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Summarz

The SAGAP@ Code, developed at the Karlsruhe Nuclear Center,

was improved at General Atomic Company in San Diego, California
(usay.

The modifications introduced at General Atomic are summarized

in this paper.

Furthermore, the meaning of the new variables defined in
C@MM@PN BLPCKS is also explained. A complete listing of the new
version of the code is included in Appendix. Finally, the re-
sults of a parametric study performed at General Atomic with

SAGAP@ are summarized in this paper.

SAGAP@-2: Eine verbesserte Version des Rechenprogramms SAGAP®

fiir die thermo- und fluiddynamische Analyse von gasgekiihlten

Brennelementblindeln

Zusammenfassung

Das im Kernforschungszentrum Karlsruhe entwickelte Rechenpro-
gramm SAGAP® wurde bei General Atomic Company in San Diego,

California (US3d), verbessert.

Die bei General Atomic eingefiihrten Anderungen werden in dieser

Arbeit zusammengefafBt.

AuBerdem wird hier auch die Bedeutung der in "C@MM@N BL@CKS"
neu definierten Variablen erklidrt. Eine Liste der neuen Ver-

sion des Codes ist im Anhang enthalten.

Schlieflich werden die Ergebnisse einer bei General Atomic
mit SAGAP@ durchgefiihrten Parameterstudie in dieser Arbeit

zusammengefaft.
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1. Introduction

The development of the computer code SAGAPY for the thermo-
fluiddynamic analysis of gas cooled fuel element bundles was
started at the Karlsruhe Nuclear Center (KfK) in 1%74. In
1977 two KFK=EUR papers were published /1,2/. The first one
deals with the description of the physical models and the ma-
thematical procedures applied in the code, while the second
one is a guide for the users, which contains information
about the structure of the code and the organization of input

and output, and a complete listing.

In August 1977, a copy of SAGAP@ was given to General Atomic
Company (GA) in San Diego, California (USA), as a result of
the Collaboration Program signed by KfK and GA.

At GA, the structure of SAGAP@ was improved considerably, with
the main purposes of allowing both a higher flexibility of the
code and the capability of simplified procedures also, faster
and cheaper than those of /1,2/ and, thus, very useful in the
first phase of an optimization process for the thermofluiddy-
namic design of gas cooled rod bundles. Furthermore, some small
errors contained in the version of SAGAP® of /2/ were also

corrected /3/.

These modifications, partly necessary to allow the calculations
for the GCFR-Benchmarks I1I and III /4,5/ performed with SAGAP@
at GA, are described in detail in GA Internal Reports /3/ and

are summarized in this paper.

In order to allow the mentioned modifications in SAGAP@, some
new COMM@N BL@CKS were defined, referring mostly to new variables
(new data), the values of which must be provided in BL@CK DATA.
The meaning of these new variables is described accurately in
this paper. It must be noticed that the main extensions for the
input of SAGAP@ refer to the data which must be provided in

BL@CK DATA by means of DATA statements, while only one modifi-
cation concerns the data to be punched on cards (see below,
variable NSEL).

A complete listing of the new version of SAGAP@ (SAGAP@-2) is

contained in Appendix.

Zum Druck: 14.8.1978



In order to provide some useful advices to the users of the
code , this paper also contains a summary of the regults of

a parametric study carried out at GA to investigate the
effects on results and calculation time of (A) sub-subchannel
subdivision, (B} central subchannel subdivision, (C) axial
section subdivision, (D) use of "hot" or "cooled" geometric
dimensions, and (E) method for approximating the energy in-
crements. Finally some remarks about laminar calculations are

also included in this work.

2. Improvements in the structure of SAGAPY

The main improvements in the structure of SAGAPY refer to:

(A) The allowed bundle symmetry sections;

(B) The allowed shroud shapes;

(C) The procedure for the choice of the gas coolant;

(D} The correct introduction of gravitation effects for turbu-
lent flow;

(E) The procedures of the subroutine AXSEC for the Nusselt
number correction profiles due to spacer effects;

(F) The introduction of spacer effect on turbulent mixing.

The modifications concerning these and some more, less important,
improvements are described in the following paragraphs, while
the changes allowing simplified SAGAP® calculations are dis-

cussed separately in Chapter 3.

2.1 Bundle symmetry sections

In case of hexagonal bundles, with the original version of
SAGAP@P described in /2/, it is possible to perform calculations
only for (1) the whole bundle flow section, or (2Ya half of it,
or (3) 1/12th, the type of the symmetry section being fixed by
the value of the input parameter NSEL (see /1/, Par.3.1, 9th
card). In that version of SAGAP@, automatic procedures are
included to establish indexing and connections of rods, channels
and subchannels, and to compute the subchannel and channel flow

areas and equivalent diameters.



In order to allow Benchmark III calculations, for which

1/6th of the bundle flow section had to be considered (see
/5/), an extension of the SAGAP@ procedures became necessary.
It was thought to be better to introduce a general procedure
valid for all other symmetry sections, different from those
previously allowed, instead of limiting the modifications to
the case of 1/6th. Since the case of symmetry sections diffe-
rent from 1/1, 1/2 and 1/12 is not very frequent, it was de-
cided to introduce, for the other sections, a procedure gi-
milar to that already used in /2/ for the 12-rod bundles, in

which connections and indexing are provided in input*).

It must be pointed out that only symmetry sections can be com=~
puted with SAGAP@, while other codes, like, for example
C@BRA®GCFR /6/ can analyze separatly any portion of the bundle

flow section®*¥), However, this is not a big limitation for
SAGAP@. In fact, the analysis for non-symmetric sections is
useful only in the first phase of an optimization procede for
the bundle geometry. For example, to optimize the shroud pro-
file for a bundle with a large number of rods, it is convenient
to limit the analysis to the most external rows of channels®¥*¥*),
for some inital runs, in order to avoid useless expensive cal-
culations. However, approximate calculations for a reduced
number of channels can be carried out with SAGAP@ also, by de-
fining a"fictitious" bundle which includes the interesting

channels (see Fig.1).

2.2 Shroud shape

The SAGAP@ code was developed with the purpose of modelling -
with the best possible accuracy - bundles having angular
corner channels and blocking triangles with straight sides

and base angles of 30° in the wall channels (see /2/ and Fig.2).

*) A description of the necessary new input variables is given

in Par. 4.2.

%) However, the input preparation is considerably more compli-
cated for C@PBRA*GCFR than for SAGAP@ (see /2,6/).

##%)pssumed to be disconnected from the more jinterior Channels.



Therefore, to allow SAGAPY calculations for bundles with a
different shroud profile, since the most important condition
to be respected refers to the flow areas of corner and wall
channels (which must be the real ones), it is necessary to
assume modified values for the distances between the centers
of the external rods and the shroud®) and for the height of
the blocking triangles, such that the flow areas of both

corner and wall channels remain unchanged (see Fig.3).

This procedure was applied at the time of the calculations
performed for the design of the shroud dimensions of the BR-2
12-rod bundle fuel element, having rounded corner channels
(contrary to the 12-rod bundle calipration elements investi-
gated experimentallv in the Institute of Neutron Physics and

Reactor Engineering of XfK /2,7/).

However, with such a procedure, not exact hydraulic diameters
were assumed in the calculations, for both corner and wall
channels**), In fact, if the shroud profile is modified in
the way previously described, shroud wetted perimeter values
different from the real ones are assumed automatically in
SAGAP@.

At the time of Benchmark III calculations /3,5/ due to the
complicated shape of the AGATHE bundle to be computed (see

Fig.3), an improvement of the SAGAPY procedures became necessary

to allow an accurate analysis®*#*#),

The calculations showed that, in normal situations, sufficient-
ly correct results could be obtained by simply introducing
correction factors for the hydraulic diameters in the axial

momentum equations****) (see /3/ and Par.4.2.2. in this work).

*) These distances must be all equal to one another, for all
external channels.

¥¥) The assumption of not correct hydraulic diameters has an
effect on both pressure drop and mass flow and temperature
distributions.

*#%) For the AGATHE bundle, the assumed wetted perimeters cor-

responding to the modified shroud were 3% too high for
corner channels and 3% too low for wall channels.

##¥##*y7he effect on the friction factors due to slightly in-
correct values at the shroud wetted perimeters is negli-

gible /3/.



2.3 Choice of the gas coolant

In SAGAP®P, the equations for the gas properties (i.e. density,
dvnamic viscosity, specific heat at constant pressure and
thermal conductivity) are included in separate FUNCTI@NS (RH@,
ETA, CP and KAPPA, respectively). In the original version of
the code /2/ these FUNCTI@NS could only centain the equations
for one gas. For example, in the listing of /2/, they refer to
helium, which is the coolant used up to now in most gas cooled

rod bundle experiments carried out at KfK.

If calculations have to be performed with the version of SAGAPY®
of /2/ for a bundle cooled by another gas, the cited FUNCTI@NB
of /2/ must simply be replaced by others containing the appro-
priate set of eguations for that gas. At the time of Benchmark
ITI calculations, for which the coolant was co, /5/, in order
to allow an even easier use of SAGAP®, the FUNCTI@NS RH@, CP,
ETA and KAPPA were modified in such a way as to contain the
eguations for various gases (now up to 4), the gas to be con-
sidered being fixed by the input value of the new option IGAS
(see Par.4.2.2). The equations for CO, /5/ and for helium
/8,9/ are already included; those for up to two more gases can

be easily introduced,

2.4 Effects of gravitation

A method to allow taking into account the contribution of gravi-
tation to the axial momentum egquations in case of laminar flow,
was introduced in SAGAP@ in June 1977 (see /2/ and also /3,10/),
when it was noticed that gravitation may be important for light
gases like helium, also, in case of low Reynolds number values*®) .
It must be pointed out that the applicability of the method of

/2/ is limited to the case of laminar flow. In fact, convergence

problems occured when it was tried to take into account gravita-

#2) .

tion, with that procedure, for turbulent flow, also These

*) Gravitation was not included vet in the mathematical model of
SAGAPY described in /1/, as also mentioned in /2/.

##*)For gases like CO;, heavier than helium gravitation is not
negligible in case of turbulent flow, also (at low Reynolds
numbers) .



convergence problems were due to the procedures used for the

sub-subchannel analysis /3/.

In order to overcome the convergence problems in case of turbu-
lent flow the method of /2/ was modified at GA. For this pur-
pose, Ean. (I.55) of /1/, still used in /2/, was changed into:

- 2T
Ap = - (T_}LE_’.{.) [M + Apgrav ) (1)

Apgravx being the contribution of gravitation, computed as:
= #*
MPgray, = IGRAV o, 8X.*) (2)

Thus, in Egns. (I.78), (I.94) and (I.95) of /1/ the terms |ap]|

are now replaced by:

|Ap - IGRAV Pja,pb BX

. (3)

However, Egns. (I.66), (1.69) and (I.70) of /1/, used for the
calculation of the friction factors of the two portions of the
wall subchannels, of the subchannels and of the channels, re-
spectively, are still kept unchanged, although, rigorously,
they should be modified, also. This was obtained assuming, for
example for (I.66) of /1/:

Li - o Li
s By  8p=8Pgray; | / ] A,
L = =¥ lAp"APgransc\ b1 {4)
i=1 Ay Ax i=1 A%’
2DiEi ZDiEi

which should not be a severe approximation. Applying a similar
approximation for the calculation of the whole bundle friction
factor from the channel values, also, one obtained exactly the
original equation (I.71) of /1/.%%)

*) About IGRAV see Par. 4.2.2

*#)In /2/ Eqn. (I.71) of /1/ was modified, according to the first
method, introduced at KfK, for taking into account gravitation

/3/.



2.5 Modification in the subroutine AXSEC

As described in /2/, the subroutine AXSEC establishes, for
each axial portion of the bundle, the subdivision into axial
sections and the correction profiles for the Nusselt numbers,
due to the spacer effect. This subroutine was considerably
improved at GA (see Flow Chart of Fig.4). In fact, in SAGAP®-2,
the following limitations, present in the version of AXSEC of
/2/, are removed:

(A) Impossibility of taking into account the spacer effect on
the Nusselt numbers in the axial sections downstream a
spacer, for a calculation step starting after the middle
section of that spacer ( in case of calculations carried

out in more than one run).

(B) Impossibility of taking into account any eventual influence
on the Nusselt numbers in the first sections of an axial
portion, if it is due to the last spacer in the preceeding

axial portion.

(C) Impossibility of modelling the case of two spacers so close
to each other,; that no region with undisturbed temperature

profiles exists between them.

(D) Impossibility of performing correct calculations in case
of spacers which middle section is less than WSP/Z*)
distant from the inlet section of the containing axial
portion, or - in case of calculations carried out in more
than one run - from the section at which the calculation

step starts.

(E) Impossibility of assuming in input values for the length
of the axial sections in the unheated axial portions, such

that more than one spacer is contained in one section.*¥#)

(F) Impossibility of neglecting the spacer effect on the

Nusselt numbers.

The elimination of limitations {(A) and (D) was cguite important,
because calculations in two or more steps are very useful and

often necessary, especially for bundles with a large number of

*) WSP is the spacer width.
##)Tn case of unheated portions, all sections have equal lengths in
SAGAP@ and SAGAP@P-2.



rods ( the allowed maximum calculation time for day-time runs

ig limited on all computers).

The necessity of eliminating limitation (E) became obvious,

after the parametric study carried out at GA with SAGAP® /3/
had shown that considerably longer axial sections can be used
than those previously assumed in the calculations, especially

for unheated sections (see Par.5.2}.

Finally, limitation (F) was eliminated in order to allow

simplified fast procedures, also (see Par. 3.1).

2.6 Spacer effect on turbulent mixing

In the original version of SAGAP® of /2/, no enhancement of the
turbulent mixing rates WT could be considered in the spacer re-
gions. However, the spacers affect certainly the turbulent

mixing (in fact, their effect on the Nusselt numbers is due to
increased mixing). Thus some modifications were made in the code,
assuming that the correction factor for the turbulent mixing rate
exchanged between two flow zones due to the spacer effect is pro-
portional to the arithmetic average of the correction factors

for the Nusselt numbers of the two flow zones*), i.e., for the

flow zones 1 and 2, that:

W

— ]
()

|

=

N O

i Nu, Nu
= CY tO.S { 35 + —) = 1| + 1, (5)
Nu1 Nu

where wTO

and NuO are the turbulent mixing rates and the HNusselt
numbers, respectively, in case of no spacer effect, and the

value of the constant CY must be provided in input (see Par.4.2.2).
Calculations carried out for Benchmark III have shown that the
assumption of CY = 1 instead of CY = O (which means no enhance-

ment), brings only small changes for the mass flow and temperature

*) Por the channels, the correction factor for the Nusselt
number of each channel is assumed to be the average of the
correction factors for the contained subchannels.



profiles outside the regions of spacer influence*), while the
effects at axial locations near the spacers are more important,
although not very large /3/.

2.7 Further improvements in SAGAPY

Some more improvements were introduced in SAGAP@, besides those

described above in detail. They refer to:

This correction is now:

—C¢TW,

CT = (Ty/Tg) (6)

with C@TW = input value and T; = inlet temperature Tp or =
bulk temperature TB’ depending on the input value of the vari-
able ITEC@ (see Par.4.2.2), instead of (A):

CT = (TW/TE)'O‘2 (7)

for the rods, according to /11/, and (B):

CT = (Ty/Tg) ~0*> (8)

for the shroud, according to /12/%%#),

This modification allows correct calculations with SAGAPZ for
gases for which (7) and (8) are not valid, like, for example,
for CO, /13/*%##*) (ywhich was the coolant for Benchmark III /5/).

Furthermore, the use of the same equation for both rod and

shroud is more correct.

*) Although WT = WT© at axial locations where no spacer effect

is present, the mass flow and temperature profiles are slight-

ly affected by the spacer effect there, also, because the en-
hancement of turbulent mixing in the region of spacer influ-
ence changes (with respect to the case of CY=0) the values of

the mass flow rates and gas temperatures of the streams leaving

these regions.

**)Brroneously, in /1/ it is said that Eqgn.(7) is used in the
SAGAP® version of /2/ for the shroud Nusselt numbers, also.
However, in case of not large film drops, the use of (7) or
(8) is practically equivalent.

#*#%)Egns ., (7), (8) are valid for gases like helium and air /10,11/.



Contrary to the original version of SAGAP® /2/, SAGAP@P-2
allows a sufficiently correct calculation of the shroud tem-
peratures in case of heat losses through the sghroud walls,
also, by computing these temperatures with the same equations
already used in /2/ for heated shroud walls /1/. Consequently,
the superposition principle is now applied, in case of hesat
losses, also, for the correction of the rod temperatures of

the external channels /1/.

The use of the equations valid in case of heated shroud, which
are not completely correct for cooled shroud, is possible be-
cause the heat losses are normally not very large in practical

situations.

In SAGAPP-2, the procedure for the determination of the zero
shear stress line position - t=0 - is now optimized for all
sub-subchannel subdivisions , while in /2/ this procedure be-
comes slower and slower, by decreasing the number of sub-sub-
channels per 30° to less than 10.

In the new version of subroutines BALA, SUBBAL and RECCAZ,

the regquirement of a precision lower than 10_4 is now allowed
on the gas temperatures, in case of difficult convergence in
the iterative loop ITERM for the golution of the energy equa=-
tions. This allows overcoming local convergence problems, for
example in case of spacer pressure drop coefficients which are

very different in adjacent flow zones.

Furthermore the option has been introduced of calculating the

energy increment within an axial section as:

fyAh (9)
(Ah = enthalpy increment, tfy = mass flow rate entering the

axial section), besides as:



mavAh {10}

(ﬁav = average mass flow rate in the axial sections) /1,2/,
in order to allow an easier comparison between the results
of SAGAP@ and those of C@BRA®GCFR(in C@BRA¥*GCFR, Egn. (9) is

used®) ).

The sizes of the bundles which can be considered

In SAGAP@-2 the maximum dimensions of some variables are larger
than in the version of /2/. This was done to allow Benchmark III
calculations /3,5/. With the new version of the code it is
possible to compute bundles with a maximum of 37 rods, but only
for symmetry sections with not more than 42 channels (not more
than 18 external channels).*¥), Furthermore a maximum number of

4 spacers can be now assumed for an axial portion(against 3

spacers in /2/).

3. New options for simplified SAGAP@-2 calculations

Besides the improvements described in Chapter 2, some more modi-

fications have been introduced in SAGAP@, in order to allow

options for simplified calculations. These modifications refer

to:

(A) The possibility of neglecting the spacer effect on Nusselt
numbers

(B) The possibility of avoiding the subchannel calculation and/
or the calculation of the two portions of the wall subchan-

nels.

In this way it is possible, with SAGAP@-2, to carry out calcu-
lations faster and cheaper than those allowed with the more
correct procedures of /1,2/ (which, obviously, can still be
used in SAGAP@~2). These simplified procedures are very useful,
for example, in the first phase of an optimization process for

the thermofluiddynamic design of gas._cooled rod bundles.

*) see /3,6/ and Par. 5.5 in this work.

*#*)j e, up to a half of a complete 37 rod bundle can be com=-
puted. Like in /2/, calculations for the whole bundle flow
section can be carried out only for a 7, a 12, or a 19 rod
bundle (see /3/).



The simplified procedures now allowed in SAGAP@-2 are described
in the next paradgraphs.

3.1 Spacer effect on Nusselt numbers

In SAGAP®-2 the following procedures are possible about the
spacer effect on the Nusselt numbers:

- to take into account the effect of all spacers, completely

(i.e. including the eventual effect of the last spacer of
an axial portion on the Nusselt numbers in the first axial

sections of the next axial portion),

- to take into account, for each axial portion, only the effect

of the spacers contained in it (like in /2/),
- to neglect the effect of all spacers.

The advantage of neglecting the spacer effect is that a much less
fine subdivision into axial sections can be assumed in this way,

and, consequently, faster calculations can be carried out.*®)

It must be noticed that, if the spacer effect on the Nusselt
numbers is neglected, that on the turbulent mixing is neglected,
also (see Egqn. (5)). However, as previously pointed out, this
last effect is small, especially at a certain distance from the

spacers.

The choice of the procedure to be used is fixed by the input
values of the variables IDISP1 and IDISP2, the meaning of which
is described in Par. 4.2.2.

3.2 Subdivision of the bundle flow section

Before describing the new options for the subdivision of the
bundle flow section, it is useful to remember briefly the pro-
cedures in the original version of SAGAPY /2/ for this sub-

division and to make some remarks.

#) However, this is not true any more, if too long sections are
assumed, such that convergence problems occur (see /3/ and
Par. 5.2 in this work).
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As described in detail in /1,2/, in the original version of
SAGAPP the bundle flow section is subdivided as follows (see
Fig.5):

() supbdivision into channels (central, wall, corner),

{B) subdivision of central and wall channels into subchannels,
{C) subdivision of wall subchannels into two portions,

(D) subdivision of corner channels, central subchannels and

portions of wall subchannels into sub-subchannels.

In the iterative calculation procedure, the mass flow rates and
the temperatures are computed first for the channels (channel

calculation), then, in a second step, separately for each channel*),

the subchannel mass flow rates and temperatures are computed
(subchannel calculation), then, in a third step, separately

for each wall subchannel®*), the calculation for the two por-
tions of the wall subchannels is performed, and, finally, the

sub=-subchannel calculation is carried out.

The next two paragraphs contain some remarks about the sub-
channel calculation and the calculation of the two portions
of the wall subchannels, which are the steps which can be
eliminated in SAGAP@-2, by means of the new simplified pro-

cedures.

3.2.2 Remarks about the subchannel calculation

While the subdivision into channels applies in the other thermo-
fluiddynamic codes, like C@BRA*GCFR /6/ and SCRIMP /14/, that
of the channels into subchannels is commonly not used in those
codes, at least for central channels /5,6/. Moreover, with
C@BRA%#GCFR and SCRIMP, also in case of a subdivision of the
channels, all the flow zones defined in this way are considered

as separate channels, which continuity, energy and axial momen-

tum equations are solved all together (because the simplified

procedure of SAGAP@ cannot be applied in those codes).

*) By use of a simplified method in which each subchannel is
assumed to be connected with the other subchannel of the
same channel and with the adjacent channels (not the sub-
channels!) connected to the containing channel /1/.

##) With a procedure similar to that used for the channels /1/.




In our opinion, the subchannel calculation is important, for
central channels also, especially in case of differently
heated rods, mainly because, in order to apply the tempera-
ture profile integration method for calculating Stanton

numbers /1,2/, it is necessary to define for each rod the

flow zone in which the profiles must be integrated and to
compute for this flow zone both mass-flow rate and gas tempera-
ture. Furthermore, especially for the wall channels, as al-
ready happened for Benchmark II calculations /4/, it is not
unsual that the spacer pressure drop coefficients are rather

different in the subchannels of the same channel.

The only problem in performing a correct subchannel calcula-
tion lies in the evaluation of the mixing coefficients for the
turbulent exchange between two subchannels of the same channel,
i.e., the quantities /1,3,15/:

C = cq4 Co, (11)

where ¢4 is the ratio between the real eddy diffusivity-e-
(average for the two subchannels), and a reference eddy diffu-
sivity-e (R}« defined as:

14

R)= u*D
e (R) 55 (12)

and ¢, is the correction factor for the temperature gradient in

the transverse direction at the boundary between the subchannels:
(22
3y

AT being the difference between the bulk temperatures of the

AI, (13)
§

02= s

)av, at boundary/

two subchannels and § the distance between their centers of

gravity).

While the c, values in case of turbulent exchanges between
channels are rather larger than 1 due to the restriction of
the flow area at the gaps between channels, in case of turbu-

lent exchange between subchannels®)

; the c9 values should be
very close to 1, because the boundary between two subchannels
is not a gap, and, thus, at the boundary, the temperature pro-
files in the direction normal to the boundarv do not present

any increase of the slope /3/.

*)And also between the two portions of the wall subchannels (see
next paragraph).



Therefore, the only difficultyv remains in the determination
of the quantities ¢4, which can be evaluated by means of
eddyvy diffusivity measurements. Furthermore, thermofluiddyna-
mic experiments in bundles with not equally heated rods - as
soon as they will be carried out -~ will also probably give

some indication about the c=values.

Anyway, although in the calculations performed up to now all

¢ values for the exchange between subchannels*) have been
assumed equal to 1%%), the assumption of values different from

1 for these coefficients is not a problem, both for SAGAP@

and for SAGAP@-2, because the ¢ values are provided in input®*¥**)

The other objection-referring to the subdivision of central
channels into three subchannels - that the zero shear and
zero heat flux lines (t=0 and Q''=0) do never lie exactly
on the channel symmetry lines**¥*%¥) (especiallv in case of
differently heated rods) and, conseguently, the assumed inte-
gration zones for the profiles are not exactly the ones they
should be, is not well grounded, at least for turbulent flowhteses)
In fact, for turbulent flow:
A) the velocity profile - and, thus, the exchange of momen=-

tum through the assumed subchannel boundary - has a small

influence on the temperature profile (see /1,3/),

*) And also between the two portions of the wall subchannels
(see next paragraph)
#i) Because no experimental information was available about

the cq values and because the available experimental
tests referred to the case of equally heated rods.

®#i) Different ¢ values can be assumed for the different
types of subchannels (and for the two portions of the
wall subchannels also; see next paragraph). As pointed
out in /2/ these c values must be punched in the 21st
data card.

#kwn) If the zero shear and zero heat flux lines are exactly
coincident with the channel symmetry lines, there would

be no exchange between subchannels. )
#adw) It must be pointed out that this objection would con-

cern C@BRA and SCRIMP also, because, there also, the
symmetry lines are assumed as outer boundaries for the
integrations, for turbulent flow. In case of laminar
flow, while there is no problem about the ¢ coefficients
(because no turbulent mixing exists, i.e. c=0), the exact
determination of the position of the maximum velocity and
temperature lines may be more important ( however,

it has not been investigated, vyet).



B) due to the flat shape of the temperature profile, it is
not very important to assess the exact position of the

zero heat flux line*)##)
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The necessity of the subdivision of the wall subchannels into
two portions (due to the fact that a complete wall subchannel
cannot be considered to be equivalent either to a sector of a
whole annulus or to a sector of the inner portion of an annu-
lus /1,3/) is now generally accepted /3,4,5,6/. However, the pro-
cedure used in SAGAPY is still different from those applied

up to now in C@PBRA#GCFR and SCRIMP, /6,14/. In fact:

A) in SAGAP@® the two central portions of the two subchannels
of a wall channel are computed separately, while in C@BRA%
GCFR and SCRIMP they are combined in a sole channel,

B) the simplified procedure of SAGAP@ is not used in the other

codes (similar to the case of the subchannels),

C) while in SAGAPP the position of the line separating the two
portions is computed, this position is assumed in input for
C@PBRA#GCFR and SCRIMP.

As in the case of the subchannel calculation, a problem for

the correct analysis in the two portions of the wall subchannels
lies in the determination of the mixing factors for the turbu-
lent exchange between the two portions. However, in this case

also, the considerations made in Par. 3.2.2 are still wvalid.

Although, for the reasons explained in the preceeding paragraphs,
we think that both the subchannel calculation and the calcula-
tion of the two portions of the wall subchannels are important,
options for simplified and faster procedures, in which one or

both of the mentioned steps are eliminated, have been intro-

duced in SAGAP@-2.

#) This, however, only in case that the surfaces are all smooth
or all rough, like in central channels.

**)An analytical approach for justifying this rather obvious
statement is contained in /3/.



More precisely, in SAGAP@-2, the following procedures are
possible:
- to perform all calculation steps, i.e. for channels, sub=-

channels and portion of wall subchannels (like in /2/),

- to perform the calculation for channels, wall subchannels
and portion of wall subchannels, avoiding the central sub-

channel calculation,

- to perform the calculation for channels and wall subchannels,
avoiding both central subchannel calculation and calculation

for the two portions of the wall subchannels,

- to perform the calculation for channels and central subchan-
nels, avoiding both wall subchannel calculation and calcu-

lation of the two portions,

= to perform only the channel calculation, avoiding the other

steps.

In case that central and/or wall subchannel calculation steps
are eliminated, the mass flow rate and gas temperature distri-
butions are assumed to be uniform inside each central and/or
wall channel (see subroutine SUBBAL). In a similar way, in case
that the calculation step for the two portions of the wall sub-
channels is eliminated, the mass flow rate and the gas tempera-
ture distributions are assumed to be uniform inside each wall
subchannel (see again subroutine SUBBAL). It must be noticed
that, for structural reasons, it is not possible to avoid the
wall subchannel calculation, without eliminating the calculation
for the two portions (see subroutine SUBBAL). The choice of the
procedure to be used is fixed by the input values of the vari-
ables IDIV1 and IDIVZ2, the meaning of which is described in Par.
4.2.2..

4. Remarks for the users of SAGAP@-2

4.1 General remarks

The modifications of the structure of SAGAP®, allowing both the
improved and the simplified procedures described in the pre-
ceeding chapters, have been introduced in such a way as to com-

plicate as less as possible the use and the understanding of the



code, with respect to its original version /2/.

No new subprograms have been introduced, with respect to /2/.

In order to avoid changes in the argument listings of the
various subprograms, C@PMM@N BL@PCKS have been defined for those
new variables which are present in more than one subprogram.

The use of some CPMM@N BL@CKS which were already defined in
some subprograms in /2/, has been extended to other subprograms.
Furthermore, the sizes of some C@MM@N BLECKS have been increased
(see Par, 2.7). To minimize the differences between the input
preparation of SAGAP@-2 and that of SAGAP® /2/, all new data
are provided in SAGAP@-2 by means of DATA statements in BL@CK
DATA, by the definition of new C@MM@N BL@CKS. In this way, only
one modification was necessary in the part of the input concer-
ning data cards. This modification, however, does not modify

the order of variables and cards (see below).

Only one modification was made in the output, concerning the
printing of the turbulent mixing coefficient values, which

were not printed in /2/.

In the next paragraphs the modifications for input, output
and C@MM@N BL@PCKS will be presented. For the topics which are
not discussed in this chapter, the considerations made in /2/
are still valid.

4.2 Extensions in the input

4.2.1 Data on cards

The only modification concerning the preparation of the data
cards refers to the meaning of the variable NSEL (see /2/, 9th
card), fixing which bundle symmetry section has to be computed.
Moreover, this modification refers only to the code version

for hexagonal bundles. In fact, while in /2/ the possible values

for NSEL, in case of hexagonal bundles, were:

NSEL = 1 (whole bundle flow section)
NSEL = 2 (a half)
NSEL = 3 (1/12th),

in SAGAP@-2 the value:
NSEL = 4

is also allowed, which corresponds to the case that a symmetry



section different from the previous ones is assumed (see Par.2.1).

A first difference, concerning BL@CK DATA, between SAGAP@-2
and the old version of the code /2/, is that the same number
of data must now be provided both in the version for hexagonal
bundles and in that for the 12-rod bundles, while in /2/ the
values of the following variables, concerning indexing and

connections, had to be provided only in the version for 12-rod

bundles:

NPIN, JPIN (C@MM@N BL@CK/HEAG/)
NTYP (C@MM@N BL@CK/IND3/)
NER,NIS (CMM@N BL@CK/IJ1/) . %)

In SAGAP@-2, values for these variables must be provided in

BL@PCK DATA, in case of hexagonal bundles, also. This is due to
the procedure used in case of NSEL=4, which is not as automatic
as those for NSEL=1,2 or 3, but is similar to those already used
in /2/ for the 12-rod bundles (see Par.2.1). It must be noticed
that, in case of NSEL#4 also, input values must be provided for
NPIN, JPIN, NTYP and NER (because of the features of BL@CK DATA},
which, however will not be used in the calculations (thus all 1's

or O's can be assumed).

Moreover, the new data described below must be provided in
BL@CK DATA for SAGAP@-2 (both in the version for hexagonal bund-
les and in that for the 12-rod bundles).

1) C@MM@N BL@CK /ENEQP/

% 5 8 ® @ @ ® & ® & & & & © © © & 6 & ©

1 1if Eaqn.(10) is applied for the energy balance

_—

\\\\ 2 1if Egn. (9) is applied for the energy balance.

IENE =

2) C@MM@N BL@CK /GAAG1/

FCgPW1 (3)

*) see /2/ for the meaning of these variables.



FCEPW1 (ITYP) z(real total wetted perimenter ) for

assumed total wetted perimeter
channels and subchannels of type ITYP
(ITYP=1: central; ITYP=2: wall; ITYP=3:

corner) . *)

3) C@MM@N BL@CK /GAAGT/

2 ¢ ¢ @ 96 ¢ 8 6 © & B G P O B & D €& &

FC@PWT

real total wetted perimenter
assumed total wetted perimeter

FCPPWT = < ) for the whole

bundle flow section.*)

4) C¢@MM@N BL@CK /GASD1/

® & & @ © 6 8 ¢ ©® @ & & © & O & @ & O B

NST@T
NST@T = total number of channels in the assumed bundles
symmetry section.

5) Cg@gMM@N BL@CK /GASD2/

® & ® @ ¢ 8 & ¢ & © 8 © & & 6 @ &6 B O 6

RAPPAI (42,3)

RAPPAI (NS,M) = ratio between the flow area of the Mth sub-
channel of channel NS (in the considered
bundle symmetry section) and the flow area
of the entire subchannel (i.e. as defined

in the whole bundle flow section).**)

6) C@MM@N BL@CK /GASD3/

@ e @ ® 8 9 & & ©® © 6 6 © & O 6 & & B O

FSYMM
FSYMM = ratio between the area of the entire bundle flow

section and that of its considered symmetry section.

#)  These variables have been introduced to be able to perform
a correct analysis in case of shroud profiles different
from that originally allowed in SAGAP® (see Par.2.2). Ob-
viously FC@PPW1 (1) must be equal to 1, because a modifica-
tion of the shroud profile does not affect the wetted peri-
meter in central channels.

#¥%) For Benchmark III calculations (1/6th of a 37 rod bundle)
/5/ the RAPPATI values were 0.5 for the corner channels and
1 for the other channels.




8)

9)

IGAS = 1 for helium coolant
IGAS = 2 for CO, coolant
IGAS = 31 for two more coolants, which eguations are
IGAS = 4}

(see Par. 2.3).

not included vyet

C@MM@N BL@PCK /IDISPA/

® ® ® @ © 5 @ ® ® 6 ® & B & © & & © @ & O

IDISP1

IpIsP1 = 1 if, for an axial portion, the effect on the
Nusselt numbers due to the spacers contained
in it must be taken into account;

IDISPT = 2 if the effect of all spacers must be neglected

{see Par. 3.1).

CPMM@N BL@CK /IDISPB/

e ¢ 8 8 @ © ¢ ¢ B ® © & & & @ 2 © & 6 & ©

IDISP2

IDISP2 = 1 if the eventual effect of the last spacer of an
axial portion on the Nusselt numbers in the first
axial sectiong of the next axial portion must be
taken into account;

IDISP2 = 2 if this effect must be neglected

(see Par. 3.1).

10) C@MM@N BL@CK /ISM@/

1)

C@Tw

CATW = exponent of the ratio 1/(Ty/Tg) for the temperature
correction for the Nusselt numbers of smooth walls
(see Par. 2.7, Eans, (6)=(8})).

C@MM@N BL@PCK /ISM@1/

e @ © & © 8B ¢ & © 9 & & & @ © 5 & & B ©

ITECE
ITEC@ = 1 if, in Ean.(6), Tg = inlet gas temperature Tg;
ITEC = 2 if, in Egn.(6), Pg = bulk temperature Tp

(see Par. 2.7).
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12) C@MM@N BL@GCK /ISup/

« @ 5 ¢ 2 & ® B & & S & 8 6 ¥ O & B @

IQLIN = 1 if, in case of non-adiabatic shroud walls
Eqns. (I1.52)-(II1.63) or Egns. (IV.60)-(IV.64),
(IV.78)=(IV.83) of /1/ {(for turbulent flow or
laminar flow, respectively) must be applied
for calculating shroud temperatures and for
correcting rod temperatures (Superposition

Principle).

IQLIN = 2 if the mentioned eguations must not be applied
(see Par. 2.7).

13) C@MM@N BL@CK /MARTS/*)

¢ 82 © 8 6 &6 2 & ¢© & © 6 B 6 @ @ © B € @

NSTR

NSTR = number of central channels in the assumed bundle

symmetry section.

14) CPMMPN BL@GCK /MIXS1/

e ® 2 @ @ @ 6 © 8 & © & ® © & & & & © &

CcY

CY = factor for the enhancement of turbulent mixing due
to spacer effect, for the exchange between channels
(see Egn.(5), Par.2.6).

15) C@PMM@N BLGCK /SUBDI/

® ® © ¢ © © 6 @ ® © & B & © & ® © & & ©

IDIV1, IDIV2

IDIVY = 1 if the subchannel calculation is required for
all channels;
IDIVY1 = 2 if it is required only for wall channels;
IDIV1 = 3 if it is required only for central channels, **)
IDIV1 = 4 1if it is not required, neither for central channels

channels, nor for wall channels.®®)

®) /MARTS5/ is not a new CPMMPN BL@CK. In /2/ it was already de-
fined in the main program and in subroutine ENFRC@®.

*#%*)As mentioned in Par.3.2.4, in case of IDIV1=3 or=4, the cal-
culation of the two portions of the wall subchannels is auto-
matically not performed.



IDIV2 = 1 if the calculation for the two portions of the
wall subchannels is reguired;
IDIV2 = 2 41if it is not reguired.

It must finally be noticed that, for 12-rod bundles and - in
case of NSEL # 4 - for hexagonal bundles also, any value can
be provided in BL@CK DATA for the variables of CPMM@N BL@CKS
/GASD1/, /GASD2/, /GASD3/ and /MARTS5/, because the real values,

for these situations, are then evaluated by the code.

4.3 Extension in the output

The only extension in the output of SAGAP@-2, with respect to
/2/, is the printing of the Ingesson mixing coefficients YH
{(11,12) /15/ for the turbulent exchange between all connected
channels I1 and I2, computed with the equation:

AA Aar0-?
= 2
L A LR A
YH(I1,I2) = 1.14 11 I2

(14)

(Ny1, Ny2 are the numbers of gaps for channels I1, I2; the
areas AA, A', Ap and A are defined in Fig.6).*)

The YH values are printed by the subroutine INGE, immediately
after the spacer blockage factors (see 4.1.8 in /2/).

4.4 C@MM@N BLYCKS

Many of the new C@MM@N BL@CKS have been defined to introduce

the new input variables, the meaning of which has already been des-
cribed in Par.4.2.2. Anyway, in order to provide here a presen-
tation similar to that used in the original users' guide /2/,

the complete list of the new C@MM@N BL@CKS is included in this
paragraph, together with the lists of the subprograms in

which the single C@MM@N BL@CKS are defined. However, the des-

#) This equation was not included, by mistake, neither in /1/
nor in /2/. It must be remembered the real channel mixing
coefficients used in the code are obtained by multiplying
the YH coefficients by the input factor PC@RR (see 3.1 2ist
card in /2/).



cription of the meaning of the new input variables will be

not repeated here.

1)

2)

3)

4)

5)

6)

CPMM@N /ENE@P/ IENE

® @ e © & B ® 8 @ & ¢ 6 @ © B O & O @

IENE is defined in BL@CK DATA and used in BALA, RECCA2 and
SUBBAL.

C@MM@PN /GRAG1/ FC@PPW1 (3)

5 & ¢ ® © © 6 & © & 8 € B 2 O © & O 6 & 5 S & & B8

The FCPPW1 values are defined in BL@CK DATA and used in
ANGCA1, BALA, RECCA1 and SUBBAL.

CPMM@N /GAAG2/ FC@PW2 (18,2)

® e 5 © ¢ & T 6 G 6 E &8 @ Y OO OO S GO O 6B ° e

_ real total wetted perimeter
FCgPw2 (III,M) = assumed total wetted perimeter for the wall

portion of the Mth subchannel of the IIIth

external channel.

The FCPPW2 values are computed in subroutine RECCA1, in

case of wall subchannels; in case of corner channels, they
are set equal to FC@PW1 (3) (see C@PMM@N BL@CK /GAAG1/) in
subroutine ANGCA1. The FC@PW2 values are then used in RECANG
and RECCAZ.

CPMM@PN /GAAGT/ FC@PWT

® @ @ ¢ ® B & © ¢ @ € ® @ & 6 © B & © B @

FCPPWT is defined in BL@CK DATA and is used in the main pro-

gram.

CPMM@PN /GAGR/ DPSI

® 8 & ® 8 @ ® & 8 ® ¢ ® & © ® & & O

DPSI = Apgy/ APy
The variable DPSI was introduced to allow the new procedure

(Apsyy = average channel pressure drop).

for taking into account gravitation. Its value is defined
in the main program. DSPI is then used in CEWA, RECANG and
RECCA1.

COMMPN /GAMAR/ CXX

® 6 e 8 ® @ © @ ¥ © & B G GO O O &

CXX = factor for the cross-flow exchange between channels,
depending on the type of the assumed bundle symmetry

section.



7)

8)

9)

10)

11)

12)

13)

The variable CXX was introduced to correct a small error
present in /2/. CXX is defined in TMCF for the energy ex-
change, or in UA for the momentum exchange, and is used
in CF1.

COMM@PN /GASD1/ NSTHT

2 & @ ¢ © & & & © & & & @ © © @ B & @ ©

The C@MM@N BL@CK /GASD1/ is present onlv in BL@CK DATA and
in the main program., The input value of NST@T defined in
BL@PCK DATA is used in SAGAP@-2 only in case of NSEL=4 (see
Par.4.2.1). Otherwise, this input value is not used and the
real value of NST@T is computed, like in /2/, in subroutine
INDEX,

C@MM@PN /GASD2/ RAPPAT (42,3)

------------- 8 ® » & % © @ ¢ & & ® & & O &

The RAPPAI values defined in BL{CK DATA, are used in the
subroutines HEATI and INQUA (versions for hexagonal bundles)

only in case of NSEL=4 (see Par.4.2.1).

C@MM@N /GASD3/ FSYMM

e & e ® & ¢ @ € & © B 6 © & & ¢ © & & §

FSYMM is defined in BL@CK DATA and is used in T@PTGEP (version
for hexagonal bundles) only in case that NSEL=4 (see Par.
4.2.1).

CPMM@PN /GASD4/ IGAS

4 ® © & © & B & © ¥ T & 6 © & € & & &

IGAS is defined in BL@CK DATA and is used in CP, ETA, KAPPA
and RHO.

C¢MM¢N /IDISPA/ IDISP1

------ e e © & & 2 8 & ¢ 8 ®

IDISP1 is defined in BL@CK DATA and is used in AXSEC.

C@MM@N / IDISPB/ IDISPZ

e @ ® © ® 6 6 & © 3 © 6 & © & © e ® e ¢ ®

IDISP2 is defined in BL@CK DATA and is used in the main

program.

CPMM@PN /ISM@/CPHTW

ooooooo ¢ & @ 5 ¢ & & B T ©

COTW is defined in BL@CK DATA and is used in RTSI and TELIN.



14) C@MM@N /ISM@1/ ITEC@®

ITECY is defined in BL@CK DATA and is used in RTST and
TELIN.

15) C¢MM¢N /ISUP/ IQLIN

----- 2 ¢ a @ & 4 ¥ & & @ @ ©

IQLIN is defined in BLOCK DATA and is used in RTRI, RTSI
and TEMLAM.

16) C@MM@N /MIXS1/ CY

CY is defined in BL@CK DATA and is used in BAIA.

17) C@MM@N /MIXS2/ CcCcY

ooooo ® e & a ® ¢« ¢ o o

ccY = factor for the enhancement of turbulent mixing due to
spacer effect, for the exchange between subchannels
of the same channel and between the two portions of
wall subchannels (see Egn. (5}, Par.2.6).

In SAGAP@-2 CCY is set equal to CY in BALA.*) It is used in

RECCA2 and SUBBAL.

18) C@gMM@N /PRSPA/ DISTOO

DISTOO = distance from the inlet section of an axial portion,
or from the section at which the calculation is
started (in case of calculations carried out in
more than one step), to the middle section of the
last preceeding sracer (the sign of DISTOO is
negative).

The variable DISTOO has been introduced to allow the improve-

ments of the subroutine AXSEC for the gpacer effects on

Nusselt numbers. The value of DISTOO is set egual to 10_7

at the beginning of the main program. Then, for the first

axial portion, the appropriate value is evaluated in the
main program, in case that the calculation step starts after
the bundle inlet (if spacers are present in the bundle part
computed in the preceeding step). For the succeeding axial

portions the appropriate DISTOO values are evaluated only

*) If reguired, a more sophisticated correlation between CCY
and CY can be easily introduced in the code.



in case of IDISP2 =1 (see C@MM@N BL@CK/IDISPB/), otherwise
the value 10”7 is kept. DISTOO is used in AXSEC.*)

19) C@MM@N /SECIN/ KK

e & & & © © 3 & b & B s ¢ 2 & & @

KK

The variable KX has been defined to allow introducing the

I

index of the axial section

spacer effect on turbulent mixing without changing any
argument list. The value of KK is set equal to that of K
(index of the axial section) in the subroutine BALA ( K is
an argument for BALA). Then KK is used in SUBBAL and RECCAZ

(for which K is not an argument).

20) C@MM@N /SUBDI/ IDIV1,IDIV2

oooooo ¢ e 8 & & ° @ © 6 & & & 6 B B @

IDIVY and IDIV2 are defined in BLGCK DATA and are used in
SUBBAL.

The use of some C@PMM@PN BLPCKS, which were already defined in
some subprograms in /2/, has been extended to other subprograms
in SAGAP@P-2. The subprograms are also mentioned, in which they

are now used.

1) COMM@N /GEN2/ A (42)

@ & 8 @ » © © & B & & & & & & © e ® &

Now used in the version of INGE for hexagonal bundles, also,
besides in the main program, BALA, ENFRC@®, INLC@N, INQUA,
KAPC@R, N@RMT, RECCA1, RECCA2, SUBBAL, TMCF and TRICAT.

2) CPMM@N /GRAV/ IGRAV

s ¢ @ 8 © % © & & @ @ 6 © B O @ S @ @

Now used in CEWA, RECANG and RECCA1, also, besides in BL@CK
DATA, main program, BALA, SUBBAL and RECCAZ.

3) C@MM@N /GRID2/ YY(100,42,3)%*¥)

...... e &8 & & ¢ ® @ ¢ © © © ® © ® O © 8 & © & ©

Now used in BALA, RECCA2 and SUBBAL also, besides in AXSEC,
CEWA, RECANG, SUBDH and WALLTE.

#}) For the meaning of the variables see Par.5.77 in /2/
##) I the list of CPMM@N BL@PCKS presented in Par.5.77 of /2/ it
is erroneously written that /GRID2/ contains the variable

DIST (7), also. On the contrary, this variable belongs to
/GRID1/, together with the variable EPSISC (42,3,3).



4) C@MM@N /HEA1/ Q(37)%*)

e 6 & & & 6 & & & € B & & & B & @ O

Now used in the version of HEA1 for hexagonal bundles, also,

besides in the main program and in HEATR.

5) C@MM@PN /HEA6/ NPIN(42) ,JPIN(42,3)

e 2 © ¢ 8 8 @ © & & @ © &€ @ & @ B & 6 © O 5 6 © § & © © & T @ O

Now used in the version of BL@CK DATA and INQUA for hexa-
gonal bundles and in TMCF and UA, also, besides in the ver-
sion of HEATI for hexagonal bundles, in the version of
BL@CK DATA for 12-rod bundles, in AXSEC, BALA, ENFRC@,
ENTFR, INLC@N, N@RMT, SIMLA1, SUBBAL, SUBC@N, SUBDH, TBFUN,
TMPUN, TWFUN and WALLTE.

6) C@MM@N /IND3/ NTYP(42)

© ® 8 ® @ © 8 © © & & B & © © B @ 6 @ e o @

Now used the versions of BL@CK DATA and HEATI for hexagonal
bundles, also, bhesides in the version of INDEX for hexagonal
bundles, in the version of BL@CK DATA for 12-rod bundles,

in the main program, in BALA, C@NNIJ, ENFRC®, INGE, INLC@N,
INQUA, KAPC@R, N@RMT, RECCA2, SIMLA1, SUBBAL, SUBC@N, TBFUN,
TEMLAM, TMCF, TMPUN, TWFUN, UA and WALLTE.

7) C@MM@N /IJ1/ NER(42),NIS(42,3)

e ® & © 2 8 ¢ © & & 8 ¢ ® © © © B © 6 & & ¥ O © & © € © & ©

Now used in the version of BL@CK DATA for hexagonal bundles,
also, besides in C@NNIJ, in the version of BL@CK DATA for
12-rod bundles, in the main program, in BALA, INGE, RECCA2,
SUBBAL, SUBC@N, TMCF and UA.

8) C@MM@N /MARTS/ NSTR

& ® 8 & © 8 6 @ ¢ S © & & O B & &

Now used in both versions of BL@CK DATA, also, besides in

the main program and in ENFRC@.

In order to allow performing Benchmark III calculations /5/,
the sizes for some CPMM@PN BL@PCKS have been increased (see
Par. 2.7). These C@MM@N BL@CKS are listed below, with the

*) Note that the sizes of this C@MM@N BL@CK have also been
increased.



sizes of /2/ and the new ones. For the meaning of the vari-

ables see Par. 5.77 in /2/.

C@PMM@N BLPCK /GRID/:
CSPAC (42,3) -~ CSPAC (42,4)

CPMM@N BLPCK /GRIDWC/:
EPSWC (18,2,2,3) , EPSWC (18,2,2,4)
CspWC (18,2,2,3) CSPWC (18,2,2,4)

C@PMMPN BL@PCK /GRIDO/:
CSPSC (42,3,3) > CSPSC (42,3,4)

C@PMM@N BLOCK /GRID1/:
EPSISC (42,3,3), DIST(7) » EPSISC(42,3,5)%) ,DIST(7)

CgMM@N BL@PCK /GRID6/:
EPSIC (42,3) - EPSIC (42,4)

CPMMPN BL@CK /GRID8/:
PGDPSC (42,3,3) -+ PGDPSC (42,3,4)

C@MM@PN BLBCK /HEA1/:
Q(19) ~ 0(37)
C@MM@N BLPCK /HEA2/:
00(2,12),000 ~ 00(3,18),000
CPMMPN BLHCK /HEAT/:
IDPIN(2,12) »+ IDPIN (3,18)

C@MM@PN BLOCK /IND2/:
N@T (3,18) -+ N@T (4,30)

CPMM@PN BL@PCK /IND4/:
NUM3(3),...,NUM36(3) -~ NUM3(4),...,NUM36(4)

Furthermore the dimensions of some variables, defined in the
main program by means of DIMENSI@N statements, had also to be

increased /3/.

#*) The variable EPSISC must be dimensional for a number of spacers
equal to the real one + 1, to allow the possibility (intro-
duced at GA /3/) of taking into account the effect on the
Nusselt numbers of an axial portion, due to the last spacer
of the preceeding axial portion.



5. Some advises about input parameters

A parametric study, based on the data of Test 1 of Benchmark II
/3,4/, was carried out at GA with the purpose of investigating
the effect on results and calculation time of the following
parameters:

A) Sub-subchannel subdivision

B} Axial section subdivision

C) Central subchannel subdivision

D) Use of hot or cold dimensions

E} Method for approximating the energy increments.

The results of this parametric study, which are discussed in
detail in /3/, are summarized in the first four paragraphs of
this chapter, with the purpose of providing some useful infor-

mation to the users of the code.

Finally, in the last paragraph,some advises are given about

parameters useful in laminar calculations.

5.1 Sub=subchannel subdivision

The parametric study carried out at GA had shown that, if the
purpose of the SAGAP@-calculations is only to predict average
subchannel friction factors and pin and shroud temperatures

- and not to assess local azimuthal pin temperature profiles*)—
the sub-subchannel subdivision can be avoided for the central
subchannels, the corner channels and the central portion of

the wall subchannels, and can be reduced for the wall portion
of the wall subchannels®*). In this way the SAGAP@-results for

*) One of the aims in developing SAGAP@ - at least in the first
development phase - was to trv to assess a method for the
prediction of the azimuthal pin temperature profiles inside
each subchannel, also /1,3,16/. Especially for this aim, a

very fine subdivision of the flow section into sub=-subchannels

was necessary. A simplified method for evaluating local azi-
muthal pin temperature profiles was proposed in /16/ ( and
the possibility of using it is still kept in SAGAP®), but
this method could not be further investigated /3/.

**) It must be noticed that the assumption of a not too fine
subdivision of the wall portion of the wall subchannels is
also necessary to obtain convergence in case flow regimes
near the boungary between hydraulically smooth flow and
rough flow /3/.



average subchannel friction factors and pin and shroud tem-
peratures are only slightly modified (Figs. 7-10)- on the con-
trary the calculation time decreases strongly (of a factor of

2 for case 1 of Benchmark II, see Fig.11).

In conclusion we advise to useifor the normal calculations
with SAGAP@-2, the following values for the parameters de-

fining the sub-subchannel subdivision (see 3.1, 9th card in

/2/):

NSC30C = 1%)

NSC30A = 1

NSC30W = 3 or 4 (normally)**)

5.2 Axial section subdivision

The effect of the axial section subdivision on results and cal-
culation time was also investigated at GA. Most of the calcu-
lations were carried out by neglecting the spacer effect on
Nusselt numbers. This allowed assuming equal lengths for all
axial sections over each axial portion. This parametric study
was performed by varying the value of the input parameters XDE1,
which defines the approximate desired length of the axial sec-
tions where no spacer effect on Nusselt numbers is present

(in terms of XDE1 times the equivalent diameter D, of central
channels: see 3.1, 19th card, in /2/). As a reference the case
of XDE14=2.5 was taken, which was the value assumed in the cal-
culations previously performed at KfK /1/. This parametric
study showed that, normally, the number of axial sections does
not need to be very large (no important changes in the results
cauld be noticed for case 1 of Benchmark II - except for the
corner channel with the largest solidity, and, for the other
channels, near the spacers, see Figs.7-10). However in case

of too long axial sections(for XDE1 > 3-XDE1, in case of the

*) In the original version of SAGAP®H /2/, due to a small error,
occurring in RECCA1 for NSC30C=1, if the angle for the cen-
tral portion of the wall subchannels is smaller than =/6,
the assumptions of NSC30C=1 is not always possible /3/.

*#)The value of NSC30W which can be used depends on the shape
of the wall channels also. For Benchmark II calculations
/3,4/ the minimum value at which convergence could be reached
was 3, while it was 4 for Benchmark III calculations /3, 5/.
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investigated test), there is no systematic decrease of the
computation time, due to the increase of the local convergence
problems (which are solved by halving the length of some axial
sections, thus increasing the number of nodes) and the results
are more affected by the axial subdivision (see Fig.11). Of
course, the choice of the XDE1 values depends on the value of
the equivalent diameter Di: in case of Benchmark III calcula-
tions /3,5/ a value XDE1=10 could be assumed, because of the
smaller value of D, with respect to Benchmark II calculations.
Similar considerations are valid for the parameters XDE2, de-~
fining the axial section subdivision in the regions of spacer
effect on Nusselt numbers (see 3.1, 19th and 20th cards in /2/%,
in case that the spacer effect is taken into account., However,
the choice of the values for XDE2 also depends on the distri-
bution of the spacer blockages in adjacent flow zones. Further-
more larger values of XDE2 can be assumed if a detailed deg-
cription of the pin temperature profiles near spacers is not
required. For example, for Benchmark III, XDE2=8 {(i.e. the
maximum allowed value; see /2/) was assumed for the rough part
(since the pin temperatures had to be computed only at axial
levels far from the spacers, in the rough part), while XDE2=2
was assumed for the smooth part (the axial level was in the

spacer region, for the smooth part).

5.3 Central subchannel subdivision

The modification described in Par.3.2.4 allowed investigating
the effects of the central subchannel subdivision. As it could
be forseen, in case that the central subchannel calculation is
not performed (IDIV1=2, IDIV2=1, see Par.4.2.2) the only effect
is that the central subchannel pin temperatures are equal to
the average values of the pin temperatures obtained with the
central subchannel calculation. The effect on the calculation
time, for case 1 of Benchmark II, is shown by Fig.11: the cal-
culation time is normallv less in case that the central sub-
channel calculation is not performed, partly because a calcu-
lation step is eliminated (see subroutine SUBBAL) and partly
because less convergence problems normally occur in this case
(however, there is an exception for XDE1=7.5). Anyway, for
those XDE1 values which can be assumed without considerably
affecting the results (i.e. up to XDE1=5:7.5 for the case of



Fig.11),it can be concluded that it is worth to always perform
the central subchannel calculation, because the required cal-

culation time is not much larger (if at all}.

5.4 Use of hot or cold dimensions

Both for Benchmark II /4/ and for Benchmark III /5/, the calcu-
lations were carried out both with cold and with hot dimensions,
in order to investigate the effect of the thermal expansion of
the bundle geometric dimensions /3/. The results of these cal-
culations show that the thermal expansion affects the pin tem-
peratures only slightly, while the pressure drop is not affected
(see Fig.7-10)%),

Anyway, since the correction for the thermal expansion is per-
formed auvtomatically by the code, it is worth to apply at least
the correction corresgponding to the inlet temperature {(which

does not reqguire any increase of the calculation time).

5.5 Approximation of the energy increment

In the original version of SAGAP@ /1,2/ the enerqgy increments

in the various flow zones could only be computed with Egn.(10),
which represents - in our opinion - the most correct approxi-
mation of the differential increment m dh. The introduction

of the possibility of using Eogn.(9) (applied in C@BRA) instead
of Egn. (10) (see Par.2.7 and 4.2.2) allowed evaluating the
differences in the results due to the use of the two eguations
/3/. As it could be easily forseen, it was found that, in case
of not large variation of the mass flow rate (i.e. always in
sections far from the spacers, and also in regions near spacers,
if the spacer profiles are not very different for adjacent flow
zones), the use of the two equations is practicallv eguivalent
for the calculation of mass flow and temperaﬁure distributions.
On the contrary, not negligible differences (up to 20°C) for the

temperature values corresponding to the use of the two different

*) These Figures refer to Benchmark II calculations. Similar
effects of thermal expansion could be noticed for Benchmark
III calculations, also /3/.



eguations were found, especially in spacer regions, for adia-
cent flow zones with very different spacer resistances. Further-
more, it was noticed that the use of Eagn.(9) brings more con-
Vergence problems than that of Eon. (10). Due to this and due

to the fact that, as pointed out above, Eagn. (10} is more
correct, we suggest to go on using Egn. (10) in SAGAP@-2 also,
which means to assume IENE=1 in BL@CK DATA (see Par.4.2.2,
C@MM@N BL@CK /ENE@P/).

5.6 Some parameters for laminar calculations

As pointed out in previous papers /1,2,10/, calculations are
possible with SAGAP@ for laminar flow also, although heat
conduction and radiation - which are very important in case

of laminar flow - are not yet included. For the introduction
of these two effects, which are neglected in SAGAP@-2 also,

& third version of the code is under preparation at the Insti-
tute of Neutron Physics and Reactor Engineering of the Karlsruhe
Nuclear Center. In the meanwhile, if it is necessary to carry
out laminar calculations with SAGAP@ or SAGAP@-2, some remarks
are useful for the users, concerning the simplified procedures
which can be applied in the codes for laminar calculations in
order to avoid convergence problems (see Par.4.6.2 in /1/).
For the 19 rod bundle investigated in /1/, the convergence
problems, occurring in the energy balances if the simplified
procedure of /1,2/ is not applied, were due to the much larger
friction in the corner channels with respect to that in the
wall channels and to the fact that conduction effects cculd
not be taken into account. In fact, due to the much larger
friction, the bulk and pin temperatures computed in the corner
channels are much higher than those in the wall channels, if
conduction is neglected, and furthermore, the differences be-
tween the velocity and temperature values in corner channels
and those in wall channels increase more and more over the
bundle length, because the laminar friction factors are pro-
portional to the wall temperatures of the corresponding chan-
nels /1/*2,

66

#) In fact, A=K /Re vy v (Tw)1' for helium.



Since the experimental results for the investigated laminar
test did not show any systematic difference between the pin
temperatures in the corner and in the wall channels (which
is certainly a consequence of conduction in the azimuthal

direction), the possibility of assuming average values of the

coefficients %7 = igfﬂ for some adjacent external channels

was introduced in the code®®) .,

The index NS1 of the external channel at which this simpli-
fied procedure starts to be applied, together with the index
NS2 of the external channel at which it ends to be applied
must be provided in BL@CK DATA (see Par.3.3, C@MM@N BL@CK
/MART2/ in /2/). If the simplified procedure has not to be
applied, NS1=NS2=0 must be assumed /2/.

Moreover, correction factors were derived in /1/, to be used
for the Nusselt numbers and the dimensionless shroud tempera-
tures in case that the described simplified procedure is used
for the K-values. These correction factors were obtained
"considering that the average wall temwveratures in the whole
external channel (corner + wall), corresponding to the assump-
tion of equal K/D2 values for corner and wall channels, are
smaller than those corresponding to the real K/D2 values, be-
cause the wall temperatures must be averaged by means of the
wetted perimeters" (cited from /1/, Par.4.6.3). Usinag these
correction factors a verv good agreement was obtained in /1/
between measured and computed temperatures for the external

channels, also.

However, this so good agreement was only the result of coin-
cidences, as shown with a more correct analysis performed
later /10,17/. In particular it was thought that, if the
measured pin temperatures are practically equal for wall

and corner channel channels (due to conduction in the azi-
muthal direction in the rods) their bulk temperatures cannot
differ very much from each other, also, and thus, at least
for the investigated test, it is better not to use any

correction factor for Nusselt numbers and dimensionless

*) In case of equal values for the bulk temperatures and for
the coefficients K/Dz, the friction pressure drops are
equal for both corner and wall channels.
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shroud temperatures.*) Thus, the option ISIMPL was intro-
duced in the codes, which allows to apply the simplified
procedure described in Par.4.6.2 of /1/ without correcting
the Nusselt numbers and the dimensionless shroud temperatures
{case of ISIMPL=1, see C@MM@N BLHCK /SIMLAM/, 3rd note of

Pag 136 in /2/),

Furthermore, the option IEXAV was also introduced in the code,
which allows the assumption of an average rod temperature value
and an average shroud temperature value for all external chan-
nels, instead of the single subchannel values (case of IEXAV=2Z,
see CPMM@N BL@CK /EXAVTW/, 2nd note of Pag 162 in /2/).

Calculations performed at GA have shown that, if IEXAV=2 is
assumed, no convergence problems occur for laminar calculations,
also in case that the simplified procedure described Par.4.6 of
/1/ is not applied. This should confirm the expectation that
the convergence problems occurring in case of laminar flow

are due to the fact that conduction effects are neglected in

the present versions ©f the code.

In conclusion for laminar calculations with SAGAP@ or SAGAP@-2
we suggest to assume:

ISIMPL = 1

IEXAV = 2

NS1 = NS2 = O,
except for the case of unequally heated rods, Where better re-

sults can probably be obtained with:

ISIMPL =1

IEXAV = 1

NS1 = index of the first external channel

NS2 = index of the last external channel.
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Nomenclature

A. Latin letter svymbols

men o e G e D G . S

A
A',A,AR,AA

C’C1’C2

C@TwW

cT

CY

W
WTo

D ,DETC

e (R)
Ah,dh
IGRAV

NSC30Aa

NSC30C

NSC30wW

= &Y
Nu = "

D
o _ a°D
S

Ap

Flow area
Areas for turbulent mixing (Fig.6)

Turbulent mixing coefficients (Egns.{(11)-

(13))

Coefficient for the temperature correction
for Nusselt numbers of smooth walls (Equ.

(6})

Temperature correction factor for Nusselt
numbers of smooth walls (Egns. (6)=-(8))

Spacer correction factor for turbulent
mixing (Ean.(5))

Hvdraulic diameter

Hydraulic diameter for central channels
Eddy diffusivity

Reference eddy diffusivity

Enthalpv increment per unit mass flow rate

Gravitation coefficient for the axial
momentum equations (Equ.(2))

Index of the last spacer of the preceeding
axial sections + 1

Spacer index
Coolant thermal conductivity

Geometric constant for laminar friction
factors

Number of sub-subchannels in a portion of
wall subchannel

Number of spacer in an axial portion
Mass flow rate
Number of gaps for a channel

Numbers of sub=-subchannels per 30° in
corner channels

Number of sub-subchannels per 30° in central
subchannels and central portions of wall
subchannels

Number of sub-subchannels per 30° in the
wall portion of the wall subchannels

Nusselt number
Nusgsgselt number for fully developed flow

Pressure drop



Qe = Heat flux
Re = ”ED = Reynolds number
pywub . .
Rey = = Reynolds number with gas vproperties computed
u at wall temperature
T = Temperature
Ty = Bulk temperature
Tg = Inlet temperature
Tq = Tp or = Tg {Eqn. (6})
Ty = Wall temperature
u = Coolant velocity
u* = uxg = Priction velocity
WT = (Turbulent mixing rate) x c»
WwTo = W for fully developed flow
WSP = Spacer width
Ax = Axial section lenath
x;p = (Distance from the inlet section of a spacer)/
De
XDE1,%XDE2 = (Desired axial section lengths) /D
Ysp = Nu/Nu®
YH = Ingesson mixing coefficients (Eqgn, (14))

B. Greek letter symbols

a = Heat transfer coefficient

a© = g for fully developed flow

§ = Distance between two centers of gravity

A = Friction factor

u = Coolant dynamic viscosity

v = Coolant kinematic viscosity

£ = Contribution of cross-flow, turbulent mixing
and density variation to the axial momentum
equations

o = Coolant density

T = Shear stress

C. Subscripts

a = Zone outside =0

av = Average

b = Zone inside 1=0

B = Bulk

C = Central channel



(R)
SC

"

Bundle inlet

Gas

Gravitation

Sub-subchannel index

Axial section inlet

Index of the portion of wall subchannel
Reference

Subchannel index

Wall

Channel, or subchannel, or portion of wall
subchannel, or sub-subchannel.

