pressure of the coolant

TWALL : Wall temperature. of the sector

Lam1 : friction factor of the adjacent subchannel

uipl  : cfr. pg. 129 in /1/

YYI : factor for the Nu number improvement due to the spécers
(cfr. SPANU) '

ITYP : type of subchannel

1: central pért of a wall subchannel
2: wall

. 3: corner
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KI ¢ thermal conductivity of the coolant

DEI : hydraulic diameter of the subchannel

FACHE : correction factor which takes into account the inlet effect
on Nu number

OA : heat flux at the sector (cal sec™ ! cm”2)

W1 : surface pih temperature (work area)

G1A : Parameter G(h+), by supposing unheated adjacent pins

NU11: ¢ Nu number, by supposing unheated adjacent pins

I : channel index

M : subchannel index

REI : Reynolds number

ITW1 t iteration index in the calling subroutine

SYS@L organizes the solution of the radiation equations by means of
the Gauss-Seidel iterative method. It is called by RADIA and has the

following arguments:

A : array of the coefficients for the left hand side of the
equations

B : vector of the coefficient for the right hand side of the
equations

Y : vector for the computed results.

Tarray prepares the connexion arrays for the radiation calculation:

ISU(L,1)=NS, index of the channel adjacent to the sector L

ISsU(L,2)=M, index of the subchannel adjacent to the sector L

IGI (NS,M)=L, index of the sector of pin adjacent to subchannel M
of channel NS.

ISS (NSW,M)=L, index of the sector of shroud adjacent to subchannel
M of channel NS (NSW=NS-NSTR, for NSTR see 7.38}.

TARRAY is called by the MAIN program and has no arguments



7.48 Subroutine TBRTBS

TBRTBS builds the arrays
TBR(NS,M): reference gas temperature for the pin in the subchannel

NS,M

TBS (NSW,M) :reference gas temperature for the shroud in the subchannel

NS,M (for NSW see 7.38).

For the meaning of these temperatures see 5.5 in /3/. TBRTBS is

called by the subroutine TEMC@N and has no arguments.

—— ——— —— . oy — . T ——

Subroutine TEMC@N organizes the heat transfer calculations (see
flow chart in fig. 2.13). It is called by the MAIN program and

has the

IRH

RH
SUR

TE1

PBT
H
A
R

"

e

"

INDICE:

OT@T

following arguments.

=1 smooth section

=2 rough section

index of the axial section

height of the roughness ribs

cfr. pg. 163 in /1/

volumetric diameter of the pins

bulk temperature at the poigt where the calculation is
startet

average pressure of the gas in the axial section
length of the axial section

volumetric or tip diameter of the pins (cfr. 3.2)
inner radius of the pins

number of the sectors for which no convergence for the
wall temperature has been reached

total heat generated by the pins in this section
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7.50 Subroutine TESTB

TESTB performs the convergence test on the bulk temperatures.
It is called from the subroutine TEMC@N and has the following

argument:

INDICE : =0 convergence has been reached for all subchannels

>0 no converdgence for N=INDICE subchannels.

7.51 Subroutine TESTNU

TESTNU is called by the subroutine TEMC@N in order to average the
heat transfer coefficients between two successive iterations in
case of convergence problems. Such problems arise due to the spacer
effect on the Nu number at low Reynolds numbers: at Re g 5000 the
factor Y=Nu/NuO {cfr. 7.42) has a maximum and a small variation of
the Re number (i.e. of the mass flow rate of the channel) generates

agreat variation of the.Y factor generating convergence problems.

Argument of the subroutine 1s the switch

IND = O the heat transfer coefficients are stored in a work area.
IND=0 is the input for TESTNU at each iteration.

IND = 1 only in case of convergence problems: the heat transfer

coefficients are averaged.

7.52 Subroutine TESTW

Performs the test of convergence on the wall temperatures of the pin
and shroud sectors, It is called by TEMC@N and the argument, INDW,
indicates the number of sector for which no convergence has been

reached; also INDW=C when the convergence is reached.
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7.53 Subroutine TEST1

Performs the test of c¢onvergence on the temberatures within the
heated core (fuel). It is called by the subroutine B@TH and has

following arguments:

NCA : number of sectors in the pin
X : new value for the temperatures
XF old value for the temperatures (in output, also new value)

KK convergence index: number of sectors for which no convergence

has been reached; also KK = O when the convergence is attained.

7.54 Subroutine TNEW

Because the wall temperatures within the conduction model are stored
in the vector X (NSECT) while in the flow model they are stored in
the array TW(NS,M), TNEW copies the contents of X into TW.

It is called from subroutines LEIST and B@TH and has the following

arguments:

NCA : number of sectors in the pin

X : computed results for the wall temperatures of the sectors
J : pin index

NSE : Size of the array X in the calling subroutine.

7.55 Subroutine TNEWS

i e ————————— . —

Is analogous to the subroutine TNEW for the LINER temperatures.
It is called by C@NSHR and has the following argument:

X : vector containing the computed wall temperature for the shroud.

Organizes the calculation of the conduction model (see flow chart
in fig. 2.14). It is called by subroutine TEMC@N and has the following

arguments:
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VDIAM : volumetric diameter of the pin
RINT : inner radius of the clad

PIG  : 3.141593

H : length of the axial sectic

Computes the total number of sectors of pin and liner. It is called
by the MAIN program and has the argument NSEL (type of symmetry
section, cfr. 7.33).

TTPT f£ills the array containing the bulk temperatures, TB@LD (NS,M)
and the wall temperatures for the pins, TD(NS,M), and for the shroud
TLD (NS,M), relative to the precedént iteration, to allow the

further convergence test. It is called by the MAIN program and by
the subroutine TEMC@N and has the following argument:

INDEX : = 1 the array TB@LD is filled
# 1 the array TD and TLD are filled.

7.59 Subroutine VFCAL

Organizes the calculation of the view factors for pin and shroud
sectors. It is called by the MAIN program and has no arguments.

7.60 Subroutine VFCTR

Controls the view factors computed by VFCAL and the'correspondence
arrays (determined by VFDET). It is called by the main program and
has no arguments.
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7.61 Subroutine VFDET

Organize the determination of the correspondence arrays for the
radiation calculations.
It is called by the MAIN program and has following arguments:

NSEL : index for the symmetry section {(cfr. 7.38)
NR@DS: total number of rods.

7.62 Subroutine VFDE1

v ——— T . —— T —

Determines the correspondence arrays:

NAFF (L} : number of sectors exchanging through radiation with
sector

KAFF (L,K) : index L1 of the KTH sector exchanging with sector L;
1 < K < NAFF (L)

VFAC(L,X) : view factor fL,L1' being L1=KAFF (L.,X)

in case of whole bundle flow section. It is called by VFDET and has

no arguments.

7.63 Subroutine VFD3

Analogous to VFED1 used in case of 1/3 of the whole 12-rod bundle
{cfr. 5.1).
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8. New C@MMOUN Blocks

The new C@MM@NS blocks inserted in the program are listed in
Tab. 8.1. For each of it the explanation of the arguments and the

subroutine where the arguments are defined are given.
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C@MM@N Argument (s) Explanation Defined
BL@CK : in
SCo1cC NCAN(19), NCAN (J) : number of channels DELIP or
LIPS (192,10) adjacent to the pin BL@CK DATA
J
. TH
LIPS (J,X): index of the K
channel adjacent to
the pin J
sCo2C QJ(19,42) QJ(J,NS): cfr. 7.37 Qcg@c
SCO3C NR@DS total number of rods MAIN
=
SCO4C RINT, RINT = inner radius of the clad| BLgCK DATA
RFUEL RFUEL = radius of the heated
core (fuel)
SCO5C JZUR(19,42) JZUR(J,NS) : index M of the sub-
channel in channel NS adjacent
to the pin J
SCO6C D3(3) coefficient for the thermal BL@CK DATA
conductivity of the cladding
material K(T)=D3{(1)+D3(2)T+
D3(3) T2
SCO7C H1 length of the axial section MAIN
SCO8D TLD(18,2) Work area for the.shroud wall TT@T
temperature
S5C09C I8 Option for the superposition BL@CK DATA
principle between wall pins :
and shroud (cfr. 3.2)
SC10C ANU (42,3) ANU (NS,M) : Nu number for the TELIN
sector adjacent to subchannel TEMLAM
M of channel NS RTRI
RTSI
sc11c FALFA (42,3) Modified heat transfer coeffi- | ALFAC
cient for the pin by NS,M
sc12¢C GE@(42,3) geometrical factor (cfr. 7.33) MEZZT
SC13cC GE@1(42,3) geometrical factor (cfr. 7.33) MEZZI
sc14cC TB@LD (42, 3) work area for the bulk tempera-| TT@T
tures MAIN

Tab. 8.1: New C@MM@N blocks
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C@MMON Argument (s) Explanation Defined
BL@CK | in
S5C15C ALFA(42,3) Heat transfer coefficient for RTRI
the pin sector by NS,M RTSI
TEMLAM
TELIN
SC16C SNU(18,2) Nu number for the shroud sector TELIN
by NW (=NS-NSTR) ,M TEMLAM
sc17¢C SALFA(18,2) Heat transfer coefficient for the |TELIN
shroud sector by NW(=NS-NSTR) ,M TEMLAM
SC18C RES,RIS ,ANGW, RES: outer radius for the shroud|BL@CK
ANGA equivalent ring {cm) DATA
RIS: inner radius for the shroud
equivalent ring (cm) .
ANGW: angle subtended by a wall
shroud sector (R)
ANGA: angle subtended by a corner
shroud sector (R) (cfr. 3.2)
sC19C ICGN Option for the heat conduction BL@CK
model DATA
sczoc CGAP Heat transfer coefficient at the |KGAP
gap between clad and fuel
(cal sec”! ecm~! c—1) '
sc21c SHQC(18,2) cfr. 7.39 QDEFIS
sc22cC NT@T Total number of shroud sectors BL@CK
DATA
5C23C ICS Option for the conduction in the |BL@CK
shroud (cfr. 3.2) DATA
SC25C TBR (42, 3) Dummy gas temperatures (cfr.7.48) |TBRTBS
TBS (18,2)

Tab. 8.1: Cont.
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COMMEN Argument (s) Explanation Defined in
BL@GCK
SC30C ANO (42,3}, work areas for the Nu numbers TESTNU
SNO(18,2)
5C32C GHPIU (42,3) Parameter G (hi) | rTRI
i _
SC33C TWINF (42, 3) Wall temperature at the infinite MAIN
conductivity of the cladding
8C34cC IsUC Option for the superposition prin-{ BL@CK
. ciple in the central channels DATA
(cfr. 3.2) '
sCc99C TD (42,3) Work area for the wall tempera- TT@T
tures
SCO1L STLEN Distance between the bundle inlet | MAIN
and the point where the calcula-~
tion is started
SCO2L JLAM Option for laminar calculations BL@CK
(cfr. 3+.2) DATA
SCO3L IPHUD Option to compute the shroud heat | BLECK
losses with the EIR Method DATA
(cfr. 3.2) '
SCO4L TAMB, TAMB: room temperature during BL@CK
HUDFAC, the experiment DATA
TMS HUDFAC: heat transfer coefficient
at the outer shroud sur-
face
TMS: average outer shroud sur-
face temperature
SCO5L PERLT wetted perimeter for the whole MAIN
’ bundle cross section.
SCO6L SHQ(18,2) Heat generation in the shroud LINP@W
SCO7L WSPQ,XM,NSPACf WSP@: spacers width MAIN
.| XM : distance between the middle
of the axial section and
the bundle inlet
NSPACT: total number of spacers
SCO8L AGRI (42,3,7) AGRI (NS,M,KS): blockage factor for] MAIN
subchannel M of channel NS at the
KSTH spacer
Tab. 8.1: Cont.
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CPMMPN
BL@CK

Argument (s)

Explanation

-

Defined in

SCO9L

SDIS (7)

SDIS (KS): distance between
the ksT spacer and the bundle
inlet

MAIN

SC10L

RES,PRS,EPSS,
DET@LA

RES: Re number for the whole
bundle
PRS: Pr number for the whole
bundle
EPSS: blockage factor of the
spacer for the whole
cross section
DET@LA: hydraulic diameter of
the whole bundle cross
section

MAIN

sSCO1Pp

5(19)

Factor taking into account
systematic non-uniform heating
of the rods: by NDVQ=1 it will
be QPIN(J)=QPIN(1)%S(J) (cfr.
p9.32 in /1/). For uniform
heating, or NDVQ#1, put S(J)=
1.0 ‘

BLCK DATA

5CO2P

IPSUB

cfr. Tab. 3.1

BL@CK DATA

SCO1R

NSECT ,NSECP

SECT: total number of sectors
NSECP: total number of pin
sectors

T@TSEC

SCO2R

P’D,ZfZWC’H'
LENGTH

piteh of the rods

volumetric diameter of

the rods

Distance between the cen-

ter of the wall pin and

the shroud

ZWC = height of the blockage
triangles

H = length of the axial sec-

tion
LENGTH = length of the axial
portion

v
nn

=2
]

MAIN

SCO3R

F1,F2,F3,
-aoo,FI,-.o

View factor of type f;

VFCAL

SCO4R

VFAC{132,13)

VFAC(L,K): view factor fL L1,
being L1=KAFF (L,K) '

VFDE1
VFD3

SCO5R

IRAD

Option for the radiation cal-
culation (cfr. 3.2)

BL@CK DATA

Tab. 8.1:

cont.
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C@MM@N Argument (s) Explanation Defined in
BL@CK
SCO6R Isu({42,3) cfr. 7.47 TARRAY
SCO7R EPSR,EPSS ESPR: constaht value for the BELOCK DATA
SIGMA pin emissivity (cfr. 5.2)
EPSS: constant value for the
shroud emissivity (cfr.
5.2)
SIGMA:Stefan-Boltzmann constant
(cfr. Tab. 3.1)
SCO8R QPR (42,3) Heat transferred through radia- QDEFTI
tion by the pin sectors (cfr.
7.38)
SCO9R QSR(18,2) Heat transferred by radiation QDEFI
at the shroud sectors (cfr.7.38)
SC10R QST@T, QST@PT: Total heat generated in MAIN
ORT@T the shroud at the axial
section
ORT@T: total heat generated in
: the pins at the axial
section
SC11R I85(18,2) cfr. 7.47 TARRAY
SC12R IGI (42,3) cfr. 7.47 TARRAY
5C13C NAFF (132,13) cfr., 7.62, 7.63, 3.2 VFDE1,
VFD3, BL@CK
DATA .
SC14R KAFF (132,13) cfr. 7.62, 7.63, 3.2 VFDE1, VFD3,
BL@CK DATA
SC15R IEPS Option for the emissivity model | BLgCK DATA
to be used (cfr. 5.2)
SC16R IC@MP Option for the view factors BL@CK DATA
normalization method to be :
used (cfr. Tab., 3.1)
SCo1z YH(42,3) YH(NS,M) = ratio Eg—‘ for the RTRI, RTSI,
sector of pin O corre~ TEMLAM
sponding to the subchannel M
of channel NS
Tab. 8.1: Cont.
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CGMMQN Argument (s) Explanation Defined in
BL@CK :
CEVO1 LAM@P1 cfr. Tab. 3.1 BL@CK DATA
CEVO?2 RTIP4 cfr. Tab. 3.1 'BL@YCK DATA
CEVO3 LAM@P2 cfr. Tab. 3.1 BL@CK DATA
CEVO4 LAMGP3 cfr. Tab. 3.1 BL@CK DATA
Tab. 8.1: Cont.




1)

2)

3)

4)

5)

6)

7)

8)
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Recommendations to the user

If IC@N=0 no radiation calculation is allowed (also put IRAD=0)

In case of laminar flow, if you wish to use the superposition prin-
ciple (also IS=1) and the shroud is unheated, a dummy power for
the shroud (QLINMT, pg.33, and 31 in /1/) must be defined. The
recommended value is

QLINMT = 0.0007 W/cm

In case of laminar calculation, to avoid convergence problems
by the spacers, it is recommended to "smooth" the blockage ratio

of the spacers in the corner channels and the adjacents part of

wall channels.

In case of laminar calculation, it is recommended to put
JLAM = 1

The option IPHUD is concerned with a very particular problem.
Put IPHUD = 0.0

By the radiation caleculation it is recommended to put IC@GMP=0,

No radiation calculation for symmetry:sections (1/3 of the bundle
etc.), with the exception of 1/3 of the 12-rod bundle, is allowed.

’
Always IPHUD = O.
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Text of the Code
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S. CEVOLANI A. MARTELLI
Sl helinkeiceiain

SAGAPO-A

0000010
0000020
0000030
0000040
0000050

m==========c=========0000060

0000070
0000080

A COMPUTER CODE FOR THE THERMO-FLUIDDYNAMIC ANALYSIS OF GAS COOLED0000090
BUNDLES OF PARTLY SMOOTH AND PARTLY ROUGHENED RODS IN STEADY STATE0000100

CONDITIONS

0000110

e o i e s e e et st e e e et ettt et e
=

0000120
0000130
0000140

THE CODE HAS BEEN WRITTEN IN FORTRAN IV FOR THE COHPUTER IBM 3033 6000150

OF THE KARLSRUHE NUCLEAR CENTER.

DESCRIPTION OF THE PHYSICAL MODEL: KFK 2436-EUR 5508D
KFK 3148-EUR 7051D
USER'S GUIDE: KFK 2483-EUR 5310E
KFK 3185-EUR 7054e

MAIN PROGRAM

0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250

THE MAIN PROGRAM READS MOST OF THE INPUT DATA, PRINTS AND PUNCHS 0000260

MOST OF THE COMPUTED RESULTS,PERFORMS SOME SIMPLE CALCULATIONS
AND ORGANIZES ALL THE CALCULATIONS OF SAGAPO

REAL, LENGTH,LAMBDM,MFLOW,MA,MSCH ,MI,M0,MEC,LAM ,MEA1,LAM1,MM2

2 NDE1,NDE2 ,KAPPA

CoOIThOpbWwho- e wh =

BWMN -

REAL*8 COOLA(4) /'HELIUM °','C02 *, '"NYTROGEN',' v/
REAL*8 TITLE(4,7)/'INITIAL ','UNHEATED',' SMOOTH ','PART',
'FIRST HE','ATED SMO','OTH PART',' ','FIRST UN',
"HEATED R','OUGH PAR','T','ROUGH PA','RT (HEAT',
'ED OR UN','HEATED)','LAST UN','HEATED R','OUGH PAR','T',
'SECOND H','EATED SM','OOTH PAR','T','LAST UNH','EATED SM'
'Q0TH PAR','T'/
DIMENSION PGDPT(4),EPSIT(4),CSPT(4),DPBAR(100),PBAR(100),
T(100) ,RHOBT(100) ,ETABT(100),UBT(100) ,RERT(100),P(100),
GRI( 42,3,7),GRIP( 42,3,7),XDE1(7),XDE2(7),
QPIN( 19),XLAM1(7),NSPAC(7),PLEN(7),VDIAM(7),FAREL(7)},
CIPA(7),ZIPA(7),TWTIPA(7),TBTIPA(?),TBPIPA(7),WSP(7),
PLENO(7) ,RHIPA(3) ,ACW(46) ,DECW(46) ,MEC(46),
AA1(30) ,DEA1(30) ,MEA1(30) ,RMISTW(7),RINT(7),
HPLUS1( 42,3) HPLUSZ( 42 3) TWA( 42,3) QPLUSA( 42,3),
PRBA ( 42 3) XSTART(7) XEND(?) AMASST( 42,3)
,AMASSB( 42 3) TEMPBA( 42,3), YDHA( 42,3), TEHTTA( 42,3)
DIMENSION INDSP(IOO),NEXPR(? ),PEx(lo),XEXPR(IO),NEXTW(7 ),
XEXTW(3) ,TWTH( 42,3,3),TWP( 42,3),DELTIO( 18,2,90),
GRI1( 18,2,7),6RI2( 18,2,7),YODHA( 42,3),
X2DPRQ(7) ,NDPRQ(7),QDCOI (7),QLDCOI (7),QDCO(7,7),
QLDCO(7,7),XPRQ(3),BIOT( 42,3),QSECT(3) :

CCCCCCCCCCCCCCCCCCeeteCleCtCltlCCCCeCCCCCCCCCCeeeeet 28.02.1981

c

c

4

QLDCO(7,7) ,XPRQ(3) ,BIOT( 42,3),TWINF( 42,3),QSECT(3)
DIMENSION TWWP( 42,3,2),TWWH( 42,3,2,10)

COMMON /SC33C/ TWINF( 42,3)
COMMON /GASD4/ IGAS
COMMON /CEVO4/ LAMOP3

0000270
0000280
0000290
0000300

,MSCH1 , LAMSCH , MSCHB , MSCHB1 , LAMBDA (100) ,MAV, MAWC ,MSCWC1 , LAMWC , 0000310

0000320
0000330
0000340
0000350
0000360
0000370

,0000380

000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
6000550
0000560
0000570
0000580
0000590
0000600
0000610




- COMMON /GRIDWC/ EPSWC( 18,2,2,4),CSPWC( 18,2,2,4)

COMMON /CORRE/
COMMON /QPAR1/
COMMON /QPAR2/
COMMON /QPAR3/
COMMON /CORR/

COMMON. /IDISPB/

COMMON /CORR1/
COMMON /CORR2/
COMMON /GEN1/
COMMON /GEN2/
COMMON /GEN3/
COMMON /GEN4/
COMMON /GEN5/
COMMON /GEN6/
COMMON /HMEA1/
COMMON /HEAS/
COMHON /GRID/
COMMON /GASD1/
COMMON /GRIDO/
COMMON /GRID1/
COMMON /GRID3/
COMMON /GRID6/
COMMON /GRID7/
COMMON /GRIDS/
COMMON /IND3/
COMMON /GEO2/
COMMON /GEOO/
COMMON /GAGR/
COMMON /GEO5/
COMMON /MB3/
COMMON /MOB1/
COMMON /MOB4/
COMMON /MOB2/
COMMON /MOB5/
COMMON /MOB6/
COMMON /MOBS/
COMMON /MOB24/
COMMON /HEA6/
COMMON /SUB1/
COMMON /SUB2/
COMMON /SUB6/
COMMON /SUBS/
COMMON /SUBB/
COMMON /SUB20/
COMMON /8UB22/
COMMON /SUB23/

COMMON /COLAM1/

COMMON /1J1/
COMMON /MART/
COMMON /DAT/

COMMON /COLAM2/

COMMON /SUB21/
COMMON /PRSPA/
COMMON /DAT1/
COMMON /DAT2/
COMMON /DAT4/
COMMON /DAT6/
COMMON /DAT?7/
COMMON /WACO1/
COMMON /WCSE2/
COMMON /WCSE3/
COMMON /WCSES/
COMMON /WCSE6/
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QHRDAR, QRMDAR , QLAMR

QDEV

QLINM,QLDEV

PERL(3)

SIGMA( 42),PHI( 42),SBMNS
1DISP2

SIGMAI( 42,3),PHII( 42,3)
CHI( 18,2,2),PSI{ 18,2,2)
TAM ( 42)

A (42)

MI ( 42)

TEMP( 42)

DE ( 42)

MO (-42)

Q (19}

QQ ( 42,3)

CSPC{ 42,4)

NSTOT

CSPSC( 42,3,4)

EPSISC( 42,3,5),DIST(7 )
X(100)

EPSIC ( 42,4)

PGDEC ( 42,4)

PGDPSC( 42,3,4)

NTYP( 42)

ATOT ,DETOT ,ASEC

ACH(3)

DpPSI

ATC,DETC,ATW,DETW,ATA ,DETA, AAC , AAW, AAA

TEMP2( 42)

MM2( 42)

WCF( 42)

vAv( 42)

TAV( 42)

MAV( 42)

DPNS( 42)

WT( 42,3)

NPIN( 42),JPIN( 42,3)
ASCH( 42,3)

TSCH( 42,3),MSCH( 42,3)
TSCH1( 42,3)

LAMSCH( 42,3)

MSCH1{ 42,3)

PROVI( 18,2)

TW( 42,3)

HPLUSB( 42,3),HPLUSW( 42,3),QPLUS( 42,3),

PRB( 42,3),YODH( 42,3)
COLAMB

NER( 42),NIS( 42,3)
ITCORR |

PIG

COLAMA

TTSCHA( 18,2),TTSCHB( 18,2)

DISTOO

00,01,02,03,04,05,016,017,018,019
06,07,08,09,0610,011,012,013,014,015

NDEST ,NDEEND
IRHPL
CNUSS(2)

XMSCHB( 18,2),XMSCHA( 18,2)

MSCWC1( 18,2,2)
LAMWC( 18,2,2)
TSCWC1( 18,2,2) -
AScwC1{ 18,2,2)

0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690
6000700
0000710
0000720
0000730
0000740
0000750
0000760
0000770
0000780
0000790
0000800
0000810
0000820
0000830
0000840
0000850
0000860
0000870
0000880
0000890
0000900
0000910
0000920
0000930
0000940
0000950
0000960
0000970
0000980
0000990
0001000
0001010
0001020
0001030
0001040
0001050
0001060
0001070
0001080
0001090
0001100
0001110
0001120
0001130
0001140
0001150
0001160
0001170
0001180
0001190
0001200
0001210
0001220
0001230
0001240
0001250
0001260



]

OO0

4121

COMMON /WCSE7/
COMMON /WCSES8/
COMMON /WCSE9/
COMMON /WCSE1/
COMMON /WCSE12/
COMMON /GRAV/

COMMON /PARTB/
COMMON /INITL/
COMMON /WSSCH/

— 80 —

MAWC( 18,2,2)

ASCHWC( 18,2,2)

TAVWC( 18,2,2)

DEWC( 18,2,2),PPWWCC{ 18,2,2)

TWWC( 18,2,2)

IGRAV

TEMPB( 42,3),XMASSB( 42,3),YDH( 42,3)
XMHE

T1sSC1( 18,2),T2S8SC1( 18,2),

> T1SsC2( 18,2),T288C2{ 18,2)
COMMON /WSSCHO/ TBSSC1( 42,3),TWSSC1{ 42,3),
> TBSSC2( 42,3),TWSSC2( 42,3)

COMMON /WSSCH1/ DELTIE( 18,2,90),DTIEAV( 18,2)

COMMON /WSSCH2/
COMMON /IROSMO/
COMMON /SUBLA/
COMMON /SHROUD/
COMMON /QSHR/

COMMON /LAMIN3/
COMMON /LAMIN4/
COMMON /LAMIN5/
COMMON /LAMINO/
COMMON /HARTS/
COMMON /GAAGT/
COMMON /INPAR/
COMMON . /LIRGR/
COMMON /SCO1L/
COMMON /SC02¢/
COMMON /Sco03c/
COMMON /Sc07C/
COMMON /SC13C/
COMMON /5C15C/
COMMON /SC19C/
COMMON /S8Ca2c/
COMMON /CEVO02/
COMMON /CEV03/
COMMON /SC99C/
COMMON /SC03L/
COMMON /SCO04L/
COMMON /8COSL/
COMMON /SCO2R/
COMMON /SG1OR/
COMMON /SCoOsL/

COMMON /SCO7L/

COMMON /SCO8L/
COMMON /SCO9L/
COMMON /SC10L/
COMMON /SCOSR/

COMMON /SCO1P/
COMMON /Scozp/

TIO( 18,2,90)

IRH

CLASUB

TLINER( 18,2)

QALIN

FIATIP( 42),FIDTIP( 42)
F2ATIP( 42,3) ,F2DTIP( 42,3)
RTIP(7)

12TIP( 42,3)

NSTR

FCOPWT

1PA

IRGRI( 42,3)

STLEN

QJ( 19, 42)

NRODS

H1

GEO1( 42,3)

ALFA( 42,3)

ICON

GHPIU( 42,3)

RTIP4

LAMOP2

TD( 42,3)

IPHUD

TAMB , HUDFAC, THS
PERLTT
PIT,DIT,ZIT,2WCIT,H, LENGTH
QSTOT,QRTOT

SHQ( 18,2)
WSPO, XM, NSS

AGRI( 42,3,7)
SDIS(7)

RES, PRS ,EPSS,DETOLA
IRAD '
S(C 19)

IPSUB

EXTERNAL RTRI,RTSI

WRITE(6,4721)

FORMAT( ' BEGINN OF SAGAPO, FIRST EXECUTABLE STATEMENT')

TIMEO=0.

1-READ AND WRITE INPUT DATA

TIMEI=ZEIT(TIMEQ)

DIST00=-1.E07
PEXCUT=0,
COLAMB=1,
5Q3=SQRT(3.)
PI6=3.141593

0001270
0001280
0001290
0001300
0001310
0001320
0001330
0001340
0001350
0001360
0001370 .
0001380
0001390
0001400
0001410
0001420
0001430
0001440
0001450
0001460
0001470
0001480
0001490
0001500
0001510
0001520
0001530
0001540
0001550
0001560
0001570
0001580
0001590
0001600
0001610
0001620
0001630
0001640
0001650
0001660
0001670
0001680
0001690
0001700
0001710
0001720
0001730
0001740
0001750
0001760
0001770
0001780
0001790
0001800
0001810
0001820
0001830
0001840
0001850
0001860
0001870
0001880
0001890
0001900
0001910
0001920




1
2
357

3799
3800

4001
3716

6529

6

FORMAT(8110) 0001930
FORMAT (8F10.5) 0001940
FORMAT (2044) 0001950
READ(5,357) ADUMMY 0001960
READ(5 , 1)NEXCON, NRODS , NSPACT ,NSPAC 0001970
CALL HEATBA(~1,PBT,INDQ,TE,MFLOW) 0001980
NSS=NSPACT 0001990
READ(5,2)C,Z,ZWC,RH,PLEN , VDIAM 0002000
READ (5, 2) AREFB, RMISTW , RINT , RTIP 0002010
READ(5,1)NDVQ, NSEL, NSC30C , NSC30W, NSC304 0002020
READ(5,2)PE ,PE1, TR , TE1,MFLOW, XLAM1 0002030
READ(5 ,2) COLAMA 0002040
READ(5,1) IPAST, IPAEND, IREAD1 0002050
READ(5 ,2) STLEN 0002060
READ(5,1) INDPR, INDQ 0002070
READ(5,1) NEXPRT,NEXPR 0002080
READ(5,1) NEXTWT,NEXTW 0002090
READ(5,1)ITCM, ITC1,ITC2 ,MSUBDH 0002100
RRAD(5 ,2)XDE1,XDE2 0002110
READ(5,2)FT,PCORR, CTU1,CTU2,CTU3 0002120
READ(5 , 2 ) TWPRCF , TCPRCF 0002130
READ(S5 , 2)CINL, COUT 0002140
READ(5 , 2)FAREL 0002150
READ(5,2)TWITPA, TBTIPA, TBPIPA 0002160
TF (NEXPRT . GT. 0)READ(5 , 2) (XEXPR(I) , PEX(I) , I=1 ,NEXPRT) , PEXOUT 0002170
IF (NEXTWT . GT. 0 )READ(5 , 2) (XEXTW(1) , I=1 ,NEXTWT) 0002180
IF (NDVQ.EQ. 1)60TO 3 0002190
READ(5,2) (QPIN(I),I=1,NRODS) 0002200
GOTO 5 0002210
READ(5,2)Q1 0002220
DO & I=1,NRODS 0002230
0002240

QPIN(I)=Q1*3(I) 0002250
0002260

CONTINUE 0002270
READ(5 , 2)QLINMT 0002280
IF (INDQ.EQ.1)GOTO 3800 0002290
DO 3799 I=1,NRODS 0002300
QPIN(I)=QPIN(I)/4.186 0002310
QLINMT=QLINMT/4.186 0002320
CONTINUE 0002330
READ(5 , 1)NDPRQT ,NDPRQ 0002340
IF (NDPRQT.EQ. 0)GOTO 3716 0002350
READ(5,2) (X2DPRQ(I) ,I=1,NDFRQT) 0002360
READ(5 , 1)NQDCO 0002370
READ(5,4001) ((QDCO(I,J),J=1,NQDCO) ,I=1,NDPRQT) 0002380
READ(5,4001) ((QLDCO(I,J), J=1,NQDCO) ,I=1,NDPRQT) 0002390
FORMAT (6E12.5) 0002400
CONTINUE 0002410
HEALEN=PLEN{2)+PLEN (4)+PLEN(6) 0002420
TOTLEN=PLEN(1)+PLEN(3)+PLEN(5)+PLEN(7)+HEALEN 0002430
IF (ABS(PE/PE1-1,).G6T.1.E~05)CINL=0. 0002440
PEO=PE1 0002450
IF (INDPR.EQ. 1)GOTO 6529 0002460
PE=PE/0.980665 0002470
PEO=PE1/0.980665 0002480
CONTINUE 0002490
PEBAR=PE*0. 980665 0002500
PEOBAR=PE0*(0 . 980665 0002510
WRITE(6 , 6 )NRODS , PEO,, PEOBAR, TE1, MFLOW, COOLA(IGAS) C,Z,2WC,TOTLEN, 0002520
> HEALEN 0002530
FORMAT(1H1,5X,14,' RODS BUNDIE :'//5X,'INLET PRESSURE=',6F10.7,' KG0002540
>/SQCM  ='.F10.7,' BARS' 0002550
1 /5X, " INLET TEMPERATURE=',F10.2,' C'/5X,'TOTAL MASS FLOW RATE0002560
2=',F12.6,' G/SEC'/5X,'COOLANT : ',A8, 0002570



2 ///5X, GEOMETRY AT 20 DEGREES : [/ 0002580

3 5X,'ROD PITCH=',F10.6,' CM'/ 0002590
45X, 'DISTANCE CENTER OF ROD - EXAGONAL WALL=',F10.6,' CM'/5X, 0002600
5'ZWc=',F10.7,' CM'//5X, 0002610

6 'TOTAL LENGTH=',F10.3,' CM'/S5X,'HEATED LENGTH=',F10.3,' CM'/5X, 0002620
7'LENGTH AND VOL. DIAMETERS FOR THE EXISTING PARTS :') 0002630

DO 972 IPA=1,7 0002640

IF (PLEN(IPA).LE.1.E-06)GOTO 972 0002650
WRITE(6,971)IPA,PLEN(IPA),IPA,VDIAM(IPA) 0002660

971 FORMAT(5X,'LENGTH(',I1,')=',F10.6,' CM',5X,'VOL. DIAM.(',I1,')=', 0002670
1 F10.6,' CHM') 0002680
972 CONTINUE 0002630
IF(PLEN(4).GT.1.E=~06) 0002700
*WRITE (6,980)RH, 0002710

1 016,017,04,05,00,01,02,03, 06,07,08,09 0002720
2,010,011,013,014,015 0002730
980 FORMAT(///////5X,'HEIGHT OF ROUGHNESS (RH) =',FB8.5,' CM'/5X, 0002740

1'G(H+) * ((R2-R1)/RH*',F6.3,')%*! F6.3,' / (PR*** F6.3,"*((TW+273,0002750
215)/(TB+273.15) )%*' .F6.3,')="/5X, =" ,F6.3, "*(HW+)**' ;F6.3,'+' ,F9.30002760
3,'/(HW+)**' | F6.3///5X, 0002770
5 'R(H+)=(', F6.3,'+", F7.1,'/(HWw)**' | F6.3,' )", F6.3,'+',F6.3, 0002780
6'*LN(RH/ (' ,F6.3, "*(RO-R1))' /12X, '+' ,F6.3, '/ (HW+)**" F6.3, % ((TW+270002790

73.16) /(TB14273.16)~1)**' F6.3//) 0002800
WRITE (6,3727)QLINMT, (I,QPIN(I),I=1,NRODS) 0002810

3727 FORMAT(//5X,'MAXIMUM POWER FROM THE LINER:'//5X,'Q MAX=',E15.5, 0002820
1 ' CAL/SEC*CM' 0002830

2 ///5X%, 'MAXIMUM POWER OF RODS:'//(5X,'Q MAX(',I4,')=',E15.5,0002840

3 ' CAL/SEC*CM')) 0002850

IF (NDPRQT.EQ. 0)GOTO 3730 0002860
WRITE(6,3731) 0002870

3731 FORMAT(//5X,"COEFFICIENTS FOR THE POLYNOMIAL PROFILES OF THE ROD P0002880
10WER ( O TAKEN AT THE BEGINNING OF THE ACTUAL PART ):'/) 0002890

DO 3729 I=1,NDPRQT 0002900

3729 WRITE(6,3728)X2DPRQ(I), (QDCO(I,J), J—l,NQDCO) 0002910
3728 FORMAT(/5X,'AS FAR AS X =',F10.6,' CM :'/(5X,8E15.5)) 0002920
‘ WRITE(6,3733) 0002930
3733 FORMAT(//5X,'COEFFICIENTS FOR THE POLYNOMIAL PROFILE OF THE LINER 0002940
1POWER ( O TAKEN AT THE BEGINNING OF THE ACTUAL PART ):'/) 0002950

DO 3732 I=1,NDPRQT 0002960

3732 WRITE(6,3728)X2DPRQ(1), (QLDCO(I,J),J=1,NQDCO) 0002970
3730 CONTINUE 0002980
o P 0002990
c 0003000
€  2-INDEXING AND CONNECTIONS FOR THE CHANNELS 0003010
c | 0003020
CALL INDEX(NSEL,NEXCON,NSTR,NSTOT,NROM1) 0003030
NSPER=NSTOT-NSTR 0003040
2P 0003050
c 0003060
C  3-READ AND WRITE INPUT DATA 0003070
c , 0003080
IF(NSPACT.EQ.0)GOTO 7 0003090
READ(5,2)WSPO, (DIST(I),I=1,NSPACT) 0003100
WRITE(6,970)WSPO, (I,DIST(I),I=1,NSPACT) 0003110

970 FORMAT(//5X,'SPACERS (AT 20 DEGREES):'//5X,'WIDTH=',F10.6,' CM'// 0003120
1(5X,'DIST(',I2,")=',F10.3,' CM')) 0003130
WRITE (6,83) 0003140

DO 11 I=1,NSPACT 0003150
READ(5,981) ((GRI(NS,J,I ),J=1,3),NS=1,NSTOT) 0003160

c READ(5,981) ((GRIP(NS,J,I ),J=1,3),NS=1,NSTOT) 0003170
c READ(5,981) ((GRI1(X,J,I ),J=1,2),K=1,NSPER) 0003180
c READ(5,981) ((GRI2(X,J,I ),J=1,2),K=1,NSPER) 0003190
11 CONTINUE , 0003200
CCCCCCCCCCCCEECCCCCCCCCCCCCCCCeCs 0003210
DO 1119 I=1,NSPACT 0003220

SDIS(1)=DIST(I) 0003230



DO 1115 NS=1,NSTOT 0003240

DO 1113 J=1,3 0003250

GRIP(NS,J,1)=1. 0003260

AGRI(NS,J,I)=GR (NS J, 1) 0003270

1113 CONTINUE 0003280
1115 CONTINUE : 0003290
DO 1118 NS=1,NSPER 0003300

DO 1116 J=1,2 0003310
GRI1(NS,J,I)=1. 0003320
GRI2(NS,J,I)=1. 0003330 -

1116 CONTINUE | 0003340
1118 CONTINUE 0003350
1119  CONTINUE 0003360
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeee 0003370
. READ(5,982) ((IRGRI{NS,J),J=1,3) ,NS=1,NSTOT) 0003380
981 FORMAT(6F10.5) 0003390
982 FORMAT(6110) 0003400
7 CONTINUE 0003410
READ(5,2) TIMEPU 0003420
READ(5, 1) IPUNCH 0003430

C el et e e e e 0003440
c 0003450
C  4-CORRECTION OF THE INPUT DIMENSIONS TO TAKE INTO ACCOUNT THE 0003460
c THERMAL EXPANSION OF THE BUNDLE STRUCTURE 0003470
c 0003480
SPLENO=0. 0003490
NEXPRP=0 0003500
NEXTWP=0 0003510
NSPACP=0 0003520
NDPRQP=0 ' 0003530

DO 882 IPA=1,7 0003540
EXFTBP=1,+EXPCL(TBPIPA(IPA) )* (TBPIPA(IPA)-20.) 0003550
EXFTWT =1.+EXPCO(TWTIPA(IPA))*(TWTIPA(IPA)~20.) 0003560

IF (NEXPR(IPA) .EQ.0)GOTO 1010 0003570
TEXPR1=NEXPRP+1 0003580
TEXPR2=NEXPRP+NEXPR (IPA) 0003590
NEXPRP=IEXPR2 0003600

DO 1009 IEXPR=IEXPR1,IEXPR2 0003610

1009 XEXPR(IEXPR)={XEXPR(IEXPR)-SPLENO)*EXFTEP 0003620
1010 CONTINUE 0003630
IF (NEXTW(IPA) .EQ.0)GOTO 1012 : 0003640
IEXTW1=NEXTWP+1 0003650
TEXTW2=NEXTWP+NEXTW(IPA) 0003660
NEXTWP=1EXTW2 . 0003670

DO 1011 IEXTW=IEXTW1,IEXTW2 : 0003680

1011 XEXTW(IEXTW)=(XEXTW(IEXTW)-SPLENO)*EXFTWT 0003690
1012 CONTINUE 0003700
IF (NDPRQ(IPA) .EQ.0)GOTO 1015 0003710
IDPRQ1=NDPRQP+1 _ 0003720
IDPRQ2=NDPRQP+NDPRQ(IPA) = 0003730
NDPRQP=IDPRQ2 0003740

DO 1014 IDPRQ=IDPRQ1,IDPRQ2 0003750
CALL MODFQD(IDPRQ,NDPRQT,NQDCO,QDCO ,EXFTWT) 0003760
CALL MODFQD(IDPRQ,NDPRQT,NQDCO,QLDCO ,EXFTWT) 0003770

1014 X2DPRQ(IDPRQ)=(X2DPRQ(IDPRQ)~SPLENO)*EXFTWT 0003780
1015 CONTINUE 0003790
IF (NSPAC (TPA) .EQ.0)GOTO 882 0003800
ISPAC1=1+NSPACP 0003810
ISPAC2=NSPACP+NSPAC(IPA) 0003820
NSPACP=ISPAC2 0003830
WSP(TPA)=WSPO* (1., +EXPCO(TBTIPA(TPA))* (TBTTPA(IPA)-20.)) 0003840

DO 881 ISPAC=ISPAC1,ISPAC2 0003850

881 DIST(ISPAC)=(DIST(ISPAC)-SPLENO)*EXFTBP 0003860
882 SPLENO=SPLENO+PLEN(IPA) 0003870

EXCON=NEXCON 0003880



—84—

DO 983 IPA=1,7 0003890
EXFTBP=1.+EXPCL (TBPIPA(IPA) )* (TBPIPA(IPA)-20. ) : 0003900
'EXFTWT =1.+EXPCO(TWTIPA(IPA))* (TWIIPA(IPA)-20.) 0003910
PLENO (IPA)=PLEN(IPA) : 0003920
PLEN (IPA)=PLEN(IPA)*EXFTBP 0003930
RMISTW(IPA)=RMISTW(IPA)*EXFTWT 0003940
RINT (IPA)=RINT (IPA)*EXFTWT 0003950
RTIP (IPA)=RTIP (IPA)*EXFTWT 0003960
VDIAM(IPA)=VDIAM(IPA)*EXFTWT 0003970
CIPA(IPA)=C*(1.+EXPCO(TBTIPA(IPA))*(TBTIPA(IPA)-20.)) 0003980
ZIPA(IPA)=(Z+EXCON*C*5Q3%0. 5 )¥EXFTBP-EXCON*CIPA(IPA)*5Q3*0.5 0003990

983 CONTINUE . - 0004000
SPLEN=0 : 0004010
NEXPRP=0 0004020
NSPACP=0 - 0004030
NDPRQP=0 0004040

DO 885 IPA=1,7 0004050
IF(NEXPR(IPA).EQ.0)GOTO 1020 0004060
IEXPR1=NEXPRP+1 0004070
IEXPR2=NEXPRP+NEXPR(IPA) 0004080
NEXPRP=IEXPR2 . 0004090

DO 1019 IEXPR=IEXPRI,I1EXPR2 0004100
1019 XEXPR(IEXPR)=XEXPR(IEXPR)+SPLEN 0004110
1020 CONTINUE 0004120
IF (NSPAC(IPA) .EQ.0)GOTO 885 0004130
ISPAC1=1+NSPACP 0004140
ISPAC2=NSPACP+NSPAC(IPA) 0004150

. NSPACP=ISPAC2 0004160

. DO 884 ISPAC=ISPAC1,ISPAC2 0004170
884 DIST(ISPAC)=DIST{(ISPAC)+SPLEN 0004180
885 SPLEN=SPLEN+PLEN(IPA) 0004190
DO § IPA=1,7 0004200
IF(PLEN(8~IPA).LE.1.E-06)GOTO 8 0004210
TPAM=8-IPA 0004220
GOTO 9 : 0004230

8 CONTINUE ‘ 0004240

9 CONTINUE 0004250
PLEN (IPAM)=SPLEN 0004260
IPA1=IPAM-1 0004270

DO 10 IPA=1,IPAl 0004280
PLEN(IPA)=PLENO (IPA)*(1. +EXPCO(TWTIPA(IPA))*(TWTIPA(IPA) 20.)) 0004290
PLEN (IPAM)=PLEN(IPAM)-PLEN(IPA) 0004300

10 CONTINUE . 0004310
DO 886 IPA=3,5 0004320
IF(PLEN(IPA).LE.1.E-06)GOTO 886 0004330
RHIPA(TPA-2)=Ri* (1.+EXPCO(TWTIPA(IPA) )* (TWTIPA(IPA)-20.)) 0004340

886 CONTINUE 0004350
SPLEN=0. . 0004360
NEXTWP=0 0004370

DO 1013 IPA=1,7 0004380
IF(NDPRQ(IPA).EQ.0)GOTO 1017 0004390
IDPRQ1=NDPRQP+1 0004400
IDPRQ2=NDPRQP+NDPRQ(IPA) 0004410
NDPRQP=IDPRQ2 ) 0004420

DO 1016 IDPRQ=IDPRQ1,IDPRQ2 0004430
1016 X2DPRQ(IDPRQ)=X2DPRQ(IDPRQ)+SPLEN 0004440
X2DPRQ(TDPRQ2)=X2DPRQ(IDPRQ2)*1.1 0004450
1017 CONTINUE , 0004460
IF(NEXTW(IPA) .EQ.0)GOTO 1022 0004470
IEXTW1=NEXTWP+1 - 0004480
IEXTW2=NEXTWP+NEXTW(IPA) 0004430
NEXTWP=IEXTW2 _ 0004500

DO 1021 IEXTW=IEXTW1,IEXTW2 0004510
1021 XEXTW(IEXTW)=XEXTW(IEXTW)+SPLEN 0004520

1022 CONTINUE 0004530



1013 SPLEN=SPLEN+PLEN(IPA) 0004540

I+ EeE+EvN ]

UNHLE=PLEN (1)+PLEN(3) 0004550
.......................... PR 1) 11 Y/%: 11

: _ 0004570
5-REARRANGEMENT OF THE GEOMETRIC AXIAL DATA IF THE CALCULATION DOES 0004580
NOT START AT THE BUNDLE INLET 0004590
0004600

ISTAIN=1 | 0004610
SPLEN=0, 0004620
IPAST1=IPAST-1 0004630
NEXPRS=0 0004640
NEXTWS=0 0004650
NSPACS=0 0004660
NDPRQS=0 ' 0004670

IF (IPAST1.EQ.0)GOTO 2222 0004680

DO 6532 IPA=1,I1PAST1 0004690
SPLEN=SPLEN+PLEN{IPA) 0004700
PLEN(IPA)=0. 0004710
NEXPRT=NEXPRT-NEXPR (IPA) 0004720
NEXPRS=NEXPRS+NEXPR (IPA) 0004730
NEXPR (IPA)=0 0004740
NEXTWT=NEXTWT~NEXTW(IPA) 0004750
NEXTWS=NEXTWS+NEXTW(IPA 0004760
NEXTW(IPA)=0 - ' 0004770
NDPRQT=NDPRQT-NDPRQ(IPA) 0004780
NDPRQS=NDPRQS+NDPRQ(IPA) 0004790
NDPRQ(IPA)=0 0004800
NSPACT=NSPACT-NSPAC(IPA) 0004810
NSPACS=NSPACS+NSPAC (IPA) 0004820
NSPAC(IPA)=0 0004830

6532 CONTINUE . 0004840
IF (IPAST.EQ. 4) AREFB=AREFB* (PLEN(4)+SPLEN-STLEN) /PLEN (4) 0004850
2222 CONTINUE 0004860
PLEN (IPAST)=PLEN(IPAST)+SPLEN~STLEN 0004870

IF (ABS (STLEN-SPLEN) .GT. 1.E~04) ISTAIN=2 0004880

IF (NEXPRT.EQ.0)GOTO 6534 0004890
TEXPR1=0 0004900

DO 6533 I=1,NEXPRT 0004910
XEXPR (I )=XEXPR (T+NEXPRS)~STLEN 0004920
IF(XEXPR(1).LE.0.) IEXPR1=IEXPR1+1 0004930
6533 PEX(I)=PEX(I+NEXPRS) : 0004940
NEXPR (IPAST)=NEXPR(IPAST)-IEXPR1 0004950
NEXPRT=NEXPRT-IEXPR1 0004960

IF (NEXPRT.EQ.0)GOTO 6534 0004970

DO 973 I=1,NEXPRT 0004980
XEXPR (I )=XEXPR(I+IEXPR1) 0004990

973 PEX(I)=PEX(I+IEXPR1) 0005000
6534 CONTINUE 0005010
IF (NEXTWT .EQ.0)GOTO 6536 0005020
IEXTW1=0 0005030

DO 6535 I=1,NEXTWT 0005040
XEXTW(1)=XEXTW(I+NEXTWS ) -STLEN 0005050

IF (XEXTW(I) .LE.0. ) IEXTW1=TEXTW1+1 0005060
6535 CONTINUE 0005070
NEXTW(IPAST )=NEXTW(IPAST)-IEXTW1 0005080
NEXTWT=NEXTWT-IEXTW1 0005090

IF (NEXTWT.EQ. 0)GOTO 6536 0005100

DO 974 I=1,NEXTWT 0005110

974 XEXTW(I)=XEXTW(I+IEXTW1) 0005120
6536 CONTINUE 0005130
IF(NDPRQT.EQ.0)GOTO 6539 0005140
IDPRQ1=0 0005150

DO 6540 I=1,NDPRQT 0005160
X2DPRQ(I )=X2DPRQ (I+NDPRQS) ~STLEN 0005170
IF(X2DPRQ(I).LE.O. ) IDPRQ1=IDPRQ1+1 0005180

Do 6540 IQDCO=1,NQDCO 0005190




6540

976
6539

2006

2001

2002
2000
6537

2004

2005
2003

977

QDCO(I, IQDCO)=QDCO (I+NDPRQS, IQDCO) 0005200
QLDCO(I,IQDCO)=QLDCO(1+ NDFRQS,IQDCO) 0005210
CONTINUE 0005220
NDPRQ(IPAST)=NDPRQ(IPAST)-1IDPRQ1 0005230
NDPRQT=NDPRQT-IDPRQ1 0005240
IF( NDPRQT.EQ.0)GOTO 6539 0005250
DO 976 I=1,NDPRQT 0005260
X2DPRQ(I)=X2DPRQ(I+IDPRQ1) 0005270
DO 976 IQDCO=1,NQDCO 0005280
QDCO(T,IQDCO)=QDCO(I+IDPRQL,IQDCO) 0005290
QLDCO(I,IQDCO)=QLDCO(I+IDPRQ1,IQDCO) 0005300
CONTINUE 0005310
CONTINUE 0005320
IF (NSPACS .NE. 0)DIST00=DIST(NSPACS)-STLEN 0005330
NSPAOO=NSPACT+1 0005340
IF{NSPACS.GT.NSPAOO)NSPAOO=NSPACS 0005350
IF (NSPACT.EQ.0 .AND. NSPACS.EQ.0)GOTO 6538 0005360
ISPAC1=0 0005370
DO 6537 I=1,NSPACO 0005380
IF(I.GT.NSPACT)GOTO 2006 0005390
DIST(I)=DIST(I+NSPACS)-STLEN 0005400
IF(DIST(I).LE.0.)ISPAC1=ISPAC1+1 0005410
IF(DIST(I).LE.0Q.)DIST00=DIST(I) 0005420
CONTINUE 0005430
DO 2000 NS=1,NSTOT 0005440
DO 2001 J=1,3 0005450
IF (NSPACS,GT.0)GRIO0O=GRI(NS,J,I) 0005460
IF(X.LE.NSPACT)GRI(NS,J,1)=GRI(NS,J ,I+NSPACS) 0005470
IF(I.LE.NSPACT .AND. 1.GE.NSPACS .AND. NSPACS.GT.O)GRI(NS,J,I+1)= 0005480
=GRIDO 0005490
IF(I.GT.NSPACT .AND. I.GE.NSPACS .AND. NSPACS.GT.0)GRI(NS,J,NSPACT0005500
++1)=GRI00 ' 0005510
IF(I1.LE.NSPACT)GRIP(NS,J,I)=GRIP(NS,J,I+NSPACS) 0005520
CONTINUE 0005530
IF(NS.LE.NSTR .OR. I.GT.NSPACT)GOTO 2000 0005540
NSW=NS-NSTR 0005550
DO 2002 J=1,2 0005560
GRI1(NSW,J,I1)=GRI1(NSW,J,I+NSPACS) 0005570
GRI2(NSW,J,I1)=GRIZ(NSW,J, I+NSPACS) 0005580
CONTINUE 0005590
CONTINUE 0005600
NSPAC (IPAST)=NSPAC (IPAST)-ISPAC] 0005610
NSPACT=NSPACT-ISPAC1 0005620
NSPAOO=NSPACT+1 0005630
IF(ISPAC1.GT.NSPAOO)NSPAOO=ISPAC] 0005640
IF(NSPACT.EQ.0 .AND. ISPAC1.EQ.0)GOTO 6538 0005650
DO 977 I=1,NSPAOO 0005660
DO 2003 NS=1,NSTOT 0005670
DO 2004 J=1,3 0005680
IF(ISPAC1.GT.0)GRIO0=GRI(NS,J,1) 0005690
IF(I.LE.NSPACT)GRI(NS,J,I)=GRI(NS,J,I+ISPAC1) 0005700
IF(I.GE.ISPAC1 .AND. ISPAC1.GT.0 .AND. I.LE.NSPACT)GRI(NS,J,I+1)= 0005710
=GRI00 0005720
IF(I.GE.ISPAC1 .AND. ISPAC1.GT.0 .AND. I.GT.NSPACT)GRI(NS,J, 0005730
*NSPACT+1)=GRI00 0005740
IF(I.GT.NSPACT)GOTO 2004 0005750
GRIP{NS,J,I)=GRIP(NS,J,I+ISPAC1) 0005760
CONTINUE 0005770
IF(NS.LE.NSTR .OR. I,GT.NSPACT)GOTO 2003 0005780
NSW=NS-NSTR 0005790
DO 2005 J=1,2 0005800
GRI1(NSW,J,I)=GRI1(NSW,J,I+ISPAC1) 0005810
GRI2(NSW,J,1)=GRI2(NSW,J, I+ISPAC1) 0005820
CONTINUE , 0005830
IF(1.LE.NSPACT)DIST(I)=DIST(I+ISPAC1) 0005840
CONTINUE 0005850
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6538 CONTINUE 0005860
HEALEN=PLEN(2)+PLEN(4)+PLEN(6) 0005870
UNHLE 1=PLEN(1)+PLEN(3) 0005880
TOTLEN=UNHLE1+HEALEN+ PLEN(5)+PLEN(7) 0005890
HRDAR=RH/AREFB 0005900

CCCCCCCCCCCCCCCCCCCCECEECCCCCCCeeCeeee 0005910
IF(PLEN(4).GT.1.E-06)FCORLA=ALOG(RTIP(4)/(RTIP4~RHIPA(2)))/ 0005920

/ (2.*PIGAPLEN(4)) 0005930
IF(PLEN(4).GT.1.E-06)FCORLA=ALOG{RTIP(4)}/(RTIP(4)-RHIPA(2)))/ 0005940

/ (2.*PIG*PLEN(4)) 0005950

£eeeceeceeeeeeeceeeeceececeeceee 0005960

............................. AU 1 141 .1 r 11
0005980

6-INITIALIZATION OF VARIABLES 0005990
0006000

QLINMT=QLINMT*HEALEN 0006010
DO 3734 I=1,NRODS 0006020

3734 QPIN(I)=QPIN(I)*HEALEN 0006030
ANCE=NSC30C 0006040
ANWA=NSC30W 0006050
ANCO=NSC304 0006060
ALFACE=PIG/(6.%ANCE) 0006070
ALFAWA=PIG/(6.%ANWA) 0006080
ALFACO=PIG/ (ANCO*6.) 0006090
NSC90=3*NSC30W 0006100
NSC45=NSC30C/2+1+NSC30C 0006110
L=1- 0006120
T(1)=TE 0006130
P(1)=PE 0006140
PBAR(1)=PEBAR 0006150
X(1)=0. 0006160
XDEST=NDEST 0006170
XDEEND=NDEEND 0006180
TO=TE 0006190
PO=PE 0006200
INLET=1 0006210
I1SPAC=1 0006220
1I=1 0006230
HH=0. 0006240
IEXPR1=1 0006250
IEXTW1=1 0006260
IEXTWC=1 0006270
IDPRO=1 0006280
SPRLEN=0. 0006290
IRHPL=1 0006300
......................................... et ieranarnsiessnsanass 0006310

0006320

7- LOOP IPA : A SUBDIVISION OF RODS INTO SEVEN POSSIBLE DIFFERENT0006330
PARTS 1S MADE ( BUT ONLY FIVE TOGETHER ARE SUPPOSED TO EXIST : 0006340

1) SMOOTH UNHEATED+SMOOTH HEATED+ROUGH+SMOOTH HEATEDHSMOOTH 0006350
UNHEATED 0006360

2) SMOOTH UNHEATED+ROUGH UNHEATED+ROUGH HEATED+ROUGH UNHEATED+ 0006370
SMOOTH UNHEATED) 0006380
0006390

IPA=1 : INITIAL UNHEATED SMOOTH PART " 0006400
IPA=2 : FIRST HEATED SMOOTH PART 0006410
IPA=3 : FIRST UNHEATED ROUGH PART 0006420
IPA=4 : ROUGH PART (HEATED OR UNHEATED) 0006430
IPA=5 : LAST UNHEATED ROUGH PART 0006440
IPA=6 : SECOND HEATED SMOOTH PART 0006450
IPA=7 : LAST UNHEATED SMOOTH PART 0006460
0006470

DO 8888 IPA=1,7 0006480
IF(IPA.EQ. IPAEND+1)CALL TMPUN (NSTOT,NSTR, T(L),P(L), PBAR(L), 0006490
*TE1,PEO, PEOBAR, INDPR,MFLOW, IPA, IPAEND, 2, XLAM1 x(L)+STLEN &742) 0006500
IF(PLEN(IPA) .LE.I.E-06)GOT0 saas 0006510



SPLENG=SPRLEN 0006520

IF(IPA.RQ. IPAST) SPLENG=SPLEN-STLEN 0006530
C=CIPA(IPA) 0006540
2=ZIPA(IPA) 0006550
D=VDIAM(IPA) 0006560
LENGTH=PLEN{IPA) 0006570
LAH1=XTLAM1(IPA) 0006580
MSPAC=NSPAC (IPA) 0006590
NDE1=XDE1(IPA) 0006600
NDE2=XDE2 (IPA) 0006610
FREL=FAREL (IPA) 0006620
ZWCIPA=ZWC  *(1.+EXPCO(TBPIPA(IPA))* (TBPTPA(IPA)-20.)) 0006630
CCCCCCCCCCLCOCCeeee 0006640
DIT=D 0006650
PIT=C 0006660
ZIT=2Z : 0006670
ZWCIT=ZWCIPA 0006680
CCCCCCCCCCCECCCCCCCeee 0006690
POBAR=P0*0 . 980665 0006700
WRITE(6,991) (TITLE(I,IPA),I=1,4),C,Z,ZWCIPA,D,LENGTH,MSPAC,T0,P0 0006710
1,POBAR 0006720

991 FORMAT(1H1,5X,4A8///5X,'C="',F10.6,' CM'/5X,'Z=',F10.6,' CH'/SX, 0006730
1'2WCc=",F10.6,' CM'/ 5X,'VOL, DIAMETER=',F10.6,' CM'/5X,'PART LENGT0006740
2H=' ,F10.5,' CM'/5X,'NUMBER OF SPACERS=',I3//5X,'INLET CONDITIONS0006750
3 :'/5X,'INLET AVERAGE TEMPERATURE=',F7.2,' C'/5X,'INLET PRESSURE='0006760

4,F10.7,' KG/SQcM  =',F10.7,' BARS'/////) 0006770
IF(MSPAC.EQ.0)GOTO 968 : 0006780
ISPAC2=ISPACHMSPAC-1 0006790
WRITE(6,967)WSP(IPA), (I,DIST(1),I=ISPAC,ISPAC2) 0006800

967 FORMAT(5X,'SPACERS (DISTANCES ARE EVALUATED FROM THE BUNDLE ENTRANOOO6810
1CE) :'/5X,'WIDTH=',F10.6,' CM'/(5X,'DIST(',12,')=',F10.3,' CM')) 0006820

WRITE (6,83) 0006830
968 CONTINUE 0006840
€2=C*0.5 . 0006850
EM1=C2-ZWCIPA*SQ3 ' 0006860
X(1)=HH 0006870
DDD=HH+LENGTH 0006880
SUR=PIG*D*LENGTH 0006890
IF(IPA.EQ.5)IRHPL=2 0006900
6OT0(993,994,993,994,993,994,993) , TPA 0006910
993 PLDHL=0. 0006920
INDICE=0 0006930
GOTO 995 - 0006940
994 PLDHL= PLEN(IPA)/HEALEN 0006950
INDICE=0 0006960
995 CONTINUE ' 0006970
60T0(996,996,997,997,997,996,996) ,IPA 0006980
996 IRH=1 0006990
CLASUB=1.0576 0007000
XMAXNU=1. 6 0007010
CHSLNU=2. /3. 0007020
GOTO 998 0007030
997 IRH=2 0007040
CLASUB=1. 0007050
XMAXNU=1, 0007060
CHSLNU=.5 0007070
RH=RHIPA(IPA-2) 0007080
WRITE (6,990)RH 0007090
990 FORMAT(///5X,'HEIGHT OF ROUGHNESS=',F10.7,' CM'////) 0007100
998 CONTINUE 0007110
CONST=CNUSS (IRH) 0007120
QTOT=0. : 0007130
DO 992 I=1,NRODS 0007140
Q(I)=QPIN(X)*PLDHL 0007150
992 QTOT=QTOT+Q(I) 0007160

c 0007170
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0007190

'8-SUBROUTINES HEATI,TOTGEQ,INQUA, KAPCOR 0007200

_ 0007210

CALL HEATI(NSTOT,NSTR,NSEL,NEXCON,IPA) 0007220

cceecececceececececceee 0007230

CALL JZURU 0007240

CALL MEZZI (NRODS,NSEL,NSTOT) 0007250

CALL DELIP 0007260

IF(IRAD.GT.0) CALL TOTSEC(NSEL) 0007270

IF (IRAD,GT.0) CALL TARRAY 0007280

IF(IRAD.GT.0) CALL VFCAL 0007290

IF (IRAD.GT.0) CALL VFDET{NSEL,NRODS) 0007300

IF (IRAD.GT.0) CALL VFCTR 0007310

CCCCCCCCCCECOCCCCeeeeee 0007320

CALL TOTGEO(NSEL,D,C,Z,PIG,NEXCON,NRODS,WW,WA,ZA EM1,PERLT, 0007330

*RTIP(IPA)) 0007340

CCCCCeceecceeeeecceeeee 02.11.1979 0007350

PERLTT=PERLT 0007360

£CCCCCCCCCCCCCeeeeeeee 02.11.1979 0007370

QLINM=QLINMT*PLDHL/PERLT 0007380

CALL INQUA(NSEL,NSTOT,NEXCON,ATC,ATW,ATA,DETC,DETW,DETA) 0007390

CALL KAPCOR(NSTOT,NSTR) 0007400

5 e eeae st Ceeeerans e reeeraeaens 0007410

¢ ‘ 0007420

¢ 9-DEFINITION OF THE REGIONS WHERE INDISTURBED FLOW IS ASSUMED AND 0007430

c EVALUATION OF THE SPACER PARAMETERS 0007440

c 0007450

DXST =XDEST*DETC 0007460

DXEND=XDEEND*DETC 0007470

XSTART (1)=X(1)+DXST 0007480

XEND (MSPAC+1)=X(1)+LENGTH-DXEND 0007490

IMSPAC=ISPAC1+NSPACS _ _ 0007500

IF(IMSPAC.EQ.0 .OR. IPA.NE.IPAST)GOTO 7007 0007510

DO 7002 NS=1,NSTOT 0007520

NP=NPIN(NS) 0007530

DO 7002 J=1,NP 0007540

DO 7002 M=1,NP 0007550

IF(IRGRI(NS,J) .EQ.JPIN(NS,M)))EPSISC(NS ,M,MSPAC+1)=GRI (NS,J ,NSPACT+0007560

+1) 0007570

7002 CONTINUE 0007580

7007 CONTINUE 0007590

IF(IPA.EQ.IPAST .OR. II.EQ.1)GOTO 7009 0007600

DO 7008 NS=1,NSTOT 0007610

NP=NPIN(NS) 0007620

DO 7008 J=1,NP 0007630

DO 7008 M=1,NP 0007640

IF (IRGRI(NS,J) .EQ.JPIN(NS,M) )EPSISC(NS,M,MSPAC+1)=GRI(NS,J,II-1) 0007650

7008 CONTINUE 0007660

7009 CONTINUE 0007670

IF (MSPAC.EQ.0)GOTO 12 0007680

JSP=MSPAC+ISPAC-1 0007690

IPAFD=1 0007700

DO 4430 I=ISPAC,JSP 0007710

I11SPAC=I-ISPAC+1 0007720

IPAFD=IPAFD+1 0007730

XSTART (IPAFD)=DIST (I )+DXST+WSP(IPA)*0.5 0007740

XEND (IPAFD-1)=DIST(I)-WSP(IPA)*0.5-DXEND 0007750

PGDPT(I1SPAC)=0. 0007760
EPSIT(I1SPAC)=0. 0007770

DO 5601 NS=1,NSTOT 0007780

PGDPC(NS,I1SPAC)=0. 0007790

EPSIC(NS,I1SPAC)=0. 0007800

NP=NPIN(NS) 0007810

DO 5600 J=1,NP 0007820

DO 5599 M=1,NP 0007830



IF(IRGRI(NS,J),NE.JPIN(NS,M))GOTO 5599 0007840
EPSISC(NS,M,I1SPAC)=GRI(NS,J,I) 0007850
PGDPSC(NS,H, I1SPAC)=GRIP(NS,J,I) 0007860
EPSIC(NS,I1SPAC)=EPSIC(NS,I15PAC)+EPSISC(NS,M,I1SPAC)*ASCH(NS,M) 0007870
PGDPC (NS, 11SPAC)=PGDPC (NS, 11SPAC)+PGDPSC (NS ,M,T1SPAC)*4.*ASCH(NS, 0007880

*M) /DE (NS) 0007890

IF (NTYP(NS) .NE.2)GOTO 5600 0007900
NSW=NS-NSTR 0007910

EPSWC (NSW,M, 1, 11SPAC)=GRI1(NSW,M,I)*EPSISC(NS,M,T1SPAC) 0007920

EPSWC (NSW,M, 2, T1SPAC)=GRI2 (NSW,M,1)*EPSISC(NS,M, I1SPAC) 0007930

GOTO 5600 0007940

5599 CONTINUE 0007950
5600 CONTINUE 0007960
EPSIT(Y1SPAC)=EPSIT(I1SPAC)+EPSIC(NS,I1SPAC) 0007970

PGDPT (11SPAC)=PGDPT (I 1SPAC)+PGDPC (NS, I1SPAC) 0007980
EPSIC(NS,I1SPAC)=EPSIC(NS,I1SPAC)/A(NS) 0007990

PGDEC (NS, 11SPAC)=PGDPC (NS, I1SPAC)*DE (NS)*0, 25/A(NS) 0008000

5601 CONTINUE 0008010
EPSIT(I11SPAC)=EPSIT(I1SPAC)/ASEC 0008020

PGDPT (11SPAC)=PGDPT (11SPAC)*DETOT*0.25/ASEC 0008030
CSPT(I1SPAC)=GRIFUN(EPSIT(I1SPAC)) 0008040

DO 5602 NS=1,NSTOT 0008050
CSPC(NS,I1SPAC)=GRIFUN (EPSIC(NS,I1SPAC)) 0008060
NP=NPIN(NS) 0008070

DO 5602 M=1,NP . 0008080
CSPSC(NS,M,T1SPAC)=GRIFUN (EPSISC(NS M, I1SPAC)) 0008090

IF (NTYP(NS).NE.2)GOTO 975 | 0008100
NSW=NS-NSTR 0008110

CSPWC (NSW,M, 1, I1SPAC)=GRIFUN (EPSWC (NSW,M, 1, I1SPAC)) 0008120

CSPWC (NSW, M, 2, T1SPAC)=GRIFUN (EPSWC (NSW,M, 2, T1SPAC) ) 0008130

975 CONTINUE 0008140
5602 CONTINUE 0008150
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe  08.02.1980 0008160
EPSS=EPSIT(I1SPAC) 0008170
CCCCCLECCCCCCCCCCCCCCCCCCCCCCCCCCee 0008180
WRITE (6,960)T ,EPSIT(I1SPAC) 0008190

960 FORMAT(// 5K, 'SPACER NR.',IS,5X,'EPSILON TOT.=',F10.7) 0008200
DO 964 NS=1,NSTOT 0008210
NP=NPIR(NS) 0008220
WRITE(6,961)NS ,EPSIC(NS,I1SPAC), (JPIN(NS, H) NS,M, 0008230
XEPSISC(NS,M, T1SPAC) , H=1,NP) 0008240

961 FORMAT(/5X,'CHANNEL NR.',I5,5X,'EPSILON=',F10.7/ 0008250

1 5X,'SUBCHANNELS: '/(5X, 'ROD ®R.',I5,') EPSILON(',I5,',',I2,')=', 0008260

2 F10.7)) 0008270

964 CONTINUE 0008280
WRITE (6,83) . 0008290

4430 CONTINUE 0008300
12 CONTINUE 0008310

c 0008320
3N 0008330
C 10-SUBROUTINES INGE AND CEWACO 0008340
c 0008350
CALL INGE(NEXCON,NSEL,NSTR,NSTOT, C,Z,D,ATC,ATW,ATA,PIG, PCORR, CTU1, 0008360
*CTU2 ,DETC ,DETW,EM1) 0008370
CALL CEWACO(NSC30C,NSC45,12,ALFACE,D,C2,AAC,DETC,MFLOW,ATOT ,ACH, 0008380

* DECW ,MEC) 0008390
CALL CEWACO(NSC30A,NSC30A,3,ALFACO,D,ZA,AAA,DETA,MFLOW,ATOT ,AA1, 0008400

* DEA1,MEA1) 0008410
MA=MFLOW/ATOT 0008420
PROV1=MA*DETOT 0008430
PROV2=-1,E-03%MA*¥2/980. 665 _ 0008440
ettt 0008450
c ' 0008460
C 11-INLET MASS FLOW RATES AND TEMPERATURES ;EVALUATION OF PRESSURE 0008470
c LOSS AT THE BUNDLE INLET 0008480
c 0008490



IF(INLET.NE.1)GOTO 4435 ' 0008500

CALL INLCON(NSTOT,MFLOW,ATOT,TE,IREAD1,NSTR) 0008510

PI=PE 0008520

DO 4432 I=1,10 0008530
CCCCCCCCCEETCCCCCCeeeee , 0008540
CIN1= DPIN(MFLOW,PI,TE,CINL) 0008550
P0=PE+CIN1*PROV2/RHO(PI,TE)*O.S 0008560
cceecceceeecceecceeceee 0008570
IF(ABS(PO/PI-1.).LE.1.E-06)G0TO 4434 _ 0008580

4432 PI=P0 0008590
WRITE (6,4433)P0,PI - 0008600

4433 FORMAT(1H1,5X, 'MAIN', /5X, . 0008610
> 'CALCULATION STOPS : PO=',F10.7,' ; PI=',F10.7) 0008620

STOP 0008630

4434 CONTINUE } , 0008640
DPE=P0~-PE 0008650
DPEBAR=DPE*(. 980665 0008660

WRITE (6,1333)DPE ,DPEBAR, CIN1 0008670

1333 FORMAT(///IBO('*')//SX 0008680
'PRESSURE LOSS DUE TO ENTRANCE=',F10.7,' KG/SQCM =',0008690

*FlD.?,' BARS ( CINL=',F&4.2,')'//) 0008700
INLET=2 0008710
DPBAR(1)=PEOBAR-PEBAR-DPEBAR ‘ 0008720
IF(STLEN.GT.1.E-06 .OR. IPUNCH.EQ.2)GOTO 4435 0008730

WRITE (1, 1)NSPACT 0008740

IF (NSPACT.GT,0)WRITE(1,6069) (DIST(I),I=1,NSPACT) 0008750
XLTOT=0. _ 0008760
WRITE(1,1)IPA 0008770
WRITE(1,6069)XLTOT,DPBAR(1) s 0008780

4435 CONTINUE 0008790
Lttt ittt a et aa e a ety 0008800
c 0008810
€ 12-EVALUATION OF SECTION LENGTHS AND CORRECTION FACTORS FOR NUSSELT 0008820
c 0008830
CALL AXSEC(NDE1,NDE2,DETC,WSP(IPA),CONST,DDD,II,HH,MSPAC,LENGTH,N, 0008840
*IPA,QTOT ,NSTOT , XMAXNU , CHSLNU) 0008850
WRITE(6,14)LENGTH,N,FREL 0008860

14 FORMAT(///130('*')/// 0008870

* 5X,'TOTAL LENGTH=',6F7.2,1X,'CM',5X,'NUMBER OF SECTIONS=',6k130008880
*,5X, 'FREL=' ,F10.4///) ) ‘ 0008890

L ittt tee et et a ettt aaa e it .. 0008900
c 0008910
C 13-INITIALIZATION OF VARIABLES . 0008920
c 0008930
T(1)=T0 0008940
P(1)=P0 0008950
PBAR(1)=P0*0.980665 0008960
NSEFD=0 : . 0008970
IPAFD=1 0008980

TM=0. : 0008990

PH=0. 0009000
LAMBDM=0. 0009010
REM=0. 0009020

UM=0, 0009030
DELTAX=0. 0009040
TWTC=0. 0009050
TBTC=0. : 0009060
TBPC=0. : , 0009070
NSTR1=NSTR+1 0009080

DO 5636 NS=NSTR1,NSTOT ‘ - 0009090
NP=NPIN(NS) 0009100

DO 5636 M=1,NP 0009110
TLINER(NS-NSTR,M)=TSCH1 (NS ,H) 0009120
IF(ISTAIN.EQ.2)GOTO 978 0009130

DO 5634 JwC=1,2 _ 0009140
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5634 TSCWC1(NS-NSTR,M,JWC)=TSCH1(NS,M)
978 CONTINUE

DO 5635 I=1,NSC90
DELTIO(NS-NSTR,M,I)=0.

5635 TIO(NS-NSTR,M,1)=0.
5636 CONTINUE

IF (IRH.NE.2)GOTO 4439
DO 4438 NS=1,NSTOT
NP=NPIN(NS)

DO 4438 M=1,NP
HPLUS1 (NS ,M)=0.
HPLUS2 (NS ,M)=0.
TWA (NS, M)=0.
QPLUSA (NS, M)=0.
PRBA (NS,M)=0.
YDH(NS ,M)=0.
YODH (NS ,M)=0,
TEMPB (NS ,M)=TE
XMASSB(NS,M)=<1.
YODHA(NS,M)=0.
YDHA (NS, M)=0.
TEMPBA (NS ,M)=0.
AMASSB(NS,M)=0.
TEMPTA (NS, M)=0.
AMASST(NS,M)=0.

4438 CONTINUE
4439 CONTINUE

c
c

------------------------------------------------------------

C 14-THE AXTAL LOOP STARTS (K=INDEX OF THE AXIAL SECTION )

c

K1=1
NSUBDH=0

8503 CONTINUE

c

DO 9999 K=K1,N

TIME2=ZEIT(TIME1)

IF(TIME2.GT, TIMEPU)CALL TMPUN(NSTOT,NSTR,T(K),P(K),PBAR(K),
*TE1,PEO,PEOBAR, INDPR ,MFLOW, IPA, IPAEND, 2, XLAM1 , X (K)+STLEN, &742)

ASECLA=ASEC
DETOLA=DETOT
L=K+1
H=X(L)-X(K)

cccececceceececececceeee

CALL DECP(IPRINT,X(K),X(L),STLEN)

ccceceeceeecceececcceccece

1018

3401

3402

QDEV=0.

QLDEV=0,

INDPRQ=1

IF (NDPRQ(IPA) .EQ.0) GO TO 3702

XPRQ(1)=X(X)-SPLENG

IF(X(L).LT.X2DPRQ(IDPRQ) )GOTO 1018
XPRQ(2)=X2DPRQ(IDPRQ)-SPLENG

INDPRQ=2

XPRQ(INDPRQ+1)=X(L)-SPLENG

DO 3402 IQDEV=1,INDPRQ

IQDEV1=IQDEV+1

IIQDEV=IDPRQ+IQDEV-1

DO 3401 IQDCO=1,NQDCO

QDCOT (IQDCO)=QDCO{IIQDEV,IQDCO)

QLDCOI (IQDCO)=QLDCO(IIQDEV,IQDCO) _
QDEV=FQDEV(QDCOI ,NQDCO,XPRQ(IQDEV) ,XPRQ(IQDEV1) )+QDEV
QLDEV=FQDEV (QLDCOI ,NQDCO, XPRQ(IQDEV) ,XPRQ(IQDEV1) ) +QLDEV
QDEV=QDEV/H

QLDEV=QLDEV/H

3702 CONTINUE

0009150
0009160

0009170

0009180
0009190
0009200
0009210
0009220
0009230
0009240
0009250
0009260
0009270
0009280
0009290
0009300
0009310
0009320
0009330
0009340
0009350
0009360
0009370
0009380
0009390
0009400
0009410
0009420
0009430
0009440
0009450
0009460
0009470
0009480
0009490
0009500
0009510
0009520
0009530
0009540
0009550
0009560
0009570
0009580
0009590
0009600
0009610
06009620
0009630
0009640
0009650
0009660
0009670
0009680
0009690
0009700
0009710
0009720
0009730
0009740
0009750
0009760
0009770
0009780
0009790
0009800




QALIN=QLINM*QLDEV/LENGTH
DO 6670 NS=NSTR1,NSTOT
NP=NPIN(NS)
DO 6670 M=1,NP
6670 DTTIEAV(NS-NSTR,M)=0.
MW=(X(L)+ X(K))*0,5+STLEN
XMHE=XM-UNHLE
IF (NSUBDH.EQ.0)WRITE (6,8504)
8504 FORMAT(1H1)
WRITE(6,15)K,H,XM

0009810
0009820
0009830
0009840
0009850
0009860
0009870
0009880
0009890
0009900

15 FORMAT ( 5%, 'AXIAL SECTION NR.' 14 5X,'( SECTION LENGTH=',F10.5,0009910

*'; HEIGHT=',F10.5,' )')

H1=H/LENGTH

TMS=T (K)

QRTOT=QTOT*QDEV*H1
QSTOT=QLINM*QLDEV*H1*PERLT

IF (IPHUD .EQ. 1) QSTOT=HUDFACH(THS-TAMB)*H
DELTAH= (QRTOT+QSTOT) /MFLOW

gLeceececcececcceccocceeceeceeceeccececcceceecceee 02.11.1979

RHO1=RHO(P{K) ,T(X))
IF (NSPACT.EQ.0)GOTO 16
IF(X(K).LT.DIST(ISPAC))GOTO 4437
IF(IPAFD.LE .MSPAC) IPAFD=IPAFD+1
IF(ISPAC.EQ.NSPACT)GOTO 16
ISPAC=ISPAC+1

4437 CONTINUE
IF(X{L).LT.DIST(ISPAC))GOTO 16
INDSP(K)=2
11SPAC= TISPAC-II+1
WRITE (6, 4440)ISPAC

0009920
0009930
0009940
0009950
0009960
0009970
0009980
0009990
0010000
0010010
0010020
0010030
0010040
0010050
0010060
0010070
0010080
0010090
0010100

4440 FORMAT(1H+,80X, 'SPACER NR,',I3,' IS PRESENT',24('.')/5X,21('~')) 0010110

IF (K.EQ.1)GOTO 8500
60TO 17
16 INDSP(K)=1
SBMNS=MFLOW/ATOT*ASEC
WRITE(6,4461)
4441 FORMAT(1H+,78K,50('.")/5X,21('-'))
17 CONTINUE
CCCCCCCCCCCCCCCCCCCCCCCCCCCCeeece
WRITE(6,820) TIME2
820 FORMAT(/5X,'TIME = ',F10.5,' SEC.')
CCCCCCCCCCCECCCCCCCCCCCCCCeCCeCeCeee
DO 4444 NS=1,NSTOT
SIGMA(NS)=0.
PHI (NS)=0.
NP=NPIN(NS)
DO 4443 M=1,NP
CCCCCCCCCCECCCCCCOCOCCCCCCECCCCCCCee
IF(NS.GT.NSTR) SHQ(NS-NSTR,M) = 0.0
CCCCCCCCECCCCCCCCCCCCCCCCCCCCCCCCeee
MSCH(NS ,M)=MSCH1 (NS, M)
TSCH(NS ,M)=TSCH1{NS M)
IF(K.GT.1 .AND. NSUBDH.EQ.O0)TWP(NS,M)=TW(NS,M)
SIGMAI (NS,M)=0.
PHII(NS,M)=0.
IF(NS.LE.NSTR)GOTO 4443
DO 4442 JWC=1,2
CCCCCCCCCCCCCCCCCCCCCCCeeeec
IF(K.GT.1 .AND. NSUBDH .EQ.0)
> TWWP (NS, M, JWC ) =TWWC (NS-NSTR, M, JWC)
CCCCCCCCCCCCCCCCCCCCCCCCre
CHI (NS~NSTR,M,JWC)=1.
PSI (NS-NSTR,M,JWC)=1.
4442 CONTINUE
4443 CONTINUE
4444 CONTINUE

0010120
0010130
0010140
0010150
0010160
0010170
oo10180
0010190
0010200
0010210
4010220
0010230
0010240
0010250
0010260
0010270
0010280
0010290
0010300
0010310
0010320
0010330
0010340
0010350
0010360
0010370
0010380
0010390
0010400
0010410
0010420
0010430
0010440
0010450
0010460



ITGLT=0 0010470
DELTAP=0, 0010480
T(L)=DELTAH/CP(P(K),T(X))+T(X) 0010490

PBT=P (K) 0010500

CALL LINPOW 0010510
A 0010520
c 0010530
¢ 15-THE LOOP ITCORR STARTS 0010540
c 0010550
ITCON =0 , 0010560

DO 49 ITCOR1=1,ITCM 0010570
ITCORR=ITCOR1 0010580
CCCCCCCCCCCCCCCCCCCCCeCCCCCCCCCCCCCCeeeeecee 02.11.1979 0010590
IF(IPHUD,EQ.1) QSTOT=HUDFAC*(TMS-TAMB)*H 0010600
DELTAH= (QTOT#QDEV*H1+QSTOT) /MFLOW 0010610

IF (INDSP(K) .EQ.2 .AND. ITCORR.GT.2)GOTO 45 0010620

C 0010630
LAMBDA (K)=LAM1 0010640

' DDDDT=0. 0010650
C*#k*CALCULATION OF DELTAP AND DELTAT FOR THE WHOLE BUNDLE FLOW SECT.* 0010660
DO 4448 ITTE1=1,10 0010670
TL=T(L) 0010680
TBT=(T(L)+T(K))*0.5 0010690

DO 4445 ITTE2=1,10 0010700
TBT1=TBT 0010710
TBT=DELTAH/CP (PBT, TBT)*0.5+T (K} 0010720
IF(ABS(TBT/TBT1-1.).LE.1.E~04)GOTO 4447 0010730

4445 CONTINUE 0010740
WRITE(6,4446)TBT,TBT1 10010750

4446 FORMAT(1H1,'MAIN',/5X, 0010760
> 'CALCULATION STOPS: ITTE2=10 ; TBT=',E15.7,5X,'TBT1=', 0010770

%  E15.7) 0010780
STOP 0010790

4447 CONTINUE 0010800
T(L)=DELTAN/CP(PBT, TBT)+T(K). 0010810

DO 18 ITPR=1,10 0010820
DP=DELTAP 0010830
PBT=P(K)+0.5%DP 0010840
P(L)=P (K)+DP 0010850

RHOBT (K)=RHO (PBT, TBT) 0010860
RHO2=RHO(P(L),T(L)) 0010870
DEL1RT=(RHO1-RHO2) /RHOBT (K)**2 0010880
DECORR=DETOLA/¥COPWT 0010890
DELTAP=PROV2* (LAMBDA (K)*H/ (2 . *RHOBT (K)*DECORR )+DEL1RT )* (ASEC/ 0010900
/ASECLA Y*%2+IGRAV*RHOBT (K)*H%0 . 001 0010910
ETABT (K)=ETA(PBT, TBT) 0010920

REBT (K)=PROV1/ETABT (X)*DETOLA/DETOT*ASEC/ASECLA 0010930
CCCCCCCCCCCCCCCCCCCCCCCCeeee 08.02.1980 0010940
RES=REBT () 0010950
PRS=ETA(PBT, TBT)*CP (PBT, TBT) /KAPPA (PBT, TBT) 0010960
CCCCCCCCCCCCCCCCCCECCCCCCCCCCCCeeeees 0010970
IF (INDSP(K) .EQ.2)DELTAP=DELTAP+PROV2* (CSPT(I1SPAC)+DSPDPF (EPSIT( 0010980

1 I1SPAC),DETOLA,LAMBDA(K) ,WSP(IPA),PGDPT(11SPAC),REBT (K),4))/ 0010990

2 RHOBT(K) 0011000
PLL=P (K)+DELTAP 0011010
IF(ABS(PLL/P(L)~1.).1E.1.E-05)GOTO 20 0011020

18 CONTINUE 0011030
WRITE(6,19)K,TTCORR,DP,DELTAP 0011040

19 FORMAT(IHI 5X, 'HAIN',/SX 0011050

> 'CALCULATION STOPS: ITPR=10 FOR SECTION', 14 2X, ' (ITC0011060
*QRR=',I12,') DP=',E20.5,5X,'AND DELTAP=',E20.5) 0011070
STOP 0011080

20 CONTINUE 0011090
T(L)=DELTAH/CP(PBT, TBT)+T (K) 0011100
IF(ABS (T(L)/TL-1.).LE.1.E-04)GOTO 4450 0011110

4448 CONTINUE 0011120




WRITE(6,4449)T(L),TL 0011130

4449 FORMAT(1H1,5X, 'MAIN',/5X, 0011140
> ' CALCULATION STOPS: ITTE1=10 ; T(L)=',E15.7,5X, 0011150

*  'TL=',E15.7) 0011160

STOP . 0011170

4450 CONTINUE | 0011180
UBT (K)=MA/RHOBT (K)/100. *ASEC/ASECLA ' 0011190
PROV=REBT (K)*ETABT (K)*SQRT (ABS (LAMBDA (K) )*0 . 125/RHOBT (K)) 0011200
SQDPG=SQRT (ABS (DELTAP)*980665. ) 0011210
SQDPGF=SQRT (ABS (DELTAP-IGRAV¥RHOBT (K)*H*0. 001)*980665. ) 0011220

IF (ITCORR.EQ. 1)DPSI=DELTAP/ABS (DELTAP) 0011230
STGMST={SQRT (ABS (DELTAP-IGRAVARHOBT (K)*H*0.001)*980665.)-SQDPG)/ 0011240
/SQRT(LAMBDA (K )*R/ (2.*DETOLA*RHOBT (K) )} 0011250
IF(INDSP(K) .EQ.2)GOTO 45 0011260

o A et 0011270
c 0011280
c FOR SECTIONS WITHOUT SPACERS: SUB-SUBCHANNEL GALGULATION 0011290
c 0011300
DO 6671 NS=NSTR1,NSTOT 0011310
NP=NPIN(NS) 0011320

DO 6671 M=1,NP 0011330

DO 6671 I=1,NSC90 0011340

6671 DELTIE(NS-NSTR,M,I)=DELTIO(NS-NSTR,M,I)~DTIEAV(NS-NSTR,M) . 0011350
ASECLA=0. ' 0011360
DETOLA=0. 0011370

DO 29 NS=1,NSTOT 0011380

IF (ITCORR.EQ.1)SIGMA (NS )=SIGMST 0011390

IF (NTYP(NS) .EQ.3)GOTO 25 0011400
NP=NPIN(NS) 0011410
DDDDNS=0. 0011420
TNS=0. 0011430
AMNS=0, 0011440

DO 24 M=1,NP 0011450
IF(ITCORR.EQ.1)SIGMAI (NS ,HM)=SIGHST 0011460
IF(NTYP(NS) .EQ.2)GOTO 22 . 0011470

c 0011480
C*ikickSUB-SUBCHANNEL CALCULATION FOR THE CENTRAL CHANNELS*¥idbninitiik 0011490
c 0011500

CALL TRICA1(X,NS,NSC30C,IRH,PROV,PBT,RH,ACW,DECW,MEC,AAC,DETC,DET00011510
*T,H1,ALFACE,H M P(K) P(L) SQDPG TE1 SUR D AHT DDDD ATSCH &8500 C) 0011520

AMSCH‘AMT*ASCH(NS H)/AAC 0011530

GOTO 23 0011540

c . 0011550
22 CONTINUE 0011560

C¥iviickSIB-SUBCHANNEL CALCULATION FOR THE WALL CHANNELS#hicoionsihid 0011570
CALL RECCA1(X,NS,NSC90,NSC45, IRH,PROV,PBT, RM,H1,ALFAWA,ACW,DECW,M0011580
*EC,AAW,DETW,ATOT ,DETOT , MFLOW,WW,D,C,M,NSTR H,P(K) ,P(L) ,SQDPG,TE1, 0011590

*SUR, AMT ,DDDD, ATSCH, CTU3,EM1 , &8500 , ALFACE ) 0011600
NSW=NS-NSTR : 0011610

IF (K. GT. 1)GOTO 4455 0011620

DO 4451 JWC=1,2 0011630
TF(IREAD1.EQ.1 .OR. ISTAIN.EQ. 1)nscwc1(nsw M, JWC)=MSCH1 (NS, M) /ASCH0011640

* (NS, M)*ASCHWC (NSW,M, JWC) /E2ATIP (NS M) 0011650
4451 ASCHC1(NSW, M, JWC)=ASCHWC (NSW, M, JWC) 0011660
4455 CONTINUE 0011670
AMSCH=AMT 0011680

23 CONTINUE 0011690
DDDDNS=DDDDNS+AMSCH/ AMT*DDDD+ASCH(NS ,M)* (SIGMAT (NS, M)-SIGMA(NS))/0011700
*SQDPGF 0011710
AMNS=AMNS+AMSCH 0011720

24 TNS=TNS+ATSCH*AMSCH 0011730
TNS=TNS/AMNS 0011740
RHONS=RHO (PBT, TNS) 0011750

LAM(NS)=( (A(NS)/DDDDNS )*#*2)%2 ,*DE (NS )*RHONS/H *FI1ATIP(NS)**2* 0011760
#F1DTIP(NS) 0011770



c

e N NrNel

200 0

G
c

OO0 0

GOTO 28 0011780
0011790

(ki kSUB-SUBCHANNEL CALCULATION FOR THE CORNER CHANNELS#*rhidiriiciciiciidk 0011800
25 CONTINUE 0011810

IF (ITCORR.EQ.1)SIGMAI (NS, 1)=SIGMST 0011820

CALL ANGCA1(K,NS,NSC304,IRH,PROV,PBT,RH,H1,ALFACO,AA1,AAA,DETA,DET0011830
*0T,D,WA,NSTR,H,P(K),P(L),SQDPG,TE1,5UR,  AMT,DDDDNS,&8500,AMAT, 0011840
2AMBT) 0011850
AMNS=AMT*ASCH(NS,1)/AAA 0011860
XMSCHA (NS-NSTR, 1)=AMAT*ASCH(NS, 1) /AAA 0011870
XMSCHB(NS-NSTR, 1)=AMBT*ASCH(NS, 1) /AAA 0011880
DDDDNS=DDDDNS*ASCH(NS,1)/AAA 0011890
LAM(NS)=LAMSCH(NS,1) 0011900

28 CONTINUE 0011910
ASECLA=ASECLA+A(NS)*F1ATIP(NS) 0011920
DETOLA=DETOLA+A(NS) /DE (NS)*F1ATIP(NS)/F1DTIP(NS) 0011930
MO(NS)=2.*%AMNS-MI (NS) 0011940
DDDDT=DDDDT+DDDDNS 0011950

29 GONTINUE 0011960
DETOLA=ASECLA/DETOLA 0011970
........ ettt e aara e ar e at et e s 0011980
0011990

16-NEW VALUE FOR THE WHOLE BUNDLE FRICTION FACTOR 0012000
0012010

IF( ITCORR.EQ.1)GOTO 48 0012020
DDDDT=DDDDT* (MFLOWAASEC ) / (SBMNS*ATOT) 0012030
LAM1=( (ASECLA/DDDDT)#**2-DEL1RT )*2 , *DETOLA*RHOBT (K) /H 0012040
DPSI= DPAV/ABS(DPAV) 0012050
........................................................... 0012060
0012070

17-CONVERGENCE TEST FOR THE LOOP ITCORR 0012080
0012090

45 CONTINUE 0012100
IF(ITCORR.LE,ITC2)GOTO 48 0012110
DELAM=ABS (LAMBDA (X) /LAM1-1.) 0012120

CALL CONTRO(LAMBDA(K),LAM1,ITCORR,INDICE) 0012130
CCCCCCCLCCCCCeCeeeceeCeeecteeCeeeece 06.11. 1980 0012140
IF(.NOT. (DELAM.LE.1.E-04 .OR, (DELAM.LE.1.E-03 .AND. ITCORR.GT. 0012150

* ITC1) .OR. (DELAM.IE.1.E-02 .AND. ITCORR.GT.(ITC1+5))))GOTO 48 0012160
IF(.NOT.(DELAM.LE,1.E-01 ,OR. (DELAM,ILE.1.E-01 .AND. ITCORR.GT. 0012170

* ITC1) .OR. (DELAM.LE.1,E-01 .AND. ITCORR.GT.(ITC1+5))))GOTO 48 0012180
CCCCCCCCCCCCCCCCCCCCCCCCCCOCCCeeetet 06.11, 1980 0012190
cceceeeceeceece 0012200
ITCON=ITCON+1 0012210
IF(INDICE.GE. 1 )GOTO 48 0012220
ccceeececceceeeceeeceeececeeececeececcee 0012230
....................................................... veeneaaens 0012240

. 0012250
18~CONVERGENCE HAS BEEN REACHED: PRINT AND PUNCH RESULTS FOR SECT. K 0012260
0012270

: 0012280

9003 WRITE(6,46) 0012290
* T(L), - P(L),PBT,DELTAP,LAMBDA(K),1TCORR,ITGL,ITGLT,ITERM,FREL,0012300

> TITCON,QDEV 0012310

46 FORMAT(/5X,'T 2=',F10.4,5X,'P 2=',F10.6,5X,'P AV=',F10.6,5X, 0012320

* 'DELTAP=',F11.8,5X, 'LAMBDA=",F7.5/5X,'( ITCORR=',12, 0012330

* 5X,' IT6L=',I5,5X,'ITGL1=',I5,5X,' ITERM=',I5,5X, 0012340

* 'FREL=',F5.2,5X,'ITCON = ',I3,5X,'QDEV=',E12.6, 0012350

* Yy 5X,'CHANNEL' ,9X, 'OUTLET MASS',8X,'AVERA0012360

*GE MASS',7X,'OUTLET TEMP.',8X,'AVERAGE TEMP.',7X,'PRESSURE LOSS'/)0012370
CCCCCECCCCCCCCCCCCCECCCCCCeCCeeeece 0012380
IF(IPRINT.LE.O) GO TO 2021 0012390
ccceeceeceeeecceecceeecceceeceecee 0012400
WRITE(6,81) (NS,MM2(NS) ,MAV(NS) , TEMP2 (NS) ,TAV(NS) ,DPNS(NS), 0012410

* NS=1,NSTOT) 0012420

81 FORMAT(I12,5E20.8) 0012430




__97._
WRITE(6,83) 0012440

DO 80 N5=1,NSTOT 0012450
WRITE(6,78)NS,UAV(NS),NS,WCF(NS) 0012460
IF(INDSP(K) .EQ.1)WRITE(6,79)NS ,MO(NS) ,NS,LAM(NS) 0012470

78 FORMAT (5X,'UVAV(',I3,')=',E13.5,10X,'WCF(',13,')=",E12.3) 0012480

79 FORMAT(1H+,T70,'MO(',13,')=',F10.2,10X, 'LAM(',I3,')="' ,F10.5) " 0012490

80 CONTINUE 0012500

~ WRITE(6,83) 0012510

83 FORMAT(/ ) 0012520

DO 85 NS=1,NSTOT 0012530
NI=NER(NS) 0012540
WRITE(6,84) (M,NS,NIS(NS,M),WI(NS,H),M=1,RI) 0012550

84 FORMAT(3(5X,I2, ') wr(',14,',',14,')="',E12.3)) 0012560

85 CONTINUE A 0012570
CH+++++HHHH e rrH R R e R R 0012580
2021 CONTINUE 0012590
CH++++++HH-HHHH e R R R AR 0012600
XLTOT=X(L)+STLEN 0012610
PBAR{L)=P{L)#*0.980665 0012620
DPBAR(1.)=PEOBAR~PBAR(L) 0012630
IF(IPUNCH.EQ.1)WRITE(1,1)IPA 0012640
IF(IPUNCH.EQ.1)WRITE(1,6069)XLTOT ,DPBRAR(L) 0012650
CHHH++H bbb A R R 0012660
WRITE (2) XLTOT,DPBAR(L) 0012670
CH+++H+H - H e e e 0012680
G i it ettt it . e ensraesaer e tanreenn 0012690
c 0012700
C 19-CORRECTION OF THE COMPUTED SURFACE PIN TEMPERATURES FOR THE BIOT 0012710
c EFFECT AND FOR THE RADIAL POSITION OF THE THERMOCOUPLES 0012720
C 0012730
IF( QTOT.LE.1.E-06)GOTO 50 0012740

DO 53 NS=1,NSTOT 0012750
NSW=NS-NSTR 0012760
NP=NPIN(NS) 0012770

DO 51 M=1,NP 0012780

TWINF (NS ,M)=TW(NS,M) 0012790

IF (QQ(NS,M).LT.1.E~06)G0OTO 51 0012800
CCCCCCCCCeeececeecoeceeceeceececeteeceeceecceecececeeee 0012810
c QHRDAR=QQ (NS, M)*QDEV*HRDAR OLD 0012820
CCCEcececeeceecececeeocececceeeeetsccceeceececeeececcceceeee 0012830
c 26.03.1979 - 0012840
JP=JPIN(NS,M) 0012850
QAD=QJ (JP,NS) /H1*GEQ1 (NS,M) 0012860

QF=QQ (N8 ,M)*QDEV+QAD 0012870
QHRDAR=QF*HRDAR 0012880
CCCCCCCCCeCCceeececeecerecoeteectceeeeceeececeeeoeeeeececcece 0012890
RVOL=D*0,5 0012900
CCCCCCCCCgeeeeeectececcee 0012910
c IF(I2TIP(NS,M).RQ.1.AND.IPA.EQ.4 JRVGL=RTIP(4)-RH 0012920
IF(12TIP(NS,M).RQ.1.AND. IPA.EQ. 4.AND,LAMOP2.EQ. 1)RVOL=RTIP(4)-RH 0012930
CCCcCCcceceeceeceeceoceeecece 0012940
FCORTW={ (RVOL**2-RMISTW(IPA)**2)#*0 . .5+RINT (IPAY**2*ALOG(RMISTW(IPA)0012950
#*/RVOL) )/ ((RVOL**2-RINT (TPAY# %2 )*SUR)Y*RVOL 0012960
CCCCCCCCCCceceCeeecocceceeeeeeeeececceceeeecoeececcecece 0012970
c QRMDAR=QQ{NS ,M)*QDEVXFCORTW OLD 0012980
c IF(IPA.EQ. 4)QLAMR=QQ(NS ,M)*QDEVAFCORLA 0012990
CCCCCCCCCeioeareceececeececeeeeeeceeeceeeeeceoccoeeccece 0013000
c 07.03.1979 0013010
QRMDAR=QF*FCORTW 0013020
IF(IPA.EQ.4)QLAMR=QF*FCORLA 0013030
CCCCCCCCCeeececeecioeeececcecceeocreeecceeceecceecccee 0313040
C 0013050
CALL CORRTE(TW(NS,M),TSCE(NS,M),PBT, NS,M,0,BIOT(NS,M) ,TWINF (NS, 0013060

*M)) 0013070

CALL CORRTE(TWSSC1(NS,M),TBSSC1(NS,M),PBT, NS,M,1,BIOTI1,TWINF1)0013080
CALL CORRTE(TWSSC2(NS,M),TBSSC2(NS,¥),PBT, NS,M,2,BIOTI2, TWINF2)0013090



IF (NTYP(NS) .NE.2)GOTO 51 0013100

DO 3721 JWC=1,2 0013110

CALL CORRTE (TWWC (NSW,M,JWC) , TAVWC{NSW,M,JWC) ,PBT,  NS,M,JWC,BIOT0013120

*WC , TWINWC) 0013130

3721 CONTINUE 0013140
51 CONTINUE 0013150

53 CONTINUE 0013160
CCCCCCCCCCee 28.02.1981 0013170
IF (IPRINT.LE.0) GO TO 1949 - 0013180
IF(IPA/2%2.EQ.IPA) CALL JELLA(-1) 0013190
IF(IPA/2*2.EQ.TPA) CALL JELLB(-1,PBT) 0013200
IF(IPA.EQ.4 .AND. LAMOP3.NE.1) CALL JELLC(-1,TE,TE1,BIOT) 0013210

1949 CONTINUE 0013220
CCCCCCCCCCCC 28.02. 1981 0013230
IF (IPUNCH.EQ. 1)WRITE(1,6069)XM 0013240

DO 88 NS=1,NSTOT 0013250
NP=NPIN(NS) - 0013260

DO 3723 M=1,NP 0013270
JP=JPIN(NS,M) 0013280

WRITE (3) NS,M,X,TW(NS,M) 0013290

IF (NS.LE.NSTR) GO TO 3723 0013300

NSW=NS-NSTR 0013310

WRITE (4) NS,M,XM,TLINER(NSW,M) 0013320

DO 62 JWC=1,2 0013330

WRITE (9) NS,M,JWC,XM,TWWC(NSW,M,JWC) 0013340

62 CONTINUE 0013350
3723 CONTINUE 0013360
c 0013370
IF (IPUNCH.EQ.1) WRITE(1,6069) (TW(NS,M),M=1,NP) 0013380

IF (NS.LE.NSTR)GOTO 88 0013390
NSW=NS-NSTR 0013400

TF (IPUNCH.EQ. 1)WRITE (1, 6069) (TLINER(NSW,M) ,M=1,NP) 0013410

6069 FORMAT( 3E15.5) 0013420
88 CONTINUE 0013430
GOTO 50 0013440

2 0013450
C 0013460
C 20-CALCULATION IN THE CHANNELS, IN THE SUBCHANNELS AND IN THE TWO 0013470
c PORTIONS OF THE WALL SUBCHANNELS 0013480
C ] 0013430
48 CONTINUE ' 0013500
CCCCCCCCCCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCrCeee 0013510
CALL TTOT(1) 0013520
CCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCCeeee 0013530
CALL BAYLA(K,NSTOT,INDSP(K),ASECLA,H,LENGTH,P(K),P(L),PBT,FREL,FT, 0013540
*ITCORR, ITCH,DPAV, ITERM, ITGL, &8500 ,WSP(IPA) , I1SPAC) 0013550
ITGLT=ITGLT+ITGL 0013560

CALL SUBBAL (NSTOT,NSTR, INDSP(K),H,LENGTH,D,PIG,P(K),P(L),PBT,FREL,0013570

*FT, ITCORR,DPAV, &8500,WSP (IPA) , 11SPAC) 0013580
CALL NORMT (NSTOT,NSTR,TBT,ATOT ,ASEC,MFLOW) _ 0013590

CALL TEMCON (TRH,K,RH,SUR,D,PIG,TE1,PBT,&8500,H,VDIAM(IPA), 0013600

> RINT(IPA) ,INDICE,QTOT) 0013610
CCECCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCOCCCCeeee 0013620
879 NS1=NSTR+1 0013630
DO 64 NS=NS1,NSTOT 0013640
NP=NPIN(NS) 0013650
NSTYP=NTYE(NS) 0013660
NSW=NS-NSTR 0013670

DO 7034 M=1,NP 0013680
GOT0(7033,7033,7032) ,NSTYP 0013690

7032 PROVI(NSW,M)=MSCH(NS,M)*DE (NS )/ASCH(NS,M)*SQRT(LAMSCH(NS,M)*0.1250013700
* /RHO (PBT, TSCH(NS , M) } ) 0013710
GOTO 7034 0013720

7033 PROVI(NSW,M)=MAWC(NSW,M,1)*DEWC{NSW,M, 1) /ASCHWC (NSW M, 1)* 0013730
*SQRT (LAMWC (NSW, M, 1)*0 . 125/RHO (PBT , TAVWC (NSW,M,1))) 0013740

7034 CONTINUE 0013750



64 CONTINUE 0013760

49 CONTINUE ' 0013770

ittt eaitaeerei et e et e i, e reareereaen 0013780
c _ : 0013790
C 21-END OF THE LOOP ITCORR 0013800
c . : 0013810
WRITE (6,56 ) ITCORR,LAMBDA (K) ,LAM1,DELTAP,DPAV, DELAM 0013820

56 FORMAT(1H1,'CALCULATION STOPS: ITCORR=',I5/5X,'( LAMBDA=' 6E15.7,5X0013830

* 'LAM1=',E15.7,5X, 'DELTAP=',E15.7,5X, 'DPAV=',E15.7,' )',5X, 0013840

> 'DELAM = ',E12.5) , 0013850
WRITE(6,59) ITCON,INDICE 0013860

59 FORMAT( 5X,'ITCON = ',I2,' INDICE = ',13, 0013870

> //5X,'PIN TEMPERATURES : LAST ITERATION, WITHOUT CONDUCTION, WITH0013880

> CONDUCTION.') 0013890

CALL JELLA(-1) 0013900

STOP 0013910

G e aeeiereee ettt et ettt e e 0013920
c 0013930
C 22-DEFINITION OF THE INLET VALUES OF CHANNEL AND SUBCHANNEL 0013940
c VARTABLES FOR THE NEXT AXIAL SECTION; SUBSEQUENT ADDITIONS FOR 0013950
c AVERAGE VALUES OF VARIABLES 0013960
c 0013970
50 CONTINUE 0013980
NSUBDH=0 : 0013990
INDTW=1 0014000
PBAR(L)=P(L)}*0.980665 ' 0014010

DO 100 NS=1,NSTOT 0014020

TEMP (N8)=(2.,*MAV (NS)*TAV(NS) -MI (NS)*TEMP (NS))/MM2(NS) 0014030
MI(NS)=MM2(NS). 0014040
NP=NPIN(NS) 0014050

DO 97 M=1,NP 0014060
PMSCH1=MSCH1(NS,M) 0014070

MSCH1 (NS ,M)=2.*MSCH (NS ,M) -MSCH1 (NS,M) 0014080
TSCH1(NS,M)=(2.*MSCH(NS ,M)*TSCH(NS,M)~-PHSCHI*TSCH1 (NS,M) ) /MSCH1 (NS0014090

* M) 0014100
IF(NTYP(NS).NE.3 .OR. INDSP(K).EQ.2)GOTO 6647 0014110

DO 6646 I1=1,NSC90 0014120

6646 DELTIO(NS-NSTR,M,I}={TIO(NS-NSTR,M,I)-TSCH1(NS,M))*TCPRCF 0014130
6647 CONTINUE 0014140
IF(QQ(NS,M).GT.1.E-06)GOTO 5633 0014150
TW(NS,M)=TSCH(NS, M) 0014160
€CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeeee 0014170
NCEV=NS-NSTR 0014180
IF(NS.GT.NSTR) TLINER(NCEV,M)=TSCH(NS,M) 0014190
CCCCCCCCCCCCCOCCCCCCCCCECCCCCCCCCCCCCeeee 0014200
TEMPB(NS,M)=TSCH(NS,H) 0014210
BIOT(NS,M)=0. 0014220

TWINF (NS ,M)=TSCH(NS,H) 0014230

5633 CONTINUE 0014240
IF(K.EQ.1 .OR. NEXTW(IPA).EQ.0)GOTO 1180 0014250

IF (X(K).GT.XEXTW(IEXTWC) . AND.X(K-1) .LE , XEXTW(IEXTWC) )GOTO 1181 0014260
IF(X.EQ.N .AND. X(N+1).GT.XEXTW(IEXTWC) .AND. X(N).LE.XEXTW(IEXTWC0014270
*))GOTO 1181 ‘ 0014280

GO TO 1180 0014290
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeeecee , 0014300
C1181 TWTH(NS,M,IEXTWC)=(TW(NS,M)-TWP (NS,M))/(X(K+1)-X(K-1))*2.*(XEXTW( 0014310
C  *IEXTWC)-0.5*(X(K)+X(K-1)))+TWP(NS,M) 0014320
CCCCCCCCCCCCCCCCCCCCCCCCeCCCCCeeeece 0014330
1181 CONTINUE 0014340
TWTH(NS,M, IEXTWC)=(TW(NS ,M) ~TWP (NS, M) ) / (X (K+1) ~X(K~-1) )*2.* (XEXTW( 0014350
#IEXTWC)-0. 5% (X(K)+X(K-1)) }+TWP (NS, M) - 0014360

IF (NTYP(NS) .NE. 2) GO TO 1183 0014370

DO 1182 Jwc=1,2 0014380
TWWH(NS,M, JWC, IEXTWC)=(TWWC (NS-NSTR,M, JWC) -TWWP (NS ,M,JWC) ) / 0014380

>(X(K+1)-X(K-1)) *2.*(XEXTW(IEXTWC}-0.5*%(X(RK}+X(K-1)))+ 0014400



>TWWP (NS, M, JWC)
1182 CONTINUE
1183 CONTINUE
CCCCCCCCCCCCCCCCCCCCCCCCeee
INDTW=2
1180 CONTINUE
IF (NTYP(NS).NE.2)GOTO 97
NSW=NS-NSTR
DO 95 JWC=1,2
PHSCWC=MSCWC1 (NSW,M,JWC)
MSCWC1 (NSW, M, JWC)=2 . ¥MAWC (NSW, M, JWC) ~PMSCWC
TSCWC1(NSW, M, JWC)=(2 .. XMAWC (NSW, M, JHC Y*TAVWC (NSW, M, JWC) -PMSCWC*
*  TSCWC1(NSW,M,JWC)) /MSCWC1 (NSW,H,JWC)
ASCWC1(NSW,M,JWC)=ASCHWC (NSW, M, JWC) -
95 CONTINUE
IF (INDSP(X) .EQ.2)GOTO 97
DO 6648 1=1,NSC90
6648 DELTTO(NSW,M,1)=(TIO(NSW,H,1)~TSCWC1 (NSH,M ,1) YXTWPRCF
97 GONTINUE
100 CONTINUE
IF(INDTW.EQ.2 .AND. IEXTWC.LT.NEXTWT)IEXTWC=IEXTWC+1
IF (INDPRQ.EQ.2 .AND. IDPRQ.LT.NDPRQT)IDPRQ=IDPRQ+1
TWIC=TWFUN(NRODS ,NSTOT, PIG,AAC , AAA ) *H+TWIC
TBPC=TBFUN (NSTR, NSTOT )*H+TBEC
TBTC=TBT*H+TBTC
IF(X(X).LT.XSTART(IPAFD) .OR. X(L).GT. XEND(IPAFD))GOTO 103
NSEFD=NSEFD+1
TM=TM+TBT*H
PM=PM+PBT*H
LAMBDM=LAMBDM+LAMBDA (K Y*H
REM=REM+REBT (K)*H
UM=UM+UBT (K) %K
DELTAX=DELTAX+H
TF(IRH.EQ.1)GOTO 103
DO 9899 NS=1,NSTOT
NP=NPIN(NS)
DO 9899 M=1,NP
HPLUS1 (NS ,M)=HPLUS1 (NS ,M)+HPLUSE (NS ,M)*H
HPLUSZ (NS ,M)=HPLUS2 (NS , M) +HPLUSW{NS ,M)}*H
QPLUSA (NS ,M)=QPLUSA (NS ,M)+QPLUS (NS ,M)*H
PRBA (NS,M)=PRBA (NS,M)+PRB (NS,M)*H
TWA (NS, M) =TWA (NS , M) +TW(NS , M)*X
YDHA (NS ,M)=YDHA (NS, M)+YDH (NS , M) *H
YODHA (NS ,M)=YODHA (NS ,M)+YODH (NS ,M)*H
AMASSB(NS,M)=AMASSB (NS , M) +XMASSB (NS, H)*H
TEMPBA (NS, M)=TEMPBA (NS ,M) +TEMPB (NS , M)*XMASSB (NS ,M)*H
AMASST (NS ,M)=AMASST (NS ,M)+MSCH(NS ,M)*H
TEMPTA (NS, M) =TEMPTA (NS ,M)+TSCH(NS , M)*MSCH (NS ,M)*H
9899 CONTINUE
103 CONTINUE

C 23-PRINT SUBCHANNEL VARTARBLES

IF(IPRINT.LE.0) GO TO 2023
IF(IPSUB.LE.0) GO TO 2023

WRITE (6,83)

DO 8887 NS=1,NSTOT
NTYPNS=NTYP (NS)

NP=NPIN(NS)

NSW=NS-NSTR
WRITE(6,8885)NS

8885 FORMAT(5X,'CHANNEL NR.',I5)

DO 8887 M=1,NP

CCCCcceceecceecceeccecceeccececececcecececce oL

0014410
0014420
0014430
0014440
0014450
0014460
0014470
0014480
0014490
0014500
0014510
0014520
0014530
0014540
0014550
0014560
0014570
0014580
0014590
0014600
0014610
0014620
0014630
(014640
0014650
0014660
0014670
0014680
0014690
0014700
0014710
0014720
0014730
0014740
0014750
0014760
0014770
0014780
0014790
0014800
0014810
0014820
0014830
0014840
0014850
0014860
0014870
0014880
0014890
0014900
0014910
0014920
0014930
0014940
0014950
0014960
0014970
0014980
0014990
0015000
0015010
0015020
0015030
0015040
0015050
0015060
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c IF(QQ(NS,M) .GT. 1.E-06)SCNUSS=QQ(NS ,M)*QDEV*DE (NS)*F2DTIP (NS M)/
€ /(SUR*(TWINF(NS,M)-TSCH(NS,H) )KAPPA(PBT, TSCH(NS,H)) )*D*0.5/

¢ /RTIP(IPA)

CCCCCCCCCCCCCCCCCCCCOCCCCCCECCCCCCCCCCEr

¢

07.03.1979
IF(QQ(NS,H).1E.1.E-06) GO TO 70
NT=NTYP (NS)
JP=JPIN(NS,M)

QF=QQ(NS ,H)*QDEV/SUR + QJ(JP,NS)/(PIG*D*H/GEOI(NS,M))
SCNUSS=QF*DE (NS)*F2DTIP (NS,M)/
/ C(TWINF (NS ,M)~TSCH(NS M) )*KAPPA(PBT, TSCH(NS, M) ) )*D*0.5/
/RTIP(IPA)
ALFAD = SCNUSS * KAPPA(PBT,TSCH(NS,M)) / DE(NS) * 41860.
70 CONTINUE
CCCCOCCCCCCCCCCCCCCCCCCCCCCCECCCCCOCOCCC -
SCREB=MSCH (NS, M)*DE (NS)*F2DTIP (NS, M)/ (ASCH(NS M) *F2ATIP (NS, M)*
*ETA(PBT, TSCH(NS ,M)))
SCREW=SCREB¥ETA (PBT , TSCH (NS, M) )*RHO(PBT , TWINF (NS, M) )/ (ETA(PBT,
*TWINF (NS , M) )*RHO (PBT, TSCH(NS,M)))
CCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCC 02.11.1979  (WRITE 3725)
c QLINSC=QLINM*QLDEV*PERL, (NTYENS )*ASCH (NS , M) /ACH (NTYPNS ) *H1
QLINSC=0.0
IF(NS.GT.NSTR) QLINSC=SHQ(NSW,M)
CCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCe 02.11.1979
WRITE (6,8886)M,JPIN(NS,M) ,MSCH1 (NS,M) , TSCH1 (NS ,H) , LAMSCH(NS ,H)
*  SCREB, SCREW

0015070
0015080
0015090
0015100
0015110
0015120
0015130
0015140
0015150
0015160
0015170
0015180
0015190
0015200
0015210
0015220
0015230
0015240
0015250
0015260
0015270
0015280
0015290
0015300
0015310
0015320

8886 FORMAT(5X,I2,'-(ROD NR.',14,')',T27,'0UT. MASS',F10.6,T52,'0UT. TE0015330
' iMp.=',F7.2, T75 ' LAMBDA="' FlD 5 T99 'REB—' ,F7.0, T112 'REW" ,F7.0) 0015340

WRITE(6,3725) QLINSC
3725 FORMAT(T27,'Q LINER=',E15.5)
IFCIRH.EQ.2 .AND. QTOT.GT.1.E~06 .AND. I2TIP(NS,M).NE.1)
| WRITE (6,3724)BIOT(NS M)
3724 FORHAT(1H+,T52,'BIOT-',FlO.S)
IF(QTOT.GT, 1.E-06)WRITE(6,3722) TWINF (NS,M)
3722 FORMAT (1H+, T75,'TW INF.=',F10.2)

IF(QTOT.GT.1.E~06 .AND. NTYP(NS).NE.1)WRITE(6,3740)TLINER(NSW,M)

3740 FORMAT(1H+,T99,'T AT LINER=',F10.2)
IF (INDSP(K) .EQ. 2)GOTO 91
IF(IRH.EQ.1 .OR. I2TIP(NS,M).EQ.1)GOTO 3726

RHPLM=RHPLUS (HPLUSB (NS ,M) ,TW(NS,M) ,TE1 ,QPLUS(NS, M) HPLUSW(NS,M),

*TEMPB (NS ,M) ,YODH(NS, M))
WRITE(6,8883)HPLUSB(NS,H),HPLUSW(NS,M),RHPLH

8883 FORMAT(T27,'HB+ =',E12.5,T52,'Hw+ =',F12,5,T75, 'R( H+ )=',E12.5)

IF(QQ(NS,M).LE. 1.E-06)GOTO 91
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCe 09.10.1980

0015350
0015360
0015370
0015380
00153%0
0015400
0015410
0015420
0015430
0015440
0015450
0015460
0015470
0015480
0015490
0015500
0015510

c GHPLM=GHPLUS (HPLUSW (NS, M) , TW(NS , M) , TSCH(NS,M) ,PRB (NS,M) , YDH(NS,H)0015520

¢ 1,10000.,0.)
GHPLM=GHPIU(NS M)

CCCCCCCCCCCECCCCCCCCCCCCCCCCCCCCCCCe 09,10, 1980
TWDTEM= (TW(NS ,M)+273.16) / (TE+273.16)
TWDTBM=(TW(NS,M)+273.16)/ (TSCH(NS ,M)+273.16) |
PHIM=GHPLM/ (PRB (NS,M)**04 * TWDTBM**05)*(016*YDH(NS,H))**017
WRITE (6,94 )GHPLM, SCNUSS , TWDTBM, TWDTEM, YDH (NS, M) , 04,05,016,
1 017, PHIM :

0015530
0015540
0015550
0015560
0015570
0015580
0015590
0015600

94 FORMAT(1H+,T99,'G{ AW+ )=',E12.5/T27,'NU =',E13.6,T52,'TW/TB=",E130015610
1.5,T75, ' TW/TE=",E13.5,T99, 'Y/RH=",E13.5/T27, 'G( HW+ )/( PR***' ,F4.20015620

2,' * (TW/TB)**' F4.2,' ) * (', F6.3, *Y/RH)**' F6.3,' =' E13.6)
3726 IF(QQ(NS,M}.LE.1.E-06)GOTO 91
IF(IRH.EQ.1 .OR. I2TIP(NS,M).EQ.1)WRITE(6,4242)SCNUSS
4242 FORMAT (1H+,T52,'NU =',E13.6)

0015630
0015640
0015650
0015660

WRITE (6, 6685 YTBSSC1 (NS ,M) ,TWSSC1 (NS M) , TBSSC2 (NS, M) , TWSSC2 (N5,M) 0015670
6685 FORMAT(T27,'TBSSCH(1)=',F7.2,T52, 'TWSSCH(1)=',F7.2,T75, ' TBSSCH(N)=0015680

1',F7.2,T99, 'TWSSCH(N)=',F7.2)
IF (NTYP(NS) .EQ. 1)GOTO 91
WRITE (6,6640)TTSCHA (NSW,M) , TTSCHB (NSW, M) , TEMPB(NS , M)

0015690
0015700
0015710
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6640 FORMAT(T27,'TA=',F7.2,T52,'TB=',F7.2,T75,'TBC=',F7.2) 0015720

IF (NTYP(NS).EQ.2)WRITE (6,6644) TWWC (NSW,M,1) , TWWC (NSW,M,2) 0015730

6644 FORMAT(T27,'TW(1)=',F7.2,T52,'TW(2)="',F7.2) 0015740
WRITE(G 6645)TISSCI(NSW M) TZSSCI(NSW M),T1SSC2(NSW,M), 0015750
T255C2 (NSW,M) 0015760

6645 FORHAT(T27,'TISSCH(1)—‘ F7.2,T52,'T28SCH(1)="',F7.2,T75, 'T1SSCH(N)=0015770
1',F?.Z,TQQ,'TZSSCH(N)=’,F?.Z) 0015780

91 CONTINUE 0015790
CCCCCCCCCCECCCCCCCCCCCCCCCCCCCCCeeeceee 0015800
ALFAW=ALFA (NS ,M)*41860 0015810
IF(QQ(NS,M).GT.1.E-06) WRITE(6,8712) ALFAD,ALFAW 0015820

8712 FORMAT(T27,'ALFAD = ',E12.6,T52, 'ALFA = ',E12.6) 0015830
IF(QQ(NS,M).LE.1.E-06 .AND. QTOT.GT.1.E-06) WRITE(6,8773) ALFAW 0015840

8773 FORMAT(T27,' ALFA = ',E12.6) 0015850
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeeeeeeee 0015860
IF(NTYP(NS).NE,2)GOTO 8887 0015870

WRITE (6,90) (JWC,MSCWC1 (NSW,M,JWC) ,JWC, TSCWC1 (NSW,M,JWC) , JWC ,ASCWC10015880
*(NSW,M, JWC) , JWC, LAMWC (NSW, M, JWC) , JWC=1,2) 0015890

90 FORMAT(T27,'MOUT(',I1,')=',E13.6,T52,'TOUT(',I1,')=',E13.6,T75, 0015900

1 "AREA(',I1,')=',E13.6,T99, 'LAMBDA(',I1,')=",E13.6) 0015910

8887 CONTINUE 0015920
2023 CONTINUE 0015930
IF( IPA/2*2 .EQ. IPA) CALL HEATBA(0,PBT,INDQ,TE,MFLOW) 0015940

9999 CONTINUE 0015950
GOTO 8499 0015960

c e Creereereaa b reeere et P o 11 &3 7 11
C 0015980
C 24-POINT REACHED IN THE CASE OF CONVERGENCE PROBLEMS (LOOP K ENDS 0015990
c AT LABEL 9999) 0016000
8500 CONTINUE 0016010
NSUBDH=NSUBDH+1 0016020

IF (NSUBDH. LE .MSUBDH)GOTO 8502 0016030
WRITE(6,8501)MSUBDH 0016040

8501 FORHAT(//' STOP DUE TO REACHED MAXIMUM NUMBER OF SUBDIVISIONS FOR 0016050
*AXTAL PITCH: NSUBDH=',12) 0016060
STOP 0016070

c 0016080
8502 CALL SUBDH(N,K,K1,NSTOT) 0016090
GOTO 8503 0016100
P 0016110
c 0016120
C 25-VALUES OF VARIABLES FOR THE WHOLE BUNDLE FLOW SECTION 0016130
c 0016140
8499 CONTINUE 0016150
DEPTOT=P(L)-P(1) 0016160

WRITE (6,8889) 0016170

8889 FORMAT(1H1,4X,'VARIABLES FOR THE WHOLE BUNDLE'/5X,30('-')//// 0016180
* 5X,'A) INLET VALUES OF TEMPERATURE AND PRESSURE'//5X,'SECTION NR0016190
*,' ,T26,'HEIGHT (CM)',T43,'TEMPERATURE ( C)',T63,'PRESSURE (KG/SQC0016200

*M)',T86, ' PRESSURE (BARS)'/) 0016210
WRITE (6,8890) (I,X(I),T(1),P(I),PBAR(I),I=1,L) 0016220

8890 FORMAT(7X,I3,15X,F9.4,13X,F7.2,11X,F9.5,12X,F9.5) 0016230
WRITE(6,8891) 0016240

8891 FORMAT(/////5X,'B) VALUES AVERAGED OVER AXTAL SECTIONS'//5X,'SECTI0016250
*ON NR.',T23,'DENSITY (G/CCM)',T41,'VISCOSITY(G/CM*SEC)',T64, ' VELOCD016260

*ITY (M/SEC)',T85,'REYNOLDS NR.',T99,'FRICTION FACTOR'/) 0016270
WRITE(6,8892) (1,RHOBT (I),ETABT(I),UBT(I),REBT(I),LAMBDA(I),I=1,N) 0016280

8892 FORMAT(7X,13,17X,F7.5,12X,F9.7,12X,F7.3,11X,F9.2,6X,F7.5) 0016290
WRITE (6 ,8878)DEPTOT 0016300

8878 FORMAT(///5X,'TOTAL PRESSURE DROP=',F9.6,' KG/SQCM') 0016310
c N ) 11 - 7.1
c 0016330
C 26-EVALUATION AND PRINTING OF AVERAGE VALUES OF VARIABLES FOR THE 0016340
c REGIONS WHERE INDISTURBED FLOW IS ASSUMED 0012320
C 0016360

IF(NSEFD.EQ.0)GOTO 8897 0016370
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TM=TH/DELTAX 0016380
PM=PM/DELTAX 0016390
PMBAR=PM*0 . 980665 0016400
LAMBDM=LAMBDM/DELTAX 0016410
RHOM=RHO (PM, TM) 0016420
RTAM=ETA (PM, TM) 0016430
REM=REM/DELTAX 0016440
UM=UM/DELTAX 0016450
WRITE (6,8893) TM,PM,PMBAR,RHOM,ETAM,UM,REM, LAMBDM 0016460

*URBED FLOW IS SUPPOSED'//

8893 FORMAT(////5X,'C) TOTAL MEAN VALUES AVERAGED IN PARTS WHERE UNDIST0016470

5X, 'TEMPERATURE' ,T22,'=',F9.0016480

#2,' C'/5X,'PRESSURE',T22,'=',F9.4,' KG/SQCM =',F9.4,' BARS' 0016490
*

/5%, 'DENSITY',T22,'="',0016500

* F9.5,' G/CCM'/5X,'VISCOSITY',T22,'=',F9.7,' G/CM*SEC'/5X, 0016510
#'VELOCITY' ,T22,'=',F9.3,"' M/SEC'/SX, 'REYNOLDS NR.',T22,'=',F9.2/5X0016520

L , 'FRICTION FACTOR',T22,'=',F9.5//)

IF(IRK.EQ.1)GOTO 8897

WRITE (6,83)

DO 8876 NS=1,NSTOT

NP=NPIN(NS)

DO 8874 M=1,NP

TF(12TIP(NS M) .EQ.1)GOTO 8897
WRITE (6, 8885 NS

HPLUS1 (NS, M)-HPLUSI(NS,H)/DELTAX
HPLUS2 (NS , M)=HPLUS2 (NS , M) /DELTAX
QPLUSA (NS, M)=QPLUSA (NS, M) /DELTAX
PRBA (NS,M)=PRBA (NS,M)/DELTAX
TWA (NS ,M)=TWA (NS M) /DELTAX

YDHA (NS, M)=YDHA (NS ,M) /DELTAX
YODHA (NS ,M)=YODHA (NS, M) /DELTAX

TEMPTA (NS ,M)=TEMPTA (NS , M) /AMASST (NS, M)
TEMPBA (NS ,M)=TEMPBA (NS , M) /AMASSB(NS, M)

0016530
0016540
0016550
0016560
0016570
0016580
0016590
0016600
0016610
0016620
0016630
0016640
0016650
0016660
0016670
0016680
0016690

RHPLA=RHPLUS (HPLUS1 (NS, M) , TWA(NS M) , TE1,QPLUSA (NS ,M) ,HPLUS2 (NS, M) 0016700

1TEMPBA (NS ,M) , YODHA (NS ,M))

0016710

WRITE (6,8875)M, JPIN(NS,M) ,HPLUS1 (NS ,M) ,HPLUS2 (NS, M) ,RHPLA 0016720

8875 FORMAT(SX,I2,'~(ROD NR.',I4,')',T27, 'HB+ =',6E12.5,T52,'Hw+ =',E12,0016730

15,775, 'R( H+ )=',E12.5) 0016740
IF(QQ(NS,M).LE.1.E-06)GOTO 8874 0016750
TWDTEA=(TWA (NS,M)+273.16)/ (TE+273.16) 0016760
TWDTBA=(TWA(NS,M)+273.16)/ (TEMPTA (NS ,1)+273.16) 0016770

CCCCCCCCECCCecteeeeececeeeeceeeeecee 09,10.980 ' 0016780
c GHPLA=GHPLUS (HPLUS2 (NS,H) , TWA(NS,M) , TEMPTA (NS,M) ,PRBA (NS,M), 0016790
c 1YDHA(NS,M),10000.,0.) 0016800
c PHIA—GHPLA/(PRBA (NS M)*%04 * TWDTBA%*05)*(016*YDHA (NS, M) )**017 0016810
c WRITE(6,94)GHPLA, QPLUSA(NS M) TWDTBA, TWDTEA, YDHA (NS ,M),04,05,016, 0016820
c 1017,PHIA 0016830
cccccccccccccccccccccccccccccccccccc 09.10.980 0016840
8874 CONTINUE 0016850
8876 CONTINUE 0016860
8897 CONTINUE 0016870
C ... e ne e ren et e te i neeere et ... 0016880
C . 0016890
C 27-COMPARISON BETWEEN THE INPUT AND THE COMPUTED AVERAGE 0016900
¢ TEMPERATURES OF THE GAS, OF THE SHROUD AND OF THE PINS IN THE 0016910
c AXIAL PORTION 0016920
c 0016930

TWTIC=TWTC/LENGTH 0016940
TBTC=TBTC/LENGTH 0016950
TBPC=TBPC/LENGTH 0016960

> Mo

WRITE(6,69) TWIIPA(IPA),TWIC,TBTIPA(IPA),TBTC,TBPIPA(IPA),TBPC 0016970

69 FORMAT(///5X,'COMPARISON OF INPUT TEMPERATURES WITH COMPUTED VALUE0016980

18'//T17, ' INPUT' ,T26,'COMPUTED'/5X, 'TWTIPA',2F11.2/5X, 'TBTIPA',2F110016990

2.2/5X, 'TBPIPA' ,2F11.2)

I N R N N R RO N R B A IR

0017000

.............................. 0017010

0017020
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C 28-COMPARISON BETWEEN THE EXPERIMENTAL AND THE COMPUTED PRESSURE 0017030

C LOSSES 0017040
c 0017050
IF(NEXPR{IPA).GT.0 .OR. NEXTW(IPA).GT.0)WRITE(6,1023) 0017060

1023 FORMAT(////5X,'COMPARISON WITH EXPERIMENTAL RESULTS'/5X,36('-')//)0017070
IF(NEXPR(IPA).EQ.0)GOTO 1040 0017080

GOTO (1069,1070),INDPR 0017090

1069 WRITE(6,1072) 0017100
GOTO 1071 0017110

1070 WRITE(6,1073) 0017120
1071 CONTINUE 0017130
1072 FORMAT(5X, '1) PRESSURES (KG/SQCM)'//) 0017140
1073 FORMAT(5X, '1) PRESSURES (BARS)'//) 0017150
IEXPR2=IEXPR1+NEXPR(IPA)-1 0017160

X1=1 0017170

DO 1037 IEXPR=IEXPR1,JEXPR2 0017180

DO 1024 X=KI,N 0017190
K2=K 0017200
IF(XEXPR{IEXPR) .GE.X(X) .AND. XEXPR(IEXPR).LT.X{K+1))GOTO 1025 0017210

1024 CONTINUE 0017220
GOTO 1040 0017230

1025 K1=K2 0017240
IF(INDSP(K) .EQ.2)GOTO 1026 0017250
KK=K2 0017260
GOTO 1027 0017270

1026 KK=K2-1 0017280
IF(KX.EQ.0)RK=2 0017290

1027 CONTINUE 0017300
GOTO (1028,1029),INDPR 0017310

1028 PR1=P(KK) 0017320
PR2= P(KK+1) 0017330

GOTO 1030 0017340

1029 PR1=PBAR(KX) : 0017350
PR2=PBAR(KK+1) 0017360

1030 PTH=(PR2-PR1)/ (X(KK+1)-X(KK))*( XEXPR(IEXPR)-X(KK))+PR1 0017370
DPEX=PEX(IEXPR)}-PE1 0017380
DPTH=PTH-PE1 0017390
PTMPEX=PTH-PEX { IEXPR) 0017400
DPERR=(DPTH-DPEX) /DPEX*100. 0017410
WRITE(6,1031)IEXPR,XEXPR(IEXPR) ,PEX(1EXPR) ,DPEX,PTH,DPTH,PTMPEX, 0017420
*DPERR 0017430

-1031 FORMAT(5X,I2,')HEIGNT=',6F10.5,' CM',5X,'P EX.=',F10.5,5X,'P EX.~PE0017440
*1=',F10.7,5X, '? TH.=',F10.5,5X,'P TH.-PE1=',F10.7/33X,'P TH.-P EX.0017450

*=' F10.7,5X,'(DP TH.-DP EX.)/DP EX. *100 =',F7.3/) 0017460

1037 CONTINUE , 0017470
1040 CONTINUE 0017480
c AR 0017490
c 0017500
g 29-PRINT OF THE PIN TEMPERATURES AT SPECIAL AXIAL POSITIONS 0017510
0017520

IF (NEXTW(IPA).EQ.0)GOTO 1060 . 0017530
WRITE(6,1041) 0017540

1041 FORMAT(///5X,'2) COMPUTED ROD TEMPERATURES ( C)'//) 0017550
IEXTW2=IEXTWI+NEXTW(IPA)~1 - 0017560

DO 1050 IEXTW=IEXTW1,IEXTW2 0017570

WRITE (6,1045) IEXTW, XEXTW( IEXTW) 0017580

DO 1044 NS=1,NSTOT 0017590
NP=NPIN(NS) 0017600
WRITE(6,1046) (M,NS, JPIN(NS,M),TWTH(NS,M, IEXTW),M=1,NP) 0017610

1044 CONTINUE 0017620
1045 FORMAT(/5X,I2,')HEIGHT=',6F10.5,' CM'/) 0017630
1046 FORMAT(3(5X,I2,') TW TH.(',I15,',',15,')=",F10.3,' C')) 0017640
CFFFFFFFFFFFFFFFFFFFFFFFFEFFEFFFEF 0017650
WRITE(6,1047) 6017660

1047 FORMAT(//5X,' TEMPERATURES OF THE TWO PARTS OF WALL SUBCHANNEL',//)0017670
DO 1048 NS=1,NSTOT . 0017680
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IF(NTYP(NS) .NE. 2) GO TO 1048 0017690

NP=NPIN(NS) 0017700

DO 1043 M=1,NP 0017710

DO 1042 JWC=1,2 0017720

WRITE(6,1049) NS,JPIN(NS,M),JWC, TWWH(NS,M,JWC,IEXTW) 0017730

1042 CONTINUE 0017740
1043 CONTINUE 0017750
1048 CONTINUE 0017760
1049 FORMAT(5X, ‘TW(',12,',',12,*,',I1,') = ' ,F10.3) 0017770
CFFFFFFFFFFFFFFFFFFFFFFFFFFFFFE 0017780
1050 CONTINUE 0017790
1060 CONTINUE 0017800
C Cereenean ey P 0017810
C 0017820
C 30-STARTING VALUES OF VARIABLES FOR THE NEXT AXIAL PORTION 0017830
C 0017840
IF(X(L) .GT.DIST(ISPAC) .AND. ISPAC.NE.NSPACT)ISPAC=ISPAC+1 0017850
To=T(L) 0017860
PO=P(L) 0017870
DPBAR(1)=DPBAR(L) 0017880
II=TI+NSPAC(IPA) 0017890
TEXPR1=IEXPR1+NEXPR( IPA) 0017900
TEXTW1=IEXTWI1+NEXTW(IPA) 0017910
SPRLEN=SPRLEN+PLEN(IPA) 0017920
HH=SPRLEN 0017930
IF(I1.6T.1 .AND. IDISP2.EQ.1)DISTOO=DIST(II-1)-SPRLEN 0017940

IF (NDPRQ(IPA).GT.0) IDPRQ=IDPRQ+1 0017950
ISTAIN=1 0017960

8888 CONTINUE | 0017970
T e e 0017980
c 0017990
C 31-END OF THE LOOP IPA; CALCULATION OF THE PRESSURE RECOVERY AT THE 0018000
C OUTLET OF THE BUNDLE 0018010
c 0018020
DEPOUT=-COUT*PROVZ/RHO2*0.5 0018030
POUT=P0+DEPOUT -0018040
POBAR=POUT*0 . 980665 0018050

& WRITE (6, 8896 )DEPOUT, POUT , POBAR,, COUT 0018060
8896 FORMAT(////5X,'PRESSURE RECAPTURE DUE TO EXIT=',F7.5,' KG/SQCM',5X0018070
*  'PRESSURE OUTSIDE=',F10.5,' KG/SQCM =',F10.5,' BARS ( COUT=0018080

*' FA.2," )) 0018090
DPOBAR=PEOBAR-POBAR 0018100

IF (IPUNCH.EQ. 1)WRITE (1,6069)DPOBAR . 0018110

IF (PEXOUT.LE.1.E-06) GO TO 741 0018120

IF (INDPR.EQ.2)POUT=POBAR 0018130
DPEX=PEXOUT~PE1 0018140
DPTH=POUT-PE1 0018150
DPERR=( DPTH-DPEX)/DPEX¥100. 0018160

WRITE (6 ,1008) PEXOUT ,DPTH , DPEX , DFERR 0018170

1008 FORMAT(/5X,'EXP. PRESSURE OUTSIDE=',F10.5/5X,'P TH.-PE1=',F10.7/5X0018180
*,'P EX.-PE1=',F10.7/5X,'(DP TH.- DP EX.)/DP EX,*100=',F6.3) 0018190

741 CONTINUE 0018200

¢ 0018210
CALL HEATBA(1,PBT,INDQ,TE,MFLOW) 0018220
WRITE(6,740) 0018230

740 FORMAT(/5X,' REGULAR CALCULATIONS END') 0018240
742 STOP 0018250

END 0018260
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FUNCTION AKA(R1DR2,PHI) 0000010

---------------------------------------------------------------- ~=0000020
AKA COMPUTES THE ADDITIONAL FRICTION IN THE LAMINAR HYDRODYNAMIC 0000030
ENTRANCE LENGTH 0000040
0000050

IF(PHI.GT.0.002)GOTO 1 0000060
AKA=132,53%PHI/R1DR2%%0,013 0000070
RETURN 0000080
IF(PHI.GE.0.01755)G0TO 2 0000090
A=0.7982+0.3421%ALOG (PHI) 0000100
GOTO 4 0000110
IF(PHI.GE.0.05)GOTO 3 0000120
A=-0.05033+0. 1322%ALOG(PHI) 0000130
GOTO 4 0000140
IF(PHI.GT.0.1)GOTO 5 0000150
A=-0. 4463 0000160
=-0, 205%PHI**0 . 65362 0000170
AKA=EXP (AY*R1DR2**B 0000180
RETURN 0000190
AKA=0.,64/R1DR2**0, 0738 0000200
RETURN 0000210
END 0000220
SUBROUTINE ALFAC (VDIAM,H) 0000010
------------------------------------------------------------------ 0000020
TRANFORMS THE CONVECTION FACTORS ALFA TO THE COEFFICIENT FALFA. 0000030
0000040

COMMON /SC11C/ FALFA( 42,3) 0000050
COMMON /5C15C/ ALFA ( 42,3) 0000060
COMMON /SC13C/ GEO1( 42,3) 0000070
COMMON /GASD1/ NSTOT 0000080
COMMON /HEA6 / NPIN( 42),JPIN( 42,3) 0000090
COMMON /DAT / PIG 0000100
0000110

DO 200 NS=1,NSTOT 0000120
NP=NPIN(NS) 0000130

DO 100 M=1,NP 0000140

FALFA (NS ,M)=ALFA (NS ,M)*PIG*VDIAM*H/GEO1 (NS , M) 0000150

CONTINUE 0000160

CONTINUE 0000170
0000180

RETURN 0000190

EXD 0000200
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*D,W,NSTR,H, PR1, PR2, SQDPG, TE, SUR, AMT,DDDD,*, AMA,AMB) ooooozg
----------------------------------------------------------------------- 000003
SUBROUTINE ANGCA1 CALCULATES FRICTION FACTORS AND APPROXIMATE 0000040
OUTLET MASS FLOW RATES AND TEMPERATURES FOR CORNER CHANNELS 0000050
0000060
REAL LAMSCH,LAMB,MSCH1,KAPPA,MSCH,LAMLAM 0000070
0000080
DIMENSION A(30) 0000090
0000100
COMMON /WACO1/ XMSCHB( 18,2),XMSCHA( 18,2) 0000110
COMMON /DAT/  PIG 0000120
COMMON /ANG2/  PA(30) 0000130
COMMON /SUB1/  ASCH( 42,3) 0000140
COMMON /SUB2/ TSCH( 42,3),MSCH( 42,3) 0000150
COMMON /SUB3/  ADAR( 18,2),DETB( 18,2) 0000160
COMMON /SUB4/  LAMB( 18,2) 0000170
COMMON /SUB5/  LAMSCH( 42,3) 0000180
COMMON /SUB6/  TSCH1( 42,3) 0000190
COMMON /SUB8B/  MSCH1( 42,3) 0000200
COMMON /INPAR/ IPA 0000210
COMMON /SUB22/ TW( 42,3) 0000220
COMMON /SUB23/ HPLUSB( 42,3),HPLUSW( 42,3), 0000230
* - QPLUS{ 42,3),PRB( 42,3),YODH({ 42,3) 0000240
COMMON /MART/  ITCORR 0000250
COMMON /HEAS/ QQ( 42,3) 0000260
COMMON /LAMINO/ I2TIP( 42,3) 0000270
COMMON /LAMIN1/ AKAPPA( 42) 0000280
COMMON /LAMINZ2/ FATIP(3),FDTIP(3) 0000290
COMMON /LAMIN3/ F1ATIP( 42),FIDTIP( 42) 0000300
COMMON /LAMING/ F2ATIP( 42,3),F2DTIP( 42,3) 0000310
COMMON /LAMINS5/ RTIP(7) 0000320
COMMON /LAMING/ I3TIP( 42,3) 0000330
COMMON /WSSCH1/ DELTIE( 18,2,90),DTIEAV( 18,2) 0000340
COMMON /REC1/  PVERT(90),PRAD(90) 0000350
COMMON /REC2/ E(90) 0000360
COMMON /REC3/ P(90) 0000370
COMMON /WSSCH/ T1SSC1( 18,2),T2S8SC1( 18,2), 0000380
> T18sc2( 18,2),T28SC2( 18,2) 0000390
COMMON /WSSCHO/ TBSSC1( 42,3),TWSSC1( 42,3), 0000400
> TBSSC2( 42,3),TWSSC2{ 42,3) 0000410
COMMON /SHROUD/ TLINER( 18,2) 0000420
COMMON /GAAG1/ FCOPW1(3) 0000430
COMMON /GAAG2/ FCOPW2{ 18,2) 0000440
COMMON /HEA6 / NPIN( 42),JPIN( 42,3) 0000460
COMMON /5C02C/ QJ( 19, 42) 0000470
COMMON /SC13C/ GEO1( 42,3) 0000480
COMMON /QPAR1/ QDEV 0000490
0000510
0000520
0000530
III=NS~NSTR 0000540
FCOPW2(III,1)=FCOPW1(3) 0000550
DTIEAV(III,1)=0, 0000560
I2TIP(NS,1)=I3TIP(NS,1) 0000570
IF( I2TIP(NS,1).EQ.1)GOTO 2999 0000580
------------------------------------------------- mermmmmmmm—e—aae (0000590
0000600
I3TIP#1: THE TURBULENT CALCULATION MUST BE PERFORMED 0000610
: 0000620
TWIAV=D. 0000630
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SUBROUTINE ANGCA1(K,NS,N,IRH,PROV,PB,

RH,H1,ALFA,A,AT,DET,DETOT, 0000010



CHricikkFIRST STEP: EVALUATION OF THE TAU=0 LINE AS FOR WALL CHANNELS#ik
CALIL, RECANG(I,AI,NS,K,1,IRKE,ALFA,AMA1,TI,PB,D,W,RH,DETOT,PROV,DAI
* ,DBI,AAI,ABI,GG,SSSA,SSSB,AMTI, 3,H1,H,PR1,PR2,SQDPG,1,TE ,SUR, TWI,
*AMAT , TAT ,AMBI ,TBI,III,TSCH1(NS,1),TSCH(NS,1) ,HPLUS1,HPLUS2,ANGT,0.
*,0.,1.,5777,DEPA,CS)
CH¥ckickSECOND STEP: SUBCHANNELS DEFINED WITH RADII FROM ROD CENTER*#iickk

C
c

cs=1.
AMA1=MSCH1(NS,1)/AT
ANGT=0.,

AMT=0,

TT=0.

AMB=0,

TTB=0.
SRAMIB=0.
DDDDA=0.
DDDDB=0.

ATB=0.
HPLUSB(NS, 1)=0.
HPLUSW(NS,1)=0.
TI=TSCH1(NS,1)
DEPA=DETOT

DO 3 1I=1,N
AT=1
ANGT=ANGT+ALFA

AAT=A(T)~ABI
DAI=4 ,*AAI/PA(I)
TI1=TI

TAT1=TAI
TBI1=TBI

TW1=TWI

CS1=CS§

0000640
0000650
0000660
0000670
0000680
0000690
0000700
0000710
0000720
0000730
0000740
0000750
0000760
0000770
0000780
0000790
0000800
0000810
0000820
0000830
0000840
0000850
0000860
0000870
0000880
0000890
0000900
0000910
0000920
0000930
0000940
0000950

CALL RECANG(I,AI,NS,K,2,IRH,ALFA,AMAl,TI1,PB,D,W,RH,DETOT,PROV,DA 0000960

TWIAV=TWIAV+TW1*ALFA
DTIEAV(III,1)=DTIEAV(III,1)+DELTIE(III,,I)*AMTI
AMT=AMT+AMTI

TT=TT+AMTI*TI1

AMB=AMB+AMBI

RAMIB=AMTI*ABI/ (AAI+ABI)
SRAMIB=SRAMIB+RAMIB
TTB=TTB+RAMIB*TRI1

DDDDA=DDDDA+SSSA

DDDDB=DDDDB+SSSB

DDDD=DDDDA+DDDDB

ATB=ATB+ABI

IF(IRH.EQ.1)GOTO 3

HPLUSB(NS, 1)=HPLUSB(NS, 1) +HPLUS1%ABI
HPLUSW(NS, 1)=HPLUSW(NS, 1)+HPLUS2%ABI

3 CONTINUE

Cccceecceeceaececceceeececceeeceeeceececece 21.09.1979

c

TWIAV=TWIAV*12./PIG

Cccceetccceceeceeeteccccceecececcececcecece

TWIAV=TWIAV*6. /P1G

cCccceceececceeeecececcecececeececcecccececee

DTIEAV(ITI,1)=DTIEAV(IIT,1)/AMT

ATSCH=TT/AMT

RHOT=RHO (PB, ATSCR)

LAMSCH(NS, 1)=( (AT/DDDD)#%*2 Y#2 . *DET*RHOT/H
ADAB(III,1)=AT/ATB

DETB(III,1)=48.*ATB/(PIG*D)

AMA=AMT-AMB

*I,DBI,AAI,ABI,GG,555A,SSSB,AMTI,3,H1,H,PR1,PR2,5QDPG, 1,TE, SUR, TW1, 0000970
*AMAT,TAT1,AMBI,TBI1,III,TSCH1(NS,1),TSCH(NS,1),HPLUS1,HPLUSZ,ANGT,0000980
*0.,0.,1.,&777,DEPA,CS1)

0000990
0001000
0001010
0001020
0001030
0001040
0001050
0001060
0001070
0001080
0001090
0001100
0001110
0001120
0001130
0001140
0001150
0001160
0001170
0001180
0001190
0001200
0001210
0001220
0001230
0001240
0001250
0001260
0001270
0001280

0001290
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TSCHB=TTB/SRAMIB

RHOBT=RHO (PB, TSCHB)

LAMB(IIT,1)=( (ATB/DDDDB)%*2 )*2 *DETB(I11,1)*RHOBT/H
I2TIP(NS,1)=0

F1ATIP (NS)=1.

F1DTIP(NS)=1.

F2ATIP (NS, 1)=1.

F2DTIP(NS,1)=1.

IF(I3TIP(NS,1).EQ.2)GOTO 3000

I3TIP=3: THE LAMINAR CALCULATION MUST BE ALSO PERFORMED

IF(ITCORR.GT.1)GOTO 2999
MSCH(NS, 1)=AMT*ASCH(NS,1) /AT
TSCH(NS, 1)=ATSCH

TW(NS, 1)=TWIAV

e ok ey o P S P g e A D W P e e B b ke B e -

FOR T3TIP=1 OR IATIP=3

CONTINUE
R1DR2L=1./SQRT(1.+12.*AT*FATIP(3)/ (PIG*RTIP (IPA)**2))

0001300
0001310
0001320
0001330
0001340
0001350
0001360
0001370
0001380
0001390
0001400
0001410
0001420
0001430
0001440
0001450
0001460
0001470
0001480
0001490
0001500
0001510
0001520

RELA=RELAM (ASCH(NS, 1 )*FATIP(3) ,DET*FDTIP(3),PB, TSCH(NS,1) , TW(NS, 1)0001530

& ,MSCH(NS, 1) ,TLINER(III,1),3,R1DR2L,1.)
LAMLAM=AKAPPA (NS ) /RELA
R2COR=RTIP(IPA)/R1DR2L

CALL ENTRFR(X,1,3,RTIP(IPA) ,R2COR,R2COR,NS,III,1,DET*FDTIP(3)},
ASCH(NS 1)*FATIP(3) HSCH(NS 1) PB TSCH(NS 1) ,LAMLAM)

IF( I2TIP(NS, 1) EQ. l)GOTO 2997

--------------------------------------------------------------

I3TIP=3: SAGAPO DECIDES WHETHER THE FLOW IS LAMINAR OR TURBULENT

IF (LAMSCH(NS,1).GT. LAMLAM)GOTO 3000

-------------------------------------------------------- . -

THE FLOW IS LAMINAR

CONTINUE ‘

LAMSCH (NS, 1)=LAMLAM
DDDD=AT#*FATIP(3)/SQRT (LAMLAM*H/ (2. *DET*FDTIP(3)*
*RHO(PB, TSCH(NS,1))))
AMT=MSCH(NS,1)*AT/ASCH(NS,1)

ATSCH=TSCH(NS,1)
I2TIP(NS,1)=1
F1ATIP(NS)=FATIP(3)
F1DTIP(NS)=FDTIP(3)
F2ATIP(NS,1)=FATIP(3)
F2DTIP(NS,1)=FDTIP(3)
HPLUSB(NS,1)=1.
HPLUSW(NS,1)=1.

QPLUS (NS, 1)=1,

PRB(NS,1) =1.
YODH(NS,1)=1,

TBSSC1( NS,1 )=TSCH(NS,1
T1S8SC1(III,1 )=TSCH(NS,1
T28SC1(III,1 )=TSCH(NS,1
TWSSC1( NS,1 )=TW(NS,1 )
TBSSC2(NS ,1 )=TSCH(NS,1
T18SC2(I1I,1 )=TSCH(NS,1
T288C2(111,1 )=TSCH(NS,1
TWSSC2( N§,1 )=TW(NS,1 )
ADAB(III,1)=2,

AMA=AMT*0.5

AMB=AMA

)
)
)
)
)
)

0001540
0001550
0001560
0001570
0001580
0001590
0001600
0001610
0001620
0001630
0001640
0001650
0001660
0001670
0001680
0001690
0001700
0001710
0001720
0001730
0001740
0001750
0001760
0001770
0001780
0001790
0001800
0001810
0001820
0001830
0001840
0001850
0001860
0001870
0001880
0001890
0001900
0001910
0001920
0001930

003155
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3000 CONTINUE 0001960

c et e e 0001970
c 0001980
¢ THE FLOW IS TURBULENT 0001990
¢ 0002000
IF(IRH.EQ.1)RETURN 0002010

IF( I2TIP(NS,1 ).EQ.1)RETURN 0002020

C 0002030
HPLUSB (NS, 1)=HPLUSB(NS,1)/ATB 0002040
HPLUSW (NS, 1)=HPLUSW(NS,1)/ATB 0002050
CPTB=CP(PB,TSCHB) 0002060
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtCCeCCCC OLD CCCCCLCCCe 0002070
C QPLUS (NS, 1)=QQ(NS, 1)*ATB/ (SUR*AMB*CPTB* (TE+273.16)) 0002080
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCteCCCCCeCCCCeceeteeece 0002090
c 07.03.1979 0002100
QAD=0.0 : : 0002120
JP=JPIN(NS,1) 0002130

IF (QDEV .GT. 1.E-06) QAD=QJ(JP,NS)*GEO1(NS,1)/(QDEV¥H1 0002140
QAD1=QQ(NS, 1)+QAD : 0002150

QPLUS (NS, 1)=QAD1*ATB/ (SUR*AMB*CPTB* (TE+273.16)) 0002160
CCCCCCCCCCCCLECCCCCCCteCCCCeCClCCCCCCCCCCCCCECCCCCCCeeCeee 0002170
PRB(NS,1) =ETA(PB,ATSCH)*CP(PB,ATSCH)/KAPPA(PB,ATSCH) 0002180
YODH(NS, 1)=0.5%(SQRT (D**2+D*DETB(I11,1))~D)/RH 0002190
RETURN 0002200

777 RETURN 1 0002210
END 0002220
SUBROUTINE ASSE(NCA,XF) 0000010

[~ mm e i i 0000020
c ASSIGNES A START VALUE TO THE FUEL TEMPERATURES. 0000030
c 0000040
DIMENSION XF(13) 0000050

¢ ; 0000060
NC1=NCA+1 0000070
NC2=NCA*2+1 0000080

DO 100 K=NC1,NC2 0000090

100 XF(XK)=250. \ 0000100
RETURN 0000110

END 0000120
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SUBROUTINE AXSEC(NDE1,NDE2,DETC,WSP,CONST,DDD,II ,HH,HSPAC,LENGTH,N00D0010

*, 1PA,QTOT , NSTOT, XHAXNU ,CHSLNU) 0000020

Cmmmmtm et mem e e mmmam e S mmcmmmmm S amA—eeamm s Sem—as—-——u——— 0000030
¢ AXSEC EVALUATES SECTION LENGTHS AND CORRECTION FACTORS FOR NU. 0000040
C 0000050
REAL LENGTH,NDE1,NDE2 0000060

c 0000070
COMMON /HEA6/  NPIN( 42),JPIN( 42,3) 0000080
COMMON /GRID1/ EPSISC( 42,3,5),DIST(7) 0000090
COMMON /GRID2/ YY(100, 42,3) 0000100
COMMON /GRID3/ X(100) 0000110
COMMON /PRSPA/ DISTO 0000120

. COMMON /IDISPA/ IDISP1 0000130
c 0000140
DIMENSION B( 42,3),AA( 42,3),SLOPE( 42,3),YYM(3; 42,3) 0000150

¢ . 0000160
c 0000170
c : 0000180
X1=NDE 14DETC 0000190
IF(IDISP1.EQ.2)GOTC 1040 0000200
DE11W=11.*DETC-WSP*0, 5 0000210
1SPA0=0 0000220

IF (-DISTO.LT.DE11W*0.999)ISPAO=1 0000230
MOSPAC=MSPAC+ISPAO 0000240
IF(MOSPAC.GT,0 AND. IPA.EQ.IPA/2%2 .AND. QTOT.GT,1.E-06)GOTO 2 0000250

! 0000260

Cick*AUNHEATED SHOOTH PART OR PART WITHOUT SPACERS OR IDISP1=2iinkicicoiiok 0000270
& - : 0000280
1040 SEC=LENGTH/X1+1. 0000290
=SEC 0000300

SEC=N ' : 0000310
H=LENGTH/SEC 0000320

DO 1 K=1,N 0000330

DO 100 NS=1,NSTOT 0000340
NP=NPIN(NS) 0000350

DO 100 M=1,NP 0000360

100 YY(K,NS,M)=1. 0000370

1 X(K+1)=X(K)+H 0000380

IF (MSPAC .EQ. 0 )RETURN . 0000390

Ni=N 0000400

1044 ITI=IT 0000410
Ko=1 0000420

1045 CONTINUE 0000430
DO 1046 K=KO,N 0000440
IF(X(K).GT.DIST(III) .AND. III.LT.MSPAC)III=ITI+1 0000450
IF(ITI+1.GT.HSPAC)GOTQ 1046 0000460

KK=K 0000470
IF(X(K).LT.DIST(III) .AND. X(K+1).GT.DIST(III+1))GOTO 1047 0000480

1046 CONTINUE 0000490
GOTO 1049 0000500

1047 NeN+1 0000510
NK1=N-KK 0000520

DO 1048 K=1,NK1 0000530
K1=N-K+2 0000540

1048 X(K1)=X(K1-1) 0000550
X(KK+1)=X (KK)+(DIST(I1I)+DIST(III+1))*0.5 0000560
KO=KK+1 : 0000570

GOTO 1045 0000580

1049 CONTINUE 0000590
IF(N1.EQ.N)RETURN 0000600

K1=N1+1 . 0000610
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DO 1050 K=K1,N 0000620

DO 1050 NS=1,NSTOT 0000630
NP=NPIN(NS) 0000640
DO 1050 M=1,NP 0000650
1050 YY(K,NS,M)=1. 0000660
RETURN 0000670
T RN YO TN O RN YO Y VAR YOO O Y D, SR RPN N OV YV TR ORI A A o oo S Fmrene o
CHraicHEATED PART WITH SPACERS: AXTAL STEPS FIT CORR. PROF, FOR 0000690
B T T I e . o o | 0000700
2 CONTINUE 0000710
ZETA1=2, / (1.+XMAXNU) 0000720
JSPAC=MSPAC+II-1 - 0000730
c 0000740
AMM=8 . /NDE2+0.5 0000750
MM=AMM 0000760
BMM=MM 0000770
NDE2=8. /BMM 0000780
X2=NDE2*DETC 0000790 -
c 0000800
c (NOTE THAT 8/NDE2 MUST BE AN INTEGER TO FIT CORR. PROF. FOR NU) 0000810
NPSEC=0 0000820
K=0 0000830
M1=NPSEC+1 0000840
M2=M1+MM+3 Q000850
M3=M2+1 0000860
JSPACO=JSPAC+1 0000870
XXX1=1,E07 0000880
XXX11=1.E07 0000890
KLK=0 0000900
c 0000910
c 0000920
DO 16 ISPAC=II,JSPACO 0000930
DELO=HH 0000940
IF(ISPAC.LE.JSPAC)XXX1=DIST (ISPAC)~WSP*0,5-DETC 0000950
IF(XXX1.LE .HH)DIST0=~1.E07 0000960
1020 I11SPAC=ISPAC-II+1 0000970
IF(-DISTO.LE.DE11W*0.999)I1SPAC=MSPAC+1 0000980
IF(-DISTO.GT.DE11W*0.999 .AND. ISPAC.EQ.JSPAC+1)GOTO 1030 0000990
DO 3 NS=1,NSTOT 0001000
NP=NPIN(NS) 0001010
DO 3 NN=1,NP ‘ 0001020
B(NS,NN)=CONST*EPSISC(NS,NN,I1SPAC)*#*2 0001030
YYM(1,NS,NN)=1.+0.75%ZETA1*B(NS,RN) 0001040
YYM(2,NS,NN)=(1.+B(NS,NN)*0,5%(1.4ZETA1) )*(XMAXNU~1. )+ (2. ~XMAXNU)*0001050
*(1.40.5%B(NS ,NN)*(1.+CHSLNU+(1.-CHSLNU)/(3.-XMAXNU))) 0001060
YYM(3,N5,NN)=1.+0.5*B(NS,NN)*(2.*CHSLNU+(1.-CHSLNU)/ (3. -XHMAXNU)) 0001070
AA(NS ,NN)=1,+CHSLNU*B (NS ,NN) 0001080
3 SLOPE(NS,NN)=CHSLNU*B(NS,NN)*0.125/DETC 0001090
IF(ISPAC.EQ.JSPAC+1)GOTO & 0001100
IF(ISPAC.EQ.II .AND. HH.GE.XXX1)GOTO 11 0001110
4 K=K+1 0001120
L=K+1 0001130
IF(K.NE.NPSEC+1)GOTO 10 0001140
IF(-DISTO.GT.DE11W*0.999)GOTC 1010 0001150
c 0001160
C#iciiAEFFECT OF THE LAST SPACER PRECEEDING THE POINT AT WHICH THE 0001170
c CALCULATION HAS BEEN STARTED (ADDED AT GA) Ak 40001180
X10=X(1) 0001190
DELO=DE11W+DIST0+X10 0001200
DIST0=-1.E07 0001210
XLI=DELO-8.*DETC 0001220
X00=X10 0001230
DO 1000 KI=1,MM 0001240
X00=X00+X2 0001250
KI12=KI 0001260

IF(X00.GE.DELO*0.999)G0TO 1003 0001270
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C* AXAXTAL STEPS WHERE NO EFFECT OF SPACERS ON NU IS PRESENT##ikidioik
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CONTINUE
MM1=MM+1
MM2=MM+3
DO 1001 KI=MM1,MM2
X00=X00+DETC
KI2=K1
IF(X00.GE.DEL0*0.999)G0T0 1003
CONTINUE
WRITE(6,1002)
FORMAT (1H1,5X, "ERROR IN AXSEC (DELO)')
STOP

L=Ki2+]

J=4

X(L)=DEL0

DO 1008 KI1=1,KI2
K=K12+1-KI1

IF (KI1-MM)1004 1004, 1006
X(K)=X(X+1)-X2

DO 1005 NS=1,NSTOT
NP=NPIN(NS)

DO 1005 NN=1,NP

YY (K, NS, NN)=AA (NS ,NN) - (X (K)+X2%0 . 5-XLL)*SLOPE (NS , NN)
GOTO 1008
X(K)=X(K+1)-DETC

J=J-1

DO 1007 NS=1,NSTOT
NP=NPIN(NS)

DO 1007 NN=1,NP
YY(K,NS,NN)=Y¥M(J ,NS,NN)
CONTINUE

X(1)=X10

DO 1013 KI1=1,KI2
L=XI1+1

K=L-1

NPSEC=X
IF(X(L).GT.X¥X1)GOTO 1015
IF (X(L).GT.DDD)GOTO 1014
CONTINUE

GOTO 1020

THE END OF THE AXIAL PORTION HAS BEEN OVERTAKEN
X(L)=DDD

N=KI1

RETURN

0001280
0001290
0001300
0001310
0001320
0001330
0001340
0001350
0001360
0001370
0001380
0001390
0001400
0001410
0001420
0001430
0001440
0001450
0001460
0001470
0001480
0001490
0001500
0001510
0001520
0001530
0001540
0001550
0001560
0001570
0001580
0001590
0001600
0001610
0001620
0001630
0001640
0001650
0001660
0001670
0001680
0001690
0001700
0001710
06001720
0001730
0001740

THE BEGINNING OF THE INFLUERCE REGION OF THE SUCCEEDING SPACER HAS0001750

BEEN OVERTAKEN
X(L)=XxXX1
DELO=XXX1
GOTO 1020

CONTINUE

DX=XXX1-DELO
SEC=DX/X1+1.