Average
Per unit time

Per unit surface
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Fig.1: Definition of a "fictitious bundle" (1/12¢th ) in the first phase
of an optimazation process for the design of the shroud dimensions
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Fig.2: Geometric parameters needed by SAGAP¢ as invput information for
the definition of the flow section geometry (for the symbology
see also Par.3.1 in /2/).
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REAL PROFILE

"~ APPROXIMATED PROFILE

Fig.3: Approximation of the shroud shape
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Fig.5a: Subdivision into subchannels and portions of wall subchannels.
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Fig.5b: Subdivision into sub-subchannels,
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Fig.T7: Effect of various parameters on the pressure drop (Case 1, Benchmark
Meeting II Calculations)
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A. MARTELLI 303009
cE S EEE R R ER R 000309
onnood
0337300
200009
T IS ENSS TS IS oS YO T oSO mIOssssoSomToEsoDTosssosssosssssoazm=sz===0000N0
S AGAPD 30079
QCJ307
A CCMPUTER CODE FOR OTHE THERMO-FLUTUDYNAMIC ANALYSIS OF GAS C30LEDO0D000
BUNDLES CF PARTLY SMUCOTE ARD PARTLY AGUSHENED RODS IN STEADY STATEODOIM1

CCNDITICNS 907001

N07001

903001

THE CNOE HAS BEEN WRITTEN IN FCRTRAN IV FOR THE COMPUTER I8Y 370- 000001

168 OF THE KARLSRURE NLCLEAR CENTER 000991

DESCRIFTICN CF THE PRYSICAL MOJEL: KFK 2436-EUR 55080 500001

USER'S GUIDE: KFK 2482-FUR 3510F 200101

002001

000002

MAIN PRCGRAM 000002

e e - = 100002

THE MAIN PROGRAM REACS MCST OF THE INPUT LCATA, PRINTS AND PUNCHS 000002

MGST GF THE CCMPUTED RESULTS,PERFCIMS SCME SIMPLE CALCULATIONS 700002

AND ORGANIZES ALL THE CALCULATICHS OF SAGAPO 000002

002002

REAL LENGTH,LANBDM, MFLCwsMAGMSCE oMI, M0, MECsLAM 4MEAL, LAML,MM2 000002

1 sMSCHL s LAMSCF,4SCHD 3 MSCHBL,LAMB54( L0O0) s MAVy MAWC» MSCHC L ,LAYMNEC, 0N0N02
2 NDEL,NDE2 ,KAPPA 000902
REAL*8 TITLE(4,7)/*INITIAL *, *UNFEATZD®,* SNCOTH ', 'PARTY, N0DND3

1 *FIRST RE',PATEC SMO?,'CTH PART',* ', *FIRST UN', 100003
2 "REATED R?*,*TUCH FAR',*T',*RCUGH PA®,*RT (HEAT?, N09003
3 "ED OR UN',*HEATED)*s *LAST UN',*HEATED R*,*OUGH PAR!,* T', 200003
4 *SECOND H®,'EATED SM',*CCTH PAR®,"T*,*LAST UNH*,'EATED S$1',000003
5 TCOTH PARY 7T/ 530503
JINMENSICN PGOPT(4),EPSITI4),CSPT(4),0P3AR(1ICO),PBAR(LON), 030303

1 T{100),RHOBT(1C0) ,ETABTIL10D),UBT(100),REBT(L0O),P (100}, 000003
2 GRI(424357), IRCRI(42,3) 4GRIP{42,3,7)4XDEL(T),XDE2(7)y 100003
3 OPINI(37),XLANL(T)4NSPAC(T),PLEN(T),VDIAMIT),FAREL(T7),  D0N0O3
4 CIPALT) ,ZIPALT ) TWTIPALT) ,T3TIPALT),TRPIPALT) WSP(7), 000074
5 PLENC(7),RHIFAL3) 4 ACW(45) yDECHI45) yMEC(45) 002904
6 AAL(30),CEALI3C) ,MEALI3D),,RAISTH(T),RINTI7), 000004
7 HPLLSL(42y2) yHFLLUS2(42,3) s THAL42+3)5QPLUSA(4243), 100004
8 PRBA (4243),XSTART(T7),XENGIT),AMASST(42,3) 200704
9 ¢y AMASSB (42,30, TEMPBA(42,3) ,YOHAL42,3), TEMPTA[42,3) 000004
DIMENS ICN INDSPULCY) oNEXPRIT 1,PEX(1I), XEXPR(LO) JNEXTWIT ), 070004

1 XEXTW(3) o ThTH(4253,3),THP(42,3),DELTIO(1852490), 10004
2 GRIL(134247),CRTI2I18+2+7) ,YODHAL42,3], 60004
3 X20PRG(7) s NDFRELT),C0CATLT),QLOCOIIT)QDCILT, 70, 303004
4 QLDCO(7+7) 4 XPRCL3),RICT(42,3), TWINF(42,3),QSECT( 3) (D0IN5
COMMCN/GRIDWC/EPSWC {13 +29294)9CSPACILB,24244)/CORRE/QHRDAR , QRMDAR 100905

1 » GLAMR/CPARL/SLEV/GPARZ/QLINY, JLOEV/CPARI/PERL(3) CU0905
2 /CCRR/SIGMA(42),Pk1(42),SE¥N3/1)ISP3/IDISP2 0Y00I5
2 JCORRL/SICMAL(4242),PHT1(42,3)/CORR2/CHI(18,2,2),PSI{13,2,2}200005
4 JCENL/LAM{42) /CENG/TEAD (42) /3EN2/A142) /GENS/DE (42) 000005
5 JCEN3/MIU42)/GENE/NC (420 /FEAL/ (3T )/HEAS/OQL42,3]) 209935
6 JGRID/CSPC(42,4)/CRIDI/CSPSCI424344)/CGASDL/NSTOT I0NA05
7 JCGRIDL/EPSISCL4Z4345)5DISTL? J/GRIC3/X(100) 020995
8 JGRIDG/EPSIC{42,4) /GRIDT/PSIPCL42,4) /GRIDB/PGIPSC(42,3,4)  00D0IIS5
9 /IND3/NTYP(42)/CEC2/ATOT,CETAT,ASEC/GEQO/ACHI3)/3AGR/DPST 009906
CCMMON/GEDS/ATC,CETC,ATWDET W ATA, DETA, AAC y AAW s AAA 000006

1 FEB3/TEMP2U42) /MCRI/MM2142)/ M034/7WCFL42) 000006
2 7MC32/UAVI42) /MCRS/TAV(42)/7M036/MAVI42) /MOBB/DPNSI42) 700006
3 INCB24/wT14243) /SUR2/TSCHI42,3) ,MSCHI42,3) 200396
4 JFEAG/NPINTA2) s JPIN(42,3) /SUSL/ASCH(42,3) 070006
5 FSUB6/TSCRL{42,2)/SUBS5/LAMSCH (42, 3)/SUBB/MSCHL{42,3) 000006
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FSUB2O/PROVILLE,ZV/SLB22/TWl42,3) JOVII6

6
7 JSUBZ23/HPLUSB{42.3 Y, HPLUSKI 42,30, 0PLUS(42:3),PR3 {42,3) ING005
8 sYOUHT42 43 /T JL/MNCRCAZ) JNIST 2,31 /MART/ZITCCORR /DAT/PIG O00008
g JCCLAAL/CTLAMS/CCLANZ/CCLAAA/SUR2L/TTISCHAL LB+ 2 TTSCHBIL84,2) 00DND07
COMMON/JLATI/00,CL02,0240%:05+C16,017,018,013/PRSPA/DISTOD n00037
1 JCAT2/7C65CT7,C83+0G,010,C11+012,013:,C14+CL15/DATSG/NDESTZNDEEND 220327
2 JCATHE/ IRHPL /CATT/CNLSSE 2V /HACOL/XASCHE{ L3 21 o XMSCHAL LB, 2 G207
3 JWCSE2/MSCWCLILE 2 ¢ 23 /WCSEZ/LAAMCILB 242/ WCSET/MAWCTL18,2,21000007
4 FWCSEG/ASCwCI{L8,2+s2)/ WCSES/TSCHCLILB,242) ACD007
5 JWCSER/ASCHWCTI 1842 32V /WOSES/TAVACLILS+2:2)/WCSEL/DENUCTILR:2.2)000007
6 yPPRWCC {18492, 2)/WCSEL12/TRWC{L1Bs2+21 /5RAV/IGRAY INGT
7 /PARTB/TEMPE(szz)vXMASSE(4Zy3)9Y)H(4213)/IMITL/XWHE 300007
8 JWSSCH/TLISSCLI1842),T12SSCLUL3,2)sT15SC211842),7T2S5C2(18,2) 000007
9 S RSSCHO/TBSSC L 42 2)sTWSSCL(42,3),TBSSC2(424+3):THWSSC2(42,3) 210093
COMMON/WSSCHL/OELTIE{ 15802950 ) DTICAVILI2)/wSSCHZ2/TIDIL 952,90} NCGO0JAR
1 JIROSMC/IRH/SUBLA/CLASUB/SHROUND/TLINER(LR, 2)/0SHR/QALIN 3003003
2 JINPARJIPAJLAMINZ/FIATIPUA2) s FLOTIPLG2)/LAMING/F2ATIP {42 3),4.300003
3 F2DTIPU{ 423} /LAMINE/RTIPITI/LAMING/IZTIP{G2,3)/MARTS/NSTR 307003
4 FCAAGT/FCCPRT 2002308
EXTERNAL RTRIGRTSI ' 00937038
300008
® H S B H G DS DO e B BO B L T Oe S eV S e B LS LR D e L O D S B OB S DB DR DD SR E B DD DS 9 O ’\)00'}08
200923
1-REAL ANC WRITE INPUT [£T7# 303509
nn6o709
TIMEO=(0. 0000029
TIYEL=ZEIT{TIMEC) 200009
DIST00=-1.EQ7 300009
PEXOUT=0. J000)9
COLAMB=1. 0073099
SGE=SQRTI(3. ] Q0NNNHG
PIG=3.,141593 2009539
1 FORMATIEILO]) 13CHIG
2 FCRMATH{EF10.5) 2049010
REAC{S5s LINEXCCNGNRODS,NSPALTSNSPAL 004610
REAL{S5 421 s7 ¢ ZWC s RHsFLENs VECIAM 0993510
REAL(S5 4 2)AREFBsRMISTWsRINTSRTIP 200210
REAC{5, 1 INDVGL e NSEL NSC2DCNSC30wsNSC30A 209701)
REAC(S5 42 PEsPELsTESTEL MFLChwy XLAML 200012
READ(S,2)CCLAMA » 0090010
REAC(S5, 1}IPAST,IPACND,IREALCY 2730219
REAC{5+c)STLEN CA0910
REAC(S,1)INDPR,y INCQ Gn001)
REAC(5¢1) NEXPRT{NEXPR RISEAR Y
REAC{Ss 1) NEXTHTSNEXTh 0930011
REAL{Ss1)ITCMe ITCL+ITC 24 MSUBDH 000011
REAC{5,2)XDEL4 XDE2 J30011
REAL{S,2)FT«PCCRRsCTULLTUZ,CTUZ 000011
REAL{5,21TWPRCFTCPR(CF 00ON11
REAC{S,ZICINL,CCUT 0o30011
REBC{5, 2}FAREL coontt
READIS 2} TWTIPALT3TIPALTEPIPA 10011
IFINEXPRT.GTLOIREACIS s} IXEXPR{I)yPEX{I} s 1=1eHEXPRT) PEXDJT Candtt
IF{NEXThTGT OIREACIE s 2} IXEXTUWL T} o I=1 o NEXTHWT} oNnan12
IFINDVQL.EQ.L1)IGCTC 3 DOVd12
REAC(S, 2 {QPIN{TI}sI=1+ANRLDS) 2092012
GCTC 5 200012
3 REACI5:ZIQPINI1) 200212
DC 4 1I=1,NRODS 00d012
4 QPIN{II=CPIN(L} 200012
5 CCNTINUE 0090012
REAL (5,2 )CL INMT 000012
IFUIMECQ-EQ.1)IGOTN 38C0C 200012
DO 3799 I=1,NRCDS 2000013
37993 GPIN{II=CPIN(TI)/4.1806 300013

QLINMT=CLINMT/4.136 303013
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3800 COANTINLUE 100013
REACI{S, LINIPRIT,NOPRQ 3000173
IFINDPRCTLEQLDIGETD 21716 030013
REACIB23IX20PRGUT I I=1sNLEPROIT oCcool3
READTS5, 1INQDCU D00 J13

REAC(S:400011{QDCOLTI+d)ed=1,ACICO) s [=1+NDPRQT) 000013
READIE, 4011 {IQLOCCLI,J)sd=1.NIDCCH, E=1,NDPRGT 3050013

4001 FCRMAT({EEL2.5]) 003014

3716 CUNTINUE uCo0l4
HEALEM=PLEN{Z2)+PLEN{4}+PLEN(S] 500nL4
TOTLEN=PLEN{ L) +FLLCNIRY+PLENTSI+PLEN{TI+HEALCN J02014
TF{ABSIPE/PEL=141e0GTaleE-CEICINL=D, 000014
PEO=PEL 200014
IF{INDPRLLQL1IGCTO 552¢S 0020014
PE=PE/0.580665 00014
PEO=PEL/(C.980¢4¢5 200714

6529 CONTINUE N000L4
PESAR=PL*X0.380€¢65 300015
PEORAR=PED®D.GB06L5 020315
WRITEL{AEINRODSsFEO s PECRARSTEL s MFLUWs Lo 2o ZWCoTOTLENsHEALEN GuodlLls

6 FCRMAT(1HL,5X,14,' RODS RPUNDLL :*//5X,° INLET PRESSURE=',F10.7," KGJI200L5
1/756CH =V, F1C. 7% PARSY 020015

1 /5Xe *TNLLET TEMPERATURE='3FL1D.2," C*/5X, *TOTAL MASS FLOW RATEOO0O3J15
2=, Fl2.649% G/SECY///5X,"CECMETRY AT 20 DEGRzES : *'// 000015

3 53X *RCD PITCH='F10.65% CM*/ DD0ONLS
45X, "DISTANCE CENTCIR OF RCT ~ EXAGCHAL wWALL=?4Fl0.6," CHM*/5X, 203015

59 7WC= 3 F10.7+% CM*//DX, 2009015

6 YTOTAL LENGTF=*FL1C.2,% CNM'/5X, *HEATED LENCTHR=',F10.3,* CH4*/5X, 300016
TPLENGTH AND VCLe DIAMETERS FOk THE EXISTING PARTS %) 320016

DO 572 [PA=1,47 300016
ITF{PLEN(IPA) L EWlE-CEICCTC 972 0Nonls
WRITE(G6,STL)IPALPLENIIPA) IPAWLIAM(IPA) 30016

971 FORMATI(SX, "LENGTR{ s 11le? )= F10.6s" CM*,5X, V0L, DIAM.{*,I1,%) =%, D00D16
1 FIC.64% CMY) 330016
572 CONTINUE 010016
FF{PLEN{4).GT 1.E~CH1) N03n16
*WRITE{ 6580 )RH, 300016

1 C1640174 04,05 ,C0,C1s02,03, 06,07.N8,09 300317
2+C1CsC11,C13,C14,015 nca30L7
980 FCRMATI(////7//75Xs*hTICET CF RUUCHNESS {(RH} =9,FB8,.5,7 CM*/5X, 200017

TPGIHY )Y % [{(R2=RIJ/RHAKIFE, 2,8 %% ,F6,3, 0 / (PR¥X? FH, 3,4 ({TW+273.000017
215) F{TB4273 L5 ) kXY JFE 2,8 )=9/5X, =4 ,F6e3, 9 (Hy+ ) %% Fu.3,'+",F9.3200017
B P/ {HWE)ERY FEL3///0%, 030017
5 tR{H+)I={'y FHa3,7 4%, Flaly "/ {Hhe)xxt, FAH,3,7)%%%, F6,3,+¢ ,F6.3, 0000L7
EVELAIRH /{3 Fha 395 {RO-RL ) /12X 8+ Foe 3y P /{HRE)*%T,F 6o 3, " [ {TW+27000017

73,16} /FUTBL+273.186)~1)*% ¥, FE.2//) 200217
WRITE(6,372T7 L INAT, {I,CFINIT ), I=1,NR0VS) 090017

3727 FCRMATI( //75Xs *MAXIMUYM FCWER FRCM THE LINER:®*//5X+%Q AAX=",E15.5, 300013
1 ! CAL/SEC%CM? 200318

2 F/75X e PMAXTMIM FCWER CF ROJISz*//(5X,°0Q MAX{*,14,%)=9,E15.5, 300018

3 * CAL/SEC*®CN®)) 200018
[F{NJIPRCT.EQ.CIGLT 37ZC Q00018
WRITE(£,2731) 020018

3731 FORMAT(//5Xs*COEFFICIERNTS FLR ThE PLCLYNIZMIAL PRCUCFILES OF THE ROD POCOOLS
10WER { C TAKEN AT THE BECINNING OF THE ACTUAL PART 1:'/) 700018

DN 2729 1=1+N3PRQT 00018

3729 WRITE(6,3728)X20PR GV (CLECOLL4J)»d=1NQCCC) CASIARS B S
3728 FLRMAT[/5Xs "AS FAR AS X =',F1O.6, " CM 2 /({5X,8E15.5)]) 300019
ARITE(&43733) 200019

3723 FCRMAT{//5X*CCEFFICIENTIS FOR THE PCLYNIMIAL PROFILE UF THc LINER 200019
1PCWER { O TAKEN AT TFHE BECINNINC JF THE ACTYUAL PART ):'/) 000013

DC 3732 I=L+NOPRQT 200019

3722 WRITE(H,3728)X20PRALT) L {(CLECC T +J)d=1,NQOCT) n00019
3730 CONTINLE 000019
D ® ® 08 BB B B B O 6V 6D 6EGG VO 0D 566 VOO LD HSE L0 6 OOL O O OD EF VO HOE S OH OPODOG BB SO ‘)30)19

3020019
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2= INOEXINC AND CUMNECTICONS FOR THE THAANNELS

CALL INDEX{NSCLoNEXCUNGNSTReNSTLT 711CML)
NSPER=NSTCT-NSTR

B B B E DD BB BE S ® B e B LB B DR B LSS B RE DB AB O O @RV BB LS DEBE OO S DG BB OE S CRE D

3-REAL ANC WRITE INPUT LATE

IFINSPACT.EQOICDTD 7
READIS ¢ 2 WSPC, (DISTLL),,I=1,NS?ACT}
WRITE(6,S70)wSPC I, CISTII)I=1NSPACT
970 FCRMAT(//5X % SPACERS (AT 20 DEGREESI:¥//S5X s WIDTH=",F10s6," CHM*//
LESXe'DISTI 12,2 )=,F1Ca2,% CMFY})
WRITE{6,83)
DC 11 I=1,NSPACT
REACIS5,58L ) {IGRI{NSyus]  JeJd=1s3)sNS=L,NSTCT)
REACES,68L LIGRIPINS sl Vod=14314aNS=LeNSTOTI
REACIS5,8811L{GRILIK,dsl  1sd=142)4K=1yNSPER])
REAL{S 4581 ({GRIZ2IKsJs ] bsd=1s2) s K=1NSPER)
11 CCNTINUE
READI{S s SE2Y{LIRGRIEINS s J)sd=193)+NS=1,NSTCT)
981 FLORMATIEFLID.5])
982 FCRMATI€110)
7 CONTINUE
RELL{S, 2)TIMEPU
REAC{S5,1}IPUNCH

® B 8BV B® S T BPeO S VS BB S O L L EE D OO B OO WO P D OO BH DRSS GG OB RBO PO C HSS BDO

4-CCRRECTICN OF THE INPLY LDIMENSIOAS TC TAKE INTC ACCHOUNT THE
THERMAL EXPARNSICN OF TrE EUNDLE STRUCTURE

SPLENO=C.

NEXPRP=C

NEXTWP=C

NSPACP=C

NCPRLP=0

00 882 IPA=1,7

EXFTIBP=1 ¢EXPCLITREPIPL{IPA) IX{TBPIPALIPA}-20.)

EXFTWT =1 +CXPCCATwTIPL{IPAY )X {TWTIPA(LIPA}I-20.)

IFINEXPR{IPA)-EC.OISCTC 1010

IEXPRL=NEXPRP+]

JTEXPRZ2=NEXPRP+NEXPRUIPA)

NEXPRP=1EXPR2

DG 1209 IEXPR=IEXPRL,I1LXPRZ
1009 XEXPRUIEXPR)I=(XEXPRITIEXPRI-SPLENII*CAFTAP
1010 CCNTINUE

TFINCXTW{IPA}.EC.DICCTC 1C12

TEXTHLI=NEXTWP+1

TEXTW2=NIXTWP+NEXTW{IFA)

NEXTWP=TEXTWZ

DO 1011 I[EXTW=IEXTWl.1EXThZ
IO XEXTWUTEXTW)={XEXTALIEXTHR)=SPLENS)*CXFTUT
1012 CONTINUE

IFINDPRGUIPAYLEQ.D)ICCTL 1015

ICPRQL=NDPRCP+1

ICPRQ2=NCPREP+NDBRI(IFL)

NDPRGCP=1ILPRQ2

DC 1014 IDPRE=ICPRILLICPRLZ

CALL MODFQDUIDPRECyNIPRCTLANCNDCC,LCCO,CXFTANT)

CALL MOLFQO(ICPRO+NOPRCTHNCICC,QLICD, cXFTWT)
LC1l4 X2DPREC{IDPRY)=(X2DPRGUINFREI-SFLENDIX*EXFTWT
1015 CUNTINUE

IFINSPAC({IPA)EC.D)GCTC €82

ISPACL=14NSPACP

ISPAC2=NSPACP+NSPAC(IPA)

NSPACF=T1SPAC2

3730019
030020
303023
330022
000029
JO0023
D020
DCND20
00020
200020
0o0N029)
200021
Qa0n21
n0o021
JUO021
200021
200321
000021
000021
200021
00021
Q209022
I0N22
300022
nonnzz
300022
302022
300022
nnonz2
200022
0oan22
anouyz3
030323
300023
A09IN23
000023
100023
03023
QCaN23
DO0I23
200023
000024
030024
O0ON24
200024
300024
N00JI24%
302024
SR IR LA DER 2
03024
INDI24%
00025
130028
220025
a00N25
109925
330125
00025
29025
230025
ANGN2E
ICID26
IR TOR k)
133025
L0006
Q0I028



881
382

SE3

1019

1320

884
885

9

10

886

1316

LO17

- 6D -

WSP{IPAI=RSPO*{ 1. +FEXPCC{TBRTIPALIPA) ) ={TBTIPALIPA}-20.1)
DC 881 [SPAC=ISPACL,ISPALZ
DISTUISPACI=IDISTUISPACI-SFLENCI*EXFTBP
SPLENO=SPLENO+PLEN(IPA])

EXCON=NEXCON

DO 983 [Pa=1l,7

EXFTRP =1 . +EXPCLITEPIPZLIPA}IX{TRBPIPA{IPA}~20.]

EXFIWT =Lle+EXPCOUTWTIPAIIPA) ) *{TWTIPALLPAI-2D.])
PLENOUIPA)=PLEN(IPA)

PLEN{IPA}=PLEN{IPA)®EXFTEP
RMISTW{IPAI=RMISTW({IPA}I*EXFTWT

RINT {IPA)=RINT (IPAYXEXFTWT

RTIP {IPAY=RTIP {(IPA}*EXFTWT
VETAMUIPA)=VEIAMIIPAIREXFTET
CIPA(IPAI=CH(I . +EXPCOLIBTIPACIPA)I®{TATIPA{IPA)~20.1))

ZIPALIPAY={Z+EXCONRL *¥SC3IC 5 *EXFTRP-EXCON*CIPA(IPA} %S5Q3%0.5

CONTINUE

SPLEMN=0.

NEXPRP=C

NSPACP=C

NDPREP=C

DO 885 [PaA=1,7
[TF{NEXPR{IPA)}.EQ.DIGOTC 1820
[EXPRL=NEXPRP+]
[TEXPRZ=NEXPRP+NLEXPR{IPL)
NEXFRP=TEXPR2

DO 1019 IEXPR=IEXPRLl IEXPR2Z
XEXPRUTIEXPR)=XEXPR{IEXPR)+SPLEN
CCATINUE
IFINSPAC(IPA).CR.D)50TC €E5
ISPACLI=1+4NSPACP
ISPAC2=NSPACE#NSPAC{IPE)
NSPACP=1SPALC?2

JC 884 ISPAC=ISPACL, ISPACZ
DIST{ISPAC)=DIST(ISPAC}+SFLEN
SPLEN=SPLEN+PLEN{IPA)

DC 8 IPA=1,7

IF{PLENI{B8-IPA) eLEsl-E-CO)GCTT 3
IPAM=3-1PA

GCTC 9

CONTINLUE

CONTINUE

OLEN{IFAM}=SPLEN

[PALl=IPAN-]

DC 10 IPA=1l,IPAl

PLEN(IPAY=PLENG({IPAI*{ 1. +EXPCCUTATIPA(IPAY ) X{THWTIPALIPA)-20.))

PLEN(IPAMI=PLEN(IFAA)-FLEN(IPA])
CONTINUE

DC 886 IPA=3,5

IF{PLENI(IPA) LE.1.E-CEIGLTIC B2¢

RHIPA{IPA=2)=RH*{ L +EXPCCATWT IPA{ I2A} J*{TWTIPA{IPA)=-2D.1})

CONTINUE

SPLEN=C.

NEXTWP=C

D0 1013 IPA=1,7

IFINDPRL(IPA)LEC.DIGCTC 1C17

ICPRQLI=NCPREP+]

IDPRQ2=NCPRGP+NCPRGUIPZ)

NOPRGP=ILCPRQ2

D0 1016 TLPRU=ICPRGL.ILPRGZ

X2DPRQUIDPRAI=X2LPRO{ILPRL) ¢SPLEN

X2LPRQ{ILPRI2)=X2DPRC{ILPRL2)I*1 .1

CONTINUE
IF{NEXTWIIPA)LEC.D)GCTC 10
IEXTWI=NEXTWP+1
TEXTW2=NEXTWP +NEXTH{IFA)

2

nNy

020026
o026
000926
720025
050026
00027
200327
530027
020027
onnn27
no00D27
300027
ononz?
3IND27
CNo027
200028
200023
neno2s
320028
200023
60028
0300928
300028
gocnezs
00028
DO0029
3230029
000029
o00nN29
00029
200029
5000229
9301029
000029
00229
00030
000730
20230
030030
noonN3n
200030
300030
000030
N0G30
330030
0230031
300031
2090031
300031
J00031
000031
230031
203031
000031
200031
000032
300032
nINnN32
200032
nNo0nN32
n0onN32
200032
230032
d00032
000032
200333



Y OYO &Y O

1021
1022
1013

5-REARRANGEMENT OF ThE CECMETRIC AXTAL JATA IV

6532

2222

6533

573
6534

6535

974
6536

_.63_
NEXTWP=1EXTHZ
DO 1021 TEXTw=IEXTwWl,1EXTWZ
AEXTH LTEXTH I =XEXTW{TEXTH)I+SPLEN
CONTINUE
SPLEM=SPLEN+PLEN{IPA)
UNHLE=PLEN{L)+DPLENT3)

B BB BB B DBV O BB LD EH 8B QG B G GBS SO H DL G0 GE O DG DO LE B LD S 6 BE OO BEE @ o

NCT START AT THE BUNDLE INLET

ISTAIN=1

SPLEN=0.

[PASTI=1IPAST~1

NEXPRS=C

NSPACS=(

NOPRQS=C
IF{IPASTI.EQ.NIGUTIC 2222

DC 6532 1PA=Ll,I1PASTL
SPLEN=SFLEN+PLEN{TPA)

PLENIIPAI=O.

NEXPRT=NEXPRT-MEXPR{IPAY

NEXPRS=NEXPRS+MEXPR(1PA]

NEXPRIUIPA)I=O
NEXTWT=NEXTWT-NEXTWL{IFA}

HEXTWS=NEXTWSHNEXTWIIP2)

NEXTW{IPA}=D

NCPRAT=ADPRCT-NCPRCUIP2)
NCPRQS=NDPROSHNDPRCLUIPA]
NCPRQIUIPA)=O

NSPACT=NSPACT-NSPACLIPZ)
NSPACS=NSPACS+NSPAC{IPA)
NSPAC{IPA)=0

CONTIMNUE

[FUIPASTEQ.4)ARCFA=AREFP={PLEN(A)+SPLEIN-STLEN}/PLEMNT4)

CONTINUE

PLEN{IPAST)=PLEN({IPASTI+SEFLEN-STLEY
IFIABS{STLEN=SPLEN) . GT.1E-04)ISTAIN=2

ITF{NEXPRTLEQOICOTE €524
[IEXPR1=C

DO €533 I=1,NEXPRTY

XEXPR{II=XEXPR{I#NLCXPRS)I-STLEN
IFIXEXPR{I) LE.D.J IEXPRI=TIEXPR]I¢]

PEX{II=PEX{ I+NEXPRS)

NEXPR{IPAST)=NEXPRIIPASTI-IEXFRL
NEXPRT=NEXPRTI-IEXPR]
[FI{NEXPRT.EQ.DIGATO €524

DC ST73 I=1,NEXPRT
EXPRITJ=XEXPR{I+IEXPR1}

PEX{I)=PEXTII+IEXPRLY

CONTINUE

TF{NMEXTWT.EQ.O0)ICGOTO  Ef32¢
IEXTWL=C

DC €535 I=1NEXTWIT
XEXTh{I)=XEXTWl I+NEXTw S} =-STLEN
TFUXEXTRUI) e LFE a0V IEXTWlI=TEXTRI*+1

CCNTINUE
NEXTWL{IPAST ) =NEXTw{IPAST)I-ITEXThI

NEXTWT=NEXTwT—I1EXTwl
IF{INEXTeT.EQ.CIGRTO €EZE

2C G574 I=1¢NEXTWT
XEXTH{I)=XEXTW{I+IEXThL

CCNTINUE

IF{MDPRCT.EQ.OICOTI €539
Iceenl1=C

THE CALCULATIAN DOES

2000733
00023
300033
D0OD023
Q20033
3073033
313950373
300233
330034
900034
JI0034%
300034
000034
000034
230034
330034
INDD3%
200034
330035
020035
200335
000035
200935
700035
YOOD35
000035
320035
nonns3s
Q00072
30036
co0036
203036
300036
190036
NNON36
002036
200036
200236
000037
0230037
230037
300037
nJ00327
200027
200057
2730037
nNnNonN37
220037
nean3d
)00N38
330738
3000323
200033
100133
200038
AMDDEE!
A1D002E
oNNnj3as
220N39a
230939
220039
200739
200039
J6o033
I0Nn339
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D0 65440 I=1,NDPRGT 300639
XZEPROITITI=XZ20PRCII+NDPRLSI-STLERN 00039
IFIX20PRCITI) JLEDOLIDPRGI=IDPROILI+] 300039

DC 6540 19DCO=1,NCDCC SO0040
QDOCCL T, IQDCU =CQCCC{T+NCPECS,TICLCCOYN 0002347
QLDLOCL »TQ0CC)=CQLCCCL{T+ MDPRCS, ISDICO) G004

5540 CONTINUE DI004D
MOPRQ{IPAST I=NDPREGIIPASTI-ILPRL] D004
NOPROT=ANIPRET-ICPRIL 00040

IF{ NCOPRCT.EC.NIGOYTO ££23 200040

DC 976 I=1«NDPRGT 000740
K2LPRO{I)=X20PRG{T+ILPRG1Y 000040

D0 $T76 14QDCO=1,.NQDCT 000040
QUCCI I IGDCO=0CCCI+ICPRCL,IQECOY Q00041
QLODCO{ T, IQDCCI=QLLCO{I+ILPROL,, EQLCOY) 000041

$76 CONTINUE 0009041
6539 CUONTIMYE 020041
TEINSPACSNELQICISTOO=CIST{NSFALS)-STLEN 2009461
NSPAJO=ASPACT+1 D304
IFINSPACS . GT . NSPACOINSEACO=NSPACS 000041
IF{NSPACT.EQ.D oARDe NSPACS.EC.CISITO 6533 207341
[SPACL=( 300041

30 €537 I=1.NSPAOD 000241
IFLI.GT-NSPACTIGCTO 2CCH D042
DISTUII=DISTLI¥NSPACS)I-STLEN JC0D42
IF{DISTI{I)LE.O.)ISPACLI=]ISPACL+] N30042
IF{DISTLI)LEDLIDISTCC=LISTIL) 300042

2006 CONTINUE onoN%2
00 2900 NS=1 ,NSTCT OS2

DO 2001 J=1,3 00047
IFINSPACSGTOICRIDD=CRI(ANS I, 1) 0J0d42
IF{ILENSPACTIGRIINS y ¢ II=GRI(IASd sI#NSPACS) 33730472
TF{lel £ NSPACT JAMDe T.CE.ANSPACS oANDa NSPACLS.GTLIIGRIINS,JsI+11= 1200042
=GRICO 0UO043
TFITCTNSPACT JANDe JT.CERASPACS ANDe NSPACS.GTL.O)SGRIINSy JNSPACTODNNSG3E
++13=GRICO 070043
IF{T.LENSPACTIGRIPINS 3y o IJ=GRIF{NS sy I+NSPACS) 330742

2001 CONTINUE 100943
TEINSLLESNSTR DR I.CT.ASPACTIGOTY 2000 30343
NSk=NS=-NSTR Da0043

DO 2002 Jd=1,2 D00N43
GRITINSwede I }=0RTI1{NSkede [#NSFALS) 00043
2002 GRIZINShsJs I )=GRIZINShoJs I+NSFALS! 3730043
2070 CONTINUE 2000445
6537 CCATINUE N37044
MSPAC{IPASTI=NSPACIIPAST)-ISPACI Jo00N%a4s
NSPACT=NSPACT-ISPACL 323044
NSPAQO=NSPACT+1 G004
IFI{ISPACL.GTNSPADOINSPALO=ISPAC] 300044
IFINSPACT.FQ.0 -AND. ISPACI.EC.CISOT] 6533 00 044

DO S77 I=1,:N5PA0C ICU IS4

DC 2003 NS=1,NSTCT 300044

DO 2004 J=1,3 0J0004%
IF{ISPACL.CT-0DIGRIDI=CRIINS sJs 1]} 237045
IF{T.LENSPACTIGRIINS s Jy I}=CGRI(NS,J,{4+I5PACL) G00745
TF{1aGEISPACT ANDs ISPACL.GTC ANDs ToLELNSPACTIGRIINS,J IT¢1)= 200045
=GRI{O DOOD4%D
IF{I.GELISPACL AND. ISPACL.GT..C ANDe TGT.NSPACTIGRI{NS, 4, 330045
#MNSPALT+11=6RIDO 300045
IF{TI.GTNSPACTIGCTL 2C(4 D00 145
GRIPINS ¢ Je I J=GRIPINS, JI#ISPACT) 200045

2004 CONTINUE 200045
IF{NS.LESNSTR «CR. I.CT.ASPACTICCTIg 20033 D30345
NSW=HS~-ASTR W45

DO 2005 J=1,.2 V20046

GRILTINS®WsJe IJ=0RILINSkd,I+I5PACL) 330046
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2005 GRIZINSwe s LI=CRIZINS Sk, Je I+#ISPALLY
2003 CONTINUE
IFIL.LENSPACTICISTIII=0ISTLI+ISPACLY
37T CONTINUE
5538 CONTINUE
HEALER=PLEMIZ2I+PLENT&Y4PLEN{S )
UNHLEL=PLENILI+PLEN{3)
TOTLEN=UNHLEL#REALENS PLEN(SI+PLEN(T)
HROAR=RE/ARCES
FFOPLEN{4) o 5Tl E=06 0 FLCRLA=ALCCIRTIP{4 I /IRTIPLG)=RHIPALD} ) )/
/ {2 %PIC*PLEN{4)]

® B e B W e ®HBEO BT DR DD SR S s SB SR OB T EDS B B BB SO OSSR LB DE BDB B GH DR D D DBOR B S

E=INITIALIZATICN CF VARITAELECS

CLINMY=CLINAT*RCALLEN

DO 3734 1=1,NRCUS
3734 QPIN(II=CPINII)I*HEALEN

ANCE=NSC30C

ANWA=NS (304

ANCEC=NSC30A

ALFACE=PIC/ (6. *ANLCE)

ALFAWA=PIG/ {6, ®ANWA)

ALFACC=PIS/ {ANCLC*6. )

NSCO0=3%NS5C30w

NSC45=NSC30C/2+1+NSC3CC

L=1

T{Lli=T¢

P{l}=PE

PBAR{1I=PEBAR

X413¥=0.

XDEST=NDEST

XODEEND=NDEEND

T0=TE

PO=pPE

INLET=1

ISPAC=1

1i=1

HH=0.

[EXPRLI=1

[EXTWI=1

[EXTWL=1

IEPRQ=1

SPRLEN=C.

IRHPL=1

B SW® B RO BB QL E S PR B CPB LD CO P BB DY B E D BE B DD COD B B VDS RE LS DBE D LS 0D S S ®E B S

330044
F00046
O000%s
OIND4LG
MO0 4 A
3003456
OO0 Y46
030047
0073047
030047
3009347
230047
30047
00047
D047
030247
00947
30D 4LS
3330043
Y30 348
CHdien
300043
200348
330048
300043
300742
220248
200049
300043
302949
00043
200349
00749
ACNNGD
OO07473
3730249
YOONI43
NDNSD
700957
cI2U5)
¢I095)
YO0N50
- 30350
IG0N5D
30900350
G018
030352

T- LOCP IP4& = A SUBLIVISION CF RODS INTO SEVEN POSSIBLE DIFFLRENTOGIOSL

PARTS IS MADE [ 3UT OALY FIVE TOSGETHER ARE SUPPUSED T0O EXIST ¢

1} SHCOTH UNHEATED#SMCOUTH FEATZISRDUGHESMOOTH HEATED+SMOUTH
UNFEATED

2} SHLCTH UNHEATCL4RCULGOH UMNHUEATEDHROUGH RLATOOFRUJIGH UNHEATED+
SMCCTH UNFEATLD)

[PA=1 ¢ INITIAL UNRLCATES SMOOTH 2ART
[PA=2 : FIRST HEATED SNMOUTH PARY

IPA=3  FIRST UNREATEL FRCLGH PAKRT

{PA=4 : ROJUGH PART (FEATELD CR UNHEATEZJ)
[PA=5 : LAST UNHEATED FOULGH PART

IPA=6 : SECOND REATED SMOLCTH PART

IPA=T = LAST UNHEATELEC SMCOCTH PART

DO &383 [PA=1,7

IFLIPAEQaIPAENCHLITALL THPUMNINSTOT o HNSTR,TILI«PLLY,PPARALY
AT ELSPEDZPEDBAR S INDIPR o MILC Wy IFAZIPAEND o2y XLAML XILI&STLE & T42)
IF{PLENLIPAY oLE1.E-CEIGCTL ££83

NIN9N51
370351
030051
0CNa51
300051
720051
0200251
IDD051
A09051
NS
DLAans2
DINIS2
0052
230052
333052
0052
330052
NUOds52



OO0
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SPLENG=SPRLEN

[F{IPALEG.IPASTISPLENG=SFLEN=STLZYN

C=CIPA{IPA}

Z=21PA{IPA)

D=YyLIAM{IPA)

LENGTE=PLENTIPAY

LAML=XLANL{IDPA}

MSPAC=NSPAC(IPA)

MOETI=XDEL{IPA)

NDEZ2=XOE2{IPA)

FREL=FARELIIPA)

LACIPA=ZWC {1+ EXPCC{TIRPIPACIPAN I X(TBPIPALIPA)-20.1))

POBAR=PO%C.58B0&65

WARITELS,SOLIITITLELTI s IFAoI=144)9C0+s 29 ZWCIPAD LENGTH MSPACS TP

Ls POEAR

331 FORMATHILIHLS5XsaAB// /55X (=3 Fllehs? LHMI/5X " 7=, F10.6," CM* /55X,

330052
30053
30053
J00953
300053
30053
0009253
009952
200053
000053
300153
I0NNB4
203054
000054
GADN54
000054

TP2WC=2 yF1D.6% OMYJ 55X 0ylL. CIAMZTLZR=F,F10.hA,% CMI/5X, *PART LLCNGTDO0I54
ZH=% Sy F10.5,7 CMP/5X,*NUNDER CF 5PALCERS=*, [3//5X, PINLET CONDITIONSICON5S
3 P /5X s PINLFT AVERAGE TENPERATURE=S® 4FT.2,' C8/5X,INLET PRESSURE=?00075%

4o FLO0.T79 % KG/SQCH =V P 1T BARSY///7 /)
[FIMSPAC.ENLOIGLTL S6&
ISPACZ2=ISPAC+MSPAC-1
WRITE(G,S67IWSPIIPA) L1 LISTII) s I=1I5PAC,ISPACZ)

367 FORMATISX. *SPACERS (LISTANCES ARE EVALUATED FROM THE BUNDLE ENTRAN

LCEY) ¥ /7SX s VAIDTH=Y F 106" CME/JUSKA P DISTIT,12,°%)="3F10,.2,% CM1})
WRITE{6,E3])
$68 CONTIMLE
C2=C*0 .5
ERI=C2-IWCIPA®SL3
X{1¥=HH
ODLC=HH#LENGTH
SUR=PIG*D*LENGTH
[IFUIPALEQL.STIRHPL =2
SOTG{G53:+994953035G054,5C2,5€4,552),124
S93 PLDHL=0.
GOTC 9s5
354 PLOHL= PLEN(IPAN/EZALIN
465 CONTINUE
GOTO(3G6459635CT7+G6G7+55T745G€4G5¢€)+1PA
5956 [Rk=1
CLASUB=1.3576
XMAXNU=1.6
CHSLMU=2./3.
GCTU 9S¢E
IRE=2
CLASUB=1.
XMAXNU=1.
CHSLNU=,5
Rit=RHIPA{IPA-2)
WRITE(6,390)RH
390 FCRMAT{/7//5X, *FEIGHT CF FCUGHNESS="3F 1079 CMY////)
558 CONTINUE
CONST=CANLSS (IRH)
QTOT=0.
DO S92 [=1,NRCDS
QUII=CP IN{I ) *PLECHL
SS2 QICT=0VCT+Q(1)

et
Vgl
Y

2 ® 982 e @ ® S BDVE P LB G L 6B OV @O GO B HE B LG VOGO B H O 6 V6OV DG LS B OO B BH G OST L 66 O @

8~ SURRGUT INES hEATI,TCTCEC, INQUA, KAPCOR

CALL HEAVTI{NSTCT NSTRyNSEL NEXCCN,1IPA)

CALL TOTGEQINSELsDsC s Z PTGy NEXCONSNRODSsuaWonAs ZA LML PERLT,
*RTIPLIPAY)

JLINM=CLINMT*PLCHL/PERLT

200054
ANDDS4%
30955
YOOD55
000055
290055
00Gus55
A0NN55
0235085
Q00055
010155
J03355
203356
D03056
D00)56
23005,
Q00956
ne0NsS6
200056
JONNss
G0NsSs
200058
230057
noNns7?
J02:187
D00D57
200057
200057
000057
0aNN57
200057
330057
100158
030058
200053
21700513
200953
330958
209758
100058
JaD 58
Q00953
000959
2223059
030959
300059
323093593



YOO,

G

10C2
T0cCT

7008
70C9

55595
5600

5601

- 67 -
CALL INCQUAINSEL JNSTCTshEXCON AT s AT W ATA,DETL,DETW,UETA Y
CALL KAPCOR{NSTCTSNSIR])

® B R B O S G VG E D DS B VD OBY 2D DB Y BBEC G T DS DO B SO RE B EH B DO ED LS GBS B BOE S BEL BB S

DEFINITICN OF THE RECICNS WRERE INDISTURRBED FLUW IS ASSUMED AND

EVALUATICN OF THE SPACER PARAMETZRS

DXST =XDEST*DETC

DXEND=XCEEND#DETC

XSTART(L}=X(1}+CXST

KENDIMSPAC+1) =X{1)+LENGTF-LXEND
IMSPAC=ISPACL+NSPACS

IF(IMSPAC.EQ.0 .OR. IPALNE.IPAST)30TO 7007
DG 79C2 NS=1,NSTCT

NP=NPININS)

DO 7002 J=1.NP

DO 7902 M=1,NP

00059
MV L
50005y
.20059
JUDI59
200067
J0005)
YI0NED
00060
T 2080
L0069
020060
7130060
200060
YOD0AN
107061
300061

IF{IRGRIINS s J3 o EQaJP ININS MY IEPSISCINSs Ao MSPACH+LI=GRIINS JoNSPACTEDDDN0L

+11

COANTINUE

CONTINJE

IF{IPALEC.IPAST +CRa. TI.EL.LIGCTI T7LOS
DO 7008 WS=1,NSTOT

NP=NPININS}

DO 7CC8 J=1,NP

DO 7008 M=leNP

IF(IRGRIINS s J) o EQe JPININS o MPJEPSISCINSy Vo MSPACHL ) =GRIINMSyds [I-1)

CCNTINUE

COATINUE

IFIMSPACL.EQ.01GCTD 12
JSF=MSPAC+ISPAC~-1

IPAFD=1

DC 4430 I=1SPAC,JSP

ILSPAC=1-1ISPAC+]

IPAFD=1PAFD+1
XSTARTE{IPAFDI=DISTIIN+CXST+nSP{IPA} *0.5
XENC{IPAFD—1)=0ISTIII-wSPLIPA X0, 5-JXEND
PGDPT{I1SPAC)I=0.

EPSIT{I1SPAC)=0.

DC 5601 NS=1,NSTOT

PGOPCINS,I1SPACI=0,
EPSICINS,ILSPAC)=D.

NP=NPIN(NS)

DG 5600 J=1.NP

DO 5565 F=1,NP
IF{IRGRIINS ¢ JI o NESJPININS M} )IGCTS 5599
EPSISCINSyM,ILSPAC)I=GRIINSsJs1)
PCOPSCINSsMa ILSFAC)=GRIP(NS,J,11)

EPSICINS,ILSPACI=EPSICINS,TLSPAC)I+EPSISCINS My [1SPACI®ASCHINS, M)
PCDPCINSo I1SPACI=PCOPCINS, L1ISPAC)+PCDPSCINSy My TLSPACI*4 . XASCHINS,
*M} /DEINS)

IF{NTYPINSIoNEL21GGTL S56CC

NSH=NS~NSTR

EPSWCINSHoMy Ly I1ISPACI=CRILINSWy M I} *EPSISCINS, My [1SPAC)
EPSWCA{NSWM 2 ILSPACI=CRIZINSH VM I} *EPSTSCINS,Ms T1SPAC)
GOTC 56CC

CONTINUE

CONTINUE

EPSITL{ILSPACY=EPSITI{IISPAC)I+EPSICINS,11SPAC)
PCOPTLILISPACI=PCDPTLILSPACI+PEDPCINS,ILSPAC)
EPSICINSsILSPAC)I=CPSICH{NS,T1SPACY/ALINS)
PGOPCINS,ILSPACI=PCOPCINS, TLISPACYI*OEINS I *0.25/A1INS)
COMNTINUE

EPSIT{ILSPACI=EPSITIIISPAC)/ASEL
PGOPT({ILSPAC)I=PCDPT{I1SPACI*DETCTA0.25/A5EC
CSPTUILSPACI=GRIFUNIEPSITIILSFAC))

10041
Neone6l
220061
Y0nNnsel
o00061
320061
200061
000062
20262
203962
AC0A2
N3I0067
290262
200062
0073062
2002062
1030062
D0N%63
2730063

000A3
D063
00063
D303L73
N100063
3230063
230063
000063
220064
200064
AC0064%
200064
ND20N64
200064
D00%64
330064
000564
30.3064%
300365
230065
2023065
NH3065
330065
DUAD65
100365
N00065
N0IN6"
000065
JIDNNN6S6
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OOoOoo

5975

5602

9460

*

561
1

5

<

SE4

4430
12

10~

=

*

*

1i-

4434

1333
*
&

- LB -

DG 5602 N5S=1,NSTCT
CSPCINS,ILISPAC)=GRIFUMIEFCSICINS,I15248010)
NE=NPINIAS)

DC 5602 F=1,NP

CSPSCINS M T1SPACI=GRIFURIEPSISCINGS M, 11SPACY)
IFINTYPIANS).NEL2)IGUTC €758

NSk=NS~ASTR

CSPWCINSHyMe Ly TLSPACI=CRIFULNIIPSHCINSW M Lo I 1SPACY)
CSPHOINSweMe 23 TISPACI=CRIFUNIEPSUOINSwy 12, 1 ISPACYH]
CLNTINUE

CCNTINUE

WRITE[ 6,500} I,EPSITIILSPAC)

FCRMATIL// S5X,¥SPACTR MR35 I5y5Xe*EPSILON TCTe=* 4 FLD.7)

DO 564 MS=1.NSTCT

NF=NPINIAS)

WRITE{S ST INS,EPSICINS S T1ISPAC) ol JPININS M) NSy M,

EPSISC(AS,M,I}.SPJC)yP’:lvF\P)

FORMATI/5X, *CHANNEL ARG F3I5:5X, %P5
5Xe PSUBCHANNELS :#/{5X, "RCI NR. %y IS
F10.71)

CUNTINUE

WRITE(6,83)

CONTINUE

CONTINUE

LOn=%sF 1.7/
v

® B B O BB B B HO O D EB S B E G G B D E LB DB LD B DHOG BV D DEE S L SE HO QY BRBE S BDBBYE RS S E

SUBROBUTINES INCE AND CEw2CC

CALL INGEIMNEXCON NSzl sNSTRHSTCT 0o 2o ATC,ATHATAWPIG, PCORKRLCTUL,
*CTU2DETCDETWEFL)

) CPSILOMU® gI54% 37,12, ="

CALL CEWACO(NSC3ICyNSCE5312ALFACEDsC2eAACsDETC oMFLIW,ATOT oACH

DECW,MEC)

CALL CEWACCINSCR0AGNSCICA 25 ALFACCy Do ZAs 324 CETASMFLOW,ATOT 5AA L,

CEAL MEAL)
MA=MFLOR/7ATOT
PRUVI=MAXZETCT
PROVZ=-1.E-03%MA*%2/G8( ,¢££5

b ® B BHE B O VB GV SV DY CE SR BB VD BE LB OO OB OO DO PD GOV HO OO DB RO OB G® SHD DO D

INLET MASS FLCw RATES ANC TEMBLRATURES SLVALUATION
LOSS AT THE BUNBLE INLET

IFLINLET.NELLIGOTD 443%

CALL INLCCN(UNSTCT MFLCRhATCT,TEL,IREADLSNSTRI
pI=bE

D0 4432 I=1,10
PO=PE+CINLEPRIV2/RHCIPI,TE}*0.5
IF(ABS{PO/PI-1a}allalab~CEIGETT 4434

4432 PI=PO

WRITE{€&,4433}PC,P1

4433 FORMAT{IHLSX, *CALCULATICN STLPS @ PO=%2F10.74° H

STaOp

CONTINUE

DPE=PO-PEL
DPERAR=LPEXD,GBCLES

ARITE{ 651333 0PEDPERAFRLCINL
FOCRMATIL//7/7130{% % 3//5X,

FPRESSURE LCSS OULLE T eNTRANCE='4F10.7
v

F1Co7+ % BARS { CIAL=%,4F4e25%)%/7/])

INLET=2

DPBAR{1})=PEOBAR-PESAR-LFEEAR

IF{STLEN.OTo1aE-006 0ORe TFUNCh.LEJ.2)G0TO 4435
WRITE(1,LINSPACTY
IFINSPACTGTOIWRITE(L60¢SI{DISTITI),[=1,NSPACT)
XLTCT=0,

WRITE{L,L}IPA

OF PRESSURE

pi

L]
¥

fr 1.7

KG/SCH

- ¥

ND3366
GO0O86
OC00606
100060
200266
DD00EG6
030046
NI0064A
2O00606
300067
Ca0a7
INNDST
VI IART
J0C067
ooo0e7
0XN067
D067
IN0UsT
IMN0I6T
ICTN63
D3 368
2309763
DONDER
00090643
330063
030063
300368
NDOGDAD
CanNages
3000/3
0000459
J20069
00069
300062
ON0 DL
3300469
130069
232069
200068
0O2070
JOODT
30070
2009370
OO0 TD
03070
YUODT0
209937
JO037D
DOI0TO
INDNT1L
200071
220071
J0J3371
0u0l71
oean7l
230071
aNaoll
3N0071
ICT0T2
RINR B I %
330072
o072
200372
000072
Joaav2



Y ¢ My

YOV Oy

wéga

WRITE(L,6C69)XLTCT CPELR (1) 500372
4435 CONTINUE 000972
I D B b &
030073

12-EVALUATICN OF SECTICA LENGTHS AND CORRECTICN FACTORS FOR NUSSELT 020273
100973

CALL AXSECINDEL,NCE2,CETC,WSPIPA),CONSTSO0Ds I [y HHy MSPACLEIGTH,N, 000073
#IPAQTCTINSTOT ¢ XMAXNU » CHSLAL) 209973
WRITE(6,14)LENGTR, N, FREL 770373

L4 FCRMAT(///130( %) /// 709073
% 5X,? TOTAL LENGTF=",FT7.2,1X,*CM*,5X; *AUMBER OF SECTINNS=',13220073
%35X s PFREL=" 4F10.4///) 100973

@ W R LW E B BB RO S B OB LS e S W BB DE H BB LB SO DD S B CD R DB SE GRSV E RS HES GRS G S qc’}’}—"?}
10074

13-INITIALIZATICN CF VARIZOLES 00074
IN00T4

T{1)=T2 00IT4
P(11=PO 090774
PBARIL)=PI%C.SECLLS IN0IT4
NSEFD=0 030074
[PAFD=1 099974
TH=0. V00074
PM=0. 10074
LAMBDM=0, 5075
REM=0. 201075
UM=0. 090075
DELTAX=C. 000075
TwTC=0. 000075
TBTC=0. 101975
TBPC=0. 00NI75
NSTRL=NSTR+1 000975

DC 5636 NS=NSTRL,NSTCT 000775
NP=NPTNINS) 000375

DO 5636 M=1,NP 300976
TLINER (NS=NSTR,M)1=TSCHL{NS ) 610176
IF(ISTAINGEQ.21G0TC <78 109776

DO 5634 JWC=1,2 330376
5634 TSCRCLINS=NSTR,N,JWC)=TSCHLINS,¥) Y00076
978 CCNTINUE 100076
D0 5635 [=1,NSCSO 00076
DELTTO(NS-NSTR,¥,11=0. 130976
5635 TICINS=NSTP, ¥, [1=0. 300076
5636 CONTINUE 300076
IFCIRH.NEL2)GOTC 4439 100077

DO 4438 NS=1,NSTOT 507077
NF=NPIN(NS) 309977

DO 4438 N=1,NP 200077
APLLSTINS,M)=0. 303977
HPLUS2 (NS, M} =0. 000077
TWALNS,M)=0. 530077
QPLUSA(NS,M)=D, 000077
PREA (hS,4)=0. 000077
YDHNS M) =0, 300077
YODH(NS,M)=0. 300078
TEMPBINS M) =TE 500078
XMASSB{NS,M)=1. 3003738
YOCHA(NS,¥)=0. 200078
YDHAINS ,M)=0. 100378
TEMPBA (NS, ") =0. 903073
AMASSB (NS, M) =0 300073
TEMPTA(NS,M)=0. 200373
AMASSTINS,M)=0. 503978
4433 CONTINUE 200078
4439 CCNTINLE 000079
000079

i {
B B@ VBB OB EOD D SV B VO L DO I LGS BB D OGSO DS ©CB B OO GBS DB OV LT L OD OB 6w B &S ‘)00979
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C 14-THE AXIAL LOOP STARTS (K=INS3EX F ThHE AXIAL SECTICN G007
C 200379
Kl=1 001079
NSUBDH=0 IINGTG

3903 CCANTINUE 2000749
00 $999 K=K1lsN Ut 79

C NOD 76
TIMEZ=ZCITI{TIVEL) 0942380
TELTIMEZ2 OTLTIMEPUICALL TrEUNINSTOT yNSTR,TIK) (P{KI s PRARIK) 030030

AT EL s PEJSPEDRAR s INDPRyMFLO W IPAL IPAREND 2, XLAML, X{KJ+STLEN:4T742) 0307382

C 200930
ASECLA=ASEC ANIGAEN
DETOLA=LCETOT 000130
L=K+1 Q0030
H=X{L}=-X(K) 03008
QDEV=0. 109080
QLDEV=0. A0 80
INDPAQ=1 07031
{FINDPRC(IPAY.EQC.DICCTL 2702 19393981
XPRGIL ) =xX(K}=S3LENG RIS IR 21
IFIXIL) LT X2DPRQUIDPFGQIICGCTD 1013 JU0I81
XPRQY{2)=X23PRC{ICPRD}=-SOLENE aenosl
INDPRQ=2 290081

1018 APRG{INCPRU+L)=x(L}=-SFLENC 000381
DO 3402 I[9DEV=1,INJIPRC NC30381
IQDEVI=IQDEV+] 30081
1IQDEV=IDPRO+IIDEV-1 200081

DO 3401 IADCC=1,MGDCEO DNNN32
QOCCI{IGOLO)=00C0IIIRDEV,ILDC0) 230032

3401 QLDCOILINCCOY=LCCOLTICOEV, ICLCE) D009D32
ADEV=FQDEVIQDCCI NGCCC o XFRO(TLDEVI o XPRICINDEVLII+IDEV 20082

3402 JLDEV=FGLEV{QLOCOD T4 NGQDCC o XPRGUIGIOEV)I XPRGIIGLEV L))+ JLOEY 200082
JOEV=Q0EV/H 22073832
QLDEV=QLDEV/H J3I30A32

3702 CONTINUE D0082
DALIN=QL INMXCQLCEV/LENCTH O0IN832

DO 6670 NS=NSTRILNSTLCT IN0D82
NE=NPIN{AS) an0Nna3

DG 6670 MF=1,4NP D033

6670 OTIEAVIANS=NSTR ¥} =D, 109933
XM={X{L)+ X{K}}*0.5+5TLEN 000033
XMEFE=XM=UNHLE IOINAI
IFINSUBDHeEQOIWRITELEEE24) 230383

3504 FULRMAT (1K1} ONHDD83
WRITE(Hs LB Ketls XM nnoaas

15 FORMATI( SXe PAXTAL SECTICN ARS¥3I4y5Xe ¢ SECTICON LENGTH=® F12.5,200083
¥ HLIGHT=*,FLC.5,% )%} 0002093
H1=H/LENGTH 0084
DELTAH=(QTCTHQDEV+OL INMFPERLT*QLIOCVIXHL/MFLOC W 230N 34
RHCLI=RHCIP{XK)  TIK})} 20 N34
IF{NSPACT.EQ.D01GOTC 1¢ 00134
TFOX{K) LTLDIST{ISPACYIGLTC 4437 300084
IF{IPAFC.LE.MSPAC)IPAFL=1PAFD+] 00984
IFLISPACL.EQ.NSPACTIGCTL 1¢& 20078%
ISPAC=ISPAC+] NDI084

437 CONTINUE 300084
[IFIXIL Y LTOISTULISPACYICECTC L& 0300084
INDSP(K}=2 JO0DES

I 1SPAC= ISPAC—ITI+1 10085
ARITE(E,4440)ISPAC ; 2130085

4440 FULRMAT{IH®: 30X s *SPACER NR.',134¢ IS PRESENT® ,24(° %) /5X,21{*~%}} 200085
IFIK.EJ1IGOTL E50D 2073085

GOTC 17 I0092385

16 INDSP{KI)=1 JJ0D08’S
SBMNS=MFLOW/ATOT*ASEC 100335

WRITE{6,4441) 300035
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4441 FORMAT{LH+.T78X,500% "} /5X,21{*="%})}
17 CONTINUE
DO 4444 NS=L1,NSTCT
SIGMAINS)=0.
PHIINS =0,
NP=NPININS)
DG 44473 M=1,NP
MSCEINS M)=MSCHLINS ¥}
TSCHINS MI=TSCHLINS, M}
[FIKGTol oANDe NSUBLFLEC.CITuR (NS, MI=TwiINS M)
SIGMAT (NS, M} =0,
PHITINSMI=0.
[F{NS.LENSTRIGCTC 44472
DG 4442 JUC=1,2
CHIINS-NSTRs My JkCi=1.
PSIINS~-NSTRyM, Jhll=1.
4442 CONTINUE
4443 CONTINUE
4444 CONTINUE

176L71=0

DELTAP=C,

TIL)=DELTAH/CP(PI{K} T{KII+T (K]

PBT=PI{K)
C € & B O B O B 8OO B G LY L OB B®O S 6 6 5 6 O D AHD HS ©H SO O 2 LB G BY 6 S BEe @D LS LS PE S BE®TO T B DB
C
C  15~THE LCGCP ITCCORAR STARTS
C

DG 49 TTCORR=1,ITCH

IF{INDSPIK)} cEQa2 «AND. ITCCKRL.GTL.Z2)GOTO 45
c

LAMBOAIK)=LAML
DODLT=0.
Cx#xxxC ALCULATICN CF CELT2P AND CcLTAY FOR ThHI WHCLE BUNOLE FLOW SECT.*
DO 4448 ITTEL=1,10
TL=T{L]}
TBT={T{L)+T{K}}%0.5
DO 4445 ITTEZ=1,1C
TBT1=737
TBT=DELTAH/CP{PBT T3T)*C.5+T{K]}
IF{ABSITRYI/TBT1-1dLE1E-0&IGCTT 4447
4445 CORTINUE
WRITEL6,44401787,7871
4446 FORMAT(1HL, *CALCULATICN STOPS: ITTER2=10 5 IBT=',E15.7,5X,'TRTL=7,
* E15.7}
ST0P
4447 CONTINUE
TIL)=DELTAH/CPUPBYT +TET)+T (K]}
DG 18 [TPR=1,10
DP=DELTAP
PBY=P{K}+0.5%DP
P{L)=P({K}+DP
RHCBT{K j=RHO{PRBT,TRT}
RHOZ2=RHC(P{L),TIL})
DELIRT={RHOL-RHC2}/RFCBT{K}¥*x2
DECCRR=CETDLA/FCCPWT
DELTAP=PROVZ2Z*(LAMBLA{KI®XE/ {2 *REIITIK)=DECORRI+DELIRTI*{ASEC/
JASECLA)Y ##¥2 +IGRAVHARHCRT (K 1 *H*%0 ., CC1
ETABT{K)=ETA{PBT,TEBT)
REBT(K) =PROVLI/ETABTIKIFCETCLA/CETIT*ASEC/ASECLA
IF{INDSPIK) oENe2)CELTAP=CELTAP+FROV2®[CSPTIILISPAC)I+ISPIPF(EPSI T
1 I1SPAC) DETCLALAMBL2{K ) 4hSPUIFPA),PCOPTL{ILISPAC) REBTIK )4} )/
2 RHOBT({K)
PLL=P{K}J+DELTAP
IF{ABSI{PLL/PIL)~1s)sLEsLlE-351GCTI 20
18 CONTINUE
HWRITE(6,191K, ITCCRRyDP,CELTAP

200385
0009385
On0046
aNN536
200086
JJ97345
200086
1730084
a033836
320036
BRESBER
809087
ounng7
209037
2009737
YONN37T
00337
aeangT
030287
01037
303087
00 2988
2u0988
0oonss
00033
o033
200038
aCNgy
RN RO R
OEERARAREYS
0N30038
270089
000089
320089
3000289
200089
2070389
220089
3000133
303083
00Nn3%
DCGI9)
300099
103030
DGA%Y
200080
300090
200090
0733090
300099
IN0NIH
292091
100091
2039091
NOED31L
320091
9C3091
200391
300091
330091
200931
300092
000932
233092
INNNG2
000392



m?gm
19 FORMATUIHLSXs *CALCLATICON S5TC2S e ITT2R=1L7 FOR SECTION® 3142 %, 2 {ITLD0D392

FORR=F 4 [24%) DP=t,C00.,5,5%, "AND CELTAP=9,220.5) GOgng?