NSEC=SEC

SEC=NSEC

H=DX/SEC
IF(ABS(DX).IE.1,.E=-05)NSEC=0
M1=NSEC+NPSEC+1 *
M2=M1+MM+3

M3=M2+1

KIX=0

0001760

0001770

0001780
0001790
0001800
0001810
0001820
0001830
0001840
0001850
0001860
0001870
0001880
0001890
0001900
0001910
0001920
0001930
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Cich**AXTAL, STEPS (DIST(ISPAC)-WSP/2-DETC)-(DIST(ISPAC)-WSP/2+3*DETC) **

c

Cir*PART ENDS BEFORE (DIST(ISPAC)-WSP/2+3*DETC ) IS REACHED #¥iiirkk

c

c

CH*#+kAXTAL STEPS WHERE INFLUENCE OF SPACERS IS DECREASINGHkicichickicih
X(L)=X (K)+X2
DO 14 NS=1,NSTOT
NP=NPIN(NS)

10
11

12
101

77

59

60

61

13
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XX¥X11=1.E07

IF (ISPAC .LT.JSPAC)XXX11=DIST(ISPAC+1)-WSP*0.5-DETC
IF (NSEC.EQ.0)GOTO 10
CONTINUE

DO 8 NS=1,NSTOT
NP=NPIN(NS)

DO 8 NN=1,NP
YY(K,NS,NN)=1.
X(L)=X(K)+H

GOTO 4

IF (K-M1)7,11,13
CONTINUE

IF(ISPAC.EQ.II .AND. HH.GE.XXX1)K=1
XXxX2=X(K)-Xxx1

XX¥X2#0 IF DETC > DISTANCE BETWEEN THE FIRST SPACER AND THE INLET

OF THE PART
XXX3=DETC-XXX2
X(K+1)=K(K)+X{X3

K=K-1

M1=M1-1

M2=M2-1

M3=M3-1
IF(XXX3.LE.1.E-03)GOTO 101
K=K+1

M1=M1+1

M2=M2+1

M3=M3+1

XXxX3=0.

DO 12 NS=1,NSTQT
NP=NPIN(NS)

DO 12 NN=1,NP
YY(K,NS,NN)=1.+0.25*B(NS,NN)*(1.+XKx2/DETC)*ZETA1
CONTINUE

DO 60 J=1,3

K=K+1

L=K+1
X(1)=X(K)+DETC+XXX3
IF(X(L).GT.X(K))GOTO 77
K=K-1

XXX3=XXX3+DETC

GOTO 60

XX¥3=0.

DO 59 NS=1,NSTOT
NP=NPIN(NS)

DO 59 NN=1,NP
YY{K,NS,NN)=YYM{J,NS,NN)
IF(X(L).GT.DDD)GOTO 61
CONTINUE

LL=],

GOTO 4

CONTINUE

X(L)=DDD
N=K
RETURN

IF(K.EQ.M3)GOTO 15

DO 14 NN=1,NP

0001940
0001950
0001960
0001570
0001980
0001990
0002000
0002010
0002020
0002030
0002040
0002050
0002060
0002070
0002080
0002090
0002100
0002110
0002120
4002130
0002140
0002150
0002160
0002170
0002180
0002190
0002200
0002210
0002220
0002230
0002240
0002250
0002260
0002270
0002280
0002290
0002300
0002310
0002320
0002330
0002340
0002350
0002360
0002370
0002380
0002390
0002400
0002410
0002420
0002430
0002440
0002450
0002460
0002470
0002480
0002490
0002500
0002510
0002520
0002530
0002540
0002550
0002560
0002570

28852880
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14 YY(K,NS,NN)=AA(NS,NN)- (X(K)+X2*0.5-X(LL) Y*SLOPE (NS, NN) 0002600
IF(X(L).GT.XXX11 .AND. KLK.EQ.0)KLX=K 0002610

. GOTO 4 0002620

15 CONTINUE 0002630

c 0002640
C  END OF INFLUENCE OF THE SPACER. 0002650
IF (KLK.NE.0)M2=KLK 0002660
IF(KIX.NE.0) X(XLK+1)=XxX11 0002670

K=M2 © 0002680
NPSEC=M2 0002690
HA=DIST(1SPAC)+DE11W 0002700

IF (KIK. NE. 0 ) HH=XXX11 0002710
DELO=HH 0002720

16 CONTINUE 0002730

c 0002740
v ALL SPACERS HAVE BEEN CONSIDERED. 0002750
1030 HH=DELO 0002760
IF(HH.GT.DDD)GOTO 21 0002770
C¥iikEND OF SMOOTH OR ROUGH PART NOT YET REACHED##iiiiickickivkickickivkickd 0002780
DX=DDD-HH 0002780
SEC=DX/X1+1. 0002800
NSEC=SEC 0002810
SEC=NSEC 0002820
H=DX/SEC 0002830
K1=K+1 0002840
N=K+NSEC 0002850

DO 20 K=K1,N 0002860
1=K+1 0002870
X(L)=X(K)+H 0002880

DO 19 NS=1,NSTOT 0002890
NP=NPIN(NS) 0002900

DO 19 NN=1,NP 0002910

19 YY(K,NS,NN)=1. 0002920

20 CONTINUE 0002930
RETURN 0002940

c _ ‘ 0002950
CrhXEND OF SMOOTH OR ROUGH PART OVERTAKEN: CORRECTION TO FIT END POINT0002960
21 CONTINUE 0002970
DX=DDD-X (LL) 0002980
SEC=DX/X2+1. 0002990
NSEC=SEC 0003000
SEC=NSEC 0003010
H=DX/SEC 0003020
N=LL+NSEC-1 0003030

DO 25 K=LL,N 0003040
L=K+1 0003050
X(L)=X(K)+H 0003060

DO 24 NS=1,NSTOT 0003070
NP=NPIN(NS) 0003080

DO 24 NN=1,NP - 0003090

24 YY(K,NS,NN)=AA (NS ,NN)- (X(K)+H*0,5-X(LL) }*SLOPE (NS ,NN) 0003100

25 CONTINUE 0003110
RETURN 0003120

END 0003130
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SUBROUTINE BALA(K,NSTOT, INDSP,ASEC,H,LENGTH,PR1,PR2,PBT, FREL,FT0000010

*  ITCORR, ITCM,DPAV, ITERM, ITGL % ,WSP,11SPAC) 0000020

(mmmen oo mmmemeame—mmmmmm—m—————————— o e e 0000030

c SUBROUTINE BALA EVALUATES OUTLET MASS FLOW RATES AND TEMPERATURES ooggggg
c , 00

REAL LAM,MI,M2,MAV,LENGTH,MAVCF,MAV1,MAV2 KAPPA 0000060

¢ - 0000070

DIMENSION WCF1( 42),EP1( 42),A( 42),DE({ 42), 0000080

1 " TA( 42), RHOAV( 42),RHO1( 42),X0EM( 42),T1TIP( 42) 0000090

C 0000100

COMMON/GEOCO/ACH(3) /HEA6/NPIN( 42),JJROD( 42,3)/GRID/CSPAC( 42,4) 0000110

1 /CORR/SIGMA( 42),PHI( 42),SEMNS/LAMINO/I2TIP( 42,3) 0000120

2 JIJ1/NER( 42) ,NIS( 42,3) 0000130

3 /GEN4/TEMP( 42)/GENS/DEZ( 42)/LAMIN3/F1ATIP( 42),F1DTIP( 42)0000140

4 JIND3/NTYP( 42)/MOB1/M2( 42)/MOB2/UAV{ 42)/MOB8/DE( 42) 0000150

5 JMOB4/WCF( 42)/MOBS/TAV( 42)/MOB6/MAV( 42)/MOB24/WI( 42,3) 0000160

6 /MOB26 /RUAS( 42) 0000170

7 /QPAR1/QDEV/QPAR2/QLINM, QLDEV/QPAR3/PERL (3) /GRID6/EPS( 42,4)0000180

8 /GRID7/PGDP( 42,4)/COND1/CCOND( 42,3)/MART2/NNSS1,NNSS2 0000190

9 /GRAV/IGRAV/GAAG1 /FCOPW1 (3) 0000200

COMMON/ENEOP/ IENE/MIXS1/CY/MIXS2/CCY/SECIN/KK/GRID2/YY (100, 42,3) 0000210

COMMON /GEN1/LAM( 42)/GEN2/AZ( 42)/GEN3/MI( 42) 0000220

COMMON /TUR1/CTURB{ 42,3)/HB3/TEMP2( 42)/HEA3/QT( 42) 0000230

COMMON /SC02C/ QJI( 19, 42) 0000250

COMMON /SCO7C/ H1 0000260

COMMON /SCO2L/ JLAM ' . 0000270

COMMON /MARTS/ NSTR 0000280

COMMON /SCO6L/ SHQ( 18,2) 0000290

COMMON /SC21C/ SHQC(. 18,2) 0000300

COMMON /SCO9R/ QSR( 18,2) 0000310

O 0000330

c APPROXIMATE METHOD FOR THE LAMINAR CALCULATIONS 0000340

c 0000350

KK=K 0000360

_CCY=CY 0000370

TENFR=1 0000380

DO 1001 NS=1,NSTOT 0000390

NP=NPIN(NS) 0000400

DO 1000 JJJ=1,NP 0000410

IF(I2TIP(NS,JJJ).EQ.0 .OR. NTYP(NS).EQ.1)GOTO 1000 0000420

IENFR=2 0000430

1000 CONTINUE 0000440

1001 CONTINUE 0000450

CCCCCCCCCCOCCCCCCCCCCCOCee 0000460

IF (JLAM .EQ. 1 .AND. IENFR .EQ. 2 ) CALL ENFRC1 0000470

CCCCCCCCCCCCCCCCCCCCCeeee 0000480

IF(NNSS1.NE.0 .AND. NNSS2.NE.0 .AND. IENFR.EQ.2)CALL ENFRCO 0000490

c 0000500

DO 400 NS=1,NSTOT 0000510

RHO1(NS)=RHO(PR1,TEMP (NS)) 0000520

NP=NPIN(NS) 0000530

c 0000540

c THE FLOW AREAS AND THE EQUIVALENT DIAMETERS ARE BASED ON TEE TIP 0000550

c DIAMETER OF THE RODS IN THE CASE OF LAMINAR CALCULATIONS 0000560

c I1TIP(NS)=0 FOR TURBULENT FLOW; I1TIP(NS)=1 FOR LAMINAR FLOW 0000570

¢ 0000580

T1TIP(NS)=0 0000590

A(NS)=AZ(NS)*F1ATIP (NS) 0000600

DE (NS)=DEZ (NS)*F1DTIP(NS) 0000610

DO 399 JJJ=1,NP 0000620

399 I1TIP{NS)=I1TIP(NS)+I2TIP(NS,JJ1J) 0000630
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c 0000640

DO 400 M=1,3 0000650
WT(NS,H)=0. 0000660

400 CONTINUE 0000670
XX=1, /980665 . ' 0000680

2 0000690
C  ITERATION ON THE RELAXATION FACTOR (LOOP ITFREL) 0000700
c _ 0000710
DO 999 ITFREL-=1,98 0000720
IVIA=1 0000730

o 0000740
¢ CALCULATION OF THE PRESSURE LOSSES (LOOP I1TGL) 0000750
c 0000760
DO 15 ITGL=1,70 0000770
C#irkEVALUATION OF CROSS-FLOW SOLUTTONS#hicickicioriaricirickiikdnkiiiciciciciciickk 0000780
CALL CRFL1(ITGL,DPAV,FREL,ASEC,NSTOT,A,MI,DP,WCF,WCF1,EP1) 0000790

DO 1 NS=1,NSTOT 0000800

H2 (NS )=MI (NS)-H*WCF (NS) 0000810
MAV(NS)= (M2 (NS)+MI (NS))*0.5 0000820
TA(NS)=TEMP (NS) 0000830

1 CONTINUE 0000840
IF(ITGL.GT.1 .AND. IVIA. EQ 1)GOTO 9 0000850

ettt ih it ienehea et e e et 0000860
c CALCULATION OF THE AVERAGE GAS TEMPERATURES (LOOP ITERM) 0000870
¢ 0000880
XPREC=1.E-04 0000890

DO 7 ITERM=1,20 0000900

DO 3 NS=1,NSTOT 0000910
NP=NPIN(NS) 0000920
YYNS=0. 0000930

DO 1002 JJJ=1,NP 0000940
CCCCCCCCCCCCCCCCCCECCCCCCCCCCCCCCet 10.9.980 0000950
CALL SPANU{1.,2.,3,4,YY(K,NS,JJJ)) 0000960
€CCCLCCCECeCCCCCCCCCCCCCCCCCCCCCCCEe 0000970
1002 YYNS=YYNS+YY(X,NS,JJJ) - 0000980
YYNS=YYNS/FLOAT (NP)-1. 0000990
THEX=0. 0001000
CONHE=0. 0001010
NI=NER(NS) 0001020
NTYPNS=NTYP (NS) 0001030
ACH1=ACH(NTYPNS) ' 0001040
MAV1=MAV(NS)*ACH1/AZ(NS) 0001050

DO 2 M=1,NI 0001060

J=NIS (NS,M) 0001070
NP=NPIN(J) 0001080
YYJ=0. 0001090

DO 1003 JJJ=1,NP 0001100
CCCCCCCCCECCCCCCCCCCCCCECCCCCCCCCee 10.9.980 0001110
CALL SPANU(1.,2.,3,4,YY(K,J,JJ7)) 0001120
CCGCCCCCCCCCCCCCCCECCCCCCCCCCCOCCEee 0001130
1003 YYJ=YYJ+ YY(K,J,JJJ) 0001140
YYJ=YYJ/FLOAT(NP)-1. 0001150
YYNSJ= (YYNS+YYJ)*CCY*0.5+1, 0001160
NTYPJ=NTYP(J) 0001170
ACH2=ACH(NTYPJ) 0001180
MAV2=MAV(J)*ACH2/AZ(J) ‘ 0001190
IF(TA(NS).LE.O. .OR. TA(NS).GT.3000. .OR. TA(J).LE.0. .OR. TA(J) 0001200
*,GT.3000.)GOTO 302 0001210

WT (NS,M)=TME (PBT ,MAV1,HAV2 , TA(NS) ,TA(J) ,LAM(NS) ,LAM(J) ,ACH1,ACH2, 0001220
*CTURB (NS , M) )XYYNSJ 0001230
CCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCeCeee 0001240
c IF(11TIP(NS).NE.0 .OR. I1TIP(J).NE.O)WT(NS,M)=0. : 0001250
CCCCCCCLECCCCCCCCCCCCCCCCCCCCCCCeeee 10.9.980 0001260
IF(ABS(YY(K,J,JJT)*YY(K,N5,JJJ)-1.0) .GT. 1.E-03) GO TO 401 0001270
IF(T1TIP(NS).NE.0 .OR. I1TIP(J).NE.0)WT(NS,M)=0. 0001280

401 CONTINUE | 0001290
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ccceeececceeccecceceecceececceceecccee

TANSJ=(TA(NS)*MAVI+TA(J)*MAV2) / (MAV1+MAV2)
CONHE=CONHE- (TA (NS)-TA (J) )*CCOND{NS ,M)* (KAPPA (PBT, TA(NS) ) +KAPPA
%(PBT,TA(J)))
2 THEX=THEX- (TA(NS)-TA(J))*WT (NS, H)*CP(PBT TANSJ)
IF (ITGL,GT.1)GOTO 101
CFHEX=0
GOTO 102
101 CONTINUE
DO 303 LS=1,NSTOT
IF (M2(LS).LE.0.)GOTO 302
303 CONTINUE
CALL TMCF(NS,NI,TACF ,MAVCF,MAV1)
TANSCF=(TA (NS )*MAV1+TACF*MAVCF) / (MAV1+MAVCF)
CFHEX=WCF (NS )* (TA(NS) -TACF )*CP (PBT , TANSCF)
102 XXMAV=MAV (NS)
XXM2=M2 (NS)
IF (IENE.EQ. 2) XXMAV=MI (NS)
IF (IENE ,EQ. 2) XXM2=X0XMAV

0001300
06001310
0001320
0001330
0001340
0001350
0001360
0001370
0001380
0001390
0001400
0001410
0001420
0001430
0001440
0001450
0001460
0001470
0001480

CCCCCCCCCCCCCCCCCCCCOCCCCCLCCCCLCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC0001490
€ 13.11.1979

[N e X o]

e Ny NI

QTR=QT (NS }*QDEV*H1
QTL=0.0
NS1=NS-NSTR
NIP=NPIN(NS)
DO 450 L=1,NIP
JP=JJROD(NS,L)
QTR=QTR+QJ(JP,NS)
IF (NS.GT.NSTR) QTL=QTL+SHQ(NS1,L)+SHQC(NS1,L)
450 CONTINUE
Q=QTR+QTL

0001690
0001700
0001710
0001720
0001730
0001740
0001750
0001760
0001790
0001810
0001820

TEMP2 (NS }=TEMP (NS ) + (Q+ (TREX+CFHEX+CONHE ) *H) / (XXMAV*CP (PBT, TA(NS) ) ) 0001830
€CCCCCCCCCCCOCCCCCCOCECCCCCCCCCCCCECCCCECCCCeCCCCCCCCCCCCCCCCCCCCCCCCCCCO001840

PHI (NS)=(THEX+CFHEX+CONHE )*H/AZ (NS) 0001850
TAV (NS)=(XXM2*TEMP2 (NS)+MI (NS)}*TEMP (NS) )*0.5/XXMAV 0001860

3 CONTINUE 0001870
IF(ITGL.EQ.1)GOTO 9 0001880
IF (ITERM.GT.10)}XPREC=1.E-03 0001890
IF(ITERM.GT. 15)XPREC=1.E-02 0001900
DO &4 NS=1,NSTOT 0001910
IF(ABS(TAV (NS)/TA(NS)-1.).GT.XPREC)GOTO 5 0001920

4 CONTINUE 0001930
GOTO 9 0001940

5 CONTINUE 0001950
DO 6 NS=1,NSTOT 0001960

6 TA(NS)=TAV(NS) 0001970
7 CONTINUE 0001980
............................................................... 0001990

END OF LOOP ITERM 0002000
0002010

'WRITE(6,8)ITGL,ITCORR, (TAV(NS),NS8=1,NSTOT) 0002020

8 FORMAT( 5X,' SUB. BALA', 0002030
> /5X,'  CHANNEL CALCULATION STOPS IN LOOP ITERM AT ITGL=0002040
$',16,/5X ,'ITCORR=',15/5X,' TEMPERATURES='/(8E15.5)) 0002050
RETURN 1 0002060
................................................................ 0002070
CALCULATION OF PRESSURE LOSSES FOR CHANNELS 0002080
0002090

9 CONTINUE 0002100
DO 10 NS=1,NSTOT 0002110
RHOAV (NS )=RHO (PBT, TAV(NS)) 0002120
10 UAV(NS)=MAV(NS)/(A(NS)*RHOAV(NS)) 0002130
DPAV=0, 0002140
SMA=0. 0002150
DO 13 NS=1,NSTOT 0002160
TMOEX=0. 0002170
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NI=NER(NS)
NTYPNS=NTYP(NS)
ACH1=ACH(NTYENS)
DO 11 M=1,NI
J=NIS(NS,M)

TMOEX=TMOEX~ (UAV (NS) -UAV(J) )*WT (NS, M)

CONTINUE
TMOEX=FT*TMOEX/A (NS )*H
IF(ITGL.GT. 1)GOTO 103
CFMOEX=0.

GOTO 104

103 UCFAV=UA(NS,NI,ACH1,1)

CFMOEX=(2.*UAV(NS)~-UCFAV)*WCF(NS)/A(NS) *H

104 CONTINUE

XMEM(NS)=LAM(NS)*H/ (2.*DE (NS)*RHOAV (NS) )*FCOPW1 (NTYPNS)
RE=MAV (NS )*DE(NS)/ (A(NS)*ETA(PBT,TAV(NS)))

0002180
0002190
0002200
0002210
0002220
0002230
0002240
0002250
0002260

0002270

0002280
0002290
4002300
0002310
0002320
0002330

TF(INDSP.EQ. 2)XMEM(NS)=XMEM(NS)+(CSPAC (NS, T 1SPAC)+DSPDPF (EPS (NS, 110002340
*SPAC), DE(NS),LAM(NS),WSP,PGDP(NS,I1SPAC),RE,NTYP(NS)))/RHOAV(NS) 0002350
12 DP(NS)=XX* (- (MAV(NS)/A(NS) )#*2% (XMEM (NS) - (RHO(PR2 , TEMP2 (NS) }-RHO1 (0002360

*NS) ) /RHOAV (NS )**2)+TMOEX+CFMOEX+I GRAVARHOAV (NS)*980. 665%H) 0002370
DPAV=DPAV+DP (NS)*MI (NS) 0002380
SMA=SMA+MI (NS) 0002390

13 CONTINUE 0002400
DPAV=DPAV/SMA 0002410
........................................................ 0002420

TEST OF CONVERGENCE FOR THE CHANNEL PRESSURE LOSSES 0002430
0002440

DO 14 NS=1,NSTOT 0002450
IF(ABS(DP(NS)/DPAV~1.).GT,1.E-02)}GOTO 15 0002460

IF (ABS(DP(NS)/DPAV-1.).GT.1.E~03 .AND. ITGL.LT.40)GOTO 15 0002470

14 CONTINUE 0002480
IF(IVIA.EQ.2)GOTC 17 0002490

DO 301 NS=1,NSTOT 0002500
IF(M2(NS).LE,0.)GOTO 302 0002510

301 CONTINUE 0002520
IVIA=2 0002530

15 CONTINUE 0002540
................................................................. 0002550

END OF LOOP ITGL 0002560
0002570

302 CONTINUE 0002580
AIT=ITFREL 0002590
FREL=1,-AIT*0.01 0002600
999 CONTINUF 0002610
................................................................. 0002620

END OF LOOP ITFREL ' 0002630
0002640

WRITE(6,16) ITCORR, (DP(NS) ,NS=1,NSTOT) , (MAV(NS) ,NS=1,NSTOT) , (TAV(NS0002650Q

#) ,N§=1,NSTOT) 0002660

16 FORMAT(// 5X,'SUB. BALA', 0002670
> / 5X,'CHANNEL CALCULATION STOPS IN LOOP ITGL AT ITCORR=',0002680

*15/5X, 'PRESSURE LOSSES, AVERAGE MASSES, AVERAGE TEMPERATURES:'/ 0002690

*(8E15.5)) 0002700
RETURN 1 0002710
................................................................. 0002720
CONTRIBUTIONS OF CROSS-FLOW,TURBULENT MIXING AND DENSITY 0002730
TO THE PRESSURE DROPS OF THE CHANNELS {SIGMA) 0002740

0002750

17 CONTINUE 0002760
SBMNS=0. 0002770
DO 21 NS=1,NSTOT 0002780

NTYPNS=NTYP (NS) 0002790
RUAS (N5 )=MAV(NS)*SQRT (LAM(NS)*0.125)/AZ (NS)*ACH(NTYPNS) 0002800
DPAVF=DPAV~IGRAV¥RHOAV (NS )*(0.001*H 0002810
BMNS=SQRT (ABS (DPAVF )/ (XX*XMEM(NS) ) Y*A(NS) 0002820
SIGMA(NS)=(MAV(NS)-BMNS) /AZ(NS) 0002830
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SBMNS=SBMNS+BMNS 0002840
21 CONTINUE 0002850
RETURN 0002860
END 0002870
FUNCTION BETAF(P,W,ZWC) 0000010
------------------------------------------- Cmmmemmmm e e e e e e e === 0000020

BETAF EVALUATES THE PARAMETER BETA FOR THE DETERMINATION OF THE 0000030
SEPARATION LINE DEFINING THE TWO PORTIONS OF THE WALL SUBCHANNELS 0000040

IN THE LAMINAR CALCULATIONS 0000050
THE FOLLOWING EQUATION IS EXACTLY VALID AT ZwC=0, 1.2<P/D,W/D<1.5)0000060

0000070
BETAF=( 3.77165-2.0795%P)+(-1.71985+1.2139%P)*} 0000080
RETURN 0000090

END 0000100
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SUBROUTINE BOTH (VDIAM,PIG,H,VDIA1,RINT)

0000010
0000020

ORGANIZES THE CALCULATION OF THE THERMAL CONDUCTION WITHIN THE PINO000030

POWER GENERATED WITHIN THE FUEL.
DIMENSION A(13,13),B(13),X(13),XF(13)
COMMON /8CO1C/ NCAN( 19),LIPS( 19,10)
COMMON /SC03C/ NRODS

PROVIDES THE HEAT TRANSFER COEFFICIENTS.
CALL ALFAC(VDIAL,H)
CALL KGAP

COMPUTES SOME GEOMETRICAL FACTORS.
CALL FGEO{VDIAM,RSTAR,S,R,RINT)

LOOP ON THE RODS.
DO 1000 J=1,NRODS

NCA-NCAN(J)
IF ( NCA - 1 ) 1000,990,100

3.0 mmmmmmmm e e e
CONVERGENCE LOOP ON THE FUEL TEMPERATURE.

CALL ASSE(NCA,XF)
DO 900 LIN=1,10

3.1 mmmmmmmm e — e

- -

- —

0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300

THE ARRAYS ARE SET TO ZERO AT THE BEGINN OF EACH ITERATIONO(00310

DO 300 I=1,13
B(1)=0.0
DO 200 L=1,13
A(1,L)=0.0
CONTINUE
GONTINUE

IF ( NCA .,EQ. 3 ) GO TO 500

S i S
COMPUTES THE COEFFICIENTS OF THE EQUATIONS FOR THE CLAD.

CASE OF WHOLE PIN.

CALL CCLAD(NCA,A,B,RSTAR,R,H,J,S)

3,3 mmmmemmemmemmmemmmecemmcemasmmsasesmecme—.
COMPUTES THE COEFFICIENTS OF THE EQUATIONS FOR THE FUEL,

CASE OF WHOLE PIN.

CALL CFUEL(NCA,A,B,RSTAR,H,J,XF)
GO TO 800

P
COMPUTES THE COEFFICIENTS OF THE EQUATIONS FOR THE CLAD.

CASE OF HALF PIN.

CALL CCLAD3(A,B,RSTAR,R,H,J,S)

3.5 mmmmmmmmm e —————
COMPUTES THE COEFFICIENTS OF THE EQUATIONS FOR THE FUEL.

CASE OF HALF PIN.

CALL CFUEL3(A,B,RSTAR,H,J,XF)
CONTINUE

- -

- -

0000320
0000330
0000340
0000350
0000360
0000370
0000380
00600390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600

0000610 -
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950

990
1000 CONTINUE

RETURN
END

3.6 ~=mm=ommmmmmmee- e R LSRR R R e PR R R PR 0000620

SOLVES THE SYSTEM OF EQUATIONS. 0000630
0000640

NC2 = NCA%*2+1 0000650
CALL LINAL (A,NGC2,13,A,B,1,13,X) 0000660
CALL GAUSS1(A,B,X,NC2,13) 0000670
3.7 =mmessmemmeme e cmem—meemmm e e e me e e memmme e 0000680
CONVERGENCE TEST ON THE TRERMAL CONDUCTIVITY OF THE FUEL. 0000690
CALL TEST1(NCA,X,XF,KK) 0000700
IF (KK.LE.0) GO TO 950 0000710
CONTINUE . 0000720
WRITE(6,920) LIN,J 0000730
FORMAT ( //////5X,'SUBR. LEIT',/5X, 0000740
'LIN = ',I2,' ==> CONVERGENCE PROBLEMS ',5X, 0000750

'FOR PIN N. ',I3,/5X, 0000760

'IN THE LOOP FOR FUEL THERMAL CONDUCTIVITY',/5X, 0000770
'CALCULATION STOPS') 0000780

STOP 0000790
0000800

3.B mrmmmmmm e m e e etae 0000810
ASSIGNES THE NEW TEMPERATURE VALUES (X) TO THE ARRAY Tw 0000820
0000830

CALL TNEW (NCA,X,J,13) 0000840
K et EEEL SR PR PP R PR 0000850
DETERMINES THE HEAT EXCHANGED BY CONDUCTION. 0000860
0000870

CALL QCOC (NCA,J,X,13) 0000880
0000890

0000900

0000910

0000920
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SUBROUTINE CCLAD (NCA,A,B,RSTAR,R,H,J,S)

0000010

~0000020

COHTUTES THE COEFFICIENTS FOR THE EQUATIONS OF THERMAL CONDUCTION 0000030

WITHIN THE CLAD IN CASE OF POWER GENERATED IN THE FUEL.

DIMENSION A(13,13),B(13)

COMMON /SC01C/ NCAN( 19),LIPS( 19,10)
COMMON /SCO5C/ JZUR( 19, 42)

COMMON /SC11C/ FALFA( 42,3)

COMMON /SC12C/ GEO( 42,3)

COMMON /SC20C/ CGAP

COMMON /SCOBR/ QPR( 42,3)

COMMON /SUB22/ TW( 42,3)

COMMON /SC26C/ TBR( 42,3),TBS( 18,2)

REAL KMET
DO 1000 K=1,NCA
KP=K-1
IF(K .EQ. 1) KP=NCA
KD=K+1
IF(K .EQ.NCA) KD=1
KF=K+NCA
NS1 = LIPS(J,K)
NSP = LIPS(J,KP)
NSD = LIPS(J,XD)
MZ1 = JZUR(J,N51)
MZP = JZUR(J,NSP)
MZD = JZUR(J,NSD)
TMP = (TW(NS1,MZ1)+TW(NSP,MZP))*0.5
TMD = (TW(NS1,MZ1)+TW(NSD,MZD))*0.5
FKP = KMET(TMP)*H*S/ (R* (GEO(NS1,MZ1)+GEO(NSP,HZP)))
FKD = KMET(TMD)*H*S/ (R*(GRO(NS1,MZ1)+GEO(NSD,MZD)))
FKF = CGAP*RSTAR*GEO(NS1,MZ1)*H*2.

B(X) = - TBR(NS1,MZ1)*FALFA(NS1,MZ1) - QPR(NS1,MZ1)

DO 500 L=1,12
AX,L) =
IF (L .EQ. KP) A(K,L)
IF (L .EQ. K ) A(K,L)

FKP

nwamnn

IF (L .EQ. XD) A(K,L) = FKD
IF (L .EQ. KF) A(K,L) = FKF
IF (L .EQ. KF) A(K,L) = FKF
CONTINUE
CONTINUE
RETURN
END

0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000250
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320

0000330

0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430

-FKF-FKD-FKP-FALFA (NS1,MZ21)0000440

0000450
0000460
0000470
0000480
0000490
00600500
0000510
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SUBROUTINE CCLAD3 (A,B,RSTAR,R,H,J,S)

COMPUTES THE COEFFICIENTS FOR THE EQUATIONS OF THERMAL CONDUCTION
WITHIN THE FUEL IN CASE OF POWER GENERATED IN THE FUEL.

CASE OF HALF ROD.

DIMENSION A(13,13),B(13)

COMMON /SC01C/ NCAN( 19),LIPS( 19,10)
COMMON /SC05C/ JZUR( 19, 42)

COMMON /SC11C/ FALFA( 42,3)

COMMON /sci2c/ GEO( 42,3)

COMMON /SCO8R/ QPR( 42,3)

COMMON /SC20C/ CGAP

COMMON /SUB22/ TW( 42,3)

COMMON /SC26C/ TBR( 42,3),TBS( 18,2)
REAL KMET

NS1 = LIPS(J,1)

NS2 = LIPS(J,2)

NS3 = LIPS(J,3)

MZ1 = JZUR(J,NS1)

MZ2 = JZUR(J,NS2)

M2z3 = JZUR(J,NS3)

TM12 = ( TW(NS1,MZ1) + TW(NS2,MZ2)) *0.5
TM23 = ( TW(NS2,MZ2) + TW(NS3,MZ3)) *0.5

F12 = KMET(TM12) * H * S / (R*( GEO(NS1,MZ1)+GEO(NS2,MZ2)))

F23 = KMET(TM23) * H * S / (R*( GEO(NS3,MZ3)+GEO(NS2,M22)))
FGAP1 = CGAP * RSTAR * GEO(NS1,MZ1) * H * 2.
FCAP2 = CGAP * RSTAR * GEO(NS2,MZ2) * H # 2,
FGAP3 = CGAP * RSTAR * GEO(NS3,MZ3) * H * 2.
A(1,1) = -FALFA(NS1,MZ1) - FGAP1 - F12

A(1,2) = F12

A(1,4) = FGAP1

A(2,1) = Fl12

A(2,2) = - FATFA(NS2,MZ2) - FGAP2 - F12 - F23
A(2,3) = F23

A(2,5) = FGAP2

A(3,2) = F23 -

A(3,3) = - FALFA(NS3,4Z3) - FGAP3 - F23

A(3,6) = FGAP3

= -TBR(NS1,MZ1) * FALFA(NS1,MZ1) - QPR(NS1,MZ1)
B(2) = -TBR(NS2,MZ2) * FALFA(NS2,MZ2) ~ QPR(NS2,M22)
= -TBR(NS3,MZ3) * FALFA(NS3,Mz3) - QPR(NS3,MZ3)

0000010
0000020
00600030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580




— 126 —

SUBROUTINE CEWA(K,NS,IRH,PROV,PB,RH,AA,DD,GG,AM1,DETOT,H1,ALFA, 0000010
*1,J3J,H,PR1,PR2, SQDPG,AMT, TT,DDDD, TE ,SUR, ITYP, ITT,HPLUS1,HPLUS2, 0000020

*T1E,SIGMA,PHI ,*,D,TWI,TI,C) 0000030
G m e e e e e e e A 0000040
C SUBROUTINE CEWA  EVALUATES FRICTION FACTORS AND APPROXIMATE 0000050
¢ VALUES OF MASS FLOW RATES AND TEMPERATURE FOR ‘'CENTRAL-TYPE' SUB-0000060
c SUBCHANNELS ( CENTRAL AND WALL CHANNELS ). 0000070
¢ 0000080
REAL LAMI,KI,KAPPA,NUI 0000090
COMMON/GRID2/YY (100, 42,3)/HEA5/QQ{ 42,3)/DAT/PIG/MART/ITCORR 0000100

1 /QPAR1/QDEV/COLAM1/COLAMB/SUB22/TW( 42,3) 0000110

2 /GRAV/IGRAV/GAGR/DPSI 0000120
COMMON /MARTS/ NSTR 0000140
COMMON /HEA6 / NPIN( 42),JPIN( 42,3) 0000150
COMMON /IND3 / NTYP( 42) 0000160
COMMON /8C02C/ QJ( 19, 42) 0000170
COMMON /SC13C/ GEO1( 42,3) 0000180

c 0000200
IF (IRH.EQ. 1)GOTO 1000 0000210

c 10000220
c IN THE CASE OF SMOOTH RODS SINGLE VALUES OF THE SUB-SUBCHANNEL 0000230
C PIN TEMPERATURES ARE NOT COMPUTED 0000240
R1=D*0.5 0000250

RO=0, 5%SQRT (D**2+DD*D) 0000260
FACHE=TIS(R1,R0,IRH) : 0000270
R1DRO=R1/R0 0000280
YDH=(RO~-R1) /RH 0000290

c 0000300
1000 CONTINUE 0000310
CCCCCCCCCCCCCCCCCECCCCCCCCCCCCECCECCCCet OLD CCCCCECCGee 0000320
c QROD=QQ (NS, JJJ)*QDEV 0000330
CCCCCCCCCLECCCCCCCCCCCCCECCCCCCCeCCCCCCCCCCCCCCCCCCCCeee 0000340
JP=JPIN(NS,JJJ) 0000350
QAD=QJ (JP ,NS)*GEO1(NS,JJJ)/H1 0000360
QROD=QQ (NS, JJJ)*QDEV+QAD 0000370
CCCCEECELCCCLCCCCCCCCCCCCECCCCCCCCCeCeeCeCCeCeeeeeceeeee: 0000380
Q=QROD*ALFA/ (2.*PIG)*H1 0000380
QA=QROD/SUR 0000400
TI=TIE ' 0000410

€ it iieciareeeeeiaeaas bt veeene 0000420
c THE TTERATION PROCEDURE STARTS ASSUMING UNIFORM MASS-FLOW 0000430
c DISTRIBUTION 0000440
C 0000450
DO 10 ITW=1,10 0000460

c 0000470
DO 4 IT=1,50 0000480
DELTAT=(Q+PHI*AA) / (AM1*CP(PB,TI)) 0000490
“TI=TIE+0.5*DELTAT 0000500
IF(ITW.EQ.1 .AND. T1.EQ.1) TWI=TI 0000510
ETAI=ETA(PB,TI) 0000520
RHOTI=RHO(PB, TI) 0000530
REI=AM1*DD/ (AA*ETAI) 0000540
ETAIW=ETA(PB,TWI) 0000550
RHOIW=RKO(PB, TWI) 0000560
REIW=(ETAI*RHOIW)/ (ETAIWYRHOI)*REI _ 0000570
IF(IT.EQ.1 .AND. ITW.EQ.1) GOTO 30 0000580

B ettt ettt et e 0000590
C AFTER 1.ST ITERATION FRICTION FACTORS ARE EVALUATED FROM THE 0000600
c VALUES OBTAINED IN THE PRECEEDING ITERATION 0000610
c 0000620

IF(REI.GT.0. .AND, SQ8LI.GT.0.)GOTO 700 0000630
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1001 WRITE(6,699)NS,JJJ,I,REI,SQ8LI

0000640

699 FORMAT(//5X,'SUB. CEWA', 0000650

> /5%, 'Ns=",15,5X, 'M=',12,5X, 'I=',13/5X, '"RE=' ,E15.5,5X, ' SQRT0000660

% (8/LAMBDA)=',E15.5)" 0000670
RETURN 1 0000680

700 CONTINUE 0000690
IF (IRH.EQ.2)GOTO 1 0000700
SQ8LI=2.5%ALOG(REI/SQ8LI)+5,5-~GG 0000710

GOTO 3 0000720

1 IF(SQ8LI.LE.0.)GOTO 1001 0000730
HPLUSB=RH/DD*REI/SQ8LI 0000740
HPLUSW=HPLUSB*REIW/REI 0000750

GOTO 31 0000760

S A 0000770
c 1.ST ITERATION: FRICTION FACTORS ARE EVALUATED BY MEANS OF THE 0000780
c EQUATION (LAMBDAIXRHOI*UI**2/DI) = (LAMBDA*RHO*U#**2/D) TOT. 0000790
c 0000800
30 IF(IRH.EQ.2)GOTO 2 0000810
SQ8LI=2.S5*ALOG{PROV/ETAI*SQRT{ (DD/DETOT)**3#RHOI) )+5.5-GG 0000820

GOTO 3 0000830

2 HPLUSB=RH/DETOT*PROV/ETAI*SQRT (DD/DETOT*RHOI) 0000840
HPLUSW=RH/DETOT*PROV/ETAIW*SQRT (DD/DETOT*RHOIW) 0000850

¢ 0000860
31 CONTINUE 0000870
QPLUS=QA*AA/ (AM1* (TE+273.16)*CP(PB,TI)) 0000880
RHPL=RHPLUS (HPLUSB, TWI , TE , QPLUS ,HPLUSW,TT , YDH) 0000890
SQ8LI=2,5%ALOG(DD/RH)+RHPL-GG 0000900

3 LAMI=8./SQ8LI*#2%COLAMB 0000910
SSS=AA/SQRT (LAMI*H/ (2 . *RHOI*DD)) 0000920
SQDPGI=SQRT (ABS (SQDPG**2*DPSI-IGRAVARHOI*980.665%H) ) 0000930
AM2=SSS*SQDPGI+SIGMA*AA 0000940
IF(IT.EQ.1 .AND. ITW.EQ.1)GOTO 50 0000950

IF (ABS (PLAMI/LAMI-1.).LE.1.E~04)GOTO 6 0000960
PLAM1=PLAMI 0000970
AM3=AM1 0000980

50 PLAMI=LAMI 0000990

4 AM1=AM2 0001000

oS S 0001010
c END OF LOOP IT 0001020
c 0001030
WRITE(6,5)I,NS,K,ITW, ITCORR,AA,DD,ALFA,LAMI ,PLAM1,AM3 ,AM2,TI,TIE, 0001040

1TWI ,PHI, SIGHA 0001050

5 FORMAT(1H1,5X,'SUB. CEWA’, 0001060

> /5X,' CALCULATION STOPS: IT=10 FOR SUBCH.',I3,2X,'(CHANNE0001070

*I, NR.',14,2X, 'AXTIAL SECTION NR.',I3,')',2X,'ITW=' I2,2X, 'ITCORR=',0001080
*14/5X,'AA=' ,E15.5/5X, 'DD=' ,E15.5/5X, 'ALFA=' ,E15.5/5X, 'LAMI="',E15.50001090
*/5X, 'PLAMI=',E15.5/5X, 'AM1="' ,E15.5/5X, 'AM2=' ,E15.5/5X,'TI="' ,E15.5/0001100

*5X, 'TIE=',E15.5/5X, ' TWI=',E15.5/5X, 'PHI="' ,E15.5/5X, 'SIGMA="'E15.7)0001110
RETURN 1 0001120

c 0001130
6 IF(QQ(NS,JJ)J).LE.1.E-06)GOTO 12 0001140
IF(IRH.EQ.1)GOTO 13 0001150
PR 0001160
c ITERATION TO FIND ROD TEMPERATURE FOR THE ROUGH PART 0001170
c 0001180
KI=KAPPA(PB,TI) 0001190
PRI=ETAI*CP(PB,TI)/KI 0001200
CCCCCCCCCCECCCCCCCCCCCCCe 06,02, 1980 0001210
CALL SPANU(REI,PRI,NS,JJJ,YYI) 0001220

c CALL RNU(EPLUSW,TWI,LAMI,REI,PRI,TI,YDH,R1DRO0,0.,1.,REIW,YY(K,NS, 0001230
C 1 JJI),NUI,GHPL) ' 0001240
c CALL RNU(HPLUSW,TWI,LAMI,REI,PRI,TI,YDH,R1DRO,0.,1.,REIW,YYI, 0001250
C 1 NUI,GHPL,1) 0001260
c FURTHER MODIFIED AT 09.10.1980 0001270
BK=2.0 0001280
IF(ITYP.EQ.1 .AND. NS.GT.NSTR) BK=1.0 0001290
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CALL RNU(HPLUSW,TWI,LAMI,RET,PRI,TI,YDH,RIDRO,0.,1.,REIW,YYI, 0001300

1 NUI,GHPL,1,R0,R1,0.0,BK) 0001310
CCCCCCCCCCCCCCCCCCECCCCCC 06.02.1980 0001320
ALFAI=NUI*KI/DD*FACHE ' 0001330
TIW=TI+QA/ALFAI 0001340

IF (ABS(TIW/TWI-1.).LE,1.E-04)GOT012 0001350

10 TWI=TIW 0001360
O 0001370
C END OF LOOP ITW 0001380
C 0001390
WRITE(6,11)I,JJJ NS 0001400

11 FORMAT(  5X,'SUB. CEWA ', 0001410

> /5%, 1 CALCULATION STOPS: ITW=10 FOR SUBCH.',I3,2X, '(M=',0001420
*12,2%, 'NS=',I5," )') 0001430
RETURN 1 0001440

c . 0001450
13 TWI=TW(NS,JJJ) 0001460

c 0001470
12 AMT=AMT+AM2 0001480
TT=TT+TI*AM2 0001490
DDDD=DDDD+SSS 0001500

IF (IRH.EQ. 1)RETURN 0001510

c 0001520
HPLUS 1=HPLUS 1+HPLUSB*AA 0001530
HPLUS2=HPLUS2+HPLUSW¥AA 0001540
RETURN - 0001550

END 0001560
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SUBROUTINE CEWACO(N,NN,NTYP,ALFA,D,X,AT,DET,HFLOW,ATOT,AREA,DE,ME) 0000010

---------------------------------------------------------------------- 0000020

SUBROUTINE CEWACO EVALUATES GEOMETRICAL PARAMETERS AND INLET MASS0000030

FLOW RATES FOR 'CENTRAL-TYPE' AND CORNER SUB-SUBCHANNELS. 0000040
0000050

REAL MFLOW,ME 0000060
DIMENSION AREA(NN),DE(NKN),ME(NN) 0000070
COMMON/CEN1/G (46) /ANG1/RR2(30) ,ALF12(30) /ANG2/PER(30) 0000080
PEROD=ALFA*D*0.5 0000090
ARROD=PEROD*0. 25%D 0000100
E1=0. 0000110
DO 3 I=1,NN 0000120
AI=I 0000130
E2=X*TAN (ALFA*AI) 0000140
DELTAE=E2-E1 0000150
AREA (I)=X*DELTAE*0 .5~ARROD 0000160
DE (I)=4.*AREA(I)/PEROD 0000170
IF (NTYP.EQ.3)GOTO 1 0000180
EPS=SQRT(1.+DE(1)/D) 0000190
6(1)=GSTAR(EPS) 0000200
GOTO 2 0000210

1 PER(I)=DELTAE 0000220
RR2 (1 )=SQRT (D**2+DE (1)*D)*0,5 0000230
ALF12(I1)=D*0.5/RR2(I) : 0000240
DE(I)=4.*AREA(I)/ (PEROD+PER(I)) 0000250

2 CONTINUE 0000260
ME(I) =MFLOW*AREA(I)/ATOT 0000270

3 E1=E2 0000280
IF (NTYP.EQ.3)GOTO 5 0000290
WRITE(6,4) 0000300

b FORHAT(////ISO('*')///// 0000310
5X,'GEOMETRY OF CENTRAL CEANNELS (REFERENCE TO 1/6)'//)0000320

GOTO 7 0000330

5 WRITE(6,6) 0000340
6 FORMAT(////130('*')////5X,' GEOMETRY OF ANGULAR CHANNELS (REFERENCE0000350
* TO 1/2)'//) 0000360
7 CONTINUE 0000370
WRITE(6,8)AT,DET 0000380

8 FORMAT(5X,'TOTAL FLOW AREA=' F5.2,1X,'SQCM',5X,'TOTAL EQUIVALENT D0000330
*IAMETER=",F4.1,1X,'CM'//) 0000400
WRITE(6,9) 0000410

9 FORMAT(5X,'SECTION NR.',5X,'FLOW AREA (SQCM)',4X,'EQUIV. DIAMETER(0000420
*CH)' /) 0000430
WRITE(6,10) (I,AREA(T),DE(I),I=1,N) 0000440
10 FORMAT(7X,13,15X,F7.5,17X,F5.3) 0000450
RETURN 0000460

END 0000470




50 A

100
200

300

999

SUBROUTINE crc1 (P,D, PIG ,FC1)

IF (PZD .GT. 1.0) GO TO 50
FC1=0.5
GO TO 999

= R/(P-R)

ALFA = ACOS(A)

DELT = P3 - ALFA

IF (ALFA .GE. P3) 60 TO 100

AC = R*TAN(ALFA) + R*DELT

GO TO 200
AC=SQRT(R¥*2+ (P-R)*¥2-R¥* (P-R))
AB=P-R

GR=(2.*SQRT(3.)+3.)/6.

IF (PZD .GE. GR) GO TO 300
AB-(R*TAN(ALFA)+R*(PIG/6 ~ALFA))*2.
DC=P-D

FC1=(2*AC-AB-DC)

RETURN
END

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
00001Q0
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
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SUBROUTINE CFC2 (P,R,Z,ZWC,PI1G,FC2)

----------------------------------------------------------------------

COMPUTES THE VIEW FACTOR FOR TwO0 ADJACENTS WALL SECTORS.

CHL = ACOS(R/(P-R))
PHM = ATAN(P*0.5/(Z-ZWC))

PHL ; ACOS (R/SQRT ({2-ZWC)#**2+P*%2/4.})

me (B ~mee e et e e m e M m e m R Eem A ———— e —————
CB = P-2.*R

mr AQ e e e e eMe e mmma e e mem e A mm e A a e A e — o ———————

XY=(P*0.5-R) /TAN(CHL)
IF (XY .LE. (Z-ZWC)) GO TO 200
WRITE (6,100)

100 FORMAT ( 5X,' SUB. CFC2 ',/5X,

0000010
0000020
6000030
0000040
0000050
0000060
0¢00070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180

>' THE PRESENT COMBINATION OF P,D,Z,ZWC IS NOT PROVIDED IN THE PR0G0000190

>RAM.',/5X,' YOU HAVE THE FOLLOWING POSSIBILITIES : ',/5X,
>' 1. INSERT THIS CASE IN CFC2.',/5X,

>!' 2. COMPUTE FC2 BY HAND AND INTRODUCE IT IN CFC2.',//5X,
>' CALCULATION STOPS.')

STOP

200 AC = R*TAN(CHL)+R*(PIG/2.-CHL)

IF ((2-R)} .LT. ZWC) GO TO 300
AD = P
GO TO 500

300 AD = 2,%(SQRT((2-ZWC)¥**2+P**2/4. )*SIN(PHL)+R* (PHM~PHL))
500 CONTINUE

P S A e Py S ek ke S e S e e . S e R S S e R A e R R mm R A e

FC2 = (2.%AC-CB-AD)

RETURN
END

0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
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999
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SUBROUTINE CFC3 (P,D,PIG,FC3)

COMPUTES THE VIEW FACTOR OF TYPE FC3

P3 = PIG/3.
PZD= P/D
R = D/2.

IF (PZD .GT. 1.000) GO TO 50
FC3=0.0
GO TO 999

IF (PZD .LT. 1.500) GO TO 100

AC=(P-R)¥SQRT(3.)
AD=SQRT (D**2 + 3.%P**2 = 3 4D*P)
AB=R

FC3=(2.%AD-2.*AC)/ (D*P3)

G0 TO 999

A= R/(P-R)

ALFA=ACOS(A)

DELTA= P3 - ALFA
AC=2%((P-R)*SIN(ALFA) + R*DELTA)
AD=SQRT(D¥**2 + 3.%P¥*2 - 3, 4D*P)
FC3={(2*AD-2*AC)

RETURN
END

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000136
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
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SUBROUTINE CFC4 (P,D,PIG FC4)
c COMPUTES THE VIEW FACTOR OF TYPE FC4

P3 = PIG/3.

R = D/2.

$Q3 = SQRT(3.)
PZD=P/D

A= R/(P-R)
ALFA=ACO0S (A)
DELTA= P3 - ALFA

C -BHD ———————————————————— - S -

BMD=(P-R) *SIN(ALFA) + R*(P3+DELTA)

C =ALD==smmmmemmmermaccmm—a SR E R

AXKS=R/(P/2.)
XKS=ACOS (AXKS)
FK=P-D/4.
AR=SQRT (FK**2 + (R*SQ3*0.5)%*2)
CBETA= R/AK
BETA=ACOS (CBETA)
TGAM= R*SQ3*0.5/(P-D/4.)
GAMMA=ATAN (TGAM)
EPSI=2%P3=-GAMMA~BETA
FKL=GAMMA+BETA
FKS=P3+XKS

ALD= R*TAN{BETA)+R*EPSI
IF (FKS .GE. FKL) GO TO 100

ALD= R*TAN(ALFA)+R*(P3-ALFA-XKS)+2 ., *R*TAN(XKS)+R* (EPSI+(FKL-FKS))

100 CONTINUE

BMC=(P-R)*SIN(ALFA) + R*DELTA

IF (ALFA .GE. P3) BMC=SQRT(R#*%2+(P-R)*#*2-(P-R)*R)

C =AC m==mmmemm e m e e e
AC=P-R
GR={2.*SQRT(3.)+3.)/6.
IF (PZD .LT. GR) AC=2*(R*TAN(ALFA)+R*(PIG/6.-ALFA))
€ —memmmmmemmmm——ewmn oo emmmmrmm—amrm———mm——m——————
FC4=(AC + BMD - BMC - ALD)
c
IF (P2D .LE. 1.0) FC4=0.0
c
RETURN
END

0000010
0000020
0000030
0000040
0000030
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
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SUBROUTINE CFC5 (P,D,PIG,FC5) 0000010

C mmmemmmmm e e am e mmesm—mmemmemmrme e memm e —e e oS mam——————— 0000020
c COMPUTES THE VIEW FACTOR OF TYPE FC5 0000030
c 0000040
P3 = PIG/3. 0000050

R = D/2. 0000060

c 0000070
A= R/ (P-R) 0000080
ALFA=ACOS (A) 0000090

DELTA= P3 ~ ALFA 0000100

B= D/P 0000110
BETA=ACOS (B) 0000120
EPSI=P3-BETA 0000130

o SR e meemeemmmemsemcasse————— 0000140
BMD=RATAN (ALFA)+R*DELTA 0000150

IF ( DELTA .LE. 0) BMD=SQRT((P-R)%**2+R¥*2-(P-R)*R) 0000160

C AC ~=m=mmmmm e e oM oe e amlcmm—emam—emoameeommasmum=—————— 0000170
AC=BMD 0000180

C BC ——meoemmem e e e mm e m e me e mmm e ocmammm o 0000190
BC=P-D 0000200

C AFLD-=mrm=memmece o oo memmac e mema e mmemas e mma e mm e e em—m—mm e 0000210
AFLD = 2.%(R¥TAN(BETA)+R*EPSI) : 0000220

IF (BETA .GE. P3) AFLD=2 , %*SQRT (R¥*2+P*%2 /4, -RXP*0,5) - 0000230
SO pR 0000240
c 0000250
FC5=(AFLD+BC-2*BHD) 0000260

c 0000270
IF (PZD .IE. 1.0) FC4=0.0 0000280

c 0000290
RETURN 0000300

END 0000310



c

c

50

>

100
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SUBROUTINE CFC9 (P,D,PIG,FC9)
COMPUTES THE VIEW FACTOR OF TYPE FC9

R=D/f2.
PZD=P/D

BC1=2.*(P-R)*0.86603

BC=B(C1

BKF=ACOS (R/ (P-R))

IF(PzD.LT.1.5) BC=D*(TAN(BKF)+(PIG/3.~BKF))

AC=8QRT (BC1#%%2+R##2}

IF(PZD.GE. 1.2) GO TO 100

WRITE(6,50)

FORMAT( ' SUB. CFC9: P/D< 1.2 ; CASE NOT PROVIDED.'/5X,
' FC9 IS SET TO 0.0. CALCULATION PROCEEDING')

FC9=0.0

GO TO 9999

CONTINUE

HX=(2 . *P-R)*0.86603

AH=SQRT (HX**2+R*%2 /4. )

AHL=ACOS (R/AH)

AHX=ASIN(R/2./AH)

DHL=PIG/2 . +AHX-AHL

AD=R* (DHL+TAN (AHL))

EKM=ACOS(R/(P/2.})
EKF=PI16*2,/3.-EKM-BKF
BD=R*(2.*TAN(EKM)+(PIG/3. -EKM)+TAN(BKF)+EKF)

FC9=AD+BC-AC-BD

9999 RETURN

END

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
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SUBROUTINE CFUEL (NCA,A,B,RSTAR, H »J,XF)

COMPUTES THE COEFFICIENTS FOR THE EQUATIONS OF THERMAL CONDUCTION
WITHIN THE FUEL IN CASE OF POWER GENERATED IN THE FUEL.

DIMENSION A(13,13),B(13),XF(13)

COMMON /SCO1C/ NCAN( 19),LIPS( 19,10)
COMMON /8C05C/ JZUR( 19, 42)

COMMON /SC07C/ H1

COMMON /SC12C/ GEO( 42,3)

COMMON /SC20C/ CGAP

COMMON /HEAS / QQ( 42,3)

COMMON /QPAR1/ QDEV

REAL XFUEL

PIG=3.141593
NCA1l = NCA+1
NCA2 = NCA*2
NCA3 = NCA*2+1

A(NCA3,NCA3)=0.0
DO 1000 K=NCA1,NCA2

KP=K-1

IF(K .EQ. NCAl) KP=NCA2
KD=K+1

IF(K .EQ. NCA2) KD=NCAl
KC=K-NCA

K1=KP-NCA

K2=KD-NCA

NS1
NSP
NSD
MZ1
Mzp
MZD

LIPS(J,KC)
LIPS(J,K1)
LIPS(J,K2)
JZUR{J ,NS1)
JZUR(J,NSP)
JZUR(J ,NSD)

nnunun

TFP = (XF(K)+XF(XP))*0.5

TFD = (XF(K)+XF(KD))*0.5
TFX = (XF(K)+XF(NCA3))*0.5
FKP = KFUEL(TFP)*H*0.5/(GEO(NS1,MZ1)+GEQO(NSP,MZP))
FKD = KFUEL(TFD)*H*0.5/ (GEO(NS1,M21)+GEO(NSD,MZD))
FKC = CGAP*RSTAR*GEO(NS1,MZ1)#*H*2,
FKF = KFUEL(TFX)*H*GEO(NS1,MZ1)
B(K) = - QQ(NS1,MZ1)*QDEV¥H1*(GEO(NS1,MZ1)/PIG)*0.75
DO 500 I=1,12

A(K,L) = 0.

IF (L .EQ. KC) A(K,L) = FKC

IF (L .EQ. KP) A(K,L)

IF (L .EQ. XK ) A(K,L)
IF (I .EQ. KD) A(K,L)
CONTINUE
A(K,NCA3)= FKF
A(NCA3,K)=-A(K,NCA3)

i III ‘% H

0000010
0600020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590

0000600
0000610



1000

RETURN
END

A(NCA3,NCA3)=A(NCA3,NCA3)+A(K,NCA3)
B(NCA3)=QQ(NS1,MZ1)#*QDEVXH1%*0, 25
CONTINUE

0000620
0000630
0000640
0000650
0000660
0000670
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SUBROUTINE CFUEL3 (A,B,RSTAR,H,J,XF)

- . o o e U b e o i e Rl R ed S o R S G AR R M R R S W e R rd e

COMPUTES THE COEFFICIENTS FOR THE EQUATIONS OF THERMAL CONDUCTION

WITHIN THE FUEL IN CASE OF POWER GENERATED IN THE FUEL.
HALF OF THE PIN,

DIMENSION A(13,13),B(13),XF(13)

COMMON /SC01C/ NCAN( 19),LIPS( 19,10)
COMMON /SC05C/ JZUR( 19, 42)

COMMON /SC07¢/ M1

COMMON /SC12C/ GEO( 42,3)

COMMON /SC20C/ CGAP

COMMON /HEAS / QQ( 42,3)

COMMON /QPAR1/ QDEV

REAL XFUEL

PI1G=3.141593

NS1
NS2
NS3
MZ1
MZ2
MZ3

TF12
TF23
TFC4
TFC3
TFC6

F12 =
F23 =

FGAP1
FGAP2
FGAP3

A(4,1)
A(4,4)
A(4,5)
A(4,7)

A(5,2)
A(5,4)
A(5,5)
A(5,6)
A(5,7)

A(6,3)
A(6,5)
A(6,6)
A(6,7)

A(7,4)
A(7,5)
A(7,6)

nuwwnmu

LI
LY
LI
JZ
JZ
JZ

(
(
(
(
(

KFUEL(TF12)*H*0.5/(GEO(NS1,MZ1)+GEO(NS2 ,M22))

PS(J,1)
PS(J,2)
PS(J,3)
UR(J,NS1)
UR(J,NS2)
UR(J,NS3)

XF(4)+XF(5))*0.5
XF(6)+XF(5))*0.5
XF(4)+XF(7))*0.5
XF(4)+XF(7))%0.5
XF(4)+XF(7))%0.5

KFUEL(TF23)¥*H%0.5/(GEC(NS2 ,MZ2)+GEO(NS3,MZ3))

ihonoil
It nnu nunnwnun munn

CGAP * RSTAR * GEO(NS1,MZ1) * H * 2,
CGAP * RSTAR * GEO(NS2,M22) * H * 2,
CGAP * RSTAR * GEO(NS3,MZ3) * H * 2,

FGAP1

- FGAP1 - F12 - KFUEL(TFC&4)*H*GEO(NS1,MZ1)
F12

KFUEL(TFC4)*H*GEQ(NS1,M21)

FGAP2

F12

~ FGAP2 - F12 - F23 - KFUEL(TFC5)*N*GEO(NS2,M22)
F23

KFUEL (TFCS )*H*GEO(NS2 ,MZ2)

FGAP3

F23

- FGAP3 - F23 - KFUEL(TFC6)*H*GEO(NS3,MZ3)
KFUEL(TFC6)*H*GEQ(NS3,MZ3)

KFUEL (TFC4 )*H*GEQ(NS1,MZ1)
KFUEL(TFC5 )*H¥GEO (NS2 ,MZ2)
KFUEL (TFC6 )*H*GEO(NS3,MZ3)

A(7,7) = -A(7,4)-A(7,5)-A(7,6)

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610



B(4)
B(5)
B(6)
B(7)

it nH

RETURN
END

~QQ(NS1,MZ1) * QDEV *

H1 * (GEO(NS1,MZ1)/PIG) * 0.75
-QQ(NS2,MZ2) * QDEV * H1

H1

H1

(GEO(NS2,MZ2)/PIG) * 0.75
(GEO(NS3,M23)/PIG) * 0.75
0.25

-QQ(NS3,MZ3) * QDEV *
-QQ(NS1,M21) * QDEV *

* X % F

0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690
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SUBROUTINE CF1(X1,X2,Y1,Y2,DP1,DP2,ITVIA,XYT,YT)

c ______________________________________________________________________
¢ CF1 IS USED IN THE CALCULATION OF THE AVERAGE CROSS~FLOW TEMPERA=
c TURES AND VELOCITIES
("
'COMMON/GAMAR/CXX
c
c XYT=(X15Y1+X2%Y2 Yy *CXX+XYT
c YT=(Y1+Y2 Y*CXX+YT
c 13.03.1980
XYT=X2*Y 2k CXX+XYT
YT=Y24CXX+YT
RETURN
END
SUBROUTINE CF11(P,D,Z,ZWC,PIG,F11)
c _____________________________________________________________________
c VIEW-FACTORS OF TYPE 11
c
AC = Z-D¥0.5
C .................................................................
HD=SQRT{P**2/4 ,+(Z-ZWC)**2)
EHD=ACOS{(D/2./HD)
DHF=ACOS((P/2.)/HD)
c .
AD = SQRT((Z-D/2.-ZWC)**2+(P/2.)%%2)
IF (ZWC .LT. (Z-D/2.)) AD = D/2,%(PIG/2.~END-DHF)+D/2.*TAN(EHD)
C  mcmmm e m e e m e e e s e e i o e 0 e O
BD = SQRT((Z-ZWC)**2 + ((P-D)/2.)**2)
£ e e e e e e o i e e e —mmm———————
CHG=ACOS(D/2./2)
BC = D/2.*TAN(CHG)+D/2.*(PIG/2.-CHG)
c - S M E Sy S e S e PR B R L W S M SV A S GEP R S AN ek R A M Al AP PR PN g SN N S D e S R e S W S A A e G S
F11=(BC+AD-BD-AC)
c
RETURN
END

0000010
0000020
0000030
0000040
0000050
0000060
0000050
0000080
0000090
0000100
0000110
0000120
0000140
0000150

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000150
0000200
0000210
0000220
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SUBROUTINE CF12(P,D,Z,ZWC, PIG ,F12)

--------------------------------------------------------------------

VIEW-FACTORS OF TYPE 12

= SQRT(((P-D)/2.)**2+(Z-ZWC)**2)
HD=SQRT (P**2/4 .+ (Z-ZWC)**2)
EHD=ACOS(D/2. /D)
DHF=ASIN((P/2.}/HD)

BD = SQRT((Z-D/2.-ZWC)**2+(P/2.)%k2)

IF (ZwC .GT. (Z-D/2.)) BD = D/2.*(PIG/2.-EHD-DHF)+D/2.*TAN(EHD)
BC = SQRT((Z-D/2.)*k2+4P¥%2)

IF({((2-D/2.)/2.) .LT. ZWC) BC=SQRT{(P/2.)**2+ZWC*¥*2)+BD
ACL=ATAN((P-D/2.)/Z)

GCL=ASIN(D/2./2)

ALM=ACOS(D/2./(P-D/2.))

CLG=PIG/2.-GCL

AC = SQRT(2%*2+(P-D/2.)*%2)
IF (GCL .GT. ACL)
>AC = D/2.*TAN(CLG)+D/2 .*TAN(ALM)+D/2.*(P1G/2.-CLG-ALM)

A T . A i iy S o e o o e R

F12=(BC+AD-BD-AC)

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290




c
c
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SUBROUTINE CF13(P,D,Z,ZWC,PIG,F13)

-------------------------- o Sy S ] o

VIEW-FACTORS OF TYPE 13

BHE=ACOS(D/2./(P-D/2.))
HCB=ATAN({P-D/2.)/2)
HCF=ASIN(D/2./Z)

BC = SQRT(Z**2+(P-D/2.)%*2)

IF (HCF .GT. HCB)
>BC = D/2.%(TAN(BHE)+TAN(PIG/2.-HCF)+(HCF-BHE))
HD=SQRT (P*#2 /4 . +(Z-ZWC)*¥2)
DHL=ACOS (D/2. /HD)

DHM=ACOS ((P/2.) /HD)

GD = SQRT((Z-D/2.-ZWC)#**2+(P/2.)%*2)
IF (ZWC .LT. (Z-D/2.)) GD = D/2.*{PIG/2.-DHL-DHM)+D/2.*TAN(DHL)

AC = SQRT((Z-D/2.)**2+P#%%2)

IF (((Z-D/2.)%0.5) .LT. ZWC)

>AC = SQRT((P/2.)**2+ZWCH¥2)+GD

AD = 3.%GD

IF(ZWC .LT. (Z-D/2.)) AD=SQRT((Z-D/2.-ZWC)¥**2+(P*1.5)%%2)
BD = D/2.*%(TAN(BHE)+(PIG/2.-BHE))+GD

IF(ZWC .LT. (2-D/2.))
>BD = D/2.*TAN(BHE)+HD*SIN(DHL)+D/2.* (PIG~BHE-DKL-DHM)

F13=(BC+AD-BD-AC)

RETURN
END

SUBROUTINE CF14(P,D,Z,ZWC,PIG,F14)

Pk W S A v R AP MR R e Y S A e A e S gy S e d R el Sl S A T D Sy Al %y N S o

EHD=ACOS(D/2./Z)

AD = SQRT((D/2.)**242%*2-D/2 *Z)
IF (Z .LT. D) AD = D/2.*TAN(EHD)+D/2.%*(PI1G/3.-EHD)
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F14=2.%(AD-AC)

RETURN -
END
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0000010

SUBROUTINE CF15(P,D,Z,ZWC,PIG,F15) 0000010
--------------------------------------------------------------------- 0000020
VIEW-FACTORS OF TYPE 15 0000030
0000040

----------------------------------------------------------------- 0000050
CEG=ACOS(D/2./2) 0000060
AEL=ACOS(D/2./(P-D/2.)) 0000070
AC = D/2.%(TAN(CEG)+TAN(AEL)+(PIG#5. /6 .-AEL-CEG)) 0000080
----------------------------------------------------------------- 0000090
XB=D/4. 0000100
XY=P*SQRT(3.)/2.-D/2.*SQRT(3.)/2. 0000110
ECB=ATAN((P/2.+XB)/ (Z+XY)) 0000120
ECG=PIG/2.~CEG 0000130
BEY=ATAN(XY/ (P/2.+XB)) 0000140
BEF=ACOS (D/2. /SQRT (XY#+*2+(P/2+XB)**2)) 0000150
BC = SQRT({(P/2.+XB)**2+(Z+XY)#*2) 0000160
IF (ECG .GT. ECB) 0000170
>BC = D/2.%(TAN(CEG)+TAN (BEF)+(PIG/2.-CEG-BEF+BEY)) 0000180
----------------------------------------------------------------- 0000190
F15= (BC-AC) 0000200
0000210

0000220

RETURN 0000230
END | 0000240
0000010

SUBROUTINE CF16(P,D,Z,2ZWC,PIG,F16) 0000010
-------------------------------------- et e navsmmmmecmmeneme (000020
VIEW-FACTORS OF TYPE 16 0000030
0000040

BC = Z-D/2. 0000050
----------------------------------------------------------------- 0000060
=SQRT (P**2/4 ,+(Z-ZWC ) *k2) 0000070
EHD=ACOS (D/2. /HD) 0000080
DHF=ACOS ( (P/2. ) /HD) 0000090
0000100

BD = SQRT((Z-D/2.-ZWC)**2+(P/2,)**2) 0000110
IF (ZWC .LT. (2-D/2.)) BD = D/2.*(PIG/2.~EHD-DHF)+D/2.*TAN(EHD) 0000120
----------------------------------------------------------------- 0000130
AD = PIG*D/4.+BD 0000140
IF( ZWC .LT. (Z-D/2.)) AD=D/2.*TAN(EHD)+D/2.*(PIG-EHD-DHF) 0000150
----------------------------------------------------------------- 0000160
CHG=ACOS(D/2./Z) 0000170
AC = D/2,*TAN(CHG)+D/2.%(PIG/2.-CHG) 0000180
B T 0000190
F16=(BC+AD-BD-AC) 0000200
0000210

0000220

RETURN 0000230

END 0000240




SUBROUTINE CF17(P,D,Z,ZWC,PIG,F17)

P O D A T G S g Sy Y S Rl A Sl ity W A P S D e T

VIEW-FACTORS OF TYFE 17

BC = Z-D/2.

- o Y o Y o D o e P il e A T P

EHA=ACOS(D/2./Z)

AC = SQRT((D/2.)**2+Z%*2-D/2 *Z)

IF (Z.LT. D) AC = D/2.*TAN(EHA)+D/2.*(P1G/3.~EHA) |
CHG=ACOS(D/2./2)

BD = D/2.*TAN(CHG)+D/2.*(PIG/2.-CHKG)

AD = PIG*D/4.+AC

IF( Z .GT. D) AD=D/2,*TAN(EHA)+D/2.*(PIG*5./6.-EHA)

T 0 A A R A A Y R A A D W S

F17=(BC+AD-BD-AC)

RETURN
END
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SUBROUTINE CF18(P D,Z,ZwC,PIG,F18)

FHA-ACOS(Dlz /2)
AG = SQRT((D/2.)**2+7#*2-D/2.%2)

IF (2.LT. D) AG = D/2.%TAN(FHA)+D/2.%(P16/3.-FHA)
CHL=ACOS(D/2./(P-D/2.))

= D/2.*(TAN{CHL)+(PIG/2.-CHL))+AG

----------------------------------------------------------------

HE=SQRT (P*#2/4 .+ (Z-ZWC)*%2)

EHM=ACOS {D/2./HE)

EHC=ACOS(P/2./HE)

EG=SQRT{((Z2-2ZWC-D/2.)Y**2+(P/2.)¥*2)

IF (2WC.GT. (Z-D/2.)) EG=D/2.*(TAN(EHM)+(PIG/2.-EHM-EHC)}

= SQRT((Z~D/2.)*¥2+P¥¥2)
IF (((2-D/2.)*0.,5) .LT. ZWC) BD = SQRT((P/2.)**2+ZWC**2) + EG

gy b iy v e e i S M A S G S S S e G g G A R S e A S M R A e R

CBH=ATAN({P-D/2.)/2)
HBN=ASIN(D/2./Z)

= SQRT(Z**2+(P-D/2.)%**2)
IF (CBH .LT. HBN) BC = D/2.*%(COTAN(HBN)+TAN (CHL)+{HBN~-CHL))

- e iy S S T S e Y T e ke e g A g e e kS S

AD = AGH+2 .*EG
IF (Z.GT. D) WRITE(6,100)
FORMAT( ' CASE NOT PREVIDED IN CF18. F18 ARE ERRATED.')

. T b S O s A A e R s S D e e A -

F18=(BC+AD-BD-AC)

RETURN
END
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SUBROUTINE CF24(?,D,Z,ZWC,PI1G,F24)

----- e e e e e o ey e e e e ey e v e ey S Oy e S o D o A S S

VIEW-FACTORS OF TYPE 24

EHC=ACOS(D/2./2)

AC = SQRT((D/2.)**2+Z#*2-D/2.%Z)

IF (Z.LT. D) AC = D/2.*TAN(EHC)+D/2.%(PIG/3.-EHC)
HD=SQRT (P**2/4 . +(Z-ZHC)¥*2)

GHD=ACOS (D/2. /HD)

DHF=ACOS( (B/2.) /HD)

BD = SQRT{(Z-D/2.-ZWC)¥*k2+(P/2.)%**2)

IF (ZwWC .LT. (2-D/2.)) BD = D/2.%(P1G/2.-GHD-DHF)+D/2.*TAN{GHD)
AD = PIG*D/6.+ BD

AD=D/2 . *TAN(GHD)+D/2 .* (PIG*5./6. -GHD—DHF)

D e S o — —— ——  E on g m E  A  d gy e e

F24= BC+AD-BD-AC

RETURN
END
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c VIEW-FACTORS OF TYPE 31 :
c
= SQRT(P**2/4 . +ZWCH*2)
0 e e e e o e i e e e e
AC = Z
£ s e e e e e e e e o e e
HD=SQRT (P**2/4 . +(2-ZWC)**2)
EHD=ACOS (D/2. /D)
FHD=ASIN((P/2.)/HD)
c
GD = SQRT((Z-D/2.-ZWC)**2+(P/2.)*2)
IF (ZWC .GT. (2-D/2.)) GD = D/2.% (FHD-EHD)+D/2.*TAN(EHD)
c
=AC0S(D/2./2)
AM=2%0.866
AG=SQRT(AM**2+(D/2.-2/2.)%%2)
IF(Z/2. .LT. D/2.) AG=D/2.*(TAN(AHL)+(PIG/3.-AHL))
c
AD=AG+GD
c
PN=P/2.+2*0.866
BS=ZWC+P/2 ¥PN*(Z/2 .-ZWC)
IF(BS.LT. (Z-D/2.)) AD—SQRT(PN**2+(Z/2 - ZWC)**2)
£ memmmemm e e mm e e m e e e e e e i e
F31=(AC+BD-AD)
c
c
RETURN
END
SUBROUTINE CF32(P,D,Z,ZWC,PIG,F32)
C _____________________________________________________________________
C VIEW-FACTORS OF TYPE 32
C
L  wmmrccmmccccra s s e ccmmm m e e e e e e e e o
HD=SQRT (P**2/4 , +(Z-ZWC)**2)
EHD=ACOS (D/2./HD)
DHF=ACOS ((P/2.)/HD)
C
AD = P
IF (ZWC .GT. (Z-D/2.)) AD= D *(P1G/2,-EHD-DHF)+D*TAN(EHD)
0  sememccmm e e e mme e e e m e e m e e e ——————————
= SQRT(P*¥2/4 . +ZWCHk2)
€  cmrmsemcmmadmcm;es—mameses—————————— hmmemMa——m——meemmen—————
F32=(2*AC-AD)
c
c
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SUBROUTINE CF31(P,D,Z,2ZWC, PIG ,F31)

RETURN
END
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SUBROUTIHE CONNIJ(NSTR NSTOT ,NROMA ,NSEL)

------------------------- Y ek W Ot W P A D D A A T R E WD TS e B A e ke e b A e e Ay

CONNIJ EVALUATES FOR EACH CHANNEL I THE NUMBER NER(I) OF
INTERACTIONS WITH OTHER CHANNELS J AND WHICE CHANNELS INTERACT

WITH I.

COMMON/ IND1/NROW( 42),NUMS( 42)/IND2/NOT(4,30)/IND3/NTYP( 42)
/IND4/NUM3 (4) ,NUM6 (4) ,NUM12 (4) ,NUM18 (4) ,NUM24 (4) ,NUM30(4),
NUM36(4)/IJ1/NER( 42),NIS( 42,3)

IF(NSEL.EQ.4)GOTO 99
NAN=NROMA+2

NBN=1

NCN=-1

DO 43 NS=1,NSTOT
NRO=NROW(NS)
NUM=NUMS (NS)
NUMA3=NUM3 (NRO)
NUMA6=NUM6 (NRO)
NUMA12=NUM12(NRO)
NUMA18=NUM18 (NRO)
NUMA24=NUM24 (NRO)
NUMA30=NtM30 (NRO)
NUMA36=NUM36 (NRO)
IF(NS.GT.NSTR)GOTO 29
IF(NUM.GT.1)GOTO 5
IF(NSEL-2)1,2,4
NER(NS)=3
NIS(NS,3)=NOT(NRO,NUMA36)
GOTO 3

NER(NS)=2
NIS(NS,1)=NS§+1

GOTO 13
IF(NRO.GT.1)GOTO 2
NER(1)=1

NIS(1,1)=3

GOTO 43

IF(NSEL-2}6,7,8
NUMSP=NUMA36

GOTO 9

NUMSP=NUMA18

GOTO 9

NUMSP=NUMA3

IF (HUM.EQ. NUMSP) GOTO 10
NER{NS)=3
NIS{NS,3)=NS+1

GOTO 12
IF(NSEL.EQ.1)GOTO 11
NER(NS)=2

GOTO 12

NER({NS)=3
NIS(NS,3)=NOT(NRO,1)
NIS(NS,1)=N5-1

IF (NUM.GT.NUMA6)GOTO 14
NAM=NUM

GOTO 19
IF({NUM.GT.NUMA12)GOTO 15
NAM=NUM-NUMA6

GOTO 19

IF(NUM. GT.NUMA18)GQTO 16
NAM=NUM-NUMA12

GOTO 19
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IF (NUM. GT.NUMA24)GOTO 17
NAM=NUM-NUMA18

GOTO 19

IF (NUM.GT.NUMA30)GOTO 18
NAM=NUM-NUMA24

GOTO 19

NAM=NUM-NUMA30

IF(NAM.EQ. (NAM/2%2))GOTO 21

I1=1

IF (NRO.EQ.NROMA)GOTO 20

12=1

13=0

GOTO 22

12=2

13=1

GOTO 22

I1=-1

I2=1

13=0

NRO1=NRO+I1

IF(NUM.GT .NUMA6)GOTO 23

NUMA= (NUM+11)/12+13

GOTO 28

IF(NUM.GT.NUMA12)GOTO 24
NUMA=(NUM+I1-NUMA6)/I2  +NUM6(NRO1)
GOTO 28

IF(NUM. GT.NUMAL8)GOTO 25
NUMA=(NUM+I1-NUMA12)/I2  +NUM12(NRO1)
GOTO 28

IF (NUM. GT.NUMA24)GOTO 26
NUMA=(NUM+I1-NUMA18)/I2  +NUM18(NRO1)
GOTO 28

IF (NUM. 6T. NUMA30) GOTO 27
NUMA=(NUM+I1-NUMA24)/I2  +NUM24(NRO1)

‘GOTO 28

NUMA=(NUM+I11-NUMA30)/I2  +NUM30(NRO1)
NIS(NS,2)=NOT(NRO1,NUMA)
GOTO 43

IF (NUM.GT.1)GOTO 32
IF(NSEL.EQ.1)GOTO 30
NER (NS)=1

GOTO 31

NER(NS)=2
NIS(NS,2)=NSTOT
NIS(NS,1)=NS+1

GOTO 43
IF(NSEL-2)33,34,40
NUMSP=NUMA36

GOTO 35

NUMSP=NUMA18

IF (NUM.EQ.NUMSP)GOTO 37
NIS(NS,1)=NS+1
NIS(NS,2)=N3-1

IF (NUM.EQ.NAN)GOTO 36
NER(NS)=3

NUMA= (NUM-NBN)*2+NCN
NIS(NS, 3)=NOT(NRO-1,NUMA)
GOTO 43

NER(NS)=2

NAN=NAN+NRO

NBN=NBN+NRO
NCN=NCN+2*NROMA- 1

GOTO 43

IF (NSEL.EQ.1)GOTO 38
NER(NS)=1

GOTO 39
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1001 FORMAT(5X,'CONTRO, ITCORR =',I3,' LAM = ', E12.6,' LaM1 = ',E12.6,
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38 NER(NS)=3

39

NIS(NS,2)=NOT(¥RO,1)
NIS{NS,3)=NIS(NS,2)-1
NIS(NS,1)=NS-1

GOTO 43

40 IF(NUM,EQ.NUMA3)GOTO 41

41

NER(NS)=3
NIS(NS,3)=NS+1
GOTO 42
NER(NS)=2

42 NIS(NS,1)=NS-1

NUMA=(NUM-1)*2-1
NIS(NS,2)=NOT(NRO-1,NUMA)

43 CONTINUE

99

200
100

CONTINUE
DO 100 NS=1,NSTOT

NI=NER(NS)

WRITE(6,200)NS ,NTYP (NS), (NIS (NS, M) ,M=1,NI)

FORMAT(5X, 'NS=',12,5X, 'TYPE=',11,5%, ' CHANNELS CONNECTED:',3I5)
CONTINUE

RETURN

END

SUBROUTINE CONSHR
THERMAL CONDUCTION WITHIN THE SHROUD

DIMENSION A( 34, 34),B( 34),X( 34)
COMMON /SC22C/ NTOT

DETERMINES THE ARRAY OF COEFFICIENTS.
CALL MATBUS(A,B)

SOLVES THE SYSTEM
CALL GAUSS(A,B,X)

ASSIGNES THE COMPUTED VALUES TO THE SHROUD- TEMPERATURES
CALL TNEWS(X)

COMPUTES THE HEAT TRANSMITTED TO THE GAS
CALL QDEFIS

RETURN
END

SUBROUTINE CONTRO(FA,FAl,ITCORR,INDICE)
PRINTS INFORMATIONS ON THE CONVERGENCE PROCESS.

DELTA=ABS (FA/FA1-1.0)
WRITE(6,1001) ITCORR,FA,FAl,DELTA,INDICE

RETURN

> ' DELTA=',E12.6,' INDICE=',I3)
END
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SUBROUTINE CORKA

CORKA MODIFIES THE COMPUTED LAMINAR FRICTION FACTOR IF WALL AND
CORNER CHANNELS ARE COMPUTED TOGETHER.

(CASE OF JLAM=1)

COMMON /GEN2/ A( 42)

COMMON fGENS5/ DE( 42)

COMMON /INPAR/ 1IPA

COMMON /LAMINK/ BKAPPA(7,3)
COMMON /LAMIN1/ AKAPPA( 42)
COMMON /LAMIN2/ FATIP(3),FDTIP(3)
COMMON /IND3/ NTYP( 42)

COMMON /IJ1 / NER( 42),NIS( 42,3)
COMMON /GASD1/ NSTOT

COMMON /MART2/ NS1,NS2

COMMON /SC03C/ NRODS

IF (NRODS .NE. 7) GO TO 50
NS1=7
NS2= 18
GO TO 9999

50 DO 1000 NS=1,NSTOT
ITYP=NTYP(NS)
IF(ITYP .NE. 3) GO TO 1000

PP
AT

A(NS)*FATIP(ITYP)* (DE(NS)*FDTIP(ITYP))#*2/BKAPPA(IPA,1)
A(NS)*FATIP(ITYP)

NR = NER(NS)
DO 100 M=1,NR
NA=NIS(NS,H)
TYP=NTYP(NA)
PP=PP+A(NA)*FATIP(IYP)% (DE (NA)*FDTIP(IYP))**2/BKAPPA(IPA,2)
AT=AT+A (NA)*FATIP(IYP)
100 CONTINUE

PP=AT/PP
AKAPPA(NS)=(DE (NS )*FDTIP(ITYP))**2*PP

DO 500 M=1,NR
NA=NIS(NS,M)
IP=NTYP(NA)
AKAPPA (NA)=(DE (NA)*FDTIP(IP) )#**2*PP
500 CONTINUE
1000  CONTINUE

9999 RETURN
- END
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SUBROUTINE CORRTE (TW,TB,PB, Ns,M,1,BIOT,TWINF)
CORRTE CORRECTS THE COMPUTED TEMPERATURES FOR THE BIOT EFFECT AND
THE POSITION OF THE THERMOCOUPLE INSIDE THE CANNING

COMMON /CEVO3/ LAMOP2

COMMON /CEV04/ LAMOP3

COMMON /IROSMO/ IRH

COMMON /BIDE/ IBIDE

COMMON /CORRE/ QHRDAR,QRMDAR, QLAHR
COMMON /LAMINO/ I2TIP( 42,3)

REAL KMET,KINF,KAPPA

TWINF=TW
IF(IRH.EQ.1 ) GO TO 100
IF{LAMOP3 .EQ. 1 .AND. LAMOP2 .EQ. 2 ) GO TO 100

ONLY FOR ROUGHENED RODS
IF(I2TIP(NS,M).NE. 1)GOTO 9

-------------------------------------------------------------------

FOR ROUGHENED RODS AND LAMINAR FLOW

TW=TW+QLAMR/XAPPA (PB,TW)
GOTO 100

FOR ROUGHENED RODS AND TURBULENT FLOW

9 TWBI=TWINF
DTWINF=TW-TB
DO 10 1T=1,10
TWP=TW
IF(IBIDE.EQ. 1) TWBI=TW
BIOT=QHRDAR/ ( (TWBI -TB) *KMET(TWBI))
TW=DTWINF/XINF (BIOT)+TB
IF(ABS (TWP/TW-1.).1E.1.E-04)GOTO 13
10 CONTINUE
WRITE (6,12)NS,M, I,BIOT, TWP, TW
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12 FORMAT(1H1,5X, ' CALCULATION STOPS IN SUBROUTINE CORRTE: NS=',I5,' M0000420

*=',12,' I=',I3/5X,'BIOT=',E15.5,5X, 'TWP=',E15.5,5X, 'TW=",E15.5)
STOP

13 IF(QRMDAR.LE.1.E-06)TW=DTWINF/EINF (BIOT)+TB

FOR SHOOTH AND ROUGHENED RODS, TURBULENT AND LAMINAR FLOW

100 TW=TWCTEP (QRMDAR, TW)
RETURN
END
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FUNCTION CP EVALUATES THE SPECIFIC HEAT OF THE COOLANT (CAL/G K)

20
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FUNCTION CP(P,T)

COMMON/GASD4/ TGAS
GOTO(10,20,30,40) ,IGAS
CONTINUE

CASE OF HELIUM COOLANT

CP=1.242
RETURN

CONTINUE
CASE OF CO2 COOLANT

PP=P
TT=T

P=PP/1.0333

T=TT+273.16

T0=273.16

TF=TO/T

IF(P-1.) 1,1,2

ECP = P -1,

GO TO 3

ECP = (P ~1.)%*1.05
CPO=.118+3.,51E-4*T=2 . 34E-7*TT+6 . 00E-1 1% T*T*T
CPF = CPO*(1.+1.089E-2*ECP*(TF**3,35))

CP=CPF

T=TT

P=PP

~ RETURN

30

40

CONTINUE
CASE OF N2 COOLANT

IT=T
T=TT+273.16

CP0=.2579-7.425E-5%T+1,604E~7*T4T-6.483E~11%T**3
CP=CPO*(1.+1.886E-3%(P/1.033-1.)%(273,16/T)**2.4)

T=TT
RETURN
CONTINUE
CP=0,
RETURN
END
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SUBROUTINE CRFL1(ITGL,DPJAV,FREL,AJT,JMAX,AT,MJ,DRJ,WCFJ, WCF1J,

*EP1J)
CRFLt EVALUATES THE CROSS FLOW SOLUTIONS

REAL MJ

DIMENSION AJ(JMAX),MJ(JMAX),DPJ(JMAX),WCFJ(JMAX) ,WCF1J(JMAX),
*EP1J (JMAX)

IF (ITGL-2)1,3,5

---------------------------------------------------------------

FIRST ITERATION : ASSUMED WCFJ(J) 0

1 CONTINUE

DO 2 J=1,JMAX
WCFJ(J)=0.

2 WCF1J(J)=0.

SECOND TTERATION : ASSUMED WCEJ(1)=-0. 5% (DPI(T)-DBY AVY*
MI(J)/DRI(J)
3 CONTINUE
WCFJT=0.
DO 4 J=1,JMAX

EP1J(J)=DPJ(J)-DPJAV
WCEJ(J)==-0.5¥EP1J(J)*MI(J) /DPI(J)

4 WCFIT=WCFJT+WCFJI(J)

-t O

GOTO 7
CONTINUE

ITGL>2: WCFJ(J) ARE OBTAINED BY USE OF THE TANGENT METHOD

WCFJT=0.
DO 6 J=1,JMAX

EPJ=DPJ (J)-DPJAV

IF (ABS(EP1J(J)-EPJ) .LT.1.E-20)GOTO 6

WCFJP=WCFJ(J)
WCEJ(J)=WCFJP-FREL*EPJ* (WCFJP-WCF1J (J) )/ (EPI-EP13(J))
WCF1J (J)=WCFJP

EP1J(J)=EPJ

WCFJT=WCFIT+WCFJ (J)

CONTINUE

---------------------------------------------------------------

NORMALIZATION OF THE HCF(J) THEIR SUMMATION MUST BE =0

WCFJT=WCFJT/AJT

DO 8 J=1,JMAX
HCFJ(J)-WCFJ(J)-WCFJT*AJ(J)
RETURN

END
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FUNCTION CSFUN(IRH,REAT,SQSLIA,SQBLIB,GA)

- o ey S A A b S v e R e S A ey TR e e S A

CSFUN COMPUTES THE FACTOR CS=AS/2.5 FOR THE VELOCITY PROFILE
IN THE ZONES OUTSIDE THE TAU=0 LINE (IN THE CASE OF SMOOTH

RODS CSFUN=1)

COMMON/COLAM2 / COLAMA
IF (IRH.EQ.2)GOTO 1
CSFUN=1.
RETURN
1 PROV=SQRT(1.056+0.005% (SQ8LIA/SQ8LIB)**2)
SQBLIA=ABS (SQ8LIA)
SQ8LIA=(2.5%ALOG(REAI/ (SQBLIA*PROV))+5.5%COLAMA~5.699)
SQBLIA=ABS (SQ8LIA)
CSFUN=(SQ8LIA-5.5%COLAMA)/ (2. 5*ALOG (REAI/SQ8LIA)-GA)
RETURN
END

/PROV
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FUNCTION DAREA(L)

o n b PR S P g et D S R S N el S G B R S A S S A GV St M R e R e G A e M e

DAREA = 2 * AREA OF THE SECTOR L.

COMMON /SCOIR/ NSECT ,NSECP
COMMON /SCO6R/ ISU(132,2)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /SCO2R/ P,D,Z,ZWC,H,LENGTH
COMMON /DAT/ PIG

COMMON /IND3/ NTYP( 42)

NS=ISU(L,1)

NTY=NTYP (NS)
IF(L.GT.NSECP) GO TO 500
G0 TO (100,200,100),NTY
DAREA  =PIG*D/3.0

GO TO 1000

DAREA  =PIG*D*0.5

GO TO 1000

GO TO (600,700,800),NTY
WRITE (6,610)

FORMAT( ' ERROR IN DAREA ')
DAREA =1.

G0 TO 1000

DAREA  =PSTAR(ZWC,P)

GO TO 1000

DAREA  =4.*Z/SQRT(3.)

1000 IF(DAREA.GT. 1.0E-06) GO TO 9999

1100 FORMAT( ' DAREA, DAREA LESSER THAN 0.0 FOR L = ',14,/,

WRITE(6,1100) L,PIG,Z,ZWC,P,D,NTY,DAREA

>  5%,' PIG = ',E12.6,/,
5 5%,' 2 = ' ,E12.6,/,
> 5K, e = 'E126,/,
>  5%.' P = " E12.6,/,
; ?ﬁ’: Y - :'§;2}6’/’
> 5X.' DAREA = '.E12.6,/,
> ' CALCULATION STOPS.')
STOP

9999 RETURN
END
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0000010
SUBROUTINE DDONNE(TWO,TBT,GHPL,RODR2,R1DR2,YDH,R2MROH,F¥,T2,T1,TE)0000010

Cmmmmmm e e a e ea e mm e e n e mr—————————— 0000020
C  DDONNE EVALUATES THE TEMPERATURES T1 AND T2 OF THE TWO REGIONS OF 0000030
C  CORNER CHANNELS AND OF THE 'WALL PART' OF WALL SUBCHANNELS 0000040
c 0000050
RODR22=RODR2#+2 0000060
RIDR22=R1DR2¥*2 0000070
F1=1.-RODR22 0000080
F2=1.-R1DR22 0000090
F3=RODR22-R1DR22 | 0000100
T2=TWO0~FF* (GHPL+2 . 5/F1* (F2*ALOG (YDH+R2MROH) -F3*ALOG (YDH) -0. 5% (1.+ 0000110

+2 *R1DR2-RODR22-2 .*R1DR2*RODR2)) } 0000120
T1=F2/F3*TBT-F1/F3*T2 0000130
IF(T1.GE.TE .AND. T2.GE.TE)RETURN 0000140

c 0000150
T2=TE 0000160
T1=F2/F3*TBT-F1/F3*T2 0000170
RETURN : 0000180

END | 0000190
0000010

SUBROUTINE DECP(IPRINT,X1,X2,STLEN) 0000010

e TR 0000020
¢ PRINT CONTROL 0000030
c 0000040
C  NPRINT < 0 PRINTS THE RESULTS AT EACH AXIAL SECTION. 0000050
C  NPRINT = O PRINTS ONLY AT THE SECTIONS BETWEEN AR(1) AND AR(2) 0000060
C  NPRINT > O PRINTS AT THE SECTIONS BY A(1),...A(NPRINT) 0000070
C (NPRINT <= 10) 0000080
c 0000090
COMMON /SC25C/ NPRINT,AR(10) 0000100

c 0000110
D1=X1+STLEN 0000120
D2=X2+STLEN 0000130
DM=(D14D2)*0.5 0000140
IF(NPRINT) 100,200,300 0000150

100 IPRINT=1 0000160
GO TO 999 0000170

200 TPRINT=0 0000180
IF(DM.GT.AR(1) .AND. DM.LT.AR(2)) IPRINT=1 0000190

GO TO 999 0000200

300 IPRINT=0 _ 0000210
DO 400 IPR=1,NPRINT 0000220

IF( AR(IPR).GE.D1 .AND. AR(IPR).LE.D2) IPRINT=1 0000230

400 CONTINUE 0000240
999 RETURN 0000250

END ' 0000260
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0000010

SUBROUTINE DELIP 0000010

C = e e e e e e m e s e —m—emmm e —————— ---== 0000020
c DETERMINES THE ARRAYS LIPS AND NCAN . 0000030
c 0000040
DIMENSION LIP(6) 0000050

C 0000060
COMMON /SCO1C/ NCAN( 19),LIPS( 19,10) 0000070
COMMON /SC03C/ NRODS 0000080
COMMON /MART5/ NSTR 0000090
COMMON /GASD1/ NSTOT 0000100
COMMON /HEA6 / NPIN( 42),JPIN( 42,3) 0000110

. COMMON /IJ1 / NER( 42),NIS( 42,3) 0000120

C 0000130
DO 1000 J=1,NRODS 0000140

c 0000150
K=0 0000160

DO 400 NS=1,NSTOT 0000170
NP=NPIN(NS) 0000180

DO 300 M=1,NP 0000190
IF(JPIN(NS,M).NE. J) GO TO 300 0000200

IF(K.LT.1) GO TO 200 0000210

DO 100 L=1,K . 0000220
IF(LIP(L).EQ.NS) GO TO 400 0000230

100 CONTINUE 0000240
200 K=K+1 0000250
LIP(K)=NS 0000260

300 CONTINUE 0000270
400 CONTINUE 0000280
IF(K .LE. 0) GO TO 1000 0000290
NCAN(J)=K 0000300

t 0000310
c 0000320
450 I=1 0000330
LIPS(J,1)=LIP(I) 0000340

500 CONTINUE 0000350
IF(I.EQ.K) GO TO 990 : 0000360

I=I+1 0000370

DO 900 I=1,K 0000380
NS=LIP(L) 0000390

NR=NER(NS) 0000400

DO 800 M=1,NR 0000410
IF(NIS(NS,M).NE.LIPS(J,1-1)) GO TO 800 0000420

LIPS(J,I)=NS 0000430

IF(L.NE. I) LIP(L)=LIP(1) 0000440

GO TO 500 0000450

800 CONTINUE 0000460
900 CONTINUE 0000470
NN=LIP(1) 0000480

K1=K~1 0000490

DO 950 LL=1,K1 0000500
LIP(LL)=LIP(LL+1) 0000510

950 CONTINUE 0000520
LIP(K)=NN 0000530

GO TO 450 0000540

990 CONTINUE 0000550
1000 CONTINUE 0000560
WRITE(6,1001) 0000570

DO 2000 J=1,NRODS 0000580
NC=NCAN(J) 0000590

IF(NC.LE.0) GO TO 2000 0000600

WRITE(6,%) J,NC,(LIPS(J,M),M=1,NC) 0000610
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END

CONTINUE 0000620
0000630

RETURN 0000640
FORMAT(///5X, 'SUBR. DELIP',/10X, 0000650
> 'PIN  N. OF SECTORS |--> CHANNEL ADJACENT TO ',0000660
> 'EACH SECTOR') 0000670
END 0000680
0000010

FUNCTION DPIN(MFLOW,PE,TE,CINL) 0000010
---------------------------------------------------------------------- 0000020
DETERMINES THE PRESSURE LOSS AT THE BUNDLE INLET. 0000030
0000040

COMMON /GEO2/ ATOT ,DETOT,ASEC 0000050
COMMON /SCO1L/ STLEN 0000060
REAL  MFLOW 0000070
0000080

RE=MFLOWADETOT/ (ATOT*ETA(PE,TE)) 0000090
DPIN=CINL+2000.0/RE 0000100
IF (STLEN.GT. 0.0000) DPIN=0.0 0000110
IF (DPIN.GT.2.) DPIN=2. 0000120
RETURN 0000130
END 0000140
0000010

FUNCTION EINF(BIOT) O30
_____ A e 2220000030
0000040

COMMON/BIDAT1/BI14,BI5,BI6,B17,R18,B19,B110 0000050
IF (BIOT.GT.BI4)GOTO 1 0000060
EINF=BIS+BI6*BIOT+BI7#BIOT*42 0060070
RETURN 0000080
EINF=BI8+BI9*BIOT+RI10%BIOT+*2 0000090
RETURN 0000100
0000110
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SUBROUTINE ENFRCO

g v e s el e A T e e et S T S N W R Tl R NS S N NN NN B e A e SN E S S

ENFRCO COMPUTES
CALCULATIONS IF
(CASE OF NS1 -=

AN AVERAGE GAMMA VALUE FOR THE LAMINAR
WALL AND CORNER CHANNELS ARE COMPUTED TOGETHER
NS2 = 0 ) '

REAL LAM,LAMSCH,LAMWC
COMMON/MART5 /NSTR

COMMON/SUB5 /LAMSCH( 42,3)/GEN1/LAM( 42)/GEN2/A( 42)/GENS/DE( 42)
/LAMIN1/ARKAPPA( 42)/LAMIN2/FATIP(3),FDTIP(3)/IND3/NTYP( 42}
/MART2/NS1,NS2/HEA6/NPIN( 42),JPIN( 42,3)/GAMCO/CGAMMA( 18)

/WCSE3/LAMWC( 18,2,2)

P=0.
FP=0.

DO 100 NS=NS1,NS2

ITYP=NTYP(NS)

ADDK=A(NS)*FATIP(ITYP)*(DE(NS)*FDTIP(ITYP))**2/AKAPPA(NS)

P=P+ADDK

PP=PP+ADDK/CGAMMA (NS-NSTR)

P=P/PP

DO 120 NS=NS1,NS2

ITYP=NTYP(NS)

PDCG=P/CGAMMA (NS-NSTR)
LAM(NS )=LAM(NS }*PDCG

NP=NPIN(NS)
DO 120 M=1,NP

LAMSCH(XNS ,M)=LAMSCH(NS ,M)*PDCG
IF(ITYP.EQ.3)GOTO 120

DO 110 JWC=1,2

LAMWC (NS-NSTR M,

CONTINUE
RETURN
END

JWC)=LAMWC (NS-NSTR,M, JWC)*PDCG
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SUBROUTINE ENFRC1

-----------------------------------------------------------------

ENFRCO COMPUTES AN AVERAGE GAMMA VALUE FOR THE LAMINAR
CALCULATIONS IF WALL AND CORNER CHANNELS ARE COMPUTED TOGETHER
(CASE OF JLAM=1)

REAL LAM,LAMSCH,LAMWC

COMMON /MART5/ NSTR

COMMON /SUB5/ LAMSCH( 42,3)
COMMON /GEN1/ LAM( 42)

COMMON /GEN2/ A( 42)

COMMON /GEN5/ DE( 42)

COMMON /LAMIN1/AKAPPA( 42)

COMMON /LAMIN2/FATIP(3),FDTIP(3)
COMMON /IND3/ NTYP( 42)

COMMON /HEA6/ NPIN( 42) ,JPIN( 42,3}
COMMON /GAMCO/ CGAMMA( 18)

COMMON /WCSE3/ LAMWC( 18,2,2)
COMMON /I1J1 / NER( 42),NIS( 42,3)
COMMON /GASD1/ NSTOT

DO 1000 NS=1,NSTOT
ITYP=NTYP(NS)
IF(ITYP .NE. 3) GO TO 1000

P = A(NS)*FATIP(ITYP)* (DE(NS)*FDTIP{ITYP))**2/AKAPPA(NS)
PP = P/CGAMMA(NS-NSTR)

NR = NER(NS)

DO 100 M=1,NR

NA=NIS (NS ,M)

I1TYP=NTYP (NA)
AD=A(NA)*FATIP(I1TYP)* (DE(NA)*FDTIP (I1TYP))**2/AKAPPA(NA)
P=P+AD

PP=PP+AD/CGAMMA (NA-NSTR)

CONTINUE

P=p/PP
GCOR=P/CGAMMA (NS-NSTR)
LAM(NS)=LAM (NS )*GCOR
DO 500 M=1,NR
NA=NIS(NS,M)
GCOR=P/ CGAMMA (NA~NSTR)
LAM(NA)=<LAM(NA)*GCOR
NP=NPIN(NA)
DO 400 L=1,NP
LAMSCH(NA ,L)=LAMSCH (NA, L)*GCOR
DO 300 J=1,2
LAMWC (NA-NSTR, L, J)=LAMWC (NA-NSTR, L, JY*GCOR
CONTINUE
CONTINUE
CONTINUE
CONTINUE

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
Q000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570




aQAOO0O

[+ N e Nel

10

11

20

— 161 —

0000010

SUBROUTINE ENTRFR(K,I,ITYP,R1,R0,R2,NS,I1I,JJJ,DE,A,M,P,TB, LAMLAM)0000010

------------------------------------------------------------------ 0000020
ENTRFR COMPUTES THE GAMMA FACTORS TO CORRECT THE FRICTION FACTORS 0000030
IN THE HYDRODYNAMIC ENTRANCE REGION 0000040

0000050
REAL M,LAMLAM 0000060
COMMON /SCO1L/ STLEN 0000070
COMMON/GRID3/X(100) /RETEM/TNY/LAMIN1 /AKAPPA( 42)/GAMCO/CGAMMA( 18)0000080

1 /ENTR1/CKAPPA(2) ,DEA(2),GAMMA(2),WGAMMA (2) ,A1/HEA6/NPIN( 42)0000090

2 ,JPIN( 42,3) 0000100
RE=M*DE/ (A*RHO (P, TB) )*RHO (P, TNY)/ETA(P,TNY) 0000110
IF(ITYP.EQ.1 .OR. I.EQ.2)CALL NEWTON(RO,R1,R2) 0000120
R1DR2=R1/R2 0000130
RODR1=RO/R1 0000140
DEA(I)=2.%*(R2-R1) 0000150
CKAPPA(I)=FKAPPA(R1DR2) 0000160
DKAPPA=AKAPPA(NS) 0000170
IF(1.EQ.2)DKAPPA= GKAPPA (RODR1) 0000180
REA=RE*DEA(I)/DE 0000190
IF(ITYP.EQ.1 .OR. I.EQ.2)REA=RE *DKAPPA/CKAPPA(I)*(DEA(I1)/DE)**3 0000230
PHIDX=4./ (DEA(I)*REA) 0000250
PHIA1=PHIDX*(X(K) + STLEN) 0000300
PHIA2=PHIDX* (X(K+1) + STLEN) 0000310
AKA1=AKA(R1DR2,PHIA1) 0000330
AKA2=AKA (R1DR2, PHIA2) 0000340
GAMMA (I)=1.+4. /CKAPPA(I)*(AXA2-AKA1)/(PHIA2-PHIAL) 0000350
IF(ITYP.EQ.2)GOTO 10 0000360
LAMLAM=LAMLAM*GAMMA{1) 0000370
IF(ITYP.EQ.3)CGAMMA (TTI)=GAMMA(1) 0000380
RETURN 0000390
.................................................................. 0000400
ONLY FOR THE WALL SUBCHANNELS 0000410

0000420
IF (I .NE.1) GO TO 11 0000480

Al=A 0000490
RETURN 0000500
C1=A1*DEA(1)*%2/CKAPPA(1) 0000510
C2=A*DE**2 /DKAPPA 0000530
WGAMMA (JJJ)=(C1+C2)/(C1/GAMMA(1)+C2/GAMMA(2)) 0000540
LAMLAM=LAMLAMAWGAMMA (JJJ) 0000550
IF (JJJ.LT.NPIN(NS) )RETURN 0000560
CGAMMA(III)=0, 0000570
NP=NPIN(NS) 0000580
DO 20 JJ=1,NP 0000590
CGAMMA (III)=CGAMMA (III)+WGAMMA(JJ) 0000600
CGAMMA(TII)=CGAMMA(I11)/FLOAT(NP) 0000610
RETURN 0000620
END 0000630
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FUNCTION EPS(T,L)

----------------------------------------------------------------------

DETERMINES THE EMISSIVITY OF THE SURFACES.

IEPS=0 ==> UNIFORM EMISSIVITY OVER THE WHOLE BUNDLE
(BUT INDIPENDENT VALUES FOR PINS AND SHROUD)

IEPS=1 ==> EMISSIVITY FUNCTION OF THE TEMPERATURE OF THE SURFACE
(T IN CELTIUS)

COMMON /SCO1R/ NSECT,NSECP
COMMON /SCO7R/ EPSR,EPSS,SIGMA
COMMON /SC15R/ IEPS

IF (IEPS .GT. 0) GO TO 100
EPS=EPSR
IF(L.GT.NSECP) EPS=EPSS
GO TO 1000
CONTINUE
EPS=0.42+0.42%(T-500.0)/350.0
IF(T.LT.500.0) EPS=0.42
IF(T.GT.850.0) EPS=0.84

RETURN
END

0000010
(000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230




Cm e e e it i e

¢
c

10

20

30

40

— 163 —

FUNCTION ETA(P,T)
ETA EVALUATES THE DYNAMIC VISCOSITY OF THE COOLANT (G/CM 8)

COMMON/GASD4/ 1GAS
GOTO(10,20,30,40) ,IGAS
CONTINUE

CASE OF HELIUM COOLANT

ETA=18.84E-05%((T+273.16)/273.16)%%0.66
RETURN

CONTINUE
CASE OF CO2 COOLANT

PP=P
TT=T
=PP/1.0333
T=TT+273.16
T0=273.16
TF=T0/T
ETAO=(1.54E-7#SQRT(T))/(1.+(228./T))
ETAF=ETAO*(1.+4.78E-3%(P-1.)*(TF**3))
ETA=ETAF*98.068
P=PP
T=TT
RETURN

CONTINUE
CASE OF N2 COOLANT.

TT=T

T=1T+273.16
ETAO=1.425E-7*T**0.5/(1.+107./T)*98.0665
ETA=ETAO*(1.+8,.E-4%(P/1.033-1.)*(273.16/T))
T=TT

RETURN
CONTINUE
ETA=0D.
RETURN
END
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0000010

FUNCTION EXPCL(T) 0000010
e e ettt T U S 0000020
c EXPCL COMPUTES THE EXPANSION COEFFICIENTS FOR THE CORRECTION OF 0000030
C THE GEOMETRICAL DIMENSIONS OF THE LINER 0000040
c 0000050

COMHON/EXDAT]/EX4(7),EXS(?),EX6(7)/INPAR/IPA 0000060

EXPCL=EX4 (IPA)+EX5 (IPA)*T+EX6 (IPA)*T#%2 0000070

RETURN 0000080

END 0000090

0000010
0000010
e O e e 0000020
c EXPCO COMPUTES THE EXPANSION COEFFICIENTS FOR THE CORRECTION OF THO0000030
c GEOMETRICAL DIMENSIONS OF THE RODS 0000040
o 0000050

COMMON/EXDAT/ EX1(7),EX2(7),EX3(7) /INPAR/IPA 0000060

EXPCO=EX1(IPA)+EX2 (IPA)*T+EX3 (TPA)*T*42 0000070

RETURN 0000080

END 0000090
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SUBROUTINE FFA31(L,NAFF,NS,J)

P A A M S S e S e B ek el e e S e A e - e S e M e B A B e o

DETECTS THE VIEW-FACTORS OF TYPE FA3ll

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,

> F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32
COMMON /SCO4R/ VFAC(132, 13)

COMMON /BC11R/ ISS ( 18,2)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /IJ1 / NER( 42),NIS( 42,3)

COMMON /MART5/ NSTR

NR=NER(NS)
DO 1000 M=1,NR
NS1=NIS{NS,M)
NP1=NPIN(NS1)
DO 500 M1=1,NP1
IF(JPIN(NS1,M1).NE.J) GO TO 500
NW1=N51-NSTR
L1=I8S (NW1,M1)
NAFF=NAFF+1
KAFF (L,NAFF)=L1
VFAC (L ,NAFF)=F31
500 CONTINUE
1000 CONTINUE

RETURN
END
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SUBROUTINE FFS13(L,NAFF,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE FW13

COMMON /SCO3R/ F1,F2,F3,F& F5,F6,F7,F8,F9,

> F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF{132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /1J1 / NER( 42),NIS( 42,3)
COMMON /IND3/ NTYP( 42}

COMMON /MARTS/ NSTR

NP=NPIN(NS)
NR=NER(NS)
DO 1000 M=1,NR
NS1=NIS(NS,M)
IF(NTYP(NS1).NE.2) GO TO 1000
NP1=NPIN(NS1)
DO 100 M1=1,NP1
DO 50 M2=1,NP
IF(JPIN(NS,M2).NE.JPIN(NS1,M1))} GO TO 50
IF (JPIN(NS1,M1).NE. J) GO TO 1000
GO TO 150
CONTINUE
CONTINUE
WRITE(6,110)
FORMAT( ' ERROR IN FFS13, LOOP 100')
DO 200 M1=1,NP1
IF(JPIN(NS1,M1).EQ. J) GO TO 200
L1=IGI(NS1,M1)
NAFF=NAFF+1
VFAC(L,NAFF)=F13
KAFF (L, NAFF)=L1
GO TO 1000
CONTINUE
CONTINUE

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
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SUBROUTINE FFS16(L,NAFF,RS,J)
DETECTS THE VIEW-FACTORS OF TYPE FS16

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,
> F11,F12,F13,F14,F15,F16,F17,F18,F24 F31,F32
COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /1J1 / NER( 42),NIS( 42,3)

COMMON /IND3/ NTYP( 42)

COMMON /MARTS/ NSTR

=NER(NS)
DO 1000 M=1,NR

NS1=NIS (NS ,M)

IF(NTYP(NS1).NE.2) 60 TO 1000

NP1=NPIN(NS1)

DO 100 Mi=1,NP1
IF(JPIN(NS1,M1).NE.J) GO TO 100
L1=IGI{NS1,M1)
NAFF=NAFF+1
VFAC (L ,NAFF)=F16
KAFF (L, NAFF)=L1
GO TO 1000
CONTINUE

CONTINUE

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
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SUBROUTINE FF524(L,NAFF,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE FS24

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,

> Fi1,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN{ 42,3)
COMMON /1J1 / NER( 42),NIS( 42,3)
COMMON /IND3/ NTYP( 42)

COMMON /MARTS/ NSTR

NR=NER(NS)

DO 1000 M=1,NR
NS1=NIS(NS,M)
IF(NTYP(NS1).NE.3) GO TO 1000
IF (JPIN(NS1,1).NE.J) GO TO 1000
LI=IGI(NS1,1)
NAFF=NAFF+1
VFAC(L,NAFF)=F24
KAFF (L ,NAFF )=L1
CONTINUE

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
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SUBROUTINE FFW31(L,NAFF,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE FW3l

COMMON /SCO3R/ ¥1,F2,F3,F4,F5,F6,F7,F8,F9,
F11,F12,F13,F14,F15,F16,F17,F18,F24,¥31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC11R/ ISS ( 18,2)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /IJ1 / NER( 42),NIS( 42,3)

COMMON /IND3/ NTYP( 42)

COMMON /MART5/ NSTR

NR=NER(NS)
DO 1000 M=1,NR
NS§1=NIS(NS,H)
IF(NTYP(NS1) .NE. 3) GO TO 1000
IF(JPIN(NS1,1).NE.J) GO TO 1000
NW1=NS1-NSTR
L1=ISS(NW1,1)
NAFF=NAFF+1
KAFF (., NAFF)=L1
VFAC(L,NAFF)=F31
CONTINUE
CONTINUE

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
00600160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
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SUBROUTINE FF32 (L,NAFF,NS,J)

0000010
0000010

---------------------------------------------------------------------- 0000020

DETECTS THE VIEW-FACTORS OF TYPE F32

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,

> F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32
COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC11R/ ISS ( 18,2)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /1J1 / NER( 42),NIS( 42,3)

COMMON /IND3/ NTYP( 42)

COMMON /MART5/ NSTR

NR=NER (NS)
NP=NPIN(NS)
DO 1000 M=1,NR
NS1=NIS(NS,M)
IF(NTYP(NS1) .NE. 2) GO TO 1000
NP1=NPIN(NS1)
DO 500 M1=1,NP1
IF(JPIN(NS1,M1).NE.J) GO TO 500
NW1=NS1-NSTR
L1=ISS (NW1,M1)
NAFF=NAFF+1
KAFF (L, NAFF)=L1
VFAC(L,NAFF)=F32
500 CONTINUE
1000 CONTINUE

RETURN

SUBROUTINE FGEO (VDIAM,RSTAR,S,R,RINT)

e -
e A o A B D e e S S S v e O e e S R S - -

COMPUTES SOME GEOMETRICAL FACTORS FOR CONDUCTION.
COMMON /SC04C/ RFUEL
S = VDIAM/2. - RINT

R = (VDIAM/2. + RINT)/2.
RSTAR=(RFUEL+RINT)*0.5

1l

RETURN
END

0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
00060170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
(000300
0000310
0000320

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
00001900
0000110
0000120
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SUBROUTINE FINDA(L,NAFF,NS,J)
DETECTS THE VIEW-FACTORS FOR A CORNER SECTOR.

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,

F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /8CO4R/ VFAC(132, 13)

COMMON /SC11R/ ISS ( 18,2)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /1J1 / NER( 42),NIS( 42,3)
COMMON /MARTS/ NSTR

NW=NS-NSTR
L1=ISS(NW,1)
NAFF=NAFF+1
VFAC(L,NAFF)=F14
KAFF (L, NAFF)=L1

NR=NER(NS)
DO 1000 M=1,NR
NS1=NIS(NS,M)
NP1=NPIN(NS1)
DO 100 Mi=1,NP1
IF (JPIN(NS1,M1).NE.J) GO TO 100
NW1=NS1-NSTR
L1=I55(NW1,M1)
NAFF=NAFF+1
VFAC (L, NAFF)=F24
KAFF (L, NAFF)=L1
CONTINUE
CONTINUE

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
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SUBROUTINE FINDF1(L ,NAFF,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE F1

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,
F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /S8CO4R/ VFAC(132, 13)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

NP=NPIN(NS)
DO 1000 M=1,NP
=JPIN(NS M)

IF(J .EQ.JP) GO TO 1000
NAFF=NAFF+1
L1=IGI (NS,H)
VFAC(L,NAFF)=F1
KAFF (L, NAFF)=11
CONTINUE

RETURN
END

000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
6000170
0000180
0000190
0000200
0000210
0000220
0000230




— 173 —

0000010

SUBROUTINE FINDF3(L,NAFF,NS,J) 0000010

' meemmesm—mAs o meeceredmeehame—mSeamRd—amLeme s ——ae—--————————————— 0000020
c DETECTS THE VIEW-FACTORS OF TYPE F3 / F15 0000030
c 0000040
COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9, 0000050

> F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32 0000060
COMMON /SCO4R/ VFAC(132, 13) 0000070
COMMON /SC11R/ ISS ( 18,2) 0000080
COMMON /SC12R/ IGI ( 42,3) 0000090
COMMON /SC14R/ KAFF(132,13) 0000100
COMMON /HEA6/ NPIN( 42),JPIN( 42,3) 0000110
COMMON /IJ1 / NER( 42),NIS( 42,3) 0000120
COMMON /MART5/ NSTR 0000130
COMMON /IND3/ NTYP( 42) 0000140

c 0000150
NR=NER(NS) 0000160

DO 1000 M=1,NR 0000170

c 0000180
NS1=NIS(NS,M) 0000190
NP1=NPIN(NS1) 0000200

DO 100 M1=1,NP1 0000210

IF (JPIN(NS1,M1).EQ.J) GO TO 1000 0000220

1100 CONTINUE 0000230
IF (NTYP(NS1).GT.1) GO TO 500 0000240

NP=NPIN(NS) 0000250

DO 300 M1=1,NP1 0000260

DO 200 K=1,NP 0000270

IF (JPIN(NS1,M1).EQ.JPIN(NS,K)) GO TO 300 0000280

200 CONTINUE 0000290
J1=JPIN(NS1,M1) 0000300

GO TO 400 0000310

300 CONTINUE 0000320
WRITE (6,310) 0000330

310 FORMAT( ' ERROR IN FINDF3, LOOP M1, CALC PROCEEDING') 0000340
400 _ CONTINUE 0000350

C _ 0000360
L1=IGI(NS1,M1) 0000370

NAFF=NAFF+1 0000380
VFAC(L,NAFF)=F3 0000390

KAFF(L, NAFF)=L1 0000400

GO TO 9999 0000410

¢ 0000420
500 NSW1=NS1-NSTR 0000430
L1=ISS(NSW1,1) 0000440
L2=I8S(NSW1,2) 0000450

c 0000460
VFAC(L,NAFF+1)=F15 0000470
VFAC(L,NAFF+2)=F15 0000480

KAFF (L, NAFF+1)=L1 0000490

KAFF (L, NAFF+2)=1.2 0000500

NAFF=NAFF+2 0000510

GO TO 9999 0000520

¢ . 0000530
1000 CONTINUE 0000540
WRITE(6,1100) 0000550

1100 FORMAT( ' ERROR IN FINDF3, LOOP M, CALC. PROCEEDING') 0000560
c 0000570
9999 RETURN 0000580

END 0000590
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SUBROUTINE FINDF4(L,NAFF ,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE F4 / F8

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,¥8,F9,

> F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC11R/ ISS ( 18,2)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /IJ1 / NER( 42),NIS( 42,3)
COMMON /IND3/ NTYP( 42)

COMMON /MARTS/ NSTR

NR=NER(NS)
NP=NPIN(NS)
DO 1000 M=1,NR

NS1=NIS(NS,M)
NP1=NPIN(NS1)
DO 100 M1=1,NP1
IF(JPIN(NS1,M1).EQ.J) GO TO 500
CONTINUE
IF(NTYP{NS1).GT.1) GO TO 300
DO 200 M1=1,NP1
DO 150 M2=1,NP
IF(JPIN{NS1,H1).EQ.JPIN(NS,M2)) GO TO 250
CONTINUE
GO TO 200
L1=IGI(NS1,M1)
NAFF=NAFF+1
VFAC (L,NAFF)=F4
KAFF (1,NAFF)=L1
CONTINUE
GO TO 1000
CONTINUE

DO 400 M1=1,NP1
NAFF=NAFF+1
L1=IGI(NS1,M1)
VFAC (L,NAFF)=F8
KAFF (I,,NAFF)=L1
CONTINUE

60 TO 1000

CONTINUE
IF(NTYP(NS1).GT.1) GO TO 1000
DO 700 MI=1,NP1
DO 600 M2=1,NP1
IF (JPIN(NS1,M1).EQ.JPIN(NS,M2)) GO TO 700
CONTINUE
NAFF=NAFF+1
L1=IGI(NS1,H1)
VFAC(L,NAFF)=F4
KAFF (L, NAFF)=L1
GO TO 1000
CONTINUE

‘CONTINUE

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
06000180
0000120
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
00060340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
0000620
0000630
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SUBROUTINE FINDF5(L,NAFF ,NS,J)

DETECTS THE VIEW~-FACTORS OF TYPE F3

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,

F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC1IR/ ISS ( 18,2)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /IJ1 / NER( 42),NIS( 42,3)
COMMON /IND3/ NTYP( 42)

COMMON /MARTS/ NSTR

NR=NER(NS)
NP=NPIN(NS)
DO 1000 M=1,NR

NS1=NIS(NS,M)
NP1=NPIN(NS1)
DO 100 M1=1,NP1
IF (JPIN(NS1,M1).EQ.J) GO TO 110
CONTINUE
GO TO 1000
CONTINUE
DO 200 Mi=1,NP1
IF (JPIN(NS1,M1).EQ.J) GO TO 200
DO 150 M2=1,NP
IF (JPIN(NS1,M1).EQ.JPIN(NS,M2)) GO TO 180
CONTINUE
GO TO 200
CONTINUE
F=F5
IF (NTYP(NS1).NE.1) F=F7 -
L1=IGI(NS1,M1)
NAFF=NAFF+1
VFAC (L, NAFF)=F
KAFF (L, NAFF)=L1
CONTINUE

1000 CONTINUE

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
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0000010

SUBROUTINE FINDW2(L,NAFF,NS,J) 0000010

€ wmmmemmmmmmmmmm e T 0000020
¢ DETECTS THE VIEW-FACTORS OF TYPE F2 0000030
c 0000040
COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9, 0000050

> F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32 0000060
COMMON /SCO4R/ VFAC(132, 13) 0000070
COMMON /SC12R/ IGY ( 42,3) 0000080
COMMON /SC14R/ KAFF(132,13) 0000090
COMMON /HEA6/ NPIN( 42),JPIN( 42,3) 0000100

C 0000110
NP=NPIN(NS) 0000120

DO 1000 M=1,NP 0000130
IF(JPIN(NS,M).EQ.J} GO TO 1000 0000140

L1=IGI(NS,M) 0000150

NAFF=NAFF+1 0000160

VFAC (L ,NAFF)=F2 0000170

KAFF (L, NAFF)=L1 0000180

1000 CONTINUE 0000190
c 0000200
RETURN 0000210

END 0000220
0000010

FUNCTION FKAPPA(R) 0000010

c S ST S 0000020
c FKAPPA EVALUATES THE KAPPA VALUES FOR THE CORNER CHANNELS AND THE 0000030
c WALL PORTION OF THE WALL SUBCHANNELS ( VALIDITY FOR CORNER CHANNE-0000040
c IS 1.2< W/D <1.5) 0000050
c 0000060
FKAPPA=62. 146% (1. -R)**2/ (1. +R%*2+(1.-R**2) /ALOG(R)) 0000070
RETURN 0000080

END 0000090
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FUNRCTION FQDEV(A N,X1 XZ)

FQDEV INTEGRATES THE PROFILES OF POWER

DIMENSION A(N)

FQDEV=0

X1AI=0.

Do 10 I=1,N

AI=I

IF(X1.GT.0.)XIATI=X1%¥AT
FQDEV=FQDEV+A (1)* (X2**AT-X1AI)
RETURN

END

SUBROUTINE FSA (L,NAFF,NS,J)

0000010
0000010
(000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130

0000010
0000010

---------------------------------------------------------------------- 0000020

100

1000

DETECTS THE VIEW-FACTORS FOR A CORNER SECTOR OF THE SHROUD.

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,

> F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /IJ1 / NER( 42),NIS( 42,3)
COMMON /MART5/ NSTR

L1=1GI(NS,1)
NAFF=NAFF+1

VFAC (L ,NAFF)=F14
KAFF (L, NAFF)=L1

NR=NER {N5)
DO 1000 M=1,NR
NS1=NIS(NS,M)
NP1=NPIN(NS1)
DO 100 M1=1,NP1
F-F17
IF(JPIN(NSI M1). NE J) F=F18
1L1=IGI (NS1 Hl)
NAFF:NAFF+1
VFAC(L ,NAFF)=F
KAFF (L, NAFF)=L1
CONTINUE
CONTINUE

RETURN
END

0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
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SUBROUTINE FS1112(L,NAFF,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE FS11-F512

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,
F11,F12,F13,F14,F15,F16,F17,F18 F24 ,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /IJ1 / NER( 42) ,NIS( 42,3)

COMMON /MARTS/ NSTR

NP=NPIN(NS)

DO 1000 M1=1,NP

F=F11

IF(JPIN(NS,M1).NE.J) F=F12

Li=IGI{NS,M1)
NAFF=NAFF+1

VFAC (L,NAFF)=F
KAFF (L ,NAFF )=1.1

CONTINUE

RETURN
END

0000010
0000010
0000020
0000030
0000040
0000050
0000060
00600070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
6000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
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SUBROUTINE FS2  (L,NAFF,NS,J)

DETECTS THE VIEW-FACTORS OF TYPE FS15

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,

¥11,F12,F13,F14,F15,F16,F17 ,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN{ 42),JPIN( 42,3)
COMMON /IJ1 / NER{ 42),NIS( 42,3)
COMMON /IND3/ NTYP( 42)

COMMON /MARTS/ NSTR

NR=RER(NS)
=NPIN(NS)
PO 1000 M=1,NR

RETURN

NS1=NIS(NS,M)
NP1=NPIN(NS1)
IF (NTYP(NS1).NE. 1) GO TO 1000
DO 500 M1=1,NP1
DO 400 M2=1,NP
IF(JPIN(NS1,M1) .EQ.JPIN(NS,M2)) GO TO 500
CONTINUE
L1=IGI(NS1,M1)
NAFF=NAFF+1
KAFF (L, NAFF)=L1
VFAC(L,NAFF)=F15
CONTINUE
CONTINUE

0000010
0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
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SUBROUTINE FW1112(L,NAFF ,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE FW11-FWil2

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,

> F11,F12,F13,F14,F15,F16,¥17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC11R/ ISS ( 18,2)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /IJ1 / NER( 42),NIS( 42,3)
COMMON /MART5/ NSTR

NP=NPIN(NS)

DO 1000 M1=1,NP

F=F11

IF (JPIN(NS,M1).NE.J) F=F12

N1=NS-NSTR
L1=ISS(N1,M1)
NAFF=NAFF+1
VFAC (L ,NAFF)=F
KAFF (L, NAFF)<L1

CONTINUE

RETURN
END
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SUBROUTINE FW13(L,NAFF,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE FW13

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,
F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC11R/ ISS ( 18,2)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /IJ1 / NER( 42),NIS( 42,3)

COMMON /IND3/ NTYP( 42)

COMMON /MARTS/ NSTR

NP=NPIN(NS)
NR=NER(NS)
DO 1000 M=1,NR
NS1=NIS(NS,M)
IF(NTYP(NS1).NE.2) GO TO 1000
NP1=NPIN(NS1)
DO 100 M1=1,NP1
IF(JPIN(NS1,M1).EQ.J) GO TO 1000
CONTINUE
DO 300 M1=1,NP1
DO 200 M2=1,NP
IF(JPIN(NS,M2) .EQ.JPIN(NS1,M1)} GO TO 250
CONTINUE
GO TO 300
NW1=NS1-NSTR
L1=ISS(NW1,M1)
NAFF=NAFF+1
VFAC(L,NAFF)=F13
KAFF (L,NAFF)=L1
GO TO 1000
CONTINUE
CONTINUE

RETURN
END
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SUBROUTINE FW16 (L ,NAFF,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE F16

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,
F11,F12,F13,F14,F15,F16 ,F17 ,F18 ,F24 ,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC11R/ ISS ( 18,2)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /1J1 / NER( 42),NIS( 42,3)

COMMON /IND3/ NTYP( 42)

COMMON /MART5/ NSTR

NR=NER(NS)
DO 1000 M=1,NR
NS1=NIS(NS,M)
IF(NTYP(NS1) .NE.2) 60 TO 1000
NP1=NPIN(NS1)
DO 100 M1=1,NP1
IF(JPIN(NS1,M1).NE.J) GO TO 100
NW1=NS1-NSTR
L1=18S(NW1,M1)
NAFF=NAFF+1
VFAC(L,NAFF)=F16
KAFF (L ,NAFF)=L1
GO TO 1000
CONTINUE
CONTINUE

RETURN
END
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SUBROUTINE FW1718(L,NAFF,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE F17-F18

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,
F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC11R/ 1SS ( 18,2)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /IJ1 / NER( 62),NIS( 42,3)

COMMON /IND3/ NTYP( 42)

COMMON /MART5/ NSTR

NR=NER (NS)

DO 1000 M=1,NR
NS1=NIS(NS,H)
IF(NTYP(NS1).NE.3) GO TO 1000
F=F18 _
IF(JPIN(NS1,1).EQ.J) F=F17
NW1=NS1-NSTR
L1=1S5(NW1,1)
NAFF=NAFF+1
VFAC (L, NAFF)=F
KAFF (L, NAFF)=L1
CONTINUE

RETURN
END
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SUBROUTINE FW7 (L NAFF ,N§,J)
DETECTS THE VIEW-FACTORS OF TYPE F7

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,

> F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /IJ1 / NER( 42),NIS( 42,3)
COMMON /IND3/ NTYP( 42)

NR=NER(NS)
NP=NPIN(NS)
DO 1000 M=1,NR
NS1=NIS(NS,M)
IF (NTYP(NS1).NE.1) GO TO 1000
NP1=NPIN(NS1)
DO 500 M1=1,NP1
IF(JPIN(NS1,M1).EQ.J) GO TO 500
DO 400 M2=1,NP
IF(JPIN(NS1,M1) .NE.JPIN(NS,M2)) G0 TO 400
L1=IGI(NS1,M1)
NAFF=NAFF+1
VFAC(L,NAFF)=F7
KAFF (L ,NAFF)=L1
CONTINUE
CONTINUE
CONTINUE

RETURN
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SUBROUTINE ¥W8  (L,NAFF,NS,J)
DETECTS THE VIEW-FACTORS OF TYPE F8

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,
F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132, 13)

COMMON /SC12R/ IGI ( 42,3)

COMMON /SC14R/ RAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /IJ1 / NER( 42),NIS{ 42,3)

COMMON /IND3/ NTYP( 42)

NR=NER{NS)
NP=NPIN(NS)
DO 1000 M=]1,NR
NS1=NIS(NS,M)
IF (NTYP(NS1).NE.1) GO TO 1000
NP1=NPIN(NS1)
DO 500 M1=1,NP1
DO 400 M2=1,NP
IF(JPIN(NS1,M1).EQ.JPIN(NS,M2)) GO TO 500
CONTINUE
L1=IGI(NS1,M1)
NAFF=NAFF+1
VFAC(L,NAFF)=F8
KAFF (L,NAFF)=L1
CONTINUE
CONTINUE

RETURN
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SUBROUTINE GAUDEL (A,B,X,PERC,ITMAX)

- e P A e R S S e P T e T b T e

SOLVES A SYSTEM OF LINEAR EQUATIONS USING THE GAUSS-SEIDEL METHOD.

DIMENSION A(132,13),B(132),X(132)
COMMON /SCO1R/ NSECT,NSECP
COMMON /SC13R/ NAFF(132)

COMMON /SC14R/ KAFF(132, 13)

DO 100 I=1,NSECT
X{I)=0.0
CONTINUE

DO 2000 IT=1,ITMAX
BIG=0.0
DO 1000 L1=1,NSECT
P<B(L1)
NAF=NAFF(1.1)
NAF1=NAF+1
DO 500 J=1,NAF
L2=KAFF(L1,J)
=p-A(L1,J)*X(L2)
CONTINUE
TEMP=P/A(L1,NAF1)
TEMP1= ABS( X(L1)/TEMP -1.)
IF (TEMP1 .GT. BIG) BIG=TEMP1
X(L1)=TEMP
CONTINUE
IF (BIG . LT. PERC) GO TO 3000
CONTINUE

NO CONVERGENCE ===e=mmm=mmmmammmamemme—m - — e e e

BIG1=BIG*100.

PER1=PERC¥*100.

WRITE(6,2500) IT,BIG1,PERI
FORMAT( 5X, 'SUB. GAUDEL ',/5X,

'NO CONVERGENCE OBTAINED FOR ',I4,' ITERATIONS.',/5X,
'THE MAXIMAL DELTA X IS ',E12.6,' %',/5X,
'"THE REQUIRED PRECISION IS ',E12.6,' %',/5X,
' CALCULATION STOPS.')
STOP
== CONVERGENCE ======ms=mmsmcmme oo e mmm oo mm e m e e e
CONTINUE
RETURN

END
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SUBROUTINE GAUSS(A,B,X)

SOLVES THE SYSTEM WITH THE GAUSS METHOD WITH PIVOTAL CONDENSATION

DIMENSION A( 34, 34),B( 34),X( 34)

COMMON /S8C22C/

N1=NTOT~1
DO 1000 N=1,N1

NTOT

CALL PIVOT(A,B,N)

I1=N+1
DO 800

I=11,NTOT

DM=A(I,N)/A(N,N)

DO 600 J=I1,NTOT
AT, J)=A(I,J)-DM*A(N,J)
CONTINUE

A(I,N)=0.0

B(1)=B(I)-DM¥B(N)

CONTINUE

CONTINUE

BACK SUBSTITUTION

X(NTOT)=B(NTOT)/A(NTOT ,NTOT)

I=NTOT-1
J1=1+1
5=0.0

DO 1200 J=J1,NTOT
S=S+A(I,J)*X(J)
CONTINUE

X(1)=(B(1)-8)/A(1,I)

I=I-1

IF(I.GT.0) GO TO 1100

RETURN
END
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SUBROUTINE GAUSS1(A,B,X,NTOT,N1)

SOLVES A SYSTEM OF LINEAR EQUATIONS USING THE GAUSS ELIMINATION

METHOD WITH PIVOTAL CONDENSATION

DIMENSION A(N1,NTOT),B(NTOT),X(NTOT)

ELIMINATION =-=mmmmemmmeso o mmme e ;s s mm e mm e

N2=NTOT-1
DO 1000 N=1,N2
CALL PIVOT1(A,B,N,NTOT,N1)
T1=N+1
DO 800 I=I1,NTOT
DM=A(I,N)/A(N,N)
DO 600 J=I1,NTOT
A(I,T)=A(1,J)-DM*A(N,J)
CONTINUE
A(I,N)=0.0
B(I)=B(I)-DM*B(N)
CONTINUE
CONTINUE

BACK SUBSTITUTION =-==-r=mmmmremmmreseommm—e—emm e

X (NTOT)=B(NTOT) /A(NTOT ,NTOT)

I=NTOT~1

Ji=1+1

§=0.0

DO 1200 J=J1,NTOT
S=8+A(X,J)*X(J)
CONTINUE

X(1)=(B(I)-8)/A(1,I)

I=I-1

IF(1.6T.0) GO TO 1100

RETURN
END
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FUNCTION GHPLUS(MPLUSW,TW,TBT, PR YDH,REW,R2MROH ,RX,R1) 0000010
e et T ettt 0000020
c GHPLUS EVALUATES THE FUNCTION G(H+)=G(HW+,PRANDTL,TW/TB,Y/RH) 0000030
c 0000040
COMMON/DAT1/A1,A2,A3,A4,A5 ,A6,A7,A8B,A9,A10 0000050
GHPL =(A1*HPLUSW**A2+A3/HPLUSW *A4) 0000060
IF(GHPL.LE.A9)GHPL=A10 0000070

GHPLUS=GHPL¥PR**AS5* ((TW+273.16)/(TBT+273. 16) )**A6/ (A7* (YDH+R2HMROH } 0000080

*)hkAS 0000090
RETURN 0000100

END 0000110
FUNCTION GKAPPA(X) 0000010

€ e e e e Am A m e e e ———————————————————— 0000020
C GKAPPA EVALUATES THE KAPPA VALUES FOR THE CENTRAL SUBCHANNELS AND 0000030
c THE CENTRAL PORTIONS OF THE WALL SUBCHANNELS ( VALIDITY FOR THE 0000040
c CENTRAL CHANNELS AT 1.2< P/D <1.5) 0000050
c 0000060
GKAPPA=54 , 237% (X*%2=1. Yk 3aXik(, 342/ ABS (3 . ¥Xikhy=4  kXick by KYXix4% 0000070
*ALOG(X)+1.) 0000080
RETURN 0000090

END 0000100
FUNCTION GRIFUN(EPS) 0000010

c e e e e a e e~ R e m e —m e —em - ———————————— 0000020
c GRIFUN EVALUATES THE COEFFICIENT K0/2=(KI+K0)/2 FOR THE LOCAL 0000030
c PRESSURE LOSSES AT THE INLET AND AT THE OUTLET OF A SPACER 0000040
¢ 0000050
GRIFUN =0.5%(EPS*0.5+EPS#*2) /(1. -EPS)**2 0000060
RETURN 0000070

END 0000080
FUNCTION GSTAR(EPS) 0000010

Comm e mc e m— e e mmm————————————— e R m e 0000020
c GSTAR EVALUATES THE FUNCTION G(EPSILON) 0000030
C 0000040
COMMON/SUBLA/CLASUB 0000050
GSTAR=(3.75%CLASUB+1.25%EPS) / (1.+EPS)+2.5%AL0G(2.*(EPS+1)) 0000060
RETURN 0000070

END 0000080
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SUBROUTINE HEATBA(IND,PBT,INDQ,TE ,MFLOW)
HEAT BALANCE FOR THE RODS, THE SHROUD AND THE COCLANT

COMMON /GASD1/ NSTOT

COMMON /MART5/ NSTR

COMMON /SC03C/ NRODS

COMMON /HEA6/ NPIN( 42),JPIN( 42,3}
COMMON /SUB2/ TSCH( 42,3),MSCH( 42,3)
COMMON /SUB6/ TSCH1( 42,3)

COMMON /SUB8/ MSCH1( 42,3)

COMMON /HEAS/ QQ( 42,3)

COMMON /QPAR1/ QDEV

COMMON /SCO2R/ P,D,Z,ZWC,H,LENGTH
COMMON /SC02G/ QJ( 19, 42)

COMMON /IND3/ NTYP( 42)

COMMON /SCO6L/ SHQ( 18,2)

COMMON /Sc21c/ SHQC( 18,2)

COMMON /SC13C/ GEO1( 42,3)

DIMENSION TOCAN( 42,3),TOPIN( 19),TC( 42,3),TGP{ 19)
REAL LENGTH,MFLOW,MOUT ,MSCH ,MSCH1 ,MMED

IF(IND) 100,500,1000

CONTINUE
TOLIN=0.0
TOROD=0. 0
TOGAS=0.0
MOUT =0.0
DO 300 NS=1,NSTOT
DO 200 M=1,3
TOCAN (NS, M)
TC(NS,H)
CONTINUE
CONTINUE
DO 400 J=1,NRODS
TOPIN(J)
TGP(J)
CONTINUE
GO TO 9999

oo
oo

I
= =]
oo

CONTINUE
TMED=0. 0
MMED=0.0
DO 900 NS=1,NSTOT
NP=NPIN(NS)
DO 800 M=1,NP
J=JPIN(NS,M)
THED=TMED+MSCH (NS, M)*TSCH1 (NS, M)
MMED=MMED+MSCH (NS, M)
QG=0Q (NS ,M)*QDEV/LENGTH/GEO1 (NS ,M)*H
TOROD=TOROD+QG
TGP (J)=TGP(J)+QC
TOPIN(J)=TOPIN(J)+QG+QJ(J,NS)
TC (NS ,M)=TC (NS, M) +QG+QJ (J ,NS)
DT=(TSCH1 (NS, M)-TSCH(NS M) )*2.
Q=MSCH (NS ,M)*CP (PBT, TSCH(NS,M) )*DT
TOCAN (NS ,M)=TOCAN (NS ,M)+Q
TOGAS=TOGAS+Q
IF( NTYP(NS) .EQ. 1 ) GO TO 800
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NSW=NS-NSTR
TOLIN=TOLIR+SHQ(NSW,M)
TC(NS,H)=TC(NS,M)+SHQ(NSW,M)+SHQC (NSW,})
TOGAS=TOGAS+SHQ (NSW,H)+SHQC (NSW,M)
CONTINUE
CONTINUE
THMED=TMED/MMED
GO0 TO 9999

CONTINUE
F=1.000
IF(INDQ.EQ.2) F=4,186
TOLIN=TOLIN*F
TOROD=TOROD*F
TOGAS=TOGAS*F
DO 1100 J=1,NRODS
TOPIN(J) = TOPIN(J)*F
TGP (J) TGP (J)*F
CONTINUE
DO 1300 NS=1,NSTOT
NP=NPIN(NS)
DO 1200 M=1,NP
MOUT=MOUT+MSCH1 (NS, M)
TOCAN (NS ,M)=TOCAN (NS , M) *F
TC(NS,M)  =TC(NS,M)*F
CONTINUE
CONTINUE
WRITE (6,2000)
IF(INDQ.EQ.1) WRITE(6,2100)
IF(INDQ.EQ.2) WRITE(6,2200)
WRITE (6,2300)
DO 1400 J=1,NRODS
WRITE(6,2400) J,TGP(J),TOPIN(J)
CONTINUE
WRITE (6,2500)
DO 1600 NS=1,NSTOT
NP=NPIN(NS)
DO 1500 M=1,NP
WRITE(6,2600) NS,M,TC(NS,M),TOCAN (NS,H)
CONTINUE
CONTINUE
TOGEN=TOROD+TOLIN
DELTA=ABS { (TOGEN/TOGAS)-1. )*100.
DM=  ABS((MFLOW/MOUT )~-1.)*100.
DELT = TMED - TE
WRITE(6,2700) TOROD,TOLIN,TOGEN ,TOGAS ,DELTA
WRITE(6,2800) MFLOW,MOUT DM
WRITE (6,2900) TE,TMED,DELT

RETURN

FORMAT(1H1,//5X,"' FINAL BALANCE UNIT=')
FORMAT (1H+,40X, ' (CAL/SEC), (G/SEC)')
FORMAT (1H+,40X, ' (WATT) , (G/SEC)')

FORMAT(///4X,' PIN HEAT GENERATED',15X,'HEAT TO GAS',/)
FORMAT( 4X,13,10X,E12.6,15X,E12.6)
FORMAT(///4X,' CHANNEL M  HEAT TRANSMITTED "

' HEAT INCREASE',/)
FORMAT (6X,13,7X,11,5X,£12.6,12X,E12.6)

FORMAT(///5X,' TOTAL POWER GENERATED IN THE RODS =',E12.6,
/5X,' TOTAL POWER GENERATED IN THE SHROUD =',E12.6,
/5X,' TOTAL POWER GENERATED =' E12.6,
/5X,' TOTAL POWER INCREASE IN THE GAS =',E12.6,
/5X,' (SUM OF THE PARTIAL M*CP*DT) b,
/5X,' PERCENTUAL ERROR =' F5.2,' %')
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2800 FORMAT(///5X,'

> /5X%,!
> /5%,"*
2900 FORMAT(///5X,'
> /5%,
> /5%,

END
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INLET MASS FLOW RATE
OUTLET MASS FLOW RATE
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SUBROUTINE HEATI(NSTOT,NSTR,NSEL,NROMA,IPA)
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HEATI EVALUATES THE HEAT FLUXES QQ(NS,I) FOR THE RODS ADJACENT TO
EACH CHANNEL NS AND THE TOTAL FLUXES QT(NS) ENTERING EACH
CHANNEL NS. HEATI IDENTIFIES ALSO THE CONNECTIONS BETWEEN THE
SUBCHANNELS I AND THE ADJACENT RODS BY MEANS OF THE MATRIX JPIN

( NPIN(NS)= NR. OF SUBCH. IN CH. NS = NR. OF PINS ADJ. TO CH. NS)

VERSION FOR HEXAGONAL BUNDLES

COMMON/IND1/NROW( 42),NUMS( 42)/HEA2/Q(3, 18),Q0/HEA3/QT( 42)
1 JHEAS/QQ( 42,3)/MEA6/NPIN( 42),JPIN( 42,3)/HEA7/IDPIN(3, 18)0000120
2 /IND4/NUM3 (4) ,NUM6 (4) ,NUM12(4) ,NUM18{4) ,NUM24(4) ,NUM30(4),
2 NUM36 (4) /HEA10/QSCH( 42,3)/HEA1/QQQ( 19)/IND3/NTYR( 42)

/GASD2/RAPPAI( 42,3)

IF (NSEL.EQ.4)GOTO 100
CALL HEATR(NROMA)

NAN=1
NBN=-NROMA
NN=1-NROMA

DO 15 NS=1,NSTOT
NUM=NUMS (NS)
NRO=NROW(NS)
IF(NS.GT.NSTR)GOTO 12

CENTRAL CHANNELS AND SUBCHANNELS
IF (NUM. GT , NUM6 (NRO) )GOTO 1
NAM=NUM

N1=0

N2=0

GOTO 6
IF(NUM.GT .NUM12 (NRO) ) GOTO 2
NAM=NUM-NUM6 (NRO)

N1=NRO

N2=N1-1

GOTO 6
IF(NUM, GT, NUM18 (NRO) )GOTO 3
NAM=NUM~NUM12 (NRO)

N1=2%NRO

N2=N1-2

GOTO 6

TF (NUM. GT. NUM24 (NRO) ) GOTO &
NAM=NUM-NUM18 (NRO)

N1=3*NRO

N2=N1-3

GOTO 6

IF (NUM.GT.NUM30 (NRO)})GOTO 5
NAM=NUM-NUM24 (NRO)

N1=4*NRO

N2=N1-4

GOTO 6

NAM=NUM=NUM30 (NKO)

N1=5%NRO

N2=N1-5

IF (NAM,EQ. NAM/2%2 )GOTO 8
NUR=(NAM+1) /24N1

Q1=Q (NRO, NUR)
JPIN(NS,1)=IDPIN(NRO,NUR)

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110

0000130
0000140
0000150
0000160
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690
0000700
0000710
0000720



10

11

12

13
29

14
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IF(NUR.EQ.6*NRO) NUR=0 0000730
Q2=Q(NRO,NUR+1) 0000740
JPIN(NS,3)=IDPIN(NRO,NUR+1) 0000750
IF (NRO.EQ.1)GOTO 7 0000760
NUR=(NAM+1) /2+N2 0000770
IF(NUR.EQ. 6*%NRO-5 ) NUR=1 0000780
Q3=Q{NRO-1,NUR) 0000790
JPIN{NS,2)=IDPIN(NRO-1,NUR) 0000800
GOTO 9 0000810
Q3=Q0 0000820
JPIN(NS,2)=1 0000830
GOTO 9 0000840
NUR=NAM/2+N2 0000850
Q1=Q(NRO-1,NUR) 0000860
JPIN(NS,1)=IDPIN(NRO-1,NUR) 0000870
IF (NUR.EQ.6*NRO-6) NUR=0 0000880
Q2=Q(NRO-1,NUR+1) 0000890
JPIN(NS,3)=IDPIN(NRO-1,NUR+1) 0000900
NUR=(NAM+2) /2+N1 0000910
Q3=Q(NRO,NUR) 0000920
JPIN(NS,2)=IDPIN(NRO,NUR) 0000930
CONTINUE 0000940
QQ(NS,1)=Q1 0000950
QQ(NS,2)=Q3 0000960
QQ(NS,3)=Q2 0000970
IF(NSEL.EQ.3 .AND. NUM.EQ.NRO)GOTO 10 0000980
NPIN(NS)=3 0000990
GOTO 11 0001000
Q2=0. 0001010
Q3=Q3/2. 0001020
NPIN(NS)=2 0001030
QT{NS)=(Q1+Q2+Q3)/6. 0001040
QSCH(NS,1)=Q1/6. 0001050
QSCH(NS,2)=Q3/6. 0001060
QSCH(NS,3)=Q2/6. 0001070
GOTO 15 0001080
0001090

0001100

IF(NUM.LT.NAN)GOTO 14 0001110
0001120

CORNER CHANNELS 0001130
NN=NN+NROMA 0001140
NAN=NAN+NRO 0001150
NBN=NBN+NRO 0001160
NPIN(NS)=1 0001170
QQ(NS, 1)=Q(NROMA ,NN) 0001180
JPIN(NS,1)=IDPIN(NROMA,NN) 0001190
IF (NSEL.EQ.3)GOTO 13 0001200
IF{(NSEL.EQ.2 .AND. NUM.EQ.1).OR.(NSEL.EQ.2 .AND. NUM.EQ.NUM18(NRO0001210
*)))GOTO 13 0001220
QT (NS)=Q(NROMA NN} /6. 0001230
GOTO 29 0001240
QT(NS)=Q(NROMA,NN)/12. 0001250
QSCH(NS,1)=QT (NS) 0001260
GOTO 15 0001270
0001280

WALL CHANNELS AND SUBCHANNELS 0001290
NUR=NUM-NBN+NN-1 0001300
Q1=Q{NROMA,NUR) 0001310
JPIN(NS,1)=IDPIN (NROMA,NUR) 0001320
IF(NS.EQ.NSTOT .AND. NSEL.EQ.1) NUR=0 0001330
Q2=Q (NROMA ,NUR+1) 0001340
JPIN(NS,2)=IDPIN(NROMA,NUR+1) 0001350
QQ(Ns,1)=q1 0001360
QQ(NS,2)=Q2 0001370
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IF(NSEL.EQ.3 .AND. NUM.EQ.(NRO/2+1) .AND. NRO.EQ.NRO/2%2)GOTO 30
NPIN(NS)=2
GOTO 31
30 Q2=0.
NPIN(NS)=1
31 CONTINUE
QT (NS)=(Q1+Q2)/4.
QSCH(NS,1)=Q1%0.25
QSCH(NS,2)=Q2%0.25
15 CONTINUE
ADDED AT GA(NSEL=4)
GOTO 104
100 CONTINUE
DO 103 NS=1,NSTOT
NP=NPIN(NS)
QT(NS)=0.
DO 102 M=1,NP
JPINNM=JPIN(NS,M)
QQ(NS,M)=QQQ(JPINNM)
IF(NTYP(NS).EQ.2)GOTC 101
QSCH(NS,M)=QQ(NS,M) /6 .*RAPPAI (NS,M)
GOTO 102
101 QSCH(NS,M)=QQ(NS,M)*0.25
102 QT(NS)=QT(NS)+QSCH(NS,M)
103 CONTINUE
104 CONTINUE
9998 CONTINUE
IF(IPA,NE, IPA/2*2)YRETURN

WRITE(6,16)
16 FORMAT(////5X,'RESULTS OF HEATI'////8X,'CHANNEL',3(21X,'ROD',2X)/)
DO 19 NS=1,NSTOT
NP=NPIN(NS)
WRITE(6,18)NS, (M,NS,M,JPIN(NS,M),H=1 NP)
18 FORMAT(2X,110,3(3X, 11 ') JPIN(',I15,',',12,')=",15))
19 CONTINUE
RETURN
END

SUBROUTINE HEATR(NROMA)

HEATR PROVIDES INDICES TO THE ROD HEAT FLUXES ( Q(NRC,NUM) ) AND
IDENTIFIES THE PINS BY MEANS OF THE MATRIX IDPIN

EXISTS ONLY IN THE VERSION FOR HEXAGONAL BUNDLES

COMMON/HEA1/Q( 19)/HEA2/QQ(3, 18),QQO/HEA7/IDPIN(3, 18)

I=1

QQ0=Q(1)

DO 2 NRO=1,NROMA

NR36=6*NRO

DO 1 NUM=1,NR36

I1=1+1

IDPIN(NRO,NUM)=1
1 QQ(NRO,NUM)=Q(I)
2 CONTINUE

RETURN

END

0001380
0001390
0001400
0001410
0001420
0001430
0001440
0001450
0001460
0001470
0001480
0001490
0001500
0001510
0001520
0001530
0001540
0001550
0001560
0001570
0001580
0001590
0001600
0001610
0001620
0001630
0001650
0001670
0001680
0001690
0001700
0001710
0001720
0001730
0001740
0001750
0001760
0001770
0001780

0000010

----------------------------------------------------------------------- 0000020

0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
6000170
0000180
0000190



— 196 —

SUBROUTINE INDEX (NSEL,NROMA,NSTR,NSTOT,NRO) 0000010

----------------------------------------------------------------------- 0000020
INDEX PROVIDES INDICES TO THE CHANNELS 0000030
0000040

VERSION FOR HEXAGONAL BUNDLES 0000050
................................................................ 0000060

COMMON/IND1/NROW( 42) ,NUMS ( 42)/IND2/NOT (4, 30)/IND3/NTYP( 42) 0000070
1/IND4/NUM3(4) ,NUM6 (4} ,NUM12(4) ,NUM18({4), NUH24(4) NUM30(4) ,NUM36(4)0000080

IF (NSEL.EQ.4)GOTO 100 0000090
NS=1 0000100
DO 6 NRO=1,NROMA 0000110
NUM3 (NRO)=NRO 0000120
NUM6 (NRO )=24NRO~ 1 0000130
NUM12 (NRO)=2*NUM6 (NRO) 0000140
NUM18 (NRO )=3*NUM6 (NRO) 0000150
NUM24 (NRO)=4*NUM6 (NRO) 0000160
NUM30 (NRO) =5*NUM6 (NRQ) 0000170
NUM36 (NRO)=6*NUM6 (NRO) 0000180
IF (NSEL-2)1,2,3 0000190

1 NUMSP=NUM36 (NRO) 0000200
GOTO4 0000210

2 NUMSP=NUM18 (NRO) 0000220
GOTOh 0000230

3 NUMSP=NUM3 (NRO) 0000240
4 CONTINUE 0000250
DO 5 NUM=1,NUMSP 0000260
NUMS (NS)=NUM 0000270
NROW(NS )=NRO 0000280
NOT (NRO ,NUM)=NS 0000290
NTYP(NS)=1 0000300

5 NS=NS+1 0000310
6 CONTINUE 0000320
NSTR=NS-1 0000330
NRO=NROMA+1 0000340
NUM3 (NRO)=NRO/ 2+1 0000350
NUM6 (NRO)=NRC+1 0000360
NUM12 (NRO)=NUM6 (NRO)+NRO 0000370
NUM18 (NRO)=NUM12 (NRO)+NRO 0000380
NUM24 (NRO)=NUM18 (NRO)+NRO ' 0000390
NUM30 (NRO)=NUM24 (NRO)+NRO 0000400
NUM36 (NRO)=NUM30 (NRO) +NROMA 0000410
IF(NSEL-2)7,8,9 0000420

7 NUMSP=NUM36 (NRO) 0000430
GOTO 10 0000440

8 NUMSP=NUM18 (NRO) 0000450
GOTO 10 0000460

9 NUMSP=NUM3(NRO) 0000470
10 NAN=1 0000480
DO 13 NUM=1,NUMSP 0000490
IF (NUM.EQ.NAN)GOTO 11 0000500
NTYP (NS)=2 0000510
GOTO 12 0000520
11 NTYP(NS)=3 0000530
NAN=NAN+NRO 0000540
12 NUMS (NS)=NUM 0000550
NROW(NS)=NRO 0000560
NOT(NRO ,NUM)=NS 0000570
13 NS=NS+1 0000580
NSTOT=NS-1 0000590
ADDED AT GA(NSEL=4) 0000600

100 IF(NSEL.EQ.&4)NRO=NROMA+1 0000610
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WRITE(6,14)NRO,NSEL,NSTR, NSTOT 0000620
14 FORMAT( //4X,'RESULTS OF INDEX'//5X,'NROWS=',612,5X,'TYPE OF SECTI0000630
*ON=',11,5X,'NR. OF CENTRAL CHANNELS=',14,5X,'TOTAL NUMBER OF CHANNOOO0640

*ELS=',14//) 0000650
CALL CONNIJ{NSTR,NSTOT,NROMA NSEL) 0000660
RETURN 0000670

END 0000680
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INGE EVALUATES THE TURBULENT MIXING CONSTANTS CTURB(I,J) FOR THE
THE CHANNEL EXCHANGES AND CTURB1(K) (K=1,2) FOR THE SUBCHANNEL
EXCHANGES. FURTHERMORE INGE EVALUATES THE CONSTANTS CCOND(I,J)
AND CCOND1(K) FOR THE ENTHALPY EXCHANGE DUE TO CONDUCTION IN GAS

101
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SUBROUTINE INGE (NROMA,NSEL,NSTR,NSTOT,C,A,D,ATC,ATW,ATA,PIG, PCORR, 0000010

*CTU1,CTU2 ,DETC ,DETW,EM1)

- VERSION FOR HEXAGONAL BUNDLES

------------------------------------------------------------

COMMON /IND3/NTYP( 42)/1J1/NER( 42),NIS( 42,3)

COMMON/IND1/NROW( 42) ,NUMS( 42)

1 /TUR1/CTURB( 42,3)/GEN5/DE{ 42)/GEO0/ACH(3)/TUR2/CTURBI(2)
2 /CONDO/FCOND/COND1/CCOND( 42,3)/COND2/CCOND1(2)

3 /GEN2/AREA( 42)

REAL NGAPS( 42)
DIMENSION SUM( 42)
WRITE(6,101)

FORMAT(///5X, 'MIXING COEFFICIENTS (WITHOUT PCORR CORRECTION:'/)

SQ3=SQRT(3.)