STOP 303392

20 CONTINUE 303092
TULI=0FELTAH/LP[PRT ,TET T (K} G097
IFIABSITIL)I/TL=10) eLEeleE=-C&IGCTL %450 0032

4448 CONTINUE JUD0Y3
WRITELGE 4443 )TILYTL 000393

449 FORMAT(IHLSX, *CALCULATICH STLFS:e ITTELI=1D 5 TULI=*,FE15.7+5%, DO 93
* PTL=¢:FE15.71} 320093

sSTCe J707193

4450 CONTINUE a00093
UBTIKI=MA/RHOBTIK I/ 1CC. #ASEC/ASECLA 20070973
PEOV=REBTIKIHETABTIK I SCRTIARSILAARSAIR Y I *O 125/ RHDBTIK 1} 030093
SODPG=SORTIABS{DELTAPI*GRITEE5, ) 300093
SGDPGF=SORT{LES{LELTAP=-ICRAVERFLATIKIAHXC.CC 11 H9304665, ) NON0%4
IF{ITCORREGLICPSI=DLLTAP/ABRS{LELTAP} 230094
SIGMST={SORT{AESTCELTAF=ICRAVARROATIKI* =], 20L1%9806060. 1=S1D2G)/ 200094
JSORTILAMBLEAIRK I *F/ {2 *CETCLARRHOBT (K} )} RISES 182N
IFTINDSPIKILEQ.2I5CTC 45 I0N094

C 6 6 D EBG S e BB A O G EBEE GO0 SE S S OERSeE 6 E GG BEeE s bsocoscacoesse see 0ss JIOUIE
C SEARR SR
C FCR SECTIUONS wITHGUTY SFACIRS: SLA=-SUACKANNEL CALCULATION 310094
c J3N094
OC 6671 NS=MNSTRISNSTCT U094
NP=NPIN{NS} RICRS AR A

DO 6671 M=l NP 333095

200 6671 I=1«NSLO0 nenogs

8671 DELTIE(NS=NSTRsMe I ) =CFLTIOINS~-ASTRI M I =CTIFAVINS=NSTR 1} 309395
ASECLA=C., JUO 2398
DETCLA=Q. 200095

DO 29 NS=1NSTOT J00095
IF{ITCORR.EJ=1ISTISGMAINS I =SIGHMST G095
IFINTYPINSILEQ.2ISGCTC 25 03095

NP=NP IN({NS} 200065
ODLLCNS =8, UNCY9s
TNS=0,. 2007865
AMNS=0, JU096

DO 24 M=1,NP 007296
IFUITCORRLEDeLISICMATINS M)} =STIGHMST 300396
IF{(NTYPINS) . EQ.2)060T0 22 200096

C 200096
Uk SUB-SUBCHANNEL CALCULATICLN FOR THE CENTRAL CHANMELST st@imyokohaiiokk 003945
C J300 36
CALL TRICAL{KyNSyNSCA3CL e TRH PRIV 23T RHy ACW, CECKH o MECsAAC,DETC, DETIIVDIF6

BT s HLsALFACE s He MeP{K} o PILI e SADPGsTELWSURZeAMT,DDOD,ATSCHLA8500,C) 300297
AMSCH=AMTRASCHINS M) /2 AC L0097

GO10 23 20097

C J00a397
22 CONTINUE 200097

CounxSyUp-SUBCHANNEL CALCULATION FCR THE WALL CHANRELS# ¥Rk sk momx ok 0307097
CALL RECCALIKNSMSCSCoNSCA5 s IRy PAIVe2ETy RHsHLALTFAWAZACH,JECH ¢ ¥DD0D97
*ECoAAW s CETW  ATCT o DETCT o MFLCh oW s Dol e M tISTRy b PIK ) o P{L ) 5 SADP5,TELy 020037

* SUR$AMT 4 COCD ATSCEHSCTUZENML 283500, ALFACE]) 330397
MSk=NS-NSTR 00097
[IFIKaGT1IGOTT 3455 0107393
DO 4451 JWC=1+7 2030098
TF{IREALL EQel CR. ISTAINGEQC.LIMSCHTLLISHs My JdwC)=M3CHLINS M} /ASCHOLOD99

FINS oMY FASCHHCINSWe Mo JRC) /F2ATIP NG, 4) 300093

4451 ASCWCL{NSHeMeJWCI=ASCERCINSh¥ 4 JWC) 0300098
4455 CONTINUE 000098
AMSCH=ANMT 902732

23 CGNTINUE 220083
DDDENS=CODDONS#AMSCH/AVT2EDDO#ASCHINS o ) *{STIGMATINS, MI-SIGIA(NSII/D0920938
*SCDPGF 2730093

AMNS=AMNS¢AMSCH 003099



m"g’3.,,

24 TNS=TNS+ATSCH®AMECH 300099
TNS=TNS/AMNS 320099
RHCNS=EHCIPRT,TNS) NoGN9g
LAMINS ) ={{AINST/ODDONS &% 2152, % DE {NGSIARHONS/H #F LATIP (NS ) *R%2% 2273999

*FLOTIPINSS a0 099
G070 28 334099
C 300089
CHakxSUp-SURCHANNEL CALCULATION FOR THD CORNER CRANNELSHo#Sk worg dokdonkok (00099

25 CONTIMUE G03199

IFIITCORRLEDLISIGMAT{RS, 11=SIGKST 030100

CALL ANGCALI{KsNSHNMSC302, TRE,PROV,PIT,AH HL  ALFACO,AAL, AAA, DETALDBETDO010TD
H*UTs Dy WASNSTR gHsPUKI F (L) +SCOPG,TELSSUR, AVMT s DDDDMS&B500, AMAT,  ©30100

2AMBT ) 200100
AMNS=AMTRASCHINS, L) /208 200100
XMSCHATRNS=NSTR, L) =AMATHASCHEINS, 11 /AAA 000109
AMSLHBIRNS-NSTR, LI=A4RTHASLHF{RAS,, LI/AAA Gna1oo
DODDONS=CODDNS*ASCHINS 1} /2AA (1330100
LAMINS ) =L AMSCHINS, 1) 300100

28 CUANTINUE 000100
ASECLA=ASENLA+AINSI*FLBTIFINS) 000101
DETOLA=DETOLA+AINS)/CEINSIHEFLATI(AS)/FLDTIPINS Y 330101
MO{NSI=2.%#AMNS-MT (NS} 290101
DODET=0DDCDT+DO0DNS 000101

29 CONTINJE 200101
DETOLA=ASECLA/DETOLA 220101

C ® L B DB L B e OER S H RS eSO 6 DR 2B Y LB O S D B H B VB DRV BB B R RE PR BR RS BS DGR R L PR ® D "‘)")Ul(}}-
c 000101
C 16—=NEW VALLE FOR THE WHCLE PULNDLE FRICTICN FACTCR 930101
C 050101
IF( ITCORR.IOCLICETL 43 030102
JDDETY=DUODDTR{MFLOW*ASEC) /{SAMRNS®ATIT) 030102
LAMI={ (ASECLA/CLCOT )% ~CLLIRT X2, =IETOLARRHERT (K /H 030132

DPSI= CPAV/ABSILPAV) ¢nLaz

r Y G R0 20 B 0 04
c 030102
C  17T-CCNVERGENCE TEST FOR TFHE LCCP ITCIRR 030132
C 020102
45 CONTINUE Q30192
IF{ITCNRRLLELITL2IGCTL 48 330102
DELAM=ARSILAMBLAIXK}/LAMI-T.) 0I31a3
TFLNOT L IDELAM LEL Lo E=(4 LUR. (LELAMGLE.L1E-C3 L AND. ITCORRGT. 300103

* ITC1) 0OR. [DELAM.LE«l.F=02 AD. I[TCORR.GTL{ITCL+5}}}}150T0 48 200103

C B B B e B S B D VBB P EC S BV QB R DO DLW PE DL O QO B B B E S ST TSP BER B EE EEB DY D BR B D e :JOG].':)Z
C 200193
C 13—COCNVERGENCE HAS BCEN REACFED: PRINT AND PUNCH RESULTS FOR SECT. K 007103
C 030103
WRITE{E,486]) 700103

= TH{L) PIL)oPBTDELT 2P (LAVMBOAIK) g ITCORRLITGL, ITGLT ITERY,FREL 3201923

46 FQRMAT(/!SX"T 2:'oFlC-4yEX1.p 2:'1F10.615X1‘p AV:"FLO-'/))S\(’ 030103

¥ TDELTAP=Y,F1Ll 845X YLANELA=Y,FT7.5/5X,% 1 ITCCORR=",12, 000104

& 5Xe® ITGL=? 31535 ITGLLI= 5 15:5X, " ITERM=%,1545X5 030104
* PEREL=¥,F5,.24% ¥/ /7 5Xp TCHANNEL 'S X, POUTLET “ASS ¥, 8%, *AVERANDOL D4

H*GE MASS T, TX s *OLTLET TEWMP L ® 43X s TAVEIRAGE TEMP T TX " PRESSURE LO5S¥/1000104
WRITE(G6,81) (NS MM2INSTsMAVINS) s TEAPZINS) o TAVIHS) s DPMSINSY, 030104
#  NS=1,h570T7) 000104

Bl FCRMATII1Z,5E20.8) 030104
WRITE(G6,£3) JO0104%
DG BO NS=14NSTCT 300104
HRITELG,7T3INS e JAVINS ) o NS, WCFINST 230104
IFUINDSPUK) cEQ L) WRITE(A ¢ TSINS o MOINS Y MS,LAAINSY nenLos
78 FORMATI(SX; *UAVI 403, %)= 012,85, 10X, YWOF{*:13,%)=3E12.2) 229135
T9 FORMATULHE  TTOa MOl e, 12 3=, 0102 LOXePLAN(*1I3,%)="F1D.51} 330105
80 CUNTIMUE ND00105
HRITE(S6,831) 230105
82 FCRMAT{/ } 000105

DO 85 NS=1sNSTLT 000105
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NI=NER{NS} go0105
WRITE(H:84) {MsNSsNISTRS;MIoWTINSy ) o¥=1sNI) 000105

E4 FORMATIZISXsI2, *) WT(P 04+ 14,%)=",E12.3}} 000105
85 CCHNTINUE 300106
XLTOT=X{L}+STLEN J001056
PRBAR{L)=PIL)*C.980665 000106
CPRAR{L}=PEOBAR-PBAR{L} 330106
IF{IPUNCHSEQeLJWRITE(LI,1)IPA 200106
IF{IPUNCH-EQ 1 IWRITE{ 156 C€SIXLTLT,OPBAR(L) 000105
WA 'SYEYEEREEEEEREEERENY K I E I I DI I I S N I B I R A A B R R A BRI I I B A N A A A ) 0901{36
820166

19-CORRECTICN OF TFHE COCMPLTED SURFACET PIN TEMPERATURES FOR THE BIUT 000106
EFFECT AND FOR TRHE RACLIAL POSITICN OF THE THERMUCDUPLES 000106
J00107

[F{ QVOT.LE.1.E-06I1GCTC 5C 230107

DO 53 NS=1,NSTCT 020197
NSH=NS—NSTR B001a7
NP=NPINI{AS]) ca01o7

DO 51 M=14NP 000107
TWINFINSMiI=TW{NS ¥} sootro7
IFIQQINS M) LTL.1.E~-CEICLTE 51 000107
QHRDAR=QQINS M} *¥QDEV*HRL LR 300107
RVOL=D%*(.5 030107
IF{I2TIPINS ¢M) . EQal «ANC. IPALEC.%JRVOL=RTIP[4)-RH 030193
FCORTW=({IRVOL**2—-RMISTh{IPA}*%2) & S+RINTIIPAJ:*2XAL OGIRMISTW{IPA) 230108
HARYOL) )/ L{RVOL*#2-RINT{IPA) =% 2)%25URI=RVOL N30103
CRMODAR=CQINS M)*CDEV*FLCRTH 030108
IF{IPACEQ-4) QLAMR=QC NS, M}I*CDEVH*FLURLA 000103
CALL CORRTE(TWINS oM} s TSCHANS s M},P 3T, NSeMs 0 BIOTINS, M) TWINF{NS, 000108
M) 033108
CALL CORRTE{TWSSCLINS.¥),IBSSCL{N3,4),PBT, NSeMpl,BIOTIL, TWINFL)OQDIOLO8
CALL CORRTE{(TWSSC2(NS M) TBSSC2INS:4}+PBT, NSyMe 2,BIOTI2, TWINF235300108
IF{NTYPINS).NE.2)GOTC E1 030108

DO 3721 JWC=1,2 500109
CALL CCRRTE(TWWKCI{NSWeNMoJWCIo TAVACTNSAMeJWCY,PBT, NS+Me JWC,BINTOCNLD9
*UC, TWINKC) 030109
3721 CONTINUE 020109
51 CONTINUE 020109
53 CONTINUE 2201939
WRITE{6+86) 0N0109

86 FORMATI 775K PCHANNEL® ¢3{2X, PRUD,4X, Y TEMPDID0109
*ERATURE * 95X "HEAT PORER')/) 200199
IF{IPUNCH.EQeLIWRITE(1,060¢5 XM 001939

DO 88 NS=1sNSTCT 000110
NP=NPIN{NS] 030110

DO 3723 W¥=L1,NP 000110
3723 QSECTIM)I=RQI{NS NI *QDEVHHI] 230110
WRITE{6s87INSy (JPININS M) s TW{NSM),IScCT{M}sM=1,NP) 030113

87 FORMAT(I12+:3(15+2E15.5)) 330110
IFUIPLNCHEQLIWRITE( I ,0C€¢GMITWINS M) 4M=1,NP) CI311L9
IFINS.LEJNSTRIGCTD 88 0o0ntlo
NSH=NS-NSTR J2011D
IF{IPUNCHOEQ1IWRITE(1+6C €SI TLINERINSH 4M) y¥=1,NP} 300110
6069 FCRMAT{ 3El15.5]) 000111
88 CONTINUE 000111
GOTO 50 200111
.".'.‘...'.'.‘."-‘.--'..."'".......O.....‘II0.0.‘0‘..’....‘-".. O“)Olll
350111

20-CALCULATICN IN THE CHANNELSs IN TEE SUBCHANNELS AND IN THL TWO na301lLt
PORTICNS OF THE WALL SUBCFANNELS 0300111
o0D1ll

48 CCNTINUE 000Ltl
CALL BALA(K,NSTCT , INCSPUK) s ASECLAyH,LENGTH,PI{K)},P(L}+?BT,FREL,FT, UOO111

#] TCORR s ITCM CPAV  ITERFM s ITGLs8E500,WSPLIPA), I1ISPAC) 230112
[TGLT=ITGLT+ITGL DO011L2

CALL SUBBAL{NSTCTsNSTRINDSPIKIyHyLENGTHyCsPIG,PIK}PIL}+PBT,FRELyIDOL1Y
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#FT, ETCCRR,DPAV 88500, wSPIIPA) s T11SPAL) 300112
CALL NORMTINSTCT NSTR,TBT-ATCTASEC »MFLOW) 330112
IF({IRH-EQsl <AND. QTCT.CT.1.E~Q€ITALL #ALLTE 300112

* (Ks NSTCTsNSTRsRH4SURsLC+PIG, TEL ,PBT,88500,RTST) D011z
IFTIRHLEQ.2 oAND. QTCTGT.1.E-O6ICALL WALLTE 030112

* {KyNSTCToNSTR,RH3SUR, D PIGs TEL +PB37,48520,RTRI) o001z
HS31=NSTR+1 000112
DO £4 NS=NS1,NSTOY 200113
NP=NPINI{NS]} Qa0113
NSTYP=NTYP{NS]) 000113
NSW=NS-NSTR 305113
DO 7034 M=1,NP 000113
GOTOI{T7033,7033,7032)4NSTYP 230113

7032 PROVIINSWy M) =2MSCHINSMI*CEANS J/ASCHINS,¥MIRSCRTILAMSCH{NS M}%0.,12500301132

HFRHO(PBT s TSCHINS M) ) ) 000113

GOTO 7034 330113

7033 PROVI{NSWH,M)=MARCINSW ¥ 1J*DEWCINSH s My 1) FASCHWCINSW M, L 3% 300113
*SQRTILAMWCINSH yMy 131%2C 125 /REO(PBT s TAVHACINSWoMe 1} 3} 030114
7034 CONTINLUE JOO114
64 CONTINUE J3011i4
49 CCUNTINUE 020114

® S OW BB g PGSBS TP QP LD O P e DO DB eSS L OB P H D DB SO DD OO SL D OHOD S BB P OB G BE B 330114
J001l14

21-END OF THE LCCP ITCORR 000114
020114

WRITE(6+56) ITCHLAMBEA{K},LAM1,CELTAP,DPAYV D00114

56 FORMAT{1HL,"CALCULATICN STCPS: ITCORR=?,12/5X%: 0 LAMBDA=',E15.7,5X000114%

¥y SLAMI=*3E15. 75X *DELTAF= " E15735X:"DPAV=",E1S5.T+s" }V} 000115
sTap 300115
B D B0 GOV P OIS B eSSBS DY PR eSO ST LD DR 9B O PE DB e e OO P DY B P O L &Y SRS BEBY SRR 300115

3230115
22-DEFINITICN OF THE INLET V2LUES CF CHANNEL AND SUBCHANNEL C¢Ja0115

VARIABLES FOR THE NEXT AXIAL SECTION: SUBSEQUENY ADDITIONS FOR 330115
AVERAGE VALUES CF VARIABLES 330115

070115
50 CONTINUE 200115

NSUBDH=Q 200115
INDTH=1 0nolLe
PBAR{L)=PI{L)}*L.58C¢t65 000116
DO 100 NS=1,NSTOT 339116
TEMFINS)I={2 . #MAVINS ) *TAVINS }-NMTINS)*TEMP (NS} /7 IM2(11S) 0001ls
MI{NS)=FNM2(NS) 200114
NP=NPIN{NS) 030116
DO S7 M=1,NP 200116
PMSCHLI=MSCHL{NS,M] 200116
MSCHLINS M) =2 ¥MSCHINS 4 MI-VMSCHL{NS, M) 0DO011s
TSCHLINS s MI={2 o MSCHINS M IXTSCHINS, M)-PMSCHI®TSCHLINS, 43} /MS5CHIINSDIONLLS

*9 M) 200117
IFINTYPINS).NE3 ORs INLDSPIK)ILEQ.2)GOTD 5£47 CootLy
DO €646 1=1,NSCSO 230117

6646 DELTIOINS-NSTR ¥y I )={TICINS-NSTR My [} ~TSCHLINSsM)}IRTCPRL 300117
6647 CONTINUE a0011L7
IF{QOINS M) GTalaE~D06)CCIC 5€33 300117

TH{NSsM)=TSCHINS M} 200117
TEMPBINS M) =TSCHINSy M) 300117
BICTINS M)=0. 330117
TWINFANSsMI=TSCHINS,¥) J2u0LLTY

5633 CONTINUE 009118
IF{K.EQ.l .OR. NEXTW{IPA).EQ.C)GOTH 11890 230113

TFIX{K) GV XEXTHWITEXTWC) o ANDo X{K-13 LEXEXTW{IEXTWC)IGDTD 1181 200119
IFIK.EQaN ¢ ANDo XIN+1)GTXEXTWIIEXTHWC) ANDs XINILEXEXTW{IEXTWCI00118

#) 36070 1181 0301138
GOTO 1180 200118

1181 TWTHINS oMy IEXTHCI={TRIRAS ¢ M) =THP NS, MI I/ {XIKHL ) -X UK=L )P *2 0 ( XEXTW{ 2230113

HIEXTUL J=0. 5% IX{(KI+X{K-1) 1 )*TWP(A5,M) 000118

INDTUW=2 300118
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1130 CORTINUE
IFINTYPINSI.NE.ZIGOTC €7
NSH=NS—-NSTR
DO 55 JWC=1ls2
PMSCWC=MSCWCLIINSWs My JWC )
MSCWCLINSHs Mo Jul ) =2 *MAWC INSWe My JAL J—PMSCHL
TSCHCLINSAs Mo JWC )= (2% FARCINSWo My JUCTETAVWC{NSHs M5 JHL ) ~PMSL Wl
* TSCHOCLINSH Mo JWCI ) /FSCCLINSh oM, JWC
ASCWCLINSWs My JWCI=ASCHWC {ANSWe M, Jul)
55 CONTINUE
ITF{INDSPIK) L EQ.285C0T0 &7
DO 6648 I=1,NSCS0
6648 DELTIOINSW M I ={TIOINSh oMo I)-TSCACLINSH M1} )*THPRCF
97 CCNTINUE
100 CONTINUE
FFLINDThWEQ2 oANDs TEXThC LT NEXTWTIIEXTWC=IEXTHWC+]
IFLINDPRIWER.2 ~AND. ILPRQOLTNDPRQTIIOPRQ=IDPRQ+1
ThTC=TWFUNINRODSsNSTCT,PIC, PAC, AAAT®HITHKTC
TBPC=TBFUNINSTRGNSTOTI#H+TEPC
TBTC=TRTI*H+TETC
TFIXIK) LT XSTART{IPAFLC) oCRe XI{L).GT.XEND{IPAFD}IGOTO 103
NSEFD=NSEFD+1
TH=TM+TET®H -
PM=FM+PBT*H
LAMBDNM = AMBDM+L AMBOA LK 1%+
REM=REM#+REBT{K)*H
UMsUM+LBTIK) *H
DELTAX=0ELTAX+H
IF{IRH.EQ.LIGOTC 103
DO 9899 NS=1,NSTCT
NP=NPIN{KS]}
DO 9399 M=14NP
HPLLSL{NS e MI=HPLUSLTINS s MI+HPLUSELNS M) *H
HPLUSZ {NSyMI=HPLUSZINS ¢MI4FPLUSKINS ;M) *H
OPLUSAINS MI=QPLUSA{ANS,M}+CPLLUSINS, M) *h
PRBA INSeMI=PREA [NS¢MI+PRE (NSsHM)*H
TWAINS s MI=TWAINS oM ¢+ TWINS, MI*H
YOHAINS o MI=YOHAINS MI4YDF (NS, M) *H
YODHA(NS ¢MI=YOOUHAINS M} +YODHINS M) *H
AMASSBINS s MI=AMASSBINS M)+ XVASSB{NS ;M) *H
TEMPBAINS,MI=TEMPRAINS MI+TENPEBINS, MI¥XMASSR{NS,y M) =l
AMASST NS, MI=AMASSTIAS ; MP4MSCH{RS M) *H
TEMPTA(NS MI=TEMPTA{INS yMI+TSCHINS M) ¥MSCHINS s14) ®H
9499 CCONTINUE

B 6 B eV T B OB OO GOV DG TeRL S DL YOG DS P OH OGS ST HEODBE B SO B GO 2B SBEB W B BB B

23-PRINT SUBCHANNEL VARIAELES

WRITElG6,83)

DO 8887 NS=1,MNSTOT

NTYPNS=NTYP{NS)

NP=NPIN{NS)

NSK=NS~NSTR

WRITELG6,E885)NS

83E5 FORMAT(SXs *CRANNEL NR.'51%3

UG 8887 Fk=1,NP

IF(CQINS+M) oGT 1o FE=CO) SCALSS=NQINSy A *QDEVHOEINSI*F2DTIPINS oM} /
JISURB{ITWINFINS ¢ M) =TSCHINSsMI XK APPA(PIT, TSCHINS, M) ) ) %D*0.5/
/RTYLIP2(1IPA)

SCREB=MSCH{NS  M}ADEINSI*F20TIPINS M} /7 {ASCHINS, M} *F2ATI P (NS, 4} *
*ETAIPBT s TSCHINS M) 1))
SCREW=SCREB®ETA(PBT y TSCH{PS M) IERHDIPBT  TWINFLNS M) )/ (ETA[PAT,
®TWINFINS MY ) *RECUPRT 4 TSCHANS,, M) ) )
GLINSC=CLINMYCLDEVHPERLIRTYPNSI*ASCHINS oM I/ACHINTYPNS) *xH1
WRITE{G 8388 M JPIN{RS ™) gNSCHLINS M) o TSCHLINS s M) s LAMSTHIMNS M)

TooLis
Juolla
200119
DCOLLS
200119
gun1ile
6n011e
J30L19
000119
200119
330119
300120
00120
2031295
0ooL2n
030120
3301290
200123
2020120
0001290
300120
000121
nogtL2l
0ontL21
000121
300121
030121
320121
230121
Jo0LZ21
100121
200122
0J0122
o0nlL22
300122
000122
230122
aooiz22
a%0122
0d0tLz2
10122
JO0L23
200123
00D123
anol23
330123
330123
0u0L23
Nool23a
000123
6001723
J0N124
230124
000124
320124
00n12s
130124
020124
000124
000124
200124
200125
330125
230125
300125
330125



«,.T"Ie’m
Hy SCRED  SCREW 0no125
3886 FORMATIOX 127 -{ROD NRS® 414,710 ,727,°%0UT. MASS® ,F10.6,T52,90U7T. TED001L25
IMP =1 s FT.2,T75 ' LAMBL A= 3 F10.547T99 *REB=%,FT.0,TLL2:*REW=? s F 7.0} 000125

WRITELS,37253QLINSC 00125

3725 FORMATIV27.%Q LINER=F,ELE.E 070125
IF{IRH.EQ.2 ANCs QTOTCT.1.E~06 JAWND. [2TIPINSsMIaNEeL] 000126

% WRITE(63T7243BTIOTLIS M) 5930126
3724 FORMAT (1H+,T52,"BI0T=",F10.53]} D30L26
IF{CTOToGTe Lo E—0O6IWRITE(£L,3722) TWINF{NS M) 0a0126

3722 FURMAT {1H+, TIE+8TAd INFa=%,F102} Jo012¢6
IF{CTOT.CTelal~Ct <ANLS NTYPINS) NELLIWRITELIG6, 37403 TLINERINSW, M)  DOO0OLZ6

3740 FORMATIIH+,T799,*T AT LIBER=",F123.2]) 030126
[F{INDSPIK)-EQ.21G0TC S1 000126
IF{IRHLEC.L 0OR. I2TIPUINS M) EQ.L1IGOTO 3726 000126
RHPLM=RHPLUS (HPLUSBINS M} TWl{NS+4) s TEL » JPLUSINS M) sHPLUSWINS,41y 200126
STEMPBING M) s YODHINS, M) ) 000127
WRITE(6:8883)HPLUSIINS ¥} yHPLLSWINS M)y RHPLM 0ooLe?

3883 FORMATIT2T " HR+ =", E12.5+TE2y ' HW¢ =?3E12.5,TT15,R{ H+ )=%,E12.5) 2300127
IFICQINSsM) oL Es LLE-CEICCTD S ocooLz7y
GHPLM=GCHPLUS{HPLUSWINS s TWINS Ml s TSCHINS M} s PRB (NS4 o ¥YOIHINS MID00L27

15 100004+4C.1) 230127
TWDTEM={TWINS M} +2T73.1€3/{TES272. 161 070127
TOTBM={TWINS M1 #2733 . 1&6) /{TSCHINS M} +273.16) 020127
PHIM=GHFLM/ (PR3 (NS, M}**C4 * ThOTBAx¥J5) % {0L6%YDHINS M) J#=017 200127
WRITE(6,54)GHPLIF, SCNUSS s IWETOM s THDTEM, YDHINS M) 904,005,016, 300127

1 G1l7.PHIM £co0128

G54 FORMATILIH#,T99s%G HuWt 3= ,E12.5/T27:"NJ =% ,E13.6,T752,"TW/TB=%,£13320128
15775 " TW/TE=?,FE13.5+1GS,"Y/RH=?,013.5/T27,°'G{ HW+ }/1 PR*%*,F4,20001L28

299 * (TwW/TBIXRKI,FL.2,% ) % (®oF€.3, P2Y/RHIF®IF6.3,% =7,813.6) 200123
3726 IF{QAINSsM) o LELL.E-C6)CCTL 31 300124
IF{IRH.EC.L LOR. IZ2TIPINSsMIEQalIWRITE(H,4242)SUNUSS 090123

4242 FORMAT(LH+,T52,*NU =*',E12.6} 000123

ARITE(G 66851 TBSSCLINS M) s TWOSCLINS M), TBSSCZINS M) s TUSSCZINS, M) 0020128
65685 FORMATIT27,*TBSSCHIL I =% FTa2sTE2, TuSSCHIL)="3F 722,175, TBSSCHIN}=200128

19 F7.2+159, " TWSSCHINI=®FT7.21) 000128
IFINTYPINS}.EQ.L)IGCTC <1 300129
WRITEUG €640 )TTSCHAINS WM ) o TTSCHILNSH M), TEMPBINSeM) 000129

6640 FORMATIT27 P TA= 3F 742182, TR=%,FT7.2,T75,°TBC=%,FT7.2) 320129
IFINTYPINS) cEQe2IUWRITE(E €44 ) TRACINSH oM l) s TWHC (NSWHeMs21) 200125

6644 FURMATIT27, *TWll)=% g FTe2¢TE2e "TW{2)=%:F 7.2} 000129
WRITE(6,6645 ) TISSCLINShe M) 2 T25SCLINSWe M) s TLISSC2INSH oMY, 330129

* T2S55C2(NShe M) 0001729

6645 FORMATIT27, *TISSCHILI=F T2+ TEZ, T2SSCiAlLY="sFT 2, 775, *TISSCHIN}=DD0129
19 3 F T2 798, P T2SSCHINI= " FT.21 300129

91 CONTINJE 030129
IFINTYPINS).NE.2)GOTC EBET 2001390
WRITE{6 S0 {JWC s MSCHCIINSHh oMy JWCY 3 JWCs TSCHLLINSHs My JHC Y  JWC ,ASCHCLD20130
{PMNSWoMy JWC) s JWCsLAMWCINS My JWC )y JAC=1,21 000139

G0 FORMATIT27:*MOUTI 114 )= ELl3.6,T52,TCUT( .11, )=%,E13.6,775, 030130

1 EAREAL T s [l 7 =¥ EL12.€,T7GG,"LAMABDAL I1,%)=%,E13,6]1 300130

3EE7 CONTINUE 030130
3699 COANTINUE 200130
GOTO 849S 200130

ﬁ & @ B e BO H BOB O H R B LB G 6B HB LS DO Ve D RO VR DOV E T OSRO VS WD OD DS @D BE e S BEE 8‘:‘0130
C J30130
C 24=POINT REACHED IN THE CASE CF CUNVERGENCZE PRCBLEMS {(LDOP K ENDS 000131
" AT LABEL 9999 320131
3500 CCNTINUE 700131
NSUBDH=ASUBOH+L 000131
IF{NSUBCHLE.MSUBDRICCTIC €502 nN30131
WRITE(6,E50313MSUBDH 000131

8501 FORMAT(//% STOP LUE TC REACHFEL FAXIAJM NUMBER OF SU3DIVISIINS FOR 300131

*AXIAL PITCH: NSULBDH=%,12}) 00131
S10P 000131

C 000131

3502 CALL SUBRDHIN,KKLNSTCT]) n0N132
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GCTC 25203

B @ BEB BB Y BL LD BB G D CBH B RN DB PGS BRSO EBEE DO CB B D BEE B DO B G IO BE G PDEBH TLB G BB

25-VALUES CF VARITAELES FCF THL WROLE RUNJILE FLOW SECTION

YYDy O

3499 CUNTINUE
DEPTOT=PIL)-P{1}
WRITE{6,88879)
5889 FORMAT (1HLs X, *VARTARLES FCR TFHE AHOLET BUNDLE®/DX,33{*-%)7//7

cudl3z2
330132
n3o0132
Doulae
109132
oant13z
00132
3303132
c0132

*  S5Xe"A) INLET VALUES CF TEMPLRATUHE AND PRESSUNKET//SX,'SECTION NR2TOL33
o ¥ ST26.'REIGHT (CM Y142, "TEMPERATURE ([ CY¥,T63,"PAESSURE (KG/SQCDO00133

*M}P s TBGL *PRESSURE {E2RS}YY/)

WRITE(S €39 I XTI ) TLL)PII)eP2AR{I) =1L}
8390 FORMAT (TX3 I3+ 15X eFSed 13X sF TaZ,:11XsF5%5e5312XKsF9:51

HRITE(S,3391)

000133
200123
2030133
230133

38391 FORMATI{/7//775X+%B) VALLES AVERACEYD OVER AXTAL SECTIONSH//5X*SECTIIN0133
0N NRo ? o723, "DENSITY {C/CIMY S T41, P VISCOSTITY(S/0M=SEC) Y yTA4,*VILOZD00133

HITY (M/SEC)® T35 *REYNCLES NR P TI9,*FRICTILN FACTORY/ ) Do0133
WRITE(A:3392 101 RHOSTUT) 2 ETABRTUT) ,uUBTLI),REBTIL) ,LAMBDALTY o I=1 M) NDOLA3

5892 FORMAT U7X I35 1 7XeFT7e54312XsFSaTs12XsFT703411XeF9e270XsF7.5) 200134
WRITEL 6,587 3IDEFTCT 200134

1873 FCRMAT{///75X, *TOTAL PRESSLR: LREP=¥,F3,.6,% KG/SQLMY) J20134%
C B B Y B Y B R W SD &S S G O FB R O 6 BB D OO DS @R S OV 6B P S OO S BB B CE O TS B PG BB BB S 030134
C 333134
C  26-cVALJATION AND PRINTINC CF AVERACE VALJES GF VARIABLES FOR THE 3001 34
C REGIIMNS wHRERE INDISTURZEL FLOW IS5 ASSUMED 22013%
L 200134
TFINSEFD.EQ.D)GCTO 8857 200134
TM=TM/DCZLTAX t00134
PM=PM/IELTAX 000135
PVBAR=PN%C,G8J¢£45 00N135
LAMBDM={ AMBOM/DELTAX 209135
RHOM=RHO{(PM,TH) 300135
ETAM=ETA{PY,TM]} NO0135
REM=REM/DELTAX 203135
UM=UM/DELTAX DIN135
WRITE(6+8393) TN, PU FVMELRSRHOM, ETA A, 0, REM,LAXSDHA cn0135

3393 FURMAT{///7/5X,'C) TUTAL KEAN VALUES AVIERAGED IN PARTS WHERE UNDISTIADILIRS
#URBLED FLCW IS SUPPGSECY// 5Xs CTEMPERATURE? 4T22,4'=% 4/ 9.200135

#2 % CU/OXy "PRESSURE® 4 T224%="3F 5.4, K3/50CM =8 3F3.44 % BARSS 00Nl 326

* I5Xy POEMSITY?Y ,T22,%=%,000136

¥ FS.54% G/CCMY/S5X, VISCOSTITY1,T122,%=20,FG 7% G/LMRSEC! /55X,

Nani3a

¥OVELOCITY ', T22,9=9,7C,23, " M/SFC!/5X, "REYNOLDS MRk o ,T22,9=1,F3,2/5X7001356

* s PRRICTICN FACTORY 4 T2Z4%=%3F5.5//)

IFIIRFLEC.LIGUTC 8397

WHRITE[6+83)

DO E376 NS=1,NSTOT

NP=MNPIN{NS]

DC 8874 NM=1,NP

IFCI2TIPINS, M) L EQL.LIGOTE £E8G7

WRITE(6,83385}NS

HPLUSTEANS M) =HPLUSLINS,¥}/DELTAX

HPLUSZ2INS s M)=HPLUSZ2{INS M) /CELTAX

QPLUSA(INS M)I=QPLUSAINS,MI/DELTAX

PRBA (NS,M)=PR2A [NS,FM}/OELTAX

TWAINS o M)=TWA(NS, M) /CELTAX

YOHA{NS ¢M)=YDHA{NS, M} /CELTAX

YOOHAINSoMI=YOLHAINS M)I/LELTAX

TEMPTAINS ) =TEMFTALNS yVI/AMASST (NS, 1)

TEMPBA{NS M)=TEVPIA{NS VM) /ANASSE (NS, M)

RHPLA=RFPLUS (HPLUSLINS ¢M) s TWAINS s 4) 3 TELyGPLUSATNS M) o HPLUS2(MNS s 1)y
LTEMPBA NS M}, YODHAINS,,¥))

WRITE(O6 R85 M JPININS M) oFFPLUSLEANS +M) s HPLLS2TNS oM) 4 RHPLA

BETS FURMAT(OX 124 —{RCO NFo* 31457 )7 T27,%HR+ =9,012:.5,T5H2¢ ¥0d9¢ =0 ,E12,

15,775 *R{ H+ }=%",E12.5)

IF(CRQINSs M) LESL.E-TOICCTC EF T4

20138
000135
000135
32136
020130
300134
300137
10137
299137

YO013R7
130137
200137
300137
7030137
200137
309137
220133
Q00133
230138
220133
200138
209138
730133



POV OTTTY Oy

YOYOCIO O

_"{9'=

THUDTEA={TwA NS MI+273,16)/7{TE+273.101% 133138
TWOTIA=ITHAINS s M)+ 272 16 A ETEMPTA{NS M1 +273.16) JO213¢8
GHPLA=GHPLUS {HPLUSZ2UINS ¢ ) TwAINSe A) s TEMP TAINSs M) o PROA (01544 ), So0138
IYCHATINS sM} o 133C0.,50.) JO133

PHIA=GHPLA/Z (PRIA (NS, NM)#3C4 * TWITIAX¥D5)#{GLEKYDHAINS, 4) ) x*017 109139
WRITE{A,S4) GHPLAy GPLUSALNS 4} s ThIT3 A, TWOTEA, YDHALNS M) 4 N4, 15,215, 072130

1017 ,PHIA 237132
8874 CONTINUE a00139
3876 CONTINUE 2730130
3357 CONTINUJE 20D139

'.C‘..‘i.’.‘.t.lc...v..-'.h-..n-‘.)tli.n..‘.l.l.0.9...'.0...0".4' r)o'—.)l}/?

Y0139
27-CCMPARISCN BETWEEN TFE INPUT ANLC THE COYMPLYIED AVERALGE 0nN0139

TEMPERATURES OF THE CAS, OF THEL SHRGUD AND OF THE PINS IN THE 130147

AXLAL PCRTION D0N140

330140

TWIC=TWIC/LENGTH n1014)

TRTC=TBIC/LENGTH 330149

TRPC=TAPL/LENGTH Y0040

WRITE(6:6G6) TWTIPALIPA): TWTC,sTATIPA(I®A) ,TRTC, TRPIPALIPA), TAPC INDL 4D

59 FCRMATI{///75%, SCOMPARISCN CF IRPUT TEMPERATURES WITH COMPUTZD VALUEDIDD14D
1S 7 /T T, Y INPUT s T26, "CONFLTED " /754, " T TIPAYy 2F11.2/5X-*TBTIPAT2FL100014)

2.275X5 *TRPIPA®Y ,2F11.2) 10014

lﬂ‘l.‘l'.“'.l'.-.'....l'..'...-.....t...’.i%.)lQOC.I"DQOOO"O.Q ’))3{{"1
Cn0ls4l

28-CCMPARISCN BETWEEM THE EXFERIPMENTAL AND THFE CCMPUTED PRESSJRE 200141
LOSSES I00141
009141

TFEINEXPRIIPAIGT.C «CFRe REXTWIIPA} JOGTLOIWRITE{G, 1323} Y0141
1023 FCRMAT(////5X, "COMPARISCN WITH EXPERIMENTAL RESULTS?/SX.36('=%)//)200141

ITF{NEXPRUIPAYLEC.DIGCCTC 1040 SRIAEA]

GOTG {1C69,1070),INDPR 200141
1069 WRITE(6,1C72) ( J0141

GCTO 10171 100142
1370 WRITE(E,1073) 30142
1071 CCNTINUE AN0L42
1072 FCORMATISX, *1) PRESSURES {KG/8CCMYt/ /) Za0142
1073 FORMAT (5%, *1} PRICSSURES {RARSIY//) 100147

IEXPR2=IEXPRL+NEXPR{IPA)~] 230142

Kl=1 140

DO 1037 ICXPR=IEXPRL,IEXPR2 a00142

DO 1024 K=K1,N 0142

K2=K 200142

IFIXEXPRIIEXPR) oCELXI{K) ANC. XEAPR(IIXPR}ILLT.A(K+1}IGOTY 1025 JODL4E3
1024 CONTINUE 300143

GCTO 1749 130143

1025 Kl=K2 200143
[FUINDSPIK)LEQR.2)60TC 1C26 N90143

KK=K?2 130143

GOTO 1027 0143
1026 KK=K2-1 INNL43

IFIKKESLOIKK=2 J00143
1027 CCNTINUE 200143

GOTO (1923,1025), INDPE YN 44
1028 PR1I=PIKK)} ' 2001 4%

PR2= PILKK+1) 1301 44

GCTC 1233¢ 200144
1029 PR1I=P3LRIKK) 030144
DR2=PEAR (KK+1) INI1 44
1030 PTH={PR2=PRII/{X{KK+1)=X{KK}I*{ XEXPRI{IEXPR}=X{KK}}+PRIL 2)0144
DPEX=PEX(IEXPR)~PEL DI0L144%
DETF=PTE-PEL Y0144
PTMPEX=PTH-PEX{IEXPR) 209144
DPERR={DPTH~DPEX)/DPEX*1CC. 310145

WRITE (64,1031 ) [EXPRy XEXFROTEXPK) 9 PEX{IEXPR) 3 OPEXs PTHyNPTH,PTHPEX, 300145
*DPERR 000145
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1131 FORMATIOX 12 P JRFEIGETI=T,F10.5, 7 TMF 5% 80 EX. =% F13.5:54,%2 LEX=PEJDD14S

L= g Fl0eTe0X s "2 THe= 3 FlCab545Xy ¥ P THe=PLL=%,F 10, T/33X,"2 TH.=P £X.0DN0145

2z o Fl0aT+5Xs P {0P The=DF EX.1/0P EX. %100 =% ,F7,3/) 030145

1737 CONTINUE 230145
1340 COATINUE NO0145
C B e soeen®ess s as s esesas6ceowe a0 boesesc et e tessesen sacececanes see ese . ILED
C J303145
G 29-PRINT 3F THE PIN TEMPLRATLRES AT SPEICTAL AXIAL P3SITICH QUDTLAS
G 13014
ITFINEXTRlIPAY . CC.O0IGCTL 1CEC 300146
WRITEL6,1041) DN01 46

1741 FORMATE///9Xe72) CCHMPLTEL KRUD TEMPSRATURES [ C)*/7/7) JJ0l46
TEXTHZ=TEXTHWLSNEXTW({IPL)~1 300146

QU 1050 [EXTW=TEXTWl ¢IEXTWZ 390145
WRITELG 145 JTEXTH e XEXTw{IEXTH) RROMAD RS

DO 10%4 NS=1,N5TOT U146
WP=NPININS) 07070146
WRITE(G, 10486 1% NS JPININS M)y TWTHINS M TEXTwl e M=1 NP 30147

1344 CONTINJE 050147
LO45 FORMATI/SX 12 JHEIGHT=® 4F1Jab, % 4 /) 120147
L1346 FCORMAT(ZU(SX, 12,71 TW TE I, 15,93 %:15:%)=%,F1Ce3,% C¥1}) 070147
19050 CONTINUE 300147
1360 CONTINUE 200147
C D e R ) N
C 3001 a7
C 30-STARTING VALLES OF VARIADLES FOR ThE HEXT AXIAL PORTION 100147
C NGOL4AT
TFIXIL) o GTDISTIISPACY o 2NTDe ISFAC.NESNOPACTIISPAC=ISPACH]L 20148
TO=7(L) NH0148
PO=P{L} 000143

DPBAK [ LI=DP3AR(L} 10014
II=11+NSPAC(IPA} 30149
TEXPRI=IEXPRI+NEXPR{IPA) CaN1 45
TEXTWI=TEXTWLI+NEXTWIIPA) 100143
SPRLEN=SPRUEN+2LEN(IPAY D09143
HH=SPRLEN TN0L4d
TELTITGTel ANDs I2IS8PZ2. 00 Li0TSTI0=0IST(II~-1}-SPRLEN 3301+3
IF(NDPRC{IPAY.GT.OYIDPRE=1IDPR Y+ 100143
ISTAIN=1 N1 4y

34988 CONTINUE J20149
C @ 2 W e BB S S LWL D O L B 0D WD T OB B LB GECE R LR O RO H O 6 DE S S DG 6O BDE D D B LS BDER DS B Z,‘Djl[f‘;
C 000149
C 31=-ZND OF THE LGCP IPA; CALCULATICN CTF THE PRESSURE RECOVERY AT THE 9230146
C OUTLET CF THE TBUNDLE 330149
C 2301472
DEPCUT==COUTRPRCV2/RFLZ*( .5 130149
BCUT=PO+DEPIUT G014
POBAR=POLT=DS5RLELD 20D 1sy
WRITL(6,83948)0EP0UT20LT,PCRBARCOUT JJ015)

3896 FLRMAT(///75X, *PRESSURE RECAPTURZ JJu TO EXIT='FT7ane,? KG/SICY¥.5XI0ML5D
%* s PPRESSURE JUTSIDE=*14F1C.5,% %3/5aCH =1, FlU.5,% BARS { CUJT=000157

xP oF4,.2,% )%} 200150
DPORAR=PEJBAR-PITIAR 7ADL5D
IFCIPUNCHEQ.LIWRITELL 009 0FIPAR 302Nn15n0
IF{PEXOUT.LE.LLE-CH)STCP 330150
IF{INDPR«EQ«2IPCUT=PCELR JAN15)
DPEX=PEXCUT-PEL 220150
DPTH=PCLT-PLC1 )00L51
DPERR={ CPTH=0OPEX)/CPEX*1CC. IN0151
WRITE(6:,1003)PEXBUT LPTR,CPEX,CPERR "oLlsl

LOC3 FORMATI{/5X, *EXP, PRESSLRE CLUTSILE="3FL05/5X+'P THe=PEL=',F10.7/5XD00151
#g¥P FEXo=PLl=? s FLO7/0X e {CF THo— J7 EX3/DP EXex100=%4F 6.3} 1090151

742 STOP 230151
END 3310151

C A0

C 2200090
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090000
300000
3073301
DG0I02
3303023
FUNCTION AKA{RLERZ:PFI} SIaRsTaR I8
o o s o s e e i e o A e i e e o e e e o e ) Y T} (1Y 5
AKA COMPUTES TrRE ADDITICRMAL FRICTION IN THE LAMINAR HYDRODJYNAMIC 220006
ENTRANCE LENGTH 300307
0008
IF{PHIGT.N.0021G0TC 1 230009
AKA=132 ,53%PHI/RINDRZ**C.L 13 230010
RETURN arantl
IFI{PHILCE.0.DLT7B5)IG0TC 2 Junul2
A=0,T7S3240.3421#AL0GIPHT) 30713
GCTO 4 N00014
TF(PHT .CE.0.0511G0OTT 2 COnnLs
A==0e 0503340, L2A22%ALCCIPHT) REORST BN
GGT0 4 DJI0ODLT
IF{PHI.CT.0. 13507 5 000018
R 100019
B3==0e2 ISHAPHI ®4 ] 443462 200020
AKA=EXP {A}RRLIDR2%%] oo00n21
RETURN 330022
AKA=D0.H4/R1LIRZ2*%],0738 200023
RETURHN A00024
END 3009225
320026
0none7
270028
309029
FUNCTICN BETAE(Ps ws IWC ) 09330

B T NSRS S ———_ §. T T € 3

BETAF EVALUATES THE PARANETER RETA FOR THE CETERMINATION OF THE 300032
SEPARATICN LINE DLFINING THE TwC 20RRTIONS CF THE WALL SUBCHANMELS 900033

IN THE LAMINAR CALCULATICONS 130034
THE FOLLCWING EQSUATICN IS EXACTLY VALID AT ZwC=0, e 2P/ D W /0151000035
309036

BETAF={ 2,77145-2.07¢€52P34({-1,.71935+1.2139%pP )%y na0037
RETURN JJ29338
END 3092033
ACAON4D

DO3041

230042

00343

SUBRUUTINE CEWACCINS NNeNTYP s ALF 2 3o X s ATy UCT oML s ATOT s ARCA (DE G MEF D20 344
———————————————————————————————————— e o e e e i e e e = Y (VG 5
SUBRCGUTINE CEWACL EVALLATES uEEPFThIfA‘ PARAMETERS AMO INLET MASSII0J46
FLCW RATES FLR YCENTRAL-TYPL AND CCRINCR SUE=SUECHANNEL S. D047
200347

REAL MFLCh,e™E IW0N4&9
OIMENSION AREAUINN) s DEAINNT o MELINN) 500050
COMMOM/JCENL/G{45) /ANCL/RR2IZ0 ) ALFL2(30)/ANG2/PERL30D) 03051
PERCU=ALFA%R®] .5 OS2
ARRCO=PERDD*D . 25% G70053
El=0. DIUISG
DG 3 I=1,NN 300955
Al=1 H0N056
E2=XETAN{ALFA=ATL) 3230057
DELTAF=EZ-EL 307358
AREAL T V=X*XOCLTAL*D . 5-1KRCO TA005%9
NDELTI=4.*AREA(T}/PCRCD 00360
IFINTYP.E2.3)1G0T0 1 300961
EPS=SQRT (1. +CL(1}/0) UONd5s2
GLI)=GSTAR(LRS) 3303672

50TC 2 300064
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1 PER({T}=DLLTAE
RE2{TD)=SART{O=*2+E{ 1}3D}#2.5
ALFLZIT)=D%0,.5/R»2(1)
DE(Ii=4.¥AREALL) /(PERCC+PERIT )}
2 CONTIMNUE
MELT) =VMFELOW*ALZCA(TL) /870
3 El=Ek2
IFINTYPLEQC.3)GOTO 5
WRITL (& ,4)
4 FORMATU////71300 %8} ///777

230765
IDIDGH
YUIAT
230063
2730639
000973
10071
O o072
230073
D0INT4

NCE T L/76) 4/7) 000075

* S PCECMETRY CF CENTEAL CHMIMELS (RUFCRE
GCTO 7 DA TA
5 JRITE(A.€) DI0N7T7
& FORMAT(Z//77 1303090}/ 77 /55X PCECYITY OF ANSULAR CHAMMILS (ROFEREMNCINLINTA
* TO L/23%/77) AN YTy
7 CONTINUE 2003530
WRITE(HRIAT 2T MO D631
B FORMATIHX ¥ TOTAL FLTh A3EA=T 3 F3,. 2, LA *50CMP 0%, TUTAL ZOJIVALENT 2022032
KIAMETER= ,F4. Ly IXyICMY//) 203033
WARITELOG S} N7 3I034
G FCRMATISX, P SECTICN (R ¥ 48X "FLTK YREA (S53CHMI 146X, QUIV, DIAMCTCR{NDIDD48S
xCMY*/ ) 230086
WRITEL e, 103 LI AREATTIYZLELTI +1=14N) ATERD IV 1 v
10 FORMATITX3I3410XeF7.5517X3F5. 3% 333083
RETURN 3023089
END J00090
INNN9 ]
0000292
30093
3373194
SUBRGUT INE CCRlTE(ThyT‘yFQv NS s Te DICT s TWINF ) 3nnes
—————————————————————————————————————————————————————————————————————————— 00N
CORRTE CORRECTS TRE COMPLTED TEMIRATURES FCR THE BI10T ZFFECT AND 200097
THE POSITIUHN NF THE THERMUICOUFLLE IMNSIOE THE CAMMING 303808
N0N39
COMMUN/TROSAC/IRH/SICEZIRPICe/CURRE/ JARDARy GEMDAR y GLAMP /LAMIND/ 300100
1 [2TIP{42,2) 230101
REAL K¥ETKINF,KAPPA SINRe D RN
TWINF=T4 300103
IF{IRH.EGLLIGETC 10D BISKAR T
10105
SNLY FUOR RUUGHENED RLCES 100106
TR{I2TIPINS M) NELLICTTE G 0107
.-a.'a:ocl'nlonooca-‘l.loac.00!....0.....50..'..-.0..000.0..0.'00."3{.\}_‘30)
FUOR ROUCEENED QDS AND LAVMINAR FLOW 230109
00110
Th=TU+SLAMR/KAPPAIP3yTh) 200111
GDYU 1CGC 99112
e 6% 00 B 6 s o5 666 ustee e et cned e aoses B e osesseer 680000 6s6ve c0novee i3
FOR ROUGHCNED RODS ANT TURBULENT FLCW 20114
0nalls
3 Tw3I=ThINF ID0LLo
OTWINT=Tw=~TAR Jeo117
DO 1D IT=1,10 230l13
TWP=THW a0l l19
IF{IPRINELCD1ITh3I=Th 2001240
BICT=0QHRCAR/ {{TwBT =T} AKNMET{THAI) ) 00121
Tw=DTWINF/KINFIPRICTI+TE 100122
IF{ARS(Th2/ Tii=1le) aLEelaF=-C04)CGCTC 13 200123
19 CCNTINUE 100124
WRITE(E s L2INSs Ve[ ,PTCT +T0PyTh I°0125
12 FCRMATU{IHL5X s '*CALCULATION STCPS [ SUHRCUTINE CORRDI: WS FL,I5,0 MITN0L126
=0 T2, 8 T=f T 3/5X '3 I0T=% FE15.535%e T aP=¥3015.5,5Xs8Th=v,"15.5) 200127
STGP 137123
1N 129
13 IF{ORMOAR L EL o E=06 ) Tu=CTWwINF/CTF{31OT)+TR 2270130
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FOR SMOCTH ANU ROUGHENED RCOS, TURBULCNT AND LAMINAS FLOW
TH=TWCTEP(QRMOAR, Tiw)

RETURN

ZND

SUBRUUTING CRFLIUITSLLPJAVFRIL o AITy JAMK AdaMJe UPJ S WEF Jed LT,
*EPLYY

oo}

CRFLYI EVALUATES THE CFCSS FLOW STOLUTICNS

REAL MJ

DIMENSICON AJUINMAXY o MILUNMAXI G DPJLIMAX ) WO FJUINMAXY o WCFLJI U IMAX )
*EPLJLIMAX])

IF(ITGL~21143,5

® O B E BB S B EED P OD B BE BB OE D 8OB S 8B DO S OO DD P 6B B 6RO O CD OB G B DEE OB BB B

FIRST TTERATICN : ASSUVMELD WLFJ{J)=D

CCNTINUE

DO 2 J=1, JMAX
WCFJLJ)=0.
WCFLJ(J)=0.
RETURN

® 2 2 6B e O B BH SO BSOS ©HESLE HOTE L LS 06 B SO G 6L TV EO H BE DL VE O©6 SO H OO LS PP OB DD B S B O

SECCND ITERATICN ¢ ASSUMED WCFJ(S)=-205={0PJ{J)-DPJI AVI)=*
ANAGND WANCNE N Y|

CONTINUE

WCFJT=GC.

DO &4 J=1,J%AX
CPLIGUY=CPILII~DP JAY

ACFJ (Y =-0.5%CPLI ()= J (U /DPJTY)
ACFJIT=WCFJT+kCFJ(J)

GCYIo 7

CUNTINUE

® 8 PO DWW E GO 6BV OB OB HOR °H GV OO SO S O OH OO E L OH DS DH OO S BV HO OO SS O 2SS LSO O

ITGL>2: WCFJUJY ARE CETAINELD BY USE JF THE TANGENT METHID

WCHFJT=0.

DO 6 J=1.dMAX

EFS=0PJ1J}=-DPJAY

IF(ABSICPLI(INI-EP ) o LT 1E-20)CCT T 5

WCFJP=WCFJLJ)

WCFJUJ )= aCF JP=FRELNEPIH* {WCFIP-WCFLILIN Y /LEPI-EPLI(IY)
WCF1JLJy=WCFJP

EPLJLJ)=EPY

WCFJT=WCFJT+uwlFJ3{J)

CONTINUE

NCRMALIZATICN CF YHE WCRUJ) s TREIR SJOMMATICN MUST B =9

WCFJT=wCFJT/AJT

00 8 J=1yJMAX
WCFJlJI=WwCFI (Y- WCFITH24(J)
RETURN

END

FUNCTICN CSFUNTIRK.REAT,SCRLIAGSI3LIBSA)

So0131
300132
{00133
TNl 34
3030135
SA136
20127
A30133
Y0139
D001 5%
0141
300142
200143
200145
Q001453
100146
100147
NOn1438
D90149
200150
750151
10061572
10153
3090154
237155
220154
0o0L57
0158
D159
0150
200161
nonLe?
330153
200164
CoNles
JON165
100167
00NDLes
D1 A9
300170
Genl7l
203172
JIN173
DCI1L 7%
A0175
YL 7A
JaN177
33ILTS
DNy 7A
RISER !
20o131
OunLa2
INN1AR3
1001 3%
w21 85
Q00136
D001L37
o133
nea1sg
003190
109191
137192
20D193
130194
JO01LGA
N1 Y9A



Yy O ™y

5 T Y Oy

YO oYYy

e NeNaNal

OOy ey Y

-8l -

CSFUN COMPUTES THE FACTOR CS3=AS/2.5 FIR THE VELOCITY pPanfFiLE JoNLaT
IN THE Z2CNES OUTSIOE TR0 TAU=C LINE {IN THE CAST OF SM00OTH 200193
RCCS CSFUMN=1) {29199
SO0200

COMMOIN/CCOCLAM2/CCLAMA 030701
IF{IRFLLEL2162TC 1 00202
CSFUN=1. AR P4k
RETURN 3032 4
I PROV=SQRT{L.CH0+0.208={SLALTA/SCILT3)x=x2) 205
SCRLIA=ARS{SJI8LIA) 3024,
SRBLIA={2.5*%ALCCIREATI/ISEBLIAXPRED /) 1 +3.05*CULAIA-5.6 3T} /PROV U)¥_J’
SQBLIA=ARS(SALIAY 2730293
CSFUN={SC3LTA-S55*C0LARA)}/{ 2.5 L C3{REATI/SI3LIA)-5A) 00709
RETURN NIN2L
=ND no211
200212

20217

00214

00215

SLRROJTIN? DL ¢AF(THJ,TAT.,HDL,<J) RIDR2eYDHeE 2MEDH FF T2, TL,TEYIID2L 0
——————————————————————————————————————————————————————————————————————————— D02 17
DOCNNE EvALUATES THEZ TEMFLRATURES TL AYND T2 ZF THE TWO RESGICNS 30 220213
CCRNER CHANMILS AMD CF THLC 'wﬁLL PART® OF GALL SUBCHANMELS MI0213
non22o

RCORZ22=3C 2R 2%%)D 3In2zi
thRZE‘Rluk”**” 120222

F2=1.—R1LCR22
F3=ROLCRZ2-R1ICR22

Fl=1.—ROLR22 Qauu223

V0224
2002725

TZ=TW0-F F*(:H91+,.3/#l’(r’*\Lf7(Y)i+\)1 CHI-F3RALDIGIYOHI=- D D% Lo+ 2302206

+2.%PLOR2=ANIR22-2. KR ILF2ZHRCORZ) D) (19227
TL=F2/F3*T3T-F1/73%T2 J0J223
[IF{TL.SETE GANT. T2.CELTFYRETURN 2130229

00239

=TE 1050231
TL1=F2/F3%TRT-FL/F3%72 0002732
RETURN ¥ 233
=ND DI30234
NIN235

100236

Y092 37

003239

FUNCTION ZIMF(RICT) 2003239
EINF EVALUATES THL E IANCINITE vaLJC 200240
———————————————————————————————————————————————————— o e e o e e — e — ) WV F 4]
DIDN242

COMMON/RICATL/BI4 215,816,017, 812,31I5,3112 ID02473
IF(RIOT.CT.3I4)CCTC 1 N2 44
EINF=RIC+RI o33 ICT+DITHETI L TwokD 245
RETURM 200245

I EINF=DRIE4RIIFZINTHBIICH3ICT+*2 trA247
RETURN IIN243

o ND a0 024%
210250

000251

Wu2s?

09253

SUBROUT INE ENFRCC

000254
130255

ENFRCO CCHMPUTES AN AVIRACE CAMMA VALJE FUR Thi LAAL AR 22025y

CALCULATICMS IF wALL AND CORMER CHAMMEILS APL COMPUTED TOGETHLR

230257

CN0253
REAL LAFLAMSCHLAMKC 20N2499
COCMMON/MARTS/NSTR D3260

COMMON/SUBS/LAMSCH{A2, 2 /CENL/LAYMTA2T/GEN2/ALR2Y /GENIS/DEL %2

WWo2et

1 FLAMINL/ZAKADD AL ) /LAMIN/FATIRP I3 ) FDTIP(Z)/ 1D/ TYP (42} DIa26H2



[ I IEan B a1

[ e e B

110
120

[SY RN

FMART2/NSI

JRCSEZ/LAMWC LIRS 2,421

P=0,
PP=0.

DO 130 NS=NSL1,hS2
ITYP=NTYP{IS)
ADCK=A(RSI*FAT IP{ITYPR )AL EINS

P=P+ADDK

PP=PP+ AU LK/ COAMMAINS-NSTR )

p=p/pP

DC 120 AS=f514NSZ
ITYP=NTIYF{NS])

POCG=P/COAMMALINS-"
LAMINS ) =LAMINSI*PIC S

JP=NPININS)

DC 120 w=1,4P
LAMSCHINS MI=LAMSCHINS V) AP OCG

IF{ITYR. LD,
DO 110 JWC=
LAMKCINS=NSTR, VM dq

CONTINJE
RETURN
ZND

SUBRUUT INL

ENTRFE COMPUTES

31G7TC
1.2

STRI

120

Cl=LAVLO{NS=NSTR, ¥, J

- 85m

J*FOT L

LNszR(Kyi,‘TYP,quhu 2

Th CTAMMA FAC

[N THE FYDROGDYNAMIC BERTRANCE

REAL M LAMLAM
COMMOMN/ORIODB/ X ULOCY/RETENM/TY/ZLAALY
FENTRL/CRAPODALZ) ,DEA(2) sCAMAA L2 s HGANMAL 2T s AL/HEAG/HPIN42),
JPIN(4243)
RE=M*CE/{AXRPOUF g TRY J3RRECAP,TRY I/ ST AP, TNY )
TeFQa2ICALL NERTTIHULRI4yRL 2]

IF{ITYR.ED.

1 LR

RIDR2=R1/R2
PRODR1I=RC/R1

CEA{L}=2a%(

CKAPPAL]L)=F
CKAPPA=AKAP

R2-F 1}

PA{INE)

IF{1.EQ.21DKA2PA=
REA=RE=®LEA{L1}/CL
IF(I?YP Edel o<
PHIOX=%. /(DA T*REAY
PHIAL~9PIEK X{K )

PEIAZ=PFTIIX*X{K+1]
AKAL=ALA{RLIRZ,,PHIAL)
AKAZ=AK B TRLIDRZ ,PIHT
s ¥4 o /CKAPPAL T *{AKA

GAM lAA([)-

IF(ITYPL.EC.2HIGOTC
LAMLAM LAMUAMEGAMMA L)

IFLITYP L FQe3YCHAMMAL{TTI I =54 MA

RETUR?

B % BB SR OO 0BG S GO B OB B G B O S S S B OV E 6 S O P LGS DL C O R DB HE SO BBOHO OGS BEEP B SO OB

CNLY FOR THZ wALL

Al=A

[FlleFaallb

CTURNAN

KAPPA{RLLRZ)

CKAPPALR

fMNSZ/FLAC/NPINGAZ ) JPTH {42, 3V/GAMCO/CSAAMIAL L)

POITYR) b =% 27AKAPPA(S)

WL }=EPDCG

s 4S5 TIT e JJd s DE A M, P, TB,iA%LAM)'

TURS Tg CTUKRCCT ThE FRICTION FACTORS

REGICH

ud'\L)

L/ARAPPALG2) 7GAMCO/CSATHALL 3)

TeFCa2 ) xEA=KE £ KAPPAJCKAPPA(L ) {DEAT T}/ OE k=

A2

|

SURCEFANNELS

Cl=AL®CEA{ L) ®x2/CKAPPL (L)
C2=ARDEXE2/DKAPPA

WEAMAA(IJII=(CL+C2V/{CT/7CAMAA(11+C

LAMLAM=LAML AMEWCAYMA LS L)

IF{JddeLT.