R=D*0.5

A2=A*N2

A3=A%A2

R2=R#*#2

R3=R*R2

APIN=PIG*R2

EM2=C*0.5-EM1

ZWC=EM2/8Q3

ATW3=EM2*ZWC

GAP1=C-D

GAP2=GAP1%0.5

GAP3=A-R

YBC=C*0.5/5Q3

YBW3=A-ZWC/3.

XBWS3=C*0,5-EM2/3.
YBW=(A**2%C*0,5-2, /3. *R3~YBWI*ATW3) /ATW
XBWS=2.% (A*XC**2%0, 125-R3/3.-XBWS3*ATW3I*0.5) /ATW
XBA=(5./36.%A3-(A/8Q3-R/PIG)*APIN/6.)/(A2/8Q3-APIN/6.)
YBA=XBA*SQ3

DELTA1=2.*YBC

DELTA2=YBC+YBW

DELTA3=C

DELTA4=SQRT ( (A-YBW-YBA)#**2+(C*0.5+A/SQ3-XBA)**2)
RA1=1.+APIN/ (2.*ATC)

RA2=1,+APIN/ (ATC+ATW)

RA3=1.+APIN/ (2.*ATW)

RA4=1 . +APIN*2./(3.* (ATW+ATA))
ALFAW=ATAN(YBW*2./C)
AP1=YBC*C*0.5-APIN/6.

AP2=YBW*C*(, 5~ALFAW*R2
AP3=(ATW-AP2)%*0.5
AP4=A2*0.5/8Q3~YBA*XBA*0.5-APIN/12.
AS1=GAP1*YBC

AS2=GAP1*YBW

AS3=C*0.5%GAP3

AS4=(A/SQ3-XBA)*GAP3

R1A1=AS1/AP1

R1A2=AS2/AP2

R1A3=AS83/AP3

R1A4=AS4/AP4

DO 10 I=1,NSTOT

0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000230
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610




10

15
17
16

19

20

21
22

100

23
2%

102

ITYP=NTYP(I)

GOTO (1,2,4),ITYP
SUM(I)=3.%R1A1

GOTO 3
SUM(I)=R1A2+2,%R1A3
NGAPS(I)=3.

GOTO 10
SUM(1)=2.%R1A4
NGAPS(I)=2.
CONTINUE

DO 24 1=1,NSTOT
NTYPI=NTYP(1)
AREAT=ACH(NTYPI)
RAPPI=AREA(1)/AREAI
NI=NER(1)

DO 23 M=1,NI
J=NIS(I,M)
NTYPJ=NTYP(J)
AREAJ=ACH (NTYPJ)
RAPPJ=AREA(J) /AREAJ
RAPGAP=1.

IF(ABS(RAPPT-1.).GT.0.1 .AND. ABS(RAPPJ-1.).GT,0.1)RAPGAP=0.5

IF(I.GT.NSTR)GOTO 16

IF(NTYP(J).EQ.2)GOTO 15

DELTA =DELTA1l
RAPPA=RA1

GOTO 17

DELTA =DELTA2
RAPPA=RA2
GAP=GAP1*RAPGAP
GOTO 22

IF(NTYP(I).EQ.3)GOTO 20

IF(NTYP(J)-2)15,19,20

DELTA =DELTA3
RAPPA=RA3

GOTO 21

DELTA =DELTA4
RAPPA=RA4

GAP =GAP3
CONTINUE

DEIJ=(AREAI+AREAJ)/(AREAT/DE(I)+AREAJ/DE(J)) ’
YH = 1,14%SQRT((NGAPS(I)+NGAPS(J))/(SUM(I)+SUM(J)))*RAPPA**2

WRITE(6,100)M,1,J,YH

FORMAT(3(5X,I5,') YH{(',I3,',',12,')=',E15.7))
CTURB( 1,M)=YH*GAP/DELTA*DEIJ*0.05*PCORR
CCOND(I,M)=GAP/DELTAXFCOND*0.5

CONTINUE
CONTINUE
WRITE(6,102)
FORMAT(///)

DELSC1=C~ (7.*C**3/48.-R3)/(0.25*C¥*2-PIG*R2%5Q3/6.)

DELSC2=C~2.*XBWS

CTURB1(1)=CTU1*0.05*DETC*YBC/DELSC1
CTURB1(2)=CTU2%0.05*DETW* (A-ZWC) /DELSC2
CCOND1(1)=YBC/DELSC1*FCOND*0.5
CCOND1(2)=(A-2WC)/DELSCZ*FCOND*0,5

RETURN
END

0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690
0000700
0000710
0000720
0000730
0000740
0000750
0000760
0000770
0000780
0000790
0000800
0000810
0000820
0000830
0000840
0000850
0000860
0000870
0000880
0000890
0000900
0060910
0000920
0000930
0000940
0000950
0000960
0000970
0000980
0000990
0001000
(0001010
0001020
0001030
0001040
0001050
0001060
0001070
0001080
0001090
0001100
0001110
0001120
0001130
0001140
0001150
0001160
0001170
0001180
0001190
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SUBROUTINE INLCON(NSTOT,MFLOW,ATOT,TE,IREAD1,NSTR)
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0000010

SUBROUTINE INLCON FIXES THE INLET CONDITIONS FOR MASS FLOW RATES 0000030
AND BULK TEMPERATURES OF THE CHANNELS AND THE SUBCHANNELS AND FOR 0000040
THE BULK TEMPERATURES OF THE TWO PORTIONS OF THE WALL SUBCHANNELS 0000050

REAL MFLOW,MI,MSCH1,MSCWC1,MSCH

0000060
0000070

COMMON/IND3/NTYP( 42)/SUB2/TSCH( 42,3),MSCH( 42,3)/SUB22/TW( 42,3)0000080

/GEN2/A( 42)/GEN3/MI( 42)/GEN4/TEMP( 42)

/HEA6/NPIN( 42),JPIN( 42,3)

1
2
3 /SUB1/ASCH( 42,3)/SUB6/TSCH1( 42,3)/SUB8/MSCH1( 42,3)
4 JWCSE2/MScwe1( 18,2,2) /WCSES/TSCWC1( 18,2,2)

IF(IREAD1.EQ.2)GOTO 3

------------------------------------------------------

IREAD1=1 MEANS UNIFORM DISTRIBUTIONS

DO 2 N§=1,NSTOT
MI (NS)=MFLOW*A(NS)/ATOT

TEMP (NS)=TE

NP=NPIN(NS)

DO 1 M=1,NP
MSCH1(NS,M)=MFLOW*ASCH(NS,H)}/ATOT
TSCH1(NS,M)=TE
IF(NTYP(NS).NE.2)60TO 1

DO 6 JWC=1,2

TSCWC1(NS-NSTR ,M,JWC)=TE
CONTINUE

CONTINUE

GOTO 1000

------------------------------------------------------

IREAD1=2 MEANS NON-UNIFORM DISTRIBUTIONS

3 CONTINUE

READ(5,4) (MI (NS) , TEMP (NS) ,NS=1,NSTOT)

DO 5 NS= 1,NSTOT

NSW=NS-NSTR

NP=NPIN(NS)

READ(5, 4) (MSCH1{NS,M) ,TSCH1 (NS ,M) ,M=1,NP)

IF(NTYP(NS) .EQ.2)READ(S ,4) ( (MSCWC1 (NSW,M,JWC) , TSCWC1 (NSW,M,JWC) ,

*  JWC=1,2),M=1,2)

4 FORMAT(8F10.5)

5

CONTINUE

1000 CONTINUE

1001

DO 1001 NS=1,NSTOT
NP=NPIN(NS)

DO 1001 M=1,NP

MSCH(NS ,M)=MSCH1 (NS,M)
TSCH(NS ,M)=TSCH1 (NS,M)
TW(NS ,M)=TSCH (NS ,M)
CONTINUE

RETURN

END

0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
00002590
0000260
0000270
0000230
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
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SUBROUTINE INQUA(NSEL,NSTOT ,NROMA,ATC,ATW,ATA,DETC,DETH, DETA) 0000010

G mm i 0000020

C  INQUA PROVIDES INDICES TO CHANNEL FLOW AREAS AND EQUIVALENT 0000030

C  DIAMETERS AND TO SUBCHANNEL FLOW AREAS 0000040

c 0000050

c VERSION FOR THE EXAGONAL BUNDLES 0000060

€ ettt a et ettt ettt eae 0000070

COMMON/ IND1/NROW( 42) ,NUMS( 42)/IND3/NTYP( 42)/SUB1/ASCH( 42,3) 0000080

1 /GEN2/A( 42)/GENS/DE( 42) 0000090

2 /MEAG/NPIN( 42),JPIN( 42,3)/GASD2/RAPPAT( 42,3) 0000100

11=0 0000110

KK=0 0000120

DO 10 NS=1,NSTOT 0000130

A(NS)=0. 0000140

NP=NPIN(NS) 0000150

IF (NTYP(NS)-2)1,3,6 0000160

Gk CENTRAL CHANNELS AND SUBCHANNELSWhicnioiknebich i ook 0000170

1 DE(NS)=DETC 0000180

IF(NSEL.EQ.4)GOTO 100 0000190

ASCH(NS,1)=ATC/3. 0000200

IF( (NSEL.EQ. 3) . AND. (NROW(NS ) .EQ.NUMS (NS)) ) 6OTO 2 0000210

A(NS)=ATC 0000220

ASCH(NS ,2)=ASCH(NS , 1) 0000230

ASCH(NS, 3)=ASCH(NS , 1) 0000240

GOTO 10 0000250

2 CONTINUE 0000260

A(NS)=ATC/2. 0000270

ASCH(NS, 2)=ATC/6. 0000280

GOTO 10 0000290

C  ADDED AT GA (NSEL=4) 0000300

100 CONTINUE 0000310

DO 101 M=1,NP 0000320

ASCH(NS, M)=ATC/3, "RAPPAI (NS , M) 0000330

101 A(NS)=A(NS)+ASCH (NS ,4) 0000340

GOTO 10 0000350

Ciiock WALL  CHANNELS AND SUBCHANNELS# koo i 40000360

3 DE(NS)=DETW 0000370

C  HODIFIED AT GA 0000380

DO 4 M=1,NP 0000390

ASCH(NS, M)=ATW#D 5 0000400

& A(NS)=A(NS)+ASCH(NS M) 0000410

G0TO 10 0000420

Cikick CORNER CHANNELS AND SUBCHANNELS#iriisniiiiiininiicinkiciioinonk 0000430

6 DE(NS)=DETA 0000440

IF (NSEL.EQ.4)60TO 5 0000450

IF (NSEL.EQ. 1)GOTO 7 0000460

IF(NSEL.EQ.3)GOTO 9 0000470

TF(I1.EQ.0 .OR. KK.EQ.2) GOTO 8 0000480

KK=KK+1 0000490

7 CONTINUE 0000500

A(NS)=ATA 0000510

ASCH(NS, 1)=A(NS) ' 0000520

GOTO 10 0000530

8 T1=1 0000540

9 CONTINUE 0000550

A(NS)=ATA /2. 0000560

ASCH(NS, 1)=A(NS) 0000570

C  ADDED AT GA (NSEL=4) 0000580

GOTO 10 0000590

5 ASCH(NS,1)=ATA*RAPPAI (NS, 1) 0000600

A(NS)=ASCH(NS, 1) 0000610

0000620

10 CONTINUE 0000630
RETURN

0000640

END
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SUBROUTINE JELLA (JL)

PRINT THERMAL DATA

COMMON /SUB22/
COMMON /HEA6 /
COMMON /GASD1/
COMMON /MARTS/
COMMON /SC03C/
COMMON /SC99C/
COMMON /SC14C/
COMMON /SC26C/
COMMON /SUB2 /
COMMON /SC02G/
COMMON /MART /
COMMON /SCO6L/
COMMON /SC21C/
COMMON /SC15C/
COMMON /SC17¢/
COMMON /SCOSR/
COMMON /SCO9R/
COMMON /HEAS /
COMMON /QPAR1/
COMMON /SCO2R/
COMMON /SC13C/
COMMON /SHROUD/
COMMON /SCO8C/
COMMON /SC10C/
COMMON /SC16C/
COMMON /SC18C/
COMMON /DAT/

COMMON /IND3/

COMHMON /LAMINS/
COMMON /INPAR/
COMMON /CEV04/
COMMON /5C33C/
COMMON /SC01Z/

REAL LENGTH

DU=D
IF (LAMOP3.EQ. 1)

™w( 42,3)

NPIN( 42),JPIN( 42,3)
NSTOT

NSTR

NRODS

TD( 42,3)

TBOLD( 42,3)

TBR( 42,3),TBS( 18,2)
TSCH( 42,3) ,MSCH( 42,3)
QJI( 19, 42)

ITCORR

SHQ( 18,2)

SHQC( 18,2)

ALFA( 42,3)

SALFA( 18,2)

QPR( 42,3)

QSR( 18,2)

QQ( 42,3)

QDEV
P,D,Z,ZWC,H,LENGTH
GEO1( 42,3}
TLINER( 18,2)

TLD( 18,2)

ANU( 42,3)

SNU( 18,2)
RE,RI,ALFW,ALFC
PIG

NTYP( 42)

RTIP(7)

IPA

LAMOP3

TWINF( 42,3)

YH( 42,3)

DU=RTIP{IPA)Y*2.

WRITE(6,50) ITCORR

WRITE(6,100)

WRITE(6,110)

DO 1010 JP=1,NRODS

DO 1000 NS=1,NSTOT

NSW=NS-

NSTR

NP=NPIN(NS)

DO 500

M=1,NP

JI=JPIN(NS,H)

IF(JJ.NE.JP) GO TO 500
AREA=PIG*DU*H/GEO1(NS,M)
QUNIF=QQ(NS,M)*QDEV/LENGTH/GEO1 (NS ,M)*4 . 186*H
QTOT= (QUNIF+QJ (JP ,NS)*4. 186) /AREA
QRAD=QPR(NS,M)*4 . 186

WALFA=ALFA(NS ,M)*4.186

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
00G0380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
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400

500

DELT4=  TW(NS,M)-TD(NS,H)

DELTS=  TSCH(NS,M)-TBOLD(NS,H)

IF ( JL.LT. 0) GO TO 400

IF ( JL.EQ. JP)GO TO 400

G0 TO 500

WRITE (6,9000) NS,J®,QUNIF,QRAD,QTOT,
ANU(NS, M), YH(NS M) ,WALFA, TSCH(NS M),
TBR (NS, M) , TWINF (NS, M) , TW(NS M)

CONTINUE

1000 CONTINUE
1010 CONTINUE

IF (JL .GT. 0) GO TO 9999

WRITE(6,9200)
WRITE(6,100)
WRITE(6,110)

NSTR1=NSTR+1

DO 2000 NS=NSTR1,NSTOT
NSW=NS-NSTR
NP=NPIN(NS)

DO 1500 M=1,NP

>
>
1500

ALF=ALFW

IF (NTYP(NS) .EQ.3) ALF=ALFC/GEO1(NS,M)*6.0
AREA=RI*ALF*H

JP=JPIN(NS,H)

QLINER=SHQ(NSW,M)*4.1860
QTOT=(SHQ(NSW,M)+SHQC (NSW,M) ) /AREA*4 . 1860
QRAD=QSR (NSW,M)*4. 1860
WALFA=SALFA(NSW,M)*4, 1860

22=1.0

WRITE(6,9000) NS,JP,QLINER,QRAD,QTOT,

SNU(NSW, M), ZZ ,WALFA , TSCH(NS M) , TBS (NSW, M) ,

TLINER(NSW,M) , TLINER (NSW, M)
CONTINUE

2000 CONTINUE

C
WRITE(6,9200)

c

9999 RETURN

50 FORMAT( ' JELLA, ITCORR = ',I3,//)
100 FORMAT( ' CHA. ROD QGEN ',

126,
137,
T50,*
T62,"

798, "
7110,"

YV VVVVYVYYV VY

110 FORMAT(
T26,"

150, !
T61,"

T88,"

799,
T110,"
T122,"

VVVVVVVVY

¥
3
T75, ALFA ',
»
)

QRAD',

QFLUX',
N‘U!
YHI

T87, ' TBULK'

TBR ',
TWINF' ,

T122,'TWALL ')

v ',

T37, W/ CM**2!

T72,'W/CMA*2 €,

c ',
c ',
c ',
c /)

9000 FORMAT(' ',13,2X,13,10(2X,E10.4))

9200 FORMAT( //)
END

0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690
0000700
0000710
0000720
0000730
0000740
0000750
0000760
0000770
0000780
0000790
0600800
0000810
0000820
0000830
0000840
0000850
0000860
0000870
0000880
0000890
0000900
0000910
0000920
0000930
0000940
0000850
0000960
0000970
0000980
0000990
0001000
0001010
0001020
0001030
0001040
0001050
0001060
0001070
0001080
0001090
0001100
0001110
0001120
0001130
0001140
0001150
0001160
0001170
0001180
0001190
0001200
0001210
0061220
0001230
0001240
0001250
0001260
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SUBROUTINE JELLE (JL,EBT)

0000010

SRR s 0000020
c PRINT SUBCHANNEL DATA. 0000030
c CAUTION: JELLB CAN BE CALLED ONLY BY THE MAIN PROGRAM. 0000040
c (BECAUSE OF PBT) 0000050
c THE MEANING OF TSCH1,MSCH1 VARIES TROUGH THE PROGRAM. 0000060
C 0000070
COMMON /HEA6 / NPIN( 42),JPIN( 42,3) 0000080
COMMON /GASD1/ NSTOT 0000090
COMMON /MARTS5/ NSTR 0000100
COMMON /SUB1 / ASCH( 42,3) 0000110
COMMON /SUB2 / TSCH( 42,3),MSCH( 42,3) 0000120
COMMON /SUB6 / TSCH1( 42,3) 0000130
COMMON /SUB8 / MSCH1( 42,3) 0000140
COMMON /SUBS / LAMSCH( 42,3) 0000150
COMMON /MOB8 / DPNS( 42) 0000160
COMMON /GEN5 / DE( 42) 0000170
COMMON /LAMIN4/ F2ATIP( 42,3), F2DTIP( 42,3) 0000180
COMMON /8C02C/ QJ( 19, 42) 0000190
COMMON /HEAS / QQ( 42,3) 0000200
COMMON /QPAR1/ QDEV 0000210
COMMON /SC13C/ GEO1( 42,3) 0000220
COMMON /SCO2R/ P,D,Z,ZWC,H,LENGTH 0000230

C 0000240
REAL  LAMSCH,MSCH,MSCH1,KAPPA,LENGTH 0000250

c 0000260
c 0000270
WRITE(6,1001) 0000280

WRITE (6,1002) 0000290
WRITE(6,1003) 0000300

DO 1000 NS=1,NSTOT 0000310
NSW=NS-NSTR 0000320

NP=NPIN(NS) 0000330

DO 500 M=1,NP 0000340
JP=JPIN(NS,M) 0000350
QUNIF=QQ(NS,M)*QDEV/LENGTH/GEO1 (NS ,M)*4, 186*H 0000360

QTOT=(QUNIF+QJ(JP NS)*4.186) 0000370

CPX=CP(PBT,TSCH(NS ,M))*4, 186 0000380

ROX=RHO(PBT, TSCH(NS,M)) 0000390

ETX=ETA(PBT, TSCH(NS,M)) 0000400

=KAPPA (PBT , TSCH(NS,M))*4.186 0000410

M2=2 . %*MSCH(NS,M)-MSCH1(NS,}M) 0000420

cceece T=(2.*MSCH (NS ,M)*TSCH(NS,M)-HSCH1 (NS ,M)*TSCH1{NS,M)) /0000430
ceee > MSCH1(NS,M) 0000440
RE=MSCH (NS ,M)*DE (NS)*F2DTIP(NS,M)/ 0000450

> (ASCH(NS,M)*F2ATIP(NS,M)*ETA(PBT, TSCH(NS,M))) 0000460

c DT=T-TSCH(NS,M) 0000470
DT=(TSCH(NS,M)~TSCH1 (NS ,M))*2.0 0000480

PD=DPNS (NS)*0.980667 0000490

IF ( JL.LT. 0) GO TO 400 0000500

IF ( JL.EQ. JP)GO TO 400 0000510

GO TO 500 0000520

400 WRITE(6,1004) NS,JP,QTOT,MSCH(NS,M),CPX,DT, 0000530
> LAMSCH(NS,M),PD,RE ,ROX,XKA,ETX 0000540

500 CONTINUE 0000550
1000 CONTINUE 0000560
WRITE(6,1005) 0000570

c 0000580
9999 RETURN 0000590
1001 FORMAT(141,5X,' SUBR. JELLB') 0000600




1002 FORMAT( 'CHA. ROD  QTRA ', 0000610
> T26,' MASS', 0000620
> 137,' CP ', 0000630
> T51,'T2-T1', 0000640
> T62,'LAMDA', 0000650
> T75,' DP ', 0000660
> T87,' REB ', 0000670
> T98, ' DENSITY' , 0000680
> 7109, 'TH.COND. !, 0000690
5 T122,' ETA ') 0000700
1003 FORMAT( ° w o, 0000710
> T26, 'G/SEC ', 0000720
> 138,'J/G C ', 0000730
> gg;,: c ', 0000740
; TS maRt, 2000780
> 88, v 0000770
> T99,'G/CHM3 ', 0000780
> 7110, 'W/CH C', 0000790
> T122,'G/CH §',/) 0000800
1004 FORMAT(' ',I3,2X,13,10{2X,E10.4)) 0000810
1005 FORMAT( //) 0000820

END 0000830
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100

200
300

400
>

500

1000

9999

SUBROUTINE JELLC (JL,TE,TE1,BIOT)

PRINT SUBCHANNEL DATA.
CAUTION: JELLC CAN BE CALLED ONLY BY THE MAIN PROGRAM.
{BECAUSE OF PBT,TE,TE1,BIOT)

DIMENSION BIOT(

COMMON /HEA6 /
COMMON /GASD1/
COMMON /MARTS/
COMMON /SUB2 /
COMMON /SUB22/
COMMON /SUB23/

COMMON /PARTB/
COMMON /SC32C/
COMMON /DAT1 /
COMMON /DATZ /
COMMON /DAT6 /

REAL MSCH

WRITE (6,1001)
WRITE (6,1002)

42,3)

NPIN( 42),JPIN( 42,3)

NSTOT

NSTR

TSCH( 42,3),MSCH( 42,3)

TW( 42,3)

HPLUSB( 42,3),HPLUSW( 42,3),QPLUS( 42,3),
PRB( 42,3),YODH( 42,3)

TEMPB( 42,3),XMASSB{ 42,3),YDH(42,3)
GHPIU{ 42,3)
00,01,02,03,04,05,016,017,018,019
06,07,08,09,010,011,012,013,014,015
IRHPL

DO 1000 NS=1,NSTOT

NSW=NS-NSTR

NP=NPIN(NS)

DO 500 M=1,NP
GOT0(100,200) , IRHPL
HPLUS=HPLUSW(KS M)
GO TO 300
HPLUS=HPLUSB (NS , 1)
CONTINUE
JP=JPIN(NS,HM)

RHP=RHPLUS (HPLUSB(NS,M) ,TW(NS ,M) ,TE1,QPLUS(NS,M),

HPLUSW(NS,M) ,TEMPB(NS ,M) ,YODH(NS,M))

R01=(06+07/HPLUS#**08 )**09

RSM=2,5+5 .5*ALOG (HPLUS)
TWE={TW(NS,M)+273.16)/(TE+273.16)
TWB=(TW(NS,M)+273.16)/ (TSCH(NS,M)+273.16)
GO1=GHPIU(NS,M)/ (PRB(NS,M)**04*TWB**05)*

(016*YDH(NS,M) )**017

IF ( JL.LT. 0) GO TO 400
IF ( JL.EQ. JP)GO TO 400
GO TO 500

WRITE(6,1004) NS,JP,HPLUSB(NS,M) ,HPLUSW(NS,M),
RSM,RO1,RHP,GO1,GHPTIU(NS M) , TWB, TWE ,BIOT (NS, M)

CONTINUE

CONTINUE
WRITE (6,1005)

RETURN

1001 FORMAT(1H1,5X,' SUBR. JELLC',///)
1002 FORMAT( ' CHA.
"T26,' HW ',

>
>
>

137,

ROD H+B ',

RSM !,

T50,' RO1 ',

0000010
0000020
0000030
0000040
0000050
0000060

-~ 0000070

0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
00004640
0000450
0000460
0000470
0000480
0000450
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
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T62,' RH+ ',
T75,' GO1 ',
T87,' GH+ ',
T98,' TW/TB ',
T109,' TW/TE ',
T122,' BIOT ')

FORMAT(' ',I3,2X,I3,10(2X,E10.4))
FORMAT( //)
END

SUBROUTINE JZURU

0000610
0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690

0000010

---------------------------------------------------------------------- 0000020
DETERMINES THE ARRAY JZUR(J,NS) (INDEX OF THE SUBCHANNEL OF CHAN0000030

100
200
300

NEL NS ADJACENT TQ PIN J).

COMMON /GASD1/ NSTOT

COMMON /SC03C/ NRODS

COMMON /SC05C/ JZUR( 19, 42)

COMMON /HEA6 / NPIN( 42),JPIN( 42,3)

DO 300 J=1,NRODS
DO 200 NS=1,NSTOT
NP=NPIN(NS)
DO 100 M=1,NP
IF (JPIN(NS,M).EQ.J) JZUR(J,NS)=M
CONTINUE -
CONTINUE
CONTINUE
RETURN
END

0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0600190
0000200
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SUBROUTINE KAPCOR(NSTOT,NSTR) . 0000010
o 0000020
c KAPCOR COMPUTES THR KAPPA VALUES FOR THE LAMINAR CALCULATIONS 0000030
c (IF IKAPPA=1, OTHERWISE SAVES THE VALUES OF BLOCK DATA) AND 0000040
c CORRECTS THE KAPPA VALUES OF THE CORNER AND WALL CHANNELS IF IT 150000050
¢ DESIRED TO HAVE THERE ABOUT THE SAME VALUE OF (LAMBDA/EQ. DIAM.) 0000060
c 0000070

COMMON/LAMIN2 /FATIP(3) ,FDTIP(3)/IND3/NTYP( 42)/GEN2/A( 42)/GEN5/ 0000080

1 DE( 42)/INPAR/IPA/LAMINK/BKAPPA(7,3)/LAMINI/AKAPPA( 42) 0000090
2 /MART2/NS1,NS2/WALLCO/WFCO1( 18,2),WFCO( 18,2) 0000100
3 /WAKA1/IKAPPA 0000110

COMMON /WALLKA/ AKAWC(2) 0000120

COMMON /SCO2L/ JLAM 0000140
c 0000150

AKAWC (1)=BKAPPA(TPA,2) 0000170

ARAWC (2)=BKAPPA(IPA,2) 0000180

TF (IKAPPA.EQ.1)CALL SELAWA 0000190

DO 5 NS=1,NSTOT 0000200

IF(NS.LE.NSTR)GOTO 3 0000210

DO 4 I=1,2 10000220

WFCO (NS-NSTR,I)=1. 0000230

4 WFCO1(NS-NSTR,I)=1. 0000240

3 ITYP=NTYP(NS) 0000250
AKAPPA (NS )=BKAPPA (IPA, ITYP) 0000260

5 CONTINUE 0000270
CCCCCCCCCCCCCCCCCCCCCCCEee 0000280

IF (JLAM .EQ. 1) CALL CORKA 0000290
CCCCCCCCLCCCCECCCCCCECCCee 0000300

IF(NS1.EQ.0 .AND. NS2.EQ.0)GOTO 35 0000310

IF(NS1.6T.NSTR ,AND. NS2,LE.NSTOT)GOTO 9 0000320

WRITE(6,6)NS1,NS2 0000330

6 FORMAT(1H1,5X,'SUB. KAPCOR', 0000340
> /5X,'STOP BECAUSE NS1=',15,' AND N§2=',I5) 0000350

STOP 0000360

c 0000370
9 AT=0, 0000380

PP=0, 0000390

DO 10 NS=NS1,NS2 0000400

ITYP=NTYP(NS) 0000410
CCCCCCCCCCECCCCCCCECCCEeCe 21.09.1979 0000420
c ATIP=A(NS)*FATIP(NS) 0000430
CCCCCCCCCCCCCCCCCCCCCCECECe 0000440

ATIP=A(NS)*FATIP(ITYP) 0000450
CCCCCCCCCEECCCCCCCCCCCCCCee 0000460

PP=PP+ATIP* (DE (NS)*FDTIP(ITYP) )**2/BKAPPA(IPA, ITYP) 0000470

10 AT=AT+ATIP 0000480

PP=AT/PP 0000490

DO 20 NS=NS1,NS2 0000500

ITYP=NTYP (NS) 0000510

20 AKAPPA(NS)=(DE(NS)*FDTIP (ITYP))**24PP 0000520

c 0000530
35 CONTINUE 0000540

DO 29 NS=1,NSTOT 0000550
ITYP=NTYP(NS) 0000560

29 WRITE(6,30)NS,AKAPPA(NS) ,BKAPPA(IPA, ITYP) 0000570

30 FORMAT(  5X,'CHANNEL',15,' : USED KAPPA=',F10.3,' (INPUT KAPPA='0000580

* ,F10.3,")") 0000590
RETURN 0000600

END 0000610



[y

10

20

- ChLn

30

— 208 —

REAL FUNCTION KAPPA(P,T)

KAPPA EVALUATES THE THERMAL CONDUCTIVITY OF THE COOLANT
(CAL/CM S K)

COMMON/GASD4/IGAS
6oT0(10,20,30,40) ,IGAS
CONTINUE

CASE OF HELIUM COOLANT

KAPPA=35. 1IE-05* ((T+273.16)/273.16)%%0.66
RETURN

CONTINUE
CASE OF C02 COOLANT

PP=P

TT=T

P=PP/1.0333

T=TT+273. 16

T0=273.16

TF=TO/T

IF(P-1.) 4,4,5

ECL = P-1.

GOTO6

ECL = (P -1.)%%1.25

IF(T-T0-725.) 1,1,2

CA=3.4943E2

CB=1.6768E5

CC=2.7331E7

G0 TO 3

CA=4.0476E2

CB=1.5904E5

CC=-1.9206E7 .
CLAMO=(SQRT(T) )/ (CA+(CB/T)+(CC/(T*T)))
CLAMF=CLAMO* (1.+2,14B=3%ECL*(TF**2,36))
KAPPA=CLAMF/360.

P=PP

T=TT

RETURN

CONTINUE

" CASE OF N2 COOLANT.

40

TT=T .

T=TT+273.16

XLAC = 1,.99E-3%T*%*,5/(1.+188./T*10.%*(-12./T)) .

KAPPA = XLAO*(1.+1,74E-3%(P/1.033-1.)%(273.16/T))/360.
T=TT

RETURN
CONTINUE
KAPPA=0.

- RETURN
END

0000010
0000020
0000030
00060040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
6000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530

0000540

0000550
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REAL FUNCTION KFUEL (TEMP)
COMPUTES THE THERMAL CONDUCTIVITY OF THE FUEL. ( CAL/SEC*CM*C)
KFUEL = (16.5 + 0.0132 * TEMP) / 4.186 * 1.E-02

RETURN
END

SUBROUTINE KGAP

( CAL/SEC CM2 C)
COMMON /SC20C/ CGAP
CGAP = 2200.0 / 4.186 * 1.E-04

RETURN
END

REAL FUNCTION KINF(BIOT)

T e O g e it 1 e e e e S e R R g g O e ol

KINF EVALUATES THE K INFINITE VALUE

COMMON/BIDAT/BI1,BI2,BI3
KINF=BI1+BI2*BIOT+BI3*BIOT**2
RETURN

END

REAL FUNCTION KMET(TW)
KMET EVALUATES THE CONDUCTIVITY OF THE PIN CANNING

COMMON/DATKM/D1(7),D2(7) /INPAR/IPA
COMMON /SC06C/ D3(3)

KMET = D3(1) + D3(2)*TW + D3(3)*Twik2
KMET=D1(IPA)+D2(IPA)*TW

RETURN

END

0000010

0000030
0000040
0000050
0000060
0000070
0000080

0000010

---------------------------------------------------------------------- 0000020
DETERMINES THE HEAT TRANSFER COEFFICIENT BETWEEN FUEL AND CLAD.

0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080

0000010
0000020

0000040
0000050
0000060
0000070
0000080
0000090
0000100
00600110
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SUBROUTINE LEIST (VDIAM,PIG,H,VDIA1,RINT)

0000010
0000020

ORGANIZES THE CALCULATION OF THE THERMAL CONDUCTION WITHIN THE PIN0000030
IN THE CASE OF CONDUCTION WITHIN THE PIN ONLY ( POWER GENERATED IN00Q0040

THE CAN).

DIMENSION A(6,6),B(6),X(6)

COMMON /SCO1C/ NCAN( 19),LIPS( 19,10)
COMMON /SC03C/ NRODS
COMMON /SCOSC/ JZUR( 19, 42)

COMMON /SCO7C/ H1

COMMON /SC11C/ FALFA( 42,3)

COMMON /SC12C/ GEO( 42,3)

COMMON /SCOSR/ QPR( 42,3)

COMMON /HEA5 / QQ( 42,3)

COMMON /SUB22/ TW( 42,3)

COMMON /SC26C/ TBR( 42,3),TBS( 18,2)
COMMON /QPAR1/ QDEV

REAL KMET

ALFAC PROVIDES FOR EACH CHANNEL THE CONVECTIVE HEAT TRANSFER CO.
CALL ALFAC(VDIA1,H)

CALL FGEO(VDIAM,RS,S,R,RINT)

DETERMINES THE COEFFICIENTS FOR THE LINEAR SYSTEM.

DO 1000 J=1,NRODS

NCA=NCAN(J)
IF (NCA-1) 1000,900,100
IF (NCA .EQ. 3) GO TO 710
DO 700 K=1,NCA
KP=K-1
KD=K+1
IF (K .EQ. NCA) KD=1
IF (K .EQ. 1 ) KP=NCA

NS1=LIPS{J,K)
NSD=LIPS(J,XD)
NSP=LIPS(J,KP)
MZ1= JZUR(J,NS1)
MZD= JZUR(J,NSD)
MZP= JZUR(J,NSP)

TP=( TW(NS1,MZ1) + TW(NSP,MZP)) * 0.5
TD=( TW(NS1,MZ1) + TW(NSD,MZD)) * 0.5
FP=KMET (TP)*H*S/ (R* (GEO(NS1,MZ1)+GEO(NSP,MZP)))
FD=KMET (TD)*H*3/ (R* (GEO(NS1,MZ1)+GEO (NSD,MZD)))

Do 500 L=1,6

A(K,L)=0.0

IF(L.EQ.X ) A(K,L)=FALFA(NS1,MZ1) + FP + FD

IF(L.EQ.XP) A(K,L)= - FP

IF(L.EQ.KD) A(K,L)= - FD

TBULK=TBR(NS1,MZ1)

B(K) = QQ(NS1,MZ1)*QDEV*H1*{GEO(NS1,MZ1)/PIG) +
TBULK*FALFA{NS1,MZ1) + QPR(NS1,MZ1)

0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
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CONTINUE

CONTINUGE
GO TO 790

DO 730 X=1,NCA
DO 720 L=1,6
A(K,L)=0.0
CONTINUE
CONTINUE

NS1=LIPS(J,1)
NS2=LIPS(J,2)
NS3=LIPS(J,3)

MZ1=JZUR(J,NS1)
MZ2=JZUR(J,N52)
MZ3=JZUR(J,N§3)

T12=( TW(NS1,MZ1) + TW(NS2,MZ2)) * 0.5
T23=( TW(NS§2,MZ2) + TW(NS3,M23)) * 0.5
F12=KMET (T12)*H*S/ (R* (GEO(NS1,M21)+GEO(NS2,MZ2)))
F23=KMET (T23)*H*S/ (R* (GEQ (NS2,MZ2)+GEO(NS3,HZ23)))

A(1,1) = FALFA(NS1,MZ1) + F12
A(1,2) = - F12 -

A(2,1) = - F12

A(2,2) = FALFA(NS2,M22) + F12 + F23
A(2,3) = - F23

A(3,2) = - F23

A(3,3) = FALFA(NS3,MZ3) + F23

B(1) = QQ(NS1,MZ1)*QDEV¥*H1*(GEO(NS1,MZ1)/PIG) +
TBR(NS1,MZ1)*FALFA(NS1,MZ1) +
QPR(NS1,MZ1)

B(2) = QQ(NS2,MZ2)*QDEV*H1*(GEO(NS2,MZ2)/PIG) +
TBR(NS2,MZ2)*FALFA(NS2,MZ2) +
QPR(NS2,M22)

B(3) = QQ(NS3,MZ3)*QDEV*H1*(GEO(NS3,MZ3)/PIG) +
TBR(NS3,MZ3)*FALFA(NS3,M423) +
QPR(NS3,M23)

LINAL SOLVES THE SYSTEM. THE NEW TEMPERATURES ARE IN THE
FIELD X.

CALL LINAL(A,NCA,6,A,B,1,6,X)

CALL GAUSS1(A,B,X,NCA,6)

ASSIGNES: THE NEW TEMPERATURES TO THE ARRAY TW.
CALL TNEW(NCA,X,J,6)

DETERMINES THE HEAT EXCHANGED BY CONDUCTION.
CALL QCOC (NCA,J,X,6)

CONTINUE
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0000770
0000780
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0000810
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SUBROUTINE LINPOW

COMMON /SCO6L/ SHQ( 18,2)

COMMON /GASD1/ NSTOT

COMMON /QPARZ/ QLINM,QLDEV

COMMON /SCO3L/ IPHUD

COMMON /SCO4L/ TAMB,HUDFAC,TMS

COMMON /MARTS5/ NSTR

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /SCO2R/ DUM1,DUM2,DUM3,DUM4 ,H,LENGTH
COMMON /SUB2/ TSCH( 42,3),MSCH( 42,3)
COMMON /IND3/ NTYP( 42)

COMMON /QPAR3/ PERL(3)

COMMON /SUB1/ ASCH( 42,3)

COMMON /GE0O/ ACH(3)

COMMON /SCO5L/ PERLT

REAL LENGTH

NSTR1=NSTR+1
DO 1000 NS=NSTR1,NSTOT

RETURN
END

NSW=NS-NSTR
ITYP=NTYP (NS}
NP=NPIN(NS)
DO 900 M=1,NP
SHFLUX=QLINM*QLDEV/LENGTH
IF(IPHUD .EQ. 1)
SHFLUX=HUDFAC/PERLT* (TSCH(NS ,M) ~TAMB)

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300

SHQ(NSW,M)=SHFLUX*H*PERL (ITYP }*ASCH(NS ,M) /ACH(ITYP) 0000310

CONTINUE
CONTINUE

0000320
0000330
0000340
0000350
0000360
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SUBROUTINE MATBUI(A,B) 0000010

--------------------------------------------------------------------- 0000020
BUILDS THE ARRAY OF COEFFICIENTS FOR THE SYSTEM OF EQUATIONS OF 0000030
RADIANT EXANGE. 0000040

0000050

DIMENSION A(132, 13),B(132) 0000060
0000070

COMMON /SCOIR/ NSECT,NSECP 0000080
COMMON /SCO4R/ VFAC(132, 13) 0000090
COMMON /SCO6R/ ISU(132,2) 0000100
COMMON /SCO7R/ EPSR,EPSS,SIGMA 0000110
COMMON /SC13R/ NAFF(132) 0000120
COMMON /SC14R/ KAFF(132,13) 0000130
COMMON /MARTS/ NSTR 0000140
COMMON /SUB22/ TW( 42,3) 0000150
COMMON /SHROUD/ TLINER( 18,2) 0000160
0000170

DO 1000 L1=1,NSECT 0000180
NAF1=NAFF (L1) 0000190
NAF11=NAF1+1 0000200
DA=DAREA(L1) 0000210
NS1=ISU(L1,1) 0000220

M1 =ISU(L1,2) 0000230
NW1=NS1-NSTR 0000240

TO = TW(NS1,M1) 0000250
IF(L1.GT.NSECP) TO= TLINER(NW1,M1) 0000260

T1 =(T0+273.16)%%4 0000270
EPS1=EPS(T0,L1) 0000280

0000290

KAFF (L1,NAF11)=L1 0000300

B(L1)= ~SIGMA*T1 0000310
A(L1,NAF11)= -1./EPS1 0000320

0000330

DO 500 K=1,NAF1 0000340

L2=KAFF (L1 ,K) 0000350

NS2=1SU(L2,1) 0000360

M2 =ISU(L2,2) 0000370

~ NW2=N52-NSTR 0000380

TO = TW(NS2,M2) 0000390

IF (L2.GT.NSECP) T0= TLINER(NW2,M2) 0000400
EP52=EPS(T0,L2) 0000410

T2 =(T0+273.16)%%4 0000420

0000430

B(L1)=B(L1)+SIGMA*T2*VFAC(L1,K)/DA 0000440

IF(L1.EQ.L2) GO TO 100 0000450

0000460

A(L1,K)=VFAC(L1,K)/DA*(1.0-EPS2) /EPS2 : 0000470

GO TO 200 0000480

100 A(L1,NAF11)= A(L1,NAF11) + 0000490
> VFAC(L1,K)/DA*(1.0-EPS2)/EPS2 0000500
A(L1,K)=0.0 0000510

200 CONTINUE 0000520
0000530

500 CONTINUE 0000540
1000 CONTINUE 0000550
0000560

RETURN 0000570

END 0000580
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SUBROUTINE MATBUS(A,B)

SHROUD.

DIMENSION A( 34, 34),B{ 34)

COMMON /SC17C/
COMMON /SC18C/
COMMON /SCO2R/
COMMON /SCO9R/
COMMON /SCO6L/
COMMON /MARTS/
COMMON /GASD1/
COMMON /SC13cC/
COMMON /5C22C/
COMMON /SC24C/

SALFA( 18,2)
RE,RI,ALFW,ALFC
P,D,Z,ZWC,H,ENG
QSR( 18,2)

SHQ( 18,2)

NSTR

NSTOT

GEO1( 42,3)
NTOT

NSEL

COMMON /SHROUD/ TLINER( 18,2)

COMMON '/HEA6/
COMMON /SC26C/
COMMON /IND3/

REAL KMET
NSW=NSTOT-NSTR
RM=(RE+RI)/2.
S=RE-RI

DO 20 N=1,NTOT

NPIN( 42),JPIN( 42,3)
TBR( 42,3),TBS( 18,2)
NTYP( 42)

B(N)=0.0
DO 10 L=1,NTOT
A(N,L)=0.0

CONTINUE

CONTINUE

N=0

DO 1000 Nw=1,NSW
NS=NW+NSTR
=NPIN(NS)

DO 900

H=1,NP

NSP=0

MP=0

NSD=0

MD=0

N=N+1

ALF=ALFW

IF(NTYP(NS).EQ.a) ALF=ALFC*6,0/GEQ1(NS,1)

B(N)=SHQ(NW, M) +QSR (W, M)+
ALF¥H*RT*SALFA (NW, M) *TBS (NW, M)

IF(N.EQ.1 .AND. NSEL.NE.1) GO TO 300

IF{M.EQ.2) GO TO 100

NSP=NS-1

IF(N.EQ.1 ) NSP=NSTOT

MP=2

IF (NTYP(NSP).EQ.3) MP=1

60 TO 200

CONTINUE

NSP=NS§S

MP=1

CONTINUE

NWP=NSP-NSTR
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0000070
0000080
0000090
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0000110
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0000130
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0000150
0000160
0000170
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0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000420
0000430
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0000450
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0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
0000620
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TH= (TLINER(NWP ,MP)+TLINER (NW,M) )*0.5 0000640

ALP=ALFW , 0000650

IF (NTYP(NSP) .EQ.3) ALP=ALFC*6.0/GEO1(NSP,1) 0000660

AP=KMET (TM)*S*H/ (RM* (ALF+ALP)*0,5) 0000670

N1=N-1 0000680

IF(N.EQ.1) N1=NTOT 0000690

A(N,N1)=-AP 0000700

GO TO 400 0000710

300 AP=0.0 0000720
400 CONTINUE 0000730
c 0000740
IF(N.EQ.NTOT .AND. NSEL.NE.1) GO TO 700 0000750

IF(M.EQ.1 .AND. NTYP(NS).EQ.2) GO TO 500 0000760

NSD=NS+1 0000770

IF(N.EQ.NTOT) NSD=NSTR+1 0000780

MD=1 0000790

GO TO 600 0000800

500 CONTINUE 0000810
NSD=NS 0000820

MD=2 0000830

600 CONTINUE 0000840
NWD=NSD-NSTR 0000850

TH= (TLINER (NWD ,MD)+TLINER (NW,4) )*0.5 0000860

ALD=ALFW 0000870

IF (NTYP(NSD) .EQ.3) ALD=ALFC¥6.0/GEO1(NSD,1) 0000880

AD=KMET{TM)*S*H/ (RM* (ALD+ALF)*0,5) 0000890

ND=N+1 0000900

IF (N.EQ.NTOT) ND=1 0000910

A(N,ND)=-AD 0000920

GO TO 800 0000930

700 CONTINUE 0000940
AD=0.0 0000950

800 CONTINUE 0000960
A(N,N)=AD+AP+SALFA (NW ,M) *ALF*HART 0000970

C 0000980
900 CONTINUE 0000990
1000 CONTINUE 0001000
c 0001010
IF (N.EQ.NTOT) GO TO 9999 0001020
WRITE (6,2000) NTOT,N 0001030

2000 FORMAT ( ' SUB. MATBUS; NTOT = ',14,' N = ',I4,5X, 0001040
> 'CALCULATION STOPS.') 0001050
STOP 0001060

¢ 0001070
9999 RETURN 0001080

END 0001090
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DETERMINES THE ARRAYS GEO1 AND GEO

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)
COMMON /IND3/ NTYP( 42)

COMMON /SC12C/ GEO( 42,3)

COMMON /SC13C/ GEO1( 42,3)

COMMON /SC24C/ NNSEL

PIG=3,141593
NNSEL=NSEL

DO 200 NS=1,NSTOT
NP=NPIN(NS)
DO 100 M=1,NP
GEO1 (NS ,M)=6.

IF(NTYP(NS) .EQ. 2) GEO1(NS,M)=4.

CONTINUE
CONTINUE

IF(NSEL .EQ. 1) GO TO 900
IF(NRODS .NE. 12) GO TO 300

GE01(2,2)=12.

GEO1(6,1)=12.

GO TO 900

IF(NSEL .GT. 2) GO TO 500

DO 400 NS=1,NSTOT
IF (NTYP(NS) .EQ. 3) GO TO 460
CONTINUE

WRITE(6,420)

' CALCULATION STOPS.')
STOP
GEO1(NS,1)=12.
GEO1(NSTOT,1)=12.
60 TO 900
DO 550 NS=1,NSTOT
IF(NTYP(NS) .EQ. 3) GEO1(NS,1)=12.
CONTINUE
CONTINUE

DO 1000 NS=1,NSTOT
NP=NPIN(NS)
DO 950 M=1,NP
GEO (NS ,M)=PIG/GEOL (NS, M)
CONTINUE
CONTINUE
RETURN
END
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SUBROUTINE MODFQD(I,NI,NJ,A,EXF)

MODFQD COMPUTES THE COEFFICIENTS A OF THE INTEGRAL PROFILES OF
POWER

DIMENSION A(7,7)
DO 10 J=1,NJ
AJ=J
10 A(I,J)=A(T,J)/ (AJ¥EXF**AT)
RETURN
END

SUBROUTINE NEWION(RO,R1,R2)

. B e ke A vt A M A L L N N e e S S AR A4 A

NEWION FINDS R2 IN THE LAMINAR CALCULATIONS OF THE CENTRAL
SUBCHANNELS AND THE CENTRAL PORTIONS OF THE WALL SUBCHANNELS
BY MEANS OF THE NEWTON ITERATION METHOD

R2P=2,%R0-R1
=-0,5/R0%*2
B=-ALOG(R1)+0.5% (R1/R0)**2
C=2.%A
DO 10 IT=1,20
F=ALOG (R2P) +A*R2P¥**2+B
DF=1. /R2P+C*R2P
R2=R2P~F/DF
IF (ABS(R2/R2P-1) .LE. 1.E~04)G0T0O 20
10 R2P=R2
WRITE(6,15)R2
15 FORMAT(/5X,'STOP IN SUBROUTINE NEWTON ; R2=',E15.5)
STOP
20 RETURN
END
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SUBROUTINE NORMA(TOT,L)
NORMALIZATION OF THE COMPUTED VIEW FACTCRS.

COMMON /SCOIR/ NSECT,NSECP
COMMON /SCO4R/ VFAC(132, 13)
COMMON /SC13R/ NAFF(132)
COMMON /SC14R/ KAFF(132,13)
COMMON /SC16R/ ICOMP

IF(ICOMP.GT.C) GO TO 200

ALL VIEW-FACTORS ARE COMPENSED (ICOMP=0)
SUM=0.0
NAF=NAFF (L)
DO 100 K=1,NAF
VFAC (L, K)=VFAC(L,K) /DAREA (L)+VFAC(L,K) /DAREA(L)* (1-TOT) /TOT
SUM=SUM+VFAC (L ,K)
VFAC(L,K)=VFAC(L ,K)*DAREA(L)
CONTINUE
GO TO 400

THE VIEW-FACTOR FIT IS USED FOR THE COMPENSATION (ICOMP=1)
CONTINUE
NA1=NAFF(L)+1
VFAC (L,NA1)=(1.0~TOT)*DAREA(L)
SUM=0.0
DO 300 K=1,NAl
SUM=SUM+VFAC (L, K) /DAREA (L)
CONTINUE

CONTINUE
IF ((SUM-1.)} .6T. 0.01) WRITE(6,1001) SUM

RETURN
FORMAT( 5X,'NORMA, ERROR: SUM=' E12.6)
END
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SUBROUTINE NORMT (NSTOT,NSTR,TBT,ATOT,ASEC1,MFLOW)

NORMT NORMALIZES THE CHANNEL TEMPERATURES TO THE TOTAL BULK

TEMPERATURE ,THE SUBCHANNEL TEMPERATURES TO THE TEMPERATURE OF THE

CONTAINING CHANNELS. IT NORMALIZES ALSO THE VALUES OF THE

TEMPERATURES OF THE TWO PORTIONS OF THE WALL SUBCHANNELS TO THE

TEMPERATURE OF THE CONTAINING WALL SUBCHANNELS

REAL MAV,MSCH,MAWC,MFLOW
DIMENSION A( 42),ASCH(3)

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100

COMMON/GEN2/AZ( 42)/SUB1/ASCHZ( 42,3)/SUB2/TSCH( 42,3),MSCH( 42,3)0000110

1 /IND3/NTYP( 42)/HMEA6/NPIN( 42),JPIN( 42,3)/MOBS/TAV( 42) 0000120
2 /MOB6/MAV( 42)/WCSE7/MAWC( 18,2,2)/WCSE8/ASCHWC( 18,2,2) 0000130
3 /WCSE9/TAVWC( 18,2,2)/LAMIN3/F1ATIP( 42),FIDTIP( 42)/LAMING/0000140
4 F2ATIP( 42,3),F2DTIP( 42,3) 0000150
DEH=TBT*MFLOWXASEC1/ATOT 0000160
ASEC=0. 0000170
DO 10 NS=1,NSTOT 0000180
A(NS)=AZ (NS)*F1ATIP(NS) 0000190
ASEC=ASEC+A (HS) 0000200
DEHR=DEH-TAV(NS )*MAV(NS) 0000210
DEHA=DEH/ASEC 0000220
DO 11 NS=1,NSTOT 0000230
TAV (NS)=TAV (NS)+DEHMA*A (NS) /MAV(NS) 0000240
DO 5 NS=1,NSTOT 0000250
NP=NPIN(NS) 0000260
SHSCH=0. 0000270
DO 1 M=1,NP , 0000280
ASCH(M)=ASCHZ (NS ,M)*F2ATIP (NS, M) 0000290
SHSCH=SHSCH+MSCH (NS , M) *TSCH{NS , M) 0000300
DEH=MAV (NS }*TAV (NS )-SHSCH 0000310
DO 4 M=1,NP 0000320
RAPPA=ASCH (M) /A (NS) 0000330
TSCH(NS ,M)=TSCH (NS ,M)+DER*RAPPA/MSCH(NS , M) 0000340
IF(NTYP(NS) .NE.2)GOTO 4 0000350
NSW=NS-NSTR : 0000360
SHWC=0. 0000370
DO 2 JWC=1,2 0000380
SHWC=SHWCHYAWC (NSW, M, JWC)*TAVWC (NSW, M, JWC) 0000390
DEHWC=MSCH (NS, M)*TSCH(NS, ) -SHWC 0000400
DO 3 JWC=1,2 0000410
RAPPA=ASCHWC (NSW, M, JWC) /ASCH (M) 0000420
TAVWC (NSW, M, JWC)=TAVWC (NSW, M, JWC) +DEHWC*RAPPA /MAWC (NSW, M, JUC) 0000430
CONTINUE 0000440
CONTINUE 0000450
RETURN 0000460
END 0000470
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SUBROUTINE PIVOT(A,B,N)
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INTERCHANGES ROWS IN ORDER TO GET THE PIVOTAL ELEMENT AS A(I,I)

DIMENSION A( 34, 34),B( 34)

COMMON /S€22C/ NTOT

FINDS THE PIVOT ~=-====camcmen-

L=N
I1=N+1
DO 100 I=I1,NTOT

--------------------------------

IF(ABS(A(I,N)).GT.ABS(A(L,N))) L=I

CONTINUE
IF(L.EQ.N) GO TO 900

IF NECESSARY INTERCHANGES ROWS

DO 200 J=N,NTOT
AC=A(N,I)
A(N,J)=A(L,J)
A(L,J)=AC
CONTINUE

BC=B(N)

B(N)=B(L)

B(L)=BC

CONTINUE

RETURN
END
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INTERCHANGES ROWS IN ORDER TO GET THE PIVOTAL ELEMENT AS A(I,I)
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SUBROUTINE PIVOT1(A,B,N,NTOT,N1)

DIMENSION A(N1,NTOT),B(NTOT)

FINDS THE PIVOT ==me--=m=rememmmmmmm oo mo oo mem oo e

=N

I1=N+1

DO 100 I=I1,NTOT
IF(ABS(A(I,N)).GT.ABS{A(L,N))) L=I
CONTINUE

IF(L.EQ.N) GO TO 900

IF NECESSARY INTERCHANGES ROWS —=-==cs-emmmrmmomemamnan

DO 200 J=N,NTOT
AC=A(N,J)
A(N,T)=A(L,J)
A(L,J)=AC
CONTINUE

BC=B(N)

B(N)=B(L)

B(L)=BC

CONTINUE

RETURN
END

FUNCTION PSTAR(ZWC,P)
PERIMETER OF A WALL TYPE SECTOR OF SHROUD
PSTAR=2.%*(P/2.-ZWC*1,732051+2.%ZWC)

RETURN
END

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
(0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300

0000010
0000020
0000030
0000040
0000050
0000060
¢000070
0000080



c --------------- o e ko o ol ol S W g e ol M R Y S e g P

> ' THE PERCENTUAL ERROR IS ',F10.5,'
> ' CALCULATION PROCEEDING')
GO TO 9999

c

C CASE OF NCA = 1 : QJ IS EQUAL TO QPR.

c

2000 CONTINUE

¢
QJ(1,1)=QPR(1,1)

C
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SUBROUTINE QCOC (NCA,J,X,NSE)

DETERMINES THE HEAT TRANSMITTED FROM EACH SECTOR TO THE GAS IN
CASE OF POWER GENERATED WITHIN THE FUEL.

DIMENSION X{NSE)

COMMON /SC01C/ NCAN( 19),LIPS( 19,10)

COMMON /SC02C/ QJ{ 19, 42)
COMMON /SC0O3C/ NRODS
COMMON /SCO5C/ JZUR( 19, 42)

COMMON /SCO7C/ H1

COMMON /SC11C/ FALFA{ 42,3)

COMMON /SC12C/ GEO( 42,3)

COMMON /SCO8R/ QPR( 42,3)

COMMON /8C26C/ TBR( 42,3),TBS( 18,2)
COMMON /HEAS / QQ( 42,3)

COMMON /QPAR1/ QDEV

PIG = 3.141593

IF (NCA .EQ. 1 .AND. NRODS .NE. 12 ) GO TO 2000

SUM=0. 0

QTOT=0.0

DO 1000 K=1,NCA
NS=LIPS(J
M =JZUR(J

UM=SUM+Q

QU= QQ(NS,M)*H1*QDEV*GEQ(NS,M)/PIG

K)
,NS)
Q = FALFA(NS,M)* (X(K)-TBR(NS ,M))

QTOT=QTOT+QU+QPR(NS,M)

QJ(J,NS)=Q-QU

CONTROL ON THE COMPUTED HEAT

IF(QTOT.LT.1.E-05) GO TO 9999
DELTAQ=ABS ( (SUM/QTOT)~-1.)

IF (DELTAQ .GT. 0.01) WRITE(6,1100) J,DELTAQ
1100 FORMAT( ' SUB. QCOC, HEAT BALANCE NOT RESPECTED FOR PIN ',I3,
t

9999 RETURN
END

]
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0000560
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SUBROUTINE QDEFI(QJR)

DEFINITION OF THE ARRAYS QPR AND QSR
QPR=(CAL/SEC)  QSR=(CAL/SEC)

COMMON /SCO1R/ NSECT,NSECP
COMMON /SCO2R/ P,D,Z,ZWC,H,LENGTH
COMMON /SCO6R/ ISU(132,2)

COMMON /SCO8R/ QPR( 42,3)

COMMON /SCO9R/ QSR( 18,2)

COMMON /SC10R/ QSTOT,QRTOT

COMMON /SC13C/ GEO1( 42,3)

COMMON /SCOSL/ PERLT

COMMON /DAT/ PIG

COMMON /QPAR3/ PERL(3)

COMMON /GEOO / ACH(3)

COMMON /SUB1/ ASCH{ 42,3)

COMMON /IND3/ NTYP( 42)

COMMON /MART5/ NSTR

DIMERSION QJR(132)

REAL LENGTH

AQTOT=0.0

QTOT=0.0

DO 1000 L=1,NSECT
NS=1SU(L,1)
M =ISU(L,2)

IF (L .GT. NSECP) GO TO 500

QPR(NS ,M)=-QIR(L)*P1G*D¥*H/GE01 (NS ,M)

QTOT=QTOT+QPR(NS M)
AQTOT=AQTOT+ABS (QPR (NS ,M))

CONTINUE
NW=NS-NSTR
NTY=NTYP(NS)

----------------------------------------------------------------------

GO TO 1000

QSR(NW,M)= -QJR(L)*PERL{(NTY)*ASCH(NS,M) /ACH(NTY }*H

QTOT=QTOT+QSR (NW,H)
AQTOT=AQTOT+ABS (QSR(NW,M))

CONTINUE

CONTRCL ON THE COMPUTED HEAT

DELT=0.0
QTOT1=QRTOT+QSTOT

IF(QTOT1.GT. 1.E-06) DELT=ABS(QTOT/QTOT1)

IF(DELT .LE. 0.01) GO TO 9999

DELF=DELT*100.
WRITE(6,9100) DELF
ADEL=ABS (QTOT)
DO 2000 L=1,NSECT
NS=ISU(L,1)
M =ISU(L,2)
IF (L .GT. NSECP) GO TO 1500

0000010
0000020
0000030
0000040
0000030
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0006310
0006320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000550
0000600

0000610
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QPR(NS,M)= QPR(NS,H)+QPR(NS,H)*ADELT/AQTOT 0000620

GO TO 2000 0000630

1500 CONTINUE 0000640
NW=NS-NSTR 0000650

NTY=NTYP(NS) 0000660

QSR(NW,M)= QSR(NW,M)+QSR(NW,M)*ADELT/AQTOT 0000670

2000 CONTINUE 0000680
c 0000690
9999 RETURN 0000700
9100 FORMAT( ' SUB. QDEFI -, 0000710
> ' HEAT BALANCE AFTER RADIATION, DELT = ',F10.5,' % ', 0000720

> ' CALCULATION PROCEEDING.') 0000730

END 0000740
SUBROUTINE QDEFIS ' 0000010

C m=mmememmemmmmmm e ee—m——as S 0000020
c HEAT TO THE GAS AFTER THE CONDUCTION IN THE SHROUD (CAL/SEC) 0000030
c 0000040
. COMMON /SHROUD/ TLINER( 18,2) 0000050
COMMON /MART5/ NSTR 0000060
COMMON /GASD1/ NSTOT 0000070
COMMON /SCO6L/ SHQ( 18,2) 0000080
COMMON /SCOSR/ QSR( 18,2) 0000090
COMMON /SC17C/ SALFA( 18,2) 0000100
COMMON /SC18C/ RE,RI,ALFW,ALFC 0000110
COMMON /SC21C/ SHQC( 18,2) 0000120
COMMON /SCO2R/ P,D,Z,ZWC,H,ENG 0000130
COMMON /SC26C/ TBR( 42,3),TBS( 18,2) 0000140
COMMON /HEA6/ NPIN( 42),JPIN( 42,3) 0000150
COMMON /IND3/ NTYP( 42) 0000160

c 0000170
QU=0.0 0000180
QD=0.0 0000190
NW1=NSTR+1 0000200

DO 1000 NS=NW1,NSTOT 0000210
NW=NS-NSTR 0000220

NP=NPIN(NS) 0000230

DO 500 M=1,NP 0000240

ALF=ALFW 0000250

IF(NTYP(NS).EQ.3) ALF=ALFC 0000260

Q=SALFA(NW ,M)*H*RI*ALF* (TLINER (NW, M) -TBS(NW,M)) 0000270

QD=QD4Q 0000280

QU=SHQ(NW , M) +QSR{NW, M) +QU 0000290

SHQC (NW,M)=Q-SHQ(NW, 1) 0000300

500 CONTINUE 0000310
1000 CONTINUE 0000320
c 0000330
PC=ABS(QU/QD-1.) 0000340
IF(ABS(QU/QD~-1.).GT.0.01) WRITE(6,2000) PC 0000350

/2000 FORMAT { ' SUB.QDEFIS; PRRCISION (WORSE THAN 1%) =',E12.6,5X, 0000360
> ' CALCULATION PROCEEDING') 0000370

c 0000380
RETURN 0000390

END 0000400
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SUBROUTINE RADIA

MODEL FOR THE THERMAL EXCHANGES DUE TO RADIATION.
DIMENSION A(132, 13),B(132),QJR(132)

CONSTRUCTION OF THE COEFFICIENTS ARRAY.

CALL MATBUI (A,B)

e A Y g o g P kg P e ey e ey PR S TR R R S e e e T e o b g g e A e e O b Ry

SOLUTION OF THE SYSTEM.

CALL SYSOL (A,B,QJR)

T R S T e e e o P b T S TR e T A Ry A R R W A A g

REDEFINITION OF THE COMPUTED HEAT.
CALL QDEFI(QJR)

RETURN
END

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260



— 227 —

SUBROUTINE RECANG(I,AI,NS,K,IVIA,IRH ALFA,AMAI,TI,PB,D,W,RE,DETOT 0000010
*,PROV,DAI ,DBI,AAI,ABI,G,SSSA,SSSB, AMTI,NTYP,H1,H,PR1,PR2,SQDPG,JJ0000020
*J,TE,SUR, TW1,AMAT ,TAI ,AMBI , TBI,III,TIE,TIAV,HPLUSB,HPLUSW,ANGT ,EM10000030

*,XC1,XC2,% ,DEPA,CS) 0000040

e T et e EE L LT 0000050
c SUBROUTINE RECANG EVALUATES FRICTION FACTORS AND APPROXIMATE MASS 0000060
c FLOW RATES AND TEMPERATURES FOR WALL-TYPE SUB-SUBCHANNELS. 0000070
C 0000080
REAL LAMIA,LAMIB,KI, KAPPA,NUI,NUO 0000090
COMMON/CORR1/SIGHMAT( 42,3),PHII( 42,3)/COLAM1/COLAMB/COLAM2/COLAMACO00100

1 /CORR2/CHI( 18,2,2),PSI( 18,2,2)/GRID2/YY(100, 62,3) 0000110

2 /ANG1/RA2(60) /HEA5/QQ( 42,3)/DAT/PIG/REC1/PVERT(90),PRAD(90)0000120

3 /SUB20/PROVI( 18,2)/GEN5/DE( 42)/SUB22/TW( 42,3)/MART/ITCORR0000130

4 /SUB21/TSCHA( 18,2),TSCHB( 18,2) 0000140

5 /WSSCH1/DELTIE( 18,2,90), DTIEAV( 18,2)/WSSCH2/TIO( 18,2 90) 0000150

6 /WSSCH/T1SSC1( 18,2) Tzssc1( 18,2), 0000160

A T1588C2( 18,2),Tzssc2( 13,2) 0000170

7 /WSSCHO/TBSSC1( 42,3),TWSSC1({ 42,3),TBSSC2( 42,3), 0000180

A TWSSC2( 42,3) 0000190

8 /GRAV/IGRAV/GAGR/DPSI/GAAG2/FCOPW2( 18,2) 0000200
COMMON /QPAR1/QDEV/QPAR2/QLINM,QLDEV 0000210
COMMON /HEA6 / NPIN( 42),JPIN( 42,3) 0000230
COMMON /SC02C/ QJ( 19, 42) 0000240
COMMON /S5C13C/ GEO1( 42,3) - 0000250
COMMON /SCO6L/ SHQ( 18,2) 0000260
COMMON /5C21C/ SHQC( 18,2) 0000270
COMMON /SCO9R/ QSR{ 18,2) 0000280
COMMON /GEOO / ACH(3) : 0000290
COMMON /SUB1 / ASCH( 42,3) 0000300
COMMON /QPAR3/ PERL(3) 0000310

c . 0000320
PERLS=PERL{NTYP)*ASCH(NS,JJJ) /ACH(NTYP) 0000330

c 0000350
ICS=1 0000360
IF(I.GT.1)TWI=TW1 0000370
IF(ITCORR.EQ. 1)PROVI (I11,JJJ)=PROV 0000380
PROVI(III,JJJ)=PROV : 0000390
DEPA=DETOT 0000400
cccccccccccccccccccccccccccccccccccccccccccccccccccccc 0000410
c QROD=QQ(NS , JIJ)*QDEV 0000420
CCCCCCCCECCCCCCCCCCCLLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCee 0000430
JP=JPIN(NS,JIJ) 0000440
QROD=QQ (NS, JJJ)*QDEV+QJ (JP,NS)*GEO1 (NS, JJJ) /H1 0000450
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCCCOCCCLECC 0000460
Q=QROD*ALFA/ (2.*PIG)*H1 0000470
QA=QROD/SUR 0000480
£CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 07.11.1979 CCCCCCCCCe 0000490
c QLIN=QLINM*H1*QLDEV 0000500
£CCCCCCCCCCCCCCCCCCCECCCCCCCCCCECCCCCCCCt 07.11.1979 CCCCCCCCee 0000510
QLIN=(SKQ(III,JJJ)+SHQC(III,J3J))/PERLS 0000550
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe 07,11.1979 CCCCCCCLCC 0000560
AMABI=AMA1 0000570

€ i it e ee et et et 0000580
c LOOP ITW1 STARTS (CALCULATION OF THE BULK TEMPERATURES OF THE 0000590
c TWO ZONES DIVIDED BY THE TAU=0 LINE, TAI AND TBI) 0000600
c 0000610
DO 2000 ITW1=1,10 0000620

€ ettt i 0000630
c LOOP ITW STARTS (CALCULATION OF THE PIN TEMPERATURE TWI) 0000640
C 0000650
DO 14 ITW=1,20 0000660

€ rieiieniiiieenas b e e e ereee e eearet et 0000670
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c LOOP ITTEMP STARTS (CALCULATION OT THE FRICTION FACTORS AND OF 0000680
c THE MASS FLOW RATES FOR THE TWO ZONES DIVIDED BY THE TAU=0 LINE 0000690
C AND OF THE BULK TEMPERATURE TI FOR THE WHOLE SUB-SUBCHANNEL) 0000700
c 0000710
D0 7 ITTEMP=1,60 0000720
IF(ITW1.GT.1)GOTO 1998 0000730

IF( ITCORR .GT.1 .AND. QQ(NS,JJJ).GT. 1.E-06)GOTO 250000740
TAI=TI 0000750
TBI=TI 0000760

GOTO 26 0000770

25 CONTINUE 0000780
TAI=TSCHA(I1II,JJJ) 0000790
TBI=TSCHB(I11,JJJ) 0000800
TI=TIAV 0000810

26 CONTINUE 0000820
IF(ITW.EQ.1 .AND. 1. EQ.1)TWI=TBI 0000830
IF(ITW.EQ.1)TWO=TWI 0000840

1998 CONTINUE 0000850
ETAA=ETA(PB,TAI) 0000860
ETAB=ETA(PB,TBI) 0000870
RHOA=RHO(PB,TAI) 0000880
RHOB=RHO (PB,TBI) 0000890
ETAIW=ETA(PB,TWI) 0000900
RHOIW=RHO(PB,TWI) 0000910
QPLUS=QA/ (AMABI*CP(PB,TBI)*(TE+273.16)) 0000920

c 0000930
IF(IVIA.EQ.2 .OR. ITW1.GT. 1)GOTO 1 0000940

it i eeiia et e Ceeriees 0000950
c CALCULATION OF THE POSITION OF THE TAU=0 LINE 0000960
C 0000970
CALL TLINE(I,AI,ITTEMP,NS,K,ALFA,D,W,RH,DEPA ,PROVI(III,JJJ),IRH,0000980
*DAI,DBI,AAI,ABI,RHPL,G,TWI,TE,QPLUS,ETAA,RHOA,ETAB,RHOB,ETAIW, 0000990
*RHOIW, ANGT ,EM1,XC1,XC2,TBI ,&8500,CS) 0001000

C 0001010
1 CONTINUE 0001020
PAI=4.%AAT/DAT 0001030
RO=0.5*SQRT (D**2+D*DBI) 0001040
YDH=(R0-0.5*D) /RH 0001050
IF(ITTEMP.EQ.1 .AND. ITW.EQ.1 .AND. ITW1.EQ.1)GOTO 30 0001060

c Ceberiereaeans N et e e s is et 0001070
c AFTER THE FIRST ITERATION THE FRICTION FACTORS ARE EVALUATED 0001080
c BY MEANS OF THE REYNOLDS NUMBERS AND OF THE FRICTION FACTORS 0001090
c COMPUTED AT THE PRECEEDING ITERATION 0001100
C 0001110
REAI=AMAT*DAI/ (AAT*ETAA) 0001120
REBI=AMBI*DBI/ (ABI*ETAB) 0001130
REIW=(ETAB*RHOIW)/ (ETAIWFRHOB y*REBI 0001140
IF(REAI.GT.0. .AND. REBI.GT.0. .AND. SQS8LIA.GT.0. .AND. SQ8LIB.GT.0001150
*0.)GOTO 700 0001160
WRITE(6,699)NS, JJJ,I,REAI,SQ8LIA,REBI,SQ8LIB,ITCORR,ICS 0001170

699 FORMAT(//5X,'SUB. RECANG', 0001180

> /5X, 'N§=',15,5X, 'M="* 12,5X,'1=",13/5X,'RE A=',E15.5,5X,'SQ0001190
*RT(8/LAMBDA) A=' ,E15.5/5X,'RE B=',E15.5,5X, 'SQRT(8/LAMBDA) B=',E150001200

© *.5/5X, 'ITCORR=",15,5X,'IC8=",12) 0001210
8500 RETURN 1 0001220
c 0001230
700 CONTINUE 0001240
IF(IRH.EQ.2)GOTO 27 0001250
SQ8LIB=2.5%ALOG(REBI/SQ8LIB)+5.5-6G 0001260
GA=6.0737 0001270

GOTO 28 0001280

27 HPLUSB=RH/DBI*REBI /SQSLIB 0001290
HPLUSW=HPLUSB*REIW/REBI 0001300
RHPL=RHPLUS (HPLUSB, TWI , TE ,QPLUS ,HPLUSW, TBI , YDH) 0001310

SQBLIB=2.5*ALOG(DBI/RH)+RHPL-G 0001320
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GA=5.966 0001330

28 IF(NTYP.EQ.3 .AND. IVIA.EQ.2)GOTO 29 0001340
SQBLIA=CS* (2. S*ALOG(REAI/SQBLIA)~GA)+5 . 5*COLAMA 0001350
GOTO 3 0001360

29 SQ8LIA =SMFUN1(RHOA,ETAA,DETOT,PROV,I,2,REAT,DAI,SQ8LIA,RQ,GA,CS) 0001370

3 CS=CSFUN(IRH,REAI,SQSLIA,SQSLIB,GA) 0001380

. GOTO 6 0001390

................................................................. 0001400

FIRST ITERATION : THE FRICTION FACTORS ARE EVALUATED BY MEANS 0001410
OF THE EQUATION (LAHBDAI*RHOI**Z/DI) (LAMBDA*RHO*U%*2/D) TOT. 0001420

0001430

30 IF(IRH.EQ.2)GOTO 2 0001440
SQS8LIB=2, 5*ALOG(PROV/ETAB*SQRT( (DBI/DETOT)**3*RHOB) ) +5.5~G 0001450
GA=6.0737 0001460
GOTO 4 0001470

2 HPLUSB=RR/DETOT*PROV/ETAB*SQRT (DBI/DETOT*RHOB) 0001480
HPLUSW=RK/DETOT*PROV/ETAIW*SQRT (DBI/DETOT*RHOIW) 0001490
RHPL=RHPLUS (HPLUSB, TWI , TE ,QPLUS , HPLUSW, TBI , YDH) 0001500
SQS8LIB=2.5%ALOG(DBI/RH)+RHPL-G 0001510
GA=5.966 0001520

4 IF(NTYP.EQ.3 .AND. IVIA.EQ.2)GOTO 5 0001530
SQ8LIA=CS* (2. 5%ALOG(PROV/ETAA*SQRT ( (DAI/DETOT)**3*RHOA) )~GA)+5.5 0001540
#%COLAMA 0001550
GOTO 6 0001560

5 SQ8LIA =SMFUN1(RHOA,ETAA,DETOT,PROV,I,1,REAI,DAI,SQ8LIA,R0,GA,CS) 0001570
0001580

0001590

6 CONTINUE 0001600
LAMIA=8, /SQSLIAY*2 0001610
LAMIB=8. /SQBLI B2 0001620
SSSA=AAI/SQRT(LAMIA*H/ (2.*RHOA*DAI)) 0001630
SSSB=ABI/SQRT (LAMIB*H/ (2 .*RHOB*DBI)) 0001640
SQDPGB=SQRT (ABS (SQDPG**2*DPSI- I GRAVARHOB*980 . 665*H) 0001650
*/FCOPW2(I11,JJJ)) 0001660
SQDPGA=SQRT (ABS (SQDPG**24DPS T~ IGRAVXRHOA%980 , 665%H) 0001670
*/FCOPW2(111,J3J)) 0001680
AMBI=SSSB*SQDPGB+ABI*SIGMAT (NS, JJJ)*CHI (111,JJJ,1) 0001690
AMAI=SSSA*SQDPGA+AAT*SIGMAI (NS ,JJJY*CHI (I11,JJJ,1) 0001700
AMTI=AMAI+AMBI 0001710
IF( ITCORR.GT.1 .AND. QQ(NS,JJJ).GT.1.E-06 .AND. 0001720
*ITW1.EQ.1)GOTO 48 0001730
0001740

DELTAT=(Q+QLIN*PAI+ PHII(NS,JJJ)*PSI(III,JJJ,1)*(AAT+ABI))/ 0001750

% (AMTI*CP(PB,TI)) 0001760
TI=TIE+0.5%DELTAT+DELTIE(1II,JJJ,T) 0001770
TIO(III,JJJ,1)=TI+0.5*DELTAT 0001780
0001790

48 CONTINUE 0001800
IF (ITTEMP.EQ. 1)GOTO 50 0001810
IF(ABS(AMAI/AMAT1-1.).LE.1.E-03 .AND. ABS(AMBI1/AMBI-1.).LE.1.E-030001820
*)GOTO 9 0001830
50 AMAI1=AMAI 0001840
AMBI 1=AMBI 0001850
AMABI=AMBI/ABI 0001860

7 CONTINUE 0001870
................................................................. 0001880
END OF LOOP ITTEMP: POINT REACHED IN THE CASE OF CONVERGENCE 0001890
PROBLEMS 0001900
0001910

WRITE(6,8)I,N5,K,ITW, ITCORR 0001920

8 FORMAT(  5X,'SUB. RECANG.', 0001930
> /5X, ' CALCULATION STOPS: ITTEMP=10 FOR SUBCHANNEL',I&,2X,0001940
*'OF CHANNEL',I4,2X,' (AXIAL SECTION',I4,') ITW=',12,5X,'ITCORR=' 6150001950
*) 0001960
RETURN 1 0001970

.................................................................. 0001980




CONVERGENCE IS REACHED IN THE LOOP ITTEMP

oo

9 CONTINUE
TF(ITW1.EQ.1)TW1=TWI
IF(QQ(NS,JJJ) .LE.1.E~06)GOTO 2002
ATI=AAI+ABI
DEI=ATI/ (AAI/DAI+ABI/DBI)
IF(IRH.EQ.1)GOTO 600
CALCULATION OF THE PIN TEMPERATURE ONLY FOR HEATED ROUGHENED
SECTIONS

e NeNrNy]

IF(ABS(TW0) .LT.3000. .AND. ABS(TWI).LT.3000.)GOTO 2005
WRITE (6,2004)NS ,JJJ, THO , TWI
2004 FORMAT(  5X,'STOP IN RECANG: NS=',IS,5X,'JJJ=',I5/5X,'TW0=",E15.
*55X, 'TWALL=',E15.5)
RETURN 1
2005 CONTINUE
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCECCCCCCet 21.09,1979
C IF(NTYP.EQ.3 .AND. ITVIA.EQ.2)GOTO 500
CCCCCCCCCCCCCCCCCCCCCCCCCCCECCeCecCCCCCarCe
IF(NTYP.EQ.3 .AND. IVIA.EQ.2)GOTO 500
CCCCCECCCCCCCCCCCCECCCCCCCCCCCCCCCCCCCeCeCee
R2=R0+0. 25*DAT*XC2
GOTO 501
500 R2=RA2(I)
501 CONTINUE
R2MROH= (R2-R0) /RH
R1=D%0.5
R1DR2=R1/R2
FACHE=TIS(R1,R2, IRH)
KI=KAPPA(PB, TI)
ETAI=ETA(PB,TI)
RHOT=RHO(PB,TI)
CPI=CP(PB,TI)
PRI=ETAI*CPI/KI
REI=AMTT#DEI/ (ETAI*ATI)
U1DU=AMBI*ATI*RHOI / (AMTT*ABI#*RHOB)
REWO=REIWXETATWARHO (PB, TWO) / (RHOIWXETA(PB, TWO) )
HPLUSO=HPLUSW*REW0Q/REIW
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCeCet 06.02.1980
CALL SPANU(REI,PRI,NS,JJJ,¥)
CALL RNU(HPLUSW,TWI,LAMIB,REI,PRI,TI ,YDH,R1DR2,R2MROH,U1DU,REIV,
1 YY(K,NS,JJJ),NUI,GHPL)
FURTHER MODIFIED AT 09,10.1980
CALL RNU(HPLUSW,TWI,LAMIB,REI,PRI,TI ,YDH,R1DR2,R2MROH,U1DU,REIV,
1 Y,NUT,GHPL,2)
CALL RNU(HPLUSW,TWI,LAMIB,REI,PRI,TI ,YDH,R1DR2,R2MROH,U1DU,REIVW,
1 Y ,NUI,GHPL,2,RO,R1,R2,0.0)
CALL RNU(HPLUSO,TWO,LAMIB,REI,PRI,TI ,YDH,R1DR2,R2MROH,U1DU,REWO,
| 1.,NU0,GHPL,2,R0,R1,R2,0.0)
CCCCCCCCCCCCECCGCCCCCCOCCCCCCCECe 06.02, 1980
ALFAI=NUI*KI/DET*FACHE
TIW=TI+QA/ALFAI
ALFAQ=NUO*KI /DEX
TWO=TI+QA/ALFAQ
IF (ABS (TWI/TIW-1.).LE.1.E~04)GOTO 16
14 TWI=TIW

OOoOOn

------------------------------------------------------------------

END OF LOOP ITW : POINT REACHED IN THE CASE OF CONVERGENCE
PROBLEMS

s NeNeNy]

WRITE(6,15)1,JJJ,N8
15 FORMAT(  5X,'SUB. RECANG',

0001990
0002000
0002010
0002020
0002030
0002040
0002050
0002060
0002070
0002080
0002090
0002100
0002110
0002120
0002130
0002140
0002150
0002160
0002170
0002180
0002190
0002200
0002210
0002220
0002230
0002240
0002250
0002260
0002270
0002280
0002290
0002300
0002310
0002320
0002330
0002340
0002350
0002360
0002370
0002380
0002390
0002400
0002410
0002420
0002430
0002440
0002450
0002460
0002470
0002480
0002490
0002500
0002510
0002520
0002530
0002540
0002550
0002560
0002570
0002580
0002590
0002600
0002610
0002620

> /5%, 'CALCULATION STOPS:ITW =10 FOR SUB-SUBCH.',I3,2X, '(M0002630



— 231 —

*=',12,2X,'NS=',I5,")") 0002640

RETURN 1 0002650
S 0002660
c CONVERGENCE IS REACHED IN THE LOOP ITW 0002670
C 0002680

16 CONTINUE 0002690

IF (ITW1.GT.1)GOTO 1999 0002700

TW1=TWI 0002710

IF(ITCORR.EQ. 1)RETURN 0002720
A 0002730
c CALCULATION OF THE BULK TEMPERATURES OF THE TWO ZONES DIVIDED BY 0002740
c THE TAU=0 LINE ONLY FOR HEATED ROUGHENED SECTIONS AT ITCORR>1 0002750
c 0002760

1999 U1STAR=AMBI/(RHOB*ABI)*SQRT (LAMIB*0.125) 0002770

FF=QA/ (RHOT*CPI#U1STAR) 0002780

RODR2=RO/R2 0002790

CALL DDONNE (TWO,TI,GHPL,RODR2,R1DR2,YDH,R2MROH ,FF,TAI,TIB,TE) 0002800

IF(ABS(TBI/TIB-1.).LE.1.E-04)GOTO 2002 0002810

2000 TBI=TIB 0002820
2 0002830
C END OF LOOP ITWi: POINT REACHED IN THE CASE OF CONVERGENCE 0002840
c PROBLEMS 0002850
¢ 0002860

WRITE (6,2001)I,NS,JJJ,ITCORR, TBI, TAI,TI,TWI, TWO 0002870

2001 FORMAT(/5X,'STOP IN RECANG (LOOP ITW1) I=',I3,' N$=',I5,' M=',I2, 0002880
1 ' ITCORR=',I3/5X,'TBI=',E15.5,5X, 'TAI=' ,E15.5,5X,'TI=',E15.5,5X,0002890

2 'TWI=',E15.5,5X,'TW0="',E15.5) 0002900
RETURN 1 0002910
S A 0002920
c CONVERGENCE IS REACHED IN THE LOOP ITWl 0002930
c 0002940
600 TWI=TW(NS,JJJ) 0002950

c 0002960
2002 CONTINUE | 0002970
TBSSC2(NS ,JJT)=TI 0002980
T188C2(111,J3J)=TBI 0002990
T285C2(I11,JJJ)=TAI 0003000
TWSSC2( NS,JJJ)=TWI 0003010
IF(I.GT.1)RETURN 0003020

c : _ 0003030
TBSSC1( NS,JJJ)=TI : 0003040
T1SSC1(I11,JJJ)=TBI 0003050
T2SSC1(II1,JJJ)=TAI 0003060
TWSSC1( NS,JJJ)=TWI 0003070
RETURN 0003080

BND
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0003090

SUBROUTINE RECCA1(K,NS,N,NSC45,IRH,PROV,PB, RH,H1,ALFA,A,DE,MEC,0000010
*AT,DET,ATOT ,DETOT ,MFLOW,W,D,C, JJJ,NSTR,H,PR1,PR2,SQDPG,TE,SUR, 0000020
*AMT ,DDDD, ATSCH, CTU3 ,EM1 ,* , ALFACE) 0000030

----------------------------------------------------------------------- 0000040

SUBROUTINE RECCA1 CALCULATES FRICTION FACTORS AND APPROXIMATE 0000050
OUTLET MASS FLOW RATES AND TEMPERATURES FOR WALL CHANNELS AND SUBC0000060

0000070
REAL MEC,MFLOW,LAMB,LAMSCH,LAMWC,MSCH1,KAPPA , LAMLAM ,MSCH, 0000080
1 MWCIL,MWC2L 0000090
DIMENSION A(46),DE(46),MEC(46) 0000100
COMMON/WACO1/XMSCHB( 18,2) ,XMSCHA( 18,2)/DAT/PIG/CEN1/G(46) 0000110
0 /REC1/ PVERT(90) ,PRAD(90) /REC2/E (90) /REC3/P (90) 0000120
1 /SUB1/ASCH( 42,3) 0000130
2 /SUB4/LAMB( 18,2)/SUB5/LAMSCH( 42,3) 0000140
3 /SUB8/MSCH1{ 42,3)/SUB23/HPLUSB( 42,3) ,HPLUSW( 42,3) 0000150
4 ,QPLUS( 42,3),PRB ( 42,3),YODH( 42,3)/HEA5/QQ( 42,3) 0000160
5 /SUB22/TW( 42,3)/WCSE1/DEWC( 18,2,2) ,PHWC( 18,2,2) . 0000170
6 JLAMINO/I2TIP( 42,3)/LAMINI/AKAPPA( 42) /LAMIN2/FATIP(3), 0000180
7 FDTIP(3)/LAMIN3/FIATIP( 42) ,FIDTIP( 42) 0000190
A /LAMING/F2ATIP( 42,3), 0000200
8 F2DTIP( 42,3)/LAMINS /RTIP(7)/LAMING/ANGLAM/LAMIN?/FIPTIP 0000210
9 /WSSCH1/DELTIE( 18,2,90) ,DTIEAV( 18,2)/WSSCH2/TIO( 18,2,90) 0000220

COMMON /INPAR/IPA 0000230
COMMON /SUB2/TSCH( 42,3),MSCH( 42,3)/SUB3/ADAB( 18,2),DETB( 18,2) 0000240
COMMON/LAMINK/BKAPPA(7,3) /QPAR1/QDEV/QPAR2/QLINM, QLDEV/HEA10/ 0000250

1 QSCH( 42,3)/WALLCO/WFCO1( 18,2),WFCO( 18,2)/WALLKA/AKAWC(2) 0000260
2 /WCSE3/LAMWC( 18,2,2) 0000270
A /WCSE4/CTURB2( 18,2)/WCSES/ASCHWC( 18,2,2) 0000280
3 JWCSES/TSCWC1({ 18,2,2)/WCSEQ/TAVWC( 18,2,2)/GEN2/ACHA( 42) 0000290
4 /CORR1/SIGMAI( 42,3),PHII( 42,3) 0000300
A /CORR2/CHI( 18,2,2),PSI( 18,2,2) 0000310
5 /WSSCH/T188C1( 18,2),T2SSC1( 18,2}, 0000320
A T18SC2( 18,2),T255C2( 18,2) 0000330
6 /WSSCHO/TBSSC1( 42,3),TWSSC1( 42,3), 0000340
A TBSSC2( 42,3),TWSSC2( 42,3) 0000350
7 JLAMINS/I3TIP( 42,3)/SHROUD/TLINER{ 18,2)/MART/ITCORR 0000360
8 /GRAV/IGRAV/GAGR/DPSI/GAAG1/FCOPW1(3)/GAAG2/FCOPW2{ 18,2) 0000370
COMMON /HEA6 / NPIN( 42),JPIN( 42,3) 0000390

COMMON /8C02G/ QJ( 19, 42) 0000400

COMMON /SCO6L/ SHQ( 18,2) 0000410

COMMON /5C21C/ SHQC( 18,2) 0000420

COMMON /SCO9R/ QSR( 18,2) 0000430

COMMON /QPAR3/ PERL(3) 0000440

COMMON /GEOO / ACH(3) 0000450

IF (JJJ.GT.1)GOTO 2998 0000470

F1ATIP(NS)=0. 0000480

F1PTIP=0. 0000490

CONTINUE 0000500

IIT=NS-NSTR 0000510

IF(ITCORR.EQ.1 .AND. K.EQ.1) FCOPW2(III,JJJ)=FCOPW1(2) 0000520

DTIEAV(IIT,JJJ)=0. 0000530

I2TIP(NS,JJJ)=I3TIP(NS,JJJ) 0000540

IF( I2TIP(NS,JJJ) .EQ.1)GOTO 2999 0000550

.................................................. eriereresens. .. 0000560

................................................................. 0000570

I3TIP#1: THE TURBULENT CALCULATION MUST BE PERFORMED 0000580

0000590

TWIAV=0. 0000600

C8=1. 0000610
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AMA1=MSCH1(NS,JJJ) /AT

TETA=ALFA

ANGT=0.

AMT=0,

AMA=0,

TT=0.

TTA=0.

DDDDA=0.

ATA=0.

DDDDB=0.

SRAMIB=0.

SRAMIA=0.

HPLUSB (NS ,JJJ)=0.
HPLUSW(NS , JJJ)=0.
TI=TSCWC1(II1,JJJ,1)
SIGMA2=SIGMAI (NS, JJJ)*CHI(I11,JJJ,2)
PHI2=PHII(NS,JJJ)*PSI(III,JJJ,2)
ASCHWC(III,JJJ,1)=0.

IVIA=1

EMAX=EM1

XC1=0.

XC2=1.
IF(ITCORR.EQ.1)DEWC(III,JJJ, 1)=DETOT

---------------------------------------------------

CALCULATION OF THE "WALL-TYPE SUB-SUBCHANNELS (I= SUB-SUBCHANNEL

INDEX)

Do 3 1=1,N
Al=I

CONTINUE
ANGT=ANGT+TETA

uuuuuuuuuuuuuu

0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690
0000700
0000710
0000720
0000730
0000740
0000750
0000760
0000770
0000780
0000790
0000800
0000810
0000820
0000830
0000840
0000850
0000860
0000870
0000880
0000890
0000900
0000910
0000920
0000930

CALL RECANG(I,AI,NS,K,IVIA,IRH,TETA,AMA1,TT,PB,D,W,RH,DETOT,PROV, 0000940
*DAI,DBI,AAI,ABI,GG,SSSA,SSSB,AMTY, 2,H1,H,PR1,PR2,SQDPG,JIJ, TE ,SUR, 0000950

*TWI,AMAT, TAT ,AMBI ,TBI,IXI,TSCWC1(IIT,JJJ,1),TAVWC(III,JIJ,1),
*HPLUS1,HPLUS2 ,ANGT ,EM1,XC1,XC2,&777 ,DEWC (III,JJJ,1),CS)
TF(E(I).GE.EMAX .AND. IVIA.EQ.1)GOTO 5

TWIAV=TWIAV+TWI*TETA
AMT=AMT+AMTI
AMA=AMA+AMAT
RAMIA=AMTI*AAI/ (AAT+ABI)
RAMIB=AMTI*ABI/ (AAI+ABI)
TT=TT+AMTI*TI
TTA=TTA+RAMIA*TAT
SRAMIA=SRAMIA+RAMIA
SRAMIB=SRAMIB+RAMIB
DDDDA=DDDDA+SSSA
DDDDB=DDDDB+SSSB
DDDD=DDDDA+DDDDB
ATA=ATA+AAT

ASCHWC(III,JJJ, 1)-ASCHWC(III JJJ,1)+AAI+ABI
DTIEAV(III, JJJ)-DTIEAV(III JJJ)+AHTI*DELTIE(III,JJJ,I)

IF(IRH.EQ.I)GOTO 3o

HPLUSB(NS,JJJ)=HPLUSB(NS,JJJ)+HPLUS1*ABI
HPLUSW(NS ,JJJ)=HPLUSW(NS,JJJ)+HPLUS2*ABI

CONTINUE
IF(IVIA.EQ.1)GOTO 3

IF (ABS (EMAX*2./C~1.) .LE.1.E-05)GOTO 10

POINT REACHED BY THE CALCULATION IF THE SHROUD PROFILE HAS

BLOCKING TRIANGLES

IVIA=1
EMAX=C*0.5
XC1=1./SQRT(3.)

---------------

0000960
0000970
0000980
0000990
0001000
0001010
0001020
0001030
0001040
0001050
0001060
0001070
0001080
0001090
0001100
0001110
0001120
0001130
0001140
0001150
0001160
0001170
0001180
0001190
0001200
0001210
0001220
0001230
0001240
0001250
0001260
0001270
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XC2=2.*XC1 0001280

TETA=ALFA 0001290
E(I)=EM1 0001300
P(I)=PP 0001310
3 CONTINUE 0001320
................................................................. 0001330
I HAS REACHED THE VALUE N, WHICH WOULD MEAN NO "CENTRAL-TYPE" 0001340
SUB-SUBCHANNELS 0001350
0001360

WRITE(6,4)NS,JJJ,E(TI) ,ITCORR , (I,PVERT(I),PRAD(Y),I=1,N) 0001370
4 FORMAT(1H1,5X,'SUB. RECCA1', 0001380
> /5X, 'CALCULATION STOPS: NO CENTRAL SUBCHANNELS IN WALL €0001390
*HANNEL',14/5X,'M=',12, 5X,'E(1)=',E15.5,5X, ' ITCORR=',13 0001400
* / (5X,'1=',13,5X, 'PVERT=",E15.5,5X, ' PRAD=' ,E15.5)) 0001410
RETURN 1 0001420
.................................................................. 0001430
RECALCULATION OF THE SUB-SUBCHANNEL FOR WHICH IT WAS E(I)>EMAX, 0001440
IN ORDER TO FIT EMAX (I.E. E(I)=EMAX) 0001450
0001460

5 CONTINUE 0001470
IVIA=2 0001480
11=1 0001490
ANGT=ANGT-TETA 0001500
DEE=EMAX-E(I-1) 0001510
P=P{I~1)-DEE*(P(I-1)-P(1))/(E(I)-E(I-1)) 0001520
BETA=ATAN (EMAX*2. / (PP*D)) 0001530
TETA=BETA-ANGT 0001540
PVERT(1)=PP*D*0.5 0001550
PRAD(I)=PVERT (I)/COS(BETA) 0001560
PAI=DEE*XC2 0001570
WW=W- ( (EMAX+E (1-1))*0, 5~EM1)*XC1 0001580
DAI=4,%(WwW-0.5% (D+PVERT(I)+PVERT(I~1)))/XC2 0001590
DBI=2.%(P(I-1)*EMAX~-PP*E(1-1))/TETA-D 0001600
PBI=TETA *D¥*0.5 0001610
AAT=DAT*PAT*0.25 0001620
ABI=DBI*PBI*0.25 0001630
EPS=SQRT(1.+DBI/D) 0001640
GG=GSTAR(EPS) 0001650
GOTO 1 0001660
........................................................... v....0001670
ALL THE "WALL-TYPE SUB-SUBCHANNELS HAVE BEEN COMPUTED: CALCULATION0001680
OF AVERAGE SUB-SUBCHANNEL VARIABLES FOR THE WALL PORTION 0001690
0001700

10 CONTINUE _ 0001710
DTIEAV(III,JJJ)=DTIEAV(III,JJJ)/AMT 0001720
TSCHAB—TT/AHT , 0001730
RHOTAB=RHO(PB, TSCHAB) 0001740
PHWC(III,JJJ,1)=BETA*D*0.5 0001750
PSHWC=(EMAX~-EM1)*XC2+EM1 0001760
PHWCTL=PHWC (111,JJJ,1)+PSHWC 0001770
DEWC(III,JJJ,1)=4.*ASCHWC(III,JJJ,1)/PHWCTL 0001780
LAMWC(IIY,J3J,1)=({ASCHWC(III,JJJ,1)/DDDD)**2)*2 *DEWC(I11,JJJ,1)*0001790
* RHOTAB/H 0001800
ATB=ASCHWC(I11,JJJ,1)-ATA 0001810
ADAB(III,JJJ)=ASCHWC(III,JJJ,1)/ATB 0001820
DETB(I11,J3J)=4.*%ATB/PHWC(III,JJJ,1) 0001830
DDDDB=DDDD-DDDDA 0001840
XMSCHA(III,JJY)=AMA 0001850
XMSCHB(III,JJJ)=AMT-XMSCHA(III,JJJ) : 0001860
TSCHB=(TT~TTA)/SRAMIB 0001870
RHOTB=RHO(PB, TSCHB) 0001880
LAMB(IXI,JJJ)=({ATB/DDDDB)**2)*2 *DETB(IIT,JJJ}*RHOTB/H 0001890
AMTAB=AMT 0001900
TTAB=TT 0001910
DDDDAB=DDDD 0001920

.................................................................. 0001930
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CALCULATION OF THR “CENTRAL-TYPE" SUB-SUBCHANNELS 0001940
0001950

ALFC=ALFACE 0001960
GAMMA=PIG*0.5~BETA 0001970
AN1=GAMMA/ALFACE 0001980
N1=AN1 0001990
IF(N1.EQ.0)ALFC=GAMMA 0002000
IF(N1.EQ.0)N1=1 0002010
IF (N1.1E.NSC45)GOTO 12 0002020
WRITE(6,11)NS,K, ITCORR 0002030
11 FORMAT(1H1,5X,'SUB. RECCA1', 0002040
> /SX, 'N1 GREATER THAN NSC45 FOR CHANNEL',I4,2X,'(AXIAL SE0002050
*CTION',13,')'/5X, ' ITCORR=',13) 0002060
RETURN 1 0002070
0002080

12 CONTINUE 0002090
L=I1 0002100
111=11+1 0002110
DO 1000 I=II1,N 0002120
1000 TIO(III,JJJ,I)=TIO(III,JJJ,L) 0002130
AN1=N1 0002140
BETA1=ALFC*AN1 0002150
IF (ABS (BETA1/GAMMA-1.).LT.1.E~06)GOTO 99 0002160
.................................................................. 0002170
CALCULATION OF THE CENTRAL SUB-SUBCHANNEL DEFINED BY AN ANGLE 0002180
OF THE ROD SECTOR = ALFA1 { IF ALFA1>0 ) 0002190
0002200

ALFA1=GAMMA-BETA1 0002210
E1=C*0,5*TAN (BETA1) 0002220
DELTAE=PVERT (I1)-E1 0002230
AA=C*DELTAE*0, 25~ALFA1¥D#k2%0 , 125 0002240
DD=8.*AA/ (ALFA1*D) 0002250
EPS=SQRT(1.+DD/D) 0002260
GG=GSTAR(EPS) 0002270
AM1=MFLOW*AA/ATOT 0002280
L=1I+1 0002290
CALL CEWA(K,NS,IRH,PROV,PB,RH,AA,DD,GG,AM1,DETOT,H1,ALFAL,L,JJJ,H,0002300

*PR1,PR2,SQDPG, AHT TT DDDD TE SUR '2, III HPLUSB(NS JJJ) HPLUSW(NS JJ0002310

*J), TSCWCI(III JJ7,2), SIGHAZ PHIZ &777 D,TWI,TICEN, C)
TWIAVaTWIAV+TWI*ALFA1

CALCULATION OF THE “CENTRAL-TYPE SUB-SUBCHANNELS DEFINED BY AN
ANGLE OF THE ROD SECTOR = ALFC

99 CONTINUE
DO 13 J=1,N1
I=N1-J+1
IF(N1.EQ.1)GOTO 100
AA=A(T)
DD=DE(I)
6G=G(T)
AM1=MEC (1)
GOTO 101
100 AA=(C*¥2*TAN(ALFC)-D¥*2¥ALFC)*0,125
DD=8.%AA/ (ALFC#D)
EPSEPS=SQRT(1.+DD/D)
GG=GSTAR (EPSEPS)
AM1=AARMEC (1) /A(1)
101 LI=L+J
CALL CEWA(K,NS,IRH,PROV,PB,RH,AA,DD,GG,AM1,DETOT,H1,ALFC, LL JIJ,H,

0002320
4002330
0002340
0002350
0002360
0002370
0002380
0002390
0002400
0002410
0002420
0002430
0002440
0002450
0002460
0002470
0002480
0002490
0002500
0002510
0002520
0002530

*PR1,PR2,SQDPG, AHT TT DDDD TE SUR,Z,III HPLUSB(NS JJJ) HPLUSW(NS JJ0002540

#J) ,TSCWC1(111,33J.2) ,SIGMA2,PHIZ 8777 ,D,TWI , TICEN,C)
TWIAV=TWIAV4TWI*ALFC
13 CONTINUE

-----------------------------------------------------------------

THE CALCULATION OF THE “CENTRAL- TYPE“ SUB-SUBCHANNELS HAS BEEN

0002550
0002560
0002570
0002580

0002590
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c COMPLETED: CALCULATION OF AVERAGE SUB-SUBCHANNEL VARIABLES FOR THE0002600

C WHOLE CENTRAL PORTION AND FOR THE WHOLE WALL SUBCHANNEL

TWIAV=TWIAVA2, /P1G

PHWC(I11,JJJ,2)=GAMMAXD*0, 5
ASCHWC(III,JJJ,2)=AT-ASCHWC(III,JJJ,1)
DEWC(111,JJ3,2)=4.*ASCHWC (111,JJJ,2)/PHWC(III,JJJ,2)
TSCHC=(TT-TTAB)/ (AMT-AMTAB)

RHOTC=RHO(PB, TSCHC)

DDDDC=DDDD-DDDDAB

0002610
0002620
0002630
0002640
0002650
0002660
0002670
0002680
0002690

LAMWC (11I,J77,2)=( (ASCHWC(III,JJJ,2)/DDDDC)**2)*2 *DEWC(III,JJJ,2)0002700

* *RHOTC/H
ATSCH=TT/AMT

RHOT=RHO(PB, ATSCH)

DO 14 JWc=1,2

14 DDDD=DDDD+ASCHWC (III,JJJ,JWC)*SIGMAI(NS,JJJI)*(CHI (I11,JJJ,IWC)-1.)
* / (SQRT (ABS (SQDPG**24DPS I~ IGRAVARHOT*980 . 665%H) ) )
LAMSCH(NS, JJJ)=( (AT/DDDD)*#2)*2 ,*DET*RHOT/H
CTURB2(I1I,JJJ)=TURBWC(CTU3,PVERT(II),PRAD(1I),D,W,C,GAMMA,ASCHWC

0002710
0002720
0002730
0002740
0002750
0002760
0002770
0002780

*(111,JJJ,1),ASCHWC(III,JJJT,2) ,DEWC(IIT,JJJ,1),DEWC(III,JIT,2) ,EM1)0002790

I2TIP(NS,JJJ)=0
F2ATIP(NS,JJF)=1.
F2DTIP(NS,JJI)=1.
IF(ISTIP(NS,JJJ) .EQ.2)GOTO 3000
IF(ITCORR.GT.1)GOTO 2999
MSCH(NS , JJJ)=AMT
TSCH(NS , JJ3)=ATSCH
TW(NS , JJJ)=TWIAV

FOR I3TIP=1 OR I3TIP=3

e NeNeNe]

2999 CONTINUE

ZWC=(C*0,5-EM1)/SQRT(3.)

PPPP=(W-0,5%D-ZWC)*ANGLAM

OMEGA=ATAN (PPPP*2, /C)

PHWC1L=(PIG*0.5-OMEGA)*RTIP(IPA)

PHWC2L~=OMEGA*RTIP (IPA)

AWC2L= C*0.25%PPPP~RTIP{IPA)**2*0, 5%OMEGA

AWC1L=ASCH(NS,JIJ)*FATIP(2)-AWC2L

PHWCTL=PHWC1L+2.*ZWC+EM]

DEWC1IL=4 , *AWC1L/PHWCTL

DEWC2L=4 , *AWC2L/PHWC2L

MWC1L=MSCH(NS, JJJ)*AWC1L/ (ASCH(NS,JJJ)*FATIP(2))

MWC2L=MSCH(NS, JJJ)-MWC1L

RI1DR2L=1./SQRT(1.+ 2.*AWCIL/(PHWC1L*RTIP(IPA)))

R21WA=RTIP(IPA)/R1DR2L

RO2WA=SQRT (RTIP (IPA)*¥2+2 . *RTIP(IPA)*AWC2L/PHWC2L)

PHWCTE=1.

PHWC1E=1.

IF(QQ(NS,JJ)).LE.1.E-06)GOTO 4444
CCCCCCCCCCCCCCCCCCCCLEECCCCCCCCCECCCCCCCCCCee
c QROD=QSCH(NS , JJI)*QDEV
CCCCCCCCCCCCCCCCCCCCCECCCCCtCCCCtCCCCeeeeeee

JP=JPIN(NS,JIJ)

QROD=QSCH(NS,JJJ)*QDEV + QJ(JP,NS)/H1
CCGCCCCCCCCCCCCCCECCCCCCCCCCCCCCeeeeCCeeeeeee
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeeeeeeeececcee 07.11.1979 ceeceeee
¢ QLIN=QLINM*QLDEV#C*0.5
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeee 07.11.1979 CCCCCLCe

PERLS=PERL (2)*ASCH(NS ,JJJ) /ACH(2)

QLIN=(SHQ(III,JJJ)+SHQC(III,JJJ})/(PERLS*H1) * C*0.5
CCGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCee  07.11.1979 CCCCCECC

PHWCTE= (QROD+QLIN)* { PHWC 1L+PHWC2L) /QROD

QROD1=QROD*PAWC1L/ (PHWC1L+PHWC2L)

0002800
0002810
0002820
0002830
0002840
0002850
0002860
0002870
0002880
0002890
0002900
0002910
0002920
0002930
0002940
0002950
0002960
0002970
0002980
0002990
0003000
0003010
0003020
0003030
0003040
0003050
0003060
0003070
0003080
0003090
0003100
0003110
0003120
0003130
0003140
0003150
0003160
0003170
0003180
0003190
0003220
0003240
0003250
0003260
0003270
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PHWC1E=(QRODI+QLIN)/QROD1*PHWCIL 0003280

4444 FPROV=(DET*FDTIP(2))**2*AT*FATIP(2)/PHWCTE 0003290
WFCO1(I1I,JJJ)=AKAWC(1)*PRWCI1E*FPROV/ (AWC1LADEWC1L**2) 0003300
WFCO(III,JJT)=(WFCO1(III,JJJ)*PHWC1L+AKAWC(2)*PHWC2LA*2%FPROV/ 0003310

/ (AWC2L*DEWC2L**2)) / ( (PHWC 1L+PHWC2L)*BKAPPA(IPA,2)) 0003320
WFCO1(III,JJJ)=WFCO1(I1I,JJJ)/BKAPPA(IPA,2) 0003330
RELA=RELAM(AT*FATIP(2) ,DET*FDTIP(2),PB,TSCH(NS,JJJ),TW(NS,JJJ), 0003340

* MSCH(NS,JJJ),TLINER(II1,JJJ),2,R1DR2L,PHWCTL/ (PHWCTL+ 0003350
+PHAWC2L)) 0003360
LAMLAM=AKAPPA(NS) /RELA 0003370
CALL ENTRFR(K,1,2,RTIP(IPA) ,RO2WA,R21WA,NS,T11,JJJ,DEWCIL,AWCIL, 0003380
HWCIL PB,TSCH(NS,JJJ), LAMLAH) 0003390

CALL ENTRFR (K, 2, 2 RTIP(IPA) R02WA R22WA,NS,III,JJJ,DEWC2L,AWC2L, 0003400
MWCZL PB , TSCH(NS ,JJJ), LAHIAH) 0003410

IF( 12TIP(NS JJJ) EQ.1)GOTO 2997 0003420

L ittt iee et iateaeiaterae ettt ettt r e et aean 0003430
c I3TIP=3: SAGAPO DECIDES WHETHER THE FLOW IS LAMINAR OR TURBULENT 0003440
c 0003450
IF (LAMSCH(NS,JJJ) .GT.LAMLAM)GOTO 3000 0003460

L ittt ree s a et ae et et e et aae i, 0003470
c THE FLOW IS LAMINAR 0003480
c 0003490

2997 CONTINUE 0003500
LAMSCH(NS , JJJ)=LAMLAM 0003510
LAMWC(I11,JJJ,1)=LAMLAM 0003520
LAMWC(I11,JJJ,2)=LAMLAM 0003530
DDDD=AT*FATIP(2)/SQRT (LAMLAM*H/ (2. *DET*FDTIP(2)* 0003540

*RHO(PB, TSCH(NS,JJJ)))) 0003550
AMT=MSCH(NS ,JJJ) 0003560
ATSCH=TSCH(NS,JJJ) 0003570
I2TIP(NS,JJJ)=1 0003580
F2ATIP(NS,JJJ)=FATIP(2) 0003590
F2DTIP(NS,JJJ)=FDTIP(2) 0003600
ASCHWC(III,JJT,1)=AWC1L 0003610
ASCHWC (XI1,JJ7,2)=AWC2L 0003620
PHWC(IIT,JJJ,1)=(PIG*0.5-OMEGA)*D*0.5 0003630
PHWC(III,JJJ,2)=0MEGA*D*0.5 0003640
DEWC(II1I1,JJJ,1)=DEWCIL 0003650
DEWC(III,JJJ,2)=DEWC2L 0003660
HPLUSB(NS,JJJ)=1. 0003670
HPLUSW(NS,JJJI)=1. 0003680
QPLUS (NS ,JJJ)=1. 0003690
PRB(NS,JJJ)=1. 0003700
YODH(NS,JJJ)=1. 0003710
TBSSC1( NS,JJJ)=TSCH(NS,JJJ) 0003720
T18SC1(II1,J3T)=TSCH(NS,JJ1J) 0003730
T28SC1(III,JJJ)=TSCH(NS,JIJ) 0003740
TBSSC2(NS ,JJJ)=TSCH(NS,JJJ) 0003750
T18SC2(1I1,JJJ)=TSCH(NS,JJJ) 0003760
T288C2(I1I,JJT)=TSCH(NS,JJJ) 0003770
TWSSC1( NS,JJI)=TW(NS,JJJ) 0003780
TWSSC2( NS,JJJ)=TW(NS,JJJ) 0003790
XMSCHA(IXI,JJJ)=MSCH(NS,JJJ)*ASCHWC(II1I,JJJ,1)/(ASCH(NS,JJI)* 0003800

*F2ATIP(NS,JJJ))*0.5 0003810
XMSCHB(III,JFJ)=XMSCHA(IIX,JJJ) 0003820
ADAB(III,JJJ)=2. 0003830

c FOR LAMINAR AND TURBULENT FLOW 0003840
c - 0003850

3000 CONTINUE 0003860
FCOPW2(I11,J3T)=FCOPW1(2)+PHWC(1I1,JJJ,2)/PHWCTL* (FCOPW1(2)-1.) 0003870
F1ATIP(NS)=F1ATIP(NS)+ASCH(NS,JJJ)/ACHA(NS)*F2ATIP (NS,JJJ) 0003880

F1PTIP=F1PTIP+ASCH(NS,JJJ)/ACHA (NS)Y*F2ATIP (NS,JJJ)/F2DTIP(NS,JJJ)0003890
F1DTIP(NS)=F1ATIP(NS)/F1PTIP 0003200
IF(IRH.EQ.1 .OR. 12T1P(NS,JJ3J).EQ. 1)RETURN 0003910

L it ittt et ea et i it e et 0003920
¢ ONLY FOR TURBULENT FLOW AND ROUGHENED RODS 0003930
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ATBC=ATB+ASCHWC(III,JJJ,2)
HPLUSB (NS, JJJ)=HPLUSB (NS, JJJ)/ATBC
HPLUSW(NS , JJJ)=HPLUSW(NS , JJJ) /ATBC
AMTBC=AMT-SRAMIA
TSCHBC=(TT-TTA) /AMTBC
CPTBC=CP (PB, TSCHBC)
CCCCCCECCCCCCCCCCECCCeCCCitCCCCCeeeCeeeeeee
c QPLUS (NS, JJJ)=QQ(NS , JTJ)*ATBC/ (SUR*AMTBC*CPTBC* (TE+273.16))
CCCCCCCCCCCCECCCCCOCCCCCCCCCCCCECCCCCCCCCCEeCe
QAD=QQ(NS,JJJ)
JP=JPIN(NS,JIJ)
IF (QDEV .GT. 0.0) QAD=QQ(NS,JJJ) + QJ(JP,NS)/QDEV¥4./H1
QPLUS (NS, JJJ)=QAD*ATBC/ (SUR*AMTBC*CPTBC* (TE+273.16))
CCCCCCECCCECCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCeeee
PRB(NS,JJJ)=ETA(PB,ATSCH)*CP (PB,ATSCH) /KAPPA(PB,ATSCH)
YODH(NS,JJJ)=0, 5% (SQRT (D**2+16 . *ATBC/PIG)-D)/RH
RETURN
777 RETURN 1
END

0003940
0003950
0003960
0003970
0003980
0003990
0004000
0004010
0004020
0004030
0004050
0004060
0004070
0004080
0004090
0004100
0004110
0004120
0004130
0004140
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SUBROUTINE RECCA2 (NS, III,NP,INDSP,H,LENGTH,PR1,PR2,PBT,FRELI,FT,
*ITCORR,PIG,D,DPAV,* ,WSP,T1SPAC)

SUBROUTINE SUBBAL EVALUATES MASS FLOW RATES AND TEMPERATURES FOR
THE TWO PARTS OF WALL SUBCHANNEL

RRAL LENGTH,LAMWC,MAWC,MIWC(2) ,M2WC(2) ,MSCWC1,MSCH , M5CH1 ,MAVCF(2) ,
* MAV,MAVJT
DIMENSION WCFUD(2),WCFWC(2),WCF1WC(2),EPIWC(2),QWCL(2),TINC(2),
TAWC(2) ,T2WC(2) ,RHO1(2) ,RHOAV (2) ,RUASWC (2) ,AWC(2),
TMOEX(2) ,TACF (2) ,UACF(2) ,ACF(2) ,WTWC2(2) ,WIWC3(2)
,XMEM(2) ,DELTAA(2) , IPAWC(2) ,QLINWC(2) , THEX (2) ,DPWC(2),
uwe(2)
COMMON /MOB8/ DP( 42)
COMMON /SUBC2/ JCHG(3,2)
COMMON /SUB1/ ASCH( 42,3)
COMMON /SUB2/ TSCH( 42,3),MSCH( 42,3)
COMMON /CORR1/ SIGMAI( 42,3),PHII( 42,3)
COMMON /CORR2/ CHI( 18,2,2),PSI( 18,2,2)
/GRIDO/CSPAC( 42,3,4)/IJ1/NER( 42),NIS( 42,3)/IND3/NTYP( 42)
JGEN2/A( 42)/MOB2/UAV( 42)/MOBS/TAV( 42)/MOB6/MAV( 42)
/SUBB/MSCH1( 42,3)/SUB31/WCFNS(3),DPNS(3) ,WINS1(3,
3),WINS2(3,2) ,UNS(3) ;RUASNS (3) /HEA10/QSCH( 42,3)
JWCSE1/DEWC{ 18,2,2),PHWC{ 18,2,2)
/WCSE2/MSCWC1( 18,2,2)/WCSE5/
TSCWC1( 18,2,2)/ WCSE3/LAMWC( 18,2,2)/WCSE4/CTURB( 18,2)
/WCSE6/ASCWC1( 18,2,2)/WCSE7/MAWC( 18,2,2)
/WCSE8/ASCHWC( 18,2,2)/WCSE9/TAVWC( 18,2,2)
COMMON /SUBC1/NCHC(3),JSCH(3,3)/GE00/ACH(3)
/GRID1/EPS( 42,3,5),DISTS(7)/GRID8/PGDP( 42,3,4)
/SUB3/ADAB( 18,2),DDBB( 18,2)
/WACO1/XMSCHB( 18,2) ,XMSCHA( 18,2)
/QPAR1/QDEV/QPAR2/QLINM, QLDEV/QPAR3/PERL (3)
/GRIDWC/EPSWC( 18,2,2,4),CSPWC( 18,2,2,4)/GRAV/IGRAV
/GAAG2/FCOPW2( 18,2)
/ENEOP/IENE/GRID2/YY (100, 42,3)/MIXS2/CY/SECIN/K
COMMON /HEA6 / NPIN( 42),JPIN{ 42,3)
COMMON /SC02C/ QJ( 19, 42)
COMMON 7SC07¢/ H1
COMMON /SC13C/ GEO1( 42,3)
COMMON /SCO6L/ SHQ ( 18,2)
COMMON /SC21C/ SHQC( 18,2)
COMMON /SCO9R/ QSR ( 18,2)
XX=1. /980665
DO 70 I=1,NP
FRELWC=FRELI
NCHCI=NCHC(I)

W N =

O QO 2 WU BN
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0000010
3000020
0000030
0000040
00600050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000460
0000470
0000480
0000490
0000500

IW IS THE OTHER SUBCHANNEL OF WALL CHANNEL NS; NCHCI IS THE NUMBER0000510

OF CHANNELS CONNECTIED TO SUBCHANNEL I
Iw=3-1

PORTIOR 1 IS CONNECTED TO AN EXTERNAL CHANNEL; PORTION 2 TO A
CENTRAL CHANNEL ( PORTION INDEX = IPAWC )

DO 101 K1=1,NCHCI
JCHCIK=JCHC(I,K1)
J=NIS (NS, JCHCIK)

TPAWC (K1)=3-NTYP(J)+NTYP(J)/3

101 CONTINUE

0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
0000620
0000630
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DO 3 JWC=1,2
WCFUD(JWC)=WCFNS (I )*ASCHWC(II1,I,JWC)/ASCH(NS,I)
MIWC(JWC)=MSCWC1(III,T,JWC)

AWC (JWC)=ASCHWC (I1I,I,JWC)

DELTAA (JWC)=0.

0000640
0000650
0000660
0000670
0000680

£CCCCCCLCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCtCCllClltCCCCClCCCCCCCCCCCCCO000690

c
c

c

NEW

IN THE DEFITION OF QWCL QSCHT HAS REPLACED QSCH(NS,I)
IPIN=JPIN(NS,I)

QSCHT=QSCH (NS, I)*QDEV/ (LENGTH*0.25*PIG*D)+QJ(IPIN,NS)/

> (PIG*D*H/GEO1(NS,I))

QWCL (JWC)=QSCHT*PRWC(I11,1,JWC)

QWCL (JWC)=QSCHT*PHWC (I111,1,JWC)/ (LENGTH*0 . 25¥P1G*D )*QDEV

0000700
0000710
0000720
0000730
0000740
0000750
0000760

CCCCCCCCCCCCCCCCCCCCCCCCCeCecCCClCCCCCCCCCCCCCCCCCCCCCCe 07.11.1979 CCCCCO000770

QLINWC(3~JWC)=(SHQ(III,I)+SKQC(II1,I})/H

0000820

CCCCCCCCCCCCCCCCCCCCetClCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCClco000830

[+ XNyl

s RNl

TIWC (JWC)=TSCWC1(I1I,I,JWC)
RHO1 (JWC)=RHO (PR1, TSCWC1 (III,I,JWC))
CONTINUE

-----------------------------------------------------------------

ITERATION ON THE RELAXATION FACTOR (LOOP ITFREL)

DO 50 ITFREL=1,98
IVIA=1

CALCULATION OF THE PRESSURE LOSSES (LOOP ITGL)

DO 49 ITGL=1,60

----- EVALUATION OF THE CROSS FLOW SOLUTION

A)

B)

CALL CRFL1(ITGL,DPWCAV,FRELWC,ASCH(NS,I),2,AWC,MIWC,DPWC,WCFWC,
*  WCFIWC,EPIWC)

DO 5 JWC=1,2

WCFWC (JWC)=WCFWC (JWC) +WCFUD (JWC)

M2WC (JWC) =MIWC (JWC) ~-HAWCFWC (JWC)

MAWC (1XI,I,JIWC)=(M2WC (JWC)+MIWC (JWC))*0.5

TAWC (JWC)=TSCH(NS,I)

RUASWC (JWC)=MAWC(III,I,JWC)*SQRT(LAMWC(III,I,JWC)*0.125)
CONTINUE

IF(ITGL.GT.1 .AND. IVIA.EQ.1 )GOTO 30

------------------------------------------------------------------

CALCULATION OF THE AVERAGE GAS TEMPERATURES (LOOF ITERM)

XPREC=1,E-04
DO 25 ITERM=1,20

TURBOLENT EXCHANGE BETWEEN THE TWO PARTS OF SUBCHANNEL

IF(TAWC(1).LE.0. .OR. TAWC(1).GT.3000. .OR. TAWC(2).IE.O.
* TAWC(2).GT.3000.)GOTO 99

YYWC=(YY(K,NS,1)-1.)*CY+1.

.0R.

0000840
0000850
0000860
0000870
0000880
0000890
0000900
000910
0000920
0000930
0000940
0000950
0000960
0000970
0000980
0000990
0001000
0001010
0001020
0001030
0001040
0001050
0001060
0001070
0001080
0001090
0001100
0001110
0001120
0001130
0001140
0001150
0001160
0001170
0001180
0001190

WIWC1=TME (PBT,MAWC (I1I,T,1),MAWC(III,T,2),TAWC(1),TAWC(2) ,LAMWC (110001200

*1,1,1),LAMWC(III,I,2),AWC(1),AWC(2),CTURB(III,I))*YYWC

TA12=(MAWC(III,I,1)*TAWC(1)}+MAWC(III,I,2)*TAWC(2))/MSCH(NS,I)

THEX (1)=-(TAWC(1)-TAWC(2) )*WIWC1*CP (PBT,TA12)
THEX(2)=-THEX (1)

TURBOLENT EXCHANGE WITH CHANNELS

DO 8 K1=1,NCHCI
IWC=IPAWC (K1)
JCHCTK=JCHC (1 ,K1)
J=NIS (NS, JCHCIK)
NTYPJ=NTYP (J)

0001210
0001220
0001230
0001240
0001250
0001260
0001270
0001280
0001290
0001300
0001310
0001320
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MAVIT=MAV (J)*ACH(NTYPJ) /A(J) 0001330
WIWC2 (IWG)=WINS2 (1,K1) 0001340
TALJ={TAWC (IWC)*MAWC(III,I,INC)+TAV(J)*MAVIT )/(MAWC(III,I,IWC)+ 0001350

* MAVJT ) 0001360
THEX(IWC)=THEX (IWC)- (TAWC{IWC)-TAV(J) )*WIWC2 (IWC)*CP(PBT,TALJ) 0001370

8 CONTINUE 0001380
IF (NP.EQ.1)GOTO 11 0001390
0001400

C) TURBOLENT EXCHANGE WITH THE OTHER SUBCHANNEL 0001410
0001420

SRUAS=RUASWC (1)+RUASWC(2)+2 . *RUASNS (IW) 0001430
DO 10 Jwc=1,2 0001440
WITWC3 (JWC)=WTNS1(1,2)* (RUASWC (JWC)+RUASNS (IW) ) /SRUAS 0001450
TAYI=(TAWC (JWC)*MAWC (1II,I,JWC)+TSCH(NS, IW)*MSCH(NS,IW))/ 0001460

* (MAWC(TII,I,JWC)+MSCH(NS,IW)) 0001470
THEX (JWC)=THEX (JWC) - (TAWC (JWC ) -TSCH(NS, IW) )*WIWC3 (JWC)*CP{PBT, TAIJ0001480

*) 0001490
10 CONTINUE 0001500
11 CONTINUE 0001510
0001520

D) CROSS FLOW EXCHANGE BETWEEN THE TWO PARTS OF SUBCHANNEL 0001530
0001540

TACF(1)=0. 0001550
MAVCF(1)=0. 0001560
CALL CF1(TAWC(1),TAWC(2),MAWC(III,I,1),MAWC(XII,T,2),DPWC(1), 0001570
*DPWC(2),ITGL,TACF (1) ,MAVCF(1}) 0001580
TACF (2)=TACF (1) 0001590
MAVCF (2)=MAVCF (1) 0001600
0001610

E) CROSS FLOW EXCHANGE WITH CHANNELS 0001620
0001630

DO 16 K1=1,NCHCI 0001640
IWC=IPAWC (K1) 0001650
JCHCIK=JCHC(I,K1) 0001660
J=NIS(NS,JCHCIK) 0001670
NTYPJ=NTYP (J) _ 0001680
MAVIT=MAV{JY*ACH(NTYPJ) /A(J) 0001690
CALL CF1(TAWC(IWC),TAV(J),MAWC(III,I,IWC),MAVJT ,DPWC(IWC),DP(J), 0001700
*ITGL, TACF (IWC) ,MAVCF (IWC)) 0001710
16 CONTINUE 0001720
IF(NP.EQ.1)GOTO 18 0001730
0001740

F) CROSS FLOW EXCHANGE WITH THE OTHER SUBCHANNEL 0001750
0001760

DO 17 JWC=1,2 0001770
CALL CF1(TAWC(JWC),TSCH(NS,IW),MAWC(I1I,1,JWC) ,MSCH(NS,IVW), 0001780
*DPWC(JWC) ,DPNS (IW), ITGL, TACF (JWC) ,MAVCF (JWC)) 0001790
17 CONTINUE 0001800
18 CONTINUE 0001810
DO 20 JwWC=1,2 0001820
TACF (JWC)=TACF (JWC) /MAVCF (JWC) 0001830
TAICF=( TAWC(JWC)*MAWC(III,I,JWC)+TACF(JWC)*MAVCF(JWC))/(MAWC(II1I,0001840

*1 , JWC)+MAVCF (JWC)) 0001850
CFHEX=WCFWC (JWG)* (TAWC (JWC) -TACF (JWC) )*CP (PBT , TAICF) 0001860
XXMAV=MAWC(III,I,JWC) 0001870
XXM2=M2WC (JWC) 0001880
IF(IENE.EQ.2)XXMAV=MIWC (JWC) 0001890

IF (1ENE.EQ.2)XXM2=XXMAV 0001900
T2WC (JWC)=TSCWC1(III,I,IWC)+H/ (XXMAVACP (PBT, TAWC (JWC)))* 0001910

* (QWCL (JWC)+QLINWC (JWC )+ THEX (JWC ) +CFHEX) 0001920
IF(ABS(PHII(NS,I)).6T.1.E-20)GOTO 200 0001930
PSI(III,I,JWC)=1. 0001940
GOTO 201 0001950
200 CONTINUE 0001960
PSI(III,I,JWC)=(THEX(JWC)+CFHEX)*H/ (AWC (JWCY*PHII(NS,I)) 0001970
201 CONTINUE 0001980
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35

C)

37

D)

E)

— 242 —

TAVWC(III I,JWC)=(XXM2*T2WC (JWC)+MIWC (JWC)*TSCWC1 (III,I,TWC))

*0.5 /XXHAV
CONTINUE
IF(ITGL.EQ.1)GOTO 30
IF (ITERM. GT. 10)XPREC=1.E-03
IF (ITERM. GT. 15)XPREC=1.E~-02
DO 21 JWC=1,2
IF (ABS (TAWC (JWC) /TAVWC(III,I,JWC)-1.).GT.XPREC)GOTO 22
CONTINUE
GOTO 30
CONTINUE
DO 23 JwWC=1,2
TAWC (JWC)=TAVWC(III,I,JWC)
CONTINUE

0001990
0002000
0002010
0002020
0002030
0002040
00020590
(0002060
002070
0002080
0002090
0002100
0002110
0002120

........................................................... vee...0002130

END OF THE LOOP ITERM: POINT REACHED IN THE CASE OF CONVERGENCE

PROBLEMS

WRITE(6,26)NS, I, (TAWC(JWC},JWC=1,2),ITCORR

0002140
0002150
0002160
0002170

FORMAT ( 5K, 'STOP IN LOOP ITERM OF SUB. RECCA2. NS=',6I5,2X,'I=',0002180

*12,5X, ' TEMPERATURES='/5X,2E15.7/5X, ' ITCORR=",I5)
RETURN 1

------------------------------------------------------------

0002190
0002200
0002210

CONVERGENCE HAS BEEN REACHED FOR THE ENERGY EQUATIONS; THE CALCU= 0002220

LATION OF THE PRESSURE DROPS STARTS

CONTINUE

DO 31 Jwc=1,2

RHOAV (JWC)=RHO(PBT , TAVWC (III,T,JWC))

UWC (JWC)=MAWC(III,T,JWC)/ (AWC(JWC)*RHOAV(JWC))
CONTINUE

DPWCAV=0.

SMWC1=0.

TURBOLENT EXCHANGE BETWEEN THE TWO PARTS OF SUBCHANNEL

TMOEX (1)=- (UNC(1)-UWC (2) )*WTWC1
THOEX (2)=<TMOEX (1)

TURBOLENT EXCHANGE WITH CHANNELS

DO 35 K1=1,NCHCI

JCHCIK=JCHC (I,K1)

J=NIS(NS,JCHCIK)

IWC=IPAWC (K1)

TMOEX (IWC)=TMOEX (IWC) - (UWC (IWC)-UAV(J) )*WTWC2 (IWC)
CONTINUE

TURBOLENT EXCHANGE WITH THE OTHER SUBCHANNEE

DO 37 JwWC=1,2

IF(NP.NE. 1)THOEK(JWC)‘TMOEX(JWC) (UWC(JWC)-UNS(IW))*WTWCB(JWC)

TMOEX ( JWC)=TMOEX (JWC)*FT*H/AWC (JWC)
UACF(1)=0.
ACF(1)=0.

CROSS FLOW EXCHANGE BETWEEN THE TWO PARTS OF SUBCHANNEL

CALL CF1(UWC({1),UWC(2),AWC(1),AWC(2),DPWC(1),DPWC(2),
* ACF(1))

UACF(2)=UACF(1)

ACF(2)=ACF(1)

CROSS FLOW EXCHANGE WITH CHANNELS

0002230
0002240
0002250
0002260
0002270
0002280
0002290
0002300
0002310
0002320
0002330
0002340
0002350
0002360
0002370
0002380
0002390
0002400
0002410
0002420
0002430
0002440
0002450
0002460
0002470
0002480
0002490
0002500
0002510
0002520
0002530
0002540
0002550
0002560

1,UACF(1),0002570

0002580
0002590
0002600
0002610
0002620
0002630
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DO 40 K1=1,NCHCI

IWC=IPAWC (K1)

JCHCIK=JCHC(I,K1)

J=NIS(NS,JCHCIK)

NTYPJ=NTYP (J)

AJT=ACH(NTYPJ)

CALL CF1(UWC(IWC),UAV(J),AWC(IWC),AJT ,DEWC(IWC),DP(J),1,
* UACF (IWC) ,ACF (IWC))

40 CONTINUE

F)

45

DO 45 JWC=1,2

CROSS FLOW EXCHANGE WITH THE OTHER SUBCHANNEL

IF(NP.NE.1) CALL CF1(UWC(JWC) ,UNS(IW),AWC(JWC) ,ASCH(NS,IW),

* DPWC(JWC) ,DPNS(IW),1  ,UACF(JWC),ACF(JWC))

UACF (JWC)=UACF(JWC) /ACF (JWC)
CFMOEX=(2.*UWC (JWC) -UACF (JWC) )*WCFWC (JWC)*H/AWC (JWC)
XMEM(JWC)=LAMWC(IIX,I,JWC)*H/(2.*DEWC(III,I,JWC)*RHOAV(JIWC))
IF(JWC.EQ. 1)XMEM (JWC)=XMEM (JWC)}*FCOPW2(III,I)

RE=MAWC(III,I,JWC)*DEWC(III,I,JWC)/(AWC(JWC)*ETA{PBT,TAVWC(III,T,

1J%C)))

0002640
0002650
0002660
0002670
0002680
0002690
0002700
0002710
0002720
0002730
0002740
0002750
0002760
0002770
0002780
0002790
0002800
0002810
0002820
0002830
0002840
0002850
0002860

IF (INDSP.EQ. 2)XMEM (JWC )=XMEM (JWC)+(CSPWC (I, I,JWC, I1SPAC)+DSPDPF (0002870

*EPSWC()1I,I,JWC,I1SPAC),DEWC(III,I,JWC),LAMWC(III,I,JWC),WSP,
*PGDP (NS,1,I1SPAC),RE,2))/RROAV(JWC)

0002880
0002890

DPWC (JWC)=XX* (- (MAWC (TIT,I,JIWC) JAWC (JWC) )**2% (XMEM(JWC) - (RHO(PRZ, 0002900
* T2WC(JWC) ) -RHO1 (JWC) ) /RHOAV(JWC)**2-DELTAA (JWC)/ (AWC (JWC)* 0002910

*  REOAV(JWC)) )+TMOEX{JWC)+CFMOEX+IGRAV*980 . 665*RHOAV (JWC)*H)
DPWCAV=DPWCAV+DPWC (JWC)Y*MIWC (JWC)

SMWC1=SMWC1+MIWC (JWC)

CONTINUE

DPWCAV=DPWCAV/SMWC1

----------------------------------------------------------------

TEST OF CONVERGENCE ON THE PRESSURE DROPS

IF(ITGL.LT.4)GOTO 47

DO 46 JWc=1,2

TF (ABS (DPWC (JWC) /DPHCAV-1.) .GT.1.E-02)GOTO 47

IF (ABS (DPWC (JWC) /DPWCAV-1.) .GT.1.E-03 .AND. ITGL.LT.40)GOTO 47

46 CONTINUE

47

48
49

99

50

IF (IVIA.EQ.2)GOTO 55

IF(M2WC(1).LE.0. .OR. M2WC(2).LE.0.)GOTO 99
IVIA=2

CONTINUE

DO 48 JWC=1,2

WCEWC (JWC ) =WCFWC (JWC) -WCFUD{JWC)

CONTINUE

----------------------------------------------------------------

END OF LOOP ITGL

CONTINUE
AIT=ITFREL
FRELWC=1,-A1T*0.01
CONTINUE

----------------------------------------------------------------

END OF LOOP ITFREL: POINT REACHED IN THE CASE OF CONVERGENCE
PROBLEMS

0002920
0002930
0002940
0002950
0002960
0002970
0002980
0002990
0003000
0003010
0003020
0003030
0003040
0003050
0003060
0003070
0003080
0003090
0003100
0003110
0003120
0003130
0003140
0003150
0003160
0003170
0003180
0003190
0003200
0003210
0003220

WRITE(6,51)ITCORR,NS,I, (DPWC(JWC),JWC=1,2), (MAWC(III,I,JWC),JWC=1,0003230

* 2), (TAVWC(III,T,JWC),JWC=1,2), (AWC(JWC) ,JWC=1,2)

0003240

51 FORMAT(// 5X,'STOP IN LOOP ITGL OF RECCA2: ITCORR=',I5,5X,'NS=', 0003250

115,5X,'I=',12/5X, ' PRESSURE LOSSES:',2E15.5/5X,'AVERAGE MASSES:',

22E15.5/5X, 'AVERAGE TEMPERATURES:',2E15.5/5X, 'AREAS:',2E15.5)
RETURN 1

----------------- R R R I I R e O A R A N N R B B RN R B R R

0003260
0003270
0003280

..0003290
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THE ENERGY EQUATIONS AND THE AXIAL MOMENTUM EQUATIONS HAVE
REACHED CONVERGENCE

CONTINUE

DO 56 JWC=1,2

DPAVF=DPAV- IGRAV*RHOAV (JWC)*H*0. 001
BMWC=SQRT (ABS (DPAVF) /(XX*XMEM{JWC)))*AWC(JWC)
CHI(III,I,JWC)=(MAWC(III,I,JWC)-BMWC)/(AWC(JWC)*SIGMATI(NS,I))
CONTINUE
EPSM=MAWC(III,I,1)-(XMSCHA(III,I)+XMSCHB(III, 1))
XMSCHA(III,I)=XMSCHA(YXI,I)+EPSM*(1.-1./ADAB(III,I))
XMSCHB(III,1)=XMSCHB(III,I)+EPSM/ADAB(III,I)
CONTINUE

RETURN

END

0003300
(0003310
0003320
003330
0003340
0003350
0003360
0003370
0003380
0003390
0003400
0003410
0003420
0003430
0003440
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FUNCTION RELAM(A,D,P,TB,TW, M, TLINER, ITYP RIDRZL , PHIDPH)

RELAH COMPUTES THE LAMINAR REYNOLDS NUHBERS FOR THE CALCULATION

OF THE SUBCHANNEL FRICTION FACTORS

REAL M
COMMON /GAAG1/ FCOPW1(3)

COMMON/INPAR/IPA/LAMINS /RTIP(7)/DAT/PIG/QPAR3/PERL(3)/MART/ITCORR

/RETEM/TNY
TL=TLINER |
IF(IPA/2%2 NE.IPA .OR. ITCORR.EQ.1)TW=TB

CcCccecceececececcccoceeceeecct  16.10.1979

RENU =M*D/FCOPW1(ITYP) /(A*RHO(P,TB))
PERLC=PERL, (ITYP)*FCOPW1 (ITYP)

ccceeeeeeceeceeccceceeeceee

C

RENU =M*D /(A*RMO(P,TR))

€cccececcecceeccececcececee

TNY=TW
IF(ITYP NE.1 .AND. IPA/2*2.EQ.IPA .AND. ITCORR.GT.1)
TNY=TNU(TW,TL,ITYP,PERLC ,PI1G,RTIP(IPA))

CCCCCCCCCCCCCCCCCCCCCCCCCCC 16.10.1%79
c * TNY=TNU({TW,TL, ITYP,PERL(ITYP) ,PIG,RTIP(IPA))
CCCCCCCCCCCCCCCCCCCCeeeeecee

c

RELAM=RENU *RHO{P,TNY)/ETA(P,TNY)

RETURN
END

06000010
0000020
000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
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FUNCTION RHO(P,T) 0000010

----------------------------------------------------------------------- 0000020
RHO EVALUATES THE DENSITY OF THE COOLANT (G/CCM) 0000030
0000040

COMMON/GASD4/IGAS 0000050
G0T0(10,20,30,40) ,1GAS 0000060

10 CONTINUE 0000070
CASE OF HELIUM COOLANT 0000080

, 0000090

TODT=273.16/(273.16+T) 0000100
RHO=0.172823E~-03%P*TODT~0.904002E-07*P** 2+ TODT+*2 , 2 0000110
RETURN 0000120

’ 0000130

20 CONTINUE 0000140
CASE OF CO2 COOLANT 0000150
0000160

PP=P 0000170
TT=T 0000180
P=PP/1.0333 0000190
T=TT+273.16 0000200
T0=273.16 0000210
IF(T-516.) 1, 1, 2 0000220

1 CK=.0134 0000230
GO TO 5 0000240

2 IF(T-750.) 3, 4, 4 0000250
3 CK=(650.-T)* 1.E-4 0000260
GO TO 5 0000270

4 CK=-.01 0000280
5 TF=TO/T . 0000290
ROF=1.9635*P*TF* (1.+CK*P* (TF**5)) 0000300
RHO=ROF*0.001 0000310
T=TT 0000320
P=PP 0000330
RETURN 0000340
0000350

30 CONTINUE 0000360
CASE OF N2 COOLANT. 0000370
0000380

TT=T 0000390
T=TT+273.16 0000400
RHO=1.2499%P*273,16/1.033/T*(1. -4 . E-4%(P/1.033)% 0000410

> (1.-.05%ABS((600.-T)/273.16)%%,61))*,001 0000420
T=TT 0000430
0000440

RETURN 0000450
40 CONTINUE 0000460
RHO=0. 0000470
RETURN 0000480

END 0000490
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FUNCTION RHPLUS (HPLUSB,TW,TE,QPLUS,HPLUSW,TB1,YDH) 0000010

Cm e e e e e e = e 0000020
¢ ' 0000030
c RHPLUS EVALUATES THE FUNCTION R(H+) 0000040
c IRHPL=1 : R(H+)=R(HW+)+CONST/ (HW+)**CONST* (TW/TB1-1)**CONST+ 0000050
¢ +CONST*ALOG(HR/ (0. 01% (R0-R1))) 0000060
¢ IRKPL=2 : R(H+)=R(HB+) (FOR THE LAST UNHEATED ROUGH PART) 0000070
c 0000080
COMMON/DAT2/B1,B2,B3,B4,B5,B6,87,B8, B9, B10/TRANS/RHTU, RHSH 0000090

1 /DAT6/ TRHPL 0000100
CORRTW=0. 0000110
GOTO(1,2) , IRHPL 0000120

1 HPLUS=HPLUSW 0000130
CTW=(TW+273.16)/(TB1+273.16)-1. 0000140
IF(CTW.GT.0.)CORRTW=CTW**B10 0000150

GOTO 3 0000160

2 HPLUS=HPLUSB 0000170

3 RHPL =(B1+B2/HPLUS**B3)**B4+B5%ATOG(1 ./ (YDH*B6))+B8/HPLUS**B9* 0000180

* CORRTW 0000190
RHTU=RHPL 0000200
CCCCCECCCCCCCCEeCe 12.10.1979 | 0000210
c RHSM=5.5+2 . 5*ALOG (HPLUSB) 0000220
CCCCCCCCCCCCCCEEee | 0000230
RHSM=5.5+2. S*ALOG (HPLUS) 0000240
CCCCCCCCCCCCCCCCee 0000250
c 0000260
c IF R(H+) TURB. >RHSM THE FLOW IS "HYDRAULICALLY SMOOTH" 0000270
c 0000280
IF (RHPL. GT . RHSM)RHPL~RHSM 0000290
RHPLUS=RHPL _ 0000300
RETURN 0000310

END 0000320

SUBROUTINE RNU(HPLUSW,TWI,LAMIB,REI,PRI,TBT,YDH,R1DR2,R2MROH,U1DU,0000010

*REW, YYI,NUI, GHPL, ITYP,R0,R1,R2,BK) 0000020
e T TR 0000030
c RNU EVALUATES NUSSELT NUMBER IN THE ROUGH PART 0000040
C 0000050

REAL LAMIB, NUI 0000060
GHPL~GHPLUS (HPLUSW, TWI , TBT PRI , YDH ,REW, R2MROH ,R2 ,R1) 0000070
FF=GHPL+2 . S*ALOG (YDH+R2MROH) - (1. 25+3 . 75%¥R1DR2)/ (1.+R1DR2) 0000080
STI=SQRT (LAMIB*0.125)*U1DU/¥F 0000090
NUI=STI*RET*PRI*YYI 0000100
RETURN 0000110

END 0000120
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SUBROUTINE RTRI (PBT,TBT,MASSI,DE1,AREAI,ADAB,LAM1,QA,FACHE,TE, 0000010 -

* BRH,I, »11,H,JPIN, TWL, RU1DRU, ITYP,DEI, D, YYDH, *, F2ATIP, F2DTIP,QALIN) 0000020
---------------------------------------------------------------------- 0000030

RIRI EVALDATES ROD TEMPERATURES FOR CENTRAL AND CORNER SUBCHANNELS0000040
AND FOR THE TWO PARTS OF WALL SUBCHANNELS IN THE ROUGH PORTION.THE0000050
BULK TEMPERATURES OF THE TWO REGIONS DEFINED BY THE TAU=0 LINE ARE0000060
ALSO COMPUTED. 0000070
0000080

REAL LAM1,MASSI,KI,KAPPA,NUI,NUO,NUTU 0000090
COMMON/SUB21/TSCHA{ 18,2),TSCHB( 18,2)/SHROUD/TLINER( 18,2) 0000100
1 /TRANS/RETU, RHSM/LAMINO/ 12TTP( 42 3)/ISUP/IQLIN 0000110
COMMON /MARTS/ NSTR 0000120
COMMON /SC15C/ ALFA( 642,3) 0000130
COMMON /SC10C/ ANU( 42,3) © 0000140
COMMON /SC32C/ GHPIU( 42,3) 0000150
COMMON /S8C01Z/ YH( 42,3) 0000160
COMMON /SC34C/ ISUC 0000170
................................................................. 0000180
TEMLAM IS CALIED IF THE FLOW IS LAMINAR; THE CALCULATION RETURNS 0000190
THEN AT THE END OF RTRI 0000200
0000210

IF(I2TIP(I,M).EQ.1)CALL TEMLAM(&2000,PBT,TBT,MASSI,DEI,AREAI,QA, 0000220
& QALIN,TE,I,II,M,TW1,ITYP,F2ATIP ,F2DTIP,D) 0000230
Frdckedciciicicielnicivicldeloickoiclelokeleodedoinchok ok i kb debe e lekobo e loic ook kelodoleindciefolode le el e 0 0 00240

THE FLOW IS TURBULENT: CALCULATION PERFORMED ASSUMING ROUGH FLOW 0000250
Adkiciicicdeiciiidricielicieiiciciclcieicieiicicielricicicicicidcindcieiccdcieledcdciolcekicek 0000260

0000270
R1=D*0.5 0000280
RO=0.5%SQRT (D**2+DE1*D) 0000290
R2=SQRT (I#+2+ADAB*DE1*D)*0 , 5 0000300
................................................................. 0000310
INLET EFFECT ON THE NUSSELT NUMBER OF THE RODS 0000320

0000330
FACHE=TIS(R1,R2,2) 0000340

0000350
YDH=(RO-R1) /RH 0000360
R2MROH=(R2-R0) /RH 0000370
YYDH=YDH+R2MROH 0000380
RODR2=R0/R2 0000390
R1DR2=R1/R2 0000400
KI=KAPPA (PBT, TBT) 0000410
ETAI=ETA (PBT, TBT) 0000420
RHOI=RHO (PBT , TBT) 0000430
CPI=CP(PBT, TBT) 0000440
REI=MASST*DEI/ (AREAT*ETAI) 0000450
PRI=ETAT*CPI/KI 0000460
UI=MASSI/(AREAT*RHOT) 0000470
TWALL=TBT 0000480
TWO=TBT 0000490
TB1=TBT 0000500
................................................................. 0000510
CALCULATION OF THE BULK TEMPERATURES OF THE TWO ZONES DIVIDED BY 0000520
THE TAU=0 LINE ( LOOP ITW ) 0000530

0000540
DO 7 ITW=1,20 0000550
RHO1=RHO(PBT, TB1) 0000560
U1DU=RU1DRU¥RHOI /RHO1 0000570
U1=U1DU*UT 0000580
U1STAR=UT*SQRT (LAM1%0.125) 0000590
.................................................................. 0000600

CALCULATION OF THE SURFACE PIN TEMPERATURE AT INFINITE CONDUCTI= 0000610
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c VITY OF THE CANNING METAL AND AT (Q"' )SHROUD = 0 ( LOOP ITW1 ) 0000620
C 0000630
DO 30 ITW1=1,30 ' 0000640
IF(ABS(TW0).LT.3000. .AND. ABS(TWALL).LT.3000. )GOTO 29 0000650
WRITE(6,28)T,JPIN, TWO, TWALL 0000660

28 FORMAT(  5X,'STOP IN RTRI: NS=',I5,5%,'PIN=",I5/5X, "TW0=',E15.5,0000670
15X, 'TWALL=' ,E15.5) 0000680
RETURN 1 0000690

29 CONTINUE 0000700
ETAW=ETA(PBT , TWALL) 0000710
RHOW=RHO (PBT , TWALL) 0000720
REW=U1*DE1*RHOW/ETAW 0000730
REWO=REW*ETAWXRHO (PBT , TWO0 ) / (RHOWXETA (PBT , TWO) ) 0000740
HPLUSW=RH*REWXSQRT (LAM1#0. 125) /DE1 0000750
HPLUSO=HPLUSW*REWO0/REW 0000760
CCCCCCCCCCCCCCCCCCCCCCCCCCCEe 06.02. 1980 0000770
CALL SPANU(REI,PRI,I,M,YYI) 0000780
BK=2.0 0000790
IF(ITYP.EQ.1 .AND. I.GT.NSTR) BK=1.0 0000800

CALL RNU(HPLUSW,TWALL,LAM1,REI,PRI,TBT,YDH,R1DR2,R2MROH,U1DU,REW, 0000810

1 YYI,NUI,GHPL,ITYP,RO,R1,R2,BK) 0000820

CALL RNU(HPLUSO,TWO ,LAM1,REI,PRI,TBT,YDH,R1DR2,R2MROH,U1DU,REW0,0000830

1 1.,NUO,GHEO , ITYP,RO,R1,R2,BK) 0000840

c 18.03.1981 0000850
IF (ITYP.NE.1 .OR. ISUC.EQ.0) GO TO 200 0000860

CALL SUPCEN (RH,PBT,TWALL,LAM1,U1DU,YYI,ITYP,KI,DET,FACHE,QA,TW1, 0000870

> GHPL,NUI,I,M,REI, ITW1) 0000880

200 CONTINUE 0000890

c 0000900
GHPXU(I ,M)=GHPL 0000910
ALFAT=NUI*KI/DET*FACHE 0000920
ALFAO=NUO*KI /DET 0000930
ALFA(I ,M)=ALFAI 10000940

ANU(T ,M)=NUT 0000950
YH(I,M)=YYI 0000960
IF(ISUC.NE.1 .OR. ITYP.NE.1)TWi=TRT+QA/ALFAI 0000970

c TW1=TBT+QA/ALFAI 0000980
CCCCCLCCCCCCCCCCCCCCCCCCCCCCe 06. 02, 1980 0000990
TWO=TBT+QA/ALFAO 0001000

IF (ABS(TW1/TWALL-1.).LE.1.E-04)GOTO 32 0001010

30 TWALL=TW1 : 0001020

oS 0001030
c END OF LOOP ITW1: POINT REACHED IN THE CASE OF CONVERGENCE 0001040
C PROBLEMS 0001050
c 0001060
WRITE(6,31)T,JPIN, TW1 ' 0001070

31 FORMAT(1H1,5X,'STOP IN RTRI (LOOP ITW1) NS=',I5,5X,'PIN=',I15,5X, 0001080
*'TW1=' ,E15.5) 0001090
RETURN 1 0001100

C  h ettt ettt ee e e 0001110
c CONVERGENCE HAS BEEN REACHED FOR THE PIN TEMPERATURE 0001120
c 0001130
32 CONTINUE 0001140

IF (ITYP.EQ.1)GOTO 9 0001150
2 0001160
c ONLY FOR THE CORNER CHANNELS AND FOR THE WALL PORTION OF THE WALL 0001170
c SUBCHANNELS 0001180
c 0001190
FF=QA/ (REOT*CPI*U1STAR) 0001200

CALL DDONNE (TW0,TBT,GHPL,RODR2,R1DR2,YDH,R2MROH ,FF, TSCHA(II,M), 0001210

1 TSCHB(II,M),TE) 0001220

IF (ABS(TSCHB(1I, M)/TB1-1.).1E.1.E~04)GOTO 9 0001230
TB1=TSCHB(II,M) 0001240

7 CONTINUE 0001250

3 AP 0001260
C END OF LOOP ITW: POINT REACHED IN THE CASE OF CONVERGENCE 0001270
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c PROBLEMS 0001280
c _ 0001290
WRITE(6,8)1,JPIN,TB1 0001300

8 FORMAT(1H1,5X,'STOP IN RTRI (LOOP ITW) I=',I5,5X,'PIN=',I5,5X, TB10001310
=',E15.5) 0001320
RETURN 1 0001330

C ittt rer et e et e et aaaaeayn 0001340
c CONVERGENCE HAS BEEN REACHED FOR THE BULK TEMPERATURES OF THE 0001350
c TWO ZONES DIVIDED BY THE TAU=0 LINE; THE ASSUMPTION OF ROUGH FLOW 0001360
C IF TESTED ( THIS POINT IS REACHED ALSO BY THE CALCULATION FOR THE 0001370
C CENTRAL SUBCHANNELS AND THE CENTRAL PORTION OF THE WALL SUBCHANNEL0001380
C 0001390
9 CONTINUE 0001400
ETA1=ETA(PBT,TB1) 0001410
HPLUSB=HPLUSW*RHO1*ETAW/ (ETA1*RHOW) 0001420
RHPL=RHPLUS (HPLUSB, TWALL , TE , XYXYX , HPLUSW, TB1 , YDH) 0001430

IF (RHTU. LE, RHSM)GOTO 100 0001440

¢ iehedrde i 40001450
c THE FLOW IF "HYDRAULICALLY" SMOOTH: THE CALCULATION IS REPFATED IN0001460
c SUBROUTINE RTSI. THE CALCULATION IS BASED STILL ON THE VOLUMETRIC 0001470
c DIAMETER. THE CALCULATION RETURNS IMMEDIATELY AFTER COMING BACK 0001480
c FROM RTSI 0001490
c - f ; X0001500
CALL RTSI(PBT,TBT,MASSI,DE1,AREAI,ADAB,LAM] QA FACHE,TE,RH, T, 0001510
&11,M,JPIN,TW1,RUIDRU, ITYP,DEI,D,YYDH, 58500, F2ATIP, F2DTIP,QALIN) 0001520
RETURN 0001530

c eteicielrich 0001540
C POINT REACHED IN THE CASE OF ROUGH FLOW 0001550
C Rt R=A .y X gt ol 0001560
100 TF(ITYP.EQ.1)RETURN 0001570

ettt et er et e e e e s ....0001580
c CALCULATION OF THE SHROUD TEMPERATURE FOR THE CORNER CHANNELS AND0001590
c FOR THE WALL PORTION OF THE WALL SUBCHANNELS ( VALUE AT 0001600
¢ (Q")SHROUD = 0 ) 0001610
c 0001620
TLINER(II,M)=TWO-FF*(2.5%ALOG( (R2-R1) /RH)+GHPL) 0001630
IF(TLINER(II,M).LE.TE)TLINER(II,M)=TE 0001640

o J 0001650
c CORRECTION OF THE PREVIOUSLY COMPUTED PIN AND SHROUD TEMPERATURES 0001660
c OF THE CORNER CHANNELS AND OF THE WALL PORTION OF THE WALL SUBCHA=0001670
c NNELS IN THE CASE OF HEATED SHROUD WALLS (SUPERPOSITION PRINCIPLE)0001680
c 0001690
DEIAN=2.*(R2-R1) 0001700
TETA2=0, 0001710
IF{QA.GT.1.E-06)TETA2=(TLINER(II,M)-TBT)*KI/(QA*DEIAN) 0001720
NUI=NUI*DEIAN/DEI 0001730
CCECCCECCCCCCCCCCCCCCCCCaee 0001740
- ANU(I,M)=NUI 0001750
CCCCCCCCCCCCCCCCECCCCCCCCes 0001760
REI=RET*DEIAN/DEI 0001770
A1=0.45/ (2. 4+PRI) 0001780
=TUBENU (REI ,PRI) 0001790
PET=REI*PRI 0001800
FTWA=22.%(0.27#R1DR2*%2~1. )/ (PEI*%0, 87%PRI**0, 18 )*R1DR2 0001810
CCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCe 22, 05. 1980 0001820
c TF(IQLIN.EQ.1 .AND. ABS(QALIN) 0001830
C  1.GT.1.E-06)CALL TELIN(TW1,TLINER(II,M),TBT,TE,TETA2,FTWA, 0001840
C 1 QA,QALIN,NUI,NUTU,A1,KT,R1DR2,DEIAN,T,JPIN,YYI,FACHE M) 0001850
CALL TELIN(TW1,TLINER(II,M),TBT,TE,TETA2,FTWA, 0001860

1 QA,QALIN,NUI,NUTU,A1,KI,R1DR2,DEIAN,I,JPIN,YYI ,FACHE M) 0001870
CCCCCCLLCCCCCCCCCCCCCCCCCCCCCCCCCCCe 22. 05,1980 0001880
2000 RETURN 0001890
8500 RETURN 1 0001900

END 0001910




— 251 —

SUBROUTINE RTSI(PBT,TI,MASSI,DR1,AREAT,ADAB,LAM1,QA,FACHE,
* TE,RH,1,I1,M,JPIN,TWI,RUIDRU, ITY?,DEIR,D,XXXX,* ,F2ATIP,F2DTIP,
* QALIN)

0

e A o ] ) o o H Y - T R S S Ay Sy S W g

4000010
6000020
0000030

-0000040

RTSI EVALUATES ROD TEMPERATURES FOR CENTRAL AND CORNER SUBCHANNELS0000050

c
c AND FOR THE TWO PARTS OF WALL SUBCHANNELS IN THE SMOOTH PART
C

REAL NUTU,NUIO,NUI,KI,KAPPA,MASSI,LAM1 |
COMMON/SUB21/TSCHA( 18,2),TSCHB( 18,2)/SHROUD/TLINER( 18,2)

1 /LAMINO/I2TIP( 42,3)/ISUP/IQLIN/ISMO/COTW
2 /ISMO1/ITECO
c 1 /QSHR/QALIN/LAMING/I2TIP( 42,3)/ISUP/IQLIN/ISMO/COTW

COMMON /SC15C/ ALFA( 42,3)
COMMON /SC10C/ ANU{ 42,3)
COMMON /SC01Z/ YH( 42,3)

-------------------------------------------------------------

THEN AT THE END OF RTSI

OO0 0

IF(I2TIP(I,H).EQ.1)CALL TEMLAM(&2000,PBT,TI,MASSI,DEIR,AREAT,QA,

& QALIN,TE,I,1I,M,TWI,ITYP,F2ATIP,F2DTIP,D)

THE FLOW IS TURBULENT

QOO0

TG=TE

IF (ITECO.EQ. 2) TG=TI

R1=D*0.5

RO=0 . 5%SQRT (D**2+DE1*D)
=SQRT (D**2+ADAB*DE1%D)*0. 5

DEI=2,*(R2-R1)

RODR2=RO/R2

R1DR2=R1/R2

R1DRO=R1/R0

INLET EFFECT ON THE NUSSELT NUHBER OF THE RODS

OO

FACHE=TIS(R1,R2,1)

TWIO=TWI

KI=KAPPA(PBT,TI)

ETAI=ETA(PBT,TI)

RHOTI=RHO (PBT,TI)

CPI=CP(PBT,TI)

REI=MASSI*DRI/(AREAI*ETAI)

PRI=ETAI*CPI/KI
CCCCCCCCCCCCCCeeceCCeeeCCCCeeCCeccCCCeCteCeeceeeceeceeeceee 06.02.1980

CALL SPANU(REI,PRI,I,M,YYI)
CCCCCCCCCCCCCCCCCCteCCeCCCCCeCCCCeceecCCeeCCCCCeetecceceet 06.02.1980

A1=0.45/(2.4+PRI)

A2=0, 16%PRI**(-0.15)

A3=1,
CCceececeeceececaeeeeceeeceecceeeeecceececeeceececeeccceceece 21.09.1979
c IF(R1DR2.LT.0.2)A3=1.4(7.5%(1./R1DR2~5.) /REI)**0.6
CCCCCCCCCCECCCOCeeteeCeCCCeCCteCeetcCCCetCcCeCtCCCCeeCee

IF(R1DR2.LT.0.2)A3=1.+7.5%((1./R1DR2-5.)/REI)**0.6
ccececeeceeeeececceeececeeeceeceececcceccececcececceeceececce

NUTU=TUBENU(REI,PRI)

FNU=(1.-A1)/RIDR2%*A2 *A3%(TG+273.16)**COTW*NUTU

c CALCULATION OF THE SURFACE PIN TEHPERATURE AT (Q™)SHROUD =
C ( LOOP ITW )

TEMLAM IS CALLED IF THE FLOW IS LAMINAR; THE CALCULATION RETURNS

---------------------------------------------------------------

0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000140
0000150
0000160

..0000180

0000190
0000200
0000210
0000220
0000230
0000240
0000250

A*0000260

0000270
0000280
0000290
0000300
0000310
0000320
0600330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
0000620
0000630
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C 0000640

DO 5 ITW=1,10 0000650
TWALL=TWI 0000660
NUI=FNU/ (TWI+273. 16)%*COTWAYYT*FACHE 0000670
NUIO=FNU/ (TWI0+273.16)**COTW 0000680
ALFATO0=NUI0*KI /DRI 0000690
ALFAT=NUI*KI/DEI 0000700
CCCCCCCCCCCCCECCCCCCCCCECCee 0000710
ALFA(I ,M)=ALFAI 0000720
ANU(I ,M)=NUT 0000730
YH(I,M)=YYI | 0000740
CCCCCCCCCCCCCCECCECCCeCeeeee 0000750
TWI=TI+QA/ALFAT 0000760
TWIO=TI+QA/ALFAIO 0000770

IF (ABS (TWALL/TWI-1.).LE.1.E-04)GOTO 7 0000780

5 CONTINUE 0000790

S P .. ..0000800
c END OF LOOP ITW: POINT REACHED IN THE CASE OF CONVERGENCE 0000810
c PROBLEMS 0000820
c 0000830
WRITE(6,6)1,JPIN,TWI, TWALL 0000840

6 FORMAT(1M1,5X,'STOP IN RTSI (CHANNEL',15,' , PIN',I5,') : Tw=', 0000850
*E15.7,5X, 'TWALL=",E15,7) 0000860
RETURN 1 0000870
o3P 0000880
c CONVERGENCE HAS BEEN REACHED FOR THE PIN TEMPERATURE 0000890
C 0000900
7 IF (ITYP.EQ.1)RETURN 0000910
3 S .0000920
c CALCULATION OF THE SHROUD TEMPERATURE FOR THE CORNER CHANNELS ANDO000930
c FOR THE WALL PORTION OF THE WALL SUBCHANNELS ( VALUE AT 0000940
c (Q")SHROUD = 0 ) 0000950
C 0000960
PEI=RET#PRI 0000970
FTWA=22.%(0.27*R1DR2%*2-1,)/ (PEI#*0, 87#PRI**0, 18)*R1DR2 0000980
TLINER(II,M)=FTWA*QA*DEI /KI+TI 0000990
IF(TLINER(II,M).LE,TE)TLINER(II ,M)=TE 0001000
TETA2=0. 0001010

TSCHA (IT,M)=TI 0001020
TSCHB(II,M)=TI 0001030
TF(QA.LE,1.E=06)GOTO 22 0001040
TETA2=(TLINER(II,M)-T1)*KI/(QA*DEI) 0001050
GTI=(1.5*R1DR2+0.5)/ (R1DR2+1. ) 0001060
GT1=(1,5*R1DRO+0.5)/ (R1DRO+1.) 0001070
UI=HASST/(AREAT*RHOI) 0001080
F1=R0*#2-R1%*2 0001090
F2=R2#*2-RO%*2 0001100
FI=F14F2 0001110
TB1=T1 0001120

C ittt ite ettt e st ie i e eearn 0001130
C CALCULATION OF THE BULK TEMPERATURES OF THE TWO ZONES DIVIDED BY 0001140
C THE TAU=0 LINE FOR THE CORNER CHANNELS AND FOR THE WALL PORTION OF0001150
c THE WALL SUBCHANNELS ( LOOP ITW1 ) 0001160
¢ 0001170
DO 20 ITW1=1,10 0001180
RHO1=RHO(PBT,TB1) 0001190
ETA1=ETA(PBT,TB1) 0001200
U1DUAS=RU1DRU*RHOTI /RHO1*SQRT (LAM1*0. 125) 0001210
U1AS=U1DUAS#UT 0001220
FF=RHOI*CPI*U1AS/QA 0001230
DD=ETA1/ (REO1*U1AS) 0001240
S=-TETA2*PEI*U1DUAS/GTI 0001250
BS=(TWI0-TI)*FF-AS*(ALOG( (R2-R1)/DD)=-GTI) 0001260

TSCHA(II,M)=FI/F2*TI-F1/F2*(TWI0-(AS*(ALOG((RO-R1)/DD)-GT1)+BS)/ 0001270
/FF) 0001280
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IF(TSCHA(IT M) .LE.TE)TSCHA (11 ,4)=TE 0001290
TSCHB(II,M)=FI/F1%TI-F2/FI*TSCHA(II M) 0001300

TF (ABS(TSCHB(II,M)/TB1-1.).LE.1.E~04)GOTO 22 0001310
TB1=TSCHB(II,M) 0001320

20 CONTINUE 0001330
............................................................. 0001340
END OF LOOP ITWi: POINT REACHED IN THE CASE OF CONVERGENCE 0001350
PROBLEMS 0001360
0001370

WRITE(6,21)1,JPIN,TB} 0001380

21 FORMAT(1H1,5X,'STOP IN RTSI (LOOP ITW1)I=',IS,5X,'PIN=',I5,'TBl=',0001390
1E15.5) 0001400
RETURN 1 0001410
............................................................ 0001420
CONVERGENCE HAS BEEN REACHED FOR THE BULK TEMPERATURES OF THE 0001430
TWO ZONES DIVIDED BY THE TAU=0 LINE 0001440

CORRECTION OF THE PREVIOUSLY COMPUTED PIN AND SHROUD TEMPERATURES 0001450
OF THE CORNER CHANNELS AND OF THE WALL PORTION OF THE WALL SUBCHA=0001460
NNELS IN THE CASE OF HEATED SHROUD WALLS (SUPERPOSITION PRINCIPLE)0001470

ccceeeecceececceecceccecccceceeceeceee 22.05.1980

22 CALL TELIN(TWI,TLINER(II,M),TI,TE,TETA2,FTWA,QA
1,QALIN,NUI ,NUTU,A1,KT,R1DR2,DEI, I, JPIN,YYI ,FACHE M)

€¢ccececeeocecceececcececcoecceeececcee

C
c
c

22 IF(IQLIN.EQ.1 .AND. ABS(QALIN)
0.GT,1.E-06)CALL TELIN(TWI,TLINER(II,M),TI,TE,TETA2,FTWA,QA
1,QALIN,NUI ,NUTU,A1,KI,R1DR2,DEI,I,JPIN,YYI ,FACHE M)

CCCCCLCCCCCCCCCCCCCCCCCCCCeCCCCCll ORIGINALR

c
c
C

22 IF(IQLIN.EQ.1 .AND. ABS(QALIN)
0.GT.1.E~06)CALL TELIN(TWI,TLINER(II,M),TI,TE,TETA2,FTWA,QA
1,QALIN,NUI ,NUTU, A1,KI,R1DR2,DEI, I, JPIN,YYI ,FACHE)

€ccccececceceeccececceececcececeeeccee

2000 RETURN

END

0001480

0001490

0001500
0001510
0001520
0001530
0001540
0001550
0001560
0001570
0001580
0001590
0001600
0001610
0001620
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SUBROUTINE SELAWA
SELAWA COMPUTES THE KAPPA VALURS FOR THE SUBCHANNELS AND THE TWO
KAPPA VALUES FOR THE TWO PORTIONS OF THE WALL SUBCHANNELS IN THE
LAMINAR CALCULATIONS

COMMON /LAMING/ANGLAM/WALLKA/AKAWC(2)/WAKAO/P,W,Z,ZWC,A,PW

1 /LAMINK/BKAPPA(7,3)/INPAR/IPA

BKAPPA(IPA,1)=GKAPPA(1.050075*P)

BRAPPA{IPA,3)=FKAPPA(0.476156/2)

ALFA=ATAN(2.*(Z~ZWC)/P)

BETA=BETAF (P, W, ZWC)

ALFAB=ALFA*BETA

ANGLAM=TAN(ALFAB) /TAN (ALFA)

A2=P**QFTAN(ALFAB}*0.,125-0. 125%ALFAB

PW2=ALFAB*0.5

Al=A-A2

PW1=PW-PW2

R=SQRT( (1.570796-ALFAB)/ (4 .*Z*XP~P**2+TAN (ALFAB)-6. 928204*ZNC**2))
X=P*SQRT (TAN(ALFAB) /ALFAB)
AKAWC (1)=FKAPPA(R)

AKAWC (2)=GRAPPA(X)

100 BKAPPA (IPA,2)=A%*3/ (Pyki2# (A2%k3/ (PW2EF2*AKAWC (2) ) +A1#*3/ (PW1Hk2%

*¥AKAWC(1)))) a

RETURN .