NPINIANSYH)

RETLEN

c=EK A1)

{1)

FAPHIAZ-PHIAL)

2/GA4A02))

200263
00264
0265
JOUNZ2 L6
J00267
J00763
Dud2es
J0027T0
30271
200272

10927
U274
00275
Jouzle
won2 17
330278
320279
300780
GN0271
3007232
200282
ION2R4
3302835
D236
N00287
7007288
309283
02930
030291
)JOZ@Z
533293
DID729%
000295
DIN296
139297
303293
201299
N300
200301
o0nN3072
2203073
0334
7133335
1233906
L0307
030304
332209
20931H
239311
330312
000313
Y0314
000315
D031 5
239317
00318
230319
230320
000321
200322
300323
00324
2303258
300326
nan327
300323
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COAMMATTTITII=0. 200329
NP=NPIN{NS) 1203320
Do 20 JJ=1l,4P 000331
CCAMMALTITITI=COAYHAALTTTI+hGAMMALIY) 230332
CCGAMMA(TIII}I=COANMMATLTIITIIY/FLCATINPI 200333
RETURN 0334
END 3270335
300336

300337

30338

50339

FUNCTICN EXPCLIT) 203340
o o i o o ) 8 e o o e e e (J (V) 3 4 ]
EXPCL CCMPYTES THE EXPANSICYM CCEFFICIENTS FCR THE CORRECTI N OF 220342
THE GECMETRICAL DIMINSICAS OF THE LINER 030343
000744

COMMON/CXCATL/EX4GU T oEXS( 72 EXOUTI/INPAR/IPA ND20345
EXPCL=EX4{IPA)+LXS{TIPAIXTHEXE(IPA)*Tx%2 300246

RETURN 070347
ZND 3303438
30N349

30350

DL0351

J30352

FUNCTICON EXPCCHT) 270353
—————————————————————————————————————————————————————————————————————— 330354
EXPCO CC?’UTF) THE EXFANSICON CCEFFICIENTS FOR THE CORRECTION OF TﬁJ“)?S
SECHMETRICAL CIAENSICNS UTF THE RCDS 000356

000357

COAMON/ZEXDAT/ EXL(7) sEX2(73,EX3{(7}) /INPAR/IPA 200358
EXPCO—LXL(IP\)+LX°(IDA)*T4[X7(IPA)*T**Z 000359
RETURN 200363
END 220361
000362

020353

220364

D0D365

FUNCTICN FKAPPA(R]) D00366

————————————————————————————————————————————————————————————————— 220367

FKAPPA EVALUATES THE KAPPA VALUES FOR THE CCRNER CHANNELS AND THE 220364
WALL PCFRTIOCN OF ThE WALL SUBCERANNZLS [ VALIOITY FOR CCRMER CHANME-000369

LS 1.2< wW/D <1.5) J0037H
D00371

FKAPPA=A2. 146%F (1o =R *¥Z/ {1 #R**2+{ 1. -Rx%2) /ALOG{R}) 200372
RETURN 300373
END 200374
000375

220376

200377

230378

UNCTICKA FCOOEVIAsNgX14x2]) JO03TY

————— - e e e e e e e e e e e e e e e e e e e o e e e e e 100330
FQUEV INTEGRATES Tkt PRCFILES CF OJVLQ 3003431
nN1N332

DIMENSICN ALN) 1013383
FQDEV=0. 200384
X1AI=0. 300335
DC 10 I=1,N Q073336
Al=1 200337
IF{X1eGTule ) X1AI=X1%*A] 092383
FQUEV=FQCEV+AL ) *(X2>* A [-X1AT) 02339
RETURN 500390
END 200391
300392

030393

000394
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FUNCTICN GHPLUSIHPLUShs Th o787, PRy YIH, RHQ,Q°WPO Hi

GEPLUS EVALUATES THZ TFUNCTION GiH#+) =5 {HA ¢ PRANDTL T/ T3 Y/ RH)

COAMON/LATLI/ 2L 382 4A2,84, 85,0654 7,43,A49,41D

GHPL ={AL®HPLUSWX®A24 L2 /HPLUSH*¥AL)

ITF{GHPL.LE.A9}CFPL=AL10
GHPLUS=CHPL%PR*¥¥ASX{ [Th+273. 161/ {TR3T+273 .16 %A 6/TATH YOI #R2MR DH]
%) R%XAG

RETURN

END

FUNCTICN GKAPPA(X)

SKAPPA EVALUATES THT KAPFA VALUES FOR THE CENTRAL SJBCAANELS AND
THE CENTRAL PCRTICNS CF THE WALL SUBCRARNELS ( VALIDITY FIR THE
CENTRAL CHANNCLS AT 1.2< P/D <1.5)

GKAPPAS=S4 237 [Xok% 21, ) #4235 X 40,352/ A5 ( 2, Xk 4m 4 % XK E 2mfy, % KO 4%
*ALOG(X)+1.)

RETURN

END

FUNCTIGN GRIFUNLEPS)

GRIFUN EVALUATES THE CCEFFICTENT K0/2=(KI+KC)/2 FOR THL LICAL
PRESSURE LOSSES AT THE INLET ANC AT THE CUTLET OF A SPACER
GRIFUN =0, 5% (EPSACLS4EPSH¥2)/ (1 —EPS)¥%2

RETURN

END

FUNCTICN GSTAR(EPS)

GSTAR EVALUATES THE FUNCTICN GUEPSILAN)

COMMON/SUBLA/CLASUB
GSTAR={3.75%CLASURB+L.25%EPSH/ (1la+P 3} #2.5%ALOG{2.%{ LIPS+ L))
RETURN

END

SUBROUTINE INLCON FIXES ThE INLET CONDITICNS FOR MASS FLOW RATELS
AND BULK TEYPERATURES CF THE CHANNZLS AND THE SUBCHANNELS AND FOR
THE BULK TEMPERATURES CF THT TWC PIRTIONS OF THE wALL SURCHANYLLS

REAL MFLCAs ML +MSCHLMSCW (1, 4SCH

COMMON/IND3/NTYP{42} /SLR2/TSCHT42,3) ,45CHT142,3)/SUB22/TWl42
JGEN2/AU42 ) /GEN3 /M1 (42) /GENG/ TENP(42)
JHEEAG/NPINUA42) ,JPINT42,2)
J7SUBL/ASCHU42,31/7SUB6/TSCHL{42,3)/SUBB/MSCHL{42,3)
FWCSE2/ASCWCLILES2,4,2)/WCSES/TSCAlLILB,2,2)

PR N

Q00395
300394
TON397
330398
GanN399
D040
D00401
ID0402
300403
3390404
A0DE08
230406
D004 D7
20047379
230409
JON41D
200411
320412
Y0413
AR RVIZS
300415
NOn&L6
00417
00412
220419
000420
309421
JUN4272
2004232
D004 24
230425
320426
00427
NA0428
320429
100430
230431
300432
200433
230434
N0N%35
I0N&36
200437
J2C438
700439
IO 44D
V30441
D042
200443
NODL 44
200445
VG 46
DD 0447
ICD44LS
DD D449
00450
120451
On0452
NN0453
0D J)45%
NOJ455
2IN456
200437
00453
3294659
D00D460
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IFLIREACL WEQ.2IGOTC 2 120461
© % e 880 B e OBE s B0 606 6B o 208 s BT B eoOBE DS BY BDGE SOV B0 86 s veesv svesnse .t )E0
IREADL=1 MUANS UNITFCRM CISTRICUTICHNS Y0463
300464

DO 2 NS=1,N570 0465
MIINSI=MFLOWRAINSI/ATCT 00466
TEMPINS )=TE ID0&AT
NP=APIN{NS]} JC0460
DL 1 ¥=1,NP IN469
MSCHLIINS M)=MFLCW*ASCHINS ¥} /ATCT N004 T
TSCHLIINS M) =TE 200471
IFINTYPIRS)LNLL2)G0TC 1 ITN4%72
DO 6 JWl=1,2 100473
TSCWOLINS-NSTR NV, JWZ ) =TE I04T4
CONTINUE 1034675
CONTINUE 500476
GOTO 10460 300477
LI e L
IREADL=2 MEARS NCM-UKNIFCPRM CISTRIZJTICNS NON&TY
0094870

CONTINUE 203481
REACUS 4 IMTINS ) TEMAPINS ) s No3= 14 NSTOT) D04 32
DC 5 MS= LeNSTCT JOO433
HSH=NS-NSTR 207484
NP=NPINI{ANS) NO04&R5
REAC(S, 43 IMSCHLINS ¥ s TISCHRIINS ¥ 4= NP} 30 )4 84
FFINTYPUINS) cEQ2IREACHIE 4 I {IMSCul LINSWe Mo Jul) s TSCWO LIS UM JWC e 0NN4 87
* JHC=1:2):M:192) 100488
FORMATI(EFLO0.5) 300489
CCRTINUE V0L
CONTINUE D00491
DO 1701 NS=1,NSTCT JO0492
NP=NPININS) 000493
B0 1001 PF=1,NP 330494
MSCHINS s MI=MSCHRLINS, M) 1304935
TSCHINSsM)I=TSCRLINS M) IN4D6
TWINSsM)=TSCH{AS M} 200497
CONTINUE 3070493
RETURN 007499
END 00I53)
330801

09502

AN0503

230504

SUBRGUT INE KAPCCRINSTCT,ANSTR) 497505
e e e e e e e e e ==~ =130 505
KAPCOR CCHMPUTES THE KAFPA VALUES FOR THE LAMINAR CALCUULATI INS 330507
{IF IKAPPA=1, CTHLORWISE SAVES TH: VALUES OF BLOCK JATAD ANY NH950°2
CORRECTS THE KAP2A VALLES OF THE CCRANER AND WALL CHARNNELS IF IT ISD0N509
DESIRKED TO HAVE TREKE ABCLYT TELZ SAAE VALUD CF (LAMBDA/CD. DJIAM.} 2230510
230511

CIMMON/LAMINZ/FATIP{3) ,FLTIPL3}/INIS/AATYRPLG42 )/ GEN2/AT42Y/G5ENS/ 200512
1 DE{42) 7 INPAR/IPAJLAYINK/BKABO AT, 31 /LAMINL/AKAPP A{42) n00513
2 FMART2/NSL N2/ WALLCC/WFCOLIL3 2}y WFCOULBy 2 /WALLKA/AKAWC {23051 4
3 JWAKAL/IKAPPA 20N5148
AKARKC{LI=BKAPPA{IPA,2) 00516
AKAWC (2 ) =BKAPPA(IPA,2) 100517
IFLIKAPPASFEQL)ICALL SELARKA 379518
DO 5 NS=1,NSTCT 0o051¢
ITF{NSLENSTRIGCTE 3 30520
DO 4 [=1,2 209521
WFCO (NS=NSTR,I)=1. 200522
WFCDL{NS-NSTRyI)=1. 320523
ITYP=NTYPINS)} A0D524
AKAPPAUINSI=DKAPFA(IPA,ITYP) 200525

IFINSLEQs0 «AND. NS2.EQC.0)GLTC 25 305824



.,_89._

TFINSLLGTLHNSTA LAND. NSZLLELNSTCTIGOTD 2 0N0527
WRITELG,60MNS1 4 NS2 330528

6 FORMAT{L1h1:5X, *S5TUP 2ECALSE NSL=%,15,% AND NG2=¢,15} 000525
STOP 330530

r 100531
9 AT=0, 0520532
PP=0., “I0533

DO 10 NS=NS1,nS2 300534
ITYE=NTYP{NS) 000535
ATIP=A{NSI¥FATIP(NSI 300536
ODP=PP+ATIPH [ DEINSIEFDTICILITYP ) #%2/8KAPPA{ [PA, ITYP) 300537

10 AT=AT+ATID N0N538
PP=AT/PP 200536

DO 27D NS=NS1,NS? NO0540
ITYP=NTYPINGS) 500541

20 AKAPPALINSI={DE(NSI*FOTIPLLTIYP) ) 2%k2%kpp IN0O542

35 CONTIMUE 130543

DO 29 NS=1,NSTCT D0 D544
ITYP=NTYPINS) 330545

23 WRITE(6330INS,AKAPDAINS) s EKAPPALIPALITYP) 030546

30 FCRMAT{ SXp PCHANNFEL® G I5,% @ LSED KAPPA=*,F10,.3,% (INPUT KAPPA=t'330547

*# sF10.3,931 %) 970543
RETURN n30547

END 100550

C 100551
c 220552
C 00553
C NI0554
REAL FUNCTICN KIRF{3ICT) 330555

[ e e e e e 3 (0 (35 65 6
C KINF EVALUATES THE K INFINITE VALJE JJI0557
" 330553
CCMMCNAEIDAT/BI1812,B15 200559
KINF=BIL+3I2%RICT+3[3%EIC T**2 3130560
RETURN 31J05461

IND 00562

c 3100563
c 300564
C 1305565
C 050566
REAL FURNCTICN KMET({Th) 000567

C KMET EVALUATES THE COACULCTIVITY OF THE PIN CANNING 030568
o ——— e i e e e o e T s — 300569
C 273057)
COMMONZLATKAZDLLT Y2207 /INPAR/ZIDA 970571
KMET=0L1{IPA)+020 IPA}*Th 300572
RETURN 300573

END 300574

o naos7s
C 500576
c 730577
C 330573
SUBROUTINE MODFQC{I NI NJs A, EXF) 00579

C MCOFQD CLMPUTES THE CLEFFICIENTS A UF THE INTEGRAL PROFILES OF 300539
C POWER 300581
e e e e B 530532
c 339583
DIMENSICN ALT7,7) 1090534

DO 10 J=1.NJ 200585

Ad=J I00586

10 AT Jd)=A0T,33/ (AJREXF*FAT) J00%37
RETURN 300533

END 307539

I 330590
c NO0591
C 000592
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SUBROUTINE NEWTINIRD ,R1,F2)
C S s e D T 4 S D R A o e S S O A S i e e . T i i e o s D e T D e . T . . i S i T o e o e < s O < o o i s .
C NEWTON FINOS R2 IN THE LAYINAR (ALCULATICHS OF THE CEMTRAL
C SUBCHARNNELS AND TRE CERMTRAL PORTIAONS OF THE wALL SUSCHAMNNTLS
C 3Y MEANS OF TrREC NEWTCON TTERATION HMETHIO
C
R2F=2,2R(-R1
A==0,5/R0*%x2
B=—ALCGIRLI+0.5%{n1/RC}*=2
C=2 %A
J0 10 IT=1.29
F=ALOGIR2P I +ARRID R &P
DF=1./R2P+C*R 2}
R2=R2P-F/CF
IF{ABSIR2/R2P=1)aLE1F-C4)GLTE 23
1O RZ2P=R2
WRITE{6,15)R2
15 FCRMAT (/55X *STHP IN SUERCULTING NEATON 3 R2=¥,E15.5]
STOP
20 RETURN
END
C
C
C
C
SUBKOUTINE NORMTI{ANSTCT oNSTR WTRTSATOT 2 ASECL MFLLE ]
C e ot o e el e G s T e e AT . G i S e B S s <l <~ e e (T i T i S W T e o o W i TR T T e T i T e s ot e, G O 08 iy . o .
C NCRMT NCRMALIZES THE (FAMWEL TEWPZRATURES TC THE TOTAL 3ULK
C TEMPERATURE, THE SUBCHAMNEL TEMPLERATURES 7O ThRE TEMPERATJRE OF THE
C CONTAINING CHANNELS. IT NORMALIZES ALSO THD VALUES OF THE
C TEMPERATURES OF THE ThO FCRTICANS OF THE WALL SUBRCHANNELS TO THE
C TEMPERATURE OF THE COCNTAINING wWALL SU3CHANNLLS
C

REAL MAV,4SCH, ¥AWC MFLTH
DIMENSICN A(42),ASCAHTZ)

COMMONAGEN2/8Z(42)/5UPL/ASCHZ (424 3)/5d32/7TSCHI42463),45CHTI42,43)

ZINDB/NTYPL{42 ) JHEAEL/NPINI42) o JPIN(42,3)/MUBS/TAV(42)
FMCBAE/MAVIS42)/wCEET/MARCTL3,2,2) /WCSES/ASCHWC {18y 2,2)

S N

FRATID(42,3),F2CTIF(42,23
DEF=TBTH¥MFLOW*ASECL/LTCT
ASEC=0.

DG 12 NS=1,NSTCT
ALNSI=A2ZINSI*FLATTP(NS)
ASEC=ASEC+A(NS)

1) DEF=DLH-TAV{NS)FMAVINS])
DERA=LER/ASEC
DO 11 NS=1,NSTCT
11 TAVINSI=TAVINS) +DEHA®AINS }/MAVING)
DO 5 NS=1,NSTCT
WP=NPIN{NS)
SHSCH=3J.
DC 1 M=1,NP
1 SHSCH=SFSCH#MSCHIAS s MI¥TSCHIAS V)
DEH=4AYV (NS)*TAVINS)-SESCH
DG 4 M=1,NP
RAPPA=ASCHIM) /AINS)
TSCR{NS e MI=TSCH{NS M) +ZEF*RAPPA/ISCHINS v M)
IFINTYP{RS) .NE.2)GOTC 4
NSh=NS=NSTR
SHWC=0,
D0 2 JWl=1l,2
2 SHACESHRCH+MAWCINSH s ¥ s JECI*TAVRCINSH M, JW L)
DEFWC=MSCHINS ¢ MI¥TSCHINS s ¥ )=SEKC
30 2 JuC=1,2

FaCSERN/TAVRKC(LES 22 ) /LAMINI/FLATIP{42),FLlLTIP{ 423 /7LAMING/

030593
207594
00595
330596
200537
100533
730599
060D
100601
00602
0205633
TID6EI4L
200605
00635
{30607
200608
3I00A09
32061)
250611
000612
JO0613
200614
J30615
300616
200617
200613
200619
006279
000621
200622
3392623
200624
302625
000626
200627
000628
000629
30630
330631
130832
INNG33
N00634
20635
N0 3636
003637
3004638
320639
DONALE
200641
100642
00N643
JIN0H4E4
I1C0A45
I0N64E
IN0647
300648
0NG4S
JIN650
100651
000552
QU653
NCN654
22N655
1206854
CON6S57
DUNH54
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RAPPA=ASCHNCINSWy Mo JWOF/ASCHIMY} NMOOERY

3 TAVBECINSh e, JWCI=TAVRCINSH Mo JuCI#IEHUCRRAPPA/ MARNC L {Sky Me JWC 303660
4 CORTINJE Miaee1
5 COCNTINYUE 00662
RETURN 130867
END J30664
¢ N665

IDN5 66

0667

JA0KA3

FUNCTICON RELAMLASCyP s TPy Thoos TLINERGITYP,R1IDR2Ly PHLOPHI JC0BKS
e e e e e 230610
RELAM CCMPUTES THE LAMINAR REYNCLDS NUMBERS FIOR THE CALCULATION JODeRTYL
OF TREE SUBCHAKRNEL FRICTICKN FACTCRS 330072
TONGT?

REAL M INVI6T4
COMMON/ INPARZIPA/LAMINS/ETIPLTV/CAT/PIG/OPARI/PERLIBYIZAANRTZITCORR 20904678

1 JRETEM/TNY JaneTe
TL=TLINER 220677
TF{IPA/Z%2.NELIPA oCRe [TUORRGEL.L)TW=T3 ID0673
RENU =M*[ /{AXRHLIP, TR} JDIATS
TNY=TW Q02632
TFLITYO NEel ANDs TPA/2¥Z.ECIFA JAND)s ITCIORKGTel} 100521

* TNY=TNUTTh e TLRITYP,PERLLITYP) PIG,LTID{IPAYY 10682
RELAM=RERNY *RHCGIP,THNYI/ETL{DPsTNY) D633
RETURN RDISHES
END J00A85
31306846

I7C 0637

303688

120639

FUNCTICN RHPLUSI{HPLUSE sTh s TESQPLUSHPLIGW,T31, YO i) J30D6S 0
e e o e e e e e e e e e e e e e o o o e it e i e e 3OV ()G
DG I8G2

RHPLUS EVALUATES THEZ FUNCTICN R{H+) J0E93
IRHPL=1 : R{H+)I=R{HA+IICONST/ (Hh+ )= CONSTR{TH/ TR L1-1) ==COMNST+ 20049%
+CONSTHALCG{HR/ (DL ®{RI=-R1} 1} 330695

IRHPL=?2 ¢ R{H+)=R{H24+)} (FCR THL LAST UNHIATED ROUGH PARTY 2075694
I00637

COVMON/TAT2/Ble 2B 23P44P5436387433+394310/TRARNS/RAT, RHSH Y2 )ARIA

1 JLATE6/7 IRHPL DNDAG9
CORRTa=Ce AATID
GOTO{1l:2),IRKHPL 200701

1 HFLUS=HPLUSH NNn37o2
CTW={TW#273. 10} 70701 +233.160)-1. 0073
IF(CTW.CT. 0 JCCRRTW=CTH*%81D 300704
GOT0 3 INNTHS

2 HPLLUS=HPLLSH INNTI6
3 RHPL = [BLl+R2/HPLUSk*B2 )4 ¥B4+R5%¥ALDG{ 1. /{YOHXBA) } #B3/HP LIS kRO % Y0727
% CORRTH 220728
RHTU=RHPL 200799
RHSM=5 ,S+2 5 *¥ALLCG{HPLLER) 206071)
00711

IF R{tl+) TURBe DRHSM THE FLOW IS "HYDRAULICALLY SMCTH» an0T712
2020713

IF(RHPL.GTRHSMIRHPL =REFSH IND71 4
RHPLUS=RHPL 200715
RLCTURN Q00715
ZND Q200717
100713

J0D371L9

DUNT20

200721

SLBROUTINE RNUTHPLUSW s T I LAMIDGRELI PRI TR T YOHy RIDRZ24RZH4MROY,U12U,200D722
*REW oYY T oNUIy GHPL ) ICOT23

—————— —— e =) )0 724
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RMU EVALUATES NUSSELT ANUMELR IN THE RCUGH PART 000725
YunT726
REAL LAMIR, NUI 200727
GHPL=GHPLUS {HPLUSws ThIsTRT,PRI YDy 154, R2MFCH) 207723
FF=CHPL#+2,5%ALOCIYDH+F ZVRIE )= (L.25+3, 75%R1DR2) /(1. +R1IR2) 110729
STI=SGRT(LAMIR*D.125 V4L 1LL/FF 00973
NUT=STI#RET#PRI*YYI 00731
RETURN 202732
END nO0723
010734
216735
233736
non737
SUBRGUTINE SELAWA 210733
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -==)00739

SELAWA CCHAPUTLS THE KAPPA VALULS FOR THI SUBCHAMNELS AMO THE TWT 303740
KAPPA VALUES FCR TRE ThC FCORTICAS OF THE WALL SUBCHANMNILS IN THE 12023741

LAMIMAR CALCULATICONS 30742
ON0743

COMMIN JLAMING/ANGLAY /b ALL KA/ AKAWCI2) /WAKAD/ Potis 73 2640 s AP YIdT744
i FLAMINK/ZKAPP (7,33 /1MPAR/IPA 00745
BKAPPALIPA, 1} =CKAPPAUL1.CEICT5*P ) J00746
RKAPPAL IPA 3 1=FKAPPAIC . 47¢£156/7) 3303747
ALFA=ATAN(2 ok 2-2WC) /P 00743
BLTA=3ETAF{P shyZWC 0N0749
ALFAR=ALFAXIETA 303750
AthAN-TAk(ALrAP)/TﬂN(éLFA) 0pa7sl
A2=Pux 2R TAN{ALFARI*D ,125-C 128 ALFAY 200752
Piw2=ALFAP*0.5 330753
Al=A=-A2 SO0 Ts4
Pal=Pk=Ph? 330755
RESORT{I{L.5707SE-ALN AR}/ {4,/ %P=2 %22 XTAN(ALFABR}—6.8928214%7UC%k%2) ) IN07546
=pxSCRTITANIALFAB} /ALFAR ) 330757
AKAWC {1 I=FKAPPA(R]) 100753
AKAWCL{21=GKAPPA{X) NI0759
BKAPPAL JPA 2 =A%/ [ P2 [A2%x3/[ D 4y 2% 2% AKAWC {2 ) )+ AL X3/ [ Pilex2x 30760
*FAKAWC (L) 1)) 202741
RETURN INNTSL?
END TAINTES
D00T764

oONn7es

OUNT766

200767

SUBROUTINE SIMLALLT o TIe TWI o TLIoNJL,TZT AL+ SJJs THEQL, T3EN2 L1111} 200763
e e e e 0D0 769
SIMLAL CCRRECTS THT NUSSELT NUMPERS AND THE DIMENSIOMLESS TEMAPERATONOTTN
HWRES CF THE UNFEATEZ wWALLS IN THE CORNER ANO WALL CHANMILS [N THE D00771
LAMINAR CALCULATICNS IT THE KAPPA WALUZSS HAVD BECEN CORRECTED IN 200772

SLRRUOUTINE KAPCCR 0XH773

CaC774

REAL NUI 23NTTS

CCMMOMN/FEZAG/NPIN{42) s dPINI42 23 /TH03/NTYR(42)/0PARZ/PERL(S) IJDOTT4

1 JSUBL/ASCH{ 42, 3} /CECC/ACHI3Y/ 1ART2/NS L NS2/INPAR/IPA J00777
2 JLAVMINK/BKAPPA{T o 3Y/LAMINIZAKAPP A 421/ WALLCE/WFRFCOLILS 320, Y0DTTA
3 WFCOUL842)/75UR27T8 04231 «BIAS3{ 4231/ STHALAM/TISTMPL Q2077
IFI1eGT NS o0R. JJJGTL1ICCTC 20 N0373D

TRBAVRE=3., 200731

TBAVL=O. JenN7a2

PERLT=0. nNAT783

SANG=0, Y027 R4

AVRAKR=(, 00785

AVRAKL =C. 200 T34

DU 19 NS=NS1.NSZ 230737

NF=NPTINI{RS) ¥I0T30

[TYyP=NTYP({NS) Ja078°

DC 10 WM=1,MD 330795



...g’jw

PERLSC=PERL (ITYP)*ASCHINS,M)/ACH(ITYP) J00791
ANG=60 . #FLOAT{T=2%1TYP ) ¥ ASCHINS M) /ACA(TITYP) 330792
SANG=S ARG+ANG 200793
PERLT=PERLT+PERLSC Y0794
RAKA=BKAPPALIPA, ITY?)/2KAPPALNS) 120795
RAKR=RAKAYANG*WFCTIIT,udd) 300796
RAKL=RAKA*PERL SCXWFCO1(IT,J4J) 100797
AVRAKR=AVRAKR+R AKR 900798
AVRAKL=AVRAKL+RAKL 300799
TBAVR=TBAVR+THINS, M) %P AKR 210870

10 TEAVL=TEAVL#TE (NS, ¥ #RAKL STUH LIS
TRAVR=TEAVR/AVRAKR N00802
TRAVL=TEAVL /AVRAKL 199803
AVRAKR=AVRAKR/ SANG NG0R04
AVRAKL=A4VRAKL/PERLT 073835
TREQL=TE+(T3AVR-TE] *AVRAKR 130296
TBEQ2=TE+(TBAVL-TE)*AVRAKL 012307

G S esceesacceaccsacasecnaccnseacessanssceanasaasencassasecosscnsesesl)IBNB
C 230809
ENTRY SIMLA2(TI,ThI,TLI,NLI,TETAL,T3EJL, TBECZ) 023310

20 COL=1.+(TRENI=TI)/{TaI-T1) J00811
CO2=1+{T3E2-TII/ULTLI-TI) )00812
IFIISIMPLLED.2IRCTT 1111 70813
cCl=1. 930814
cC2=1. 000315

1111 CONTINUE 100815
NUI=NUT/CCL D00817
TETAI=TETAI®CO? noIBle
TWI=TI+(TwI-TI)*CCL 300819
TLI=TI+(TLI-TI}*C02 209329
RETURN 00821

END 709822

c 2038723
C 000324
C HNB25
C 30826
FUNCTICN SMFUNL(RHOT sETAL,DETOT 3P0V, 19 XVIA 42EAT, DAL, SNBLIALRD, D0N827
#G,CS) 00023

e e e e 2000829
c FUNCTION SMPUNL EVALLATES SURTILAAGOA/8) FOR THE SYICTH REGION OF 200839
C CCRNER SUBCHANNELS (SECOND CALCULATICN STEP) . 00831
C 207832
COMMIN/ZANGL/R2{30), ALFA(23)/CCLAT2/CILA A 200633

BETA= RO/R2(1) 10NR34
G={0%2.-8.1915+1.25%2ETA) /(1. +LETA) 000835
IFIKVIALED. L)GOTO 3 0008356

C ..."'Do.”....‘4..0D.CO.O.".—'.'.....Q.'...'Q."OOOOCOIOOCQIOC'OOP)OOBBT
c AFTER THE FIRST ITRERATICN IN RECANG 350833
C 200337
SMFUML=(2.5%ALCCILR2(TI=RO)/CATHREAL/3AALIA) =0 %CS+5.5%CILA YA 170840
RETURN 530841

c S eescssesessssssesasesanauesessacssecanssosoccscatoansesscsesecaas 00342
c AT THE FIRST ITCRATICN IN RECANC INNB43
c 100844
3 UAST2=SCRTUILe=RETASXZ )/ (Lo=ALFALT) ) ) *PR20V/(CETOTSIRTIRHIL)) 100845
SHMFUNL=CS*(2,5%ALC5IRZ {1 }I=RO)*RADI/ETAI*UAST2)=G) #5.5%CILAMA 100846
RETURH 060347

ING 00543

C N7 3849
r 000359
C 100351
c N00852
SURROUTINFE SUBDHIN,X 4K 1,NSTOT) 200353

G = m e 00854
C SUBDIH HALVES THE KoTF AXIAL SECTIC [F COWNVERGENCE PRIRLEMS 109855

C OCCURRETZ IN IT 030856



_gh_

C 2093887
COMMON/GRIDZ2/YY (L0042, 3V /GRIDE/XLLID)Y/HEAG/NPIN {421 o JPINT{4243 ) 203858

C G“'....-‘.‘.‘.‘."«‘...'*"_"Q’..'.".....“‘.‘.‘..'..’..’.‘.‘.....q(}o%sq
C THE HMAXIMLM VALLE OF TRE 2XIAL INCICES IS 190 J0086)
C 300361
[FINLLTLL00)}GCTC 2 N0D862
WRITE(6,3) 377363

3 FORMAT [1HL«5Xs P*AUMBLR (CF AXIAL SECTICNS JECCMES 10O BIGe) 02864
SToP I0N8e5

C © 5.0 58956 09 w505 6e et an Ew o e s0aewecn0seseescns o0 a0 suo0evo0ses veosesei ) )DOH
C 109367
2 CONTINLE 10868
NI=N-K 7208469

N=N+1 Qo370

DO 10 I=1.NTI NNORKR7L
II=N—-1+1 J00RT2
X{IT+1=x(11} 00873
X{IIy=X{1II-1) o374

DO 1 NS=1NSTOT 09375
NP=NPIA{NS) 200876

DO 1 M=1,NP 200877
VYYIITeNSeMY=YYLTII-1shS,¥) 1903785

10 CONTINUE 230879
X{K+#1 ) ={X{K}+X{(KE2))4(C .5 0CGI8 8D

DO 20 N3=Ll,NSTCT ncossl
NE=NPINI{NS) 030332

DO 20 M=1,NP )0 08833

20 YY{K+L o NS R)i=YY{KsNSe¥} D003 34
K1=K 160935
WRITE(6+20) 330886

30 FORMAT{/130(t*%}//) 133887
RETURN 300888

END J0389

L 230390
C 109891
¢ N51392
C 3018493
FUNCTICN TIS{RISR24INL Y0334

= - e e e e e e e e e e e e e e e e e e e 370395
C TIS EVALUATES THE CORRECTICN FACTOR FIR THL NUSSECLT NUMAERS IN IN894
i THE RESICY 4HERE ThcC TCOMFERATLERE 2ROFILE IS NOT YET FdLLY NGI397
C DEVELOPED [ CASE 0OF TURBLLENT FLCA ) 100298
C INU=1 + FCOR SHMCCTH RCLS 01835
C INU=2 = FLCR RJOUGH RCCS 200990
C INU=3 ¢ FOR SMOCTH LINER aNN931
C 000902
CCMMONZINITL/X 000903
GUTD{1ls253) s INU 102934

1 TSI=0.8640.3%{2.%{R2=-RI}/X)%¥0C 4% {NL1/R2)%%x(,.2 0aNs0s5
GQTO 4 00906

C 200907
C e o e o e ek o oK Ak ok ok ok o R o o % ook A ok o Rk o K g ko & ok Ok s ok K ok R R R NN D OO E
C NO EQUATIONS ARE AVAILABLE AT THE JCHMENT FCR THE INLET EFFECLT IM D209093
C ThE CASE CF RCUGHENED KOLS: THUSe, AT INU=2, TIS=1 IS5 IMDPDSED 10091¢
C Ao Xk v o o o e & s AR Xk ook sk ok i ok i o ok b sk ko Yok sk WSk ool ke ok x ek seoteoloR sl x ek sk ek el NG 1
2 1Si=1. 029912
GOTC 4 N0dNYL2

C 207914
3 TSI=D8€+0e54% (2% {R2=F1)/AIFXC A% 1o +3.48%(RL/K2)%%0,37) Tnals

Cc 0916
C 000917
4 IF{TST.LEsla}TSI=1. 3230918
TIS=TSI 30919
RETURN 00092)

=ND 200921

C 10922
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FUNCTION TMEIPBT ;M1 eM2,T1sT2LAML,LAM2:ALsA25,CTURS)
THME EVALUATES TFHE MASS FLCW RATES PER UNIT LINGTH EXCHAMGED OJUE
TC TURBULENCE

REAL M1 M2, LAML,LAMD

T12={TL*MleT2%M2)/0411+V2)

RHULZ2=RHCIPBT,T12)

RHOL=RHC{PRT,T1L]}

RHCZ=RHC(PBRT,T2)
JASTIZ2=(SAORTILAMI*T, L1281 MI/RHC LIS IRTILAM2HG 125 M2/ RHNZY/ {AL+A2)
TME=CTURB*RHO12=*UAST 12

RETURN

END

FUNCTION THUITWTL.ITYPSPERL,PIG+RTIP)
TNU EVALUATES TFHE TESMFERATURF AT WAICH REYNCLDS NUMBEKRS MUST
COMPUTEL FOR THE CALCULATION CF LAMINAR FRICTICN FACTIRS

LPIG=1TYP#*x2~1TYP
PHER=RTIP*PIG/LPIC*2.
TNUS{TL*PERL+TWHPHR) /{FERL+PHR]
RETURN

END

FUNCTICN TUBENUIREISPRII

TUBENU EVALUATES THE NUSSILT NUMBER OF A Tu3e WITH THE SAME REVYNIL
AND PRARCTL MNUMRERS AS THL ANNMLLAR SECTICN WHOSE CRISS SECTISMAL F
AREA IS EQUAL TO TrE ACTUAL AREA ( TJRJBULENT FLTW, SMIOTH RODS )

A=1.07+GCC. /REI-0.63/11.+10.%PR1)

FTU=1a /11 82%ALCGLIDIRETI-1aC4)*%2

TUBENUSFTUX0e L25*REI*PRI/(A+L 2. THSORTUFTUXO L1251 = {PRI**{2./3.)~1.)
* )

RETURN

END

FUNCTION TURSBWCICTURZEGPRAC D WL o GAMMA, AL,A2, 00 1,0E25EL)

TURBWC EVALUATES ThE CECMETRIC CCONSTANTS FOR THE TURBULENT
EXCHAMGE BETWEEN THD TkT FCRTICAS OF THE WALL SUBCHAMNELS

SINGAM=SIN(GAMMA)
COSGAM=CCS(GAMMA)
PERSEP=PRAD-0.5%C
Z=W=D*C.5
EM2=C*0.5-EM1
ZWC=EV2/SJIRT(3.)
A3=EM2%¥ZhC*D.5
D3=0%%3

C2=C**2

E2=E#*%2

12=7%%2
YB3=C*0.5-E42/3.
XB3=7-2aC/3.

d039923
0924
300925
3309324
3730927
asn9g2a
I8 25
300937
T0931
J3N932
oL Y933
200934
2133938
23093¢
JG3937
Y0093
230935
V30940
230941
N1I942
200943
200944
AING4&S
2190945
00947
ONN943
100749
i) 3510
100951
N9 532
200053
209354
30309585
ICI50
2009357
0o0958
230953

000961
062
100963
N N9A64
109965
100966
1109067

laY o) e}
I30963

10 0NGA2
2aN3T7TN
9000971
n0eng7?
2009732
200974
a0N0975
323975
20N977
£enNary
INN9TI
303384
100931
90992
003333
0034
203935
000936
0y Im37
301988
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¥Y31={025%{C2% 1 CaB%=E/3. 1403 % [ SINGAM=] ) /0 )=YP3%A3}/AL nnng99
XBL=(0.25%{C*{72~E2/241~C24C0SCAAI=X33%42) /A1 0990
YB2={E%{2=-D3%S INGAMAL ,C}/(12.%A2} GN099l
XB2={E2*C~-D3%{1~CLCSGAMI*L.D)/7112.%A2} 20992
DELZ2=(AL+AZ Y/ {AY/OEL#AZ/DEZ) 2303973
DELTA=SCRTIIYNL~YR2)Y %24 [XEI=XR2) %2} TAN%4
TURBWC =0 N5 ¥CTUBRDPERSEP/DELTA®RLEL? Danaan
RETURN DRI
=ND o997
100997

200697

L3099y

200997

FUNCTICH TWCTFP(waﬁﬁk Thi 333993
—————————————————————————————————————————————————————————————————————————— 100999
TwCTEP CORRECTS THZ COMPULTED ROC TEMPERATURE TU TAKE INTO ACCOJNT J21020
THE POSITION OF TEZ THERNCCOUPLES INSIDE THE CANMIMG 21901
2017302

CCAMON/LATKM/CL(T ) L2007 INPAKR/TIRY 201003
Di=C1i1pPA} 331904
J2=C211IFA} Oulos
TWOTEP={=D1+SORTIDIX*242 ,HL2%{D1xTW+D,,5%D2FTWk*2 +RADAR I I/ D2 0o1luus
RETURN 301007
ZND 201008
Q01995

201708

331303

5231008

FUNCTION THFUNAINRODS (ASTCTPIG2AT 4 0A4) 231002
(= o e e o o o i i i i T e e === ) 3] ()] (G
TWFUN EVALUATES AN AVERACE VALUE FUR RCO TEMPCRATURES N01011
1010312

COMMANZ TRADB/NTYPLA2Y/7HEAEI/NPIN(GA2) o JPIN(42,3)/SUBL/ASCH %42 33 221013

1 FSUB22/7/Twl42:3) 201014
SANC=C . 271915
TwllPA=C. J01016
00 10 NS=1.NSTOY 201017
NP=NPININS) 301018
ITYP=NTYP{NS}) UJl019
DO 10 ¥=1,NP 121920
GUTOl1+2+2)417TYP 301021

I ANG=PIG/6.%ASCHINS M} /MAL 001022
GCTC 4 D123

2 ANG=PIG*(.25 I01024
GCTC 4 221025

3 ANG=PIG/€.*ASCHINS LI/ AAD 331024
4 SARG=SARG+ANG 201927
TWTIPA=TWTIPA+TWINS M) *ANG 2219228
10 CCNTINUE MD1N2%
TWFUN=TWTIPA/SARNG I0193¢
RETURN 201731
END 131032
201232

culnze

201032

21012372

SUBROUT INE TAULT AT sP e ALFA el e RHeDC Ty PAOVy IRHGIATL BT 42AL S Fy 701033
»&HPL,T&[ TE,[TTEMD'EDLLSvETA 1#HLQ';Tl3vRHD yLTRvapquh'® T\ E‘lyJJIQBI
¥RCT 4 XC24TLe*k,C5) 2210323
______________________ -qn—---“_o-—_~~—~_-~_~__—_—__-—_——~——_-——~—_-———w)lJjb
SUBROUT INE TAU EVALGATES PCINTS JF THE LINE F=F(P) (F=) FIR 0INTS)IIIN3T
SN OTHE TAU=0 LINE}. Q21033
C¢D2123s%

COMMON/CALAML/CO LAVGICLL“N3/(CLK4&/4XRT/ITCFAF/kFCl/PVEQT())) 2310 %C

1 s PRAD(SOCI/REC2/EL(SC) 231041
02 L42
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GO <y Y
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_97_,
PYERT(1}=p%D%0.5
PRACIII=PVLERT I}/ COS(EET A
E{LI=PVERT(II} *TAN{DETA)
[F{l1-.CT.1)6UT0 1

® M B RERB D B PHB OB OO S B OB T EES BB BB EB DY B OSSR BB VDR DB e O DA B EE BEDEE PBE DL ES

FIRST SUE-SUBCHARNNEL

ZAl=—0.5%D~-PVERT{1]
DELTAE=ELL])
SBI=2.%EL1)%P/ALFA-D
GCTO 2

B B e @ B8 4 VS H G B LS L0 B LB LE S DG ISP BT BB SBEE B L L L VS SO L QP BEBD BB 60D EE B ED BB S S

FOR THE [.TH SUB-SURCHAMREL, IF I>1

CONTINUC

Ww=W—lLE(T)+ELI-1) )08~ EML)%XCL

ZATI=5lW—C o 5% [D+PVERTLIII+PVERT(I~1))
DELTAE=E(L)-ElI-1}
SBI=2.=(PVERT{I-LI*TAN{2ETA)~E(I-1) 2P /ALFA-D

® BB BE B O O D BPE B G e S S OB S BB DS BSOS G SO SB S D DO TE D CEBe BBDRE S FH OO O GBS T EE S

FCR ALL SUB=-SUPCHANNILS

DAl=4.%2A1/XC2
PAT=DELTAE®XCZ
ZBI=0.5%(3QRTIO*%2+D%{B[}-0)

IF(EAI.CT.\). QANEn ESIICTOC',,;CT) Lﬂj
WRITELG .22 I oCAT LRI 4P L (I +ELI-1) o PVERTITL)PVERTII-13,ITLORR

22 FCORMATISX,*STOP IN TAL : I=®415:5%, "CAl=%,015.5,5Xs"0OBI=%3E15.5
L/75X 48 P=0 31550y Bl I="3b15:53Xe "L{I-11=03E155/5X 'PVERTII}=%,

2EL55¢ 33X "PVERTII=1)1=%4E15e535X4*ITCIRR=%,15])
RETURN 1

100 CONTINUE
FO=2 . 5%ALCG{ZATI*PRCVRSLRTARHC A *JAL/DET=*31/ETAA PXCS+5.5%0ILAMA

[IFIIRH.EQ.2)G0TT 3

IN THE C(ASE GF SHMDOTH ECLS

301943
D01 0%
331045
N31046
D01 047
001343
201146
01057
301051
01052
2217053
031154
2731055
201256
2017057
00105%¢
531059
2010862
DO1NSG]
231362
331063
01064
IDINGS
J010se
11067
201063
221066
131070
331071
Q01372
331273
321074
21075
201974
po1o77?
JJ1I0DTR
J0LNT9
nDoLD3C
3319081

FOL=SORT(CBI*xkHUA/(ZAI*RFCR2I I # (2. 5%ALOG(Z3I*PROV*:SGPTIRHIZXTKI /OETII1 D32

x33) JETAR)+5.5)
307C 4

IN THE CASE COF RCUCEHENELD RCJSS

3 HPLUSB=RK/DET*PRCV/ETADP*SORT{LEI/JET®RHIBI

HPLUSH=RH*OET *PROV/ETAIWYSQRT{D3II/DET*RHCIW)
YDOH=(SQRT{D**2 «C*CB[}-C)#( e 5/ RH
RHPL=RFFPLUSIHPLUSE s TWIsTELGPLLSyFPLUSHW T 1y YDH)
FOL=SQRTIDAT*RHCA/{TAIFRECEY ) ¥ { 2.5%AL JSTUZBRI/RHI+RHPL)

FUNCTICN TRBFUNIANSTR,NESTICT)
TOFUM EVALUATES TEE MELN LINER TEAPLRATURE IN THE AXIAL SECTION

COMMOCH/ SHROUD/TLINER[LE2I/CPARZ/PERLLB)/INCI/NTYP{42])
1 /FEAOG/NPIN(42) , JPIN{42,3)/SIUBL/ASCH{42,3)/GEQU/J/ACHI3)

001032
301784
201035
201085
201037
021333
231Nn3a
331099
Qo01nN9l
321092
301993
201794
201095
301098
01387
331097
291097
2017937
201097
321198
2317599
ON11INno
331101
001192
2701103
2331104
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NSTRI=NSTR+1
TRPIPL=C.,

PERLT=0.

JC 10 NS=NSTRILNSTOT
HTIYPNS=NTYP (NS
NP=APIN(AS)

DO 13 M=1,MP

PERLSC=PERLINTYPMSI®ASCHINS ™) JATHINTYPNS]

PERLT=PERLT+PERLSCE
TBPIPA=TB2IPA+TLINERINS-NSTR MI*PERLSE
TREFUN=T3PIPA/PRERLT

RETURN

END

SUBRUGUTINE TMPUNINSTOT NSTR,TESPLsPEIARyTCLsPEL, PELIDAR,
HINUOPRyMFLOW s IPAST 2 IPAENL S IRZADY o XLAML,STLEN,,*)

TMPUN PUNCHS TFHE CARDS WHICH MUST 3C
CALCULATICH STeEP (PJUNCHINC UNITY=1)
THE ACTUAL CALCULATION STLP IS STIPPED

CALCULATICN TIME TINEPL FAS BELEN _1ﬁ9>_u
HAS BECN OV

OF THE AXIAL PORTICN IPRELC ([PA NJ<7)

CHANGED Ti) ST

CALSE THE
OR BECAU

ART A NEW

ALLOWCD
SE THE EMD
ERTAKEN

REAL ﬁFLPw,“IyMSCHI,MSCnCL
DIMENSICN XLAMI(T7}

COCAMCN/ZCERNA/MTIL42 ) /CINA/TINMPL42) /75U /TS5CHLT42

1 /aCSE2/MSCWCLIULEZ2+23/WCSES/TSCACL (L8, 2,2) JIND3/NTYP (42])

2 JPEAG/NPIN(42) o JFINLLZ,3)

13TH CARD:
IFOINDPRLEQLLIGCTO L
PE=PEBAR

PELI=PEL1BAR

ARITE(L+2)PEsPEL S TL o TELIw¥FLCHh o IXLAMLILT) s I=1,3)

FCRMAT{3F10.5)

13TH CARLE
HRITELL«3IIPAST,IPAENT,IREACL
FCRMATI{2119)

147+ CARC
HRITELL2)STLEN

LAST BLUCK OF CAKCES
WARITELL s 4 {MIINS), TENMPURS ) oNS=1NOTOT)
OC 5 NS=1,MSTCT

HSw=NS~-NSTR

NP=NPIN{NS)

WRITCLL 4} {MSCHLIINS M) o TSCHLIINS ) 4 ¥=

Ly NP}

TEINTYRINSY s EQe 2 WRITEAL 4 J LI VSCICLINSH s Mo JWC) s TSCWOLIMSHe 1, JWC ) o

* JAC=142) =142

4 FLRMAT{EFL0.5)
5 CONTIMNUE

RETULRN 1
=ND

SUBRJOUTINE TRICALIK NS MNgIRH PRIV, 23,

RHgs Ay DL ¢ ME

CeAT«DET,OETOT, U

#HLe ALF Ay Hy MyPRIZPR2,SCOFCy TEySULRy D e ANT 4 JODC,ATSCH,*,C)

o D1 16

SUPRIJUTINE TRICAL CALCULATES FRICTICN FACTURS AMND

APPROXIMATE

Uallos
301106
ILLAT
an1108
131199
ON111L0
onlill
201112
D011
301114
JOllLs
301115
J01117
a01117
Do1Yly
antitilzy
U011y
201112
201119
201120
J01121
31122
201123
001124
221125
aJ1ti2e6
201127
0931128

$3)/SUBE/MSCHL{42,3)001126

351130
291131
a01132
021133
201134
001135
231134
331137
031138
371138
2711&D
o114l
091142
231143
001144
201145
201146
WLll47?
2011473
221149
001156
271151
REVE AN NP
331162
271154
201155
JJIL1sE
Q01157
noLLse
221158
031158
D01158
201157
N1159
231160

01 1se
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GO

&5 OO

SO0

2698

Co o O S WP e

OUTLET MASS FLOW RATES ANLD TEMPLRATIJRES

REAL MEC,LAMSCH,KAPPASLANLAM,¥SCH

FOK

CENTRAL SUBCHANNELS

CCMMON/SUBS /L AMSCRIG 23 21 /CENLZCTA5) /SR L/ASCAL 42, 31 /IHP AR/ T IA
FSUBL/ATOSCRLIIA2 21 /CURRL/SISIATI(4243),PRITL4243)
JLAMINS/RTIPA{7I/LAT/PIGC/SU323/HPLUSHE42 3 ¢ HPLUSH{ A2, 3)
y9PLUST42,:3) 228 (42,33 YIIH{4 2,31 /HEAS /R4 243)

FnSSCHO/TRSSCLL4z2,2)sTHSSCL(42,3),TD3SC204%2:3)5TdSSC2142 43

JLAMINOG/IZ2TIP{42,3)/LAMINL/AKAPPAL42)

FCTIPU3I/LAMINZ/FLATIEL4Z) yFIOTIP LA/ LAMING/F2ATIP(42:3 ],

JLAMINZ/FATIPT3 ),

FIDTIP{A42Z, 31 /LAMINT/FLPTIP/SEN2/ACHATA2) /SUB2/TSCH{42 43 )
MSCHIU42:3) 7SJRZ2/Tala2, 237 1ART/ITCCRR/ZLAMING/IZTIP(42,3)

ODIMENSION AU30),0BE(30).MECL30)

IF{M.GTLLIGNTO 2993
FLIATIP{NS}I=0,

FIPTIP=C.

CONTINUE
[2TIP{ANS M) =I3TIP(NS,V}

IFt T2TIP{NS M} L0 LIGITD 2993

® B B LSS ® B DOO SO e DD SR LT L SO H P SD OO EEOL SO HES D OE DS BB e SE WS GO D LBE S S O O

B BB G e BB S SCO O DG DS BEDR L OO PR OLPVEE LSOO 66 SO DO 2OV ESR DE DB OO D S LDC S VD C OB B B

I3TIP#1: THE TURBULENT CALCULLATICN MUST RE PERFURMID

TwldV=0.
AMT=0.
T1=0.
DCPED=0.
HPLLS1=C.
HPLLSZ=0.

&2 5 ° D SO W BROL DS B BB DO 86 Q68D ECOD DSBS S D OO 86 DS OL ST PP e GV B PSS S WSD B S

SUR-SUBCHANNEL CALCULATIIONS { I = SUI-SUBCHANNEL INDEX ]

DC 1 I=1.NN
AM1=MEC(I)
AA=A{1}
cC=DE(I}
66=G(1)

CALL CEWALK NS s IRHyPROVF2eRH 83,0008 AMLyDETOT HLyALF AT 3 MeH PRI

%y PR2,SACPGe AMT o TTLOLC s TE«SURS Ly IT T HPLUSLsHPLUSZ2, TSCALINS, 4},

-

SIGMAT INSeM) o PHIT(INS M} 4 &87774C,TWI, TL,C)
TWIAV=TWIAV+TWIHALFA

TBSSCZ2INS +™M =TI

TSSC21 NSeM  1=ThI

IF (1.67.1) GOTC 1

T3SSC1{ NS, M =TI

TWSSCLE NSe™M  )=ThWI

CONT INUE

B G B OB D VS P DG DD OO OO TE OO O ECE O SV OV O B0 D 9D P OED SO 6P VO OO B VO S 6L L OB 6P

ALL SUB-SUBCHAKNNELS FAVE REEN CCH2UTED;
VARTABLES WILL EE NCW (CNMFUTEL

TwIAV=ThIAV*12,./PIG
ATSCH=TT/AMT
REOT=RHCI{PB+ATSCH]

AVERAGE SUB-SUBTHANMEL

LAMSCHIUNS M= LAT/IDDEC ¥ 2 )22 4 CETHRHCT /H

12TIP{NSsM)=D

F2ATIP{NS,MI=1,
FZDTIP(NS;Mi=1.
IF{I3TIPINS M} EQe2iICCTL 2070

B BG5S B® 6D DV OB GGV 0N OO BB LS W®VE S 28 66 OGS COE DB 6 QL DO 6666 V6 66 BTG 65 6B &GN

I13TiP=3: THE LAMINAR (CALCULATICAN HUST BE

IF{ITCCRRGT.1IGCTO 2559
MSCHINS o M)=AMT=ASCHINS M}/ AT
TSCHINSM)=ATSCH

ALSC PERFORHMED

031163
301164
O3116S
foll e
nalleld
Oultloel
371106
ID1L7C
001171
001172
91172
N21173%
23117s
o0ll7s
J01177
a01173
931175
301180
a01181
Cnil1g?
371132
a0113%
30113k
221126
201187
20711839
ANER R
antisn
7311901
231192
001193
Jd119%
0n1195
nn1196
031197
201193
ND031199
0012010
oalzat
aL2n2
021293
01294
nn1295
301296
31207
no1208
201209
ooL21n
"o1211
031212
n01213
201214
a01215
nol216
01217
2031212
solz2tla
001227
a31221
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TWINS«MI=TWIAY Ju1229

C ct‘o.oo.-.a-‘ouaooc.ncoseu‘.-anmce.-uac-eo&ntt‘.»aonb.&‘.0»&..;....0”’7123;)
C ‘.‘-’..’-.."Q'C.ﬂ‘l"l‘Q.ﬂ.....’.!..‘.."O"'ID...'....l..’.'0'3“.)’31231
C FCR I3TiF=1 CR 137IP=72 IO BE 9t
C 001232
2999 CONTINUE 201234
RELA=RELAM{ASCHINS M) FFATIP (L) CETHFOTIPIL) sP3e TSCHINS s M) s Tl IS, MIDOL235

& sMSCHIRNS M) sCasl eDasla) 331236
LAMLAM=AKADDA{INS} /RELA 2431737
ROCEN=CH*SIRTISAIRTI3.Y /{2 #PIGIY} T01223

CALL CNTRFRIKsL gL RTIPIIFA) yROCENsR2CEN NSy III oM DETXFDTIP{ L}, 231239

& ASCHINS s M)XFATIP{L o MSCHINS MY sPRsTSCHINS M) sLAMLAAY 201240

IF{ IZTIPINS M} EY.L3GOTD 2697 131241

C ““‘Q."'ﬂ....‘..'.ﬂ."'.-""....l.‘.Qli“..‘..I....“I..‘0.0..ﬂ..f}\)LZ*Z
C I3TIP=3: SAGAPC CECICLS WHETHER THE FLUOW IS LAMINAR O TURPSULENT 0231243
C J1244
TFCLAMSCHINS g M) GTLLAMLANMICCTC 3039 201245

C THE FLDW IS LAMINAR 301245
C 321247
2957 CCNTINUE DIV 243
LAMSCHINS M) =L AMLAM 3312473
DJOCD=ATHFATIPIL}/SIRTILANMLAMRR/ {2 . %)ET=FOoTIP{L ) 3731250
ARHCIPBs TSCHINS MY D)) 001251
AMT=MSCHINS M) *AT/ASCHF{NS yM ) 031252
ATSCH=T SCH{NS s M) 331253
I2TIPINS,M)=1 0o125%
F2ZATIP{NSM}=FATIRP(1) J21255
F20TIPINSMI=FOTIP{1]} 321256
HPLLSB{NS M)=1. Do1257
HPLLSWIANSsM)} =1, 201258
QPLUSINS M) =1, 21125%

PRB {NSeM)=1, JN1260
YODH{MNS sM)=1, 1261
TRSSCLL NS+M J=TSCHINSy M} 401262
TBSSCZ2{NS +M  J=TSCHINSyN) 0nl1263
ThSSCL{ ASeM  )=TWINSs¥) Jh1264
TWSSC2{ NS.M I=TWINS,¥) NR13265

C ..---na....-‘..n..---..-..-..--......-.--...-...,.....--.......--.3312\")6
C FCOR LAMINAR AND FOR TURBULENT FLOv { HEREC CCMES THE CALCULATIIN 331267
C IN THE CASE 0OF TURBULENT FLCW ) No12¢6r%
C 351269
3000 CONTINUE antz2r1a
FIATIPINSI=FLATIP{MNS)+2SCHINS s I/ ACHA(HSIRF2ATIP{NS,#) 2731271
FIPTIP=FIPTIP+ASCH{NSMI/ACHALINS) *F2ATIP(KS; M} /F2DTIP (NS, 1) un1l2Tz
FIDTIPINSI=FLATIPINS)I/FLPTIP nn127n
IFUIRHe ECel QR T2TIP(NS,™  J.EJa1IRETURN JO1274

C o.......-.........-.......--.-.-....----.-..........¢.............37)1275
C FOR TURBULENT FLOW ANC RCUGHENELD R4S Qui2T7e
C 201277
APLLUSBINS, M) =HPLUSL/AT 021273
HPLUSWINS M)=hPLUS2/AT D01275
CPT=CPI{PEATSCH) 371128y
CPLUSINS MI=CCINS My FAT/ (SURKAMTACPTX{TE+2T2. 1611} Jui?ot

PR {NSsMI=ETA(PR,ATSCHINCPT/KAPPA{(PR, ATSLCH) 001232
YODHINS M) =05 % (SORT(LH=z4ET=*L)}~-2)/RH 271237
RETURN DN1284

777 RETURN 1 J2128¢
END 00123¢

C 0012 8¢
C colz2ed
C I2124¢
C NNlz23e

SUBROUTINE TULINE{TI ALl sITTEME LS Ko ALFAs D oW eRHGDET,PROV S IRH, CAL,DBID212237
w2y AAT s ABT oRHPL s Go TWIs TEZyCPLLUSs ETAARHCAETABWRHCE s ETAT W RHOT 4o ANGT 001288
*EMleCl,XCZ,TLv*)CS) G0 1 I B

e e e e e =20 1290
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SUBROUTINE TLINE EVALUETES THE FCSITION OF THE TAU=D LINE FOR EACHDULZ291

WRALL-TYPE™ SUB-SUBCRARNEL 331292

37312932
CUAMCN/RECYL/ PYERTISCIPRALDIIOI/RECZ/ELSOI/REC3/P (90 001294
NNN=21 DJ1295
SSCHFA=19.0586*ALFA 2312958
XIRH=IR}E 301297
[i=I-1 Joizew
IF{I.GVT.LIGOTO 1 201295
;t‘b's"c....o-‘..l-o-.'llo...---aocac.Gynoa-ontona.oioe‘a-o.a.-co}&l%():}
STARTING PUINT (FIPI P} FCR TFE 1.ST SU3=-SUBCHAHNNEL 3313901

D01302
P1l1=1.0801-{w/0-1e)®0,26% (2 ,—XIRH]) 001302
XX=0.39 Q01304
GCTO 2 nol3ns
©® 6083069905 500s e 005 60 80 806000 0EENeE OWE OB VsGEDG BOOB s evoea s asoes )] 30E
STARTING POINT {(FIP}P) FCR THE [.TH SUB=SURCHAMNEL { I>1 } on13a7

4521308
P1=P({11) +0.08%{w/0~-1.)* SSCHFA 201306
XA==0.04*SSCHFA 301315

-
aa-.nn-otnho'-‘.-no‘4140nnoﬂidonoi'-.voo..loooot‘--.o-.nac..ooo.leL’DIB].l.