END

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
00060100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000130
0000200

- 0000210

0000220
0000230
0000240
0000250
0000260




OO0 0N

------------------------------------------------------------------ 0000020
SIMLAl CORRECTS THE NUSSELT NUMBERS AND THE DIMENSIONLESS TEMPERAT0000030
URES OF THE UNHEATED WALLS IN THE CORNER AND WALL CHANNELS IN THE 0000040
LAMINAR CALCULATIONS IF THE KAPPA VALUES HAVE BEEN CORRECTED IN 0000050
SUBROUTINE KAPCOR 0000060
0000070

REAL NUI 0000080
COMMON/HEAG/NPIN( 42),JPIN( 42,3)/IND3/NTYP{ 42)/QPAR3/PERL(3) 0000090
1 /SUB1/ASCH( 42,3)/GEO0/ACK(3)/MART2/NS1,NS2/INPAR/IPA 0000100
2 /LAMINK/BKAPPA(7,3)/LAMIN1/AKAPPA( 42)/WALLCO/WFCO1{ 18,2), 0000110
3 WFCO{ 18,2)/SUB2/TB{ 42,3),BMASS( 42,3)/SIMLAM/ISIMPL 0000120
IF(I.GT.NS1 .OR. JJJ.GT.1)GOTO 20 0000130
TBAVR=0. 0000140
TBAVL=0. 0000150
PERLT=0. 0000160
SANG=0. 0000170
AVRAKR=0. 0000180
AVRAKL=0. 0000190
DO 10 NS=NS1,NS2 : 0000200
NP=NPIN(NS) 0000210
ITYP=NTYP (NS) 0000220
DO 10 M=1,NP 0000230
PERLSC=PERL (ITYP)*ASCH(NS,H) /ACH(ITYP) 0000240
ANG=60 . *FLOAT (7-2*ITYP)*ASCH(NS,M) /ACH (ITYP) 0000250
SANG=SANGH+ANG 0000260
PERLT=PERLT+PERLSC 0000270
RAKA=BKAPPA(IPA,ITYP)/AKAPPA(NS) 0000280
RAKR=RARA*ANG*WFCO(II,JJJ) 0000290
RAKL=RAKA*PERLSC*WFC01(II,JJJ) 0000300
AVRAKR=AVRAKR+RAKR 0000310
AVRAKL=AVRAKL+RAKL ‘ 0000320
TBAVR=TBAVR+TB (NS ,M) *RAKR 0000330
10 TBAVL=TBAVL+TB(NS,M)*RAKL 0000340
TBAVR=TBAVR/AVRAKR 0000350
TBAVL=TBAVL/AVRAKL ' 0000360
AVRAKR=AVRAKR/SANG 0000370
AVRAKIL=AVRAKL/PERLT 0000380
TBEQ1=TE+('TBAVR-TE )*AVRAKR 0000390
TBEQ2=TE+{TBAVL-TE ) *AVRAKL 0000400
................... A P OPOPRPUPRRIY 111473 I
0000420

ENTRY SIMLAZ2(TI,TWI,TLI,NUI,TETAI,TBEQ1,TBEQ2) 0000430
20 CO1=1.+(TBEQ1-TI)/(TWI-TI) 0000440
€02=1.+(TBEQ2-TI)/(TLI-TI) 0000450
IF(ISIMPL.EQ.2)GOTO 1111 0000460
Co1=1, 0000470
co2=1. 0000480
1111 CONTINUE 0000490
NUI=NUI/CO1 0000500
TETAI=TETAT*C02 : 0000510
TWI=TI+(TWI-TI)*C01 : 0000520
TLI=TI+(TLI~TI)*C02 0000530
RETURN 0000540

END 0000550
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FUNCTION SMFUN1(RHOI,ETAI,DETOT,PROV,I,KVIA ,REAI,DAI,SQ8LIA,R0, 0000010

*G,C8) | | 0000020
----------------------------------------------------------------------- 0000030
FUNCTION SMFUN1 EVALUATES SQRT(LAMBDA/8) FOR THE SMOOTH REGION OF 0000040
CORNER SUBCHANNELS (SECOND CALCULATION STEP) . 0000050
0000060

COMMON/ANG1/R2 (30) ,ALFA (30) / COLAM2/COLAMA 0000070
BETA= RO/R2(I) 0000080
6=(G*2,-8.1815+1.25%BETA)/ (1., +BETA) 0000090
IF(KVIA.EQ.1)GOTO 3 0000100
............................................ O ¢ 14 1+1+ B B 2
AFTER THE FIRST ITERATION IN RECANG | 0000120
0000130

SMFUN1= (2. 5*ALOG( (R2(I1)~R0) /DAI*REAI/SQBLIA) -G)*C5+5.54COLAMA 0000140
RETURN 0000150
................................................................. 0000160
AT THE FIRST ITERATION IN RECANG 0000170
0000180

3 UAST2=SQRT((1.-BETA**2)/(1.-ALFA(I)))*PROV/ (DETOT*SQRT(RHOI)) 0000190
SMFUN1=CS* (2 , 5¥ALOG( {R2 (1)-RO)*RHOI/ETAI*UAST2) ~G)+5 . 5*COLAMA 0000200
- RETURN 0000210
END 0000220
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SUBROUTINE SPANU(R1, P1,NS,M,Y) B _ : 0000010

leNeNel

C mmmmmmsmm————————————— meemmeemmm——emam—e—en o ———m————————_—————— e 0000020
c ORGANIZES THE CALCULATION OF THE COKFFICIENT FOR THE EFFECT OF 0000030
c THR SPACER ON THE NUSSELT NUMBER. 0000040
c | 0000050
COMMON /GEO5/  ATC,DETC,ATW,DETW,ATA,DETA,AAC,AAW,AAA 0000060
COMMON /IROSMO/ IRH ‘ 0000070
COMMON /SCO7L/ WSPO,XM,NSPACT 0000080
COMMON /SCOSL/ AGRI( 42,3,7) : 0000090
COMMON /SCO9L/ DIST(7) 0000100
COMMON /SC10L/ RE,PR,EPS,DET1 0000110
COMMON /SCO1S/ THAS 0000120
COMMON /GEO2 / ATOT,DET,ASEC 0000130
COMMON /IND3/ NTYP( 42) 0000140
0000150

LOCAL OR AVERAGE APPLICATION OF THE CORRELATION 0000160
0000170

DE=DETC 0000180

IF (NTYP(NS) .EQ.2) DE=DETW , 0000190

IF (NTYP(NS).EQ.3) DE=DETA 0000200
IF(IMAS .LE.0 ) DE=DET 0000210
RX=RE 0000220
PX=PR 0000230
IF(IHAS.IE.0) GO TO 10 0000240
RX=R1 0000250
PX=P1 0000260

10 CONTINUE 0000270
0000280

AL=WSP0/DE 0000290
XA=XM/DE 0000300
Y-1.0 0000310

DO 1000 K=1,NSPACT 0000320
X=XA- (DIST(K)- (WSP0/2.))/DE 0000330

EPX=EPS 0000380

IF(IHAS.GT. 0) EPX=AGRI(NS,M,K) 0000390

IF( EPX.LT.0.001) GO TO 1000 0000400

GO TO (100,200), IRH 0000420

-------- e mmmmmmmaeammm e a———————————————————————— e mmmm e m == (00 0430
SMOOTH 0000440

100 CALL SPANUG(X,YEK,RX,PX,AL,EPX) 0000450
GO TO 300 0000460
---------------------------------------------------------------------- 0000470
ROUGH 0000480

200 CALL SPANUR(X,YK,RX,PX, AL,EPX) 0000490
--------------------------------------------------------------------- 0000500
300 CONTINUE 0000510
IF (YK.GT.¥) Y=YK 0000520

1000 CONTINUE 0000530
IF(Y.LT.1.0 .OR. Y.GT.3.0) WRITE(6,2000) K,NS,M,Y 0000540
0000550

RETURN 0000560
2000 FORMAT({ /5X,' ERROR IN SPANU: SPACER ',I2,' CHANNEL ',I3, 0000570
> ' SUBCH. ',I2,/5X, 0000580

> ' THE FACTOR FOR THE NUSSELT IS ',E12.6,/5%, 0000590

> ' CALCULATION PROCEEDING') 0000600
2100 FORMAT( /5X,' SPANU: SPACER °',I2,' CHANNEL ',I3, 0000610
> ' SUBCH. ',I2,/5X%, 0000620

> ' THE BLOCKAGE FACTOR IS ',E12.6, 0000630

> ' , OUT OF THE LIMITS OF VALIDITY OF THE CORRELATION',0000640

> ' ( 0.15 <= EPS <= 0.35 ) ',/5%, 0000650

> ' CALCULATION PROCEEDING & ) 0000660
END 0000670
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EVALUATION OF THE MAXIMAL NUSSELT RATIO

20

SUBROUTINE SPANUG(X,Y,RE,PR,AL,E)

M.D. HASSAN

IMPROVEMENT OF THE HEAT TRANSFER IN THE SPACERS REGION.

CASE OF SMOOTH RODS.

"RE  =REYNOLDSNUMBER
(RELATIVE TO THE HYDRAULIC DIAMETER OF THE CENTRAL CHANNEL)

PR =PRANDTLNUMBER

AL  =DIMENSIONLOSS AXJAL LENGTH OF THE SPACER.
(RELATIVE TO THE HYDRAULIC DIAMETER OF THE CENTRAL CHANNEL)

E =BLOCKAGE AREA (.15<E<.35

X =DIMENSIONLESS AXTAL DISTANCE OF THE CONSIDERED POINT TO THE

BEGINN OF THE SPACER.

(RELATIVE TO THE HYDRAULIC DIAMETER OF THE GENTRAL CHANNEL)

Y =NUSSELTNUMBER RATIO
NUX
NUO

nu

IF(RE.LT.2,E3) AL=AL/2
RNUMX=1. +., 174*E#*2¥RE¥**, 5
IF(RE.LT.2.2E3) GO TO 11
RNUL=RNUMX

)

(NUX/NUO)

NUSSELT IN SPACER REGION
NUSSELT IN THE UNDISTURBED REGION

RNUMX=1.+E**2, 4% (6.38+4 . 55E3/RE** . 8)

IF (RNUL.LT.RNUMX) RNUMX=RNUL
CONTINUE

EVALUATION OF THE STEIGUNG <M>
CHAX=4,

C=1.855E-3*RE

IF(C.GE.CMAX) C=CMAX
IF(RE.LT.3.E3) GO TO 12
C=30.34%RE#* (-, 253)
IF(C.GE.CMAX) C=CMAX
CM=-CHE**2

EVALUATION OF THE CONSTANT <K>
DMIN=. 895
D=4.42-1.05%AL0G10(RE)
IF(D.LE.DMIN) D=DMIN
IF(RE.LT.3.E3) GO TO 13
D=.426+.113*ALOG10(RE)
IF(D.LE.DMIN) D=DMIN
CK=D-2,25*E

YA=1+( (RNUMK-1)/ (XE+1) )% (X+1)
IF(YA.LT.1.) YA=1.

YB=RNUMX

Y=YA

IF(YB.LT.YA) Y=YB

IF(X.IE.0.) GO TO 20

YC=CK* (X/RE/ER)#*CH
IF(YC.LT.1.) Yc=1.
IF(YC.LT.¥B) Y=YC

CONTINUE

RETURN
END

0000010
0000020
0000030
0000040
0000050
0000060
000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000250
0000300
0060310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
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SUBROUTINE SPANUR(X,Y,RE,PR,AL,E)

RE

OoooOoOOoDODoODOoO0O0O00O0000OOo00O000O0Dn0D00o0000

A A W ey R P Y A D S W G S e D S fmy [ A U W R ke

EIN FORTRAN-IV-UNTERPROGRAMM ZUR EMPIRISCHEN BERECHNUNG
DES WAERMERUEBERGANGS IM ABSTANDSHALTERBEREICH

INR/HASSAN
02.12.1979

EINGABEDATEN

=REYNOLDSZAHL , BERECHNET MIT DEM HYDRAULISCHEN
DURCHMESSER DES GESAMTKANALS

PR =PRANDTLZAHL
AL, =DIMENSIONLOSE ABSTANDSHALTERLAENGE,BEZOGEN AUF
DEN HYDRAULISCHEN DURCHMESSER DES GESAMTKANALS
E =QUERSCHNITTSVERSPERRUNG (.15<E<.35)
ERGEBNISSE
X =DIMENSIONLOSER AXIALER ABSTAND VON DER VORDERSEITE
DES ABSTANDSHALTERS,BEZOGEN AUF DEN HYDRAULISCHEN
DURCHMESSER DES GESAMTKANALS
Y =NUSSELTZAHL-VERHAELTNIS (NUX/NUO)
**% NUX =DURCH DEN ABSTANDSHALTER GESTOERTE NU-ZAHL (LOKAL)
*%*% NUO =UNGESTOERTE NU-ZAHL
#%% BESTIMMUNG DES MAX.NU-ZAHL-VERHAELTNISSES ##kihk

RNUMX=1. +, 174X E#¥2XRE¥* .5
IF(RE.LT.2.2E3) GO TO 31
RNUL=RNUMX
RNUMX=1, +E#42% (3,347 . 27E4 /RE#*1,2)
IF (RNUL.LE. RNUMX) RNUMX=RNUL

31 CONTINUE

C *%% BESTIMMUNG DER STEIGUNG <M> *iiihsiix
CMAX=4.
C=1,855E-3*RE
IF(C.GE.CMAX) C=CMAX
IF(RE.LT.3.E3) GO TO 32
C=1.+4.9E4/RE¥%1,2
IF(C.GE.CMAX) C=CMAX
32 CM=-CHE**Q
C #¥% BESTIMMUNG DER KONSTANTEN <K> #irkirkdioiion
DMIN=,885
D=4.42-1.05%ALOG10(RE)
IF(D.LE.DMIN) D=DMIN
IF(RE.LT.3.E3) GOTO 33
D=-, 344+ . 35%ALOG10(RE)
IF(D.LE,.DMIN) D=DMIN
IF{RE.LT.8E3) GO TO 33

DK=

D=-1.8478+1,2466%AL0OG10 (RR)~-.1298*ALOG10(RE)**2
IF(DK.LE.D) D=DK
33 CK=D-2.25*E

c

XE=AL/2
C hkockiciiickekiicicioickicioioick

YA=1+((RNUMX-1)/ (XE+1) )*(X+1)

IF(YA.LT.1.) YA-1.

YB=RNUMX

Y=YA

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0600200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610



IF(YB.LT.YA) Y=YB
IF(X.1E.0.) GO TO 40
YC=CK* (X/RE/PR)**CH
IF(YC.LT.1.) ¥YC=1.
~ IF(YC.LT.YB) Y=YC
40 CONTINUE
RETURN
END

0000620
0000630
0000640
0000650
0000660
0000670
0006680
0000690
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SUBROUTINE SUBBAL(NSTOT,NSTR, INDSP,H,LENGTH,D,PIG,PR1,PR2,PBT,FRECO00010

*L,FT, ITCORR,DPAV,* ,WSP, IlSPAC)

SUBROUTINE SUBBAL EVALUATES THE SUBCHANNEL MASS FLOW RATES AND
BULK TEMPERATURES

" REAL LAMSCH,MI,MAV,MSCH1,MSCH,MAVCF,LENGTH,MINS(3),M2NS(3),

1 HAV1, HAVZ HAWC KAPPA :
DIMENSIOR RH01(3) TINS(3) ,WCFUD(3) ,WCF1NS(3) ,EPINS(3),TANS(3),
1 T2NS(3) RHOAV(S) ANS(3) KHEM(S) DE(3) yA( 42)
COHMON/CORR/SIGMA( 42),PHI( 42)/CORR1/SIGHAI( 42,3),PHII( 42,3)

/GEN2/AZ( 42)/GEN3/MI( 42)/GENS/DEZ( 42)/MOB2/UAV( 42)
/MOB&/WCF ( 42) /MOB5/TAV( 42)/MOB6/MAV( 42)/MOBS/DP( 42)
/SUBC1/NCHC(3),JSCH(3,3)/SUBC2/JCHC(3,2) /SUB1/ASCH( 42,3)
/SUB2/TSCH( 42,3) ,MSCH( 42,3)/SUB5/LAMSCH( 42,3)
/SUB6/TSCH1( 42,3)/SUB8/MSCH1( 42,3)/HEA10/QSCH( 42,3)

3)/MOB24/WT( 42,3)/MOB26/RUAS( 42)/TUR2/CTURB1(2)
JHEA6/NPIN( 42),JPIN( 42,3)/GEO0/ACH(3)
COMMON/GRID1/EPS( 42,3,5),DISTSP(7)/GRID8/PGDP( 42,3,4)
/SUB3/ADAB( 18,2),DDTBB( 18,2)
/WACO1/XMSCHB( 18,2) ,XMSCHA( 18,2)
/QPAR1/QDEV/QPAR2/QLINM, QLDEV/QPAR3/PERL(3)
JLAMINO/I2TIP( 42,3) /LAMIN3/F1ATIP( 42),F1DTIP( 42)
/LAMING/F2ATIP( 42,3),F2DTIP( 42,3)/WCSE7/MAWC ( 18,2,2)
/WCSE9/TAVWC( 18,2,2)/CORR2/CHI( 18,2,2),PSI( 18,2,2)
/WCSES/ASCHWC( 18,2,2)/COND1/CCOND( 42,3)/COND2/CCOND1(2)
/GRAV/IGRAV/SUBD1/IDIV1,IDIV2/GAAG1/FCOPW1 (3)
/ENEOP/ TENE/GRID2/YY (100, 42 3)/MIX82/CY/SECIN/K
COMMON /SCO6L/ SHQ( 18,2)
COMMON /SC21C/ SHQC( 18,2)
COMMON /SCO9R/ QSR( 18,2)
COMMON /SC02C/ QJ( 19, 42)
COMMON /SC07C/ H1

O~ BNV -

XX=1./980665.

CORRECTION OF THE CHANNEL FLOW AREAS TO TAKE INTO ACCOUNT THAT
THE SUBCHANNEL GEOMETRIC PARAMETERS MUST BE BASED ON THE TIP
DIAMETER OF THE RODS IN THE CASE OF LAMINAR FLOW

DO 1000 NS=1,NSTOT
A(NS)=AZ(NS)*F1ATIP(NS)

------------------------------------------------------------------

LOOP "NS" STARTS ( NS = CHANNEL INDEX )

DO 80 NS=1,NSTOT
III=NS-NSTR
FRELI=FREL
NP=NPIN(NS)
ITYP=NTYP(NS)

NI=NER(NS)

NP1=NP-1

NSCH=4-ITYP

SCH=NSCH
AREASC=ACH(ITYP)/SCH

------------------------------------------------------------------

CONNECTIONS BETWEEN THE SUBCHANNELS OF CHANNEL 'NS" AND THE

0000020

0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110

/GRIDO/CSPAC( 42,3,4)/IJ1/NER({ 42),NIS( 42,3)/IND3/NTYP( 42)0000120

0000130
0000140
0000150
0000160
0000170

/SUB31/WCFNS(3) ,DPNS(3),WINS1(3,3) ,WINS2(3,2) ,UNS(3) ,RUASNS (0000180

0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290

0000300

0000320
0000330
0000340
0000350
0000360
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
0000620

0000630
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CHANNELS ADJACENT TO "NS"

CALL SUBCON(NS,NP,NP1,NI)

IF(NPIN(NS) .EQ.1)GOTO 65

IF(ITYP.EQ.1 .AND. IDIV1.EQ.IDIV1/2%2)GOTO 65
IF(ITYP.EQ.2 .AND. IDIV1,GT.2)GOTO 65

DO 1 I=1,NP
RHO1(I)=RHO(PR1,TSCH1(NS,1))
MINS (I)=MSCH1(NS,I)
ANS(I)=ASCH(NS,I)*F2ATIP(NS,I)
DE (1)=DEZ (NS *F2DTIP(NS,I)
TINS(I)=TSCH1(NS,I)

1 WCFUD(I)=WCF (NS)*ANS(I)/A(NS)

------------------------------------------------------------------

ITERATION ON THE RELAXATION FACTOR (LOOP ITFREL)

DO 48 ITFREL=1,98
IVIA=1

CALCULATION OF THE PRESSURE LOSSES (LOOP ITGL)
DO 47 ITGL=1,60
EVALUATION OF THE CROSS-FLOW SOLUTIONS

CALL CRFL1(ITGL,DPNSAV,FRELI,A(NS),NP,ANS,MINS,DPNS,WCFNS,WCFINS,
* EPINS)

Do 2 I=1,NP

WCFNS (1)=WCFNS (1)+WCFUD (1)

M2NS (T)=MINS (I)-H*WCFNS(I)

MSCH(NS,I)=(M2NS(I)+MINS(I))*0.5

TANS (I)=TAV(NS)
2 RUASNS(I)=MSCH(NS,I)*SQRT(LAMSCH(NS,I)*0.125)/ASCH(NS,I)*AREASC

IF(ITGL.GT.1 .AND, IVIA.EQ.1)GOTO 25

CALCULATION OF THE BULX TEMPERATURES ( LOOP ITERM )
XPREC=1.E-04

DO 20 ITERM=1,20

A) TURBOLENT EXCHANGE SUBCHANNEL-SUBCHANNEL

DO 4 I=1,NP1

MAVI=MSCH(NS , 1)*AREASC/ASCH(NS, I)

I1=I+1

DO 3 II=I1,NP

MAV2=MSCH(NS, IT)*AREASC/ASCH(NS,II)

IF(TANS(I).LE.0. .OR. TANS(I).GT.3000. .OR. TANS(II).IE.0. .OR.
*TANS(II).GT,3000,)GOTO 302

YYIII=((YY(X,NS,I)+YY(K,NS,I1))*0,5~1.)#CY+1,
WINS1(I,II)=TME(PBT,MAV1,MAV2, TANS(I),TANS(II),LAMSCH(NS,I),
*LAMSCH (NS, II),AREASC,AREASC,CTURB1 (ITYP) )*YYITY

Ccccgecocoeeeecceececccceecececeececee 10.9.1980

C
c

IF(I2TIP(NS,I).EQ.2 .OR. I2TIP(NS,II).EQ.1)WINS1(I,II)=0.
3 WINS1(II,I)=WINS1(I,II)

€ceeceeceececceeecccccecceceeeeeeeee 10.9.1980
Cccceceecceccececeeeccceeceecececccceece 10.9.1980

IF (ABS (YY(K,NS,I)*YY(K,NS,II)~1.) .G6T. 1.E-03) GO TO 3
IF(I2TIP(NS,I).EQ.1 .OR. I2TIP(NS,II).EQ.1)WINS1(I,II)=0.
3 WINS1(II,I)=WINS1(I,II)

€cceceeececceeccececcececececececcece 10.9. 1980

4 CONTINUE
DO 16 I=1,NP
THEX=0.
CONHE=0.

0000640
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0000770
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0000800
0000810
0000820
0000830
0000840
0000850
0000860
0000870
0000880
0000890
0000900
0000910
0000920
0000830
0000940
0000950
0000960
0000970
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0000990
0001000
0001010
0001020
0001030
0001040
0001050
0001060
0001070
0001080
6001090
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0001110
0001120
0001130
0001140
0001150
0001160
0001170
0001180
0001190
0001200
0001210
0001220
0001230
0001240
0001250
0001260
0001270
0001280

0001290
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MAV1=MSCH(NS,I)*AREASC/ASCH(NS,I) 0001300

DO 5 II=1,NP : 0001310
IF(I.EQ.I1)GOTO 5 0001320
MAV2=MSCH(NS, I1)*AREASC/ASCH(NS,II) 0001330
TATII=(MAV1*TANS (I)+MAV2*TANS(II))/{MAVI+MAV2) 0001340
CONHE=CONHE - (TANS (1) -TANS (11))*CCOND1(ITYP)*(KAPPA(PBT,TANS(I))}+ 0001350
+KAPPA (PBT, TANS(11))) 0001360
THEX=THEX~ (TANS (I)-TANS(I1))*WINS1(I,II)*CP(PBT,TAIII) 0001370

5 CONTINUE ‘ 0001380

c 0001390
C B) TURBOLENT EXCHANGE SUBCHANNEL-CHANNEL 0001400
c ., 0001410
NCHCI=NCHC(I) 0001420
IF(NCHCI.EQ.0)GOTO 7 0001430

DO 6 K1=1,NCHCI 0001440
=JCHC(I,K1) 0001450
I1=JSCH(I,M) 0001460
J=NIS(NS,M) 0001470
NTYPJ=NTYP(J) 0001480
MAV2=MAV(J)Y*ACH( NTYPJ)/AZ(J) 0001490
WINS2(I,K1)=WT(NS,M) 0001500
IF(I2TIP(NS,I).EQ.1)WTNS2(1,K1)=0. 0001510
IF(11.NE.Q)WINS2(I,K1)=WINS2(I,K1)* (RUASNS (I)+RUAS(J))/(RUASNS(I)+0001520

* RUASNS(11)+2.%RUAS(J)) 0001530
TAIJ={TANS (I)*MAV1+TAV(J)*MAV2)/(MAV1+MAV2) 0001540
CONHEP={TANS (1)-TAV(J))*CCOND{(NS,M)* (KAPPA(PBT, TANS (1) )+KAPPA(PBT, 0001550
*TAV(J))) 0001560
IF((ACH(ITYP)/AZ(NS).LE.1.1 .OR. ACH(NTYPJ)/AZ(J).LE.1.1) .AND., 0001570
*(NTYP(NS).EQ.1 .OR. NTYP(J).EQ.1))CONHEP=CONHEP*0.5 0001580
CONHE=CONHE-CONHEP 0001590

6 THEX=THEX- (TANS(I)-TAV(J))*WINS2(I,K1)*CP(PRT,TAIJ) 0001200

¢ 0001610
c C) CROSS FLOW HEAT EXCHANGE SUBCHANNEL-SUBCHANNEL 0001620
c 0001630
7 CONTINUE 0001640
TACF=0. 0001650
MAVCF=0. 0001660

DO 8 1I=1,NP 0001670
IF(1.EQ.II)GOTO 8 0001680
MAV2=MSCH(NS,II)*AREASC/ASCH(NS,II) 0001690

CALL CF1(TANS(1),TANS(II),MAV1,MAV2,DPNS(I),DPNS(IY), 0001700

* ITGL, TACF,MAVCF) 0001710

c 0001720
c D) CROSS FLOW HEAT EXCHANGE SUBCHANNEL-CHANNEL 0001730
c 0001740
8 CONTINUE 0001750
IF(NCHCI.EQ.0)GOTO 12 0001760

DO 11 K1=1,NCHCI 0001770
M=JCHC(I,X1) 0001780
J=NIS(NS,M) 0001790
NTYPJ=RTYP(.J) 0001800
MAV2=MAV (J)*ACH(NTYPJ) /AZ(NS) 0001810

CALL CF1(TANS(I),TAV{J),MAV1,MAV2,DPNS(I),DP(J),ITGL,TACF,MAVCF) 0001820

11 CONTINUE 0001830

12 CONTINUE 0001840

c 0001850
C 0001860
TACF=TACF /MAVCF 0001870
TAICF=(TANS (I)*MAV1+TACF*MAVCF)/ (MAV1+MAVCF) 0001880
CFHEX=WCFNS (1)* (TANS (I)-TACF)*CP (PBT,TAICF) 0001890

PHII (NS, I)=(THEX+CFHEX+CONHE)*H/ASCH(NS, I) 0001900
XAMAV=MSCH(NS,I) 0001910
XXM2=M2NS5(1) 0001920

IF (1ENE .EQ. 2) XXMAV=MINS (1) 0001930

IF (IENE.EQ.2)XXM2=XXMAV 0001940

CCCCCCCCCCeeceCeCelleCCCCCeCCCCCCCCLCCCCCCCCCCECCCCCCCCCCCCCCCLCiCecCecnon1950



s NeNeRe

T2NS (1)=TSCH1 (NS, I)+H/ (XKMAV*CP{PBT, TANS(I)) )*( (QSCH(NS, I)*QDEV
+ + QLINM*PERL(ITYP)*0.5*QLDEV)/LENGTH+THEX+CFHEX+CONHE )

IPIN=JPIN(NS,I)
QPARE=0.0

IF (ITYP.NE.1) QPARE= SHQ(III,I)+SHQC(III,I)
QSCHT=QSCH(NS , I)*QDEV*H1+QJ (IPIN,NS) + QPARE

T2NS (1)=TSCH1 (NS, I)+ ( QSCHT+(THEX+CFHEX+CONHE)*H ) /
> (XXMAV*CP (PBT, TANS(1)))

0001960
0001970
0001980
0001990
0002000
0002010
0002030
0002040
0002070
0002080

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC0002100

e R+ Ry

OO0

16

17
18

19
20

21

25

26

27

TSCH(NS, I)=(XxM2*T2NS(I)+MSCH1(NS,I)*TSCH1(NS,I)}*0.5/

L XXMAV
CONTINUE
IF(ITGL.EQ.1)GOTO 25

TEST OF CONVERGENCE FOR THE GAS TEMPERATURES

IF(ITERM.GT.10)XPREC=1 ,E-03
TF(ITERM.GT.15)XPREC=1.E~-02
DO 17 I=1,NP

IF(ABS(TANS(I)/TSCH(NS,I)~1.).GT.XPREC)GOTO 18

CONTINUE

GOTO 25

CONTINUE

DO 19 I=1,NP

TANS (I)=TSCH(NS,I)
CONTINUE

-----------------------------------------------------

END OF LOOP ITERM: POINT REACHED IN THE CASE OF CONVERGENCE

PROBLEMS

WRITE(6,21)NS, (TANS(I),I=1,NP), ITCORR
FORHAT( 5X,'SUB. SUBBAL',

-------------

0002110
0002120
0002130
0002140
0002150
0002160
0002170
0002180
0002190
0002200
0002210
0002220
0002230
0002240
0002250
0002260
0002270
0002280
0002290
0002300
0002310
0002320
0002330

/5X ' SUBCHANNEL CALCULATION STOPS IN LOOP ITERM OF CHAN0O002340

*NEL' 16,5X, TEHPERATURES-'/SX 3E15.7/5K, ' ITCORR=',I5)

RETURN 1

----------------------------------------------------

CONVERGENCE HAS BEEN REACHED FOR THE ENERGY EQUATIONS; THE CALCU=

LATION OF THE PRESSURE DROFS STARTS

CONTINUE

DO 26 I=1,NP

RHOAV (1)=RHO (PBT, TSCH(NS,I))
UNS(I)=MSCH(NS,1)/(ANS(I)  *RHOAV(I))
CONTINUE

DPNSAV=0.

SMSCH1=0.

DO 40 I=1,NP

TMOEX=0.

TURBULENT EXCHANGE . SUBCHANNEL-SUBCHANNEL

DO 27 II=1,NP

IF(I.EQ.II)GOTO 27

TMOEX=TMOEX- (UNS(I)=UNS (11))*WINS1(I,II)
CONTINUE

TURBULENT EXCHANGE SUBCHANNEL-CHANNEL

NCHCI=NCHC(I)

IF (NCHCI.EQ.0)GOTO 29
DO 28 K1=1,NCHCI
M=JCHC(I,K1)
J=NIS(NS,HM)

0002350
0002360
0002370
0002380
0002390
0002400
0002410
0002420
0002430
0002440
0002450
0002460
0002470
0002480
0002490
0002500
0002510
0002520
0002530
0002540
0002550
0002560
0002570
0002580
0002590
0002600
0002610
0002620
0002630
0002640
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28 TMOEX=TMOEX- (UNS(I)-UAV(J))*WINS2(I,K1) 0002650
29 TMOEX=TMOEX*FT*H/ANS(I) 0002660
0002670

UACF=0. 0002680
ACF=0. 0002690
AREAI =AREASC*F2ATIP(NS,I) 0002700
0002710

CROSS-FLOW EXCHANGE SUBCHANNEL-SUBCHANNEL 0002720
0002730

DO 30 II=1,NP 0002740
IF(1.EQ.II)GOTO 30 0002750
AREATT=AREASC*F2ATIP(NS,11) 0002760
CALL CF1(UNS(I),UNS(II),AREAI ,AREAII,DPNS(I),DPNS(II), 0002770

* 1,UACF ,ACF) 0002780
30 CONTINUE 0002790
0002800

CROSS-FLOW EXCHANGE SUBCHANNEL-CHANNEL 0002810
0002820

IF(NCHCI.EQ.0)GOTO 36 0002830

DO 35 K1=1,NCHCI 0002840
M=JCHC(I,K1) 0002850
J=NIS(NS,M) 0002860
NTYPJ=NTYP (J) 0002870
AREAJ=ACH(NTYPJ)*F1ATIP(J) 0002880
CALL CF1(UNS(I),UAV(J),AREAT ,AREAJ,DPNS(I),DP(J),1, 0002890

%  UACF,ACF) 0002900
35 CONTINUE 0002910
0002920

0002930

36 UCF=UACF/ACF 0002940
CFMOEX=(2 .*UNS (1)-UCF)*WCFNS (I)/ANS(I)*H 0002950
XMEM(X)=LAMSCH(NS, I)*H/(2.*DE(I) *RHOAV(I))*FCOPW1(ITYP) 0002960
=MSCH(NS,I)*DE(I)/(ANS(I) *ETA (PBT, TSCH(NS,1))) 0002970

IF (INDSP.EQ.2)XMEM(T)=XMEM(I)+(CSPAC(NS,I,I1SPAC)+DSPDPF(EPS(NS,I,0002980
*I11SPAC) ,DE(I) ,LAMSCH(NS,I),WSP,PGDP(NS,I,I1SPAC),RE,ITYP))/ 0002990
/RHOAV(I) 0003000
DENS (I)=XX* (- (MSCH(NS,I)/ANS(I) Y 2% (XMEM(I)- (RHO(PR2, T2NS (I))0003010

* -RHO1(I))/RHOAV( I)%*2)+THOEX+CFMOEX+]GRAVARHOAV(1)*980.665% 0003020
* H) 0003030
DPNSAV=DPNSAV+DPNS (I)*MSCH1(NS,I) 0003040
SMSCH1=SMSCH1+MSCH1(NS, 1) 0003050

40 CONTINUE 0003060
DPNSAV=DPNSAV/SMSCH1 0003070
IF(ITGL.LT.4)GOTO 45 0003080
.............................................................. 0003090
TEST FOR THE CONVERGENCE OF THE PRESSURE DROPS 0003100
0003110

DO 41 1=1,NP 0003120
IF (ABS(DPNS (I)/DPNSAV~1.).GT.1.E~02)GOTO 45 0003130

IF (ABS(DPNS(I)/DPNSAV-1.).GT.1.E-03 .AND. ITGL.LT.40)GOTO 45 0003140

41 CONTINUE 0003150
IF(IVIA.EQ.2)GOTO 50 0003160
‘DO 301 I=1,NP 0003170
IF(M2NS(1).LE.0.)GOTO 302 0003180
301 CONTINUE 0003190
IVIA=2 0003200

45 CONTINUE 0003210
DO 46 1=1,NP 0003220

46 WCFNS (I)=WCFNS (I)-WCFUD(I) 0003230
47 CONTINUE 0003240
............................................................... 0003250
END OF LOOP ITGL : POINT REACHED IN THE CASE OF CONVERGENCE 0003260
PROBLEMS 0003270
302 CONTINUE 0003280
AIT=ITFREL 0003290
FRELI=1,-AIT*0,01 0003300



48 CONTINUE
END OF LOOP ITFREL: POINT REACHED IN THE CASE OF CONVERGENCE
PROBLEMS

IO

WRITE(6,49) ITCORR,NS, (DPNS(1),1=1,NP}, (MSCH(NS,1),I=1,NP),
* (TSCH(NS,I),I=1,NP)
49 FORMAT(// 5X,'SUB. SUBBAL',

> /5X, ' SUBCHANNEL CALCULATION STOPS IN LOOP ITGL: ITCORR=

0003310
0003320
0003330
0003340
0003350
0003360
0003370
0003380
0003390

1',I5,5X, 'NS=',15/5X, ' PRESSURE LOSSES + AVERAGE MASSES + AVERAGE TE0Q003400

ZMPERATURES : '/(8E15.5)) 0003410

777 RETURN 1 0003420

o 0003430
C CONVERGENCE HAS BEEN REACHED FOR THE ENERGY EQUATIONS AND FOR THE 0003440
C AXTAL MOMENTUM EQUATIONS 0003450
C 0003460
50 CONTINUE 0003470
DO 60 I=1,NP 0003480
DPAVF=DPAV- IGRAV¥RHOAV (1)*H*0.001 0003490
BMI=SQRT (ABS(DPAVF) /(XX*XMEM(I)))*ANS(I) 0003500
SIGMAI (NS, I)=(MSCH(NS,I)~BMI)/ASCH(NS,T) 0003510

60 CONTINUE ' 0003520
GOTO 70 0003530

c ik - ; 0003540
c FOR THE CHANNELS WITH ONLY ONE SUBCHANNEL 0003550
c 0003560
65 CONTINUE 0003570
DO 66 I=1,NP 0003580

IF (NTYP(NS) .NE.2)GOTO 7007 0003590

WCEFNS (I)=WCF(NS) 0003600
M1=JCHC(I,1) 0003610
M2=JCHC(I,2) 0003620
WTNS2 (I,1)=WT(NS,M1) 0003630
WINS2(I,2)=WT{NS,MH2) 0003640
RUASNS (I)=RUAS (NS) 0003650

UNS (1)=UAV(NS) 0003660

7007 CONTINUE 0003670
MSCH(NS, I)=MAV (NS )*ASCH(NS, I)/AZ(NS) 0003680
TSCH(NS,I)=TAV(NS) 0003690
SIGMAI (NS,T)=SIGMA(NS) 0003700
PHII(NS,I)=PHI(NS) 0003710

IF (NTYP(NS) .NE. 3)GOTO 66 0003720
EPSM=MSCH(NS,I)- (XMSCHA(III,I)+XMSCHB(III,I)) 0003730
XMSCHA(ITI,I)=XMSCHA(III,I)+EPSM*(1.-1./ADAB(III,I)) 0003740
XMSCHB(III,1)=MSCH(NS,1)-XMSCHA(III,I) 0003750

66 CONTINUE 0003760

c 0003770
70 CONTINUE 0003780
IF(NTYP(NS).NE.2)  GOTO 80 0003790

c ONLY FOR THE WALL SUBCHANNELS 0003810
c 0003820
I2TTIP=0 0003830

DO 4001 I=1,NP 0003840
I2TTIP=I2TTIP+I2TIP(NS,I) 0003850

DO 4000 JWC=1,2 0003860
CHI(III,Y,JWC)=1. 0003870
PSI(III,I,JWC)=1. 0003880
TAVWC(III,T,JWC)=TSCH(NS,I) 0003890

4000 MAWC(III,I,JWC)=MSCH(NS,I)*ASCHWC(III,I,JWC)/ANS(I) 0003900
IF(IDIV2.EQ.1)GOTO 4001 0003910
EPSH=MAWC(III,I,1)-(XMSCHA(III,I)+XMSCHB(III,I)) 0003920
XMSCHA(III,I)=XMSCHA(III,I)+EPSM*(1.-1./ADAB(III,I)) 0003930
XMSCHB(III,I)=MAWG(IIT,I,1)~XMSCHA(III,I) 0003940

4001 CONTINUE 0003950




oo 0n

st et e e ettt ettt e 0003960
RECCA2 IS CALLED ONLY IF THE FLOW IS TURBULENT IN THE WHOLE WALL 0003970

CHANNEL IN CASE OF IDIV2=1 0003980
0003990

IF(IDIV2.EQ.2 .OR. I2TTIP.NE.0)GOTO 80 0004000
IF(ITYP.EQ.2 .AND. IDIV1.GT.2)GOTO 80 0004010
CALL RECCA2 (NS, III,NP,INDSP,H,LENGTH,PR1,PRZ,PBT,FRELI,FT,0004020
*TTCORR,PIG,D,DPAV,&777,WSP, I15PAC) 0004030
0004040

0004050

80 CONTINUE ' 0004060
.............................................................. .. .0004070
END OF LOOP "NS" : THE CALCULATIONS HAVE BEEN PERFORMED FOR ALL 0004080
SUBCHANNELS OF ALL CHANNELS 0004090

. 0004100
RETURN 0004110

END 0004120
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SUBROUTINE SUBCON EVALUATES THE NUMBER OF CHANNELS CONNECTED TO
EACH SUBCHANNEL I OF CHANNEL NS ( NCHC(I) ), IDENTIFIES THESE

[F= ]

1
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SUBROUTINE SUBCON (NS,NP,NP1,NT)

0000010
0000020
0000030
0000040

CHANNELS BY MEANS OF JCHC(I,K), IDENTIFIES WHICH SUBCHANNEL II OF 0000050
THE SAME CHANNEL NS IS CONNECTED TO THE SAME CHANNEL ( BY MEANS OF0000060

JSCH(I,M) ).

COMMON/HEA6/NPIN( 42),JPIN( 42,3)}/1J1/NER( 42),NIS( 42,3)
/SUBC1/NCHC(3),JSCH{3,3)/8UBC2/JCHC(3,2)/IND3/RTYP( 42)

DO 4 I=1,NP
NCHC(I)=0

DO 3 M=1,NI
J=NIS(NS,M)
NPJ=NPIN(J)

DO 1 1J=1,NPJ
IF(JPIN(J,1J).EQ.JPIN(NS,I))GOTO 2
CONTINUE

6OTO 3
NCHC(I)=NCHC(I)+1
NCHCI=NCHC(I)
JCHC{I,NCHCI)=M
JSCH(I,M)=0
CONTINUE

CONTINUE

IF(NP .EQ.1)RETURN

DO 9 I=1,NP1
IF(NCHC(I).EQ.0)GOTO 9
NCHCI=NCHC(I)

DO 8 Ki=1,NCHCI

11=I+1

Do 6 II=11,NP
IF(NCHC(II).EQ.0)GOTO 6
NCHCII=NCHC(II)

DO 5 K2=1,NCHCII
IF(JCHC(I,K1).EQ.JCHC(II ,K2))GOTO 7
CONTINUE

CONTINUE

GOTO 8
JCHCIK=JCHC(I,K1)
JSCH(I,JCHCIK)=1I
JSCH(II,JCHCIK)=I
CONTINUE

CONTINUE

RETURN

END

0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0600350
0000360
0000370
0000380
00003490
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
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SUBROUTINE SUBDH(N,K,X1,NSTOT) 0000010

----------------------------------------------------------------------- 0000020
- SUBDH HALVES THE K.TH AXIAL SECTION IF CONVERGENCE PROBLEMS 0000030
OCCURRED IN IT 0000040
0000050

COMMON/GRID2/YY (100, 42,3)/GRID3/X(100)/HEA6/NPIN( 42),JPIN( 42,3)0000060
.................................................................. 0000070
THE MAXIMUM VALUE OF THE AXIAL INDICES IS 100 0000080
0000090

1¥(N.LT. 100)GOTO 2 0000100
WRITE(6,3) 0000110

3 FORMAT(1H1,5X,'SUB. SUBDH', 0000120
> /5X, 'NUMBER OF AXIAL SECTIONS BECOMES TOO BIG') 0000130
STOP 0000140
.................................................................. 0000150
0000160

2 CONTINUE 0000170
NI=N-K 0000180
N=N+1 0000190
DO 10 I=1,NI 0000200
II=N-I+1 , 0000210
X(II+1)=X(1I) 0000220
X(IT)=X(II-1) 0000230
DO 1 NS=1,NSTOT 0000240
NP=NPIN(NS) 0000250
DO 1 M=1,NP . 0000260

1 YY(II,NS,M)=YY(II-1,NS,}M) 0000270
10 CONTINUE 0000280
X (K+1)=(X(K)+X (K+2) )*0.5 0000290
DO 20 NS=1,NSTOT 0000300
NP=NPIN(NS) 0000310
DO 20 M=1,NP 0000320
20 YY(K+1,NS,M)=YY(K,NS,M) 0000330
X1=K 0000340
WRITE (6,30) 0000350

30 FORMAT(/130('*')//) 0000360
RETURN 0000370

END 0000380
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TESTS THE SUFFICIENT CONVERGENCE CONDITION FOR THE USE OF THE

SUBROUTI

' GAUSS-SE

500

1000

— 270 —

NE SUFCON(A,IND)

IDEL METHOD.

DIMENSION A(132, 13)

COMMON /SCO1R/ NSECT,NSECP
COMMON /SC13R/ NAFF(132)
IND =0
IDIM= 13
IND1 =IDIM
IND2 = 0
DO 1000 L=1,NSECT

SUM=0.0

. NAF=NAFF (L)
' NAF1=NAF+1 f

IF(IND1.

RETURN
END

DO 500 K=1,NAF
SUM=SUM+ARS (A(L X)) s
CONTINUE :
IF(ABS(A(L,NAF1}) .LT. SUM) INDi=IND1-1
IF(ABS(A(L,NAF1)) .GT. SUM) IND2=IND2+1
CONTINUE

LT.IDIM.OR.INDZ.LE,0) IND=1

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160 .
0000170
0000180
0000190
0000200
0000210
0000220
0000230

‘0000240

0000250
0000260
0000270
0000280
0000290
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THE TEMPERATURES OF THE SECTORS FACING A CENTRAL CHANNEL (OR THE
CENTRAL PART OF A WALL SUBCHANNEL) ARE MODIFIED BY MEANS OF THE

100

>

— 271 —

SUBROUTINE SUPCEN(RH,PBT,TWALL,LAM1,U1DU,YYI,ITYP,KI,DEI,FACHE,

QA,TW1,G1A,NU11,I,M,REI, ITW1)

SUPERPOSITICN PRINCIPLE.

COMMON /SUB23/ HPLUSB( 42,3),HPLUSW( 42,3),QPLUS( 42,3),
PRB( 42,3),YODH( 42,3)

COMMON /SUB22/ TW( 42,3)

COMMON /SUB2/ TSCH( 42,3) ,MSCH{ 42,3)

COMMON /HEAS/ QQ( 42,3)

COMMON /1J1/  NER( 42),NIS( 42,3)

COMMON /DAT/ PIG

COMMON /MART5/ NSTR

COMMON /QPAR1/ QDEV

COMMON /SC02C/ QJ( 19, 42)

COMMON /SCO2R/ P,D,Z,ZWC,H,LENGTH

COMMON /SC13C/ GEO1{ 42,3)

COMMON /HEA6 / NPIN{ 42),JPIN( 42,3)

COMMON /WCSE9/ TAVWC( 18,2,2)

COMMON /WCSE7/ MAWC( 18,2,2)

COMMON /WCSE12/TWWC( 18,2,2)

REAL LENGTH,KAPPA,LAM1,KI ,NU11,MAWC,MSCH
R1=D%0.5

§3=1.732051
IF(I.GT.NSTR} GOTO 1000

o o S e e Y o e e R S R A g o el Y v S g o v A A S S R kv e S N A e

CENTRAL SUBCHANNELS
DETERMINATION OF THE CHANNEL BULK TEMPERATURE
NR=NER(I)
SPM=0.0
T=0.0
DO 100 M1=1,NR
SPM=SPM+MSCH(I,M1)
T=T+TSCH(I , M1 )*MSCH(I,M1)
CONTINUE
TB=T/SPH

DETERMINATION OF NU11
R2A=SQRT (P**2%S3%3, /(2.%PIG) ~-R1**2%2 )
BETA=PIG/6.-ATAN((P*0,5-R1)/(P*S3%0.5))
R2B=SQRT ( (P*0.5%33*%R1-PIG*R1*%2/3, ) /BETA)
YDA=(R2A-R1)/RH

YDB=(R2B-R1)/RK

R1DR2A=R1/R2A

R1DR2B=R1/R2B

CALL RNU(MPLUSW(I,M),TWALL,LAM1,RET,PRB(I,H),TB,¥YDA,R1DR2A,0.0,

U1Dy,0.0,YYI,NU11,G1A,1ITYP,R24,R1,R2B,BK)
AL=NU11%KI/DEI*FACHE
DT=QA/AL

C 3- DETERMINATION OF TETA(I,J)

DO 200 M1=1,NR
IF(M1.EQ.M) GOTO 200

G1B=GHPLUS (HPLUSW(I ,M1),TW(I ,M1),TB,PRB(I,M1),YDB,0.0,0.0,

R2B,R1)
BB=2.5%ALOG{ (R2B-R1)/RH)
BA=2.5%ALOG((R2A-R1) /RH)

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000790
0000800
0000810
0000820
0000830
0000840
0000850
0000860
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BC=(1.25+3.75%R1/R2A)/ (1.0+R1/R24)
B=1.0-((BB+G1B)/(BA+G1A-BC))
TETA=B/NU11
JP=JPIN(I,M1)
QF=QQ(I ,M1)*QDEV/ (LENGTH*PIG*D)
QF=QF+QJ (JP, 1)/ (PIGAD*H)*GEO01(I,41)
DT=DT+ TETA*QF*DEI/KAPPA(PBT,TB)
CONTINUE

TW1=DT+TB

GOTO 9999

o —— T -t ) S Ty ] B L g A

CENTRAL PART OF WALL SUBCHANNELS

CONTINUE

DETERMINATION OF THE "CHANNEL" BULK TEMPERATURE

M1=2

IF(M.EQ.2) Ml=1

NW=I-NSTR

TB = (TAVWC(NW,M,2)*MAWC(NW,M,2) + TAVWC(NW,M1,2)*MAWC(NW,M1,2)) /

> (MAWC(NW,M,2) + MAWC(NW,M1,2))
¢ 1- DETERMINATION OF NU11l

>

ALFA=0. 445

R2A=SQRT (P#*2%0 , S5TAN (ALFA) /ALFA-R1%%2)

R2B=R2A

YDA=(R2A-R1)/RH

R1DR24=R1/R2A

CALL RNU(HPLUSW(I,M),TWALL,LAM1,REI,PRB(I,H),TB,¥DA,R1DR24,0.0,
U1DU,0.0,YYI,NU11,G1A,ITYP,R24,R1,R2B, BK)

AL=NU11*KI/DEI*FACHE

DT=QA/AL

C 3- DETERMINATION OF TETA(I,J)
CCCccececeececcecececece

TWX=TWWC (NW,M, 2)
IF(TWX.LT.0.5) TWX=TW(I,H1)

ccccceeececececececceeeee

9999

G1B=GHPLUS (HPLUSW(I ,M1),TWX,TB,PRB(I,M1),YDA,0.0,0.0,R2A R1)
BB=2.5%ALOG( (R2B-R1)/RH)
BA=2.5%ALOG( (R2A-R1) /RH)
BC=(1.25+3.75%R1/R24)/ (1.0+R1/R2A)
B=1.0-((BB+G1B)/ (BA+G1A-BC))
TETA=B/NU11

JP=JPIN(I,M1)

QF=QQ(I,M1)*QDEV/ (LENGTH*PIG#D)
QF=QF+QJ (JP, 1)/ (PIG*D*H)*GEO1(I,M1)
DT=DT+ TETA*QF*DEI/KAPPA(PBT,TB)
TW1=DT+TB

Ay e g R G M S e e o e P e A -

0000870
0000880
0000890
0000900
0000910
0000920
0000930
0001110
0001120
0001130
0001140
0001150
0001160
0001170
0001180
0001190
0001200
0001210
0001220
0001230
0001240
0001250
0001260
0001270
0001280
0001290
0001300
0001310
0001320
0001330
0001340
0001350
0001360
0001370
0001380
0001390
0001400
0001410
0001420
0001430
0001440
0001450
0001460
0001470
0001480
0001490
0001500
0001900
0001910
0001920
0001930
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SUBROUTINE SYSOL (A,B,X) 0000010
R S S 0000020
c SOLVES THE SYSTEM OF LINEAR EQUATIONS. 0000030
c — 0000040

DIMENSION A(132, 13),B(132),X(132) 0000050
COMMON /SCO1R/ NSECT ,NSECP 0000060

' 0000070
------------------------------------------------------------------ 0000080
CONTROLS ON THE CONVERGENCE POSSIBILITY. 0000090
0000100

CALL SUFCON(A,INDEX) 0000110

IF (INDEX .EQ. 0) GO TO 1000 0000120
0000130

------------------------------------------------------------------ 0000140
0000150

0000160

WRITE (6,500) 0000170

500 FORMAT ( ' SUB, SYSOL- THE SUFFICIENT CONDITION FOR ', 0000180
> 'THE GAUSS-SEIDEL METHOD IS NOT RESPECTED.', 0000190

> ' THE METHOD IS USED ANYWAY.') 0000200

c 0000210
1000 CONTINUE 0000220
0000230

------------------------------------------------------------------ 0000240
GAUSS-SEIDEL METHOD 0000250
0000260

PERC=0.001 0000270
ITMAX=NSECT*3 0000280
CALL GAUDEL(A,B,X,PERC,ITMAX) 0000290
0000300

------------------------------------------------------------------ 0000310
0000320

RETURN 0000330

END 0000340
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SUBROUTINE TARRAY

DETERMINES THE

COMMON /SCO1C/
COMMON /SC03G/
COMMON /SCO5C/
COMMON /MARTS/
COMMON /GASD1/
COMMON /HEA6/
COMMON /SCO1R/
COMMON /SCO6R/
COMMON /SC11R/
COMMON /SC12R/

L=0

ARRAYS ISU,IGI,ISS

NCAN( 19),LIPS( 19,10)

NRODS
JZUR( 19, 42)

NSTR

NSTOT

NPIN( 42),JPIN( 42,3)
NSECT ,NSECP
ISU(132,2)

IsS( 18,2)

IGI( 42,3)

DO 1000 JP=1,RRODS
NCA=NCAN(JP)
IF (NCA .LE. 0) GO TO 1000

DO 800

CONTINUE
NSTR1=NSTR+1
DO 1800 NS=NSTR

NP=NPIN
DO 1600

CONTINUE
IF ( L .EQ. NSE

WRITE (6,20
FORMAT( 5X

STOP

3000 RETURN

END

K=1,NCA
NS=LIPS(JP,X)
¥=JZUR(JP,NS)
L=L+1
ISU(TL,1)=NS
ISU(L,2)=M
IGI(NS,M)=L
CONTINUE

1,NSTOT

(NS)

M=1,NP

L=L+1
NSW=NS-NSTR
ISU(L,1)=NS
ISU(L,2)=M
ISS (NSW,M)=L
CONTINUE

CT) GO TO 3000

00) L,NSECT

,'SUB. TARRAY',/SX,
'L = 1,14,/5X,
'NSECT = ',I4,/5X,
" CALCULATION STOPS.')

0000010
0000020
0000030
0000040
0000050
0000060
0000070
00006080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
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SUBROUTINE TAU(I,AI,P,ALFA,D,W,RH,DET,PROV,IRH,DAI,DRI,PAI,F, 0000010
*RHPL, TWI, TE , ITTEMP, QPLUS , ETAA ,RHOA ,ETAB ,RHOB ,ETAIW, RHOIW, BETA ,EM1, 0000020

*XC1,XC2,T1,%,CS) 0000030

o mmmm e e mmmmm—mmm s m e —m e e et mm o m mmmmmemmaan 0000040
c SUBROUTINE TAU EVALUATES POINTS OF THE LINE F=F(P) (F=0 FOR POINTS0000050
c ON THE TAU=0 LINE). 0000060
c 0000070
COMMON /COLAM2/COLAMA/MART/ITCORR/REC1/PVERT (90) 0000080

1 ,PRAD(90) /REC2/E (90) 0000090

c 0000100
PVERT (1)=P*D%0.5 0000110
PRAD(I)=PVERT(1)/COS (BETA) 0000120
E(I)=PVERT (1) *TAN(BETA) 0000130
IF(I.GT.1)GOTO 1 0000140

<2 N 0000150
C FIRST SUB-SUBCHANNEL 0000160
¢ 0000170
ZATI=W-0.5%D-PVERT (1) 0000180
DELTAE=E(1) 0000190
DBI=2,%E(1)*P/ALFA-D 0000200

GOTO 2 0000210

S 0000220
c FOR THE 1.TH SUB-SUBCHANNEL, IF I>1 0000230
C 0000240
1 CONTINUE 0000250
WW=H~- ((E(I)+E(I-1))*0.5-EM1)*XC1 0000260
ZAT=WW-0, 5% (D+PVERT (I)+PVERT (I-1)) 0000270
DELTAE=E(I)-E(I-1) 0000280
DBI=2.* (PVERT (I-1)*TAN(BETA)-E(I-1))*P/ALFA-D 0000290

2 PR 0000300
c FOR ALL SUB-SUBCHANNELS 0000310
C 0000320
2 DAI=4.%ZAI/XC2 0000330
PAT=DELTAE*XC2 0000340
ZBI=0,5* (SQRT (D**2+D*DBI) -D) 0000350

c 0000360
IF(DAI.GT.0. .AND. DBI.GT.0.)GOTO 100 0000370
WRITE(6,22)1,DAI,DBI,P,E(1),E(I-1),PVERT(I),PVERT(I-1),ITCORR 0000380

22 FORMAT(5X,'STOP IN TAU : I=',I5,5X,'DAl=',E15.5,5X,'DBI=',E15.5 0000390
1/5X,'P=* E15.5,5X, 'E(I)=',E15.5,5X, 'E(I-1)=",E15,5/5X, 'PVERT(I)=",0000400
2E15.5,5X, 'PVERT(I-1)=",E15.5,5X, ' ITCORR=", I5) 0000410
RETURN 1 0000420

C 0000430
100 CONTINUE 0000440
F0=2.5%ALOG(ZAT#*PROV*SQRT (RHOA *DAI/DET**3)/ETAA )*CS+5.5%COLAMA 0000450

IF (IRH.EQ.2)GOTO 3 0000460

C 0000470
C IN THE CASE OF SMOOTH RODS 0000480
C 0000490
F01=SQRT (DBI*RHOA/ (DAI*RHOB) )* (2. 5*ALOG (ZBI*PROV*SQRT (RHOB*DBI/DET0000500

##+%3) /ETAB)+5.5) 0000510
GOTO 4 0000520

C 0000530
c IN THE CASE OF ROUGHENED RODS 0000540
C 0000550
3 HPLUSB=RH/DET*PROV/ETAB*SQRT (DB /DET#*RHOB) 0000560
CCCCCCCCECECCCCCCCCCCCCCCCCCCCCCCCCECCCCECCCels 21.09.1979 0000570
c HPLUSW=RH*DET *PROV/ETAIWXSQRT (DBI/DET*RHOIW) 0000580
CCCCCCCCCECCCCCCCCCCCCCCCCCECCCCCCCCCCCCCCCCeee 0000590
HPLUSW=RH/DET *PROV/ETAIW*SQRT (DBI/DET*RHOIW) 0000600

ccceecceeeecececeececcaceeccceeeccecceeccceeceeeec 0000610
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YDH=(SQRT (D**2+D*DBI ) -D)*0.5/RH
RMPL=RHPLUS (HPLUSB, TWI , TE , QPLUS , HPLUSW, T1, YDH)
FO1=SQRT (DBI*RHOA/ (DAT*RHOB) )* (2 . 5%ALOG (ZBI /RH) +RHPL)

4 F=F0-F01

10

1

RETURN
END

FUNCTION TBFUN(NSTR,NSTOT)
TBFUN EVALUATES THE MEAN LINER TEMPERATURE IN THE AXIAIL SECTION

COMMON/SHROUD/TLINER( 18,2)/QPAR3/PERL(3)/IND3/NTYP( 42)
JHEAG/NPIN( 42),JPIN( 42,3)/SUB1/ASCH( 42,3)/GE00/ACH(3)

NSTR1=NSTR+1
TBPIPA=0,

PERLT=0.

DO 10 NS=NSTR1,NSTOT

NTYPNS=NTYP (NS)

NP=NPIN(NS)

DO 10 M=1,NP

PERLSC=PERL (NTYPNS)*ASCH(NS ,M) /ACH (NTYPNS)
PERLT=PERLT+PERLSC

TBP1PA=TBPIPA+TLINER (NS-NSTR,M)*PERLSC
TBFUN=TBPIPA/PERLT

RETURN

END

0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
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SUBROUTINE TBRTBS

DETERMINES THE ARRAYS

TBR =REFERENCE GAS TEMPERATURE IN THE ZONE ADJACENT TO THE ROD
TBS =REFERENCE GAS TEMPERATURE IN THE ZONE ADJACENT TO THE SHROUD
TBR AND TBS ARE USED FOR THE CONDUCTION CALCULATIONS.

COMMON /Sc26C/ TBR( 42,3),TBS( 18,2)
COMMON /SUB2 / TSCH( 42,3),MSCH( 42,3)
COMMON /SC15C/ ALFA( 42,3)

COMMON /SC17C/ SALFA( 18,2)

COMMON /SUB22/ Tw( 42,3)

COMMON /SHROUD;/ TLINER{ 18,2)

COMMON /HEAS/ QQ{ 42,3)

COMMON /QPAR1/ QDEV

COMMON /SCO2R/ P,DU,Z,ZWC,H,LENGTH
COMMON /SC13C/ GEO1( 42,3)

COMMON /SCO6L/ SHQ( 18,2)

COMMON /SC21C/ SHQC( 18,2)

COMMON /DAT/ PIG

COMMON /SC02C/ QJ( 19, 42)

COMMON /Sc18C/ RE,RI,ALFW,ALFC
COMMON /MARTS/ NSTR

COMMON /GASD1/ "NSTOT

COMMON /HEA6 / WPIN( 42),JPIN( 42,3)
COMMON /IND3/  NTYP( 42)

COMMON /LAMINS/ RTIP(7)

COMMON /INPAR/ IPA

"COMMON /CEV04/ LAMOP3

COMMON /Sc34C/ 1ISUC

REAL LENGTH

D=DU

IF(LAMOP3.EQ.1) D=RTIP(IPA)*2.

DO 1000 NS=1,NSTOT

=NPIN(NS)

DO 500 M=1,NP
CCCCTCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe 18,03, 1981

IF(NS.GT.NSTR) GO TO 100

IF(ISUC.EQ.1 .OR. NS.GT.NSTR) GO TO 100

CCCceeeeccceeceeceeceeceecceeceeeeceeee 18.03.1981

C

100

500
1000

TBR{NS ,M)=TSCH(NS,M)

GO TO 500

=JPIN(NS,M)

QF=QQ(NS,M)*QDEV/ (LENGTH*PIG*D)
QF=QF+QJ (J,NS)/ (PIG*D*H)*GE01 (NS,H)
TBR(NS,M)=TW(NS,M)~QF/ALFA (NS ,M)
IF(NS.LE.NSTR) GO TO 500
NW=N§-NSTR
ALF=ALFW

IF(NTYP(NS) .EQ.3) ALF=ALFC
QF=(SHQ(NW,M)+SHQC{NW,M) )/ (RT*ALF*})
TBS (NW,M)=TLINER(NW,M)-QF/SALFA(NW,H)
CONTINUE

CONTINUE

RETURN

END

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
00006090
0000100
0000110
0000120
6000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0006390
0000400
0000410
0000420
06000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600



— 278 —

SUBROUTINE TELIN(TW1,TLINER,TI,TE,TETA2,FTWA,QA,QALIN,NU1,NUTU, 0000010

1 Al,KI,R1DR2,DEI,I,JPIN,YYI,FACHE M) 0000020
RSP PSRRI 111111 11
c TELIN COMPUTES THE LINER TEMPERATURES AND CORRECTS THE PIN TEMPERA0000040
c OF THE EXTERNAL CHANNELS IN THE CASE OF HEATED LINER (TURB. FLOW) 0000050
c . 0000060

COMMON /SC17C/ SALFA( 18,2) 0000080
COMMON /SC16C/ SNU( 18,2) © 0000090
COMMON /MARTS/ NSTR 0000100
COMMON /ISUP / IQLIN 0000110
COMMON /ISMO/ COTW 0000130
COMMON /ISMO1/ ITECO | 0000140
c | 0000150
REAL NUTU,NU1,NU2,KI 0000160
3 A 0000170
c INLET EFFECT ON THE LINER NUSSELT NUMBER | 0000180
c ' 0600190
RI=DEI*R1DR2%*0.5/(1.-R1DR2) 0000200
R2=R1+0, 5*DEI : , 0000210
FACHE=TIS(R1,R2,3) 0000220
c 0000230
TG=TE 0000240
IF(ITECO.EQ. 2)TG=TT 0000250

FNU=(1.~AT*R1DR2%*0 . 6)*NUTU* (TG+273. 16 )**COTWAYYI*FACHE 0000260
C ittt he ettt aeh it et 0000270
c ITERATION FOR THE CALCULATION OF THE LINER TEMPERATURE AT 0000280
c (QM)ROD = 0 ( LOOP ITW1 ) 0000290
c ’ 0000300

' DO 1 ITW=1,10 0000310
TW2=TLINER , 0000320
NU2=FNU/ (TW2+273. 16 )**COTW , 0000330
ALFA2=NU2*KI /DEI 0000340
TLINER=TI+QALIN/ALFA2 0000350
IF(ABS(TLINER/TW2-1.).LE.1.E~04)GOTO 5 0000360

1 CONTINUE 0000370

2 A 0000380

c CONVERGENCE PROBLEMS IN THE LOOP ITW1 - 0000390

c 0000400
WRITE(6,2)I,JPIN, TW2 0000410

2 FORMAT(1H1,5X,'STOP IN TELIN: I=',I5,5X,'PIN=',I5,5X,'TLINER=', 0000420
1E15.5) 0000430

STOP : 0000440

C ‘ 0000450
CCCCCCCCECCCLCCCCCCCCCCCCCCCCCCCCECCe 22.05.1980 0000460
5 CONTINUE 0000470
II=I-NSTR 0000480
SNU(IT,M)=NU2 _ 0000490
SALFA(IT ,M)=ALFA2 0000500
IF(IQLIN.NE.1 .OR. ABS(QALIN) .LE.1.E-06) GO TO 9999 0000510

CCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe 22,05, 1980 0000520

c S N 0000530

c CONVERGENCE IN LOOP ITW1; CALCULATION OF THE ROD TEMPERATURE AT 0000540

c (Q")ROD = 0 0000550
TW1 =FTWA/R1DR2*QALINADEI/KI+TI 0000560
IF(TW1 .LE.TE)TW1 =TE 0600570
TETA1=(TW1 -TI)*KI/(QALIN*DEI) 0000580

IF(QA.LE.1.E-06)GOTO 10 0000590

c R 0000600

c REAL ROD TEMPERATURE IN THE CASE OF HEATED ROD AND HEATED SHROUD 0000610

c 0000620

NU1=NU1/(1.+QALIN/QA*TETA1*NU1) 0000630
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ccecccececececeeeccececeece 0000640

IF (NU1 .GT. 9999.) NU1= 9999.0 0000650

IF (NU1 .LT.-9999.) NU1=-9999.0 0000660
ALFA1=NU1*KI/DEI . 0000670
CCCCCCCCCCCCCCCCCCCCeeeee 0000680
TW1=TI+QA/ALFA1 0000690

ettt ittt i eaiarearaar e aaai et ae ittt e e 0000700
c REAL SHROUD TEMPERATURE IN THE CASE OF HEATED ROD AND HEATED SHROUOO0D710
c 0000720
10 NU2=NU2/(1.+QA/QALIN*TETA2*NU2) 0000730
CCCCLCCCCCLLCCCeeeeeeeeeee 0000740
IF (NUZ .GT. 9999.) NU2= 9999.0 0000750

IF (NU2 .LT.-9999.) NU2=-9999.0 0000760
ALFA2=NU2*KI/DEI 0000770
CCCCCCCCCCCCCeCeeeeeceeeee 0000780
TLINER=TI+QALIN/ALFA2 0000790

9999 RETURN 0000800

END 0000810



0 o ot e o e e ot o et e e e e e e e o o P e B e

c
c

[N+ R+l

o0

— 280 —

SUBROUTINE TEMCON(IRH,K,RH,SUR,D,PIG,TE1,PBT,* H,V,R, INDICE,QTOT)
ORGANIZES THE CALCULATIONS OF THE WALL TEMPERATURES.

COMMON /GASD1/ NSTOT
COMMON /MARTS/ NSTR
COMMON /SCO5R/ IRAD
COMMON /5C23C/ ICS
COMMON /INPAR/ IPA
COMMON /MART / ITCORR

EXTERNAL RTRI,RTSI

IF (QTOT.LT.1.E-06) GO TO 8000
CALL TTOT(2)

R kY e e M D e S S Y A B e e R P S e o A -

CALCULATION OF THE NUSSELT NUMBERS AND OF THE WALL TEMPERATURES
AS FUCTION OF THE CONVECTIVE HEAT TANSFER ONLY.

CALL TESTNU(0)
IF(IRH.EQ.1 ) CALL WALLTE

* (K,NSTOT ,NSTR,RH,SUR,D,PIG, TE1 ,PBT,&8500,RTSI,H)

IF(IRH.EQ.2 ) CALL WALLTE

* (K,NSTOT,NSTR,RH,SUR,D,PIG, TE1 ,PBT,&8500,RTRI,H)

IF ( ITCORR.GT.5 .AND. INDW.GT.0) CALL TESTNU(1)
IF ( ITCORR.GT.5 .AND. INDW.GT.0) WRITE(6,1001)

-------------------------------------------------------------------

DEFINITION OF THE DUMMIES BULK TEMPERATURES.

CALL TBRTBS

—————————————————————————————————————————————————————————————— -

RADTATIONS HEAT TRANSFER.

IF(IRAD.GT.0) CALL RADIA

------------------------------------------------------- o

COMPUTES THE WALL TEMPERATURES

CALL TORG(V,R,PIG,H)
IF (ICS.GT.0) CALL CONSHR

8000

8500

1001
1002

CONVERGENCE TESTS FOR WALL AND BULX TEMPERATURES (LOOP ITCORR)

INDICE=0
INDW =0

INDB =0

CALL TESTB(INDB)

CALL TESTW(INDW)

INDICE=INDB+INDW

IF(INDICE.GT. O. AND. ITCORR .GT. 10) WRITE(6,1002) INDB,INDW
IF(INDICE.GT. O .AND. ITCORR .GT. 15) CALL JELLA(-1)

.y e B e ok eyl vk e e e g e T e e e T

RETURN

RETURN 1

FORMAT (5X , ! #civiicicieiciciciokicicick. NUSSELT NUMBERS HAVE BEEN AVERAGED')
FORMAT( ' INDB= ',I3,' INDW = ',I3)

END

0000010

0000030
0000040
0000050
0000060
0000070
0000080
0000090
6000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
6000350
0000360
0000370
0000380
00003590
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
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SUBROUTINE TEMLAM(*,PBT,TI,MASSI,DEIR,AREAT,QQ,QALIN,TE,1,I1,H,

& TW1,ITYP,F2ATIP,F2DTIP,DVOL)

1

2

TEMLAM COMPUTES THE PIN TEMPERATURES AND THE TEMPERATURE OF THE

0000010
0000020
0000030
0000040

LINER IN THE SUBCHANNELS WHERE THE FLOW IS LAMINAR ( THE VELOCITY 0000050
PROFILE IS ASSUMED TO BE ALREADY DEVELOPED AT THE POSITION WHERE T0000060

HEATING STARTS)

0000070

ITYP=1 : CENTRAL SUBCHANNELS AND CENTRAL PART OF WALL SUBCHANNO000080

ITYP=2 : WALL PART OF WALL SUBCHANNELS
ITYP=3 : CORNER CHANNELS

REAL MASSI,KI,KAPPA,NU1,NU1IN,NU2,NU2IN,KZ
COMMON/ INPAR/ IPA/LAMINS /RTIP(7) /QPAR3/PERL(3)/IND3/NTYP( 42)
/SUB1/ASCH( 42,3)/GE00/ACH(3)/INITL/X/SHROUD/TLINER( 18,2)

3 TBEQL/ISUP/IQLIN

COMMON /MARTS/ NSTR

COMMON /SC09C/ IS

COMMON /SC10C/ ANU( 42,3)
COMMON /SC15C/ ALFA( 42,3)
COMMON /SC01Z/ YH( 42,2)
COMMON /SC16C/ SNU( 18,2)
COMMON /SC17C/ BALFA( 18,2)

QA=QQ*DVOL/RTIP(IPA)*0.5

IF ( II .GT. NSTR) TSCHA(II,M)=TI

IF ( II .GT. NSTR) TSCHB(II,M)=TI
NTYPI=NTYP(I)

PW=4 . *AREAT*F2ATIP/ (DEIR*F2DTIP)
PH=PW-PERL (ITYP)*ASCH(I ,M)/ACH(NTYPI)
R2=SQRT (RTIP (IPA)**2+2 ,*RTIP(IPA)*AREAT*F2ATIP/PH)
DEI=2,*(R2-RTIP(IPA))
RAS=RTIP(IPA)/R2

KI=KAPPA(PBT,TI)

ETAI=ETA(PBT,TI)

RHOI=RHO(PBT,TI)

CPI=CP(PBT,TI)
REI=MASSI*DEI/(AREAI*F2ATIP*ETAI)
PRI=ETAI*CPI/KI

ccCceceecceceaececceecceecccececcecect 06.02.1980

C
C
c
c

c

>

CALL SPANU(REI,PRI,I,M,YVI)

cccececeececeecccecctecececcocecccceet 06.02.1980

PEI=REI*PRI

cccececeeecceeceececececcecececceecce 12.11.1979

GRI=X/(DEI*PEI)
THE GRAETZ NUMBER IS COMPUTED AT THE SAME REFERENCE TEMPERATURE
DEFINED FOR THE REYNOLDS NUMBER USED IN THE CALCULATION OF THE
FRICTION FACTOR.

CCCcceeeecceeceeccecceccaoeccecececeeecece 12.11.1979

TNY=TW1
PIG=3.141593
IF(ITYP .NE. 1 .AND, ITCORR .GT. 1)
TNY=TNU (TW1, TLINER(1I,M) , ITYP, PERL{ITYP),PIG,RTIP(IPA))
KZ=KAPPA (PBT, TNY)
ETAZ=ETA(PBT, TNY)
RHOZ=RHO (PBT, TNY)
CPZ=CP (PBT, TNY)
REZ=MASST*DEI/ (AREAT*F2ATIP*ETAZ)
PRZ=ETAZ*CPZ/KZ
PEZ=REZ*PRZ

/SUB21/TSCHA( 18,2),TSCHB{ 18,2)/MART2/NS1,NS2/MART3/TBEQR,

0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000190
0000200
0000210
0000220
0000230
0000240
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000550
0000600
0000610
0000620
0000630
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GRI=X/ (DEI*PEZ) 0000640
CCCCCCCCEECCCCCECCCECCCCCCCCCCeeeCet 12,11.1979 0000650
c 0000660
Cmmmm o (NU 1)INF IF (Q)LIN =0 0000670
C 0000680

IF(ITYP.EQ.1)GOTO 1 0000690

NULIN=4.07+1.237/RAS**0,80272 0000700

GOTO 2 0000710

1 NULIN=RAS/(1.+RAS)*(14.1207+4.1261%ALOG(0.952313/RAS-1.)) 0000720
2 CONTINUE 0000730
c 0000740
e — YNU1=(NU 1)/(NU 1)INF IF (Q)LINER =0 0000750
c 0000760

IF(GRI.GT. 0.025)GOTO 3 0000770

B=-0,19327+.121747/GRI**0. 14828 0000780

GOTO 4 , 0000790

3 B=-0.0013376+0.0000277181/GRI*¥1.76255 0000800

IF(B.LT.0.)B=0. ) 0000810

4 YNU1=(RAS/0.00062)**B 0000820
c 0000830

NU1=NUIIN*YNU1 0000840
CCCCCCCCCCECCCCECCCCCCe 18,02, 1980 0000850
c NU1=NU1*0.967 0000860

IF(ITYP.NE.1) NU1=NU1%0.967 0000870
CCCCCECCCCCCCCCCCCCCee 0000880

ALFA1=NU1*KI/DET*YYI 0000890

TW1=TT+QA/ALFAl 0000900
CCCCCCCCCCECCCCCCCCCeCt 0000910

ANU(T,M)=NUI*YYI 0000920

YH(I,M)=YYI 0000930

ALFA(I,M)=ALFAl 0000940
CCCCECeCCCCCCCCCCCCCeee 0000950

TL1=0. 0000960

TETA2=0. 0000970

IF(NTYP(I).EQ.2 .AND. ITYP.EQ.1 .AND, I.GE.NS1 .AND. I.LE.NS2) 0000980

*CALL SIMLA2(TI,TW1,TL1,NU1,TETA2,TBEQR,TBEQL) 0000990

IF(ITYP.EQ.1)RETURN 1 0001000
C 0001010
Cuammnnn- CALCULATIONS ONLY FOR THE CORNER CHANNELS AND THE WALL PARTS OF0001020
Cremmmmm- THE WALL SUBCHANNELS (IF (Q)LINER =0 ) 0001030
¢ 0001040
Cmmmmmmmn (TETA 2)INF 0001050
C 0001060

IF(RAS.GT. 0.1)GOTO 5 0001070

TETA2I=-0.103313*RAS**0 9489 0001080

GOTO 6 0001090

5 TETA2I=0.0142-0.0784857*RAS**0. 4828 0001100
6 CONTINUE 0001110
¢ 0001120
Cmmmoamm YTE2=(TETA 2)/(TETA 2)INF 0001130
c 0001140

IF(GRI.GT. 0.01)GOTO 7 0001150

YTE2=31. 105%GRI 0001160

GOTO 9 0001170

7 IF(GRI.GE. 0.025)GOTO & 0001180
YTE2=15.59936%GRI**0 ., 8501383 0001190
6OTO 9 0001200

8 YTE2=1./(0.98293+0.000125822/GRI**2, 242421) 0001210

IF(YTEZ.GT.1)YTE2=1. 0001220
c 0001230

9 TETA2P=TETA2I*YTE2 0001240

TLINER(II,H)=TETA2P*QA*DEI /KI+TI 0001250

TETA2=TETA2P 0001260

IF(I.GE.NS1 .AND. I.LE,NS2)CALL SIMLA1(TE,TI,TW1,TLINER(II,M),NU1,0001270

* TETA2,I,M,TBEQR, TBEQL, II) 0001280
IF(TLINER(II,M).LT.TE)TLINER(II ,M)=TE 0001290
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c 0001300
IF (ABS(QALIN).LE.1.E-06 .OR. IQLIN.EQ.2)RETURN 1 0001310
C 0001320
C--=vrm—-- CASE OF HEATED LINER ( FOR CORNER CHANNELS AND WALL PART OF TH0001330
O WALL SUBCHANNELS) : (NU 2) AND (TETA 1) IF (Q)ROD =0 0001340
c 0001350
TETA2=0. 0001360
IF(QA.GT.1.E-06)TETA2=(TLINER(II,M)~TI)*KI/(QA*DEI) 0001370
C 0001380
Cmemmaa- (NU 2)INF 0001390
¢ 0001400
NU2IN=4.7S4*EXP{0. 1246*RAS) 0001410
c 0001420
C--==—-- YNU2=(NU 2)/(NU 2)INF 0001430
c 0001440
IF(GRI.GT. 0.003)GOTO 11 0001450
YNU2=0.2861/GRI**0,3334 0001460
GOTO 12 0001470
11 YNU2=1.+0.060344/GRI**0.506*%EXP (-49.%*GRI) 0001480
12 RU2=NU2IN*YNU2 0001490
NU2=NU2*0,967 0001500
CCCCCCCCCCCCCCLeCCeCeeet 16.04.1980 0001510
SNU(TI,M)=NU2 0001520
ALFA2:=NU2*XI/DEI 0001530
SALFA(II,M)=ALFA2 0001540
CCCCCCCCCECCCCCCCCCCCCet 16.04.1980 0001550
¢ 0001560
R (TETA 1) 0001570
c 0001580
100 TETA1=TETA2P/RAS 0001590
TW1=TETA1*QALIN*DEI /KI+TI 0001600
ALFA2=NU2*KI/DEI 0001610
TLINER(IT,M)=TI+QALIN/ALFA2 0001620
IF(I.GE.NS1 .AND. I.LE.NS2)CALL SIMLA2(TI,TLINER(II,M),TW1,NU2, 0001630
* TETA1,TBEQL,TBEQR) 0001640
IF (TW1.1LE.TE)TW1=TE 0001650
TETA1=(TW1-TI)*KI/(QALIN*DEI) 0001660
c 0001670
e e GENERAL CASE OF HEATED LINER AND ROD (CORNER CHANNELS AND WALL 0001680
=== PART OF THE WALL SUBCHANNELS) 0001690
C 0001700
NU2=NU2/ (1.+QA/QALIN*TETA2*NU2) 0001710
cceeeceeeeeceeeeeceecceee 0001720
IF(NU2.GT. 9999.0) NU2= 9999.0 0001730
IF(NU2.LT.-9999.0) NU2=-9999.0 0001740
ALFA2=NU2*KI/DEI 0001750
CCCCCCCCCECCCCCCCCCeece 0001760
TLINER(II,M)=TI+QALIN/ALFA2 0001770
IF(QA.1LE,1.E-06)RETURN 1 0001780
C 0001790
NU1=NU1/(1.+QALIN/QA*TETAT*NU1) 0001800
¢cceeeceeeeeceeceeecece 0001810
IF(NU1 .GT. 999%.0) NUl= 9999.0 0001820
IF(NU1 .LT.~9999,0) NU1=-9999.0 0001830
ALFA1=NU1*KI/DEI*YY] 0001840
CCCeeeeeeecceceeeceeece 0001850
TW1=TI+QA/ALFA1 0001860
RETURN 1 0001870
END 0001880
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SUBROUTINE TESTB (INDICE)
TEST OF CONVERGENCE FOR THE BULK TEMPERATURES.

COMMON /SUB2/  TSCH( 42,3),MSCH( 42,3)
COMMON /HEA6 / NPIN( 42),JPIN( 42,3)
COMMON /SC14C/ TBOLD( 42,3)

COMMON /GASD1/ NSTOT

COMMON /MART5/ NSTR

PERC=0.005
INDICE=0

DO 1000 NS=1,NSTOT

NW=NS-NSTR

NP=NPIN(NS)

DO 500 M=1,NP
DELT1=ABS (TBOLD (NS ,H) ~TSCH (NS, M))
IF ( DELT1 .GT. 1.) INDICE=INDICE+l
CONTINUE

CONTINUE

RETURN
END

00000190
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170

10000180

0000190
0¢00200
0000210
0000220
0000230
0000240
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SUBROUTINE TESTNU(IND) 0000010

C wmmmmmm——————- M e e e 0000020
C ONLY IN CASE OF CONVERGENCE PROBLEMS : AVERAGING OF THE NU NUMBERS0000030
c 0000040
COMMON /SC10C/ ANU( 42,3) 0000050
COMMON /SC15C/ ALFA( 42,3) 0000060
COMMON /SC16C/ SNU( 18,2) 0000070
COMMON /SC17C/ SALFA( 18,2) 0000080
COMMON /HEA6/ NPIN( 42),JPIN( 42,3) 0000090
COMMON /GASD1/ NSTOT 0000100
COMMON /MART5/ NSTR 0000110

c : 0000120
DIMENSION ANO( 42,3),SNO( 18,2),ALO( 42,3),540( 18,2) 0000130

¢ , 0000140
IF ( IND .GT. 0 ) GOTO 500 0000150
eSS S Sy 0000160
c IND LE 0 : THE NUSSELTS OF THE PRECEDENT ITERATION ARE MEMORIZED 0000170
DO 200 NS=1,NSTOT 0000180
NP=NPIN(NS) 0000190

DO 100 M=1,NP 0000200

ANO(NS,M) = ANU(NS,M) 0000210

ALO(NS M) = ALFA(NS,HM) 0000220

IF(NS.LE.NSTR) GOTO 100 0000230

NW=NS-NSTR 0000240

SNO(NW, M) = SNU(NW,M) 0000250

SAO(NW,M) = SALFA(NW,M) 0000260

100 CONTINUE 0000270
200 CONTINUE 0000280
GOTO 9999 0000290
0 0 SR 0000300
c IND GT 0 : CONVERGENCE PROBLEMS: THE NUSSELT ARE AVERAGED 0000310
500 CONTINUE 0000320
DO 700 NS=1,NSTOT 0000330
=NPIN(NS) 0000340

DO 600 M=1,NP 0000350

ANU(NS,M) = (ANU(NS,M) +ANO(NS,M))*0.5 0000360

ALFA(NS,M) = (ALFA(NS,M) +ALO(NS,M))*0.5 0000370

IF(NS.LE.NSTR) GOTO 600 0000380

NW=NS-NSTR ' 0000390

SNU(NW,HM) = (SNU(NW,M) +SNO(NW,M))*0.5 0000400

SALFA(NW,M) = (SALFA(NW,M)+SA0(NW,M))*0.5 0000410

600 CONTINUFE. 0000420
700 CONTINUE 0000430

¢ 0000440
9999 RETURN 0000450

END 0000460



3000
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SUBROUTINE TESTW (INDICE}
TEST OF CONVERGENCE ON THE WALL TEMPERATURES.

COMMON /SUB22/ TW( 42,3)

COMMON /HEA6 / NPIN( 42),JPIN( 42,3)
COMMON /GASD1/ NSTOT

COMMON /SC99C/ TD( 42,3)

COMMON /SCO8C/ TLD( 18,2)

COMMON /MARTS/ NSTR

COMMON /SHROUD/ TLINER( 18,2)

PERC=0.005
INDICE=0

DO 4000 NS=1,NSTOT
NW=NS-NSTR
NP=NPIN(NS)
DO 3000 M=1,NP
DELT1=ABS (TD(NS , M) ~TW(NS,4))
IF (DELT1 .GT. 1.) INDICE=INDICE+1

IF (NS.LE.NSTR) GO TO 3000
DELT1=ABS (TLINER(NW,M)~TLD (NW,M))

IF (DELT1 .GT. 1.) INDICE=INDICE+1
CONTINUE
CONTINUE
RETURN
END

SUBROUTINE TEST1(NCA,X,XF,KK)
PERFORMS THE TEST OF CONVERGENCE ON THE CONDUCTIVITY OF THE FUEL.
DIMENSION X(13),XF(13)

REAL. KFUEL

KK=0

NC1=NCA+1

NC2=NCA*2+1

DO 100 K=NC1,NC2
DELTA=ABS (X(X)-XF(K))
IF ( DELTA .GT. 1.) KE=KK+1
DELTA=ABS (KFUEL (X (K) ) /KFUEL(XF (K})-1.0)
IF (DELTA.GT.0.01) KK=KK+1
XF(K)=X(K)
CONTINUE

RETURN

END

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300

0000010
0000020
0000030
0000040
0000050
0000060
0000070
00000680
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
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FUNCTION TIS(R1,R2,INU)

T1S EVALUATES THE CORRECTION FACTOR FOR THE NUSSELT NUMBERS IN
THE REGION WHERE THE TEMPERATURE PROFILE IS NOT YET FULLY
DEVELOPED ( CASE OF TURBULENT FLOW )

INU=1 : FOR SMOOTH RODS .

INU=2 : FOR ROUGH RODS

INU=3 : FOR SMOOTH LINER

COMMON/ INITL/X
GOTO(1,2,3), INU

1 TSI=0.86+0.8%(2.%(R2-R1)/X)**0.4*(R1/R2)%*0.2
GOTO &

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130

0000140

vefeir i ik -dedrink bt iertor i e e e At et e A et s bt et b Lol N A
NO EQUATIONS ARE AVAILABLE AT THE MOMENT FOR THE INLET EFFECT IN

2 T8I=1.
GOTO 4

3 TSI=0.86+0.54%(2.%(R2-R1)/X)**0.4%(1.40.48%(R1/R2)%**0.37)

4 IF(TSI.LE.1.)TSI=1,
TIS=TSI
RETURN
END

40000150

0000160
0000170
0000180
0000190
0000200
000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
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SUBROUTINE TLINE(I,AI,ITTEMP,NS,K,ALFA,D,W,RH,DET,PROV,IRH,DAI,DBI0000010
%,AAT,ABI ,RHPL,G,TWI , TE,QPLUS ,ETAA ,RHOA ,ETAB, RHOB ,ETAIW,RHOIW, ANGT , 0000020

AEM1,XC1,XC2,T1,%,CS) 0000030
----------------------------------------------------------------------- 0000040
SUBROUTINE TLINE EVALUATES THE POSITION OF THE TAU=0 LINE FOR EACHO000050
"WALL-TYPE" SUB-SUBCHANNEL 0000060
0000070

COMMON/REC1/ PVERT (90) ,PRAD(90)/REC2/E (90) /REC3/P(90) 0000080
NNN=20 0000090
SSCHFA=19 ., 0986*ALFA ' 0000100
XIRH=IRH 0000110
I1=I-1 0000120
8400 IF(I.GT.1)GOTO 1 0000130
.................................................................. 0000140
STARTING POINT (F(P),P) FOR THE 1.ST SUB-SUBCHANNEL 0000150
0000160

P1=1,0001-(W/D~1.)*0.39%(2, -XIRH) 0000170
XX=0.39 0000180
GOTO 2 0000190
................................................................. 0000200
STARTING POINT (F(P),P) FOR THE I.TH SUB~SUBCHANNEL ( I>1 ) 0000210
0000220

1 P1=P(I1) +0.08%(W/D-1.)*SSCHFA 0000230
=~0.04*SSCHFA ' 0000240
.................................................................. 0000250
RESEARCH OF TWO CONSECUTIVE POINTS (F(P),P) AT WHICH F= FAI-FBI 0000260
HAS DIFFERENT SIGNS ( ITERATION LOOP ITAU1 ) 0000270
0000280

2 CONTINUE 0000290
DO 4 ITAU1=1,NNN 0000300
P2=P1+XX* (W/D-1.) 0000310

CALL TAU(I,AI,P2,ALFA,D,W,RH,DET,PROV,IRH,DAI,DBI,PAI,F2,RHPL, TWI, 0000320
*TE, ITTEMP, QPLUS ,ETAA ,RHOA ,ETAB, RHOB ,ETAIW,RHOIW, ANGT ,EM1,XC1,XC2, 0000330

2T1,&8500,CS) 0000340
IF(ITAU1.EQ. 1)GOTO 3 0000350
IF(F1%F2.1E.0.)GOTO 6 0000360

3 F1=F2 0000370
4 P1=p2 0000380
................................................................. 0000390
THO CONSECUTIVE POINTS AT WHICH F =FAI-FBI HAS DIFFERENT SIGNS 0000400
HAVE BEEN NOT FOUND : IT WILL BE TRIED TO START CLOSER TO THE RODS0000410

( IF IT HAS NOT YET BEEN TRIED AND IF IT IS I>1 ) 0000420
0000430

WRITE(6,5)1,ITTEMP,NS,K 0000440

5 FORMAT(5X,'STOP IN TLINE IN LOOP ITAU1  FOR SUBCH.',I3,2X,'(ITTE0000450
#MP=',12,')OF CHANNEL',I4,2X,'(AXIAL SECTION NR.',I4,')'/130('*')) 0000460

IF (NNN.EQ.40)RETURN 1 0000470
NNN=40 0000480
IF(1.6T.2)I1=1I-2 0000490
GOTO 8400 0000500
............................................................. 0000510

TWO CONSECUTIVE POINTS (F(P).P) HAVE BEEN FOUND, AT WHICH 0000520
F= FAI-FBI HAS DIFFERENT SIGNS; THE VALUE OF P AT WHICH F=0 WILL 0000530
BE NOW RESEARCHED BY MEANS OF THE TANGENT METHOD ( ITERATION LOOP 0000540
ITAU2 ) 0000550
0000560

6 CONTINUE 0000570
DO 8 ITAU2=1,30 0000580
PP=P1-F1*(P2-P1)/ (F2-F1) 0000590

CALL TAU(T,AI,PP,ALFA,D,W,RH,DET,PROV,IRH,DAI,DBI,PAI,F ,RHPL,TWI,0000600
1TE, ITTEMP,QPLUS ,ETAA ,RHOA ,ETAB, RHOB,ETAIW, RHOIW, ANGT ,EM1,XC1,XC2, 0000610
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2T1,58500,C8)

IF(ABS(PP/P1-1.).LE.1.E-04 .OR. ABS(PP/P2-1.).IE.1.E-04) GOTO 10

IF(F*F1.GE.0.)GOTO 7
F2=F
P2=FP
GOTO 8
7 F1=F
P1=PP
8 CONTINUE

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

PROBLEMS IN FINDING THE POSITION OF THE TAU=0 LINE

WRITE(6,9) 1, ITTEMP,NS,K

0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690
0000700
0000710
0000720
0000730
0000740

9 FORMAT(5X,'STOP 1IN TLINE IN LOOP ITAU2 FOR SUBCH.',I3,2X,'(ITT0000750

*EMP=',12,')OF CHANNEL',I4,2X,'(AXIAL SECTION NR.',I4,')')
8500 RETURN 1

.............................................................

0000760
0000770
0000780

THE POSITION OF THE TAU=0 LINE HAS BEEN FOUND FOR SUB-SUBCHANNEL 10000790

SOME GEOMETRIC PARAMETERS WILL BE NOW COMPUTED

10 PBI=ALFA*D*Q.5
AAT=DAT*PATI*0.25
ABI=DBI*PBI*0.25
P(I)=PP
EPS=SQRT(1.+DB1/D)
G=GSTAR(EPS)
RETURN
END

0000800
0000810
0000820
0000830
0000840
0000850
0000860
0000870
0000880
0000890
0000900



SUBROUTINE TMCF(I,NI,TT,TOTM,MAVI)
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THCF EVALUATES THE AVERAGE CROSS-FLOW TEMPERATURES FOR THE
CROSS-FLOVW EXCHANGE BETWEEN CHANNELS

REAL MAV,MAVI,MAVJ
COMMON /MOB5/ T( 42)/MOB8/DP( 42)/MOB6/MAV( 42)
COMMON/IJ1/NER( 42),NIS( 42,3)

1 /GEOO/ACH(3)/IND3/NTYP( 42)/GEN2/A( 42)

2 /HEA6/NPIN( 42),JPIN( 42,3)/GAHAR/CXX
TT=0.

TOTH=0.

DO 2 M=1,NI

J=NIS(I,M)

NTYPJ=NTYP (J)

MAVJ=MAV(J)*ACH( NTYPJ)/A(J)

CXX=0.5

IF((NTYP(I)+NPIN(I).EQ.4) .OR. (NTYP(J)+NPIN(J).EQ.4))CXX=1.

CALL CF1(T(I),T(J),MAVI, MAVJ, DP(I),DP(J),2,TT,TOTH)
CONTINUE

CXX=1.

TT =TT/TOTH

RETURN

END

FUNCTION TME(PBT,M1,M2,T1,T2,LAM1,LAMZ2,A1,A2,CTURB)

. S o A T g e i S SR A v e e e -

TME EVALUATES THE MASS FLOW RATES PER UNIT LENGTH EXCHANGED DUE

TO TURBULENCE

REAL M1,M2,LAMI,LAM2
T12=(T1*M1+T24M2) / (M1+M2)
RHO12=RHO (PBT,T12)
RHO1=RHO(PBT,T1)

RHO2=RHO (PBT, T2)

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100

UAST12=(SQRT (LAM1*0.125)*M1/RAO1+SQRT (LAM2*(, 125)*M2/RH02)} / (A1+A2)0000110

TME=CTURB*RHO12*UAST12
RETURN
END

0000120
0000130
0000140
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SUBROUTINE TMPUN(NSTOT,NSTR,TE,PE,PEBAR,TE1,PE1,PE1BAR,
*INDPR,MFLOW, IPAST , IPAEND , IREAD1 ,XT.AM1 , STLEN, *)

TMEUN PUNCHS THE CARDS WHICH MUST BE CHANGED TO START A NEW
CALCULATION STEP (PUNCHING UNITY=1)

‘THE ACTUAL CALCULATION STEP IS STOPPED BECAUSE THE ALLOWED
CALCULATION TIME TIMEPU HAS BEEN ELAPSED OR BECAUSE THE END
OF THE AXIAL PORTION IPAEND (IPAEND<7) HAS BEEN OVERTAKEN
REAL MFLOW,MI ,MSCH1,MSCWC1

DIMENSION XLAM1(7)

COMMON/GEN3/MI( 42)

COMMON /GEN4/TEMP( 42)/SUB6/TSCH1( 42,3)/SUB8/MSCH1( 42,3)

1 /WCSE2/MSCWC1( 18,2,2)/WCSE5/TSCWC1( 18,2,2)/IND3/NTYP( 42)
2 /HEAG/NPIN( 42),JPIN( 42,3)

10TH CARD:

IF (INDPR.EQ.1)GOTO 1

PE=PEBAR

PE1=PE1BAR

WRITE(1,2)PE,PE1,TE,TE1,MFLOW, (XLAM1(I),I=1,3)

2 FORMAT(8F10.5)

13TH CARD
WRITE(1,3)IPAST, IPAEND, IREAD1

3 FORMAT(3I10)

4
5
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100

14TH CARD
WRITE(1,2)STLEN

LAST BLOCK OF CARDS

WRITE(1,4) (MI(NS),TEMP(NS),NS=1,NSTOT)

DO 5 NS=1,NSTOT

NSW=NS~NSTR

NP=NPIN(NS)

WRITE(1,4) (MSCH1(NS,M),TSCH1 (NS,M) ,M=1,NP)
IF(NTYP(NS) EQ. Z)WRITE(l 4)((Mscwc1(Nsw M,JWC), TSCWC](NSW M,JWC),
* JWC=1 2) M=1,2)

FORMAT (8F10.5)

CONTINUE

RETURN 1

END

SUBROUTINE TNEW (NCA,X,J,NSE)
ASSIGNES THE NEW VALUES OF THE CLAD TEMPERATURE (X) TO ARRAY TW

COMMON /SC01C/ NCAN( 19),LIPS( 19,10)
COMMON /SC05C/ JZUR( 19, 42)
COMMON /SUB22/ TW( 42,3)

DIMENSION X(NSE)

DO 100 K=1,NCA
NS1 = LIPS(J,K)
MZ1 = JZUR(J,NS1)
TW(NS1,MZ1) = X(XK)
CONTINUE :

RETURN

END
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0000110
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SUBROUTINE TNEWS (X)
ASSIGNES THE NEW VALUES TO THE SHROUD TEMPERATURES.
DIMENSION X( 34)

COMMON /SHROUD/ TLINER( 18,2)

COMMON /S5C22C/ NTOT

COMMON /MART5/ NSTR

COMMON /GASD1/ NSTOT

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

N=0
NW1=NSTR+1
DO 1000 NS=NW1,NSTOT
NW=NS-NSTR
=NPIN{NS)
Do 500 M=1,NP
N=N+1
TLINER (MW, M)=X(N)
CONTINUE
CONTINUE

IF(N.EQ.NTOT) GO TO 9999
WRITE(6,2000) N,NTOT

2000 FORMAT( ' SUB. TNEWS; N = ',I4,' NTOT = ',I4,/5X,

c

> ' CALCULATION STOPS.')
STOP

9999 RETURN

OO0

END

FUNCTION TNU(TW,TL,ITYP,PERL,PIG,RTIP)

---------------------------------------------------------------

TNU EVALUATES THE TEMPERATURE AT WHICH REYNOLDS NUMBERS MUST
COMPUTED FOR THE CALCULATION OF LAMINAR FRICTION FACTORS

LPIG=ITYP**2-1TYP
PHR=RTIP*PIG/LPIG*2.
TNU=(TL*PERL+TWXPHR) / (PERL+PHR)
RETURN

END
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100

200

300

330 FORMAT( 5X,'THE OPTION ICON=0 IS NOT ALLOWED WHEN IRAD =1.',

>
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SUBROUTINE TORG (VDIAM,RINT,PIG,H)

0000010
0000020

ORGANIZES THE CALCULATION OF THE THERMAL CONDUCTION WITHIN THE PINO000030

COMMON /LAMINS/RTIP(7)
COMMON /INPAR/ IPA
COMMON /CEVO4/ LAMOP3
COMMON /SCOSR/ IRAD
COMMON /SC19C/ ICON

CORRECTION FGR LAMINAR FLOW

VDIA1=VDIAM
IF (LAMOP3.EQ.1) VDIA1=RTIP(IPA)*2.

DECIDES WICH CONDUCTION MODEL IS TO BE USED:
TWO MODELS ARE AVAILABLE DEPENDING ON THE OPTION ICOR :
ICON = 1 ==> CONDUCTION IN THE CLAD ONLY.
(POWER GENERATED IN THE CAN)

ICON = ~1 ==> CONDUCTION IN THE CLAD AND IN THE FUEL.
(POWER GENERATED IN THE FUEL)
JCON = 0 ==> CONDUCTION IS NOT TAKED INTO ACCOUNT.

IF (ICON) 100,300,200

CONDUCTION IN THE CLAD AND IN THE FUEL.
CALL BOTH (VDIAM,PIG,H,VDIA1,RINT)

GO TO 9999

CONDUCTION WITHIN THE CLAD ONLY.

CALL LEIST (VDIAM,PIG,H,VDIA1,RINT)
G0 TO 9999

THE USE OF A CONDUCTION MODEL IS NECESSARY WHEN YOU WISH CONSIDER

THE RADIATION EFFECT (IRAD=1)

IF (IRAD.NE.1) GO TO 9999
WRITE(6,330)

/5X, 'CALCULATION STOPS')

9999 CONTINUE

RETURN
END
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SUBROUTINE TOTGEO(NSEL,D,C,Z,PI6,NEXCON,NRODS,W,WA,ZA,EM1,PERLT,

&RTIP)

e T e e e T G e e N T R R NS N N S M 6 M e e e e R S e A e e

TOTGEQ CALCULATES FLOW AREAS , EQUIVALENT DIAMETERS AND OTHER
GEOMETRIC DATA FOR THE WHOLE BUNDLE FLOW SECTION , FOR THE
CHANNELS AND FOR THE SUBCHANNELS

VERSION FOR HEXAGONAL BUNDLES

-----------------------------------------------------------------

COMMON/GEOO/ACH(3) /LAMIN2/FATIP(3),FDTIP(3)/QPAR3/PERL(3)

1 /GE02/ATOT ,DETOT ,ASEC/GEO5/ATC,DETC ,ATW,DETW,ATA ,DETA, AAC,

2 AAW, AAA/WAKAQ/CD, WD, ZD, ZWCD , AWD2 , PWWD/ GASD3 /FSYMM
SQ3=SQRT(3.)

W=Z+D*0.5

WA=W

ZA=2

EXCON=NEXCON

RODS=NRODS

EM2=C*0.5-EM1

ZWC=EM2/SQ3

DTIP=RTIP*2.

SIDE=EXCON*C+(2.*W-D)/SQ3

RPER=RODS*PIG*D

PERLT=6 . *SIDE+EXCON* (~12 . XEM2+24 . X2WC)
ATOT=3.%5Q3/2 . *SIDE**2-RPER*D/ 4 . -6 . AEM2* ZWCXEXCON
DETOT=4 ,*ATOT/ (RPER+PERLT)

GOTO(20,21,22,24) ,NSEL

ASEC=ATOT

GOTO 23

ASEC=ATOT*0.5

GOTO 23

ASEC=ATOT/12. :
EXTENDED AT GA FOR OTHER SYMMETRY SECTIONS (NSEL=4)
GOTO 23

ASEC=ATOT/FSYMM

CONTINUE

ATC=(Cx*2%5Q3-PIGAD**2/2.) /4.

DETC=4.*%ATC/ (P1G*D/2.)

ATW=C* (W-D/2. ) -D¥*2*P1G/8 . ~EM2*ZWC

DETW=4 . *ATW/ (PIGXD*0 ., 5+2 . AEM1+4 ,*ZWC)

ATA=(W-D/2, Y*k2/SQ3-D**2%P1G/24.
DETA=4.*ATA/ (D*PIG/6 . +(W~D/2)*2./5Q3)

AAC=ATC/6.

AAV=ATWH0.5

AAA=ATA*0.5

ACH(1)=ATC

ACH(2)=ATW

ACH(3)=ATA

PERL (1)=0.

PERL(2)=4 . *ATW/DETW~0 . 5%P1G*D

PERL(3)=4 .*ATA/DETA-PIG*D/6.
FATTP(1)=(C**2%SQ3-PIGADTIPA+2%0,5)*0., 25
FDTIP(1)=4 %FATIP(1)/(PIG*0.5%DTIP)/DETC
FATIP(1)=FATIP(1)/ATC

FATIP(2)=C* (W-DTIP%0.5)~DTIP**2*¥PIG*0 ., 125-EM24ZWC
FDTIP(2)=4.*FATIP(2)/(PIG*DTIP*0.5+2 ,*EM1+4,*ZWC) /DETW
FATIP(2)=FATIP(2)/ATW
FATIP(3)=(W-DTIP*0.5)**2/8Q3-DTIP**24PIG/24.
FDTIP(3)=4.*FATIP(3)/(DTIP*PIG/6.+(W-DTIP*0.5)%2./SQ3)/DETA
FATIP(3)=FATIP(3)/ATA
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CD=C/DTIP 0000610

WD=W/DTIP 0000620
ZD=7/DTIP 0000630
ZWCD=ZWC/DTIP 0000640
AWD2=AAWXFATIP (2) /DTIP¥*2 0000650
PWWD=4 , *AAWAFATIP (2) / (DETWXFDTIP (2)*DTIP) 0000660
WRITE (6, 1)ATOT, DETOT , ASEC 0000670
WRITE (6 ,3)ATC,ATW,ATA,DETC ,DETW,DETA 0000680

1 FORMAT(/// 5X,'TOTAL FLOW AREA=' F10.2,1X,'SQCH'/5X, 'TOTAL EQUIVALO000690
1ENT DIAMETER=',F10.1,1X,'CM'/5X, 'FLOW AREA OF SECTION=',F10.2,1X,' 0000700
*SQCH' /) 0000710

3 FORMAT(5X, 'FLOW AREAS OF CHANNELS:'/5X, 'CENTRAL=',F10.2/5X,'WALLO000720
#*=',F10.2/5X, ' CORNER=' ,F10.2//5X, '"EQUIVALENT DIAMETERS'/5X,'CENTRAL0O000730

*=' F10.1/5X, 'WALL=',F10.1/5X, 'CORNER=',F10.1////130('*")) 0000740
RETURN 0000750

END 0000760
SUBROUTINE TOTSEC (NSEL) 0000010

€ mmm s em et R eamm e e mmmssmesnemmeemsmas—mesme— s e e —————— 0000020
C COMPUTES THE TOTAL NUMBER OF SECTOR FOR THE RADIATION CALCULATIONS0000030
c . 0000040
COMMON /GASD1/ NSTOT 0000050

. COMMON /MARTS/ NSTR 0000060
COMMON /HEA6/ NPIN( 42),JPIN( 42,3) A 0000070
COMMON /SCO1R/ NSECT,NSECP 0000080

c 0000090
IF(NSEL.NE.1) GO TO 3000 0000100

c 0000110
NSECP=0 0000120

DO 1000 NS=1,NSTOT 0000130
NP=NPIN(NS) 0000140

DO 800 M=1,NP 0000150
NSECP=NSECP+1 0000160

800 CONTINUE ‘ 0000170
1000 CONTINUE 0000180
c 0000190
'NSECT=NSECP . 0000200
NSW=NSTR+1 0000210

DO 2000 NS=NSW,NSTOT 0000220
NP=NPIN(NS) 0000230

DO 1800 M=1,NP 0000240
NSECT=NSECT+1 0000250

1800 CONTINUE 0000260
2000 CONTINUE 0000270
GO TO 4000 0000280

c 0000290
3000 CONTINUE 0000300
IF(NSEL.EQ.3) GO TO 9999 0000320

WRITE (6, 3500) 0000340

3500 FORMAT( ' SUB TOTSEC - THE PRESENT VERSION CANNOT RUN WITH THE', 0000350
> ' ACTUAL NRODS,NSEL. CALCULATION STOPS') 0000360

STOP 0000370

C 0000380
4000 WRITE(6,5000) NSECP,NSECT 0000390
5000 FORMAT( 5X,'SUB., TOTSEC ', - 0000400
> 'NUMBER OF SECTORS OF PIN = ',I5, 0000410

> 'TOTAL NUMBER OF SECTORS = ',15,//) 0000420

c 0000430
9999 RETURN 0000440

END 0000450
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SUBROUTINE TRICA1(K,NS,NN,IRH,PROV,PB, RH,A,DE,MEC,AT,DET,DETOT,
*H1,ALFA, H,M,PR1,PR2,5QDPG,TE,SUR,D,AMT,DDDD,ATSCH,* ,C)

SUBROUTINE TRICA1 CALCULATES FRICTION FACTORS AND APPROXIMATE
OUTLET MASS FLOW RATES AND TEMPERATURES FOR CENTRAL SUBCHANNELS
REAL MEC,LAMSCH,KAPPA,LAMLAM ,MSCH

COMMON/SUB5/LAMSCH( 42,3)/CEN1/G(46)/SUB1/ASCH( 42,3)/INPAR/IPA
1 /SUB6/TSCH1( 42,3)/CORR1/SIGMAI( 42,3),PHII( 42,3)

2 /LAMINS /RTIP(7)/DAT/PIG/SUB23/HPLUSB( 42,3) ,HPLUSW( 42,3)
3 ,QPLUS( 42,3),PRB ( 42,3),YODH( 42,3)/HEA5/QQ( 42,3)

4 /WSSCHO/TBSSC1( 42,3),TWSSC1{ 42,3),
A TBSSC2( 42,3),TWSSC2( 42,3)

5 /LAMINO/I2TIP( 42,3)/LAMIN1/ARAPPA( 42) /LAMIN2/FATIP(3),
6 FDTIP(3)/LAMIN3/FI1ATIP( 42),FIDTIP( 42)/LAMING/F2ATIP( 42,3)
7 ,F2DTIP( 42,3)/LAMIN7/F1PTIP/GEN2/ACHA( 42)/SUB2/TSCH( 42,3)
8 ,MSCH( 42,3) /SUB22/TW( 42,3)/MART/ITCORR

9 /LAMING/I3TIP({ 42,3)

DIMENSION A(30),DE(30),MEC(30)

COMMON /HEA6 / NPIN( 42),JPIN( 42,3)

COMMON /SC02C/ QJ( 19, 42)

COMMON /SC13C/ GEO1( 42,3)

IF(M.GT.1)GOTO 2998

F1ATIP(NS)=0.

F1PTIP=0.

2998 CONTINUE

I2TIP(NS,M)=I3TIP(NS,M)

IF( 12TIP(NS,M).EQ.1)GOTO 2999

I3TIP#1: THE TURBULENT CALCULATION MUST BE PERFORMED

TWIAV=0,

AMT=0.

T1=0,

DDDD=0.

HPLUS1=0.

HPLUS2=0,

SUB-SUBCHANNEL CALCULATIONS ( I = SUB-SUBCHANNEL INDEX )

DO 1 I=1,NN

AM1=MEC(I)

AA=A(T)

DD=DE(I)

6G=6(I)

CALL CEWA(K,NS,IRH,PROV,PB,RH,AA,DD,GG,AM1,DETOT,H1,ALFA,T,M,H,PR]
* ,PR2, SQDPG,AMT, TT,DDDD, TE , SUR, 1, 111 ,HPLUS1,HPLUS2, TSCH1 (NS,M),
*SIGMAI (NS,M) ,PHII (NS,M),&777,D,TWI,TI,C)

TWIAV=TWIAV+TWI*ALFA

TBSSC2(NS ,M )=TI

TWSSC2( NS,M )=TWI

IF (I.6T.1) G6OTO 1

TBSSC1( NS,M )=TI

TWSSC1( NS,M )=TWI
1 CONTINUE

ALL SUB-SUBCHANNELS HAVE BEEN COMPUTED; AVERAGE SUB-SUBGHANNEL

VARTABLES WILL BE NOW COMPUTED
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CCCcoccceccececceccoccececee 21.09,1979
c
CCCCccccocccecececercceececeeee

TWIAV=TWIAV*12. /PI1G

TWIAV=TWIAV*6, /PIG

CCCccceceeeeeeeceeecceecces

oDoOD0

2999

OO0

c
c

OGO

]

2997

ATSCH=TT/AMT
RHOT=RHO (PB,ATSCH)
LAMSCH (NS ,M)=( (AT/DDDD)**2)#2 , \DET*RHOT/H
I2TIP(NS,H)=0
F2ATIP(NS,M)=1.
F2DTIP (NS ,M)=1.
IF(I3TIP(NS,H) .EQ.2)GOTO 3000

----------------------------------------------------------------

I3TIP=3: THE LAMINAR CALCULATIOH MUST BE ALS0 PERFORMED

IF (ITCORR. GT.1)GOTO 2999
MSCH (NS ,M)=AMT*ASCH (NS ,M) /AT
TSCH(NS ,M)=ATSCH

TW(NS ,M)=TWIAV

-----------------------------------------------------------------

FOR I3TIP=1 OR I3TIP=3

CONTINUE

0000640
0000650
0000660

" 0000670

0000680
0000690
0000700
0000710
0000720
0000730
0000740
0000750
0000760
0000770
0000780
0000790
0000800
0000810
0000820
0000830
0000840
0000850
0000860
0000870

RELA=RELAM{ASCH (NS ,M)*FATIP(1) ,DET*FDTIP(1) ,PB,TSCH(NS,M) ,TW(NS,M)0000880

& ,MSCH(NS,M),0.,1,0.,1.)

LAMLAM=AKAPPA (NS} /RELA
ROCEN=C*SQRT (SQRT (3. )/ (2. *PIG))
CALL ENTRFR(K,1,1,RTIP(IPA),ROCEN,R2CEN,NS,I1I,M,DET*FDTIP(1),

* ASCH(NS ,M)*FATIP(1) ,MSCH(NS,M) , PB, TSCH(NS ,M) , LAMLAM)

IF( I2TIP{NS,M).EQ.1)GOTO 2997

--------------------------------------------------------------

I3TIP=3: SAGAPO DECIDES WHETHER THE FLOW IS LAMINAR OR TURBULENT

IF (LAMSCH(NS ,M) . GT . LAMLAM) GOTO 3000
THE FLOW IS LAMINAR

CONTINUE
LAMSCH(NS ,M)=LAMLAM
DDDD=AT*FATIP(1)/SQRT(LAMLAM*H/ (2 .*DET*FDTIP(1)%

*RHO(PB, TSCH(NS,M))))

3000

AMT=MSCH(NS, M)*AT/ASCH(NS ,M)
ATSCH=TSCH(NS ,M)
I2TTIP(NS,M)=1
F2ATIP (NS ,M)=FATIP(1)
F2DTIP(NS,H)=FDTIP(1)
HPLUSB (NS ,M)=1.

HPLUSW(NS, M)=1.
QPLUS (NS ,M)=1.

PRB  (NS,H)=1.

YODH (NS, M)=1.

TBSSC1( NS,M )=TSCH(NS,M)
TBSSC2(NS ,M )=TSCH(NS,M)
TWSSC1( NS, )=TW(NS,M)
TWSSC2( NS,M )=TW(NS,M)

----------------------------------------------------------------

FOR LAMINAR AND FOR TURBULENT FLOW ( HERE COMES THE CALCULATION
IN THE CASE OF TURBULENT FLOW )

CONTINVE
F1ATIP{NS)=F1ATIP (NS)+ASCH(NS,M)/ACHA(NS)*F2ATIP(NS M)
F1PTIP=F1PTIP+ASCH(NS,M)/ACHA(NS) *F2ATIP(NS,M)/F2DTIP(NS,M)

F1DTIP(NS)=F1ATIP(NS)/F1PTIP

IF(IRK.EQ.1 .OR. I2TIP(NS,M ).EQ.1)RETURN

-----------------------------------------------------------------

FOR TURBULENT FLOW AND ROUGHENED RODS

(000890
0000%00
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0001300

HPLUSB(NS,M)=HPLUS1/AT 0001310
HPLUSW(NS ,M)=HPLUS2/AT 0001320
CPT=CP(PB,ATSCH) 0001330
CCCCCeeeeeeceeceeeeececeeceteeccceeececceececc 0001340
¢ QPLUS (NS ,M)=QQ (NS ,M)*AT/ (SURXAMT*CPT* (TE+273.16)) 0001360
CCCCCCCECCCCLTCCCCCCCCCCCCCLCCeCeeCeeeeeeee 0001370
JP=JPIN(NS,M) 0001380

QAD= QQ(NS,M) 0001390

IF (QDEV .GT. 1.E-~06) QAD=QJ(JP,NS)*GEOI(NS,M)/(HI*QDEV)+QQ(NS,M) 0001400

QPLUS (NS ,M)=QAD*AT/ (SUR*AMT*CPT* (TE+273.16)) 0001410
CLCCCCCeLieeececoecooececececeeceecceeceececeect 0001420
PRB (NS,M)=ETA(PB,ATSCH)*CPT/KAPPA(PB,ATSCH) 0001430
YODH(NS,M)=0.5*(SQRT(D**2+DET*D)-D)/RH 0001440
RETURN 0001450

777 RETURN 1 0001460
END 0001470
SUBROUTINE TTOT(INDEX) 0000010

T e e e E LT 0000020
C MEMORIZATION OF THE OLD BULK (INDEX=1) OR WALL (INDEX=2) TEMP. 0000030
c . 0000040
COMMON /SUB22/ TW( 42,3) 0000050
COMMON /SUB2 / TSCH( 42,3) ,MSCH( 42,3) 0000060
COMMON /SC99C/ TD( 42,3) . 0000070
COMMON /SC14C/ TBOLD( 42,3) 0000080
COMMON /SC08C/ TLD( 18,2) 0000090
COMMON /MARTS/ NSTR 0000100
COMMON /SHROUD/ TLINER( 18,2) 0000110
COMMON /GASD1/ NSTOT 0000120
COMMON /HEA6 / NPIN( 42),JPIN( 42,3) 0000130

C 0000140
IF (INDEX .EQ. 1) GO TO 300 0000150

C 0000160
DO 200 NS=1,NSTOT 0000170
NW=NS-NSTR 0000180

NP=NPIN{NS) 0000190

DO 100 M=1,NP 0000200

TD (NS ,M)=TW(NS ,M) 0000210

IF(NS.GT.NSTR) TLD(NW,M)=TLINER(NW,6M) 0000220

100 CONTINUE 0000230
200 CONTINUE 0000240
GO TO 9999 0000250

H 0000260
300 DO 500 NS=1,NSTOT 0000270
NW=NS-NSTR 0000280

NP=NPIN(NS) 0000290

DO 400 M=1,NP 0000300

TBOLD (NS ,M)=TSCH(NS,M) 0000310

400 CONTINUE 0000320
500 CONTINUE 0000330
c 0000340
9999 CONTINUE 0000350
RETURN 0000360

END 0000370
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FUNCTION TUBENU(REI,PRI) 0000010

--------------------------------------------------------------------- 0000020

TUBENU EVALUATES THE NUSSELT NUMBER OF A TUBE WITH THE SAME REYNOLOOQOO030
AND PRANDTL NUMBERS AS THE ANNULAR SECTION WHOSE CROSS SECTIONAL F0000040
AREA IS EQUAL TO THE ACTUAL AREA ( TURBULENT FLOW, SMOOTH RODS ) 0000050

0000060

A=1.07+900./REI-0.63/(1.+10.%PRI) ' 0000070
FTU=1./(1.82*ALOG10(REI)-1.64)%*2 0000080
TUBENU=FTU*0 . 125%*RET*PRI/ (A+12. 7*SQRT (FTU*0.125)* (PRI**(2./3.)-1.)0000090
*) 0000100
RETURN 0000110
END 0000120
FUNCTION TURBWC(CTU3,E,PRAD,D,W,C,GAMMA,A1,A2,DE1,DE2,EM1) 0000140
--------------------------------------------------------------------- 0000150
TURBWC EVALUATES THE GEOMETRIC CONSTANTS FOR THE TURBULENT 0000160
EXCHANGE BETWEEN THE TWO PORTIONS OF THE WALL SUBCHANNELS 0000170
0000180

SINGAM=SIN(GAMMA) 0000190
COSGAM=COS (GAMMA) 0000200
PERSEP=PRAD-0.5%D 0000210
Z=W-D*0.5 0000220
EM2=C*(.5-EM1 0000230
ZWC=EM2/SQRT(3.) 0000240
A3=EM2*ZWC*0.5 0000250
D3=D**3 0000260
C2=Cr42 0000270
E2=E**2 0000280
22=Z¥k2 0000290
YB3=C*0,5-EM2/3. 0000300
XB3=2~ZWC/3. 0000310
YB1=(0.25%(C2%(0.5%Z-E/3.)+D3*(SINGAM-1.)/6.)-YB3*A3) /Al 0000320
¥B1=(0.25%(C*(Z2-E2/3.)-D3*COSGAM) -XB3*A3) /Al 0000330
YB2=(E*C2-D3*SINGAM*0.5)/(12.%A2) ‘ 0000340
XB2=(E2*C-D3%* (1. -COSGAM)*0.5)/(12.%A2) 0000350
DE12=(A1+A2)/(A1/DE1+A2/DE2) ' 0000360
DELTA=SQRT ( (YB1~YB2)#**2+ (XB1-XB2)**2) 0000370
TURBWC=0 . 05*%CTU3I*PERSEP/DELTA*DE 12 0000380
RETURN 0000390
END 0000400
FUNCTION TWCTEP (QRMDAR,TW) 0000010
_____________________________________________________________________ 0000020
TWCTEP CORRECTS THE COMPUTED ROD TEMPERATURE TO TAKE INTO ACCOUNT 0000030
THE POSITION OF THE THERMOCOUPLES INSIDE THE CANNING ggggggg
COMMON/DATKM/C1(7),C2(7)/INPAR/IPA 0000060
D1=C1(IPA) 0000070
D2=C2(IPA) 0000080
TWCTEP=(~D1+SQRT (D1#*%2+2 . XD2%* (D1*TW+0 . 5XD2ATW**2+QRMDAR) ) ) /D2 0000090
RETURN 0000100

END 0000110
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FUNCTION TWFUN(NRODS,NSTOT,PIG,AAC,AAA) 0000010
0 S 0000020
c TWFUN EVALUATES AN AVERAGE VALUE FOR ROD TEMPERATURES 0000030
c 0000040

COMMON/ IND3/NTYP( 42)/HEA6/NPIN( 42),JPIN( 42,3)/SUB1/ASCH( 42,3) 0000050

1 /SUB22/TW( 42,3) 0000060

SANG=0. 0000070

TWTIPA=0. 0000080

- DO 10 NS=1,NSTOT 0000090

NP=NPIN(NS) 0000100

ITYP=NTYP (NS) 0000110

DO 10 M=1,NP : 0000120

60TO(1,2,3), ITYP 0000130

1 ANG=PIG/6.*ASCH(NS,M)/AAC 0000140

GOTO 4 0000150

2 ANG=PIG*0,25 0000160
GOTO 4 0000170
3 ANG=PIG/6.%ASCH(NS,1)/AAA 0000180
4 SANG=SANG+ANG . 0000190
TWIIPA=TWTIPA+TW(NS ,M)*ANG ‘ 0000200
10 CONTINUE 0000210

TWEUN=TWTIPA/SANG 0000220

RETURN 0000230

END 0000240

FUNCTION UA(I,NI,ACHI,IUAV) 0000010
----------------------------------------------------------------------- 0000020

UA EVALUATES THE AVERAGE CROSS-FLOW VELOCITIES FOR THE CROSS-FLOW 0000030

EXCHANGE BETWEEN CHANNELS 0000040

0000050

COMMON/IJ1/NER( 42) ,NIS( 42,3)/MOB8/DP( 42)/MOB2/U( 42) 0000060

1 /GEO0/ACH(3)/IND3/NTYP( 42)/LAMIN3/F1ATIP( 42),F1DTIP( 42) 0000070
2 JHEA6/NPIN{ 42),JPIN( 42,3)/GAMAR/CXX 0000080

uu=0. 0000090

AA=O. 0000100

ACHN=ACHT*FI1ATIP(I) 0000110

DO 2 M=1,NI 0000120

J=NIS{I,M) 0000130

NTYPJ=NTYP (J) 0000140

ACHJ=ACH(NTYPJ)*F1ATIP(J) 0000150

CXX=0.5 0000160

IF ((NTYP(I)+NPIN(I).EQ.4) .OR. (NTYP(J)+NPIN(J).EQ.4))CXX=1. 0000170

CALL CF1(U(I),U(J),ACHN,ACHT,DP(I),DP(J},IVUAV,UU,AA) 0000180

2 CONTINUE 0000190

CXX=1. 0000200

UA=UU/AA 0000210

RETURN 0000220

END 0000230
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SUBROUTINE VFCAL
COMPUTES THE VIEW FACTORS,

COMMON /SCO2R/ P,D,Z,ZWC,H,LENGTH

COMMON /DAT/ PIG

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,
F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

R=I%0.5

CALL CFC1 (P,D,PIG,F1)
CALL CFC2 (P,R,Z,ZWC,PIG,F2)
CALL C¥c3 (P,D,PIG,F3)
CALL CFC4 (P,D,PIG,F4)
CALL CFC5 (P,D,PIG,F5)

CALL CF11(P,D,Z,ZWC,PIG,F11)
CALL CF12(P,D,Z,2WC,PIG,F12)
CALL CF13(P,D,Z,ZWC,PIG,F13)
CALL CF14(P,D,Z,ZWC,PIG,F14)
CALL CF15(P,D,Z,2ZWC,PIG,F15)
CALL CF16(P,D,Z,ZWC,PIG,F16)
CALL CF17(P,D,Z,ZWC,PIG,F17)
CALL CF18(P,D,Z,ZWC,P1G,F18)
CALL CF24(P,D,Z,2ZWC,PIG,F24)
CALL CF31(P,D,Z,2ZWC,PIG,F31)
CALL CF32(P,D,Z,ZWC,PI1G,F32)

F7
F8

= F5

= F4

Gl =F1 /(PIG*D/3.
63 =F3 /(PIG*D/3
G4 =F4 /(PIG*D/3
G5 =F5 /(PIG*D/3
GP15=F15/ (PIG*D/3
GP14=F14/(P1G*D/3
GP24=F24/(PIG*D/3

)
)
)

.)
J)
.)
)
62 =F2 /(PIG*D/2.)
67 =F7 /(PIG*D/2.)
68 =F8 /(PIG*D/2.)
GP11=F11/(PIG*D/2.)
GP12=F12/ (P1G*D/2.)
GP13=F13/ (PIG*D/2.)
GP16=F16/ (P1G*D/2.)
GP17=F17/(P1G*D/2.)
GP18=F18/ (PIG*D/2.)
6S11=F11/PSTAR(ZWC,P)
6S12=F12/PSTAR(ZWC,P)
6513=F13/PSTAR(ZWC,P)
6515=F15/PSTAR(ZWC,P)
6516=F16/PSTAR(ZWC,P)
GS24=F24/PSTAR(ZWC,P)
6532=F32/PSTAR (ZWC,P)
GW31=F31/PSTAR (ZWC,P)

6S14=F14/ (4.*Z/SQRT(3.))
6S17=F17/ (4.*Z/SQRT(3.))

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
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GS18=F18/(4.%Z/SQRT(3.))
GA31=F31/(4.*Z/SQRT(3.))

WRITE(6,100) G1,6G2,63,G4,65,67,G8
100 FORMAT ( 5X,' F1

WRITE(6,200) GP11,GP12,GP13,6P14,GP15,6P16,GP17,GP18,GP24

200 FORMAT { 5X,' FP11 = ',F10

VvV VYV VYV VY

v

300 FORMAT( /5X,' FS1i1

VVVVVVVYVVYVY

WRITE (6,300)¢S11,6512,6813,GS14,6815,6516,6517,6518,6524, 6431,

RETURN
END

= ',F10.5,/5X%,
' ¥2 = ',F10.5,/5X,
* F3 = ',F10.5,/5%,
' ¥4 = ',F10.5,/5X%,
' ¥5 = ',F10.5,/5X,
' ¥7 = ',F10.5,/5%,
' F8 = ',F10.5,//)
.5,/5%,
' ¥P12 = ',F10.5,/5X,
' FP13 = ',F10.5,/5X,
' FP14 = ',F10.5,/5X,
' FP15 = ',F10.5,/5X,
' FP16 = ',F10.5,/5X,
* FP17 = ',F10.5,/5X%,
' FP18 = ',F10.5,/5X%,
' ¥P24 = ',F10.5,///)
GW31,6832 .
= ',F10.5,/5X%,
' FS12 = ',F10.5,/5X,
' FS13 = ',F10.5,/5X,
' ¥S14 = ',F10.5,/5%,
' FS15 = ',F10.5,/5X,
' FS16 = ',F10.5,/5X,
' FS17 = ',F10.5,/5%,
' FS18 = ',¥10.5,/5X,
' FS24 = ',F10.5,/5X,
' FA31 = ',F10.5,/5X,
' FW31 = ',F10.5,/5X%,
' F32 = ',F10.5,///)

0000620
0000630
0000640
0000650
0000660
0000670
0000680
0000690
0000700
0000710
0000720
0000730
0000740
0000750
0000760
0000770
0000780
0000790
0000800
0000810
0000820
0000830
0000840
0000850
0000860
0000870
0000880
0000890
00006900
0000910
0000920
0000930
0000940
0000950
0000960
0000970
0000980
0000990
0001000
0001010




SUBROUTINE VFCTR
c CONTROLS THE ARRAY OF VIEW-FACTORS.

COMMDON /SCO4R/ VFAC(132, 13)
COMMON /SC13R/ NAFF(132)
COMMON /SC14R/ KAFF(132, 13)
COMMON /SCO1R/ NSECT,NSECP

DO 1000 L1=1,NSECT
NAF1=NAFF (L1)
IF(NAF1.1E.0) GO TO 1000
DO 500 K1=1,NAF1
L2=KAFF(L1,K1)
NAF2=NAFF (L2)
IF(NAF2.GT. 0) GO TO 200
: WRITE(6,100) L1,X1,L2,NAF2
100 FORMAT( ' VFCTR',414)
200 CONTINUE
DO 400 K2=1,NAF2
IF(KAFF(L2,K2) .NE. L1) GO TO 400
1F(VFAC(L1,K1).EQ.0.0.0R .VFAC(L2,XK2).EQ.0.0)GOTO 300
-ABS(VFAC(LI K1)/VFAC(L2,K2)-1.0)
P1=ABS({VFAC(L1,K1)*2. /VFAC(L2,K2)-1.0)
P2=ABS(VFAC(L1,K1)/VFAC(L2,K2)/2.-1.0)
IF(P.LT.0,01) GO TO 400
IF(P1.LT.0.01) GO TO 400
IF(P2.LT.0.01) GO TO 400
300 WRITE(6,1100) L1,K1,VFAC(L1,K1),L2,K2,VFAC(L2,K2)
400 CONTINUE
500 CONTINUE
1000 CONTINUE
C
C
1100 FORMAT ( 5X,'NO CORRISPONDENCE IN VIEW-FACTORS ARRAY:',/5X,
> 'VIEW-FACTOR ',13,',',I3,' = ',F10.5,/5X,
> 'VIEW-FACTOR ',I3,',',I13,' = !',F10.5,/)

DO 2000 L=1,NSECT
TOT=0.0
DA=DAREA(L)
NAF=NAFF (L)
IF(NAF.LE.0) GO TO 2000
DO 1500 K=1,NAF
TOT=TOT+VFAC(L,K) /DA
1500 CONTINUE
WRITE(6,2200) L,TOT
IF (ABS(TOT-1.).GT.0.001) WRITE(6,2300)
IF (TOT.GT.1.0) WRITE(6,2100) L,TOT
IF (TOT.LT.1.0) CALL NORMA(TOT,L)
2000 CONTINUE
C
2100 FORMAT ( 5X,/5X,'VFCTR, ERROR IN SUM FOR ',13,' = ',F10.5,/)
2200 FORMAT ( 5X,'VFCTR, THE SUM OF VIEW FACTOR FOR THE SECTOR ',I4,
> ' 18 ',F10.5)
2300 FORMAT (1H+,80X, ' IT IS COMPENSED TO 1.0')
c
RETURN
END

0000010
0600020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
6000130
0000140
0000150

. 0000160

0000170
0000180
6000190
0000200
0000210
0000220
- 0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
06000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
0000620
0000630
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SUBROUTINE VFDET (NSEL,NRODS)

ORGANIZES THE DETERMINATION OF THE ARRAYS NAFF, KAFF, VFAC

IF (NRODS

- - g -y S e e e e ey Y Ay ek T AR A AR S -

.NE.12) GO TO 100

12~ROD BUNDLE

IF(NSEL.NE.1) GO TO 50
CALL VFDE1

GO TO 999
50 CONTINUE
CALL VFD3
GO TO 999
100 CONTINUE

D B R Y S M R St e A S SR e AR G R G A S e S

HEXAGONAL BUNDLE

80 TO (20
200 CALL VFDE
GO TO 99%

0,300,300,300),NSEL
1

300 WRITE(6,350)

350 FORMAT ( ' THE ACTUAL VERSION OF SAGAPO CANNOT DETERMINE THE',

>
>
STOP

999 RETURN
END

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250

' ARRAYS NAFF, KAFF, VFAC FOR THE ACTUAL NRODS AND NSEL',0000260

/5X,' CALCULATION STOPS')

0000270
0000280
0000290
0000300
0000310
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DETERMINES THE ARRAYS NAFF, KAFF, VFAC
CASE OF THE WHOLE BUNDLE (BOTH 12-ROD AND HEXAGONAL)

50
100

110

200

300

500

600
610

700

800

>

SUBROUTINE VFDE1

COMMON /SCO1R/ NSECT,NSECP
COMMON /SCO4R/ VFAC(132, 13)
COMMON /SCO6R/ ISU(132,2)
COMMON /SC13R/ NAFF{(132)
COMMON /SC14R/ KAFF(132,13)

COMMON /HEA6/ NPIN( 42),JPIN( 42,3)

COMMON /IND3/ NTYP( 42)

COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8,F9,
F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

DO 100

L=1,NSECT

DO 50 K=1,13

VFAC(L,K)=0.0
CONTINUE
CONTINUE

DO 1000 L=1,NSECT

NAFF (L)=0

NS=ISU(L,1)

M =ISU(L,2)

J =JPIN(NS,M)

NTY=NTYP(NS)

IF (L .GT. NSECP) GO TO 500
GO TO (110,200,300), NTY
CALL FINDF1(L,NAFF(L),NS,J)
CALL FINDF3(L,NAFF(L),NS,J)
CALL FINDF4(XL,NAFF(L),NS,J)
CALL FINDF5(L,NAFF(L),NS,J)
GO TO 1000

CALL FINDW2(L,NAFF(L),NS,J)
CALL FW7?  (L,NAFF(L),NS,J)
CALL FW8  (L,NAFF(L),NS,J)
CALL FW1112(L,NAFF(L),NS,J)
CALL FwW13 (L,NAFF(L),NS,J)
CALL FW16 (L,NAFF(L) NS,J)
CALL Fw1718(L,NA¥F(L),NS,J)
60 TO 1000

CALL FINDA(L,NAFF(L),NS,J)
G0 TO 1000

CONTINUE

GO TO (600,700,800), NTY
WRITE(6,610)

FORMAT( ' ERROR IN VCALC, CALCULATION PROCEEDING')

GO TO 1000
CALL FS1112(L,NAFF(L),NS,J)
CALL FFS13 (L,NA¥F(L),NS,J)
CALL FFS16 (L,NAFF(L),NS,J)
CALL FFS24 (L,NAFF(L),NS,J)
CALL F¥32 (L,NAFF(L),NS,J)
CALL FFW31 (L,NAFF(L),NS,J)
CALL FS2  (L,NAFF(L),NS,J)
GO TO 1000

CALL FSA  (L,NAFF(L),NS,J)
CALL FFA31 (L,NAFF(L),NS,J)

1060 CONTINUE

RETURN
END

0000010
0000020
0000030
0000040
0000050
0000060
06000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
6000280
(000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
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50
100

SUBROUTINE VFD3

BUILDS - THE ARRAY OF VIEW-FACTORS
VERSION. FOR 1/3 OF THE 12-ROD BUNDLE
IN THIS CASE NAFF AND KAFF ARE GIVEN IN BLOCK DATA

COMMON /SCOIR/ NSECT,NSECP
COMMON /SCO3R/ F1,F2,F3,F4,F5,F6,F7,F8 K9,

> F11,F12,F13,F14,F15,F16,F17,F18,F24,F31,F32

COMMON /SCO4R/ VFAC(132,13)

DO 100 I=1,NSECT

DO 50 K=1,13
VFAC(L,K)=0.0
CONTINUE
CONTINUE
VFAC( 1, 1) = 2.%F1
VFAC( 1, 2) = F3/2.4F4
VFAC( 1, 3) = F3/2.+F4
VFAC( 1, 4) = F4+F5
VFAC( 1, 5) = F4+F5
VFAC( 2, 1)} = F1/2.
VFAC( 2, 2) = F1/2.
VFAC( 2, 3) = F1
VFAC( 2, 4) = F3
VFAC( 2, 5) = F4
VFAC( 2, 6) = F4
VFAC( 2, 7) = F4
VFAC( 2, 8) = F44F5
VFAC( 2, 9) = F5
VFAC( 3, 1) = F1
VFAC( 3, 2) = F1
VFAC( 3, 3) = F15
VFAC( 3, 4) = F15
VFAC({ 3, 5) = F4
VFAC( 3, 6) = F4
VFAC( 3, 7) = F4
VFAC( 3, 8) = F4
VFAC( 3, 9) = F5/2.
VFAC( 3,10) = F5/2.
VFAC( 3,11) = F5
VFAC( 4, 1) = F1
VFAC( 4, 2) = F1
VFAC( 4, 3) = F4
VFAC( 4, 4) = Fé4
VFAC( 4, 5) = F4
VFAC( 4, 6) = F4
VFAC( 4, 7) = F15
VFAC( 4, 8) = F15
VFAC( 4, 9) = F5
VFAC( 4,10) = F5
VFAC( 5, 1) = F1
VFAC( 5, 2) = F1
VFAC( 5, 3) = F15
VFAC( 5, 4) = F15

VFAC( 5, 5) = F4

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0006120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330°
0000340
0000350
0000360
0000370
0000380
0000350
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
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VFAC( 5, 6) = F4 0000620
VFAC{ 5, 7) = F4 0000630
VFAG( 5, 8) = F4 0000640
VFAC({ 5, 9) = F5 0000650
VFAC( 5,10) = F5/2. 0000660
VFAC( 5,11) = F5/2. 0000670

0000680
VFAC{ 6, 1) = F1 0000690
VFAC( 6, 2) = F1/2. 0000700
VFAC( 6, 3) = F1/2, 0000710
VFAC( 6, 4) = F3 0000720
VFAC( 6, 5) = F4 - 0000730
VFAC( 6, 6) = F4 0000740
VFAC( 6, 7) = F4+F5 0000750
VEAC( 6, B) = F4 0000760
VFAC( 6, 9) = F5 ' 0000770

0000780
VFAC( 7, 1) = F1 0000790
VFAC( 7, 2) = F1 0000800
VFAC( 7, 3) = F3+2.%F4 0000810
VFAC( 7, 4) = F4 0000820
VFAC( 7, 5) = F4 0000830
VFAC( 7, 6) = F5 0000840
VFAC( 7, 7) = F5 0000850

0000860
VFAC( 8, 1) = F1 0000870
VFAC( 8, 2) = F1 0000880
VFAC( 8, 3) = F3 0000890
VFAC( 8, 4) = F4 0000900
VFAC( 8, 5) = F4 _ 0000910
VFAC( 8, 6) = F4 0000920
VFAC{ 8, 7) = F5 0000930
VFAC( 8, 8) = F5 ’ 0000940

0000950
VFAC( 9, 1) = F2 0000960
VFAC( 9, 2) = F11 0000970
VFAC( 9, 3) = F12 0000980
VFAC( 9, 4) = F16 0000990
VFAC( 9, 5) = F8 0001000
VFAC( 9, 6) = F7 0001010
VFAC( 9, 7) = F18 . 0001020

0001030
VFAC(10, 1) = F1 0001040
VFAC(10, 2) = F1 . 0001050
VFAC(10, 3) = F3 0001060
VFAC(10, 4) = F4/2. 0001070
VFAC(10, 5) = F4/2, 0001080
VFAC(10, 6) = F4 0001090
VFAC(10, 7) = F4 0001100
VFAC(10, 8) = F5 0001110
VFAC(10, 9) = F5 0001120

0001130
VFAC(11, 1) = F1 0001140
VFAC(11, 2) = F1 0001150
VFAC(11, 3) = F3 0001160
VFAC(11, 4) = F4 0001170
VFAC(11, 5) = F4 0001180
VFAC(11, 6) = F4 0001190
VFAC(11, 7) = F% _ 0001200
VFAC(11, 8) = F5 0001210

0001220
VFAC(12, 1) = F2 0001230
VFAC(12, 2) = F1i 0001240
VFAC(12, 3) = F12 0001250
VFAC(12, 4) = F17 0001260
VFAC(12, 5) = F18 0001270



VFAC(12,
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SUBROUTINE WALLTE (K,NSTOT,NSTR,RH,SUR,D,PIG,TE,PBT,*,RTI,H)

c WALLTE ORGANIZES THE CALCULATION OF THE PIN AND OF THE SHROUD
c TEMPERATURES
c

REAL LAMSCH,LAMWC,LAMB,MSCH,MAWC,LENGTH

COMMON/HEAS/QQ( 42,3)/HEA6/NPIN( 42),JPIN( 42,3)/GENS/DE( 42)
JLAMING/F2ATIP( 42,3),F2DTIP( 42,3)
/SUB1/ASCH( 42,3)/SUB2/TSCH( 42,3),MSCH( 42,3)
/SUB3/ADAB( 18,2),DETB( 18,2)/SUB4/LAMB( 18,2)
/SUBS/LAMSCH( 42,3)/SUB22/TW( 42,3)
/WCSE1/DEWC( 18,2,2),PHWC( 18,2,2)/WCSE3/LAMWC( 18,2,2)
/WCSE7/MAWC( 18,2,2)/WCSE8/ASCHWC( 18,2,2)
/WCSE12/TWWC( 18,2,2)/IND3/NTYP( 42)/QPAR3/PERL(3)
/GEOO/ACH(3)
/WACO1/XMSCHB( 18,2),XMSCHA( 18,2)/SHROUD/TLINER( 18,2)
/PARTB/TEMPB( 42,3),XMASSB( 42,3),YDH( 42,3)/EXAVIW/IEXAV
/SUB21/TSCHA( 18,2),TSCHB( 18,2)/QPAR1/QDEV/IROSMO/IRH

COMMON /WCSE9/TAVWC( 18,2,2)

COMMON /SC02C/ QJ( 19, 42)

COMMON /Sco07C/ H1

COMMON /SC13C/ GEO1( 42,3)

COMMON /SC10C/ ANU{ 42,3)

COMMON /SC15C/ ALFA( 42,3)

COMMON /SC01Z/ YH( 42,3)

COMMON /INPAR/ IPA

COMMON /LAMINS/ RTIP(7)

COMMON /CEVO3/ LAMOP3

COMMON /SCO5L/ PERLT

COMMON /QSHR / QA1ll

COMMON /S€03L/ IPHUD

COMMON /SCO4L/ TAMB,HUDFAC,TMS

COMMON /SCO2R/ DUM1,DUMZ2,DUM3,DUM4 ,DUMS5 , LENGTH

COMMON /SCO8R/ QPR{ 42,3)

COMMON /SCO9R/ QSR( 18,2)

COMMON /SCO6L/ SHQ( 18,2)

OO~ D

COMMON /SC21C/ SHQC( 18,2)
c
C
o3
C I=CHANNEL INDEX
c
CCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCee 02.11.1979
TMS=0.0
PMS=0.0

Ccccececcececcceececccceccecccccceceececee 02.11.1979

DO 11 I=1,NSTOT

NP=NPIN(I)

ITYP=NTYP(I)

II=I-NSTR
o2
c M=SUBCHANNEL INDEX
c

DO 9 M=1,NP

PERS=PERL(ITYP)*ASCH(I,M)/ACH(ITYP)
TW(I,M)=TSCH(I,M)
CCCCCCCCCCCCCECCCCCCOCCECCCCCCECCCCCCCCOCCECECCCECCCCCCECCCe

c QA=QQ(T,M)/SUR*QDEV OLD
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCCCCCCCECECCCCCeCeee
c NEW

IPIN=JPIN(I,M)

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
0000130
0000140
0000150
0000160
0000170
0000180
0000190
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000400
0000410
0000420
0000430
0000440
0000450
0000460
0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
0000620

0000630
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NTOP=NTYP(I) 0000640

QA=QQ(I,M)/SUR*QDEV + QJ(IPIN,I)/(PIG*D*H/GEOL(I,M)) 0000650

IF (I.EQ.1.AND.IPIN.EQ.1) 0000660
>QA=QQ(1,1)/SUR*QDEV + QJ(1,1)/(PIG*D*H/6.0) 0000670
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCClCCCCCCeCCeee 0000680
G0T0(1,2,7),1TYP . 0000690

C e, b e e e ettt aiae e e, 0000700
C--A) CENTRAL SUBCHANNELS 0000710
c 0000720
1 CALL RTI (PBT,TSCH(I,M),MSCH(I,M),DE(I),ASCH(I,H),1.,LAMSCH(I,M), 0000730

1 QA,FACHE,TE,RH,I,II,M,JPIN(I,M),TW(I,M),1.,1, 0000740

2  DE(I),D,YDH(I,M),&8500,F2ATIP{I,M),F2DTIP(I,M),QALIN) 0000750
TEMPB(I,M)=TSCH(I,M) 0000760
XMASSB(I,M)=MSCH(I,M) 0000770

GOTO 9 0000780

L ittt et et eeer e 0000790
C--B) WALL SUBCHANNELS : 0000800
C 0000810
2 TW(I,M)=0. 0000820

DO 5 JWC=1,2 0000830
TWWC(II,M,JWC)=TSCH(I,M) 0000840
GOTO(3,4) ,JWC 0000850

C 0000860
C ~-1-WALL TYPE PART 0000870
C 0000880
3 CONTINUE 0000890
CCCCCCCCCCCCCCCCCCCCeeeeee 02,11,1979 0000900
TS=TAVWC {11 ,M,1) 0000910

DO 1000 ITHUD=1,10 0000920
IF(IPHUD. EQ. 1) SHQ(II,M)=HUDFAC*PERS/PERLT*(TS-TAMB)*H 0000930
€CCCCCCCCCCCCCCCCLCCCCCCCCCCCeeeceeecceeeee 0000940
QALIN=(SHQ(II,M)+SHQC(II,M))/{PERS*H) 0000960
CCCCCCCCCCCCCCCCECCCeCCCCCCCCCCCCCCCCCCeeee 0000970
C 0000980
RU1DRU=XMSCHB (II,M)*ADAB(IT,M)/MAWC(TII M,1) 0000990

CALL RTI (PBT,TAVWC(II,M,1),MAWC(IT,M,1),DETB(IT,M),ASCHWC(II,M,1)0001000

1 ,ADAB{1I,M),LAMB(II,,M),QA,FACHE,TE,RH,1,II, M, 0001010

2 JPIN(I,M),TWWC(II,M,1),RUIDRY,2,DEWC(IT, M, 1),D, XXXX, &85000001020

3 ,1.,1.,QALIN) 0001030

c 0001040
IF (IPHUD. EQ. 0) GO TO 1200 : 0001050
DELT=ABS (TLINER(II,M)/TS-1.0) 0001060

IF( DELT .LT. 0.01) GO TO 1200 0001070
TS=TLINER(II,M) 0001080

1000 CONTINUE 0001090
WRITE(6,1100) DELT 0001100

1100 FORMAT( 5X,'WALLTE, WALL: NO CONVERGENCE IN ITHUD, DELT=',F10.5, 0001110
> /5X, ' CALCULATION STOPS.') 0001120

STOP 0001130

1200 CONTINUE 0001140
CCCCCCCECCCCCCCCCCCCCCCCCe 02.11.1979 AND 14.11.1980 0001150
ALFA1=ALFA(I,M) 0001160

ANU1 = ANU(I,M) 0001170
CGCCCCCCCCCeeeeee 02.11.1979 0001180
TMS=TMS+TLINER{II,M)*PERL(2)*0.5 0001190
PMS=PMS+PERL(2)*0.5 0001200
ccceecececeececcece 0001210
GOTO 5 0001220

c 0001230
C =-2-CENTRAL TYPE PART 0001240
C , 0001250
4 CALL RTI (PBT,TAVWC(II,M,2),MAWC(II,M,2),DEWC(ITI,H,2),ASCHWC(II,M,0001260

1 2),1.,LAMWC(II,M,2),QA,FACHE,TE,RH,I, 1Y M,JPIN 0001270

2 (1,M),TwWC(II,M,2),1.,1,DEWC(IT,M,2),D,XXXX,&8500,1.,1., 0001280

3 0.0) 0001290
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C 0001300
ccececceccceecccceecceeceee 02.11.1979 AND 14.11.1980 0001310
ALFA2=ALFA(I M) 0001320

ANU2 = ANU(I,M) 0001330
ccgceeccceecceece 0001340
5 TW(I,M)=TW(I,M)+PHWC(II,M,IJWCY*TWWC(II M,JWC) 0001350

6 CONTINUE 0001360
TW(I M)=TW(I,M)*4./(D*P1G) 0001370
CCCCCCCCCCCCCCCCCCCCCCCCCC 02.11.1979 AND 14,11.1980 0001380

ALFA(I,M)= (ALFAI*PHWC(II,M,1) + ALFA2*PHWC(II,M,2))/(D*PIG/4.) 0001390
ANU (I,M)= ( ANUI*PHWC(II,M,1) + ANU2*PHWC(II,M,2))/(D*P1G/4.) 0001400

ANU (I,M)= ANU(I,M)/YH(I,M) 0001410

IF (QQ(I,M) .GT. 1.E-06) ALFA(I,M)=QA/(TW(I,M)-TSCH(I,M)) 0001420
CCCCCCCCECCCCeCee 0001430
XMASSB (I ,M)=XMSCHB (II,M)+MAWC(II,H,2) 0001440
TEMPB(I,M)=(XMSCHB(II,M)*TSCHB(II ,M)+MAWC (11 ,M,2)*TAVWC(II,M,2))/ 0001450
/XMASSB(I,M) | 0001460

IF (IRH.EQ.2) 0001470

*YDH (I,M)=0, 5% (SQRT (D**2+16. /PIG*ASCH(I,M))-D)/RH 0001480

GOTO 9 0001490
P 0001500
C--C) CORNER CHANNELS 0001510
c . 0001520
7 CONTINUE 0001530
CCCCCCCCCCCCCCCCCCCCCCCeee 02.11.1979 0001540
TS=TSCH(I,1) 0001550

DO 2000 ITHUD=1,10 0001560
IF(IPHUD. EQ. 1) SHQ(II,M)=HUDFAC*PERS/PERLT*(TS-TAMB)*H 0001570
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe 0001580
QALIN=(SHQ(II,M)+SHQC(II,M))/ (PERS*H) 0001600
CCCCCCCCEECCCCCCCCCCCCCCCECCCCCCCCCCCCCCCCECCCCCEEree 0001610
c QALI1=0Al1l 0001620
C IF(IPHUD.EQ.1) QALI1=HUDFAC/PERLT*(TS-TAMB) 0001630
c QALIN=QALT1+QSR(II,M)/LENGTH 0001640
C 700 FORMAT( 5X,' WALLTE, CHANNEL =',I3,' SUB. =',I3,' QALI1 =',E12.6, 0001650
c > 2X,' QSR=',E12.6,' QALIN =',E12.6) 0001660
c 0001670
RU1DRU=XMSCHB(IT,1)*ADAB(I1,1)}/MSCH(I,1) 0001680

CALL RTI (PBT,TSCH(I,1),MSCH(I,1),DETB(II,1),ASCH(I,1),ADAB(II,1),0001690

1 LAMB(IT,1),QA,FACHE,TE,RH,I,TI,1,JPIN(I,1), 0001700

2 TW(I,1),RUIDRU,3,DE(I),D,YDH(I,H),&8500,F2ATIP(I,1), 0001710

3 F2DTIP(I,1),QALIN) 0001720

c 0001730
IF (IPHUD. EQ. 0) GO TO 2200 0001740
DELT=ABS (TLINER(II,1)/T8~1.0) 0001750

IF( DELT .LT. 0.01) GO TO 2200 0001760
TS=TLINER(II,1) . 0001770

2000 CONTINUE 0001780
WRITE(6,2100) DELT 0001790

2100 FORMAT( 5X,'WALLTE, COR.: NO CONVERGENCE IN ITHUD, DELI=',F10.5, 0001800
> /5X, ' CALCULATION STOPS.') 0001810
STOP 0001820

2200 CONTINUE 0001830
€CCCCCCCCCCCCCCCCCCCCCCCCe 02.11.1979 0001840
CCCCCCCCCCCCCeCee 02.11.1979 0001850
TMS=TMS+TLINER(II ,M)*PERS 0001860
PHS=PMS+PERS 0001870
CCCCCCCCCCCECCCee 0001880
TEMPB(I,1)=TSCHB(II,1) 0001890
XMASSB(I,1)=XMSCHB(II,1) 0001900

9 CONTINUE 0001910

11 CONTINUE 0001920
CCCCCCCCCCCCCCCee 02.11,1979 0001930
TMS=TMS/PHS 0001940

cccceeeeeceececee 0001950
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.................................................................. 0001960

IF AN AVERAGE VALUE IS DESIRED FOR THE PIN AND THE SHROUD 0001970
TEMPERATURES OF THE EXTERNAL CHANNELS 0001980
0001990

IF (IEXAV.EQ, 1)RETURN 0002000
PERLT=0. 0002010
PERRT=0. 0002020
TIM=0. 0002030
TWM=0. 0002040
NSTR1=NSTR+1 0002050
DO 20 I=NSTR1,NSTOT 0002060
ITYP=NTYP(I) 0002070
NP=NPIN(I) 0002080
DO 20 M=1,NP 0002090
PERLSC=PERL(ITYP)*ASCH(I,M)/ACH(ITYP) 0002100
PERLT=PERLT+PERLSC 0002110
PERRSC=1, /NTYP(I) 0002120
PERRT=PERRT+PERRSC 0002130
TLM=TLM+TLINER{I-NSTR,M)*PERLSC 0002140

20 TWM=TWM+TW(I ,M)*PERRSC 0002150
TLM=TLM/PERLT 0002160
TWM=TWM/PERRT 0002170
DO 30 I=NSTR1,NSTOT 0002180
NP=NPIN(I) 0002190
DO 30 M=1,NP 0002200
TLINER(I-NSTR,M)=TIM 0002210

30 TW(I,M)=TWM 0002220
RETURN 0002230
8500 RETURN 1 0002240

END 0002250