RESEARCH OF TwC CONSECUTIVE PCINTS {(FI{P) 4P} AT wWHICH F= FAI-FBI 0731312

HAS DIFFERENT SICGNS { ITERATICHKN LOOP ITAUL ) 331313

001314
CONTINUE 2231315
DO 4 ITAUL=1,NMN 221316
P2=PLl+XX*{W/D-1s1) 3731317

CALL TAUUIsAIP24ALFAsL s W sRHsCET+PRUOVIRR+CATISDEL ¢PATF2,RHPL,TWIZ 201313
#TE ITTENP,QPLUS ETAASRECAETAB,RHIB, CTAT WS RHOIWe ANGT y2M1eXC LeXC2y 0O131¢

2T1,885CC,4CS) 201320
[IFOITAUL.EQ.1)GOTO 3 331321
[F{F1*F2.LE-0.1G0TD & 231322
Fl=F2 201322
01=p2 201324

‘.."*'."..."O.-.'....'...’...‘."‘I'...Q...“‘I..'..."O‘..'.‘.‘C’q1325
TWD CONSECUTIVE PCINTS AT WHICH F =FAI-F21 FAS DIFFERENT SIGHS 221326
HAVE BEEN NCOT FCUND @ IT WILL 8E TRIcD TC START CLOSER TO THE R3ODSI01327

{ IF IT FAS NOT YET BEEN TRIEC AND IF IT IS I>1 1} 101323
201329

WRITE(A 511, ITTEMP41ISsK 231339
FORMAT{S5X.¢STIP IN TLINE IN LCCP ITAUL FCR SUBCHe "y 132X, L ITTEDI1331
wAP= Y o 12, J0F CHANNMEL Y914+ 2Xs " (AXIAL SECTICN NR.",I44%)¢/130{®¥%x%}} DD1332
[TFIANNSEC4OIRETURN 1 0601333
NNN=40 231334
IFIT.GT2MI1=1-2 301335
GCTC 84CO 201335
I N I R R O T O D T T T T T T ey
Twl CONSECUTIVE POINTS (F(P},P) HAVE S3ECN FCUNDy AT WHICH 321338

F= FAI-FEL HAS CIFFERENT SIGNS; THE VALUE COF P AT WHICH F=3 WILL 031339
BE NOW RESEARCHED 28Y MEARNS COF TREZ TANGENT METHGCGD { ITERATIION LODP 301340

ITAG2 ) 001341

201342
CCNTINUE 371343
DC 8 1TAU2=1,30 JU1344
PP=pl-Fl*{02-PL}/(F2-F1]) 331345

CALL TAULI, AL sPPALFA,CyhyRESUETPRIOV 4 IRHZCATDBISPATF +RHPL,THWILDJ1346
LTECITTEMP,OQPLUS ETAARECALZETAB,RFIRETATWSRHCTI W ANGT yEM 1o XZ 1L, XC2y DUL1347

2T1+885C0,C5) 30313473
ITF{ABSIPP/DI=1.)elEalebE=C4 TR, A3SH{PPR/P2-1ls}alEaleE=D4) GIOTI 1O 201349
IF(F*F 1. CE.D.IGCTC 7 331350
F2=F 101351
p2=ppP Joi3se
GOTo 8 321353
Fl=F JO1354
pl=p>p 301355

8 CONTINUJE 301354
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5;: "C....Olﬁ‘.....O‘l.’b*';l...lb’...““l..‘.l"...‘C‘l#.'.'.'#.D.'O’:):)]_BB?
c PROSLEYS IN FINDING THE PCSITIGN JF THE TAU=0 LINE 2013258
c 291359
WRITE(6,8) T, ITTEMP 4NS,K 001360

9 FORMAT{5X,*STOP IN TLINE [N LCCP ITAJ2 FOR SUBCH' ¢ [3,2X,* (ITTO01301
KEMP=9, 12, )00F CHANMEL "y T442X, " (AXIAL SECTICN MR.¥,14,%) ") 101362

8500 RETURN 1 001363
c P B 70
c THE POSITION OF TRE TAU=C LIND HAS S£EN FOUND FOR SUB=SURIHANNEL [101365
c SCME GECMETAIC PARAMLTERS WILL PC NOW COMPULTED 231366
c 11367
c 291363
10 PBI=ALFA*D*¥).5 001367
AAI=CAL#PAT%C.2% 1370
ADI=CRI*PRI*0.25 191371
PLI)=PP V01372
EPS=SQRTIL.+C21/D) 131272
G=GSTAR(EPS) 701374
RETURN 221375

END 091376

C 01376
¢ 301376
¢ 101370
C 201376
SUBRCUTINE WALLTE(K,NSTCT,NSTR R 45 SUR,1D,P1GTEyPBT, %, RTI) 101377

e e === 2301378
c WALLTE CRGANIZES THE CALCULATICN OF TRE PIN AND CF THE SHROJD 101379
c TEMFERATURLS 0013430
C 101331
KEAL LAMSCHsLAMAC s LAMR SO, MARC 101382
COMPON/ZFEAS/QQ{42,3) JEEAE/NPINI42)J2IN(42,3)/6GENS/DE(42) H01333

c JUAMING/F2ATIP (42,21 ,F20TIP(42,3) 071334

1 7SUBL/ASCHI42,2)7SLR2/TSCHIA2,3) s MSCHI42,73) 701385

2 /SUR3/ACATTI12,2),0ETBLLR,2)/5UB4/LAMB(18,2) 001336

3 7 SUSS JLAMSCHI42,2)/SUB22/T4(42,3)/GRIC2/YY(100,42,3) 201387

4 SWCSEL/DEWCILE 1 242) yPHEC (1342, 2) /HCSE3/LAMNC (18, 242) 001383

5 JWCSET/MARCILE 42,2 )/WCSEC/ASCHNCIL3,2,2) /W CSEQ/TAVAC (18, 242100123739

6 JHCSEL2/TwwClLE,2,2) /INDI/NTYP (42) /QPARB/PERLI3) /GENI/ACH(3)D01390

7 /WACOL/XMSCHE(1€,2) ,XMSCHA(13,2)/SHROUD/TL INER[13,2) 0u1391

3 JPARTB/TEMP3(42,2) yXMASSR(42,3) ,YOH(42,3) /EXAYTW/ IEXAV 071392

3 /SUB21/TSCHALL2,2), 1SCHR(13,2)/JPARL/COEV/ IROSMO/IRH 301393

C ’.ﬂ.'.O....‘."l..ﬂ"""'il’.’".'0"...“."'.“’.‘I-"I'.I.."....'Oq]_qu
c I=CHANNEL INDEX 001395
c 2191396
DC 11 I=1,NSTCT 101397
HP=NPINIT) 101299
ITYP=NTYP(I] )01399
II=1-NSTR 01400

C "..".Oﬂl'l.‘ﬂ..."-.".'I'.O‘."'.l.'...i"'..‘““."..-.C‘...Q':):‘léol
C M=SUBCSANNEL INDEX 101402
c 191403
DG 9 M=1,NP 101494
TWIIM)=TSCHIT,¥) 001408
QA=QQUI M)/ SUR%GDEVY 031406
GGTO(Ls2,7)yITYP 031437

C ..O.......'.'.....‘..'."Q".."‘Q“'..O.."Q"...OI....‘.“‘O...‘Crlol4oc
C--A) CENTRAL SUBCHANNELS 101499
c 0014 LC
1 CALL RTI (P3T,TSCH{I M}, ¥SCH{IoaM),DECT),ASCHIT M)yl ,LAMSZHIT,M), 201411

1 YY UKo DoM) g CAQFACHE s TE o R Ty Lo Ay JPINIIy M) s THI T oMYy Lagly 201412

2 DCU(I)eDeYDHUI M) 3 &E5CCF2ATIPII M) F2DTIP(I, M)} 501413
TEMPB(I4¥)=TSCH(I,™) 291415
XMASSB{I4M) =NSCHIL+M) 301415

60TC 9 00l41¢

C .......C“'%I‘i."“‘."l.'....‘.-.0'..‘."".0...'.'..Q...'......?Ol#l?
£-—3) WALL SURCHANNELS 2)1418
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001415

2 TWlITI M}=C, 331420
D0 5 JW(=1.2 201421
THRCUII oMy JHWCI=TSCRIT V) 01422
GCIC{34+4),J4WC oni4and
201424

=1-WALL TYPE PART 2301425
Udls2e

3 RULDRU=XMSCHBITT MY ®ALLELTI M}/ MANCIIL, M1} 0nl4az?
CALL RTI (P33T, TAVWCIII sMeLl) o MAWCTIIT M1} yDETRLEL MISASCHUCITIT M, 1000142

i sADARCIT oMY o LAMB I Il o M) oV Y (K Lo M) s QAsFACHEZ TEs R, T 114 4y IN1426
2 JPIN(T oMY o TRl ¥Me L) RULDRU 2y DEWCITII ML) D, XUXXe&35000D143
39 10110) \‘)‘]1431
GOTO 5 231437
201433

-2=CENTRAL TYPE PART J301434
001435

4 CALL RTI (PBT,TAVWCIIT oMo 2) o MARCIIL o™y 2) 4 DEWCIIT sMe 239 ASCHWCTLIT+M, 001432
1 2 el oo LAMWCITIT oM o2 e YY{K T 41} s QAFACHL s TE9RHa L IT ™ dP 1N DIL4A3Y
2 (IyH)QTWWC(II,Ny?)?l-!l.v«j'zfs”\;(I[vMsZ)vQQXXXXL’E’-EBD‘()y L’vl-) 00143
231439

S TWITyMI=TAd{ I MI+PRFWC I T M JWCIATHAC I, 1RCH DD1440
6 CONTINUE 001441
TWIToMI=TWIT M) ¥4, J{C*FIC) ND1442
XNASSB{I M) =XMSCHBITI I, MI#NMALC(TITy4,2) DOL4AS
TEMPBI L oMI=IXMSCHBLI T o M)A TSCHA(IT s A +MAWCIIT oM 2 2TAVEO (I 4213/ 3D1%%4
JXMASSBUI M) DJ1445
IF {IRH.EC.2) N0 1446
AYDHET s M) =0.5%{ SQRT{O*¥*2+1¢/PIG*ASC LT 4} ) -DI/RH 014457
GOTO 9 N21448
'...Ol.‘.ﬂ‘..l‘.'l.‘l‘I.l."“‘IO....O-""-‘CO."..h."‘."I.Ol...["i‘}ltfl";
-—=C} CCRNER CFANNELS 373145D
031451

7 RULDRU=XMSCHB{II,1)*AL2RB(I1,1)/NMSCHILIs1]) 201452
CALL RTI (PBT,TSCH{T +1)eMSCHIT » 1) +DET3{IIs1)4ASCHIT 1) ADABLIT +1),201453

i LAMBUIT 1) e YY{K I 1) s RAsFACHE s TEs e lol I Lo JPIMIT, 1), 0N1454
2 Tallyl)sRULILRU R ,DE{T )y YOI} 2&8500,F2ATIP(Ls 1), 231455
3 F20TIP{I,1)} N1455
TEMPB{Is1)=TSCFE(II,1) nni14s?
XMASSBUL L) =XMSCH3{TII,1) 201453

3 CCONTINUE UJ1459
11 CCARTINUE 001460
Q.-...'..Q'Q‘.l‘...‘..I."..‘...Q.'O".Q.i....-ll.““0."‘....‘0.3)‘!—'{"6)1
IF AN AVERAGE VALUE IS CESIRED FCR THE PIN AND THE SHRIUD 2214672
TEMPERATULRES CF THE EXTERMAL CHAANECLS 321463
131464

ITFUIEXAV.EQ. LIRETURN 301465
PERLT=0. 131466
PERRT=0. 101467
TLM=0. 001468
ThM=0, 2014469
NSTR1I=NSTR+1 30147
DC 20 [=RSTR1.NSTOT 201471
ITYP=NTYP({I} 221472
NP=NPINI(I) 1473
DO 20 M=1,NP 101474
PERLSC=PERLIITYPI*®ASCHI{L M}/ACHIITY?) 201475
PERLT=PLRLT #+PLCRLSC NI1476
PERRSC=1./NTYPL 1} 301477
PERRT=PERRT+PERRSC 31478
TLM=TLM+TLINER{UI-NSTRyNM}#PLRLSC 2014773
20 TuM=TaM+Tw{I M) *PERRSC LGol430
TLM=TYLM/PERLT 201431
TWM=THYM/PERRT Jul432
DO 30 [=NSTR1,ANSTOT 221483

NP=NPINTI) 001434



- 10k -

DD 20 M¥=]1,NP 001435
TLINER{I=NSTR,#}=TL 101434

30 TW T Ml=THM 501497
RETURN 031433

E500 RETURN 1 131439
=ND N01490

C IOCD
L 300
C DISIAIN IS
C Y000
SUBRCGUTINE ANCCAL{KeANSsNeIRRs DCv, 3 RHeHLy ALFA¢AZAT s LT «DETOT e 2010

g WeNSTRHy PRLLPR2,SCIFG,TELSU AMT ¢ DUDDs xy A4A,; AMBY 300000
ﬁ————~~~—-~———-»-~————-——--ﬂ———‘-———~-——~--~~-_--———-—-~———“«~———--~~——@GWQ??
C SURRMOUTINE ANGCAY CALCLLATIS FRICTICH FACTORS AMND APPROXIMATE 000203
C CUTLET ™ASS FLOW RATES ANL TLMPERATURIS FNR CORNER CHANMNELS Oy Q00
C ST
REAL LAMSUH L AMB, ASCH1+KAPPAZMSCHsLAMLAM (302032

C 0o ann
OIMENSILN A{(30) 30000

C 00033
COMMCON ZWACOL/  XWMSCHE({1E,2)1,x¥S5CHA(13,42) BIATEER RSN
CLMMON /JLAT/ PIG SISEEIVE
COMMCN /FANG2/ PA{3C) 0009
CCMMON sSUBLY/ ASTH{42,2}) IN00AD
CLMMCN /sSunz2/ TSCH{4 2y Z ) ¥SCHI42, 3) 200300
CCMMON 7SUB3/ ATAP{1E,Z2)¢DETE(L3,2}) 009001
CLOAMON /SLR4G/ LAMB{IRB,2) 00901
COMMCN /SUBS/ LAMS(F(42,Z) OO
CCHMIN /SUBG/ TSCHI{42,2) 300001
CCMMIN /75SLB8/ MSCH1{42,2} 300791
COMMCN /INPAR/ [P4 NHGONT
COMMON /SUBR227  Twl42,3} Narn)l
CLMMON 7SUR23/ HPLUSP LAz 2+ HPLUSWIA2:3 ), 03001

* GPLUSH{EZ2,:2),PRBLA2,3)sYIDH{42,3) o000
COCMMEIN /MART/ ITCORP N30001
CCMMCN /FEAS/ A4 24710 MG
COHAMCN JLAMINNDYZ 12TIP{42,2) SIS IAIAN
COMMON JLAMINL/ AKAPPA{42Z) Jooanl
COMMION FLAMINZ2/ FATIP{2)FCTIP{2) 200001
COUMMCN JLAMINI/ FLATIP{4Z),FLILTIP{42) 0001
COMMON JLAMING/ FPATIF{42:2),FZCTIP{42,43) 120001
COHMMOIN /JLAMINS/ RTIPL{T} N Inol
COMMON /ZLAMING/ I3TIP(42,3) H0NDL
CCMMON /WSSCHY/ CELTIEL 184246 2)0TI2AVI18,2) 3209001
CCHMMCN /JRECL/ PVERT{SC I, PRAL{SD} NG I3
LCMMON /RECZ2/ E{S3) O3990 1
CCHMON /RECH/ P{3C} 2090301
COMMIOM /WSSCHZTISSCL{LEZZ )3 T255CL0L352) ,TISSC2{L842),7T2SS22118,2) 100001
COMMON/wSSCHO/TRSSCI 1422 ) o TWSSCL{ 42533 o T3SSC214243) sTHWSSC2(42,3) 00N I2
COMMCN JSHROUD/ TLINER(1E52) J0O002

CUMMON /GAAGL/ FCOPWLI(2) 220007
CCHAMON 7GAAG2/  FCOPW2(18, 20002

c SRLANK
C Co0nge
C IINDNE
ITI=NS~-ANSTR 020002
FCOPWZILTIILI=FCCPWLL2) A30N9D°2
DTIEAVIIIIs 1=, RISNER Y
I2TIPINSL)=I3TIPINS, 1} AISEARAION

IF{ 12TIPINSy L322 1)53T2 2999 W02

C e e e e e e e e e e e e e e e e e e e == D)0 007
C ICeHn?
C IBTIPHL: THE TURBULENT CALCULATICN MLST RE PERFURMLD ATDNGR
C 200003
TWiAav=0., 0503

cs=1. 00 s



AMAL=MSCHFLINS L) /AT
ANGT=0.

AMT=0.

T7T=0.

AMB=0,.

TT3=0.
SRAMIB=C,
CUICA=D.
SCLDB=0.

ATB=0.
HPLUSBINS,11=0.
HPLUSKWINS+11=0.
TI=TSCHLINS,1)
DEPA=0ETCT

Do 2
Af=1
ANGT=ANCT+ALFA

Cax&ixF [RST STEP: EVALUATICN CF THE

[=1,N

18

105 -

=3 LIME AS Fuk

WALL CITANNELSkxxx*

CALL RECANGITI AT NSsKy 1o IRHALFAZAMAL TIoPByDsWs RHyDETC T, PRIV, JAL
% DBI,AALGABL ¢GGSSSALCSSSE AMT Iy 25 HL s HePRKLsPR2Z, SUDPS,y 1, TE SUR,T W

AMAT s TAT o AMBI TR LTI TSCHLINS LYy TSCHINS L) oHPLUSL,HPLUS2,y ANGT 0.

%o 0u9leg 3T7TT+DEPASLSH
CxxxkxSECOND STEP: SURCHAPNELS
AAT=A(T}-ADI
CAI=4.%pRL/PALT]}
TIL=TI
TAILI=TAI
TRIL=T31
TWl=TWI
CS1=CS
CALL RECANG({I, AL ,NSskKyZ
L 4 NBI, AATLART 455, 5554, ¢
¥Ve90es Los 777+ CEPASCSLY
THIAV=TWIAV+TW1*ALFA
DTIEAVIITI 1 =0DTIEAVIIIT 1) +DELT
AMT=AMT +AMT I
TT=TT+AMTI*T]1
AMI=ANE + AT
RAMIB=AMTI*ABT /(AAT+ABI)
SRAMIB=SRAMIB+RAMIB
TIB=TTB+RAMIB*T3I1L
DDCCA=CCCDA+SSSA
ODCDECB=DCCCE+S55E
OCLC=DCULA+CDCLE
ATB=ATR+A8I]
IF{IRH.EQ.1IGLTC 3
HPLUSBINSs 1 )=HPLUSR{NSL}4FPLLST
HPLLSWINS, 1) =HPLUSWINS 1 J+HPLLSZ
3 CONTINUJE

CEFINEL

¢ IR
sen
18

TWIAV=TWIAV*LZ2./P10
OTTEAVITI T, L)=CTIcAVIITL 1}/ AMT
ATSCH=11/A47
REDT=RHC{P3, ATSCH]
LAASCHUINS L= (AT/CCCL Y x*2
ALABLITI+1)=A7/AT8
DET3{TT1.13=43.*AT3/{P1G*D]
AMA=AMT - AMT
TSCHB3=TIB/SRAMIR
RHOBT=RFC(PB, TSCHAYS
LAMB{ITI,L)=C{ATE/CDONCE) **2
[2TIP{NS,1)=0

FLATIP(NS)=1l.

SITH RADIIL FROM

IECIIT, Lo D) *AMTI

*AB 1
*A31

JR2 . XJETHRHCT/H

FOD CEMTER %k

He ALFAZAMAL s TI1sPBs D sk s RHyDETAT s PROV DA
Py AMTI 93341 s H s PRL4PR23SADPG, L+ TEsSURy TH,
CHLIIMSe L) o TSCHINS, 1) sHPLUST HPLUSZ,ANGT,

JA2LKNETRBLITL, LIX¥RHOBT/ A

PR B UE:
330002
00003
G033
NI00J7
220003
020004
N33004
D0 31004
I00N04
030004
03004
031004
030004
N20004
313004
300935
0NnNGnNs
03008
20060058
03705
DI00as
10N00I5
20008
330305
2000935
noonng
D000
2020026
3079205
IN00J6
Q30006
300036
0000U6
000006
020096
30097
0337
300007
1093307
No0NNT
200097
Co0007
100037
230007
00597
330008
030008
TICN03
300008
AR R TA R
BRIV
OC0)R
303708
N3I0208
200708
000009
0000993
000029
0200029
20CHN9
30GD09
3103509
GJ0009
323039
000109



[aEealeNe!

Ve OV O

YTy My

aNeReRe

OO

2999

2567

3300

&

FIDTIPINS)I=1.

F2ATIPINSsL)=1.
F20TIP(NSe1)=1.
IF(I?TIP(NS 1).tQ.Z)PC1L

I1371IP=3: THE

IF{ITCORR.GT.LIGCTC
MSCHINS s LISAMTRASCHINS y 13/ 27

LAMINAR

2569

TSCHINS 1}=ATSCH

TWiNS, Li=TWIAV

FOR [3T71IP=1

CONTINUE

RIDR2L=1./SORT{1.+#12
RELA=RELAM(A

i3vip=2

ACUD

CALCULLATICN

- 106 -

SCHINSsLI*FATIP(3),DET=FDTIP (3},

4E5T

ee)
7

ALSC PERFORMED

SHLTHFATIP(Z)/{PIHGERTIP(IPAYX*2]))
Do TSCHINS,y 1}, TWINS, 11230311

s MSCHINS, 1) o TLINERITIII s 114 3sR1IDR2Ly1.)
LAMLAM=AKAPPAINS)/RLILEA
R2ZCOR=RTIPUIPA) /RLDRAZL

CALL ENTRFRIKs L¢3, RTIPLIPA) P 2C0R
ASCHINSy T)*FATIPL{ 3 ),
IZTUF(NSs1) 5T l)GSTC

I371P=3:

IF(LAMS”H(I).I).UT LAMLANMICOTC

TEE FLOW 1S

CONTINUE

SAGAP

CECIDES

LAMINAR

LAMSCHINS, 1) =LAMLAM
DCUE=AT*FAT IP{3)/SORTILANLAMRR/ {2 . =0ET*FOTIP (3} )=

AMT

*RHO(PB, TSCHINS,1) 1))
=HSCHINS g LY *AT/ASCH (NS, 1)

ATSCH=TSCHINSs 1}

[2TIPINS,
FLIATIPINS)=F

11=1
ATIPLZ)

FIOTIPINS)=FOTIP{S])
F2ATIPINS,LI=FATIP(3)
F2DTIPINS,L}=FDTIP(2)
HPLUSBINS,L)=1.

HPLLSWINS
PREBINS, 1}

TESSCYI{ NS,1
TISSCI{ITIIL,1
T25SCL{Iilst
TwSSCL( NS,1
TBSSCZINS 41
TLI5SC2{III,1

25SC2(01il.1
TESSC2{ NS»l

ACAB(IIIsLl)=2,

ANMA=AMT*0.5
AMB=AMA
CCNTINUE

THE FLCw IS5

UREAUL

?1):].‘
PJPLUSINS,1)=1.
=1l
YOCHINS1)=1.

J=TSCHEIANS,
)=TSCH{NS, 1
b=TSCH{NS, 1
=Tw{NS,1

y=TSCHIMNS, ]
J=TSCEINS, 1
J=TSCHINS, ]
J=Th{NS, 1

LENT

}

)

PHFETHER THE FLOW

39939

24997

IS LAMINAR OR

e R2COR ¢ NSy TI1Is L DET*FOTIP(3)
ISCHE NSy L) o PO TSCHINSs LY oL

AMLAM)

TURBJLENT

I00910
OO00LD
22001
320010
20091
20001
23001
090010
200310
J0001L0
330011
200011
200011
S00011
203011
no00ll
V30311
230011

2230211
1IN 12
20012
J30012
200012
3I001L2
Q30012
NNl 2
339912
yanni2
2005012
100913
003313
230012
233013
020012
330017
3200132
RECRATO N '
annalz
Mnnn12
200014
2014
200014
D000 14
230014
J00014
2O0014
N00N14
32001 4%
030014
t0nle
330015
300015
C0NLE
A0031E
233018
2)001¢E
22001¢%
000315
ANNLS
210014
200014
AT2016
33016
00001¢%
00714



[

177

[N e NaNe]

- 10"rw

[IF{IRHLECTJRETURN

IF{

IZTIPCNS, 1 1.=90-11RETURN

HPLUSBINS L )=HPLUSBINS,1}/ATH
HPLUSWINS, L I=HPLUSWINS,1}/ATE

CPTIB=CP(PBy,TSCHP) :

SelI=0RINS, 1) #AT2/ (SURFANBECPTIH{(TL+273.161))

LY =ETA(PR ATSCRIRCPIPR,ATSCHI/ZKARPAIPS, ATSCHY
YODHINS s Li=05%{SORT{C**¥2+40*DET2(IT1,181)-D)/RH

QPLUSIN
PRBINS,

RETLRN
RETURN
END

SUBROUTINE AXSECINDEL,NDEZyDETCWSPoCONST, 00D IT oHH,

1

Ay IPALQTUTLNSTOT o XMAXNU sLFSLNUY

Cv_—-
C
C

C

)

[aRaNel

[ e ok sh e otk v sk okode ol ok o ook e sk vk ok b o stk st adob o b ok ok o ok sk o e ok T ok Sk et ok it sfoloki iR Seokoiok dolok K%
L7240 SEC=LENGTH/X1+l.,

1130

1044

1045

1046

AXSEC EVALUATES SECTICN LENGTHS A CORRCCIICH FACTIRS FDOR MU

REAL LENGTH.NOE1,NDE2

COMMON
CCMMON
COMMCN
CCHMMON
CCMMTN
COMMUN

/HEAS/
/JGRIDL/
/CRIC2/
/GRID3/
/PRSP A/
JIDISP A/

DIMENSICN

X1=NOEL=*CETC
IF{IDISPLI.EQ.2ICCTC 1040
DELIW=11.%¥DETC-wSPHL .5

ISPAC=0

NFINT4az) s JPINT4243)
EPSISC{424Z2+5),,DISTLT)
YY{L1CCy42421)

X{100)

SISTO

Itisel

842,31, AA{42,3) s SLOPETA2,3),YYMI{3,42,3)

IF{-DISTOLT.DELIIwWw*xC GSSIISPAS=]
MOSPAC=MSPAC+ISPAD

IF{MOSPAL.GT.D
[ %ot s ot ook e sk b s dokoR sk sk Rk ko SO ROk B R o b Bk ok ok AN i KGR SROb S RO SRR RO K ok R

CexoxdxUNHEATEC SMOCTH PART CR PERT WITHIJT SPACERS OR IDISPL= 2wk idkidhnk

N=SEC
SEC=N

H=LENGTF/SEC

DO 1 K=

LyN

ANDe [PALEQIPA/2%2 4 ANTs QT0ToGT-1.5-053GT0 2

DG 100 NE=1,NSTCT

NP=RPIN

{NS)

DO 10C M=1,NP

YYIKeNS
X{K+1)=

'N‘):‘ln
XA{K)+H

IF{MSPAC.EQ.CIRETURN

Nl=N
I1I=11
KC=1
CCNTINY
DC 1046

=

K=KO¢ N

IFIXIKYGTeDISTIIII ) WANCe TII1.LTMSPACHYIII=I1]+1
IF{III+1.0T.MSPAC)IGOTC 1C4¢6

KK=K

TFIX{K)LTeDISTILIILY o20NCe X{K+1} . 5TOISTIIII#1IGOTN LD47

CONTINU

£

GOTO 1049

J00916
209915
1300 1e
3000 1¢
310717
RINISERD
097917
20017
NUILT
NDen17
290917
SO T
300017
2IN917
000017
200017

MSPAC, LCNGTH,MD 30017

NonNnLz?
BIVASNE N
222918
a30718
1350189
200018
230018
AT
00313
330018
120913
1090018
aono1e
1309913
30908
303018
123213
LInoLe
200019
230019
ANIN19
IIINLY
YOONL9
030919
2207316
ICOHDLG
02001
320019
Jo0019
330020
130932D
230020
39329
G029
2230020
039720
200920
A09020
20002
1020021
200021
IIND21
20070021
20773z1
230021
TANaRl
MK S
230921
220021



% b e e ok b ok o ook ok B ok b b 3 b o b 0B b ok ok o 3 skl o sk RO shook sk K e MR B Rk K ok

Tk k{EATED PART WlITh SPACERS: AXIAL STEPS FIT CORT
C‘k* Aok kRl Rk b e ok R okl d ok b o ko ook e o v vk ok o e o o e e ot ol e e e Aol s sk e Yt e e e Yo ik e v vl Yie

oy Y

Oy ™y

]

1047

1C48

1349

1250

2

1220

3

4

- 108 -

N=N+1
ML =N=-KK
DO 1048 k=1,4MNK1

Ki=N=K=+?2

X{KI =XI{K1I~-1}
XIKK#L =X {KKI+{DIST{IITII+CIST{III+1) ) %0.5
KO=KK+1
GCTU 1045
CONTINUE

ITINLLEGCNIRETURY
Kl=N1+1
DO 1050 K=KlgN
DC 1050 KS=L1,NSTOT
NP=NPININS)
DG 10570 M=1,NP
YY{KsNSa¥)=1,
RETURN

CCATINUE
ZETAL=2a/(1a +XHAXNL
JSPAC=MSPAC+IT~1

A¥MA=8,./ADcl2+0.5
AM= AMM

BrEM=MM

NDLEZ=8. /24
X2=NJIE2*LCETC

{(NCTE THEAT 3/NDE2 ALST PE AN INTEGCZR T FIT CORk.

NPSEC=D

K=0

M1I=NPSEC+]

MZ=ML+MM4+3

A3=M324]

JSPALQO=JSsPAC+]

AXXX1=1,EC7
XXXL1=1.ED7

KLK=D

00 16 ISPAC=I11,J4SPACO
DELO=HH

IFUISPACLEJSPACIAXXI=DIST{ISFACI=-wWSP*).5-0CTC

TFIXXXLLELHHIDISTC==1.LC7
I1SPAC=1ISPAC-IT+1
TF{-DISTC0.LEDELLWHD e SCS5)T1ISPAC=NSPALS]

IF{-DISTOOTOELL WD o555 JAND. ISPAC.EQ.JSPAC+1)GOTD 103D

DO 3 N5=1,NS5TQOT

NP=NPININS]

D0 3 NN=1,NP

IINS NN =CONSTHERPSTSCIMS AN, T LSPAC) %2
YYMUL NS NNI =1 #3752 Z0TATRILINS B N)

YYM{Z2 NS NNI= {1+ B8NS MNIFC 02 {1a+22TAL) IR {XHMAXMU— Lo 13 2. =X 1AXN] =
HLLe #0 SHBINS MMNIF I e+ CFSLAUH{ Lo =CHSLN S /{2 = XMAXNUI Y )
YYMIBgNSoNNI=Lo#Da3% R {INS AR {2 8CHSINY+{Lo~CHSLNUN/ (3 =X1AXKHJ Y )

AALNS o MA)=Lo ¢ CHSLNUSE(RS 4NN

SLOPEUNS sNN) sCHSLNURP{INMNS (AN ACL125/1C5TC
TFUISPACGERJSPACHLIGUTC 4
IFLISPACCEQeIT oANLDs FFRCLXXXL1HGITH 11
K=K+l

L=K+1

ITF{K.NENPSEC+LICCTT 1C

[IFI-DISTOGT.O LLWx0.9S3)GCTC 121

00322
00NN 22
200072
0022
330022
2230022
oann22
G2
I30022
onn22
3000273
303223
000223
nana23
QL0233
ann 323
300023
2300323
230023
IR ES TV RIS
WGNA2 G
NN 24
200024
JIN024
Jo0I24%
200074
N 24
A0CN24
000024
220024
DO0025
000025
00025
330025
222025
330028
20025
330125
230025
200025
NCEIN2a
120026
220N248
D026
220026
DCYI286
0026
2200 2¢
ARAROER JEN
00026
YO AN27
230027
00027
329027
Co0u25
230927
330027
2700027
020027
230027
Coda2s
1200 ra
220029
SNNn2E
:‘ MW)?E’
YONN2E



C=xxxCFFECT CF THE LAST
CALCHLATICN HAS BCEN STARTED (ALDJED AT

C

19

ua

LeCl

1303

10GC4

1005

L1CC6

1ce7?

1o

c8

1013

oy O

Lula

OO0

C
C
C

L5

- 109 -

XLO=X11)

DELD=DEITIW+DISTU+XLD
DISTO==-1.CNDT

XLL=DELL~-8.*CETC

X00=X10

DO 10C0 Ki=1l,MM

XOC=X004X2

Kiz=KI
IFIX00.0E-.DELO*09G993)CLTLC 1203
CLNTIMUE

MMl=MM+]

MM2=MM+3

D0 1901 KI=MML,MM2
X00=XD34CETC

KI2=KI
IF{XO0.CELDELORT,.399)CCTC 1003
CONTINYUE

ARITEL&,1002

FORMAT{1H1+5Xs PERRIR IN 2XSEC
STOP

L=Ki2+1

J=4

X{L¥=DELD

ODC 1203 KIl=1.KIZ
R=KIZ2+1-KI1
[FIKI1=-#MILOCA, 1004, 10CE
X{K =X {K+1)=-X2

D3 1305 NS=1,NSTCTY
NP=NPIN{NS)

20 1005 AAN=1,NP

(LELYY )

SPACER PRECELIIMG THE PCINT AT WHICH THEC

GAj ook K Rk

YY{K NS eNNI=2PALRNS g NN~ DX I#X 2% 0 3=XL LI RSLOPEINS 4 N

GGTO 1l
X{K)=X{K+1)-CETC

J=J-1

DO ICC7 NS=1.NSTOT
NP=NPIN(NS)

DC 1CCT7 AN=L14NP
YY(va\Svf\l\):YY:"’(J"\Egvf\f\)
CCNTINUE

X{1)=X1C

Dt 1013 KIl=1,KI2
L=KIl+l

K=L-1

NPSEC=K

IFOX{L) sCToXXX1IGCTD 1CLE
IF{X{L).CT.UDDICCTO 1C14
CONTINJE

GOTG 1¢82C

THE EMD CF THE #XIAL PURTICN H
X{L)=0bl

N=KTl

RETURN

THE GEGIANING OF THEC INFLUEMCE
BEEN OVERTAKERN

XALI=XXX1

DELD=XXX1

GGYO 1220

AS 3ec

RESTZH

wxHERAXTAL STEPS WHERE NGO LCFFECT CF SPACERS

CVERTAKEN

130323
JO0O02F
d0002¢
230023
03028
J000226
030028
0373029
J03002%
N00)H2S
130029
an002%
NOo0n2Zy
300029
330030
A00N370
0009037
230037
SR IVETY
D009035
000030
70038
AISEA R =18
03003¢C
00031
2300731
320331
1000731
103031
NO0G31
200031
000031
00031
209031
2023032
200032
290032
3239532
DNnoaz
Jo0n32
INN032
3210032
JJU032
a00N32
200033
203933
DO003s
230033
0017033
00033
100033
220033
030033
100933
I0 3034
330034
200034
200034

JF Thi SUCCEEDNING SPACER HASOON034

=N

NU 1S PRESFE!NT ek ok sk

33003
N0N034
00034
N233%4
223034
100035
2300035



1310 CCONTINJE

C
~
L"\

loNe

c

CaAXKR2PART ENDS BEFDKRE

3

10
11

ok HAXTAL STEPS

77

59

60

¢l

OX=XXX1-DELD
SEC=0X/X1+l.
NSEC=SECL
SEC=NSEC
=DX/SEC
[F{ABS{OX)aLE-1.E-CSINSEC
M1=NSEC+NPSECH+]
42=M1+MM+3
A3=M2+ 1

KLK=9
XXX1Ll=1.EDQ7

- 110 -

0

[IFIISPACLTJSPACYXXXTLI=LISTLISPACH+L)-WSP*3,5-DETC

IFINSEC.EJLD)IGOTO 1D
CONTINUE

DO 8 NS=1,NSTUT
NP=NPIN{NS)}

D0 8 MA=1,NP
YYTK NS AN)=1.

XL =X{K)+H

GCTD 4
IF{K=M117:11413
CCNTINUEL

IFIISPAC.EQ.II
XXX2=X{K])=XXX1
XXX240 IF DETC > DISTANCE
OF THE PART

XXX 2=DETC~XXX2
XIK+1 =X {K)} +XXX3

K=K=-1

Ml=Ml~-1

M2=M2~1

M3=M3-1

CA'\‘JO‘.

IF{XXX3.,LE.1.E-C3160T0 1C1

K=K+1

Ml=Ml+1]

M2=M2+1

43=M3+1

XXX3=0.

D0 12 NS=1.NSTCY
NP=NPIN(NS)

DC 12 ANAN=1,NP

[DIST{ISPACI~wSP/2-CETZ) - (DISTUISPAC)—W5P/2+3%DTC)
Fr.(E

SXXX1IK=1

BETwWoEN ThE

FIRST SPACER

ez

Ay THE IMLET

YYIKeNS ANI=1. 40 25%E (PSS ANIRIL#XXX2/D0TCY=ZETAL

CCNTINUE

DO 60 J=1,3

K=K+1

L=K+1l
X{L)=X{K)+DETC +XXX3
IFIXTL) o GTX(K}ICDTT 77
K=K-1

XXXB3=XXX2+DETC

GCTC 690

XXX3=0.

DG 59 NS=1,MNSTCTY
NE=NPINIAS)

DU 59 NA=1,NP
YY{KyNSsNNI=YYV{J,NSyRN)
[F{X{L ) .CT.CODICOTN ¢1
CONTINUE

Li=L

GOTC 4

CCNTINUE

(DISTUISPAL)I=-LSP/2+3%0ETC )

IS REACHE D ok oskoonx

Q00035
J00035
INI035
930038
30035
200035
30035
305335
0Con36
200034
200036
2073034
00336
327035
¢o0n3le
OO0 )34
200036
a20036
700037
130937
DCN037T
3702337
D3D03T
20037
130237
0037
fINN37
J20037
220938
30300728
330038
2003313
200033
D0J033
200038
20933
27093¢
220039
0233329
0200393
330039
239039
030039
200339
D300z
023031379
2090353
N038
SRR ToTAY
RIVICA L]
NDONLD
J023N43
23097040
0DN04T
T004(
AL TIVES
000047
020040
230041
030041
V30741
nN3I3241
03041
230041
G0 041
2701341



X{Li=0LC

N=K
RETURN
C
13 ITF{KEC¥3)IGCT 15
C

CexxkxAXTAL STEPS WHERE INFLUEMNCE OF SPACCRS IS

X{LI=X{K}+X2
DO 14 NS=L,NSTCT
NP=NPIN(NS)
DO 14 MN=1,NP

14 YYIKsNS o NNP=AAINS, NN = {X (K]}
ITF{X{L) s CToXXX11 AND. KLK,
GUIC 4

15 CCNTINUE

SPA

e K

END OF INFLUENCE OF THEL
IFIKLK e NEL O IM2=KLK
TFIKLKNELD) XIKLK+L)=XxXXI11
K=M2
NPSEC=M2
HH=DISTU{ISPAC)+LELLH
TFIKLKeANELQJHH=XXX11
DELGO=HH

16 CONTINUE

C

C ALL SPACERS kRAVE

1030 HR=DELO

[FIRH. 3T DDDIGCTO 21

Cxexxkx=ND OF SMOOTH R ROUGEH P2RT

DX=CD0-FH

SEC=DX/X1+l.

NSEL=SEC

SEC=NSEC

H=0X/SEC

Ki=K+l1

N=K+NSEC

DC 20 K=Kl.N

{=K+1

X{LI=X{K}+H

DC 19 NS=1,NSTOT

NP=KNFIN{NS)

DO 19 NNh=1eNP

YY{KsNSsNN)=1.

CONTINUEL

RETURN

19
20

c
Cx¥wkxEND OF SMLOTH
21 CCNTINUE

DX=Ca0-X{LL}
SEC=DX/X2+1.
NSEC=SEC
SEC=NSEC
H=0X/SEC
N={LL+NSEC~-1
DO 25 K=tL,N
L=K+1
X{L)=X{K}+H
DC 24 NS=1,.NSTLT
{P=NPININS]
DO 24 NA=1,MP

OF ROUCE PERT

CONTINUE
RETURN
END

- 11t -

DECRLASTHG ok sk desorte e

#X2% Lo 5= X{LL) ) RSLCPECNS MM
Ew «CIKLK=K
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CER,

BEEN CCMNSICERED.

MOT YOT READHE Oxtsdesk o okl 3 sg ok f 2R i o

CVIRTARZMN: CORRCCTION T9 FIT

YY{KsNSeNNI=AALNS JNNJ= (X IR} +H=CoS-X{LL ) IXSLOPE(NS, NI

303041
M4
042
IN0047
CO042
1000 %7
220042
a0 %2
YITGVAT
220042
300042
309242
2200453
ID0N%SC
300473
020042
RIS RRES R
AN0047
00043
D047
20043
200943
I0NN44
2U0NEG
NI0LL4L
30044
IINN4L4
10044
YN )44
NOONG4
Q00N G4
SO %4
700045
AD0N4S
2034045
RICXGRS T
TONN4ED
INNN %5
D045
NONNG S
230745
IN0D4EH
JODJ46
230046
N003%4
DN 46

r\"\)‘r):)"-’i'(/.)

EXD POINTID OO +H

220046
230046
INN046
NO0J46
(oNN47
23007
000047
N0 T
200047
302047
AN 7
INON4LT
RISTCRA L
200V 7
YOIONEH
RISTRED T4t
BRIV BTN
300U043



Y Y Oy

[ Ty

&y

oo,

OO eO

[ RRES]

o RN el

- 112 -

000044

BERRSIA R/

I0043

SUBROUTINE ZALAK SNSTOT T, INDSPsASI L o LENGTH PR L, PR24PBT, FROLITOD00D43
e ITCORRITCM, DPAV s ITERNITGL e *s w325 T1SPACH D00G048
e i o 2 i i e e e e e ot e e o i e e s s e e e . L ) b < <o o i D e D o S . S S i S e e S i . . o D Y0 V148
SUBROUTIAL BALA EVALUATES NUTLET 4ASS FLOW RATES AND TEYPEIRATIRES DJD00D43
30048

REAL LAMMI M2 MAVLLERCTE  MAVCF ¢ MAV L MAV 2 KAPPA INN4E
OO0 45

DIAENSICN WOFL{42) o0PI{ac)sA(A2)43E(42) 330048
i TA{42), RHCAV {42 RHCLLA2) s XM I 4 2) s T1TI2[42) 330349
D00 249

COMMON/ZCECO/ACHIB I /FEAe/MPINT4Z ) MIRLD{L42,3V/GRID/ICSPAC L4241} D049
1 FCORR/SIGMALAD) «PRI(G2) SBNVIS/LAMIND/I2TIP {42, 3) 3D 349
2 FIJL/NERTAZ2 ) o NIS{L4Z 3/ CENL/LAMIUG 2}/ CERZJAZLA2Y/GEN3 /41 042) 000049
3 JCENG FTEMPLA2Y/CENS/DEZ (42 /LAMINA/FLATIPIA2),FLOTIP( 42} 304D
4 FINCI/NTYPRPLL2/MORL/MZU42Y7A03270AVI42 /40887021 42) BIERARS FA
5 FMCRG/WCFU42Y/MODS/TAVLA2) /43367 4AV (42)/MOB8247WT 15245 ) TA0D4D
4 FM0R26/RUAS(42 1 /TURTZCTURELA2 23 ) ZHB3/TEMP2{42) /HEAS/ITI42) JU0249
7 JEPARL/JUEV/NPARZ/CLINNM yJLIEV/CPARI/PIRLIBI/GRIDOG/EPS{4244) 200047
8 FGRIDT/OCEPUL42,4)/CORNDL/CCOND 42 3Y/ MART2/NNSSY ¢ 17ISS2 2300749
9 JGRAV/IGRAV/GAACL/FCCPWIL 2) 0000550
COMMONZONEDP/TENE/MIXSTI/ZCY/MIXS2/Z0Y/SECTH/EK/SRID2/YY{LYD442, 31 23035)
o % ace 5o Bev 6T o6 ceenEe 06 86 BB G0 BEE 606 60 veeocses voeoesocace sveeos L JJUDN
APPROXINMATLE NMLTHFCD FCR TRE LAMINMNAR TALCULATICNS JCNO50
200050

KK=K JLQ0D50
CLy=CY QJT05)
{ENFR=1 00350
D3 1301 NS=1,8S57CT BMBNEY
NF=NEINI{ANS) JID050
DO 1200 JAJ=1,NP TO0051
[FLI2TEPINS s JI3J1eC0alC «CRe NTYPINS) 2.1 )36CT2 113239 200051
[ENFR=2 s00051
LGCO CONTINUE 2000051
1001 CONTINUE 220051
ITFINNSSLINEeD oANLCe RNSSZoNEe AIJe IONFRLEWe2)CALL EANFRCD 00051
3IDN051

A0 400 NS=L.NSTCT Do 51
RHCLINS J=RHND{PRITEMP {ANS}H) AN D51
NP=NPININS) 134951
200087

TEE FLCw ARZAS ANEC THE EGUIVALENT DIAAZTERS ARLC BASED O THE TIP 30152
SIAMETER OF TEE RODS IN THL CASE OF LAMINAR CALCULATIUNS 30N 352
TITIPINSI=D FOR TURSBULENT FLCWh: TLITIP{NS)=1 FOR LAMINAR FLOW Y352
2009572

IL1TIPInNS)=D PRIVEEY
AINSI=2Z(NSYRFLATIPINS) INAHE
JEANSI=CEZ{NSI®*FLOTIF{AS) 100352
DO 296 JJd=1.NP D 3352
399 ITLTIPINSI=ILTIPINSI+I2TIPINS JdJ} YO0 52
Ga0057

DO 400 M¥M=1,3 22005z
WT{NSsM}=0, SIS LT
400 CONTINUE 232057
XX=1./58L665. 100057
P s R I T
ITERATICON CH THT RELAXATICN FACTAR (L2OP ITFRREL)D RISRARS RN
{'}\JO.’)S.‘

NG G99 [TFREL=1,63 00052
IVIA=1 TN 053
® B ® B DO B GO O O B L TP O G VL6 ¢S 0 G BB H O OB DD S SR O VE OO OV OGS O PO P LG R OB B GBS D BB 6D ):};':)54
CALCULATICH CF THE PRESSLRE LCSSES (LggP ITGLY 10754
173054

00 15 17GL=1,70 D02054



Coexsok 2 EYALUAT ICN CF CRCSS-FLLw
CALL CRFLICITGLCPAV o TPELSASECeNSTIT e Al CPyWCF,WCFL, EPLY 330054

[

1

froms
]
-]
od

J0 1 NE=1.MSTOT
M2ZINSI =M IINS}=H*WCFINS)

MAYIHS )= (M2 INS)EMITINS ) 1*C

TALHSI=TEMPINS])
CONTINUE

IFLITGL.CGT1  oAND. IVIS.
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SCLL TIONS ok ook sk Sokaok s ook ¥ ok sk ok 4Ox 3o 2okok - ) D054

020 154
IDD054
5 IIN054
N30054
0207355
FL-1IGCT2 7 200055

Ay o
& % @ BV BB B HG LG 6T OB BB VO §E CE BB OC B O BH &Y SO 6 G 6 O &V E DS BE OO0 B 2O L EES L CHD & E O :))‘)‘}55

CALCYLATICN CF TRE AVERACE CAS TIZAPCRATIRES {LOCP TTERW) N3055

JIND5E
XPREC=1.E=04 101055
D0 7 ITERM=1,20 203055
DT 3 NS=1,N5TCT 3073055
NP=NPIN{NS} D30158
YYNS=0, SR ISDEY
DO 1302 JJJd=1,NP J37005¢
YYNS=Y YNSHEYYIK NSy JJJ) 20035¢
YYNS=YYNS/FLCATIND =1, 33ICO5E
THEX=0. 300 315¢
CCNFE=D . NI IBE
NI=NERINS) 23005¢
MTYPMNS=NTYP{NS) 320056
ACHLI=ACFINTYPNS) I03056
MAVI=MAVYINS)*ACHL/AZIMNS) 10054
00 2 M=1,NI 3000556
J=NIS{NS 1) 00057
NAP=NPIN(J} 030387
YYJ=0. 320057
DG 1703 JJJ=14NP 320957
YYJ=YYJd+ YYIKJdsJdJJ} 150087
YYJ=YYS/FLCAT{NP) -1 JoL057
YYNSI= LY YNS+YY JIHCOYXC 4], 20057
NTYPJd=NTYPL ) QODI57T
ACHZ2=ACH(NTYP.J) annosy
MAVZ2=MAV{J)=ACH2/AT1J) 200057

IF{TA{NS)eLEeDe oDRe TAINS)LGT L3200, 0ORs TAWJILE.D. «1Re TACJ) 03030353

%, GT.330C.1G070 302

200953

WTINS s MI=THME(PAT yMAVL S NAV2 s TAIRNS) y TALIY s LAVINS )y LAMUJ) s ACHL, AT HZ, D30 153

FCTURB{MS M) )XY YNS 2301358
TFLILTIPINSY o NEoQ e2Rs [ITIFTU)NESI)InTINS,MI=0, 0007358
TANSI=(TAMNS)I=MAVLI+TATJIFMAVZ )/ (HAY I +MAY 2) 2070758
CONFOE=CONHE-(TA(NS)=TALI P I=CCONCOIS ¢ 43R LKAPPA(PAT, TA(NS) ) +KAPPA I0DD5 3

#(PRT, TALJ) )} 130358

2 THEX=THEX={TA(RSI=-TA(JIII AV TINS, ¥} *CP (23T, TANSS) 230353
IFLITGLLGTLLIGATC 101 220058
CFHEX=C. 3077359
GOTL 192 300357

1CL CONTIMNUE 3307159
D0 303 LS=1,NSTCT (359
IF{M2{LSVILELD.)G0TT 202 000057
303 CONTINJE 0270359
CALL TMCF(MSNITACS,MAYCFaMAVL)Y 230353
TANSCF={TA{NSI*NAVL+TACF*MAVCF )/ {4AV L #MAVCF) 000057
CPHEX=wCFINS = {TAINS)-TACFI*CP{P3T, TANSCF} 0059
102 XXMAV=WMAV(NS) 353059
XXM2=M2 {\S) 002067
IF({IENESEQa2 ) XXMAV=SATLIS) I2aN60
IF{IENZSED2IXXM2=XXMAY 200960
TEAP2(NSI=TEMP NS +H/ IXANMAVRCP(PAT, TAUUS) V) 2 {LQT (oS E=QDEVHILT IM*= 1230059

HPERLINTYFNS ) *AZINS)/ACHI#{LSEVI/LENSTHHTREX+CRHEX+CNMNHE) 1309736
PHI(NS )= {THEX+CFHEX+CONEL IRR/ 22 (NS) GI9069
TAVINS = {XXM2=TONMOU2INS)+NMTUNSIHTCAPF {NS 1) =05/ XXHMAV 330000

3 CONTINJE 303360
IF(ITGLLES.LIGLTD S AN
TF{ITERM ST LN XPREC=1.E-03 D0060
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11

192

194
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ITFLITERMGT .15 XPREC=1.E-C2
D0 4 NS=1,.MNSTOT
[FLABSTTAY (NSI/TALMNSI-1.1GTXPRICYSOTL 5
CONTINUE
GCIO 9
CONTINUE
D3 6 NS=1,NSTOTY
TAINSI=TAVINS)
CONTINUE

® @ W e B e & B BB H T H O 6 LG BB VE LDV VB EE T LI BHO0 6L BE T OGO BE OO TP S DV SO OO OGO

END OF LOCP [TERM

WRITE (S 2V ITGLsITCORP W ITAVINS) o N3=1,NSTUT]

FORMAT { 5Xet CHANNCL CALCULATION STOPS IM LODP ITERM AT IT5L=

BF 216, /5% P ITCOKR=",I5/5Xx, *TEHMPERATURES=¥/{2EL5. 50 )
RETURN 1

® ® % B9 B O O DB OO LE VSO H 6B EF 8V 66 EP DB 0B O 6L S HD O PO BSOSO E 66 O 6 568G S P EH B B

CALCULATICN GF PRESSURL LCSSES FOR CHANMNELS

CONTIMUE

DU 10 NS=L1,nSTCT
RHOAVINS)I=RHEOIPRET,TAVINS))

AV NS ) =MAV (NS I/ LA TNS)*RECAVINS )

JPAV=0.

SMA=T.

DO 13 NS=1,NSTCT

THMOEX=0,

NI=NER {NS})

NTYPNS=RNTYBINS)

ACHLI=ACFINTYPNS)

D0 11 ¥=1,NI

JENIS{NS M)
TMOEX=TMCEX~={UAVINS) =LAV {J) ) XuT INS M
CONTINUE

TMOEX=FT*TMOEX/A{NS ) *F

IFLITGL.GTLLIGLTC 1272

CFMCEX=C.

GOTO 124

UCFAV=USINS NI,ACHL. 1)
CRMOEX={2.%JAVINS)-UCFAV)I*WCFINSI/ALNST *H
CONTINUE
XMEMIMS)I=LAMINS I*H/ {2 ADEINS) *RECAVINS) ) RFCOPWLINTYPHS)
RE=NMAVINSIXOEA(NS)/(AUNSIFETA(RPOTTAVINSE))

N00I561
339061
2309361
nNooa6l
103061
320061
2230061
230061
IN0D61
a700861
J2a0e2
QOONA2
320062
230062
Goon6?
200262
300062
200062
D062
220062
D0:3063
03963
CI0D63
ACNN62
290063
ADNNA3
330067
INGIE3
JUDNE3
30062
I0D064
0A0064
2300564
100064
A0 IN64
ID00¢64
0DI0N64
230054
D0 364
20064
N0 I68
NJU0LE
0N0NsG:

TFUINDSPEQ« 2IXNEATINS = XNMEMINS Y H{LS2AC{NS, T1ISPACI#DSPOPFR{IPSINS,I1D020DA"

CE(MS s LAMINS Y sb SFPCOP NS, TLSPAC I RESNTYPINS) ) ) /RHA0AVINS)

oy A6 E
SUJUGE

12 DPINS =XXE{—{MAVINS) /A INS ) ) RR2% (XAE HINS )= (RAG(PK 2, TEMP2 LHNS) 1-RHDLIDD0NSE

13

14

301

L5

HNSHI/RHCAVINSYR%Z )+ TMOEX+CF MO IX+ I CRAVERHOAVINS) %2980, 66 5%H)

DPAV=0PAV+DPINSI*MIINS]
SMA=SMA+MI[NS)

CONTINUE

CPAV=D2AV/SHA

@ 39 260 PO OO LD e OGBS 6 BHE TG HBOEH OB S H G EDD 6D &P OLOB B DO PO OB 86 2 6OV O S S

TEST GF CONVERCENCE FLR THLD CHAMNEL PRESSURE LOSSES

DO 14 NS=1,NSTLY
IF{ARS(LP(NS)/OPAV=-1.1.,CT.L.2=-02)50T) 15

IFLARS{CPIMNSI/OPAV=1a)sCTo1al =103 JAHDe [TSLLT%D)50T7T0 15

CONTINUE
IF{IVIALEQ.2)GCTC 17

00 201 MS=Ll,NSTCTY
TF{M2INS )L Cad)G0TO 2C2
CCNTINUE

IVIA=2

CONTINUE

B BH B OE D B OO GO 5B L D OB 6RO HE O SV VDT O CO HO D G HD OO P OO G TEOO O OO TP BEV OSE S B G

END COF LCCP ITGL

03006"
20065
N6
2065
2J3D0A¢
22006E
Q00068
AR IVINICH
20D I6€
O0006¢
J20064
03 IhA
J230040E
I2004AF
NID067
200067
SR RLY
ADD06T
37067
230067
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L 220067
3C2 CUNTINUE JI00AKT
AfT=ITFREL U6
FREL=1.~A1T*C.C1 RIS

999 CCONTINUE CD06E

C B BB G SD Y BEC S D QD DO B EC O S S B B8O G YR E B O EBE BB H GO T OE T OO OE SR U BB @S OLE S EO B S S ,‘)r))/v){)
C END CF LCCP ITFREL IID6F
C 0n0nAs
WRITE( S IOV ITCCRR{CFINS )y NS=L NSTOT) g IMAVINSY ¢ NS=LeNSTOTH s (TAVINSID INGE

¥} s NS=1,NSTOT) goONne

16 FORMATIL// 5S5Xe "CHEANNEL CALCULATICN STIOPS IN LIOUP ITSL AT ITCNRR=F,0I006¢
*]5/5Xs * PRESSURFE LUOSSES, AVERAGE 4ASSCS, AVERAGL TEMPERATURES:®/ INDNeE
*{8E15.514} GOD06T
RETURN 1 00 0AT

C % o®0o e 8O BE0 e sc et en 0 6 esWesT0 O TN 000 eB0 e esweenes sees e soosaenessas JJIEE
L CCNTRIBUTIGNS CF CROSS-FLCHs TURBULENT MIXING ANU DENSITY DINTAT
C TO THE PRESSURE LCRCPS CF THE CEHANNLLS (SIGMA) J000D6¢
C J33006¢
17 CONTIMJE MDC6ET
SBMNS=3. O0006¢

DO 21 NS=L,NSTCT 200067
NTYPNS=NTYP{NS) NDDI6¢€
RUASINMSI=MAV{NSI*SQRTILANINS I #0125 ) /AZ (NS} *ACHLNTY2HNS) DUNN6T
DPAVF=0PAV—{GRAYXRHTAVINSI*0 . CO01*H WA ISRV )
AMNS=SJRTLARS{CPAVF )/ [ XXAXMEMINSEH ) =4 {NS) udd3Te
SIGMAINS)=TMAVINS)-3¥RS)/L2INS) 2007
SBMNS=SEMNS+B8MNS 20377

21 CCNTINUE 0007
RETURN 200970

END D027

C o0307%
C D007
C 300077
C A0007¢C
SUBRNDUTINE CEWA(KINSyIFFE4PRTOVIPEsU4eAACD GG AMLDETOT HL, ALFA, 00077

*1 9 JJJ s HePRL,PR2ySCOPC AN T, T T, COND, TE,SUR, ITYP, [I T HPLUS L, HPLUG2, DC1D7.
ATIESTGMAPHI, #,0,TWI,T1,C) 30097

[ e o e e e e e e 2 o e e e e e e e e e e e e e () )Y ) T
C SUBROUT INE CEWA EVALUATES FRICTINN FACTORS AND APCROXIMATE 230971
C VALUES CF MASS FLOW RATES ANLC TEMSCRATURE F2R O SCENTRAL-TYPE? 3:R=102171
C SUBCHANNELS { CENTRAL AWNRC wALL CHANNELS ). YIONTL
c aneaTl
REAL LAMI KT KAPPANUI neoo7l
CCMMON/GRIDZ2/YY{LND 42,3 )/FEAS/CC A2 3/ CAT/PIS/MART/ITCIORK 800071

1 /CPARL/QDEV/COLANMTI/COCLAMI /S UR22/TH {42, 3) ING071

2 FGRAV/IGRAV/GAGR/LFESI 003371

C 00071
IFUIRH.EQ.LIGOTC 1C80C "I0)3T7L

C 262072
c IN THE CASE OF SMCCTH FCC5 SINGLE VALJES COF THE SUB=SUBCHAMMEL 3209372
C PIN TEMPERATURES ARE NCT COMPUTED 200072
R1=D*C.5 aCUT2
RO=C5%SQRT(L*%2+C0*D} 200372
FACHE=TISI{R1;RO,IRH) DUONT72
R1IDRO=R1/R0 00077
YDH={RD-R1}/RH a302372

C oeINT2
1000 CONTINUE 210972
QROD=CQ (NS, JJJ F*QDEV IDNNT73
Q=QROD%ALFA/ (2.#PIG) k1 10073
JA=QRCD /SLR 020373
TI=TIE 303073

C 6 B PGB E DD ODL D OO DO HHE 0P GO NS E 06 05GOS PE0HOEOO VD VS 2OE GO B OB 6 OSB T O GNNT3
C THE ITERATICN PROCECULRE STARTS ASSUAING UNIFCRM MASS-FLOW 00073
C DISTRIBUTION J20N73
C D20073
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DC 10 ITw=1,10

DO 4 [T=1s59
JELTAT={C+#PHI®AI2}/{AVIICPIPR,TT )
TI=TIE+0.5*DELTYAT

IF{ITW.EQal «AND. TaZCel) Twl=TI
CTAI=ETA{PB,TI}

RHOI=RHC{PR, 7L}

REI=AMLI#LCO/ (AA=ETAT)
ETAIW=CT2{PO,Twl]
RHCIW=RHO(PO, TWI)

REIW=(CZTAI*RHO IR}/ {ETATWIRHCI JXRET
IF(ITLEQS.L oAND. ITwW.EQ.L} GOTC 39

® B BB WS e VOB DB L 6V S PSSOV EE T E R EB O S OLE RO D PE DI OB BAE PE DB OO LD DY O BOBE @B S

200373
D073
A3N074
SO00074
300374
033274
DCIDT4
INNIT4
DLODTS
20007 %
AGURNEA
230074
JCITH

JONDTS

AFTER 1.S7 ITERATICN FRICTICN FACTORS ARE EVALUATED FROY THE 230078
VALLES CRTAINED IM THE PRECEECING ITERATION ICDDTH
00375

TF{RET e CTeDe «ANDe SLELTLGTCICTTY 729 230075
100D WRITE(A69INSsJIde I+ RET $SL3LT 330075
5G9 FORMATI{//5X ¢ NS=% 315 ¢5Xe PN =93 12,5X, 1=, [3/0X, RE=?,T15.5,5%;,*SQRTODIITE
#{B/LAMI[A}=,E15.5) NG IS A
RETURN 1 N7 A
TCO0 CONTINUE W 076
IF{IRH.EQ.2}IGCTC 1 200376
SUBLI=2.8%ALCGIRET/SCPLIN#5.5-CC 0TS
GGTC 2 I30076

T IFISAOBLILLE.O.IGOTD L0C1L IN00374
HELLSB=RH/DO=REL/SS3LI 130076
HPLUSW=HPLUSR2*REIW/RLCI ADDIT5
GCTO 31 JoneTe

@ 8569 5 % 0ps 66 vn ce 608 e s 6ensesoseees B0s s cEs o eses Boas tosDer v oee owa JJi)V]E
15T ITERATION: FRICTICN FACTORS ARL ZVALUATED LY MEANS JF THE IINATA
EQUATIOCN {[LAMRBDAIARUHCTIALI**2/01) {LAMIBCAXRHO®U=%2/0} T1T. GJanT?
IANTT

30 IFUIRF-EQ.2IGCTE 2 ANNYTY
SARLI=2.5%ALCS{PROV/ZETATIFSERTUICH/DZTOT ) =% 34RHUT 1) +5,.5-506 I0NT?
GGOTO 3 2003777

2 HPLUSB=RE/DUTLTHPROV/LTATISSORT(CO/OCTOT*RECT) 00070
HPLUSW=RH/DETCT*PROV/ETAIW*SQRTIDI/DETOT*RADIN ) 32N TT
JCa277

21 CONTINLUE IR I AT
QAPLLS=JA*RAA/TANVMI = {TE+273 .1 )1%CP (23, T1}) NENnNTY
RHPL=FHPLUS{HPLLS3y TWI s TESCPLUS HPLISA,TI s YOH) D300 T7¢
SQ8LI=2 . 5%ALOG(DD/RHI+ERFL=-GG N7 E

3 LAMI=8./SO3LI*¥2xCCL ANMR A0N0TE
SSS=AA/SCRT{LAAIXF/{2.*PFCI*LL )} 12307 -
SADPGI=SQRT{ARS{SQNP G*=2 ¥ TP ST~ CRAVERHUI *I3D.665 %4} ) 20007x
AM2=55S*SQDPCI+SIGMAxAL 1007
TF{ITLED D AND. ITWLECLLICUTT 52 ISR IS
IFIABS{OPLAMT /LANMTI =1 alFalE=-C4)00TL » NneINTe
PLAMI=D{ AMT 20077¢<
AN3A=AM] YCIDT

50 SLAMI=LAM] a0 ANTS
4 AML=AMZ 200075
® ® S e Oe®O@LEOE SE S 02O EO SH UGS OSBEO SB6Y BOOGOEO DO HE 6O 06 DS VO HO 66 L VS GO Jannyc
END OQF LCCP IT RIS IA RN A
330075

WRITE(E 5 )T s AS Ky ITAy ITCCRR y A LEs ALFALLAMT o PLAM L A3, A2, TITIE, N0DDT"

LTWE+PHI ,SIGMA
5 FCRMAT (L1H1,5X, "CALCULATICN STLPS:

, 107
IT=13 FOR SU3CH.",13,2X, P {CHANNIO0II7C

L NRe * 9 T4:2Xs PAXTAL SECTION NRaFe {35 )P 2% "ITH= T3 I24 22X VITCORR=, 002007
147Ky TAA=? yE1D.D/5X3 P L0= s E15.5/0Xs PALFA=,E15.5/5%LadI=%,L15.50)30)37+
BISY G IPLAMI= s E15.5/05X s PAN L=, 15,5/ 5% P AM2=9,E15.5/5Xs 7 TI=1,015.5/07003(
H5X e *TIE=FE15a0/5Xs " ThI=Y g b 150/ P2HI = yELDe5/5X ¥ SISHA=Y (EL5,.7)03090130

RETURN 1

I3 3L
Q000357
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6 IFIQQUINS JIJ) o LELLC-CeICCTO L2

IFUIRF.cQLICCTO 13

ITERATION TO FIND RCOD

y Y Oy

KI=KAPPA{PB,T1}
PPI=ETAI*CP(PD.TII/KI

FOR THE RLUGH PART

® B eB B BRRE RO DO DD EED SR DS BDE S ED DY OB E LB YED D D s D BB SR SCB O YR DR BE S SBE S B

TE¥PERATURE

CALL RNU{HPLULS we TWILAM Iy RELsPRIZTI oY OHRIDPD: Ve s Lo g RETHYY K, NSy

D JIJhHULLGHPLY
ALFAT=NUIKI/LO*FACKHE
TIW=TI+QA/ALEAL

IFTABSET IR/ Tul~-1lelelcul)

LO Twl=T14

CNO OF LCCP ITw

£y Oy

WRITELG L1 sddd e NS

11 FORMAT(
L2 2Xe INS=? 4 I5,% J%)
RETURM 1

o]

13 TWl=TWINS JdJJ)

12 AMT=AMT 4442
TT=TT+TI%A%2
DBDD=DDCD+SSS
TFUIRHLZC. 1) RETURY

HPLUSL=FPLUSL+HPLLSR*2}
HPLLSZ2=HPLUSZ2+HPLLSw*AA

RETURN
END

OO O

S5X4 PCALCULATICN

STORS:

L-C4)50TC12

[Ty=1) FOR

SUBCH. 7413,

SUBRCUTINE CFLUXL eX2eY1eY29dPLeDP2s ITVIAZXYTSYT])

C___’_“”“________-_-_~___a____ﬁ___“—n—__m—_—‘_____-____—_-_______“w_-_‘

C CFL IS ULSED IN THE CALCULATICN CF THE AVERACE CROSS-FLOW TEMPLEKRA=

C TURES ANC VELCCITILS
C

COMMON/CAMAR/C XX

XYT={XL*YL+X2¥Y2 ) HCXX+xYT

YT=1Y1l+Y2}*CXX+YT
RETURN
ZND

FUNCTICN CPUP,T)

2

X

¥

® B © H B B BB BEOS B OO EOOE RS BO G DB EB OW B DG B T DO OO SV BR VS PDE S ST € CR® VO S CO TS S

l(jj‘:!’

C___“‘.‘___.__-___‘“‘--____-_“g_‘_____--_______‘_-______-___‘--__~__-__

C FUNCTICN CP EVALUATES
C
COMMON/CASDS /T CAS
GCTUU104+20430440),1GAS
1) CONTIMUE
C CASE COF FELTUA CCOLANTY

CP=1.2472
RETURN

]

20 CONTINUE
CASE NF CD2 COCLANT

[ o]

op=p

SRECIFIC

HEAT CF THE CUOOLANT

[CAL/G K]}

NOanAT
TN 87
000080
a0008!
2700387
C30DRBC
10031
Sl i:p!
037391
00031
003091
220081
00VaB1
330081
100281
000081
MV VR 0
330908/7
oCons;
D0 a8:
Y0082
000332
NNNNHE
oCo032
3000872
QLY Z
DISIIOR: N
200083
¢09082
0oy08es
n0o032
nennaz
30003872
030083
200783
3000872
J30 283
530033
D00033
3023083
300084
200084
00284
0034
000784

4 M
D053034

J30084
G0 D08G
200084
ACDI84
230084
200034
3INNRG
200084
D06 I35
330985
oo0085
100085
320185
000285
20020835
30GN185
300145
3230035
30036
3000856
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IT=T 2330086
P=PP/1 . C233 300386
T=1T+272.16 103086
TC=273,1¢ 29086
TE=TO/T 3000RA
IF{P=1.) 1lsls2 003386

1 ECP? = P —~1. 200135
530 19 3 300136

2 ECP = {p =1.)%%1,(5 J0OD3’7
3 CPO= 11843, 51 0—64%T—2 340~ T7*T%T+€,0Q)E=11%T%T*T 00enNeT
CPF = CPCx{1la+1.0890=240CPR(THX*¥3,35}) 009337
CPp=CPF 7073937
T=17 200037
p=pp 30787
RETURN 3009337

C 207087
30 CONTINUE 002087
CpP=0. NNIIR7T
RETURN IN0I988

40 CONTINUE 33CI83
CP=0. 000388
RETURN Q00088
IND T0333

C 200032

G 30Nn83

C 3003033

C 200938
FUNCTICN ETA(?2,T) 200038

(e o e e o e e i e e e S . e e e mm e (T ) ) (R G

C ETA EVALUATES THE DYNANMIC VISCCSITY 0F THE CCOLANT {G/C S) 100087

C 20038
CCHMON/GASD4/TICAS 20083
GCTO{10,22+30,400),1CAS Ho008%

13 CONTINUE 020984

C CASE nF tELTIUM CCCLANTY 220085

C 100N0N8s
ETA=18.R84=00%({T+2723,. 11 /272,161 %%),.450 D0N08sS
RETURN 200085

C ounn a3y

20 CONTINUE 200795

C CTASE CF C0O2 CUCLANT 330035

C NLOOBS
sp=p 100790
TT1=T7 0230797
P=PP/1.C333 200097
T=TT+272.16 230097
TL=273.16 D200 39L
TF=T0O/T 00009
CTAC={1.54E~T*SQRTIT)I)/{1.4(223./T}) 330298
ETAVTSETACH{ 1 at+4TRF=2%(P=1 ) X{TF*%3)}} 13009¢
CETA=ETAF%¥98.063 003097
P=pp 20009
T=TT D091
RETURN anan9l

C D00 N91

300 CUNTINUE 503021
ETA=0. 00091
RETURN ANNG ]

40 CCONTINUE 230031
ETA=0, 2U0091
RETURN 30391
END 030091

C 000091

C Q20ng1

C 2092091

C 2005091
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REAL FUNCTION KAPPA(F,:T) 2339narz

([ o e e e A o o o e i S et (V[V} G D
C KAPPA EVALUATES THE TEIDRNMAL COMNIUCTIVITY CF THLC CCOLANT SIS A
C {CAL/CM S K} 302092
¢ 200092
CCMMCN/GASDS/1GAS 23009z
COTD{10s20,30,40),1CAS 300939;

10 CONTINUE 22009z

C CASE OF FELIUM CCCLANT 20097
L I I A=
KABPPA=3S, 1E-05%{{T+272,1€)/273.15)%%) 0,6 BIARATS Lo
RETURN H0009:
3009

20 CONTINUE 2030067

L CASE CF {C2 CCOLANT 200097
C noaNg:
Pp=pP NaanNg=

TT=T7 330092
P=ppP/1.0333 0009z
T=TT+273.16 23009:
TC=273.1¢ 3000934
TF=T0O/T7 10094
IF{P=1s} 45440 200094

4 LCL = P-1, 339094

GO TO & 2007194

5 ECL = (P —=1l.)*%x]1.25 200094

6 [F{T-TO~-725.) 1+152 200094

1 CA=2.49432E2 A0N0O94
CB=1l.67¢8E5 303334
CC=2.7T3231E7 IGON94

G0 10 3 500N0as

2 CA=4.047€E2 20N N9R
CB=1.5G(4ES 209095
CC=—1.92(06E7 2230095

3 CLAMC={SCRTI{T)I}I/L{CA+ICR/TI+(CC/UT*T} )} 100098
CLAMF=CLAMD R {1 e +2 L4 F—CRECL*{TFE2%2,361}) 203095
KAPPA=({LAMF /360, N0095

P=pPP 2077128

=77 nNCHas
RETURN 230995

C AD0N94
30 CCNTINUE 250094
KAPPA=0. ND0994
RETURN 250094

40 CONTINUE 3330096
KAPPA=0., 00009y
RETURN 000094

END 300096

C 0l 0395
C 2090096
C 00296
C 100094
FUNCTION RHO(P,T) 20330935

([ e s e e o o s o o o o o e e e = e = ) G )G 6
. RHO EVALUATES THE JENSITY CF THE COOLANT {G/7L0M) 13097
C 537307397
CIMMON/CASDC4/ICAS 230097
GOTC{104520030,40),ICAS 000Ny

10 CONTINUE A5I037

C CASE CF FELIUM CCCLANT Q013097
C 200097
TODT=2T72.167{272.16+T7) 3201037
RHO=0.172823E=023%P%XTCLET=( SCAN0ZE~-) TR xXx2QXTLDTR% D2, 2 000397
RETURN 097

c 1273098

20 CONTINUE 000098
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CASE CF (02 COCLANTY 00393

000998
pp=p an0999
TT=7 0098
b=pPp/1.L333 200918
T=1T7+272.16 007398
TU=273.1¢ 0073198
IF{T-51€.% 1y Ll 2 Cannoag
CK=.0134 TNN99
GC TU 5 3300399
{FIT-752.:) 3¢ 4, & DO0nQaQ
CRK=(65C.~T)i%® 1l.E-4 IDN0Ga
G0 1O 5 009339
CK==,01 Dr0Ngg
TF=T3/7 BRESEAR LY
ROF=1GEASHDATERL ] ,+LKAPA (T A%5)) 330099
RHG=ROF*C.001L ANIOaY
T=77 NO039Y
p=pp DONLOG
RETURN $In1an

n31ND
CONTINUE 330100
AHC=D. 30100
RETURN 2301995
CONTINUE 270100
RHC=0. (00100
RETURN NanLal
END T010)

03017

DOTLIOZ

303100

0701 2¢

SUBRCUTINE RECANGUIIpAT NS oK IVIAg IRHZALFAZAMAL g TLoPB+DWeRASDETAT 00101
ke PROVyLATSCOTAATLABT sCo SSSA,S5SS53y AMTI G NTYP H L HyPRLyPR2,,SIDPGJIOD0L VN
e TEwSURSTWL AMAT o TATANELTRIZITT TIE, TIAV,HPLUSBHPL JSH e ANGT ,EMLOD0L 91

%y XC1+XC2y *,)tPA Cs) D70101
—————————————————————————————————————————————————————————————————— INO1NL
SUBRNOUTINE RECANG EVALLATES FRICTIIN FACTO AMD APPRIXIMATE MASS DD01N]
FLCW RATES AND TEMPERATURES FCR WALL-TYPE SLa SUBCHANNELS » 033101
{aortol

REAL LAMIA, LAVIR,KI, KAPFA,NUI,RU) 030101
COMMON/CORRL/SIGMAT(42,2)sPHTIT (42,3 /COLAML/CULAMB/COLAMZ/CCLAMA D301 Ul
1 /fC&R“/CHI(l3.h,c).PSI(1P,L.~)/}<Ia°/YV(1)0.4 s 3} INOLO:
2 FANCL/RAZIGC)I/FEAS /GO (42 3)/JAT/PIJ/nECI/’VERT(QOi,P{ADl903 0D0OLD:
3 /CHQ?ﬁIDQFUIl?Q':)/C:Wf/ﬂ+147)/CHl)9/T“lA 3)/1AQT/ITCQRQ })QLQ:
4 JSUR2L/TSCHA{LE 2 s ISCHBUI3,2)/GPARL/GDEV/UPARZ/QLT IM,QLOEY 000102
5 JaSSCHL/DELTIF{1E,2 430 s CTIEAVILIB: 2}/ WSSCH2/TIN(13:2430) 00102
6 JWSSCH/TLISSCLL1E42)sT2SSCI{L362),T1SSC201LE,2) ,T2SSC2{1L8s2) 0020102
7 JWESCHO/TASSCLL42,2) 5 THSSCLI{4233) 3 TBSSC20+24233 TWSSC2{42,3) Q00107
8 FCRAV/IGRAV/GAGR/CPSI/CAAG2/FCOPA2{13,2) 02010z
010!

1CS=1 2701
IF{IGT . 1ITHI=Th! 0001 0¢
TFLITCORRGENSLIPROVIIIITI sudJ)=FrCY 0JX0LN:
DRUVITITIIJJJ)=PROYV SIREARENN
DEPA=DETCTY 20010:
OROD=QC (NS, JJJ) 330V 013
Q=QRAOD*ALFA/ {2 .*PIG)*F1 200 10:
OA=CRCD/SUR N0z
JLIN=QL INMRHLI®GL 0LV JJ019¢
AMARI=AMAL 230107
0-'..0"‘.0.'00...'..!!l.tlll\.lI.l“‘.o.'.l‘l...‘..‘....I'..l.l..l.“r):)ol():
LOCP ITwl STARTS (CALCULLATICN CF TAC 3L TEMPERATURES OF THE 15310
Twl ZONES DIVIDEC BY TFHE TAU=0 LINE, TAI AND TBI) 030104
)14

DG 200C ITwl=1,10 3201 0¢
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@ BB BWE SR DS BB S E B EE B O e BS T PE S YH LB SE B BT SR EDS B OBED RSB O EE T LR B 'OQOQOQ()O’)}I;‘)%

LOUP ITh STARTS (CALCULATICN CF THE PIN TEMPERATURE TWI) 710104
700104

CO 14 1Ta=1,20 920104
.Oc....olblo..t.n..to..t‘-llocltb‘l."'n'o"l'l*."”.ﬁn".t’b..l‘.’):’g].[jg‘
LOUP ITTEMP STARTS (CALCLLATICN CT THE FRICTION FACTORS AND NF 1301 )4
THE MASS FLIW RATES FCR THC TwC ZONES DIVIGED BY THE TAU=D LINE  00010°
AND OF THE 3ULK TEMPERATURE T1 F2R THE WHCLE SUB=SUSCHAMNEL) 20010°
09019°

N0 7 ITTEMP=1,5C 32010¢
IFLITWL.G6T.1)60TE 1758 03010°
TF( [TCORR oCT ol oA C2INS,JJI).GT. 1.0-06)50T0 25000100
TAI=TI a0010°
TRI=TI 0N01 08
GCTIC 25 00010°
CONTINUE 2001 0¢
TAI=TSCHA(TTL,JJJ) 00010¢
TBI=TSCHR(ITII,JJJ) 37010¢
TI=TIAV D701 2¢
CCNTINUE 07201 0¢
[FUITWaERel «ANC. I.EC.L)TWI=T0I 20019¢
TFLITH.EQel ) TWI=TwI 0I019¢€
CONTINUE 0 I10€
ETAA=ETAIPS, TAT) 22010¢
ETAB=ETA(PR, T3 1) 0)010¢
RHOA=RHC (PR, TAT) 5001 ¢
RAGB=RHC (P, TB 1) 300107
ETAIM=ETA(PS, Twl) 200107
RHOIA=RKEO(PB, Twl) D20107
APLLS=CA/LAAABI#CP (PR, TR 1) A(TE+273,16)) G017
020107

[FIIVIA.ER.2 «CRs ITWl.CT.LICOTC 1 009197
..a..llt.-0.."‘..0’."‘....Qa.....b.’.-QQI..'.'...-’C'l.-.Q.Q.O..D:)O}.C))
CALCULATICN CF ThHE PCSITICON CF THE TAU=D LINC 100107
CI0197

CALL TLINE(TI AT, ITTEMP NS KyALFAy dywWsRHy DEPA G PROVI(III,JJ ), IRH,0200107
HOAT oLB Lo AAT s ABTRFOL,C,TW I TE,GPLUS ETAA,RHOAy ETAB, RHOBLETA Iu, 000103
RHCTWs ANGT yCMLyXCLyXCZHTRI,38520,C5) 120107
2I010F

CONTINYE 530108
PAL=4.*AAI/DAT 030108
RO=0.5*SCRT (D% 24 *LR 1) 570108
YDH=(RI-C.5%0) /RH (39198
IFLITTEMP.EDel AND. TTheZGel JAND. ITAL.ERLLIGUTD 3D NY0108
egg-gin.....'0..0."..!.'.".0‘0....C...‘.....‘..'lt..i‘.l..'.C...)DO}.OIE
AFTER THE FIRST ITERATICN THE FRICTICN FACTCRS ARE EVALUATZD DJ010€
3Y MEANS OF THE REYHCLDS NUMRERS ANU OF THE FRICTIOCM FACTORS 739105
CCMFUTEC AT THE PRECEECING ITCRATIO' 000109
, 700199

PEAI=AMAL*DAL/ LAALXETARL) 000109
REZI=AMRI*DAI/ (ARI*ETAER) 079109
REIW=UETAS®RHCIW) /{ETALWAREFCRB)*RE] 020109
[F(REATZGTade «ANC. REEILOT 0. oA)e SU3LIAGTO. <AMNI. SABLIB.GT. 020105
*0,)G0T7 700 039195
WRITEL6+69GINSs JJJy 1,80 A1, STELTY,RESTL, SA3LIR, ITCORR,ILS 000109
FORMAT (//5X, TMNS=0,15,5X, t¥=0,12,5%, VI=4,13/5X, *kE A=1,E15.5,5X,"52000109
*RTUB/LAMBOA) A=",E15,5/5X,°R0 B=",E15.5,5X°SART(S/LAMBCA) B=',EL15000110
%,5/5X, 'ITCORR=",15,5%,*1C5=%,12) n00110
RETURN 1 50110
700117

CONT INUE 090112
IFUIRHLER.21GCTD 27 030110
SQBLIR=2.5%ALOGIRIBI/SC3LIR)I+5.5-53 200110
GA=6.0727 090117
GOTO 28 I0011)
APLLSB=RE/DII*REIL /SCELTR 300119
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HPLUSW=HPLUSB*RET W/ 2] 230111
RHPL=RHPLUS{HPLUSS s TWI,TEsCPLUSsrPLUSH T s YOH) 200111
SCEBLIR=Z2.5¥ALCC(ERI/RFJ+REPL-G 00111
GA=5,%56¢ DIG11L
IFINTYP.EQ.3 AND. IVIA.EC.Z2HCCTN 25 030111
SeBLIA=CS*{2,.5%ALOCIRELLI/SCALIAI-5A) #5553 COLAMA 23011t
GUTO 3 J00111
SOBLIA =SMFUNLIRHDALETAACETOT, PRIV, T2, REATSDAI+SU3LTALRO,5A,C5) D001 1L
CS=CSFUN{IRH,REAT s SOBLIALSCBLIR,GA) 200111
GOTC ¢ 333111
cosseseecescecennenscusvcattsneteenaueseen ot snos voosvs senve seesoss U] LZ
FIRST ITFRATICN @ THT FRICTICN FACTORS ARE EVALUATED BY MEANS 3301172
OF TRE EQUATICN {LAMBCALIXRHCI*%2/31) = [LAM3DA=RHO=Y*==2/D) T0OT, sa0L1z2
Uontle

IFILIRH.EQ.21GNTC 2 300112
SQE8LIA=2.5%ALUGIPROV/ETARSS JRT (I3 /UETOT=x3%RHOR} ) +5.5~5 030112
GA=6,CT27 020112
GOTYC 4 220112
HPLUSB=RK/DETOT*PROV/ETARXSOGRTICAI/IDETOT*RHCB) 200112
HPLUSK=RH/DETOT*PRCOV/ETATIw*SQRT(C3I/DETOT*RHCI W] 330112
RHPL=RHPLUS{HPLLSA s TWIsTECPLUS+H4PLUSH+ TBI YIH) 330113
SQ8LIB=2.5*%ALCG(OBI/REI+FFPL-C ¢J0113
GA=2.G6¢ 2001132
IF{NTYPL.EG.3 JAND. IVI2.EQ.2)G0OTD 5 330113
SQBLIA=CSH*{ 2.5%ALCGIPECV/ETAAXSORTIIDALI/DETOT I®*34RHDA) J=-GAI+5 .5 000112
*=CCLAMA 320112
507C 5 0d0113
SQALIA =SMFUNLIRHOAGETAA,CETCT PRIV, I, L, REAT(DAT 4 SUABLEIAWRDGALCS) 330113
gonilz

000112

CONTINUE 0090114
LAMIA=8./SQ8LTA**x2 200114
LAMIB=8./S)8L IF*%2 000114
S5SSA=AAT/SQPT{LAMIAXE/ (2. ¥RHCAXLAT) ) 230114
SSSB=ABI/SQRT{LAMIB*E/ (2 *RHOB*C3I) ) 230114
SGOPGD=SQRTIABS{SGDIGH#2%LPSTI—ICRAVH*RHOA®FBL HEH*H) 000114
*/FCUPK2LIITJ1J)) 220114
SACPGA=SQRT LABS{SQOPG¥*# 24 PSS I~ TCRAV#RHIARS AL 665%H] udolli4
=/FCOPW2(TIT 5 J3J)) 320114
AMBI=SSSBASQDPGR+ABRI*SICNATINS,, JJJ)=CHICTITT »dJdJs L) 230114
AMAI=SSSAXSICPGA+AAT*SICNATINS, JJJ) *CHI{ T +Jdds L) 20011¢
AMTI=AMAT+AMB] 23011"
IR TTCORR &GT el sANDe GQAINSyJJJ}GTaleE-D6 o AND. J3011¢%
*[ThleEQ.11G3TT 43 03011¢
33011¢

DELTAT={Q+QLIN*PAL+ PHITUINS, JJJV¥DSTICITIT 43 L)*{VAT#ABIT})/ 20011c:
#{AMTI*CP(PB,TI)) 23011
TI=TIE¢C S5*DELTAT#DELTIE (I yJJIde ) I7011°
TIOUIID s JJd, 1) =TI+ 54LELTAT DNoL1:
20011¢

CONTINUE 20301 1¢
[IF{ITTEMPLEDLIGOTD 5C Vo011 1e
IF{ABS(AMAT /AMAIL~1.) o LEalaE—=C2 +A%NJ. ABS{AMBIL/AMBI-1.).LE.1.E-0330011¢
%*) G370 9 23311¢
AMATIL=ANAL 0Tl Le
AMBI1=AVRI 330114
AMARI=AMBI/ABI J0011¢
CONTINUE 209117
..QOQQ..CII‘II'....'O.l"..l....'.ll0‘.‘.'..‘..."...‘.......'....31’)0116
END 0OF LCCP ITTEMP: FCINT RLACFES IMN THE CASE OF CONVERSGENCE 00011¢
PROBLEMS 2230117
J2D1Li

HRITE(6+8) T ¢ NSeKe ITa ITCORR 2021 1%
FORMAT( 5Xs PCALCULATICAN STOPS: ITTEMP=10 FOR SUBCHANNEL' +144+2X:000117

EYOF CHANNEL® 3 [442Xs ' {AXIAL SECTION®yI%y ) ITW=",12,5X,*ITCIRR=",[5200L17
x) 03011
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RETURN 1

B @ ° B BB B ®BE B D DR D BB B BB 6B O SN BTG T EDEHE B O HEE DG PR BE DY DB O B BD 9B SE E BBO SR T

CCNVERGENLZE IS REACREL
CONTINLUE
TFUITWL Ede 1) TWl=TWI
FFLCQINS,JJJY e LEelE~LE)COTE
ATI=AAL+ABI
DEI=ATI/{AAL/CALI+ABLI /LRI
IFUIRHLECL.LICEOTC ACO

2002

IN THE LCCP ITTcMP

D W BB EE B O EBD S OB PG BDE O DD B0 6 DD DB ED SO D DL BE DY D PO LS PEO0OR O OOE DT GE DS @D

CALCULATICN CF TrE PIN TEMPERATURE
SECTIONS

IF{ABS{TI%I} . LT.3000. +AND,
MRITE(6 2004 NS JJd s ThC e Tl
5Xy *STC? IN RECANG:
545X, *TWALL="3E15.5)

RETURN 1

CONTINUE
TR{NTYP.EJ.3 .AND.
R2=RO+C.25%DA*%XC2
GOTO 5C1

R2=RAZ2(1)

CCNTINUE
R2MROH=(R2-RO}/RH
R1=D%0.5
RIDR2=R1/R2
FACFE=TIS(RL,R2s IRH)
KI=KAPPA(PB,TI)

ETAI=ETA(PB3,T1)

RHOT=RHC{PB,TI}

CPI=CP(PR,TI)

PRI=ETAI#CPI/KI
REI=AMTI*DEI/{ETAI*AT])
ULDU=AMBIFATI*RHCI/{AVTI#ABRI*RH(A)

h5=1

ITVIRacR.2)0CTH

ABS{THI) oL Te 3300.360T0

CNLY FCR HEATED ROUGHEMED

20205

) 1-51’-))(! 'JJJ:' yIS/S)(f 'Tt‘\i"ﬁ):’ 7515

533

REWO=REIW*ETAIWHRHOIPETWCY/{RECTW>ETALIP I, TwC))

HPLUSO=HPLUSW*REWD/RELR

CALL RNUUHPLUSW TAlo LAMIR,RELPRI,LTI
L YY{KeNS:JJJI)NUIGHFL)

CALL RNUIHPLUSO TWOsLAMIFREI 4PRILTI
1 1«9 NUCsGHPL)

ALFAI=RUI*K I/CEI*FACHE
TIW=TI+CA/ALFAL

ALFAD=NUOXKI/ZEI

TwO=TI+LA/ALFAD
IFUABSITRI/TIW-1.3LF.1.E-CA}IGCTC 15
TWI=TIHW

s YOHsRIDRZ2y R2MROH, JLDU RETW

s YOHsRIDRZ2s R2ZMEDOH,, J1IDUJsREWD,

B e B 6O VOB LSOO 0 OP B OO® TD S L SV BB OO CETOD VS PG O EE BB DO LD BOEE HDE BB OO OB DY O S

SND OF LCCP ITW =
PROBLEMS

WRITE(G6 1501 sdJJeNS

PCINY REACHEL IN TH:

CASE CF CCMNVZRGENCE

B B P OD OO OLEH O D OO EED OB OO GO VD EVDE®OB OO S SO OR GO DO OOBH DO 0D EE DOE OB S S

FORMAT{ 5X+ *CALCULATICN S5T0PS:ITH
*z.’1212x"NS:'1I5y')')

RETURN 1

CCNVERGENCE IS REACFEL IN THE LCCP
CONTINUE

IF(ITW1.CTL1}GUTC 13%¢c

TUL=THI

[F{ITCORR.EQ«LIRETURN

[Tw

2 P 8O PO S PDDDOOP O PG ODE DO OO SO ODH R OEDHOOD O S DH DS B SO PO OO OO & OO0 PBS OB SO

CALCULATION CF TEL BULK TEMPERATURES

THE TAU=0 LINE CNLY FCUR FEATELD RCIGHENED

OF THLD TwWO

ZONES D1IVIOoco BY

SECTIONS AT ITCORK>L

37117
200L 17
300117
3230110
D001 15
2a01L¢
30011
SO0l
A0a1LE
J20011¢
23011¢
03x0L1s
D301 1<
CHy011Ls
20011¢
Ga011¢
0011
Y001 1¢e
37011¢
2001 1<
DO01TLY
230115
000115
(-1011¢
030127
131301 2¢
N1 2r
200120
D001 2(
130127
2230127
00127
D012
2230122
200121
200121
0o012t
200121
0a0121
o021
020121
320121
000121
200121
200122
330122
200122
300122
230122
Q30122
020122
200122
230122

=13 FOR SUE-SU3CH.",13,2X,8{"4000122

330123

30123

000122
220123
30123
00123
130123
330123
320123
030123
noni24
o0n0124
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C N0 24
1999 YLSTAR=AMBI /{RHORFAR ] IASCRTILAMII®DN 125} 200124
FE=QA/IRFCIXCPI#ULSTAR ) 1001 2%
ROCR2=RO/IR2 noN1l24

CALL DOCANE(TE D e TIsOHFLROCNZ2 ¢ RITDRZ YO e ROMRIHsFFsTALL TIR,TE) 130124
IF(ARSI{TRI/TID-1.)LELL1.E~-C4}ICCTD 202 J201L 24

2000 T8I=T13 3300124
(.: 8."'.‘9.’......0».0:-.i‘!”""....CQOGCO‘tS"D'i'OOOOQOCQ'.l.'.l’)?rv]_24
C END OF LCCP ITwle POINT RERACFECL I8 THZ CASE CF COMNVERGENCE 300125
C JROBLEMS 230125
£ 230125
WRITE(E 420011 eNSeJJJd s TTCORR T2 e TAT o TI s TWI TWO 00125

2001 FCORMATI/5X.*STOP IN ReCAMG {LCCP ITAL) =8, 137 NS=9,15,% 4=%,12, 200125
L # [TCORR=®",IB/OX4PTRI=? 015,538 Xs " TALI=T FE15.5:8X:,"TI=9,E15:.5:+D5Xs000125

2 fTUWI=% sL15.5¢5%Xs ¥ TWl=0,£15.51} 30123
RETURN 1 a00123

[; O‘il..a..s'l.l‘—lllob"-t!lo:aa.l‘l.t.-‘00".......‘!t..’.‘o.'0.0..03":’].2;’
C CCNVERGENCE IS ROACHEL IN TRE LCIP ITH1 300125
L codt12ce
600 TWl=TH{NSJJJ) 3302126

C Dol 2e
2002 CONTINUE 230126
TBSSC2(NS ,4dJJ)=TI 230126
TISSCZ2{1I1,44d1)=T01 700124
T2SSC2({T1l+Jdddi=TAI 320126
TSSC2( NS JJJ)=ThI I33126
IF{IGCT.LIRETURN 201 2¢

C 030128
TBSSCLIT NSeJJJi=TI1 03127
TISSCI{III,Jd441=TD1 330127
T2SSCL{IIT,4404)=TA] 190127
TWSSCLU NSeJJJI=THI nDooL27
RETURN 300127

ZND IN1L27

C D012t
C 200127
£ 20127
C 200127
SUBRMNUTINE RECCALIKsNSyNgNSC45, TRH4, PRIV ,PB, BHe 1. ALFA A DE,MEC, D001 21

AT DET o ATCT o DETLT o MFLL e 3D Cs JJJs NSTReHe PRIGZPR2s SIS, T, SUR 220121

AAMT g CODL s ATSCHLCTUB3sEVM T * ALFACE) 00127

(] e o e e e e e o o o T e e e o e e )} ] DG
C SUBRUUTINE RECCAL CALCLLATES FRICTION FACTORS  AND APPROXIHATE M0t 28
C UTLET VYASS FLOW RATES AND TEMPERATURES FOR WALL CHAMMELS AND SJUBC0UOOL2¢
C 30012~
REAL MEC MFLCWsLAMBsLANSCE e LAMW s YSCHI  KAPPALLAMUAM,, MSCH, 330128

1 MWCLIL . MRC2L o001 2¢
DIMENSICN A{45)3,LE(45)NEC(45) A3012:
CUOAMON/ WACOYL/XMSCHIT 1842 Vo XMSCRAL L3, 2Y/DAT/PIG/CENL/GU45) 2a712¢

C /RECL/ PVERT{SC}PRALC{IV)I/RECZ2/E(SOI/RECS/PL 3D) 00Nt 2¢

1 /SLRL/ZASCHIA42,3)/SUR2/7TSCHIA2 3, MSCHI42,3)/SURSZ/Z7ADABTLZ,2),03012¢

2 DETRILB8,2)/5U84/LAVP {1842} /5UB5/LAMSCH{42, 3} Ga0L2¢

3 /SUBB/MSCHL{42,21/S50L8223/FPLUS2{42,:3)shPLUSKITG2,3) o012

4 s APLUS(42,:3) ,PRE (4Z243) Y0423/ EEAS/NOGIAG2,2 Y/ INPAR/IPA D01 27

5 JSUB22/TWIl42 ¢33/ wCSE1/CERCILIB42¢2) sPHWC{18¢2,2) 2001 2¢

& JLAMINO/ZIZ2TIPI42,3 ) /LANMINL/AKAPPALLZ2) /JLAMINZ/FATIP{3]), AR AR

7 FCTIP{3J/LAMINZ/FLIATIPUA42)¢F1OTIP{42)/LANMING/F2ATI?P{42,:3), 230127

8 F2DTIP(4 2,3} /LAMINE/RTIPOTIY/LAAING/ANGLAM/LAMINT/FLPTIP 0001 2¢

9 FwSSCHL/DELTIF{1E,42,SC)sDTIEAVILB 321/ WSSCH2/TIS{1IR2,90) 200127
COMMONZLAMINK/ BKAPPA(T 43 )/QPAR I/ IIEV/IPARZ/IJLINM g JQLOEV/HEAL DS N0 2¢
QSCHIAZ2 3}/ WALLCU/ SFCCI(L1Es2) o WFCI{1B:2)/HALLKA/AKAYC(2) 0o012¢
/WCSC2/LAMWC (18,2423 /WCSE4/CTURB2ILIBs 2/ WUSES/ASCHAC T LBy 22020001 2¢€
/WCSES/TSCWC LI LES 242/ WCSEI/TAVAC (L3424 2)/GEN2/ACHALSG 2) 0301 3¢

FCORRI/STCMATI4Z,3)oPHIT{42:3)/CORR2/CHI(LB,242),PSI113,2,2)00013L
JaSSCH/TISSCLOLIE,2),T725S5C 101342 ,T155C2{18,2),T2558C2({18,2) OHUL3.
FWSSCHO/TESSCL 42,2 ) s TwSSCL4243) s T355C20%252),TWSSC2{42,43) 000130

O U B G PN e
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7 JLAMINS/I3TIP{AZ 2 ) /SEROUC/TLINIZR IR 21 /MART/ITCORR J00131
3 FORAV/IGRAV/GAGR/LCPSI/GAACL/FCORPW LI}/ GAAG2/FCOPHZ{1 3.2} 2730131
IF{Jid.CT=11GCTC 2¢¢c8 0013
FIATIPINSI=3. J3013¢
FLPTIP=C, 090137
2568 COMNTINLE 330130
IIT=NS=NSTR 330131
IF(ITCORREGL «ANCs KeuQaol) FCOPHA2(LITJJJI=FCOPWLI2) 200131
DYIEAVIIIT«JJJ)=0. 330131
I2TIPINS,JJJI=13TIP(NRSsJJ I} 330131
IF{ [2TIFINS,sJJJ}.CQ1LIG0OTO 2999 33013}

© 5 85695 60009005 c0 006 ee e esE0s0sece oAb s vessce BABEDBee B cs0 s ses e sss L]
@ o 650556 a08s 0pesss0 s cadNE T ea D00 s BOUe eV OUGase e0s cesosacsesvaesess lJUL3]
I37TIP#1: THE TURBULENT CALCULATICN MULST BE PERFUORMED H33131
300131

THTAY=D. 000131
CS=1e. 270132
AMAL=MSCFL{NS,JJJ}/AT Jo013:
TETA=ALFA nD01L 3z
ANGT=0. - 200132
AMT=0. J0013:%
AMA=0, (30137
TT=0. 000132
TTA=D, 030132
COCLA=3. 00013z
ATA=0, 270132
DOCDB=C., 0301312
SRAMIE=C. 03013z
SRAMIA=C., 00013z
APLUSBINS,JJJ=C. 320132
HPLUSWINSJJJ) =0, 230132
TI=TSCwCI{IITsJJJs 1) DJ013°7
SIGMAZ2=SIGYAT{NS, J1J)»CHI(TITITJd1,2) 200132
PHIZ=PHITINS s JJJI*2ST(TIT,044,42) 0132
ASCHHC LTI JJds 1= J30133
Ivia=1 0301332
EMAX=EM] 330134
XLl=0. 000134
XC2=1. 030134
IFUITCORRCED«LIDERCIIT L ouuddeLi=CETOT ID0134
.’.".O-.O‘..l..'.'0‘.'C‘....IO...'.Q.-.'O..‘..........O..‘.’.Q...330134
CALCULATICN OF THE YRWALL-TYPE SUB~SUBCHAINNELS {I= SJB~SUBCHAMNNEL 200134
INDEX] 200134
330134

D0 2 I=14N 330134
Al=1 330134
370135

I CONTINUE 020135
ANGT=ANGT+TLTA 239135

CALL FECANGLI AT NS Ky IVIASIRHe TETAZAMAL TIP3y WsRHs JETOT .PRCY s 230135
*OAT sCBIsAAL g ART s3G5 eSSSASSS2e AMT 25,0 ¢y HePRLPRZySQADPGe JId s TE, SURL,J00135

ATWIAMAL GTAT GAMBL o T3 13 T 1sTSCaCI{IIT+dJ s TAVRC{TIIIS JJdsl), 333135
HHPLUST o HPLUS2 3 ANGT o EVM L 4 XCLleXC2 87774 DENCITITIIoIJds1)+CS) JG0135
TREELT) «GEEMAX AND. IVIALES.1)GITS 5 230135

230135

TWIAV=TWIAV+TIWwI*TETA C30135

ART=AMT+AMTI 900136

AM A=AV A+ AMAT Jn0136

RAMIA=ANMTIRAAT/{AAT+ALT) D001 35

RAMIB=AMTI*ABI/{AAT+AFT) 133136

TT=TT+AMTI*T] 220136

TTA=TTA+RAMIAXTAL 2301346

SRAMIA=SRAMIA+RAMIA 200136

SRAMIDB=SRAMIB+RAMID 220136

DGCCA=CCCDA+S55S5A J00136

DICER=DCCOB+S5SSSA 200136
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DCLL=DDLLA+DCDL R

ATA=ATA+AAL

ASCHWC UL IT 24 JJy 1) =ASCHRCUTITL»JJJe 1) +AATHAR]
DTICAV{ITLJJ 3)=DTIEAVITIL s JJ Q) +AMT I=2ELVIE(ITIT, JJds 1
[FTIRH.EQ.LIGCTL 3D

HPLUSBIRS s JJJI=FPLUSEINS s JJJ I #FFLUSL*AB]

HPLUSHINS, JUJI=HPLUSKINS JJJ I +HPLUSZ*ABRT

CONTINUE

IFUIVIA.EQ.13GRTO 3
IFIABS{EMAX®2./C~1elalE-1.E~-O05)ICGOTT 17

POINT REACHED BY THD (ALCULATICN IF THE SHRCUD PROFILE HAS
BLLCCKING TRIANCLES

IVvIiA=1

EMAX=C*(.5

XCl=1./5QRT{3.}

XC2=2%X(C1

TETA=ALFA

E{I}=E41

P{I)=PP

CONTINUE

I HAS REACHECD THE VALUE Ny wWHICH WIULD MEZAN NO *CENTRAL-TYPEY
SUB-SUBCEANNELS

HRITFUAH4IMNSJJIJELT ) ITCORR s [Ty PVERTII}GPRADIL) s I=1410)

200137
230137
Q30137
320137
030137
2950137
330137
200137
JODL37
200137
230138
000138
0900138
390138
100138
330133
230138
000133
1001372
330138
0092139
320139
700139
3020139
230134
D001 3¢
J1013¢

4 FORMATUIHLS5X "CALCULATICN STNPS: MM CCENTRAL SJUECHAMNELS IN WALL CJ20133

5

10

*
*

HANNEL * 5 T4/5X, M=t 12, 5Xx, %20 1)1=7,E15.5,5X, * ITCORR=%,13

AUGX s P 1= s I3 4EX s *PVERT=",15.5:5X¢"PRAD=",EL5.5})}
RETURN 1
RECALCULATICN UF THD SL3-SUSCHANIEL FOR WHICH IT WAS E{I)>EMAX,
IN ORDER TO FIT EMAX (l.E. CUII=E4AX)

CONTINUE

IVIA=2

II=1

ANGT=ANGT-TETA
DEE=EMAX-E(I-1)
PP=P{I-1)-DEE*{P(I-1)-P{
BETA=ATANIEMAX*¥2./{PP*[)
TETA=BETZ=ANCT
PVERTII)=PP%*D%C.5
PRAC(II=PVERT{I)/CCSIRETL}

PAT=DEE*XC2

Wia=sh—{ LEMAX+E( -1} 10 E-EMLIXXL]

CAI=4 o ¥ {iwu—~ D5 {L+PVERTIIN4PVERT{I-1) 1)) /XC2
SBI=2.%(P{I-1)*EMAX-PP*E( -1} }/TETA-D
PBI=TETA =*D%0.5

AAI=CAT*PATI*0,.25

ABI=CRBI*PBI*®*(0.25

EPS=SQRT({1.+C21/D)

5G=GSTARI{EPS)

GUTO 1

® B 9 @ ® PO B HVD O LG GBS SO S €W SO I GO De O ORO 2O 6 G 6 S SV PO GO L6 PHO YOS D OO O PSS H OGS

IyyzZtetnd-=0I1-11)
)

NN013c
20013¢
J0014C
00014
00147
C2014(C
N0N1 4L
333140
J0014&C
0014
001 4
20014
000141
nINL4]
J00141
320141
020141
D00141
220141
JO0141
000141
200141
J00142
J0014;
20014
00014
200142
3201 4:

ALL THE "WALL-TYP[ SUPF-SUBCHANNELS HAVE BEEN COMPUTED: CALC JLATIOMNCDOL4.

OF AVERACE SUB—-SUSCHABNMNTL VARTABRLES FCR THE WALL PURTION

CCNTINUE

DTIIEAVIITIL JJUY=DTIFANVITI LTI JJJ}7aMT
TSCHAB=TT/AMT

RHCTAB=RFO(PB,TSCHAR)
PHACIIIIJ3J,1)=BETAXE=(.5
PSHWC=(EMAX—-EMLI*XC24ENM]
PHRCTL=PHWC{ITIJJJs 1I4PSHRT

2301 42
330147
D001 4.
IN014ac
100146:
CON142
23014°
INd14:
aN014:
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DEWCITIT o J e L)=d o *ASCHFWCLIITI s JJd I L}/ PHWCTL 7300142
LAMWCT T 1T 4 0JJs L)=(lASCHFRCIIIT »Jdd L) /0D0D ) #x2 %2 *DEWCITIT o JJJ s LI%DDD1 47
% RECTAB/H J201L4C
ATR=ASCFRC{ITT,,JddsL)=2TA MWL %
ADAB(TIT »JJJ)=ASCHRCUITTI»dudel)/7ATS 330141
DETBUTIIL,JJJd)=a.%AT3/PFW( (111 +JJJ,s11} J3Ul 44
CU0CB=CCLE-0CCDA IDD14¢
XMSCHATTIIIJJJ)=AVA D001 44
XMSCHB{IIT JJJI=AMT-XMSCHA(TITITI JJ 0} 300144
TSCHB={TT-TTA)/SRAMIP 001 %«
RHCTB=RRCIPB,TSCHA) 200144
LAMBITIET,JJ0 ) =({ATB/TCLCE A2 12 %0 TSI, JJJ )V ¥RHOTH/H Ja01 44
AMTAB=AMT IDD1 4L
TTAB=TT D01 44
DOBCAB=CLED D0014°
©6 0 e BB 6 060 B8 B 0BT SV DD 0 SREAOAESD 6D EDCCOE 06 oo es s nOBE soaeoao JJIULAE
CALCULATICN CF THE “CEMTRAL-TYPE®™ SUE-SUBCHANNELS 014"
23014¢

ALFC=ALFACE 014"
GAMMA=PIG*0.5-3ETA INO14E
AN1=GAMNMAJALFACE JoU14"
NI=AN1 IN01 4
IFINLSECO)ALFC=GANMA Julls:
TF{NL.EG.QINL=1 J3014¢
IF{NL.LE-NSC45)GCTC 12 100148
WRITEL{G+11LINSyKsITCCRP 203014¢
FORMAT (1HLs3Xs *N1L GREATER THAN NSCA5 FIOR CHANMEL ' T14+2Xs *{AXTAL SE002N14¢
ACTION® s [3:% )% /5Xs *ITCCRR=",12) I3014¢
RETURN 1 ILN14e
aINOL&E

CONTINUE 20014¢
L=11 O0014¢
1I1=11+1 327014¢
5C 1000 I=I11,N D001 4¢
ANL=N1 D214
BETAL=ALFC*AN] 300147
IF{ABS{RETAL/GAMMA-1 .} LTs1E-C&}5ITT 39 N00147
.‘Q.‘."...’.O”...O‘l00.-‘."0.."“.....’O..'Ii....‘O.‘.O"I'.Q.:):’Olzfj
CALCULATICH CF THE CENTRAL SUR-SUACHANNEL DEFINED BY AN ANGLE 0147
OF THE FCD SECTCR = ALF2AYT { TF ALFALI>D } 020147
JID147

ALFAL=GAMMA-BETAL J0DLAT
El=C*0.5%TAN{[BETAL)} GI90147
JELTAE=PVERTI{ITI)I-EL 230143
AA=C*DELTAE*D « 25-ALFALIRD¥*2%0, 125 191143
DC=8.%A2/{ALFALXC} 0142
EPS=SQRT({1.+DD/C) 12301418
GG=GSTAR(EPS} 200143
AMI=MFLCR*AA/ATCY tanlas
L=11+1 3201473

CALL CEWAIX NSy IRHy PROVyFESJRH o AA 3D 05y AML,DETOT yHISALFALs L s JdJsHeDI00143
#PRL4PRZSCOPGoAMT o TT 4y LCLL s TEsSURy 2o T T Lo t{PLUSRINS ¢ JJJ )5 APLUSHWHINSJID0UDL 4
) TSCRCIITIT I sudde2) s SICMAZyPHIZ A7 774Dy THI, TICEN,C) D30143

TWIAV=ThIAV+TWwI®*ALFAL 200143

~ /,
.0.0.-‘..-..'concatl.o-.o.-‘c.--n..o.s-.concnoo-ooooo-to-.-cco.'.oo.u’:)’)lfq

CALCULATICN OF THE M™CEMNTRAL-TYPE SU4=-SUBCHARMILS DEFINED BY AN 200149

ANGLE CF THE RGL SECTCR = ALFC (IN143

220149
CCNTINUE 2791473
DO 13 J=1.N1 200149
I=N1-J+1 070149
IFINLL.EQ.LIGCGTD 100 2J0143
AA=AL]) 02014¢
DC=DE(I} anJ150

GG=G{I} 0932150
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AMI=MEC(I] 3N L5D
GaTo 101 020150
AA= (Cou 2 TAN(ALFC) =0t 2= pLFC ) %0125 200150
UD=8.%A2/{ALFC=D) 039159
CPSEPS=SQRT (1., +CL/2) 300159
GG=GSTARLEPSERS) nNo1sN
AMI=AA®MECI{L)}/A01) 230159
Li=L+J 000150

CALL CEWAIK NS IRHsPRUV,PESRRs AADD,GC AL DETOT 3l ALFL,LLsJJJsH,200151
FPRLISPRZsSUDPG o AMT o TT A LUy TESSURG 25T 1T HPLUSBINS s JI I o HPLISHINS,JJOD0151L

I s TSCWC LTI T2 o SICMAZ PRIZ AT T T4 TWl TICEN,CH 330151
THIAV=TRIAV+TWI*ALFC 000151
CONTINUE 530151
"’....d‘".‘i.’.i.."""..“".!"0‘..""0.“.".‘*0.“i"'l.......or)()lgl
THE CALCULATICN OF THE “CENTRAL-TYPEY SUB-SUBCHANNELS HAS BEEY 233151
COMPLETED: CALCULATICN CF AVERACc SJB-SUBCHANMEL VARTABLES FOR THEDDOL1S51
WHOLE CENTRAL FCRTICN ANC FUCR THE &idGLE WALL SURCHANMNEL 320151

200151

TWIAV=ThIAV®2,/PIC 200122
PHAC (I T304, 2)=0AMMAXL=( .5 200152
ASCHWCTIILI+JJds2)=AT-ASCHACI(TIIL,J3d, 1] 30152
DEWCTITId30s21=65ASCPRC LTI 004,20 /2HaCLITTddd42) 000152
TSCHC=(TT-TTARB) 7L AMT~AMT AR 207152
RHCTC=REC(P3,TSCEHC) 330152
DDCLC=DLCO~DOCCAB N00L52
LAMWCET I T sdJJe2)=103SCHaCLITIT +Jdds2)/300D0 %2 %2 . %0EWC{ITI,J1J,2)700152
* *RECTC/F 300152
AT SCH=T1/AMT 010152
RHOT=RHC{PB,ATSCH) JOD153
DO 14 Jwl=1,2 200153
DOCD=DDLCeASCHWILTIT o JdJd s JRCIASISAATINS y JJJY = (CHITTIT,,JJds JuC)—-1.) 000153

¥/LSQRULARSUSCOPGRA2*EP ST~ ICRAVHRHOT*930.665%k} 1)) 393152
LAMSCHINS o JJJ I ={{AT/LLCLD ) 2¥ 2% 2, *DET*RUOT /H 232153

CTURBZ{IITJJII=TURBWCICTUZPVERTII L)+ PRACIIT) oD eieCoGAMMA, ASCHKC DDOL5Z
H{LIT1+3dds1) s ASCHWCHIT T 90 dus2) o OEWOHLIIEsddde 1) DEWCLETT »JdJe 2, EML]}DD0152

[2TIPINS,JJJI=D 00015z
F2ATIPINS,JJJ)=1. 420152
F2DTIPINS,JJJ)=1, 330152
IFCIBTIPINSJJJ)EQ.2)0CTC 3220 JO0154
IFIITCCRRGTLLIGCTO 2696 200154
MSCHI{MS . JJJ )=AMT 30154
TSCHINS,JJJI=ATSCH 200154
TWINS,JJJdI=TwIAV 2310154

) 54
® @ BB B OO © DSD S B DV SB B S HL 2O CHD VRGOV VS OSSO O SO LD SO BB ..--no-ccn-c.’.'o.gjle‘l

Ny 5
P N 15 B B2

FCR [3T7IP=1 CR I3T7IpP=2 1379154

000154
CONTINLUE 200154
ZWC=1C*(5—EMLI/SARTI{Z.) I30l5E
PPPP={A~0.5%D-2ZWC I *ANCLAM JO01EE
CMEGA=ATAN(PPPP*2, /() 030158
PHHCIL={PIG*J5-CMcCA}I*RTIP({IPA] 23315¢
PHWC2L=0FEGA*RTIP (1P A) 0001 5¢
AwC2L= CH*Co25*FPPP=RTI2{ [PA}RX2X0H0UMESA DIOL5F
AWCLL=ASCHINS s JJJ I *¥FATIP(2)-8Wl2L 300158
PHWCTL=PhRACLL+2. ¥ Inl+EN] 500158
DEWCLL=4 . %AWCLIL/PHWCTL 33015:
JEWC2L =4 FAWCZL/PHUC 2L 200158
MECIL=MSCHINS s JUJ I FARWCIL/ {ASCHIRNS s JJJI*FATIP(2)) J3215¢
MWC2L=ASCHINS s JJdJ ) -MnC 1L 3015
RIDR2L=1./SIRT{ L+ 2.3 LWCIL/{PFRCIL*RTIP(IPA)}) 00015¢
RZLWA=RTIPIIPA)/RLIDRZL 22015z
RO2WA=SCRTA(RTIP(IPA) XX Z42 ,ARTIP{I2A)*AWC2L/PHHCZL) JID15¢
PHWCTE=1. 000157
PHWC1E=1. 139154

IFIQGINS JJJ ) sLEaleE—CEICCT 4444 J3215¢



YYDy

Oy Y

G444

3000

- 120 -

QRCD=0QSCHINS yJJJJI=I0DEY

QLIN=QLIANMRLIOEVEC*¥0 .5

DHWCTE=IGROD+QLINI={PFRCIL#PHWCZL I/ QROD

QRUDI=QFCO%RPHWCIL/{(PERCIL+FHRC 2L

PHWCIE=(CRODI+CLIN)/CRCLI*PHWCIL

FPROV={DETRFDTIPL 2} ) =4 2% A7%FATIPL2) /2HWCTE

AFCOLIT I JI I =AKAWNC (1 I# FHWCIERFO2IV/ {ANCLIL*0ERC 1L %% 2}

WECOLT T 30 i=tWFCOLITIT,JJJ ) *PRUCIL +AKAWD ( 2V HPHWC 2L %% 2%FPROV/
JUAWC2L¥DEWC 2L %2 ) ) /7 {{PRACLIL4PIWC2LI®AKAPPALIPA,2) )

WFCOL{ITI I =wFCOI0TTI T Jd)/BKAPPATTIPA, 2}

RELA=REL AMUAT=FATIPI2),CETHFEDTIP(2) s P3¢ TSCHINS s JJJ) s THINSeJJII)
= MSCHINS, JJJY s TLINERL{TITII J4J) s 2sRIDR2ZL 9 PHHCTL/{PHNCT LS
+PHWC2L )}

LAMLAM=AKAPPA{NS)/RELA

CALL ENTRFRIK ;132 sRTIPIIFAY sROPWASR2LHA NS I, JIJeDEWCIL s AHCLL

* MWCIL s PETSCRINSsdJd )y LAMLAM)

CALL ENTRFRIK 22 ¢RTIPLIFAY4RO2WAGR22WASNSyITI 305 DERCZL AWC2L
* MEC2L s PRy TSCHIMS s JJd b LAML AM)

IF A IZTIPINS, JJJI.EQ.LI50TC 2997

® 5 © @ 5 B P O 8 & @0 G B GO GBH VD LV OB L G EOD 6 O L Y & O PO DO CHOON S G DO LSOV OCD 5O BO

137T1P=3: SAGAPO CECIDLS WHLTHER THL FLOW IS LAMINAR 0OR TURIBULENT

IFLLAMOGCHINS ¢ JJJY GTLAMLAMIGCTL 3509

THE FLOW IS LAMINAR

CCNTINUE

LAMSCH{NS, JJJ)=LAMLAV
LAMWCIIIT s dJdJs LY =LAVMLAK
LAMWCL{IITJJds2)=LAMLAN
DODD=AT*FATIP(2)/SARTILAVLAMEE/ {2 %D T*FDTIP (2}
#HOIPR, TSCHINS+JJJ3 ) I
AMT=MSCHINS,.JJ.4)

ATSCH=TSCAHINS JJJ)

I2TIPINS,JJJ)=1

F2ATIPINS JJJI=FATIP{Z)
F2DTIP(NS,JJJ)=FLTIP (2]
ASCHWC{III,3JJ.1)=AaCI1IL
ASCRWAC{ITILJJJs21=AKC2L
PERCIITLJJd, 1 )=(PIGHC5-CNMEGA)*E®3.5

CPRWCH{TIIT 4 JJJe 21=CHEGAXL*CLD

DEWC(TII JJd,s1)1=0EWCIL
DEACIITI+JJd,21=DEWCZL
HPLUSEB (NS, JJJ)=1.

HPLUSWINS, JJJ)=1.
QPLUSINS,JJJ)I=1.

PREBINS,JJJI=1.

YODHINS,JdJ)=1.

TBSSCLU NS, JJI¥=TSCHINS»JJJ)
TISSCL{TIII, JJJ)=TSCHINSwJJJ)
T2SSCLIITL,JJJI=TSCHINS,,3JJ)
TBSSL2(NS s JJJIY=TSCHINSEsJ4T)
TLISSC2{ITL, JJJI=TSCHINS,JoJ)
T2SSC2IT1,J3d)=TSCHINS,JJJ)
TwSSCL{ NS, JJIT=ThiNS,JJJ)
ThSSC2( NS JJI=Th{AS,oJdJ)
XMSCHACTTI, JJJ1=MSCHINS s JIJVRASCHAC LI IT  JJJs 1} Z7CASCHINS yJJ J)*
*E2ATIPAINS,JJJ)1*06D

XMSCHRUTIT JJJY=XVSORALTTIT,JJ80
ADABI{III,JJJ)=2.

FOR LAMINAR AND TURBULINT FLOK

CONTINUE

FCOPW2ITI,JJJ)1=FCOPRL(2)4PHWC(IIT o JJJs2)/PHACTL*{FCOPKWLI(Z2) 1)

FLIATIP{NS)=FLATIPINSY+ASCHINS,y JIJ)/ZACHATNS)*F2ATIPINSJJJ)
FLPTIP=FIPTIP+ASCHINS yJJJII/ACHALNSI*F2ATIPINS,GJJ)/F2DTIPING JJJ)

00015¢
J0015¢
200150
300157
000157
320157
300155
2001550
000157
220157
O0D15:
300157
20015¢
30015¢
3001 5¢
J0015¢
3001 5¢
J30015¢
0001s5¢
J30015¢
30015¢
nN01L5f
23015¢
20015¢
33015¢
03015¢
309158
300156¢
09N15¢
23915¢
23015¢
200158
D001 6¢
300168
330167
o0016%
0001610
230160
3100160
290160
200160
030167
100161
20N161
2001561
320161l
500161
200161
330161
000161
300151
00016l
322162
320162
200162
300162
2390162
TI0162
200162
200162
00162
000162
J00163
NCN163
300163
200163
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FIDTIPINS)=FLATIPINS)/FIPTIP 000163
IF{IRH.EQ.L TR, TETIPINS,JJJ)aEUusLIRETURN Go0163

C ...‘....."......-n...-.-----.............-......:.-...--.........:‘)0163
c ONLY FOR TURBULENT FLUW AND RCUGHEMED RODS 230163
T 000163
ATBC=ATE+ASCHWCIIII s uddy 2} 330163
HPLUSBINS, 3JJ1=HPLUSEINSJJJI/2T3C 500164
HPLUSHINS JJJI=HPLUSWINS;uJdJ}/ATAC 300164
AMTRBC=AMT-SRAMTIA 070164
TSCHBC=(TT-TTAY/ZANMTAL 030164%
CPIBC=CPIPT,TSCHBC) 30164
QPLUSINS, JJJI=Q0UNS, JJJ ) #ATHC/USURNMAMTRC*CPTRCX{ TE+273.151)) 200164
PRO{NS, JUJI=ETA(PR,ATSCHI®C2{PRJATSCHI/KAPPA(PR, ATSCH! 200164
YOOHINS,JJJ31=0.5%{SQRTID*42+1¢.*ATBC/PIG)~C)/RH 233164
RETURN 000164

777 RETLRN 1 200164
END 200165

C 300166
C 000167
C 200168
C 330169
C 000700
C 203070
C 009530
C J00030
SUBROUTINE RECLAZ (NS ITIsNPL,INIGP HLENGTE 4PRLPR2WPBT,FRELILFT,200000
*ITCCORR4PIGy D LPAVy ¥4 SPy T1SPAC) 023000J

[ e e e ot 0 o e ()} ) O
C SUBROUTINE SUBRAL EVALULATES MASS FLIZW RATES AND TEMPERATURES FOR 090130
C THE TWC PARTS OF WALL SUBCHANNEL 020007
C 00300
REAL LENGTH,LAMWC yMAWC s MIWC (2] 4 M2AC {23 s MSCHC Ly MSCHyMSCHLsMAVCF{2),00200073

* MAVIMAVIT 81610203010
DIMENSICN WOFUCI2) s WCFWCU2) W CFIWC(2)4EPLWCL{2) s GWCLI2), TIWCI2) 30007

1 TAWC (2} 3 T2WCHL2) o RECL{Z2) 4 RHUAVIZ2) y RUASWC{2) s AWC(2]) 330901

2 TAOEX{2) s TACF(2)yUACF(2) s ACFL2)sWTHC2{ 2}, LTWC3( 2} £0N0ol1

3 p KMEM{2) o DELTAL{2) o IPAWCH2) o UL INKWCHL2 3y THEX(2),DPWC(2), 200001

4 UnWCi{2) 030001
CCMMON/CCRRL/SIGAAT{42,2)PHT1TI142,3)/CUKR2/CHILLS8,2,2)4PS5SI(13,2,2)002001

1 /GRIND/CSPACI42, 2,34/ TJL/NERUA2) ,NIS{42,3) /IND3/NTYP (42) D00 )IL

2 JCENZ2/AC42)Y/M082/7Urv{42)/MI35/TAVI42)/M0B6E/HMAVIS2) 300001

3 /MC3B/DP(42)/SUBC2/JCHC 3420 /5U31L/ASCHI42,3)/SURZ2/TSCHI42,31020301

4 s MSCH{4242)/SUBB/MSCHI42,3)/5UB3L/WCFNS{3)4DPMSTI3) s TNSL(3,300001

5 3) oW TNS2 {32}, UNS({Z)oRUASNS(3}/HEALD/ISCH(42,73) DdCN01

6 FWCSEL/DERCI13+5242) 4 PHWCI{1B,2,2)/WCSE2/MSCWCLT1R, 2,2} /WCSES/OD0002

7 TSCWCLU184242)/ WCSE3/LAMKRC(L3,2,2)/HCSE4A4/CTIRE{13,2) 000D

8 JWCSEG/ASCWCL{1E4242)/ WCSET/HMANWC (13,2, 2) 200002

9 /ACSES/ASCHWOULE 42323 /WCSEDI/TAVWLILR,2,42) 030300z
COMMCN  /SUBCL/NCHCI3) «JSCHI3, 33 /GE00/ACH(3) 22020902

1 JGRIDL/CPSU42,3,5) ,0ISTS{ ) /GRIDB/PCOP{42:3,54) IICN0:

2 JSUB3/ALABL IS, 21 ,20ER (13,21 /WACOL/ XMSCHELL8,2) X 4SCHAL(LB,2) D2NII7

3 JGPART/QUEV/APRARZ/LLINMGQLOEV/GPARS/PLERL(3) 02N00:

4 /GRICHC/EPSWCI{18,24+2+94)sCSPAC{LB3,2+5244)/CRAV/IGRAY 020092

5 /GAAG2/FCCPHW2{18,2) 03000z

6 JENCOP/IENE/CGRICZ/YY(L00:42:33/MIXS2/C0Y/SECIN/K naenNo:
XX=1/SECHLS, SITa e RV

DO 70 I=1,NP 030002
FRELWL=FRELT 20000
NCHCI=NCHC{I) w309z

C 020007
c IW IS THE OTHER SJBCHEANNEL COF wALL CHAMNEL NS3; NCHCI IS THE NUMBERIOD0DDZ
C UF CHANNELS CCMNECTED 1C SUBCHANNEL | 200007
C (R IALE
IWN=3-1 nNood0:2

C 1730004
C PORTION 1 IS COCRNECTED TC AN EXTEZRMAL CHANNEL: PORTIODN 2 TO A 2230004
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C CENTRAL CHANNEL { PCRTICH INDEX = IPAWC 1} FO003

C 220004
DO 101 Ki=l.NCHCI 200004
JCHCIK=JCHC(I,KL} 320004
J=NISINS,JCHCIK} DIDIN4
IPAWCIKL)=3=-NTYP{J)+NTIYP{J}/3 000004

101 CCNTINUE DG DL
DO 3 JuC=1,2 0004
WCFLDL JWCI=WOFNS{I)ASCEWC LTI s I JWO Y /ZASCHINS, 1) 00000:
HIWC{JIWC)=MSCWCLITII s JWC) 3130095
ARCIIWCI=ASCHRWCLITTITsdh ()} Q0 300"
DELTAA{JWC)I=0. 200798
AWCLUJWCI=QSCHIAS s IV #*PFRL(TIIL s I JuC Y/ LLENGTEXRD25FPICRDIHRJUEY D00
ALINWC{3=JWCI=QL INMAPERL {JIWC I A0 5 ILODEV/LINGTH nonnoe
TIWC{JwWCI=TSCWCI{IIIsIsJkC) STOROEARS B:
RHOI{JWC)=RHD{(PRLI +TSCWCI{T Il T +J40)) N3000E

3 CONTINUE 000"

C .....ﬂ.'l....“‘."l‘.....’!.i'...'.l'..ll..l'....'!‘.t.l..l".'..:),C);‘)f);

C ITERATICN ON THE RELAXATICN FACTOR (LOOP ITFREL) Y0003

C aNO0DL
DC 50 ITFREL=1,G8 I0D0DE
IVIiA=1 J323009¢

C '.0".’0‘..'0..’..'...Cl..l"’.‘.."‘..'.Q0.0..Q’....OQ!‘.O...I'OO:\)DO()OE

C CALCULATICON CF THE PRESSULRE LGSSES {LO0P TT7G6LY A00N0¢

C 00ND0E
DO 49 1TIGL=1,6D DON0NE

C N2:3970¢

=== VALIJAT ICN OF THE CRCSS FLCW STOLUTICY 10D DN0E
CALL CRFLICITOL ¢OPWCAVoFRELWC g ASTHINS s T 42 s AMC sMIWCyDPHC s WCFWC 220007

* WCF1IWC. EPLWC) AINNDDT
DO 5 Jwl=1,2 NOO00T
WCFRC{JnCI=WCFWClJIJWCI+RCFUL (UnC) M00001
M2WCHLIWCI=MIWC(IWCI~EXWCFWC{JIWEC) JCGYY07
MARCIIT Lol JWCI=IM2WC{UWCIHNIWCIJHNC) IEGLD 123007
TAWC(JWCI=TSCHINS, 1) ACH07T
RUASHCUUWC )Y =MAWCI T I T, IoJWCIASQRTILAANC(IIT s IyJWCYI*RDL125) NG00 D7

5 CONTINUE 20007

Cc 20239307
IF(ITCL.GT.1 <ANOD. IVIA.ES.L )GCTI 30 N 008

C .Ol..'......"..l‘c..‘....t‘...ll..“l.'.‘D....'n..."‘."‘..-....O'r)ooja

C CALCULATICON GF THE AVERAGE GAS TEAPERATURES (LOGP TTERM) AN0N9NE

C JJ0c008
XPREC=1.E-04 00033
DO 25 ITERM=1,20 230903

C 090008

€ A) TURBOLENT EXCHANGE SETWEEDM TRE TWAZ PARTS CF SUBCHANMEL 3033703

C 09207
IFITAKCI1)eLEeDe «0ORe TAWCI(L)eCTe3)J)0Ds «ORe TAWC{2).LE.De 0R. 23000R

* TAWC{Z)GT.302C.)G0TL 56 32030979
YYWC={YY{Ks NS I)-1od*(Y¥+1. NO0nY9
WIWCI=TME(PBT s MAWC{TIT oIl ) o MAWCTTIIT 3 I2) s TAWC(LYsTAUC (2}, LAMWCIIINCHNIS

¥ g Lol ) o LAMWUIT I I 1o2) s AWC(L) s AWL{2)sCTURBLITILT) IXYYWC 200009
TALZ2={MAWC T 1o B L ATARC(LI+MARKCIII Iz Lo 2 %TAWCI23 3/ SCHINS, ) 09909
THEX{L1)=—(TAWCI{L)}-TARC (2 )} *aThC1*ZP{P3T,TAL2]}) 000009
THEX{2}=-THEX(1)} 200009

T 3009

C B} TURBOLENT EXCHANGE wITH CHARNNELS N30003

C 230009
DU 8 K1=1¢NCHCI 300010
TWC=IPAKCIK1)} 207910
JCHCIK=JCHEC(I,K1} 200010
J=NISINS,JCHCIK) 220010
NTYPJ=NTYP{J) IN0N1D
MAVIT=PAVIJ I XACHINTYRJ )/ 2{J) 700019
WTWC2{IWCI=WINS2{I,X1) 130010

TALJ={TARCCIWCIAMARCUT IT o T IWCI+TAVIJI*MAVIT J/{HAAuCITITIT LI, IWCI+e 320010
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* MAVUT )
THEX{TWC)sTREXLIWC = (T 2ACTIACI=TAVI ) I TRC2{TI Wl 1*CPUPB T TALL)
9 CONTIMUE
IFINPLEC.LIGCTC 11

TURBOLENT EXCHANGE WITEH THE CTHER SU3BCHARNEL

]
s

SRUAS=RUASWC (1) +RUASWL (2 )42 %RUASNS [ I}

DO 10 JnC=sl,.2

ATHC3 L JaC) =W TNSLI(1 2% (RUASWCUJRC) #RUASNSTIWI ) /SRUAS
TATJ={TAACCIWC Y *MAWCLT TT o Ly JHCIHTSCAHINS y THIFMSCH NS, TWYY/
* {MARCIITIT o I JnCI+MSCRINS L w ]

THEX{JIWCI=TFEX{IWC I~ {TARC{JRC I=TSCHINS L w) JRWTWC 3{JCI*LCP{P 3T, TALJ

*}
10 CCNTINUE
L1 CONTINUEL

DY CROSS FLOW EXCHANSE BEVKREEN THE VWO PARTS CF SUBCHANNEL

TACF{1}=C.

MAVCF{11}=0.

CALL CRI{TAWCIL) s TAWC{Z) sMAGCOIIT s 1o 1o AAWCHILTI, 142)DPHCTL),
*DPWCI2Y 4 TTGL, TACFLL) sMAVCF({1)})

TACF{2)1=TACF(1)

TAVCF(2)=NMAVCFL{L)

E) CROSS FLCwW EXCHANGL ¥1TF CHANNELS

DO 16 Kl=1,HCHCI

[WE=IPAwCIKL)

JCHCIK=JCHC I T,K1}

J=NISINS,,JCHCIKY

HTYPI=NTYPLJ)

MAVIT=MAVIJ )R ACHINTYPJ)/21(J)

CALL CFLITAYCUINC) »TAVI I +MAWCITIIL Lo IWC) s MAVIT HDPWCTTHC) P JT
*ITGL,TACFUIWC) +MAVCF({IWC 1}

16 CONTINUL
IFINPLEC.1}S0OTC 18

F) CROSS FLCW EXCHANGE wITH THE CTRLER SUBCHANNEL

D80 17 JwC=1l.2
CALL CFI{TARCEIWC) s TSCRINSyTwd o MAWC LTIy Iy JWCH g ASCHIMS e Id) s
HDPHUCL{IACY, OPNSTUTIiwd s ITGL,TACF{JIWC) MAVCE {JWL))
17 CONTINGE
18 CONTINUE
DO 20 JWC=1,2
TACF(JwCI=TACF{JWC)/MAVCF (JINWC)
TAICF=1{ TAWC(JIWC)=MAWCLTIII, 13 JWwCI+TACF{JWCIEMAVCFIIWCY ) /{IMARCITI I,
*[ o JWC )} +MAVCFUJIWCY)
CRREX=WCFRC (JIWO IR {TANC IR C)—TACT{ I I I*CPIPRT,,TAICF)
XXMAV=MAWC(ITII,T,J%C)
XXMZ2=M2WC{JWC)
IF{IENEEQ. 2P XXNAV=ATW((JWC)
TFUTENELEQ2IXXM2=XXMAY
T2wClJAC)I=TSCWCI{III s I dwCI+H/IXXAAVRCPAIPBT s TAWC (JWC) D I %
* {AWCLCJWC) +CLINKWC LUWC I+ THEXCIWC) #CFHEX )
IFLABSHIPHITINS» [1)aCTo1aE-20)CCTC 20D
PSI{IIIsI+JHC)=1.
GOTC 201
200 CONTINUE
PSICII] o T4 JWCY=(THREXCIWCI+CFREXISH/ MAACTIWNCI®PHIT{MNS, 1))
201 CONTINUE
TAVWCL T IT o Lo JWO b= XXM2FT2WCUJRCIFML ACHIWCI=TSCHWOC LTI T T JWCH
* *0e5 /XXNAV
20 CCNTINUE

TO0310
330010
00011
20330011
320011
200011
3200711
G001
330011
330911
2009011
n300LL
220012
100012
030012
330012
230012
230012
co0on12
330312
320712
MN012
200013
220013
200013
2000132
03013
00N9513
200912
N32NL3
NNt
G001
200015
209014
330014
200014
220014
020914
200914
fH0N14
200014
000014
D3001¢F
Do0DNLE
03201 rF
20001
30091¢E
20001¢
J3001°F
C30alt
23001°
33001¢
20JD1E
20001 ¢
O000L:
30001«
DN0NLE
00091¢
33001¢
JI0D1€
O001¢
22001¢
IN0DL
230017
3332010
NOoOLY
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IFUITGLLEQ.LIGETO 39D
[FUITERM.CTLLOIXPREC=1
IFTITERM.GT 151 XPREC=] k-
DO 21 JwC=1,.2

Loan
& L

<D
[NCRRUN)

TF{ABSTTAWCIIWC) /TAVRCI T T 1+ dWC -1 GTLXPRECIGOTO 22

CCNTINUE

GOTO 39D

CONTINUE

DO 23 JwC=1.2
TAWCLJWL)=TAVWCITIII s T4unl)
CONTINJE

P P P BB PR P DL eV BB A BT OB S BB BV LS G ST LB BV H G BE S HDEBD VS EO RS E BB PO OLECEE O S

END OF THE LOOP? ITERM:z PCINT REACHED IN THE CASc OF 'CINVERGLMCE

PROBLEMS
WRITEI{S5 261 HS s T {TAWC{IWC ) e JWC=1,2), ITCORR
FORMAT{ 55X ¥STOP IN LLCP ITER¥ OF 5U3. RECCA2Z. NS=',15,2X,%[=%,

%12y 5%y P TEMPERATURES=? /5% 2E18.7/5%X, "ITCORR=%,15)
RETURN 1

® 2 @ ® B & S W GB B S 9B & O P VO OB VS D BE PEO LSS LEH HET T GO B GH B S L LS PGS G 6O EHDHS B

COMVERGENCE HAS BEEN KEACKEUD FCR THC ENERGY EQUATIONSS
LATIGN 0OF THE PRESSURE LCRLFS STARTS

CCNTINUE

D0 31 JwC=1,2

RHCAV{ JWCI=RHOIPBT s TAVRCUITIT I 5JAC)H)
JWClIWCI=MAWCLIT Ly 1o JW O3/ {AWCLIWC PRRHTAVIIRT )
CONTINUL

DPACAV=C.

SMWC1=0.

TURBODL ENT EXCHANGE BETYLEN THE TW 2ARTS 0OF SUBCHANNEL

THOEX{ L) =—(URCILI-UnC{z) ¥ Th(l
TMCEX{2)=-TH0EX{ 1}

TURBOL ENT EXCHANGE WITH CHAMMELS

DO 35 Kl=1,MCHCI

JCHCIK=JCHC{I,K1}

J=NISINS,JCHCIK)

IWC=IPARCI{KL)

TMOEX{ TWCI=THMOEXL IWC )= (U CLIWC)—UAV () Y ¥ U TWL2{ TWC}
CCNTINUE

TURBOL ENT EXCHANCE wiT+ TFE CTHER SUBCHARMNEL

DC 37 JwC=1,2

THC CALCU=

IFINPLNEL LI THMCEX(IWCI=THMCEX (W I- LU IIWC ) —UNSITI W) ) =*UWTWC 31 J W)

TMOEX{ JWCI=TYMNEX{ JWC IXFT*/AWCTIJAWE)
UACF(1)=C.
ACF(1}=0.

CROSS FLOw EXCHANGE BETSEEN THE TW0 PARTS CF SUBCHANMNEL

CALL CFLUUWCILY sURCI2Y520C 1) s ARCI2) sIPACIL)DPRCI(2),
* ACF(L1Y)

JACF({2)=ULACF (1]}

ACFL{2)=ACF(1)

CROSS FLOW EXCHANGE #ITH CHANNILS

DO 40 Kl=1,4CHCI
InC=IPARKCIKL)
JCHCIK=JCHC{1+KL}
J=NIS{NS,; JCHCIK)

Ls JACF{ 1),

000317
200017
3030015
000017
000013
3300315
09001¢
00301¢
No0NLS
02001t
33001
03I0031¢
30001¢
20001¢
D0001¢
alaRslol S
J0I301¢
00I01¢
a0001¢
22001¢
J33301L¢
02001=
00001¢
20001¢
230731¢
200916
£2002¢
30022C
20002¢C
03002~
200027
n30n2c
noea2c
230027
23n02¢C
20002C
Jano21
00021
000921
000021
000021
320021
nanozil
030021
nadn21
200021
2709222
030022
200022
230022
00022
Goon22
010022
230022
200322
3090022
Q00023
20N0D23
3009723
00023
00023
300023
100923
ann02z23
000023
30023
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NTYPJI=MNTYPUJ])
AJT=ACHIKTYPJ)
TALL CFRLIUWCILIWC) sUAVILY s AWCTIRC) o AJT L OPWCTIWC) s OPLJ) s 1y
* UACF{IWC I ACFTIWC ) )
CONTINUE
DO 4% JwC=1,2

CROSS FLUW EXCHANGE #ITH TRHE CThEl SUICHANNEL

IFINPNESL) CALL CFLIUNCTJWC )y UNSTIWI 2 AWCUIWE) s ASCHINS v IW
* DPAC{JNCY y0PNS{IR),1 s JACF (Jwl) o ACFUJWC )

JACFIJWCI=UACF{JwCY/ACF W
CRMOEX={2.%UwClIRCI-VACF LJWC Y ) WL FWC (AWl I *H/AWC L UWC)
XMEM(SWCI=LAMWCTITI T, ToJdWOIRE/ (2% )EWCTTI Ty I JAC) XRUDAVIINC ) )
IFIJWNCEde LI XMEN U JWC Y= XFEN(SWC)=FCIPW2(I LI, 1)

RE=MAWCUIIL, Iy JWCI*OEWCLITI Lo JWE)/ (ANCIIWCI*ETA(PBT s TAVACITIIL o1,
LJWC i)

[FUINDSPEQe2IXNERIJWCI=XPMEMUJWCI +{CSPWCIIITI,JWC, ILSPAC) +OSPDPFL
HEPSWOLTIT ol o JWCoTULSPAC) o LEWS T ITy I Jul) s LAMWCIITI LT JWCEHSP,
*PGDPINS, I, T1SPAC) 4REF2)) /RHTANV{ JU()

DPRCLIWCI=XX X (—{MARCITIIT s Lo dbC) /AWC T WL ) JRR2XIXMEMTIWC ) = {RHO(PRZ,
* T2WC(JWC) ) =RHDLLIWC) ) /RHCAV{ JWC ) #%x 2=DELTAA(JWC) / LAHC (JUC) %
* RHOAV{JHC ) ) J+TMCEX(JUWCIHCFNLEX+T 5RAV=ES30,L,665%RHOAVIINWC) *H)

OPWCAV=LPRCAV+DPWI(JRCIFMINCLINRC)

SMACL=SMWCL+MIWC(JUC)

CONTINUE

DPWCAY=CPWCAV/SFHCL

TEST UF CCNVERGENCE CAN TFE PRESSURE DROPS

IFCITGL LT 4)GDTC 47

D3 46 JW(C=1,2

TF{ABSLLPWC{IWC I/ CPWCAV= 1) alTalez~021G0TT 47
TFUAESCCPARC(JWC)/DPWCAV-12) oGTelal~03 ANDs ITGLLT.4D15G0TO 47

CCNTINJE

IFIIVIALEQS.2)50TC 55

IF{M2WC {1 oLEeDs o0R. M2BCI2)LE.DaIGITS 99
IVIiA=2

CCNTINUE

DO 48 JwC=1,2
WCFWCLJInCI=WCFHCLIWC ) =W CFUL LUWC)
CONTINLE

END OF LCCP ITGL

CORTINUE

AIT=ITFREL

FRELWC=1.—AIT*xC.01

CONTINUE

END OF LCCP ITFREL: PLINT REACHES I THE CASE OF COIVERGENCE
PRUBLEMS

WRITE(GySLIITCORR NSy I s {CPRCUUWC) s J5dC =123 s {MAKCLIIL s 1o JWC) odWC=1,
* 2 o {TAVRCLIT T LoduCl o Jull=1+2) o (AWCIJIKC D) 4 JHC=1+2)
FLRMATH{// 55X, 'S5T0OP IN LLOCP ITGL JF RiECCA2: ITCURR=%31545X, INS=1F,
LI15¢5Xs 8 1= 12/75Xs "PRESSURE LUSSES:?,2E15.5/5X, *AVERAGE #ASSES: ¢,
22E15.5/5Xs VAVERAGE TEMPERATURES: "3 2C15.5/5Xy TARLAS: "3 2E15.5)
RETURN 1

® @6 DB O B O HO O GO 5 LS 6 D6 S 6 BE T BHDOHO L O DO GV O OO OO L BE SO PP D OD LS OOR B LR 6D PO

THE ENERGY EQUATILNS ANLC THE AXTIAL MOMENTUY CQUATIONS HAVE
REACHEL CCNVERGENZE

CCONTINUE

00024
J30N24
200024
320024
300024
330024
N30024
320024
a00024%
020024
330025
300025
300025
300025
230025
Noon25
%0025
2303025
230028
330020
0D002¢
2300256
000026
000026
N30N26
220026
NDI3I0026
300024
120028
000N2¢
200027
030027
209027
230027
020027
220027
220027
000927
230027
300027
A0N02¢
DN00a2¢
AD0N2¢F
22002¢
020002¢
DOo0N2:
£2002+%
230902¢
D0 )28
IN002¢€
DD 0268
annnzc
nONN2¢
2000D2¢
n0o02¢
J0002¢
20002¢
20002¢
J320N2%
130926
23003¢
3020038
000231
030237
I30N3¢C
00003
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DG 56 JwC=1,2 J0003¢
OPAVF=0DPAV-IGRAVERMIOAVIJWC ) *HX*0.301 33003
BMWC=SARTLARS{CPAVF) /7 {XX*XMEMIJWC) I I=AWC{J0WC) 200037
CHITITI s 1 dWCI={FARCTLIIT s 1o JWCI-3A4CY ZLANCUIWC I SIGMATINS T 1) ININ3L
56 CUNTINUE 00031
EPSM=MARCIIT T oLy L) XMECHAITTI I s I 6XASCHBITTIT T ) 300031
XMSCHAUI T T, 1 )=XMSCHAL{TIT, T +EPSM®{1.=1./ADAB{ITIL 1) 20ND3Y
XMSCHB LTI T )= XMSCHR LTI T, TV 4EPSH/ACAB(TITT 1 200031
70 COMNTINUE S IAIVIRY
RETURN 2530031
END 00031
i 00031
300031
000031
200031
UBRUUTINE RTRI(PRT, TRT+MASST 4CEL,AREATIZADABLAML YYI s DA, FACHEZTE,2D0D3]
% RHeI o I I oMeJPINyTWL RUIDRUS ITYP qOET s JsYYDH, %3 F2ATIP,F20OTIP} 230031
=== - - e 2 o o e 2 . i i o o S i o e o o e e S00Nn31
c RTRI EVALUATES RCD TENMPERATURES FIR CENTRAL AND CORYFR SUDCHANNELSDIIND3L
C AND FOR THE TwWC PARTS (F WALL SUBCHANNELS IN THE ROUGH PORTION.THEDDJOG3?
G BULK TEMPERATURES 0OF THE T3 REGIZHIS DEFINED BY THE TAJ=0 LINE AREDDIDN3.
C ALSO CCOMPUTED. 030037
c 000032
REAL LA¥I MASSToKIsKAFFASNLISNLC,UTY 3030037
COMMON/SUR21/TSCHAILLE,2) s TSCHBI 13,2 /SHROUD/TLINERTLBs2) 30007332
1 FQSHR/ZQALIN/TRANS/RETUGRHSM/LAMINOIIZTIPI42,3¥/1SIP/JIGLIN 200032
C ..‘.'..‘-'..".......“.QI.'.-".CQ..'."".'I.'.‘.‘C...‘....00000030932
C TEMLAM IS CALLEL IFf THE FLCW IS LAMINAR: THE CALCULATION RETURHNS 9D2003°
C THEN AT THE ENC CF RTRI AUND2T
C 2309033
IFLIZ2TIP{I M) EQa I ALL TEMLAN(A200DD,P3T,TBT MASSI«DEI,AREAI,QA, 200032
& JALING TEG L g T sy TWlaELTYP,F2ATIP,F2DTIP,D ) 3932393 ”
C e 3 dodok ok o dokokokokok B R R o S H oh o oh o B o ok e ook Rk RO skl sk Rk RO R Jokok L)) 0 G
C THE FLOw IS TURBULENT: CALCULATIC| PERFIRMED ASSUHMING RIJIUSGY FLOW 220033
c st o o o ohook %ok kot kb s o ok o ok %ok b 3 ok ol R ok ks KRR ok e sl Ok e sk ok R R s R kalok ARk R ) G ) 0 3 2
C ca0n33
R1=0%0.°5 (00732
RO=0.5%SQRT{D*%2+CEL =D} 320033
R2=SQRT(C*%2+ATCARXCEL*C 2L .5 ND2IN34
C '.Q....C‘.Q..IQ.Q'O’...".“.Q..‘O.ﬂ..-‘......‘..."‘..I.".‘O'.OO.C‘D-)ORQ
C INLET EFFECT CN THE NULSSELT NUMEBER OF THE RODS 200034
C 230034
FACHE=TISIR1,R2,2} 2030034
C 230034
YDH={RO~-R1} /RH 333034
R2MROH={R2-RO) /RH 13033
YYDE=YDF+R2MROH 000D 34
RODR2=RQ/R2 200034
RIDR2=R1/R2 220035
KI=KAPPA[PBT,TET}) 200035
ETAI=ETA(PBT,T8T) 330035
RHOI=RHC{PBT,TBT} 2097035
CPI=CP(PET,TBT) 530038
REI=MASSI*DEI/{AREAI*ETAT} 3270035
PRI=ETAI#LPI/KI 100935
UI=MASSI/(AREAI*XRHOIL 2206035
TWALL=TBT Q00035
ThO=TRBT 0009235
TB1=T8BT 200735
C D.O’.Q..‘..‘.‘l.-'.-’tl.‘..."Q.......‘.C.......I'..O'.'O..C.QO..O.DDOZ)3A
o CALCULATICN OF THE 3BULK TEMPLRATURES OF THE THD ZOMES DIVIDED RY 0200036
C THE TAUL=0 LINE { LCC®E 11¥ ) 2NN 38
C 200036
DO 7 ITw=1,10 030936
RHO1=RHC(PBT,T8B1) 290036

ULDU=RULCRU%RHOI/RHO1 190335
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Ui=UlDU*LI L0036
UJISTAR=ULHSQRT{LAMI*C. 125} Ja0035
S MR I X N 4

CALCULATICN CF THe SURFACE PIN TEAPLRATJIRE AT INFINITE CONDJCTI= 02130337

VITY OF THE CANNING METAL INLD AT [JF*ISHROUD = O ( LOOP IT41 1} Da6D37

230037

DO 30 ITwl=l,1C 033237

IFIABSTTWO) oL Te3000, o AND. ABSITHALLI LT 300016070 29 noon37

WRITELE,28) [ JPINsTWOTwaALL 200037

FORMAT{ S5Xp¥STCP IN RIRI: KRS=f305,5X, " PIN=Y15/5X ¥ THO=7 4£15.5,300027

I5Xs *THWALL="yE15.5} 239237
RETURN 1 3N0337

CONTINUE 0009338

ETALG=ETAIPBT s TwALL) 323734

RHOW=RHGC{PBT, TWALL) 3300328

REW=UL*CEL*RHOW/ETAY 200038

REWKO=REW*ETAWHRHO{PB T TuC )} /IRHCW*ETA(2BRT,TWO)) 200034

HPLUSH=RH*REW*SQRT(LAMI*C 125} /0E1 2309338

HPLUSO=HPLUYSW*REWN/RER 00038

CALL RNUIHPLUSHh sTWALLSLANMLRELSPREZTBTs YOHSRIDRZyR2ZAFDH,ULDUI,REN, 0000738

1 YY T NUTGHPL 230033
CALL RNUTHPLUSCsTH0 o LAML4REL$PRIZTET s YOHRIDRZ yR2MRD UL DUy REWN, 200238

1 1o ¢NUD,GHPL) 220039
ALFAI=NUI*KI/DEI*FACFHE 100036

ALFAO=NLO®KI/DE] 330039

TWi=TBT+QA/ALFAI 00035

TwWO=TBT+CA/ALFAQC 200039

IFUABS{TRL/TWALL=Ye} e LTl E-04)GCTI 32 3000345

TWALL=TH1 0303356

'.-....'..’—."..'..‘.“....'..."..".’..‘.l“ﬁl.ﬁ..l'l.0-".‘..‘..(‘]{)0&)3{;

END OF LCCP ITwWl: PCINT REACHECD I THE CASE CF CONVERGENCE 030735

PROBLEMS N71203%

200040

WRITE(E 21 T,JPINsTWL 200047

FCRMAT (1HY1s5X *STOP IN RTRT (LCCP ITWl) NS=1,15,5X,¥PIH=",15,5Xy 200304C

¥PTwl=3E15.5) C30347
RETURN 1 000747

."‘."'l.“..ll“.'...'.0'....‘..0.‘..0...-‘...I.I"..I..“......)’.‘)ooaj

CONVERCENCE HAS BLEN REACKHEL FCR THEL PI TEMPERATURE J0DD4D

300N4¢

CCNTINUE 003047

IFCITYPLEQ.LIGOTO 9 207047

P -
0..a.-aatooo'-a--"noco.noa.ooc.ra.tv-'ot‘oa.at-pott.c.-'oo0-0.---)',)0')41

INLY FCR THE CORNER CFANNELS AND FOR THE WALL PORTION OF THE WALL 200041

SUBCHANNELS 203041

200041

FF=QA/ (RKCI*CP [*UL1STAR) 109041

CALL COCANELTWO ,TBT,GHFL ¢RCORZ yRIDR2,Y D, R2URDIM, FFy TSCHALTIT,#),  20N04]

I TSCHE(II,M),TE) 130041
TF(ABS{TISCHI(IT M) /TR1-1.) W LE.L1.E=D%)50TC 9 100041

TRL=TSCHB(IL,M) 110041

CONTINUE 020041

.Q.!..-...’...’-.‘.."...'...l."o'..-'.l.i.-‘..‘...-."0‘0.".‘0.".)30{5)42

END OF LCOP ITw: POINT REACHED IN THZ CaSE CF CONVERGENCE SENRES:

PRCBLEMS V0904:

330U4:

WRITE(E+8)[,JPIN, T3 10004

FORMAT{1H1,5X,*STOP IN RTRI (LGC? ITW) I=',15,5X,*PIN=",15,5X, *TR1D0004]

$=1,E15.5) 1074
RETURM 1 200042

'.........".i".i.“‘."'..."‘.....'.Q"Q0.0"'.’O.."......'-.'j’ji)oéz

CCNVFRGENCE HAS BEEN REACHLD FOR THE 3ULK TEMPERATURLS OF THE 300047

TWO ZONLDS CIVICED BY THE TAU=C LIMNE; THE ASSUMPTION OF ROUGH FLOW 000042
IF TESTED ( THIS PCINT IS RLACKRES ALSO BY THE CALCULATICHN FOR THE 202004:
CENTRAL SURBCHAKNELS ARD THE CONTRAL PORTICN OF TdE WALL SUBCZHANNELDO004CZ

0ON04:
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CONTINUE 200042
ETAL=ETA(PBT,T31) D004z
HPLUSB=HPLUSW¥RHOL®ETAL/ (ETAL*RKON) 20004:
RHPL=RHPLUS (HPLUSS, TWALL s TE s XY XYX yHPLUSW, TRy YOH) 00004
IFURHTU.LE. RHSM)GOTT 10 000043
sk sk o ok ob o ol ool ok o S ok ook o ok ok ok ookl A o e e ok ok ok ot ok ok ol ol kot il ok R0l R kR R Rk Rk ) Y (00 47
THE FLOW IF "HYCRAULICALLY"™ SMOCTH: THE CALCULATION IS REPCATED INDD0044
SUBROUTINE RTSI. ThE CALCULLATICN IS5 8ASED STILL GN THE VOLUMETRIC 20004+
DIAMETER. THE CALCJLATICN RETURNS EAMENIATELY AFTER ZOYING BACK 20044
FRLM RTSI 000044
Sz ok e e AR S Ok AR AR R R we A b % R % b b ol e 3k ok o ol sk e sk A ok e e o RO R st R e SRR R e e e Rl e kR Rk (0 3 () 4 4
200044

CALL RTSI(PBT,TPT,MASS]I,LELsAREATLALAS,LAML,YY T, QAy FACHE, TESRHy Iy 000042
ATT oMy JPINSTUlyRULORUSTTYP,DELCoVY DI, 28500 F2ATIP, F2DTIP) 120244
RETURN 9004
e ok o ool o o ok ok o R sl okl ok o ok 3ok o) b ok o ok ok ok 3 o R SO RO ok st T OROR R SOR O R R OR R () 10 D6 4
PCINT REACHED IN THE CASE CF RCUGH FLCW 27004¢
Aok ook ko b B ROk kR kR A ko h o R b A b ok v kR ook xoolok okokolok ot s ol ookl kokak kR kR ) 004 E
33004¢

IFCITYPLEC.L)RETURN I7004¢
....".."‘..-I‘.‘OOOOQ.Q.’A....‘I....’.“’...‘.....‘....‘....'.'.330045
CALCULATICN OF THE SHECUL TEMPERATURE FOR THC CORNER CHAMMELS ANDDD0D4E
FOR THE WALL PCRTICN CF THE WALL SUSCHANNELS ( VALUZ AT 13074¢
[G"ISHRCUB = 0 ) 100045
)20042

TLINERUIT,4)=TwO=FF*(2.5%AL0OG(IP2=R L) /RH}+GHPL) 20004¢
TFOTLINER(TI, M) oLETE)TLINERLLL,4)=TE N0 004¢
...l....".‘.“‘."...l..'..'.‘ﬂ.’...’...OD-"‘.“D‘.l....'.-.'010030()4£
CCRRECTICN OF THE PREVICLSLY CCMPUTZD PIN AND SHROUD TEMPERATURES D0004¢
OF THE CCRMEP CHANMELS ANC UF THE WALL 2CRTION OF THE WALL SUBCHA=00004¢
NNELS IN THE CASE CF FEATED SHRCUD WALLS (SUPERPSSITINN PRINCIPLE}IDID4C
100046

DEIAN=2.%(R2-R1) 00004¢
TETA2=). 23004¢
IF(QAGTal C=06)TETAZ={TLINER (L1, A)=T3T)*KI/(QA*DELAN) 20004¢
MUI=NUT*CETAN/ CET IC004¢
REI=REI*LCETAN/DE] J0004T
1=0.45/(2.44PR1) 200947
NUTL=TUBENU(RET,PPI) 0UV04T
PEI=RE [ #PRI 130047
FTIWAS22.#(0.27*RLOR2#42-1,)/(PELI#%C. § %240, L§) ¥R 1DR2 200047
IFCIQLINAEQ.L <AND. AZS(GALIN) 200047
1.6To1loE=06)CALL TELIN(TWI,TLINER(II M) TBT, TE, TETA2,FTuA, 000947
L QA QALINGNUTSNUTU s ALy KL, RLICR2, CETAN, Iy JPIH, YYI, FACHE) 000047
RETURN 030047
RETURN 1 000047
END 290042
c 200043
C 200048
c 1000438
c 090048

SUBROUTINE RTYSIU(PIT«TIMASSTI sCel s AREAL, ACABYLAMLYYI QA FACHE, 320048

* TEy RH;I;[vavJDIA ThlIRLICRUGITY Py OEIR¢Ds XAXX s>, FZATIPSF2OTIP) 2073048

———————————————————————————————————————————————————————————————————————— D0OI4E
RTESI FVALLATES KCD TFNPE¥AIUQES FOR CENTRAL ANC CJORNER SUBLHANNELSDD0043

AND FOR THE T« PARTS (F WALL SUBCHANNELS IN THE SMUATH PART 330043
0009041

REAL NUTUZNUIOQOoNUI KIoKAFPA,MASST LAML 200048
CLMMON/SUB2L/TSCHA{L1E52) o TSCHR2( 1342 ) /SHROUD/TLINERILE,2]) 330048

1 JOSHR/ZQALIN/LAMINDZ 12T IP (42, 3)/[SUP/ICLIN/ISMD/CUTH 330343

2 JISACL/ITECY 300249

"‘.’..‘I"'.-...‘..‘0"""...“"‘..‘...l..".....'..".‘...0000930049
TEMLAM IS CALLED IF THE FLCW IS LAMINAR: THE CALCULATION RETURNS 230049
THEN AT TRE ENE OF RIS 300949

292049
IF(I2TIP(I MILEQ.LICALL TENLAMUZ20N3,PBTTIsMASSISOEIRsAREAL-WA, 330049
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& SALIN o TEw B T 1o Mo Tl ITYPF2ATIP,F20TIP, U} JJ0045
#2 e de vk e B ok A Rk eokoedoR sl ook R g% o p ol skl e ol ke e sk o kol ko il oo Mode skl e el ok R R I YN N GO
THE FLOW IS TURBULENT 00004Y
s e sl ROl o R AOR Ak ok kbR 4% % %ok b b ok o koK AR kol ot R tololoR K R R ROR Rk kR kR 0 D049
TCG=TE INNY5ND
IFLITICCLEQ2)TC=T1 300050

R1=D*0.5 203050
RO=0.5%SQRT(DX42+0D01 %) 330350
R2=SQRTIC**2+ALAB*CE1#[143.,5 n0n059H
JEI=2.%{R2-R1) 2200350
RCDR2=R(G/R2 370050
RI1DRZ=R1/R2 200050
RIORO=R1 /R0 000352
l.‘..‘l.a...‘......l..".i.‘l'l.'..ll.."...“.".a‘l.O..I'I.ODCOQDOOOSO
INLET EFFECT CN THE NULISELT NUMBEZR OF THE RODS 030051

0J0U51

FACFE=TISIRLR2,1} 000051
200051

TWIO=TWI 000951
KI=KAPPA([PRT,T1) 700051
ETAI=ETA[PBT,TI) 200051
RHCI=RHC(PBT,T1I) 200951
CPI=CP{PBT,TI) 200051
REI=MASSI*DEI/UAREAI*ETAT) 300951
PRI=ETAI*CPI/KI 1009252
ALl=C.45/1{2.4+PRI1} : U00252
A2=0.16*%PRI**(-0,15) 030352
A3=1. IIN0DS52
[F{RIDR2.LT0.2)A3=1 .41 7.5%{1./RLIR2-5.J/RELI**0.6 201052
NHUTU=TUBENU(RET,PRT) 230352
FNUS(1.-AL)/RICR2%%42 AR {TG+273. 15)%%COTKR*NUTU 100052
Ci-1"’0...C..’...'..I........'.'..l‘..I.........-..'.OlI....O‘....l):)O{)Sg
CALCULATICN OF THE SURFACE EIN TEMPERATURE AT {Q3'ISHROUD = O 200052
{ LCOP [Tk ) 0309052
200052

DO 5 ITw=1,10 2300572
TWALL=TkI 00053
NUI=FNUZ(THI#273.16)**(TTreYYI*FACHC JIN0532
NUTO=FNL/(TWIO+273.16}**(CTwW 020052
ALFAIO=AUTO*KI/LET 1073052
ALFAI=NUI*KI/DEI 100057
TWI=TI+QA/ALFAL 200052
TWIC=TI+QA/ALFAIO 220252
TF{ABS{ThALL/TWI-1:) o LEL1E=-D4)CCTD 7 020057
5 CCONTINUE 300054
‘.“O..’.l........'."l..l.......o‘i......O.l.“'-.....Ci..'-......:)[jo:)bq
END OF LC3P ITW: PCINT REACREL IN THE CASE CF CONVERGENCE 330054
PRODLEMS D0D054
100054

WRITE(G6 611, JPINs THI,TYALL 3073054
6 FORMAY (LHL«5X,"STOP IN RTSI (CHANICZL'I5,% 5 PIN®LI5¢%) ¢t TwWw=", (20354

*EL1S5eTeS5Xy " TWALL=",E15.7) 100054
RETURN 1 000054
I.."'O.........OQ.'.O.l‘tl-'......".-’.'..l.'.l0'...0.....'-..0-.0:}0054
CONVERGENCE HAS BEEN PEACHEC FCR THE PIN TEMPERATURE Jnanse

10005¢

7 IF (ITYPLEQ.L)RETURN 00005t

- I~
0..;..-‘..oooo.o-n-a.o‘.‘c-..'a.o.so..ooc.ooo..noo-o‘a--oono--'noo.):)j‘.)s,‘

CALCULATICN OF THL SHRCUT TEMPERATURE fF0OR THE CORNER CHANMNNELS AN3DD20N55

FOR THE WALL PCRTICN CF THE WALL SUSBCHANNELS ( VALUE AT 100058
{Q")SHRCUD = O ) 20305%

I3005%
PEI=REI#*PRI] 230058
FTWA=22 o ¥ (0 2T*RLER2%%k =14 ) /I PELI**0, 8TxORI%x%0,183)*R1DR2 30005¢
TLINERCII MI=FTUWARQAXCEI/KI+TI 20005«

TELTUINERIIT 4 MY oL Co TEYTLINER(ITITI ¢M)=TE 30005¢
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TETAZ2=0. O0005¢
TSCHALT I oM)=T1 J2005¢
TSCHBOITI M)I=T1 329205¢
[FIQA.LE.L.E-06100TD 22 D00U5e
TETAZ=C(TLINERTIT 4 4)—TT )=k I/{QCAXCCL) 2I005¢
GTI={1.5%R1DR2+C.5}/{RICRZ+1.) 300735¢
GFLl={1.5*%R1LDRO+C.5)/(RICRC+L.) J0005¢
UI=MASSI/(AREAI*RACI) 22005¢
F1=RO*%2-R1#*%2 229057
F2=R2%% 2=RO% *2 200957
FI=F1l+F2 330957
TR1=T1 G0Nasi
C © 96 5665606606806 06000G 06 0064 86N G000 P60 GEECENTO6 BB OOD G S00s DB sswe )]
C CALCULATICN QOF THE 3ULK TEMPERATURES OF THC TWO ZONEZS OIVIOED 3y 0002157
C THE TAU=0 LINE FOR THE CLRNER CHANNEZLS ARND FCR THE WALL PORTION DOF0305]
C THE WALL SUBCHANKNELS ( LCLCP ITwl } 200057
C 000757
DO 20 ITwi=1,192 200957
RHC 1=RHC{PRT,T81) I0095¢
ETAL=ETA(PBT,T31} 20005¢
ULDUAS=RLULIDRU*RHCI/RHCI*SQRT{ILANMLXD,125]) 22005¢
ULIAS=ULCLAS*UT 10058
FF=RHCI#*CPI®*UL AS/CA NCo0ss
DD=€TAL/I{RHOL1*ULlAS]) nenos5-
AS=-TETA2%PEI*ULBUAS/CTI 23305¢%
BS={TWIO-TI)*FF-AS*{ALCG{{R2-R1}/DD}=-GTI) udonss
TSCHALT L oM =FI/F2%TI-FI/F2%{THIC~(ASHX{ALCGU{RO=-R1}/DIDYI=-GTLI 43S}/ 010357
/FF} 230358
TFUTSCHAUII oMY wLESTEITSCHL{TITM)=TE 30005¢
TSCHBUETI MI=FI/FLATI-F2/F1*TSCRA(TLL yM) 2709353
IF(ABS({TSCHB{ITMI/TEBL-12)ulEL1.E-D4)1560T0 22 A3005¢
TBL=TSCHE(II,M) 020056
20 CONTINUE 200955
C tuoo....oo-ga-..o--:oulc--o-n..n..o-o-oa--.n..o...oaoooaocn-noo‘..{)(“’.‘)5§
C END OF LCOP ITwl: PCINY REACKFED IN THE ZASE GF CONVERGENLE 22005
C PRCBLEMS 00355
C D0005¢
WRITE(6,2131,JPIN,TBL 2323956
21 FORMATUILHL,5X, *STOP IN RTSI (LCC? ITWLII=® 155X PIM=",315,'TB1=7,30004"
1E15.5) VD060
RETURN 1 10006
C e e e @ e e BOB6 0 660 056D G CD 8 Be0 G0 60080 S0CE CE0600 06000 eseseswoenvasvase JUJIIO)
C CONVERGENCE HAS BEEN REACHED FCR THE 3ULK TEMPEKATURES OF THC 00N 06%
C TwC ZCNES DIVIDED BY THE TAU=0 LINC a2N006)
C CORRECTICN OF THE PREVICUSLY LC¥2UTz0 PIN AND DHP UD TEMPZIRATURES “WQDb
C OF THE CORNER CHANNELS AMD OF THE AALL PCURTIGCH OF THE WALL SUBCHA=D22DN6N
C MNELS IN THE CASE CF FEATELD SHRCUD WALLS (SLPERQOSITIJN PRINCIPLE}DDIDOAY
C J000A2
22 IF(IQLINSEQel JANC. APS(LALIN) 227061
0.6T,1.E-06)CALL TELIN(TRITLIMERIIT ¢M) o TI, TESTETAZ,FTUHALQA 303061
LeQALINGy NUT s NUTU AL KT FILRZ,BElsIoJFINsYYI L FACHE) dNDNe1
2330 RETURN AG0N61
END 200041
C 233061
C 200061
C 200161
C 3223061
SUBRQUTINE SUERALINSTCT.NSTRy, INDSO® H,LENSTED,PIG+PRLsPR2,PBTLFREDDDDAL
*LaFT,ITCCRRvDPAVvF;hSP I1SPAC) 0200561
(e e e e e e e e e e e e — 030061
C SURRUUT[NE SUBBAL EVALULATES THE S5UJBCHANNEL MASS FLOW RATES AND 120061
c BULK TEMPERATURES 230961
C 309062
REAL LAMSCHsMI ¢MAVMASCHEL g MSCHaMAVCF LENGTH MINS(3) ,M2NS{3 ), 220262
1 MAVIoMAV2 MAKCIKEPFA 2203067

DIMENSICN RHOL(3) s TINSU3) o WCFUL(3) s dCFINST3),EPINS(3), TANS{ 3), 000062
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T2NST2)aRHCAVIZ Y ANSEZ) o (MEM{3 ) ,0E13) ,A(42)
COMMON/LCRR/SIGHMA(S2) (PHI(42)/CCRRL/SIGHMATI (42,30 PHIT(42,3)
JGRIDO/JCSPACIAZ,2,4 ) /T J1/NERTA2 e HNIST42,3) /INO3/NTYRP(42])
FCENZ2/7AZU42 Y/ CENZ/MITA2)/CENS/OEIL42)/08B2/UAYV(42)
FMGB4G/WCFLI42)/MEDBS/TAV A2/ 40357/ 4AV142)/MUBB/DP(42)
/SUBCL/NCHFCI3) JSCHIU2:3)Y/7SU3C2/7JCHCL3,2/SUBL/ASCHIS2 431
JSUBZ/TSCHI4 22 ) o ¥SCH{42533/SUBS/LAMSCHIG2, 3)
/SUBO/TSCHLIU42,33/8UB3/¥SCHL{42,3) /HEALD/QSCHI42,3)
FSUB3L/wCFENS{2)oDPACSE3) s WINSLIU3:3) ¢wTNSZ2{3,21 ¢ UNSI3] 5, RUAGMSH
3M/M08247WT (42,2 1/ FMCEB26/RLAS{42)/TURZ/CTURBLE2)
JFEAG/NPINIS42) 4 JPIMI42,3)/GEDD/7ACHI3)
COMMON/GRIDIL/EPS{42,3,5),CISTSPL7)/5RINDE/PEIPI42,344)
/SLB3/ADARLLB,2),,C0TR3( 18,2/ HACCL/XMSCHA{ 18,20, XMSCHALLE,2)
GPARI/ZQOEV/QPARZ/CLINM,,CLDZV/SPARB/PERLIZ)
/LAMINO/ 12TIP(42,3) /JLAMINI/FLATIPL$2) ,FLOTIP(42)
FLAMING/F2ATIP (423 ), F2DTIP{42:3) /WCSET/MAWC (18+.2,2)
FWCSES/TAVRCILB, 2, 2)/CORR2/CHINLA,252),PSI{18,2,2])
FWCSEB/ASCHWC LR, 2,2 /CONDL/CCNID(42,33/00OND2/CCTINILLE L)
JGRAV/IGRAV/SURDI/IDIVLZICIV2/GAAGL/FCCPAHLL3]
FENZCOP/IENE/GRIDZ/YYL1TC 42,3 /MIXS2/CY/SECTIN/K

XX=1./6E0865,

CCRRECTICN OF THE CHANKNEL FLCW ARZAS TO TAKE INTO ACCOUNT THAT
THE SUBCHANMEL CECMETRIC PARAMETERS MUST BC BASED On THE TI»
CIAMETER OF THE ROJS IN THE CASE JF LAMINAR FLOW

DO 1000 NS=1,N>STCT
AINS)=AZINSI*FLATIPINS)

® O BB O DO B BE VG BE O BEE B BB SO G OD OB D GG SEE DD OE B DI OB OO PL 5 OGS D 8D E SO ®WED BT O

LUCOP BNS® STARTS ( NS = CHANNZL [loeX )

DO 83 NS=1,N5TCT
[II=NS=RASTR
FRELI=FREL
NP=NPIN{NS]
ITYP=NTYF{MNS)

NI=NER{NS]

NF1=NP-1

NSCH=4-11YP

SCh=NSCF

AREASC=ACH{ITYPI/SCH

CONNECTIONS ECETWEEN THLD SUBCHANNELS JF CHANNEL "NS® AMD THE
CHAMNNELS ACJACENT T wASH

CALL SUBCCONINS, NP NPL,NI)
TF{NPIN(NSYI.EQ.LIGITC £5

IFOITYP.EQel o ANDe TOIV91GECSIDIVLI/2%2153T0 65
IFLITYP.EQs2 AND. IDIVILGT.21GCTI 65

DO 1 I=1,NP

RHCL{I ) =REC(IPRL,TSCRLI{NSs1})}
MINSUI ) =MSCHLINS,T)
ANS{IVI=ASCHINS, [)*F2ATIP (NS, I}
DE(TI}=CEZINS}*F2CTIP(NS, 1}
TINS{L)=TSCHL{NS,1)

WCFUDUL 1=WCrINSI*ANS (T I/AINS)

B S D DE TS BB DO RSO 2P OB L OD LGB OD BB O HBOTH OO OO DS DV OO B sD S TE & SO S BSOSO DO

ITERATICN CN THE RCLAXATION FACTCR (LCOP ITFREL)

DC 48 ITFREL=1,58
IVIA=1

® B 68 B OO H TG OO S OO VS BB O DB HE DO OO BSOS OB OV OOD O PO GO P OO P OLD 6D DO S S DO &P S

D062
NeonNg2
0Dl0062
2310062
0062
V20067
OO0N63
209063
Q0ND63
00063
000463
3030413
nI0U63
300063
(D00563
2309053
300064
I0D0D64
3300A4L
20006A4G
930054
IND 184
3I0DN44
230064
F0INB4
GO0064
100065
ADNES
oud0en
2330068
000348
a0NJ6S
320065
300067
N5N65
J0U6E
AIONE-
JONI6L
200H4
EIGRARRT Y
OJR06¢
V1CAN6GE
1IDN6E
TOON6E
2300464
R IGSTYS
200067
JUNN65
20067
Lo0067
33047
200067
OISR YO
N0) A0
000067
320067
BIORSITES
020 D6E
2030455
2NDN6S
NYUNAS
DRI
JdND6E
20006
I0I0AE
D0036:
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CALCULATICN CF THE PRESSUFE LLCSSES (LCCP ITCGLY

20006%

230066

DC 47 TIGL=1460 000365
320067

EVALUATILN OF THE CROSS-FLCw SCLUTIOGHNS 10006¢
DI0%6°

CALL CRFLIUITOLECRNSAVSFRELTo 2 (NS NP oANSoMINS DPMSWOF IS HCFLINS, 203767
#  EFLNS) N0N06T
DC 2 I=1eNP ARRCIVICE
WCFNSTLY=wWCPNSTI #aCFLDTTY 30336%
MENSLT ) =MINS{II=F*JdCFNE(T) ooonTC
MECHINS T ={M2ASIT I+ NMINSLTII=C,5 903071
TANS{I I=TAVINS) 33007¢
RUASNS { T)=MSCHINSs I}ESCRT{LAMSCH{ IS, 11201281/ ASCHINS, [)*AREASC 333077
IF{ITGL.GT.1 -AND. IVIA.LEC.L1)oCTOQ 25 200070
Q.o.’l.n..“-'.‘-."!io‘.t'l"..."o.‘I'OO‘..‘.QQ--!-IO0...0..“‘.0‘3)0’)?:
CALCULATICN OF THE 3ULK TEMPERATJRES ( LOUP ITERM ) poonTr
0230377

XPREC=1.E~-04 22037¢C
DO 20 T TERM=1,20 DO3d7L
100071

A) TURBCLINT EXCHANGE SUECHANNCL-SUBCHANNEL 200071
2393071

DC 4 [=1,NP1 000071
MAVI=MSCHINS, I} ¥AREASC/ASCHINS, T NCNuTl
[i=1+1 327071
26 2 II=11sMP 033971
MAY2=MSCHINS, TTII*ARCASC/ASCHINSLIT) 000071
IF{TANS{I)oebLEeDe o0Ra TANS{I}.GT3330. »CRe TANSI{IL).LE.De <UR. 202971
*TANS{IT).G5T.3320.06G0TC 302 330071
YYITT={{YY (KNS, IV +YYIRSNS, TI))*0.5-1.)1%CY¥ 1. 003072
WINSLLL 2 IT)=THMEIPRT ¢ 2AVI NAVZ2, TANSLI) o TANSUIL) s LAMSCHINS 1) 332072
% AMSCHINS 11} s AREASC 4ARELSC, CTURBLULITYP Y IXYYILI D00N0T:Z
IF(IZ2TIPINS s I)eFQel oCka [2TIPINSsIT}eEQaLIWTNSIITILITI}=D0 300072
WINSI{II.T)=wINSLIT-T1I1) 500072
CONTINUE 00on72
D3 16 I=1,NP nonaT2
THEFEX=0. 30272
CONFE=D. N20072
AAVI=MSTHINS, T ¥ ARCASC/ASCHINS LT 2330172
DC 5 TI=1.NP 220073
IF{I.CC.T050T0 5 003373
AAY2=MSCHINS s TIYXAREASC/ASCHINS ST 000373
TAIII=(MAVLXTANSUI)#+MAV2ATANS(IT ) )/ (AAVLI+MAV2) 200073
CONVFESCONHE={TANS{II=TINS(IL ) HCCONDLUITYP ) {KAPPA(PBT, TANS(I )1+ 203073
+KAPPAIPRBT,TANS{II) ) 2073372
THEX=TEEX={TANS{I}~TANSCIT})*wINSL{L,IL ) *CP{PRT, TAIIT} 0CnNoT3
CONTINUJE 320073
300073

B) TURABCLENT EXCRANCE SUECHANNEL-CHANAJEL 00273
00074

HCHC I=NCHCI(T) N0IdTS
TF(NCHCTLEQ.016CTO 7 A0INT74
DO 6 KL=1,MCHCT 2230074
M=JCHC( [,K1) 130774
[1=JdSCH{I¢M) NGNIT4
J=NIS{NSM) 0071374
MIYPJ=NTYP(J]} 220074
MAVZ2=MAVIJ)=ACHT NTYFJ)/£2(J) 0930074
ATNS21TI +KL) =nT{NS M) 130074
IF{I2TIPINS s [)=EQeL)nTNSZ{I+KLYI=D, 0Cn375
TELTLoNESD)UTNS20 LK1 =h INS20 T, KL ) 2 ERJASNSCII+RIJASLI I}/ IRUASNSLII+D0D0DT5
* RUASKNS{ILI+Z.*RUAS (D) 300075
TALJ=(TANSOLIRMAVI#T 2V JIANAVZ )/ (AAVE #AAV2) noadn7s

CONHEP={TANS{T)=TAVIJ) }*CCCHD (NS, 4) *{KAPPA(PBT,, TANS{ 1} ) +KAPPA(PDTY, 200075

*TAV(J)))

300275
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IF{IACHI{TITYPI/AZINS) elEalal oCRe ACHINTYPSI/AZIJIoLEelal) . AND. nCodTs

HF{NTYPINS)EMNal 0Re NIYP{S) . ELLLIICONHEP=CCNHEP* 3.5 20075
CONFE=CONEE=CUNFEP DCUNTS

6 THEX=THEX={TANS{II=TAVISV I RLTNS2{ I KLIACPIPATTALJI} 030075
330075

C) CROSS FLOW HEAT EXCEANCLE SUBTCHAMMEL=SUBCHANMNEL DCD07A
ny03746

7 CONTINUE 100076
TACF=0. I200745
MAVLCF=0. 000376

DO 8 TI=1,NP 200076
IF{1.EQ.TIT}GOTC 8 0074
MAVZ2=MSCHINS, T I} *AREASC/ASCHINS,IT) Q30775
CALL CFRLIUTANS{TI Yo TANSUIT ) s MAVLIoMAYI2,020STT ). 0PNS{ITIY, 200076

* I1GL s TACF s MAVCF) INIDTT
320377

D} CROSS FLOW FEAT EXCHARCE SUBCHARMNEL-CHANMEL ooon77
330077

8 CLNTINUE 300077
IFINCHCT cEQ«DIGOTD 12 200077

DC 11 Kl=sl,NCHCI 002077
M=JCHC{ I-K1} 030377
J=NIS{NS M) 30 T7T7Y
NTYPJ=NTYP([ J) 2009377
MAVZ2=MAV {J)XACHI{NTYPJ)I/AZ (NS} 000078
CALL CFRLITANS{TI ), TAVIJ)+MAVL oMAV2DPNSIT ) OP{JYyITGLTACFs AAVCF 2000717

11 CCONTINUJE 330073
12 CCNTINUE 200378
00378

200074

TACF=TACF/MAVCF n02%078
TAICF={ TANS{I)*NAVI+TACFXNMAVCF)Y/UAAVI+MAVCF) JONDTE
CPHEX=WCFNS{I}*{TANSUI)=TACF)*=LP(PRT,TAICF) J00778
PHITINS s I )= {THEX+CFFEX+CUNFEI®*HZASCHLNS, 1) JCO0NTE
XXMAV=MSCHINS,I) BRRVIAN A
XXM2=M2NS{I} DCDIT6
TFUIENEQEQ2IXXMAV=AINS( ) 2029778
IFUIENESEQa2 )} XXM2=XXNAY I00D7S
T2NSHUT3=TSCHLINS T )+ b/ {XXMAYAXCPU{PIT, TANSCII I IFLLDSCHINS, T *7)D 0CcoaT:
+EV+ GLINMYPERL{ITYPI=QS5%CLDEVI/LENGTRETHEX#CFHEXFCINHE) SESRARA I A%
TSCHINS s T)=( XXM2HT2MS{ T} +MSCHLI(NS, I I XTSCHLINS+I) 1 *x0.5/ J00:37%

* XXHaAy 200075
16 CUNTINUE SICRA RS I AS
TFOITGL .EQ.LIGOTO 25 200078
207308L

TEST OF CONVERGENCE FCR THE GAS TEAPERATURES annnaT
223203

IF{ITERMGT-1DIXPREC=1.E~C3 201308¢C
IFUITERM,GT 18 IXPREL=1.E-C2 000382

DO 17 TI=14NP 000330
IFCAQSTTANSOIN/TISCHINS ;I =12 o 5T XPRECYGCTC 13 AD2008<C

17 CONTINUE 309038
GOTC 25 000987

13 CONTINUE 20008
DO 19 [=1,NP 2013081

19 TANS{I}=TSCH{MNS, 1} DONDARIL
20 CONTINUE 370081
..".’.......".-‘..‘...‘.“-’l.‘..l‘.'.‘.‘......'....Il."-‘..-..0...00@’)81
END OF LCOP ITERM: PCIMNT REACHLCLD IN THE CASE 0OF CONVERGENMNCE 2200131
PRIBLEMS 03031
Neno 8l

WRITE(G6,2LINS{TAMSUI)I=1NP},ITCIKR 200081

21 FORMAT{ SXe "SUBCHANNEL CALCULATICN STOPS IN LLOOP ITEgRM JF CHAMDZ (0 331
HNEL® s I6 95X P TEMPERATURES=4/5X 23015, 7/5Xs *ITCCRR=%,15) NCOD8BL
RETURN 1 JoOO08B:

E nAno
2 O B DO P B BB O 00 H OB VO S DO PP EE LD LD 0D O G L OOH S TH O OS BEO 04.--00-00..-..0‘0)") J(,J?
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CONVERGENCE HAS HEEN FEACHED FUR THE ENERGY EQUATIONS; THE

LATION COF THE PRESSUKE LRCPS STARTS

CONTINUE

DO 26 I=1.NP
RROAVIITI=RHO{PBTTSCHI{NS, T}
UNSETI=MECHINS, T/ CANSTT) *RHZAV L))
CONTINUE

DBNSAV=0.

SMSCH1=C.

DO 40 I=1,NP

TMOEX=0.

TURBUL ENT EXCHANGE SUBCHANNEL-SUSCHANNEL

DO 27 1I1=1sNP

IF{I.EQ.T130G0TN 27
TMOEX=TVMCEX~-(UNSTLI=UNSTIT I =WINSILLI 1T
CONTINUE

TURBUL ENT EXCHANGE SURCFANNEL-CHANHEL

NCHCI=NCHCIT)

[IFINCHCT,EQ.0)GCIC 25

DO 23 Ki=1,NCHCI

M=JCHC I I,KL}

J=NISINS M)
TMOEX=THMOEX—(UNSTII-UAV{J) I=RTINS2{I KL}
TMCEX=THYCEX*FT*H/ANSIT T}

UACF=0.
ACF=0a
AREAL =AREASCH*F2ATIF(MNE,I)

CROSS—FLCw EXCHANGE SULECHARNNEL~-SUBCHANNEL

DO 30 Ii=1,NP

IF{T.EJ.TT3GOTO 30

AREATI=AREASCHF2ATIP (NS, 11)

CALL CFL{UNSITI) UNS{IT).AREAL S AREATTLOPNS{LI,UPNS{II),
1,UACF,ACF)

30 CONTINUE

*

CROSS—FLCW LCXCHANGE SULPCHANNEL-CHANNEL

IF{NCHCI.EQ.O}IGLCTO 3¢

DO 35 K1=1,NCHCI

M=JCHC{I,K1)

J=NISINS¥)

NIYPJI=NTYPLJ]}

AREAJ=ACH(NTYPJI*F1ATIPLJ])

CALL CFLIIUNS{I}oUAVIJIAREA] (AREAILIPNSUIILDP{Jd 1,
UACF,ACF )

35 CCNTINUE

36

*
/

*
W

ULF=UACF/ACF

CFMOEX={2.%UNSTT)=UCFI*WCFNSTT)/ZANS U] ) %Y

XAEM{T Y=L AMSCHINS s 1)/ L2 *DECL) AQHACAVIIVIXFCOPWILITYP)
RE=MSCHINS DI¥CELL)/{ANSLT) *ETA{O3T, TSCHINS 1))

TF{INGSPEQ2IXMEM{ T =XMEMLL )+ LLSPACLISy o ILSPACH+DSPURPFIEPSINS, Iy

CALC U=

T1SPAC) ¢DFELL) s LAMSCHINS s 1) swSP 2502 {NS, I3 ILSPAC) yRELZITYPI I}/

RHCAVI(I}
DPNS{Id=XX®x{~={MSCRINS, I} /ANS(I]}

2R {XMEM (T ) —{RAQIPR2, T2NS (I })

)
=REQLUOTDI/RHDAY L 11321+ TMCEX+CFADEX+ICRAVXRHOAV{T )*532.665%

Hi

200082
200982
00008z
0032
200082
roong’
J00037
MONN3L
JLONRKC
30087
30003
2anna
NGANA_:
3303372
aa0nagc:
Ia009°
200083
320087
a097084
00034
200084
NGONR4G
0030034
100034
2003034
2000084
0000434
270384
a0003¢8
30043%
Q00028
130038
230065
2700135
NINIRE
3310385
IGED0D35
30085
10 I08BE
ne0DsEe
20034
2300086
000086
n0IN840
220084
200086
J300 86
ID0D3A
200087
n0H08’7
200037
Ga0ng7
730137
D60087
200087
D30IR7
200087
209087
200988
00783
A70N 83
330033
2002373
209038
2300823
000083
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41

aclt

46
47

302

48

49

177

50

50
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OPNSAV=CPNSAV+HDPNS{T }4MSCRTIINS, ) 003039
SMSCHLI=SMSCHLI+MSCHLINS 1) 2003017
CONTINUE 00039
DPNSAV=UPNSAV/SMSCHIL 200089
TF{ITGLLT-4)IG0TC 45 00 3033
I I N 1
TEST FOR THE CONVIRCENCe CF THE PRESSURE ORUPS 330089
303082

DO 41 I=1,NP 370089
IF(ABS{CPENSTI)/EPNSAY=1).5Teleb~22350T0 45 0700339
IF{ABSTUCPNSTI)/OPNSAV=-1e)eGTalebE=03 AND. ITGL.LTL4D215070 45 220089
CONTIMNUE 000089
TFUIVIALEQ.215CTC 50 Q00090
D3 301 I=1l4NP 3007390
IFIM2NS{I)LE.D.)GOTC ZC2Z 320069
CONTINUE NoGoagn
[VIA=2 2000973
CONTINJE 200209)
DO 46 I=1,ND J30739)
WCRNST{ I =wCFNS{I)-WCFLD U]} o0Ng )
CONTINMNUE 200097
© © 5 660 608 ses 60580 EsT 96 0B C60 e 00 EENE 0SSR RS e0s 0 BBO0ss 00000 s0vessedc JUIG]
END OF LCCP ITGL @ PCINT REACHFECD IN THT CASE OF CONVERGEZMCE 220091
PRUOBLENS 53031061
CONTINUE 300091
AIT=ITFREL 200091
FRELI=1.-AIT*0,.01 07791
CCNTINUE 130191
A N 1 e A
END OF LUTOP ITFREL: PCINT RLACKHED IN THE CASE CF CONVYERGENCE 3230091
SROBLEMS J00N91
2200951

WRITE(6 49 ITCORR NS IOPNSLTI) s I=1 8P}y (MSCHINS, T si=1,N?), 1000492
* {TSCHINSsI)sI=14AF) 130092
FCRMAT{// 5SX,'SUBCFANKNEL CALCULATICN STCPS IN LODOP [YGL: ITCORR=009992
1?2, 155Xy "NS=%,15/5Xy*PRESSLRE LCS3ES + AVERAGE MASSES + AVERAGE TEJJID092
ZMPERATURES ¢ */(8E15.5})) 330092
RETURN 1 aa0nv2

e
'o’.oo'.gn.onc-aoo'.o---c-.'-otao'-u...ona-noc.n0'.&-..0-0'-o.'oo.ﬁ:‘).))2

CCNVERGENCE HAS BLEN KREACFED FOR THC cNERGY EQUATICHS AN FIOR THE 232092

AXTAL NUMENTUM EQUATICAS 200092

A3NN9y7
CCONTINUE 170093
DO 60 I=1,NP 200092
DPAVF=DPAV—IGRAVXRHCAV {1 ) *=0,.C01L 210N09°
BMI=SQRT{ABS(OPAVFE) /(xX*XMEV([T))*ANS{I) 200903
SIGVMATINS T ) ={MSCHINS, I)-3MI ) /ASCHINS, L} 2000903
CONTINUE INaHa:?
GCTC 70 09939
g Sk e ok oY o ok ode e e e sl ke e o Sl el e ol ok ot Nk o SR v o s ot et RN s e e s kool el ez dle e Ve e verle e ok el VY T T QR
FOR THE CHARNNELS WITH UNLY ONE SU3CHAMNHZL 2220943

a0NQ9=
CONTINUE 00994
DO 66 I=1sNP 3303654
IFINTYPINS)NEL2)5C0TE 7007 NINUGY
WCFNST T )=wCFINS) Q07094
M1=JCHC(Is1) N00094
M2=JCHC{1,2) 20034
WINS2(TI1)=WTINS,M™1} 200094
WINSZ{I21=AT{NS, M2} 220N94
RUASNS(I)I=RUAS(AS) Q0094
UNSTTI )=UAVINS) IDNTS4
CONTINUE a950795
MSCHEINS s I)=MAVINSI®ASCHINS, 1) /2Z{NS) 13905¢
TSCH{NS, T1)=TAVINS) nNaN09%

SIGMATINS, I J=SIGMA{NS) 200098
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PHITINS, T}=PHI(NS] 300085
TFINTYPINSI.NEL3IGOTL €0 200395
EPSM=MSCHINS s T}~ {XMSCHAL LIT T ) #XMSCHI{III,1)) 0outes
XASCHALT TL, [ 1=XMSCHALTI 1Yo T 4EPSMA{Le~1/ADAB(IIL 1)) D0D09E
XMSCHBUIII, T3=40CHINS [1-XMSCHALTIIL 1) 3300958
CCNYINUE 20009

30 039¢
COMTINUE 33009¢
IFINTYPINS)oNES2) cCTC 87 220096
EE 2 S 3 S RIS A E R RS R EEAEEEREREE R EEETESES IS SESETIFTITES I EITIHIIBIEL
CNLY FOR THE WALL SUBCHADNMELS 100939¢€

02098
I2TTIP=0 000096
20 4CC1 I=1,NP enane
I2TTIP=12TTIP+12TIPINS 1]} 3293096
D0 4000 JuC=1,.2 32009¢
CHITTIII,I.JWCI=1. N00I37
PSI{ITI+I.,dWC)=1. 300097
TAVRCITI I 1 dWC)=TSCH{AS,T) 3000697
MAWCIITI oIy JWCI=MSCHINSs T)¥ASCHWC LI LT [y JWCI/ANSCT) O0I097
IF{I0IVZ2.EQ.LIGETS 4001 023097
EPSM=MARC(IIT Lo Lo L) ~{XNMSCHA{TIIT, I +XMSCHBITITLE ) 100397
XMSCHA(II I, [)=XVSCHA(TIT IV +EPS¥S{la—-1./ADAR(LIL,1)) 100097
XMSCHBLIIT s I)=MAWCIIIT 11 )-XHUSCHALILIL, 1} 300097
CONTINLE 0L3IG7

®% oesas seceo0e o 008500308 BEDD0 6 0B B BECaU RO OB Ee 0D BeooBe sessesesesee JIIIT]
RECCAZ 1S CALLELD CNLY If THE FLCw IS TURBULENT IN THE WHOLE WALL D0009F
CHANNEL IN CASE CF IDIVZ=1 200098
200092

IFLIDIV2+ENe2 «CRe I2TTIF.ANEL0UIGOTD 8D 27D0N9E
IFUITY?.EQe2 AND. IDIVILGT.2)IGCTO 32 730098
CALL PECCAZ (NS, TITIsNPLINISP o H LENGTHPRLPRZ,PITLFRELISFT,00209%
HITCCRRyPIG D4 CPAV AT 770 SFLI1SPACH JJI0N9E
0000913

L0038

80 CONTIMUEL 320098

2 ® ® 5B B G B eSS GO D BSOS DO 08 OO 5 GO LG LS HEG SO O OO 6 6D &5 6 O S ..........'..;-...DDOOQQ

END OF LCOP #NS™ ¢ Tre CALCULATICHS HAVE BEEN PERFORMED FIOR ALL 200095

SURCHAMNELS CF ALL CEARNELS 0701799
030039

RETURN D009
END 06nNN39
C 300099
C 0DG0099
c 3300993
C 2099939
SUBROUTINE SUBCONINS NFyNPL,NT) 2003799
--------- e e e e e e e e e e e e e e e e e e e e e e e e e e e e = = () (13 9O
SUBROUTINE SURBCCN EVALLATES TrE ®NJMSB3ER OF CHANELS COMNECTED TO 203099
EACH SURCHANKNEL I CF CHARNMNEL NS U RHCRCUI) )y IDENTIFIES THESE OnN0N9s

2

4

CHANNELS RY MEANS OF JCHOUI,K}, IDEMYIFLES WHICH SUBCHANMEL 11 OF 220100
THE SAME CHANNEL NS IS COMNECTELD 70O TH: SAMe CHANNEL ( 8Y MLANS OFJ3D0103

JSCr{IsM) Ja 030190
020109

COMMON/FEAG/NPINISG2) s JFINTA23)/TJL/NERC4A2)NIST42,3) 300100
/SURCL/NCEC(3) ¢ JSCHIU2¢33/S5U3C27/JCHC 34 2} /THD3/MNTYPLA2) 030109

DO 4 I=1,NP 0230130
NCHC(I)=C 000100
J0 3 M=14¢NI 0301090
J=NIS{INS,M) n30190
NPI=NPIN(J) 300101
DO 1 IJd=1,NPJ (10101
IF(JPIN(I ST J) e EQCaJPININMSHI)IGOTL 2 330101
CCNTINUE 300151
G2TC 3 100191

MCHC{T)=NCHC{T)}+1 230101



O

oM

&Y O

[

CyOY O

- 1u6 -
MCHCI=NCERC(TL)
JOHCIT s NCHO [ =M
JSCHUT  ¥)=0
COUNTINUE
4 CONTINUE
[FINP EQ.LIRETURK

o

DU 9 I=1,NP1

IFINCHCITI.EQ.CZICGDT S

NCECI=NCHC(T)

DO 8 Kl=1,NCHCI

[l=1+1

DT A TI=114NP

TFINCHCI{IIILEQ.CIGCTIC ¢

NCHCEI=NCHC{IL )

o0 5 K2=1,NCHCII

ITFTJCHCIT KL EQaJCROLIT K2 3GCTT 7
5 COMNTINUE
6 CGNTINUCE

GCTO 8
T JOHCIK=JCHC{ I, X1}

JSCR{L JCHCIK =11

JSCHIUTI»JIHCIKY=I
3 CCNTINUE
9 CCNTINUE

RETURN

ENC

C

C

C

C

SUBROUTINE TELIN(THL TLINIR T TC, TETAZsFTHWALDQA, JALINSNULsNUTU

1 Al +KIsRICR2,DEIs I, JPINYYI,FACFHE)

300101
00101
330101
Lol ol
200102
320102
00102
1301062
233102
00102
000102
A001N2
SINRND M)
230102
000103
CJ0103
030102
100103
000103
000102
000103
0n0LN3
QI0133
020103
230104
337104
JO00104
30104
230104
330104
232104
020104
030104
330104

TELIN CCMPUTES TRE LINER TEYMPLRATJRES ANC CORRECTS THE PIN TEMPERAODOLIO4

OF THE EXTERNAL CHANNELS IN THE CASE JF HEATED LIMNER (TUR3. FLOWI

COAMON/ZTISMO/CCTRW/ISMCL/ZITICC
REAL NUTUNJL,NUZ KT

INLET EFFECT CN THE LIMER NUSSELT NIMBER

RI=DEI*RILRZ*0.5/({1.~-R1ILR2)
R2=R1+3.5%DEI]
FACHFE=TISI{RLsR2,3}

T6=1E

IF{ITECC.EQ237G=T1
FNUS(1.-ALlFRIDR2*F D EIANLTUMITO4273 161 *=COTWRYY IFACHE
ITERATION FOR THE CALCLLATICN CF ThiD LINER TCMPLRATURE AT
{LG™IRCD = O ( LCCP IT7%1 1}

DC L ITw=Lls10

TW2=TLINER

NUZ2=FNU/ITH2+272, 161 %%{CTH

ALFA2=NU2*K [/TEI

TLINER=TI4QALIN/ALFAZ

ITF{ABSITLINER/Th2—1la)elteloe—C4)53TD 5
1 CONTINUE

® 2 ©H €5 © S DS GO VO D H L LR T LB BB EOS DG S LR SO LBDOD DL OE O EHD O 6 VOSSOV 6O VS 6 ORS L OGO

CONVERGENCE PROBLEMS IN THE LCCP ITWIL

WRITELE,2)14JPINsTHW2
2 FORMAT{1HL 55X *STOP IN TELIN: I=¥3I545X, PIN=%315,5Xs*TLINCR=",
1E15.5)

330104
J001904
200104
N30105
2001908
202N10%
023010¢
0001N0E
DIDLDE
000108
0No1o:E
DIDN10E
220105
G001
30010
DL 0E
23010
2001 2¢
DOOLOE
23019¢
NIN10E
20010¢
D001 0¢E
000107
32107
0090127
0J0LNT
nooLng
20107
0DO0LOT
DI0INT
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1
2
3
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STCP 0010
....‘...‘..DC...6‘.‘......O“.‘OO.‘Q#QQI."*"Q..O“ld'b‘l'..000&&'0?)}‘\’)1')?

CONVERGENCE IN LCCP 1Tkl CALCULATION 0OF THE RCD TEMPCRATURE AT 230108

{QWIRCAD = O 0108
QD0 LNE

TWHl =FTwA/RLIDR2*QALINZXDEI/KI+TI] 100102
IF{THL LE.TE)TwWL =TE UD0LD7
TETAL={Twl —-TI¥XKI/ZICALINXCEL) ang10e
IFIQALESL.E~Q6)GCTC 1IC 00010¢

oo
B OO BB DD G BD OB BB G R BV BB BB BP AL OCET B OBE SO PDDOP R DE DS S BB BRSSO .0-..'-0-00303"\’13.“’“

REAL ROD TEMPERATURE IMN THE CASE CF HEATEL RCD AND HEATED SHROUD 023019°

A5010%
MUL=NUL/{l.+CALIN/QAXTETAL*NUL) 33010¢9
ALFAI=NULI*KI/DEI IN0OL0n
TWl=TI+CA/ALFAL 1001 JC

I ~
D @B B Y OR O DT P LR B BED RO DD DB G RERC DB BDBS O eSO DB P BB DB CL RO RE BDE BB B GG Oitlk’j()l‘)"

REAL SHRCUD TEMPERATUPRE IN THE CASE CF HEATED ROD AMND HEATCO SHRDUIIDLNC

J0010¢<

NUZ2=NU2Z2/{1.+QA/QALIN¥TETAZENLZ]) 10310<
ALFA2=NU2*KI/DET (20108
TLINER=TI#QALIN/ALFAZ ISR R AR
RETURN AT01L0C
kD ATORAR N
C 200110
C 300110
C 200112
C DOoLLIC
SUBROUTINE TEMLAM(* 4PBRT TI,MASSTDEIRVAREAL ,3Q, JALIN, TE, I, 11+ M, D20117
THLITYPLF2ATIP,F2DTIP,CVCL) 270110
o T o e i A S e T o b e o T e o o e o e — e (JY )] ]

TENMLAM CCMPUTES THE FIN TEMPERATURES AND THE TEMPERATURE OF THE 0001170
LINER IN THE SUBCHANNELS WRERE THE FLOW IS LAAINAR { THE VZLOCLITY 200111
PROFILE IS ASSUMED TC RE ALREALY JEVELIPED AT THL POSITION S4HERE T20011<8

HEATING STARTS) Joo11n
[TyP=1 : CENTRAL SUBCFANNELS AND CENTRAL PART OF WALL SUBCHANMNDIOLLS
ITYP=2 ¢ WALL PART OF wWALL SJ3CHANNELS 330117
ITYP=3 : CCRNER CFAMNELS Ja9111

200111

REAL MASSI KIsKAPPALNLLISNULINSNLZZNUZIN 200111

COMMON/ INPAR/IPAJLAMINS/RTIPUTI/QPARA/PERLIZYJINDI/NTYP L42) 000111

JSUBL/ASCH{42,3)/CECC/ACHI3 )}/ DHITL/X/SHRNDUD/TLINER(1S,2) 000111
ZSLB2L/7TSCHATLE $2) +1SCHE{18,+2) /MARTZ/NST NS2/MART3/TREQR, 290111
TBEQL/ISUP/IGLIN 330111

220111

QA=CQ*DVCL/RTIP{IPA}A(C.5 300111

TSCHA{LII MI=T1 000111

TSCHBLIIM)=T1 200112

NTYPI=NTYPLI) 030112

PrH=4 ., *AREAT*F2ATIP/(CEIRAF2LT IP) 00112

PH=PW—~PERLUITYPI=ASCH{I ¥)}/ACR{NTYO L) 290112

R2Z=SQRTIRTIP(IPAI* X247 *RTIPLIPA) SAREALXF2ATIP/PH) 0yoa11e

DEI=2.%{R2-RTIP{IPA}) 00112

RAS=RTIPILIPA}/R2 Jnntiz2

KI=KAPPA{PBT,T1) 200112

ETAI=ETAI(PRT,TI} 230112

RHOE=RHO(PBT,T1) 200112

CPI=CP{PET,TI) 200113

REI=MASSTI#DEI/ [AREATI*FZATIP*LTAL) CJ011L3

PRI=ETALIXCPI/KI 300113

PEI=RE[*PRI] 0Nd11l3

GRI=X/(DEI*PEIL} I3N11L3

0113

i e {(NU LYINF IF {(QILIN =C D00113
200113

IFLITYP.EQ.1IGCTC 1 2717113

NULIN=4.,CT7+#1.233/RAS*4(.£0272 2N0113
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GOTE 2 279114
1 NULINSRAS/{1o+RASI#*{14,1207+4.1261%4L0G{0.952313/RAS-1.)) 0unll4

2 CCNTINUE DI0114

c 100114
{—===—== YNUl=(NU 1)/(NJ L}INF IF (QILINER =90 000114
c 10D L%
[F(GRI.CT. D.225)1G0TC 2 20114
B==0,19227+.121747/GRI*%(.145828 97011%

GOTO 4 100114

3 3=-=C,0C13376+40.C0C0277131/GRI*%1,76255 200114
IF(B.LT.0.13=0. 300115

4 YNUL={RAS/N.0CCE2)%%R 9115

C nI0115
NUL=NULIN*YNUL 200115
NUL=NUL1*(.557 2201 L5
ALFAL=NUL1*KT/DEI LnolLs
TWI=TI+QA/ALFAL SRR
TL1=0. 100115
TETA2=0. 000115
IFINTYP{I).EQa2 AHU. [TYP.LQel oVUD. I.GELNSL AND. T.LE.WNS2) 200113

XCALL SIMLAZITI TWL,TLLsNLT,TETA2,T3E22, TRENL) 0001 1€
IF{ITYP.EQ. LIRETURN 1 d00116

C 230116
L-=——===—=CALCULATICNS ONLY FCR THE CCORNER CHANNELS AND THE wALL PARTS OFCO0L15
C—==————=THE WALL SURCHANNELS [IF (C)LINER =) } 130116
C Do0LLs
C=————==- (TETA 2)INF JOOLLs
c 003116
IF{RAS.GT. D.1)G0OTO 5 DI0L 16
TETA21=-0,103313*%RAS#¥C.5489 0201156

GCTO 6 3090117

5 TETA21=0.0142-0.0784€E57#RAS**0. 4023 200117

6 CCNTINUE 000117

C 000117
€ ~——mmm YTE2=(TETA 2)/(TETA 2}INF 030117
C 330117
IF{CRI.GT. N.0L)GOTC 7 370117
YTE2=31.105%GR ! 020117

GOTO 9 330117

7 IF(GRI.CE. 0.025)1G0TC ¢ 300117
YTE2=15.59936*GRI**C,£501383 DNOLLE

GCTI0 9 230118

8 YTE2=1./10.9828340.0CC125322/CGRI*%2,242421) 3001 L
IF{YTE2.CT.LIYTE2=1. CaoLLe

C 200113
9 TETA2P=TETA2I*%YTE2 230118
TLINER{II M)=TETAZPXCAYCEL/KI+TI CooLLs
TETA2=TETA2P 330118
IF(I.GELNSL ANC. T.LENSZ2)ICALL STALALITEy TIy Tl TLINER(II M), NUL,00D2117

* TETA2, 1My T3CUIRSTREQLLIT) 0011
ITFOTLINER{IT ;M) LT.TE)TLINER(II M)=TE 10D LS
TF{ABS(QALIN) JLL 1.5~C€ CR. TIQLI{.TQ.2)RETURN 1 330115

o 2101158
(=—======= CASE GF HEATED LINER { FCR CCRWER CHANNILS AND WALL PART OF TH)II11¢
L—==———=— WALL SYBCHARNELS) = (NU 2) AND {(TETA 1) IF (QIRID 20011¢
o 390115
TETA2=0. 0Ny
TF(QAGTolaE=0A)TETA2=(TLINLRL T4 4)=TI) *KI/{QA%DET) nIOLLE

c J0011¢%
C~=————== [NU 2)INF 2M011s
c 20D 2C
NUZ2IN=4.154%EXPLO.124€%RES) 200128

C 31)0127
Comm - YNU2=(NU 2)/(NU 2)INF onnL2n
C 300120
IFIGRI.GT. 2.C03)60TC 11 230123
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C
C

c

YNLZ=0, 2861 JGRI™
GO0T0 12

02324

- 1&9 -

1L YMUZ=1.4C.060344/CRI*3COCEFHEXP{-4T,*CGRT)

12 NUZ=NUZIN®RYNL2Z
NU2=NU2%#C.9567

————e——— {TETA 1}
TETAL=TETA2P/KAS

TWl=TETAL®=QALIN*
ALFAZ=NUZ2=K I/DEI

DETI/KI+T]

TLINERUIT MI=TI+QALIN/ALFAZ
o ToLESNSZICALL SIMLAITI, TLINER{TI +M) ,THWL,NUZ,

[F{1.GE.NS1 JAND
* TETAL,TRBECL
IF (TwlLE.TE}Tw

s TREGR )
1=TEC

TETAL=(TWl-TE}*KI/{QALIN*DET)

————————GENERAL CASE

OF FEATED LINER AND ROD {CCRNER CHANNELS AMD wWAaLL
o e i e PART OF THE WALL SUBCHAMMNELS)

NUZ2=NUZ2/ (L +QA/CALINETETAZHRNG 2]

ALFA2=NU2¥KI/0]

TLINERUIT MI=TI+QALIN/ALFA2

RCTURN 1

NUL=NUL/ (L +CALIN/CAXTETALI#AUTL )

ALFAL=NUL*KI/DEIL
TWl=TI+0A/ALFAL
RETURN 1

END

OO0

SUBRAUTINE TMCFRIT NI TT,TCTM,MAV])

THCF FVALUATES T

HE AVERAC

ECRCSS-FLND

CRCSS—FLOW EXCRANGE ELTwEEN CHANNLLS

PEAL MAV,4AVI MA

vJ

W TCMPERATURES TOR THE

COMMONJEJL/NER(42) s NIS{4z 3/ MOBRS5/T{42)/M0B8/2P142)/MI36/MAVI(42])
1 JCEQD/ACHI3Y/INDZ/NIYDPL42}/GEN2/A(42)
2 JEEAG/NPINT42) o JPIN(42: 3V /GAHAR/C KX

T7=C.

TCIM=0.

00 2 M=1,NI

J=NISET M)

NTYPU=NTYPLJ)

MAVJI=MAVY{J) *ACHI

CXX=0.5

TF{INTYPLIY #NPIN

CALL CFLIT{I).TH
2 CCNTINUC

CXX=1.

TT =T7/7CT™

RETURN

END

C

C

C

C

NTYPJ )}/ A

{1)eEC.4)
J)sMAVI,

{J)
«O0Rs (NTYP
Mavd, 32

FUNCTION UA{I NI,ACHIsIUAV)

UA EVALUATES THE
EXCHANGE BETWEEN

AVERAGE
CHRANNELS

CRCSS—FLOwW

{J)eNPINTI).EQe4}ICXX=1.
13eDPUJ) 2T ToTUTH)

VELOCITIES FOR THE CROSS—-FLOW

nonL2e
330129
AR L] A
33012¢
300121
230121
330121
730121
200121
o00121
0o0121
2003121
230121
000121
200122
goo122
a350122
aNn0r22
220122
020122
030122
soola22
000122
3301722
270123
001273
3395122
220123
200123
3301273
300123
0nnL22
3030123
200123
030123
330123
030123
(00123
230124
J00124
000124
230124
J00124
000124
J00124
330124
200124
230124
330125
230125
330125
300125
230125
200125
700125
330125
33012%
J00125
000125
300125
200125
200125
220126
200126
000126
100126
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TOTGEC CALCULATES FLCW AREAS » EQUIVALZNT CTAMETERS AND UOTHER

o

24
23

- 150 -
CUMMON/TIL/NER{42 ) NISTAZ21/M0B3/0P (42 /M332/70142)

i JGEQO/ACHIB I/ INLZ/NTYPIA2)/ LAAIND/FLATIPIG 2, FIOTIP(S42])

2 FEEAG/NPIN(AZ2Y s JPIRLA424 2 /GAMARIC XY
Ju=C.

AA=0.

AChN=ACHI*FLATIPLI)

DO 2 M=1,NI

J=NTSUL M)

MTYPJ=NTYPL{J}
ACHJ=ACKINTYFRJIAFLATIP{])
CXX=0,5
[FOINTYPLEY#NPINC{} . EC .4

SOR e [HTYP (I eNPINIJILEQ.4)ICXX=1,

)
CALL CRIGULT) »J U, ACHEN, ACHISCP L) P LU Y o TUAV, U AA )

CCNTINUE
CXX=1.
UA=UU/AA
RETURH
SND

[N Ne N

SUEROUTINE TOTGECINSEL oL sl s Z+PIGCeNEXCCHy NRODSy Wy WA ZA, EXLyPERLT,

ART 1P}

SGECYETRIC CATA FOR THE WHLZLE BUNOJOLE FLOW SECTION
CFANMELS AND FOR THE SUBCFANNELS

VERSICN FOR REXAGONAL 3UNOLES

® @ S BOC B VDS S DB B EG GOD BO Ve S G O VO OB BDDB LS O OO HESD OSSR OO EOD SO LD B G D PSS

FOR THE

COMMON/ZCECO/ACHI3 Y /LANMINZ/FATIPLZ) o FOTIP(3)/QPARZ/PERL (3}

L JGEC?/ATCT 4 DETOT,ASEC/GECS/ATC, DETCHATH DL TW. ATA, DETALAAC,

2 AAWS AAA/WAKAD/CD oWl s ZD e ZWCL s AHD 25 PWHD/GASD3/FSYMM

SG3=SQRT{3.)

WA=24D%0 .5

VA=W

LAa=17

CXCOMN=NEXCON

RCDS=NRCDS

EM2=C*Q.5-EM1

LWC=EM2/533

DYIP=RTIP*2,

SIDE=EXCONRC+ {2 . *W=-D}/8S22
RPER=RCDS*PIG*D
PERLT=8FSIDE+EXCON*(~12.¥EM2+24, %74}
ATCT=3.%S03/2 . A3SILE**Z2=-RPERHC/ =5 XEM25INCHEXCIN
DETOT=4 . %ATOT/{(RPER+PERLT)
GOTC(2Cs2122+ 24y NSEL

ASEC=ATCT

GOT0 23

ASEL=ATCT*0.5

GUTO 23

ASEC=ATOT/12.

EXTCIMDIZ AT GA FOF OTHER SYMMETRY SEOTIONS {NSEL=4)
GCo1Q 232

ASEC=ATCTI/FSYHMM

CONTINUE

ATC={C%x2%SQ3~-PIG*D*%2/2.)/%.
DETC=4 . ¥ATL/{(PICKD/ 26 )

ATW=C*x {w~D/ 2 }—Ch*X2%PICIE-EMZEHTAL
DETW=4 o ¥ATW/ (PIGRDH I BE42 HEMI ¢4 . %THT)

200126
300126
000125
0u012s
200126
330126
oLz
2201327
000127
200127
2390127
2010127
000127
300127
J00127
200127
300128
130123
0301728
200128
230123
300123
(AZSESISTOLS!
3000
10030
200000
00030
¢aoand
30000
200090
annodd
2030090
203039
230000
2309000
320091
002001
220001
100001
2003001
N0 331
2200901
030001
300001
N00H01
a0an00n2
an3Nn?z
200002
230002
020002
220002
1200902
00002
00002
RIS RO R0
323003
N3I0ND3
2000072
330003
2006273
2009003
NCnon3
00002
200093
0320073
230004
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ATA={W=D/2.1%%2/SQ3-D*22%P ][5/ 24, U004
DETA=4 . ¥ATA/LONPIG/ 6 lw=0/2V%2./5 13} 304
AAC=ATC/E. 300004
AAR=ATH*0.5 004
AAA=ATAYC.S IICTI04
ACHIL)=ATC NO0004
ACHIZ2)=ATkK 320074
ACH{3 ) =ATA D0CH04
PERL{1})=0C. M4
PERLA{2 ) =4 %ATW/DETU=C.EXFIG%D ‘ VG005
PERLIBI=4 . *ATA/CETA-PIC=*L /£, NN
FATIPU L )={C%%2%SQ3=D[CALTIP**2%0,3)%0.,25 A0 Y58
FOTIPIL =4 *FATIPILI/IFICKO5%LTIPY/DETC 300905
FATIPL{LI=FATIP{L)/ATC NnoC 205
FATIPUZ21=Cx{W-DTIP*D.5}-CTIPxx2%3[ 5%, 1 25-FEM2* L ARON5
FOTIP{2 ) =4 %FATIP {2} /IFICHCTIPHCL5+2 %A1 44 . =2 W( ) /UETH $079085
FATIP{2¥=FATIP(2}/ATk 0onnas
FATIP{3)={W-DTIPRC,3}*%2/S03-DT P &k2xP15/24. 00008
FDTIP{3 =4 . *FATIP(3)/{LTIPRPI G/ e+l W=0TIPX],5) %2, /S)3/720TA 30005
FATIP{3)=FATIP{3}/ATA JOIN0A
CDo=C/DTIP D DNE
WHo=W/DTIP 30026
ZC=72/DTIP NAGONG
IWCLC=7WC/DTIP SIS ISIATS
AWLD2=AAWXFATIP(2) /0T I1P#%7 nNoonos
PHK D=4« ¥AAWXFATIPI{2) /(DETWERFDTIP{2)=DTIP) 20000¢
WRITE(ELIATCT DETCT,ASEC 0024
WRITE(Gs3)ATC s ATWATASLITC,0ETW,25TA ONNNOs

1 FORMATIL/// 5X3"TCTAL FLOR AREA=',F1D.2,1X,*3QCHY /75X, *TOTAL CAUIVALIDINND4
LENT CIAMETER=",F10.1,1 X, SCMO/OBX,*FLOW ARLCA OF SECTION=',F12.2,1X,70000N07
XSELM/) DO00:37

3 FORMATI{SX,"FLLW AREAS [F CHANNELS:'/5X, FCENTRAL=T ,FLO.2/5 X PHALLDIOOD]
*¥=9 P10 275X "CURNCER=Y, F1C.2//5X PN JIVALENT DIAMETERS / 5X, P CENTRALDOON0Y

¥=? o F10.1/5X e YWALL= g F1lCa 1/5X, "CORNER=8 4 F1D.1/7/7130(v%v}) aANAND 7
RETURN 20 3307

END 300027

C BooNN7Y
C 20097
C 00007
C 200007
BLGOCK CATA 2007007

([ o o e s e o e ———— e e e 030ON07T
C BLOCK CATA FOR THE 37-RUC RUNDLE QN n07
C 003793
COMMON/LCATLI/BAQI0) /CAT2/B 010}/ 0ATAZMNOCST ¢ NDEEND/DAYT/CHIISS2) 207008

1 JCATKM/DLI{ 7)) o021 ) /EXTAT/ZEXLLT) g EX2UT ) oEXB{TI/EXDATY/ 3308

2 EXA(TYEXS{TYyEXELTY/SICATZ3TIXI3Y/BICATL/BEE(TY/BIDE/IBRIIE D20998

3 JLAMIANK/EKAPPA(T (3 ) /LAMINS/I3TIP(42,3)/CONDO/FCOND/MART2/ 002928

4 NSLoNSZ/WAKAL/IKAFFA/CVRER/ANCNSI{3) 2ACVRIB) /LAMINA/ANGLAM SIRARDEA 12

5 JGRAV/IGRAV/SINLANZISIMPL/ZXAVT G/ TEXAY 230098

6 /SURDI/IODIVLILIZINVZ2/ICISPAZIDISPL/IDISPR/IDISP2 230008

7 JHEAG/NPINIG2) s JPINT42, 2V 7IND3/HNTYP(42Y/TJL/MERIA42), 200008

8 NIS(42:3)}/7GASOYI/NSTCT/GASL2/R2APAT {42, 3) /GASD3/FSY MM Crnnos

S JGASDG4/ICAS/MARTE/NSTR/ISULP/ZINLIN/ISMO/CCT W J00009
CCMMON/CAAGYL/FCCPWILI3)/CAAGT/FCCPT 8230509

1 JISMDL/ITECC/ENECP/IENE/MIXSL/CY 0007098

DATA A74.454Ce249310e33( 7930445063553 00157e3053,42%0,01/ 2730909

DATA B/4e9sT7 b 31elsl eslob¢C0:s0190095:0306542.0/ 3200073

DATA NDEST.NDEEND/10,2/ 70099

DATA CRUSS/5:5542.55/ 1009

DATA D1sD2/7/7%3,.5C2E-C2+7#*%2.65E-05/ Q0NN

DATA UPIN/Ls2%243,32%8,2%G310432%2)921+22923928%392952+439942743421¢ 200207

i 1’312210:21122922129*39312*99].312*2192*22125733*3/ 2300309

SATA NIS/2%3431535€424€3498511e597:9913,29%0369298911355347 3130 A0 9010

1 10011112’31*(:74'2‘“‘:0,79121912*011211391412")*3/ 330010

CATA NER/L1+2y3+2%2:3%342,193%3,1,23%0/ J00019
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DATA NTYP/9%1,3,3%2,2,2840/ 29010
SATA MOIN/9%3, 1, 352,14 2E%0/ 1106019
DATA NSTOTNSTR/ 1449/ 210010
DATA [5AS/2/ 200910
DATA FSYM¥/6./ £)9013
DATA RAPPAL/9%L.,0.5,23% 1.4 ,0.5,28%00 39%1. 40, ,3%1.,29%0.,9%1.,33%3,/7)0017
DATA EXLeEX2,EX3/ 7816 6TE=06,7%C.J0335-06,7%0./ 200010
CATA EX4,EXS5,EX6/7%L6.CTE=D6, 74030 33E=06, 750,/ 0011
DATA BIK/Lley=1.2,3.7 000911
DATA BIE/Duyley2%0aylas=1.2,0./ 790011
DATA I31DE/1/ 200011
NATA BKAPDA/21%1./ 379011
DATA 13TIP/126%2/ INCILL
DATA NS14,NS2/0,C/ 10011
DATA FCOND/L./ 290011
DATA ANCLAM/L./ 590011
DATA ACVSsACVR/5.14,827. 4Ga59B.82,7G1ay0.5/ IIN0TL
DATA IKAPPA, IGRAV, ISINFL,IEXAV/ 1y 0,2%1/ J00012
DATA IDIVL, ICIV2,101SPL,IDISP2/4%1/ 100012
CATA IGLIN, ITECC,IENE/Z%1/ 300012
CATA CCTw/0./ 0796912
DATA FCOPWL,FCOPWT/Les1.C2R0.572,14329/ 200012
DATA CY/1./ 270012
cND 0Unonl1z
330912

30N512

000012

200012

FUNCTICN DSPDPFIEPS,DEsLAMBLA,WS?,260P,RE, ITYP) MI912
e e e e e e e e e e = (0012
DSPOPF EVALUATES ThE FACTCR TAKINS THE LARGER DISTRIBITED PRESSURINIINL2
LOSSES IN THE SPACER INTC ACCCUNT 009013
COnoL3

VERSICN FOR THL EXAGCNAL RUNCLES 270013
lQG.".D‘."Q-".‘.....‘.....""'........"l'...D'..I.‘...l..'l..?:}DJLB
CCMNGN/TROSHMT/IRH/CYREF/ACVS(3),ACYR(3) 01N013
REAL LANBDA 109017
RE=ABS (RE) 023313
PROV=-5RIFUN(EPS) 790313
[F(IRK.EQ.1)GLTC 10D 190012
‘...'.."O...'...‘-..C“.!l‘..-l-..’..‘.."“..."'.'..C....'.....Ocﬂr,i)l3
FOR SPACERS IN AXIAL SECTICNS WITH ROJSHENED RODS 130914
Y00I1S

CVR=ACVR (1) +ACVR (2)/REX*BCVI( 2) IR
DSPOPF=PROV+#CVR *0.5%EFS*#2 209914
RETURN DaGnL4
O...l'."‘.‘.ﬁ..'..“.“"ll“OQC.—...'.“.'.O"'O........-.."'..."-;03014
FOR SPACERS IN AXIAL SECTICNS WITiH SMOUTH RICS 2379914
230914

103 CCNTINUE 900014
CVS=ACVSILI+ACVS(2) /REF=ACVS( ) 200914
DSPDPF=PROV4CVS #0.5*LPS**2 J0UNL5
RETURN 200018
END SBBI
200015

13015

30015

320015

SUBRDUTINE HEATIANSTCT4NSTR,NSEL, NRCMA, TPA) 200015
------------------------------- e =)0 )08
REATI EVALUATES THE FEAT FLUXcS Q3(HS,T) FOR THE RODS ADJACENT T 23)I15
EACH CHANNEL NS AND THE TCTAL FLUXES QTINS) ENTLRING EACIH 208015
CHANNEL NS. HEATI IDENTIFIES ALS) THE CONNECTIONS BETWEEN THE 109013

SUBCHANNELS I ANC THE ZF0DJACENT RIS BY MEANS OF THE MATRIX JPIN 200918
{ NPININS)= NKe. CF SUBCH. IN CH- IS = NRe OF PINS AJXJ. T3 CH. HS) 20272015
030016
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VERSICN FCOR REXAGONAL BUNDLES 220014
‘ﬂ......'l....."..l...ll-‘.‘.t....‘.."".l.‘i.....'.Q.'Q......Olgﬁgfjlé
COMMON/Z IRNDL/NRNKI42) JAUNS{A2V/FEAZ/G13,13),00/HEAB/TL42) 0J001s

JFEAS/ QGLA243 ) /FEAL/NPINIA2) ¢ JPINI42,3) /HEAT/IDPIN(3,18) J0001e
JINDGZNUMBTI4) g NUMS T4 o NUML2(14) » 4UALB(4)  NUMZ24T4) ,NUM3 D4 ), 200016
NUMBG{4 ) /REALD/GSCR 42,3 /HEAL/GOIBTI/IND3/NTYP 1 42) 10001¢
JGASD2/RAPPATIL42,2) 33001e
202016

TFINSEL.EQ416GLTC 100 22071¢
CALL HEAZTR{NRCMA} 320017
200017

NAN=1 300217
NBN=-NRLMA 030017
NiN=L—-NRLMA 200017
DD 15 NS=1.NSTOT 220017
NUM=NUMS (NS} 2302317
NKLC=NROW (NS} nnanLy
[FINS«GT.NSTRIGCTO 12 330017
2030317

CENTRAL CHAMNELS AND SUSCEAMNELS yunote
IF(NUMaGTNUMGINRCIICCIC 1 2200135
NAM=NUM 120018
N1=0 noonNLe
N2=0 2307318
GLTC 6 220018
IFINUMGTNUMLZ2(INRC)ICCTC 2 000918
NAN=NUM-KNUM6 [NRT) 200012
N1=NRC 200018
NZ2=N1-1 230018
GOTO 6 139015
IF(NUM GT NUMIAINRTYICCOTC 32 5000213
MAM=NUM-NUMLZ2 {NRO) 200116
N1=2*NRC 000919
N2=N1-2 (30013
GOTO o 710019
IF{INUMGTNUM24INRCHICLTC 4 230319
NAM=NUM-AUML3 (NRG Y nocooLe
N1=3%NRC 00019
N2=MN1~-3 2230021¢%
GUTO 6 (30720
ITF{NUM BT NUM3OINRS)ICCTC 5 300029
NAM=ANUM-NUM24 (NRC ) 520320
NMl=4%NRC 00d020
N2=N1—4 230220
GGTC € 200723
NAN=NUM~NUMBO (NRT) cooon2o
N1=5%MRLT 100I20
N2=N1-5 333020
TFINAMLEQ. NAM/2*¥2 }GCTIC 8 320020
NUR={NAM+1) /2+N1 320921
Q1=CINRCyNUR) 200021
JPINIMS,1)=TOPININFC,NLR) BRI ST
IF{NURLCQa.6%XNRL) MUR=C 0Du0s21
A2=CINRC,NURHL ) oranzl
JPIN(NS2)=IDPININROJNLR+1L) 050021
IF{NRGLEQ.LIGOTO 7 o00D0n21%
NUR={NAN¥+1}/2+N2 uean21
IFINURLEQ. 6*HNRC-5 ) MLR=1 330021
N3=C(NRO-1,NUR) nod1N21
JPIN(NS+2)=IDPIN(NRO-1,NLR) 250022
GGTC 9 00022
23=Q0 200022
JPININS,2)=1 DTH0H2?
GOTC 9 333022
NUR=NANM/Z+N2 200022

RQ1=GIMNRT-1,HUR) NYGU2D
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JPININS:L)=ICPININRO=1sMNLR])
IFINURSEQ.E6XNRC-6) NULR=C
N2=GINRC~-1s NUR+1}
JPININSs2)=TLPIN{NRUO~1,NLR#1)
NUR=(NAM+2}1/2+N1
Q3=CINRCNUR]

JPININS: 2)=10PININRT sANLR)
CONTINUE

GCINS, L)=Q1

JEINSe 2)1=03

QGINSs 3)=Q2

IF(NSEL.EQ.3 +AND. NUMLEC.NROIGECTI 1O

MPIMNIHS)=2

GOTC 11

32=0.

Q%:QS/Z.

NPIN{NS)}=2
QTINSY={C1+02+231) /6.
ASCHINS,1)=71/6.
RSCH{NS21=103/6.
ASCHINS +21=02/6.
GCTU 15

[IFINUMLT.NANIGCTL L4

CCRNER CHANNELS
NpN=NN+NRCMA

NAA=NAN®NR(Q

NBN=NBN+NRO

HETNINS =1

CCINSy L)=LTINRC¥AZNN)
JPININS s LI=IDPININRONMA NN
IFINSELL.EQ.31GDTO 13

o00on22
Du0022
020022
00N023
230023
200023
330023
330023
40023
230023
2320023
onnnzi
200022
200024
200024
200024
2303024
200024
2379024
DoO0024
CN0N24
200024
000924
300025
203025
pnoonzs
200025
200025
200025
230325
INDH25
100025
220025
1009276

TFUINSELLEQ.2 oANDe NUMOEQel)eCRG{NSEL.ED2 ANDe NIJM.EQ.NJMISINRILQOOD26

33116070 13

ATINS)=CINROMA,NN} /6.,
GOTC 25
ITINSY=CINRCMALNNI/LZ,
QSCHINS,13=QTINS)

GOTO 15

WALL CHAKNNELS AND SUBCEHANNELS
NMUR=NUM-NBN+NN-1
QL=C(NRIMALNUR]
JPININS,1)=ICPININROMELANLR]

IF{NS.ECNSTOT AND, NSEL.LE)a1) NUK=

G2=CINRCHMA,NUR+]L)
JPININS,2)=TLPININROCFALNLRHL)
JRINSs 1)=431

DLINS, 2)=0Q2

IF{NSEL.ECe3 o ANCs WUMLEC.(NRQ/2+1)
NPININS) =2

GCTO 31

12=0.

MPININSI=1

COMTINMUE

QTINS)=(Q1+Q2} /4.
ASCHINS,1)=Q1%0.25

QSCHINS ,2)=32%3.25

CCNTINUE

ADDED AT GA(NSEL=4)

GCTC 1304

CONTINUE

DO 103 NS=1,NSTCT

NP=NPIN{NS)

J

NROEW«NRI/2%2)53TO 30

100026
200026
200026
200926
0730026
230026
320226
J20026
nJynn217
0230027
000027
200027
Y0N027
2000027
00027
203027
0310027
320027
neonze
000028
130028
I30N28
230028
230028
a00028
000n23
230028
000028
209029
aLa029
2009029
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QT INS I =0 030029

DO 102 ¥=1,NP 200029
JPIMNM=JPININS¥) 200029
GOINSs MI=QQQ(JPINKNM] 330029
IFINTYPINS)-EQ.21CCTC 121 209026
QSCHINS yMI=wQ NS M)/ € #R2PPAT INS s 4) 3300249
GOTC 102 10067272

101 QSCHINS :MI=QuIhS,¥)*C.25 3300335
102 QTINSI=CTINSI#+QSCHINS, ¥} 330330
103 CCANTINUE 000230
104 CCNTINUE 20003D
JF{IPALNESIPA/Z2*2IRETLERN 270030
320030

JJ30037

HRITE(G6,16) 000032

16 FCRMATI//7/75X+*RESULTS CF FEATIY///778X, *CHANNEL? ,3{21X, *RO0 5 2X) /) 000030
DO 19 NS=1,NSTCTY 3170032
NB=NPIN(NS) JoJ031
WRITE{O,18INSy {MyNSy ¥ JPININSSVM),y4=1sNP ) 0J0031

18 FLRMATI2X,110:3(3XsT1s%) JPIN{ " 3I54% 9% 512,%)=",15}1 050731
19 CONTINUE nono3tl
RETURN 000331

END 200231
309031

320031

2220131

230031

SUBROUTIRE INDEXINSEL sNRCMALHNSTRyNSTOT,NRO) pUND31
C-=~ - o e e e i e e 230031
INDEX PFCVIDES INCICES TC THE CHANNCLS 102031
200031

VERSION FOR REXAGUNAL SJNILES 330932

® 5 B9 BB 6 L0 @ 90 O PO OB OB GO © DO VOGS HLD VO O GE 88D OGO S -o........--....-oDD’)QjZ

COMMON/Z INDL/NRCW{42) s NLMS{42)/IND2/N0T {4,300 /IND3/NTYRP(42)/7IND4/ 020032

1 NUM3{4) o NUMEL4 ) (NUMLI2T4 ), NUMIBL4) o NURMZ2S14) , NUMBDI( L), N IM36(4)0D0032
IFINSEL.EQ.4)GOTD 10O 203032
NS=1 o0Nd32
OC 6 NRC=1+NRCWMA 200032
NUM3(NRC }=NRQC 2230032
NUMEINRG ) =2%NRO—1 200032
NUMIZ INRO)=2%NUMA{NRD) 270032
NUMIBINFC)=3*AU¥6{NRT) 020033
NUM24{INRO)=4%NUME(NR(D) 200033
NUM3IO {NRLC }=5%NUMG (NRC) 000033
JUMBO{NRCI=6%NUMBINRD) 200033
IFINSEL=2)11+2+3 2200323

1 NUMSP=NUM3&{NRO} 000033
GOT04% 22900332
2 NUMSP=NUMISINRC) 0N I3R3
GOTO04 Ju0n033
3 HUMSP=NLM3{NRO)} 200933
4 CONTINUE 32007%4%

DC 5 KNU¥=1,NUMSP SO0N34%
NUMS{NS)=NUM 220034
NRCW NS }=NRO 200934
NOT{NRO,AUM}=NS 00034
NTYP{NS}=1 200034

5 NS=NS+1 003034
6 CCNTINUL AN I34

MSTR=NS~1 300034
NEC=NRCMA+] 000034
NUMB{NRC)I=NRQO/2+1 200035
NUMG{NRC }=NRC+1 2009035
NUMLZ{NECI=NUM6(NRO) +NRC 020035
NUMIB{NRC)I=NUMLZINRL)+NEL 2979235

NUM24 INRD)=NUMLI3{NRCJ+ARC 2200235



Oy Oy

11
12

13

10D

14 FCRMATI
#IN="4119s5Xs "ANR.

i

NUM3O{NFC)I=NUM24{NRTI+NKC
NUM3S{NRCI=NUM3O(NRC }+RRCMA
TF{NSEL=-2)7:8+9
HUMSP=NLF36{NRE)

GOTC LD

HUMSP=NUMLIBINRD)

GOTO 10

VUMSP=AUM3{NRD)

NAN=1

DO 13 NUM=1,NUMSP
IFINUMLEC.NANICCTC 11
NTYPINS)=2

GBTC 12

NTYP{NS]}=3

HAN=NAN+NRO

NUMS (NS 1=NUH
NRCW{ NS }=NRDO
NUT(NRC s NUM}=NS5

NS=NS+1

NSTOT=NS~1

ADDED AT GAINSEL=4)
TFINSELEQ4INRT=NRCNMAFL

WRITE(E+14)NRCoNSELyNSTRZNSTOT
F/aXy *RESULTS CF INDEX'//5Ks PHEOWS=94,12+:5Xs*TYPE OF SECTIDON03Y
CF CENTRAL CHANNELS=7,14,5X, *TOCTAL "HUMBZR 3F CHAMNNDOOD3T

ELS=*s14//)

_156_

CALL CCONNIJUINSTRGNSTCT,NRUMALNSEL)

RETURN
ZND

SUBROUTINE CCONNIJANSTRGNETCT o NRCMASNSEL)

OO O

N

1
2

CONNIJ EVALUATES FCOR EACE (HANNEL I THE NUAMBER

INTERACTICNS WITh OTHER CHANNELS J AND

WITH T

AHICH

NER(I} OF
CHANNELS INTERACT

COMMONZ IRDL/NROW{42) ,NUMS {4217 TINI2/NIT{4,30) /IND3/NTYP (42)

JINDA/NUMB (4 ) g NUME (4 o NUML2{4) g NUMLIB{4)y NUM24( &)y NUM3 D4 )

NUM36{4I/TJL/NER(42),NIS142,3)

[FINSEL.EC.4)GNTC 53
HAN=NROMA+2

NBN=1

NCN=—-1

DO 43 NS=1,NSTOY
NRC=NROW (NS}
NUM=NUMS NS}
NUMA3=NLM3{NRO)
MUMAG6=ANUME(NRD )
NUMAL12=NUML2 (NRC)
HUMAL1S=NUMLI 3INRE)
NUMAZ4=NUM24 (NRG)
1UMA3G=RNUM3D{NRG)
NUMA36=NUM3IG6(NRD)
IFINS.CTRNSTRIGOTO 29
TF{NUM.CT.11G0TC 5
IF{NSEL-211+2v4
NER({NS =3
NISINSs3)=NOT{NRC,NLMAZEL)
GGTO 32

NER{NSI=2
NISINS,s1)=NS+1

GOTO 13
IF{NRO.GT.1IGOTC 2

3300735
N030035
330035
300335
D035
300030
2070038
NY00346
203036
RESRUICIES:
000038
0024
220036
200336
2073036
200037
220037
220037
2009237
20037
200337
230037
Jiyno3z

020338

DIDN33

7H00038
20000383
3700738
NO0033
2300328
INa033
230033
320733
100338
00038
230038
730038
J0)J39
2009039
0920039
0001930
220039
200039
300039
300039
230039
00039
230047
7930042
D00D4C
20004
3103040
220040
230040
000NN&
200040
JICN40
000041
NDIN41
AIJu4L
09041
200041
INND41Y
220041
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il

12

13

14

15

16

17

18
19

20

21

22

23

24

25

27

28

NER{L)I=1

NES{l.1)=3

GCTO 43

IFINSEL-2)6+7+3
NUMSP=NUMAZS

GCT0 9

NUMSP=NUMALS

GOT0 9

AUMSP=NLUMAR
[FENUMLECNUMSPIGCOTO 1C
NERINS)=3

NIS{NS,3)=NS+1

GCYC 12
IF{NSELLEG.1)GCTC 11
NERINS)=2

GCT0 12

NERINS) =3
NISINSs3)1=NIT(NRO,1)
NIS{NSs 1I=NS-1
IF{NUM.GT.NUMAGIGOTO 14
NAM=NUM

GOTO 19
[FINUMGTNUMALZ2IGCTC 15
NAM=RNUM-NUMAL

GOTO 19
IF{NUM . GT.NUMALBIGOTC 16
NAM=NUM-NUMALZ

G0T10 19

ITFINUMLGT NUMARZ4GRTC 17
NAM=NUM-NUMALS

GGTC 19
IF{NUMJCTNUMAB0)IGOTC 18
NAM=NUM—-NUMA24

GCT0 19

NAM=NUM-NUMA3D
[FINAMGEQ. {NAM/2%2) ) GLTTZ
I1=1
IF{NRC.CQ.NRCHMAIGOTO 2C
I2=1

[2=0

GCTe 22

12=2

I3=1

6070 22

[1=-1

[2=1

13=0

HEC1=NRC+I1

IFINUMLGT NIUMASL)GOT 23
JUMA={NUM+T1)/12+13

GOTQ 23
[IF{(NUM. GT . NUMALZ2IGOTC Z4
NUMA={ NUM+T 1-NUMAG) /1?2
GOTC 23
[IF(NUM.GT.NUMALB)IGOTE 2
NUMA=UNUM+T L-NUNMAL2) /12
GCTO 28
[TF(NUM.CT.NUMAZ24)GOTLC 26
JUMA=(NUM+I1-NUMALB)/TZ
GCTO 23
IFINUM.GT.NUMABO)IGCYG 27
NUMA={ NUM+I L -NUMA24} /12
GCTO 28

NUMA=INUM+I 1-NUMA3D) /12
NISINS, 2)=NCT{(NRCL,NUM2)
GCTC 43

5

.,..157’..

21

+NUMB{NROL)

+AUNMIZ2(NRSL)

+NUMIE(NROL)

+NUM24(R3OL)

+NUM3O(NRGL)

300041
330041
390041
1323042
330042
Q00042
030042
200042
YODN4A2
000042
330042
003042
nNon04&2
200043
000043
3000473
I000472
330043
000043
320043
000043
N20043
230043
NO0N44
300044
020044
000044
300044
J20044
000044
00044
300044
300044
300045
000045
100045
200045
000045
200045
303045
230045
200045
000045
202045
309046
303046
200046
2300456
32N045
200046
300046
200046
2200456
300047
Do0047
200047
200047
220047
200047
000nN47
200047
200047
00047
000048
D00J48
000nN4s8
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29 ITF{NUM.GCT.LIGCTO 32 330048
IFINSELL.EG.L1)GCTC 30 300048
NER{NSI=1 300048
GOTO 31 2000438

30 NER{NS}E=2 230948
HESINS 2)=N3T4T J00J94%8

31 MISINSsL)=NS+1 000043
GOTU 43 300049

32 IFINSEL-2133:34%4+¢40 J30749

33 NUMSP=NLMA3S 000049
GOTO 35 2007349

34 NUMSP=NUMALS 230049

35 IF{NUMLEC.NIMSPIGOTD 37 330049
NISINSy 1)=ti5+1 200049
NISINS,2)=NS-1 3200473
TF{MNUMLEC.MAN)OLTT 3¢ 400049
MER{HS)=2 300 74%
NUMA= {NUM=N3N}*2+NCN 030057
NISINS, 2)=NOT{NRO=L,AUNMA) 000057
GCTO 43 300059

36 NER{NSI=2 000053
MAN=NAN+NRD 230050
N3N=NBN¢NRD J00057%
NCN=NCN+2%NRCMA-1 200050
GOTC 43 090052

37 IFINSEL.EQ.1)GEYD 33 320950
NERINS)=1 JICI50
GOTC 39 300351

38 NER{NS)=2 200051
NISINS: 2)=NCT{NRO, 1) aN0D51

39 HISINS,1)1=NS-1 0900051
GGTO 43 007951

40 TF{NIM.ECNUMA3ICOTD 41 )J20051
NER{NS) =3 220051
NISINS,y 2)=NS+1 300951
GCTC 42 00N051

41 MERINS})=2 330051

42 NISINS, 1¥=NS-1 2230052
NUMA={N(M-1)%2-] 030052
NIS{NS,2)=NOTINRC~1,hLFA) 020052

43 CUNTINUE 200052

59 CONTINUE 2009252
DO 100 NS=1,NSTCT 3200052
NI=NER({NS) onnns2
WRITELE 200)NS NTYPINSY INISUINS VI g M=, NI Jo0nas52

200 FORMATIOSXs *NS=F3125Xe P TYPE=",11,5X, "CHANNELS COMNECTED:Y,31I51) 220052
100 CONTINUE 230052
RETURN 300953

END 201053

C nGo053
C 230053
C 5300053
C NOND53
SUBROUTINE HEATRINRCMA] 27300953

e e e e e e e e e e e e e e e e e e e e ot e e e e e e === 30 D05 3
C HEATR PRCVIDES INDICES TC ThE RCO HEAT FLUXES U QINRUG,NUM) } AND 200053
C IDENTIFIES THE PINS BY NMEANS CF THE MATRIX [DPIN D27052
C 1GIN53
C EXISTS CNLY IN THE VERSIIH FOR HEXAGUMAL BUNILES 220053
C P B Y DR OB LD DO R G S DD O YRS O EED RS SO O OB O e R Be €D ..I......I..‘..‘.")L’OOS-B
COMMON/ZEFEAL/QU3TI/FELZ2/CG 3130, ID/HEAT/IDPINES3, 18) 720053

I=1 270054
dQ0=Q({1}) 320054

DC 2 NRC=LsNRCMA 0IN054
NR36=6*%NRG 200054

DC 1 MUK=L,NR36 300054
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I=1+1 1054
TOPIM{NRC NUM)= 0333054

I SEIRRCNUME=G(T} 00054

2 CONTINUE SR LT
RETURN 030054

CEND nonNSS

C 3007955
C 100955
C Gonass
C 2310055
SUBROUTINE INJUAINSEL yASTCT JNRECHMAZATC o ATW s ATA, DETCyOET W ,DLT A 100055

Lm=- —— e o o o e e o o e e ) D () 6 6
C INQUA ORCVIDES INDICFS TC CHANNEL FLCW AREAS AND EQUIVALENT 100955
C DIAMETERS AND TC SUSCHANNEL  FLCW AREAS 300055
C H0aN55
o VERSICN FCR THE EXAGCNAL BUNDLES 339055
C .-00.‘.....'...«DOIQD"I'Q'DCIC'COCI'OQOO"'i-ai.IOI..I!b...ilo-t.'j:)i‘)f)gs
COMMON/ IADL/NROW(42) yNUMS(42)/TRD3/HTYP (421 /SUBL/ASCH{ 42,4 3) DGLON55

1 JGEN2/A(42) /GENS/DE(42) J00N5s

2 JREAG/NPINI42) s JPINL42,3) FGASD2/RAPPAL (42, 3) 0300564

11=0 330055

KK=0 100756

DO 10 NS=1,NSTCT 230055
A{NS)=0. 020054
MP=NPININS) GI0956
IFINTYPINSI=2}1,346 230956
Cxkwdx CENTRAL CHANNELS AND SUBCHANNELS ok ok d doleos s dok ot sdokoososiok s sl Zeiofok 02N 500 56
1 DEINS)=DETC 302056
IFINSCL.EC.4)GCTC 120 2091056
ASCH(NS,1)=ATC /3. 100057
[FLINSEL.ED3) dANCLINFTR (NS} o EC NUASINSY)IGOTO 2 JJ0UST
A{NSI=ATC 201057
ASCHINS y2)=ASCFINS,1} AN0057
ASCHINS,2)=ASCH{NS, 1} 333057

GCTC 10 000057

2 COCNTINUE 100957
AINS)=ATIC/2. 0)0NRT
ASCHINS ¢2)=ATC/6. 200157

GGTC 10 330957

C ADDED AT GA (NSEL=4) 220057
100 CONTINUE 30058
DO 101 M=1,NP 3790953
ASCHINS s MISATC/ 2 %RAPPAT (NG M) I DLE

101 AINS)=A(NSY+ASCHINS,M) 20053
GOTC 10 200050
Cadonsx WALL CHANNELS AMLC SUBCHANNLLS A Akom i b st sosfoh sk sfodolon g ik o s 7oksem 0k (5055 3
3 DEINS)Y=DETW SRYIBLYs

C MOCIFIEL AT GA 330953
DC 4 M=1,NP (10953
ASCHINSyM)=ATW*C.5 100059

4 A(NS)=AINS)+ASCHINSsM) 030959
GCTC 10 _ 100059
Cx%%%%x CCRNER CHANNELS AND SULRBCHRANNEL SO # oo ik s ot sl oo sitor seomfol e okl kokn ) 3 (105 9
6 DE{NS)=DETA IY0U55
IFINSEL.EQe4)GCTC 5 0739059
IF{NSEL.EQ.1)GCTC 7 330059
IF(NSEL.EC.3)GOTC 9 109959
IF(II.EQeD «0R. KK.EGe2) GCTC 8 000959
KK=KK+1 109059

7 CCNTINUE CULN0KO
AINS)=ATA 2I1006)
ASCHINS s L)1=A{NS) 300069

GCTO 12 100060

8 II=1 230D

9 CONTINUE 207060

AINS)=ATA /2. 200060
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ASCHINS s 1)=A(NS)

ACCED AT GA [NSEL=4)

GOT0 10

ASCHINS, 1}=ATA%RAPPAT (NS, 1)
AINS)I=ASCEINS, 1)

CONTINUE

RETURN

END

SUBROUT INE INGEINMRCMAGNSCLINSTRINGTOTsC s AsDsATCs ATH,ATALPIS $PLORR,
CTUL, CTUZ20ETCCETW,EMY)

1
2
3

INGE EVALUATES THE TURBULENT MIXI 5 CONSTANTS CTURD(ILJ) FOR THE
THE CHARNEL EXCHANGES ZND CTURPLIK) (£=1,2) FOR THL SUBCHAMMNEL
EXCHANGES. FURTFERMCRE INCE EVALJATES ThE CCANSTANTS CIZOHDUI L)
AND CCCNEL(K} FCR THE ENTHALPY EXCHANSE DUC TO CCNDUCTION IM GAS

VERSICN FOR FEXAGUNAL 3UNDLES

CCMMON/Z INDL/NROBU 42 o NUMS{42/IND3/TYP 142}/ LI/ NERT4A2),NIS{42,3)
JTURL/CTURB(4 242 /CENS/DLE{42V/GEO0/ACHIBY/TURZ2/CTHREL{2)
JCONDO/FCONE/CONDLI/CCONTD {42431 /C0ND2/CCONDLT2)
JCEN2/AREA(42)

REAL NGAPS{42)

DIMENSICN SUM{42)

WRITE(6,101)

FORMAT (/775X "MIXING CCEFFICIENTS (WITHOUT 2CORRE CORRECTION:*/)

SA3=SQRT({3.)

R=D*0.5

AZ=A%¥*2

A3=A%A2

RZ2=R*%*2

R3=R*R2

APIN=PIG*R2

EM2=C*0.5-E11

IWC=EM2/533

ATW3=EM2%ZIWC

GAP1=C~-C

GAP2=GAP1*0,5

GAP3=A-P

YBC=C*0.5/543

YREH3=A~-ZWC/3.

XBWS3=C*0.5-EM2/3.,

YBW={A¥*2¥ %002 /3 a*Rk2~-YEW3*ATA3) /ATH

XBnS=2 e # (AXCX#2XG  125-F2/ 2 —XPARS3I*ATWIXC .5} /A Tk

XBA={5./36.%83—(A/SQA3-F/PIGIY*ADTN/6. ) /{A2/S2-APIN/ b))

YEA=XBA*SQ3

DELTAL=2.*Y3C

DELTA2=YBC+YEW

DELTA3=C

DELTA4=SQRTI{A-YBR-YEAIX* 23 {(*C.5+A/S )3~ X3A)*%2]}

FAL=Lle #2PIN/(2.%ATC)

RA2=1. ¢ APIN/LATC+ATh)

KAZ=1.+APIN/ (2. %ATH)

RAG=1o #+APIN*2 /{3 ¥ {ATh+2TA))

ALFAW=ATAN{YBK*2./C)

APL=YBL*¥C*D.5-APIN/G,

AP2=YBw*(*0.5-ALFAWER2

AP3={ATH—AP2)*C,.5

AP4=A2%( ,5/SQ3-YEAXXEA¥C . 5-AP [IN/12.

AS1=GAP1%*Y3C

AS2=CAPL*YBH

AS3=C*0.5%GAP3

300060
2000560
INCI6D
NoUJ61
2000561
2120061
320061
0o0061
230081
200061
000061
2009261
300061
200061
3300561
3230061
20961
200062
D0NN62
3002362
300062
0L0V62
2300672
320062
300062
0020062
209362
AN0N63
200063
200063
20063
230063
02063
350063
200963
200063
NIDD63
220J64
300064
190064
100064
020964
D20:0)64
DOIN6G4L
J20NE4
200064
220064
ICLND6S
230965
200065
2130045
00565
2209¢5
200065
200065
a00N65
020965
3909645
22066
NINJNLG
320066
NONJAL
007366
30066
J0UD66H6
0I0N65
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AS4={A/SGU3=-XBA)*CAPL3
RLAI=AS1/7AP1
R1A2=AS2/4P2
KLA3=AS2/AP3
R1A4=AS4/AP4

DG 10 I=1,MSTOT
[TYyP=NTYP{I}

GUTU (1le2+4),1TYP
SUMITI=3.%R1A1

GCTC 3
SUM{I)=RLA2+2,%R1A3
MNCAPS{1)=3.

GOTC 19
SUM{TI)I=2.%R1A4
NGAPS{TI =2,

CONTINUE

DC 24 I=1,NSYCT
NTYPI=NTYP(I}
AREAI=ACH{NTYPI}
RAPPI=AREA(I)}/AREAI
NI=KNERI{I)

D0 23 M=1,NI
J=NIS{IsM)
HIYPJ=NTYPL J)
AREAJ=ACKHINTYPJ)
RAPPI=AREA(J} /AREAS
RAPCAP=1.
IF{ABSIRAPPI=1.3.0T.0.1 <AND.
IFU1.GT NSTRIGOTO 16
IFINTYP{J}-EQ.2)ICCTO 1%
DELTA =PELTAL
RAPPA=RAL

GOTO 17

DELTA =DELTAZ
RAPFPA=RA2
GAP=GAP1%RABGAP

Gore 22

IFINTYP(I). EC.3YGCTT 2C
IFINTYP(J}=2)154515,+2C

DELTA =DELTA3

RAPPA=RA3Z

GCTC 21

JELTA =DELTA4

RAPPA=R A4

GAP =GAP3

CONTINUE
DETJ={AREAI+AREAGY/UIREAT/CEL]
YH = 1.14%SORTINGAFSUI) NG

WRITE(AH, 1001V Tsd,sYH
FCRMATI3(SXsI5+%) YH{®sIZ2:%s %,
CTURBL I+M)=YH*GAP/DELTA*JELJ*
CCOND{I 4MI=GAP/CELTA*FCLME*C.5
CCNTINLE

CONTINUE

WRITE(£4102)

FCRMATL///)
DELSCI=L—=(T7 . *C#33/48.-F3)/7(0.2
DELSC2=C—2.%XBhS
CTURBI(1)=CTUL*CC5*CETCHYBL/L
CTURBLI(2)=CTU2%C.CO*DETh* (A=Lh
CCONDL{L)=Y2C/OELSCLXFCOMD=C,E

CCONDI2)=1{A=ZWC)/DTLSC2*FCEND

RETURN
=ND

ARSIRAPPI=-1e) o GT 0 LIRAPGAP=0.5

JHARZAJ/DE(IY)
APSTJI)I/ZUSUMITI+SUMIJ) } ) *RAPP A%%2

1291 =9,E£15.7))
0.05%=PCRR

S&C*%x2-D [ GxR2%53/ 64

ELSC1
CY/IELSC?2

300066
00067
nN3IN067
201067
Q0067
30067
nounNeT
2323007
200067
090067
0223067
300068
020063
HODU6SR
020068
330063
300068
2:0068
200068
2230068
000068
ID00N6E7
200069
000069
nNNN69
030369
0000693
330069
200063
000069
330069
230070
0OonTH
003370
200270
33007)
oCNoTo
030970
220NTD
J20072
000N70
noNaTl
002071
000071
330071
200971
Q00071
320371
Gtn0a71
220071
300071
200072
092372
oCcoar2
200072
100072
000072
322072
009372
100072
200072
d0UDT3
2202073
annonT3
NoD000
000070
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FUNCTIGON OSPOPF{EPSsDELLANDRLA W SP4OCUOPRELITYP)

OSPEPY EVABLUATES THE FACTICR TAKING Tk LARGER DISTRIBJTED PRESSURE
LOSSES IN THE SPACER IRTL ACCCUAMT

VERSICN FCR ThE 12-2C[0 EULACLES

COMMON/ TROSMO/ IRH/CVRER/2CV5 L3 ,ACVRITT])
REAL LAMBCA

RE=ABS{RE)

PROV=—5GRIFUNIEPS)

IFLIRFEQ-2IGCTC 5

CUOCFFICICIENT AA FOR SNOCTR SECTIONMS
AA=1.
GOTC 20¢0

W e DV DB B WD EE B R R RS E SE OW DO W SR DD Y B DSBS OB OB G BB LB OO OB B DG GG PE EE S OSSO SR

CCEFFICICIENT A& RCUCKHENEL SECTICUNS
5 GOTO01052%430,4C),17YP

ITYP=1: CeNTRAL CHANHNELS

[TYP=2: wWALL CHARNNELS

ITYP=3: CCRNER CHANNELS

ITYP=4: WHULE 3UNOLE FLCY SECTICN

13 AA=0.
GO 10O 2060
20 AA=0.3606
GCYC 200
30 AA=C.575
GOTC 20C
40 AA=C,.241

200 CV=6,824AAK (1,489 1, *REA*(=CLRLI35) ) +1)e 7% (Le=AAIX (1, #6026, %R ¥k
*(=-1.104))
DSPOPF=PROVCY %O, 5*LFS**2
RETURN
END

SUBROUTINE INJEXINSEL JNRC¥AZNSTRy ISTAT,NRD)

VERSICN FCR OTHE 12-f02 JUNSLES
COMMONZINDB/NTYR (42) /T0L/NEDPLAZ ) NIST42,52)
[FINSELEQ.3)CGCT0 1
HSTOT=22
NSTR=13
GOTD 2

I NSTCT=11
NSTR=6
2 CONTINUE
NEC=NROMA
WRITC(S e LAIMREC o NSEL e NETR gSETLT
T4 FORMATIL /74Xy ¥RESULTS CF [NWDEXY/ /53X "NRCAS= 1040 Xe*TYPE OF SECTI

330000
O0030)
003D
DO0ON30
0030100
JOINOD
030000
(RO TRTNINRS |
00009
a30090
00N N0
BICR IITVE]
200001
J37001
333001
00001
020001
030001
0020901
230001
200001
INOON2
MNNo2
200002
YOON02
00002
3o0nn2
0dnN002
INNN2
300002
330092
200093
VD003
320003
1009973
NIDNN3
00003
SR VIS IS
200033
7090053
00033
0093904
NI0N04
SR RIS E) 1%
200004
ID0N T4
D00004%
D0GaN04
200004
Q0NN N4
Go00D4%
N20004
D200
05004
209304
22005
2CHNSG
300 )98
ACI0I5
I30NH5
IC0I5
3730095
D00D05
020005

HIN=ty [ L BXy "NRL. OF CENTRAL CHARNCZLS=',04,5X, *TOTAL "1UMRER 2 CHANMICGINIS

XELS=Y,14//)

PRSI
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DO 100 NS=LeHSTCT 20004
NI=NER{NS} BIEIARRIATY
WRITELS 20D INSeNTYPINS ) ¢ (NISINS oMl g =14NI} 30008
230 FORMAT{SX ¢ INS=F , [2:5Xe VTYPE=% 31 1s5Xs 'CHANNELS CIHUNECTED 315} 00000
100 CUONTINUE 30905
RETURN RIS IETS
END J30006
D200 06

JAGD06

30006

DOINTDS

SUBROUTINE TCTGEGI{MNSEL sD ol o Z o PIGe IEXCONg NRUDSy W s WA, ZA 5L PERLTy S2N0O0S4
ARTIP) DOD0A
———————————————————————————————————————————————————————————————— ———— e L)y YOG T
TOTGED CALCULATES FLCwW AFREAS » EQJIVALENT DIAMETERS AND T HER 3Va07
CECMETRIC CATA FOR THE WHCOLZ BUMNDLE FLOW SCLTIUN o FOIROTiHE 030027
CHANNELS AND FOR THE SULBCHANKNELS aNON7
YO N7

VERSION FOR T¢I 12-RLCI 3JNJILES NyN0aT
O.l.-"'.‘...vi‘l'..""l"00‘.."-"*..'.".'.0.0.‘..ﬁ.-.'l""‘.l...“.\:‘}rj”)r)‘?
CIMMON/CGEDO/ACHIBY /LANMINC/FATIPI3} s FOTIPH{3Y/QPAKZ/PIRL () 200027
1 JCEG2/ATCT s CeTLT s ASEC/CECE/ATL s OCTCeATWs DETHATASDETAGAAC, D027
2 AA Wy ARA/WAKAN/CL o nl s 70 o ZWCD s A WD 2 3 PRIWD TO0007
SWU3=SQRT{3.} 0733003
EM2=C%0.5-EML IS0 NS
IWC=EMZ2/SJ3 200008
DTIP=RTIP*2, 200008
ATC=(C®x2%S03-PIG%D2%(.5)*C.25 JON IR
DETC=B.*ATC/{PIG*0) BISEAID IV
ATW=C%Z=-C.125%¥P1IG*D2~F¥2% 7uC ICIIDE
DETW=4 o ¥ATW/ {2 %EML 44 F T WCH+PICHTH 2,5} RIS IAR ReT
ATA=7%2/S93 -PIC3¥[2/24. SR INE
DETA=4*%ATA/{ PIG*D /et .+2.%7/501) 930139
AAC=ATC /%, 200799
AAw=ATAH*0.5 INIDND
AAA=ATAX0.5 0009
ATOT=13 . ¥ATC+G . *ATW A HATA 030099
DETOT=ATCT/ {13 %ATC/CETCHAG . *ATW/IET w5 %ATA/DETA) BIARATRTO ]
IFINSEL.EC.3IGCTC 1 030009
ASEC=ATCT SISEERSTA
GOTO 2 SRESIA IR
1 ASEC=ATCI/3, N0 N39
2 CONTINUE 000010
ACH{1)=ATC RGNS IV e
ACH{2) =ATH IN0 LD
ACH(3) =474 AIO0)L0
PERLT=4.%ATOT/DETOT-12.¥F[G*D 0019
PERL{1}=0. J0021D
PERLIZ2)=4*ATW/LETW=C.E4PIG*T 230019
PERLI3)=4.%¥ATA/CETA-PIC*L /€, 320010
WW=2+0.5%3 001D
ZA=7 3230010
WA=KW 030011
FATIP{L )={C*®x2%SQ3~PICHCTIP*x2%(,3) ¥0.25 000011
FDTIP( L )=4 . %FATIP{LY/{FICHC5%CTI2)/DETC 200011
FATIP{LI=FATIP{1}/ATC 207011
FATIP{Z2 ) =CH{WW—CTIPHC ,E)=-CTIP**232[ 5%, 125—EM2%ZWC 300911
FOTIP(2)=4.%FATIP(2) /{FICHCTIP*D 0+ 2 %EML 44 %ZUC)}/DETH 220911
FATIP(Z2 )=FATIP{2)/ATHK J00011t
FATIP{3)=(WA=-DTIP#*0,5)#%2/S8)3~-LTI12%%2%P[G/24%. AR VAR ]
FOTIP{3 )=4 . %FATIPI3 ) /(CTIPHPIC/€at{ WA=DTIPXD5)*2./5J03)/D5TA 09011
FATIP(3)=FATIPI(3})/ATA 23091t
COo=C/CT1IP 350012
WD=WW/DTIP A30712

IL=7/0T71P 327012
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IWCC=ZWwC/0T1P 200912
AWOZ=AAWRFATIP(2)/DTIP*%2 poo012
PruWD=4, ¥AAWRFATIP{Z2 ) /{LETRAFOTIP{ 2} =0TID} onoole
WRITE{S3)ATOTSDETCT S ASEC 00012
WRITE(S 44 )ATCs ATH s ATASLOTC, 30 TWeDETA 00920172

3 FCRMATU///5X*TOTAL FLOWw FREA=',FlO3,% SQCAT/5X,'TOTAL EQJIVALENTIO0OL12

I CIAMETER=? ;F1lD.2¢ % CMY/OX, FFLCK AREA 0OF SECTION=?,F10.3,% SQCHM*/)10200012

4 FURMAT(SX*FLUW AREAS OF CFANNELS:2'/5X, "CENTRAL=3,FLO.3/3X, *WALL="J00D13

1y FLO3/6X, "CORNER=" yF1C03//0X e PEQIJIVALENT DIAMETERS: ' /5X, *CENTRAL=030D13

2 s F10.2/BXe *WALL=3 4 F1(C oz /EXq " CORNER=Y 4 F1C2//7/130(% %%} } 00013
RETURN NCo0L3

END 02013

C IMNDL3
C 0013
C 200713
C a00013
SUBROBUT INE INCE{NRUCMAGNSEL g HSTReNSTOTSsC o Ay S e ATCs ATHW ATALPIG sPCORR,0DD013
*CTULLCTUZ2+DETCyOETWLENML} 200013

L o - e o e e e s s 1 o e e 130013
C INGE EVALUATES THE TUREULENT MIXING CONSTANTS CTURS(I.J) FOR THE Q0DODL3
C TkE CHANNEL EXCHANGES EINC CTURRIA{K) {(K=1,2}) FOR THE SUBCHAMNNEL 3217013
C EXCHANGESs. FURTHERMORE IMCL ZVALUATES TRE CONSTANTS CCOND{(I S J) Y0I0 14
C AND CCCNDL{KX) FOR TFRE IENTHRALPY [IXCHANGE 4T TO CONDUCTTI NN IM GAS DDOOL14
C 0G4
C VERSICN FOR THE 1Z2-RLD 34UNOLES O3001%
C T ARS RS JA B S
CCMMOM/ZINDI/NTYP{42)Y /IOL/NERTAGAZ) 4 WNIST42,3)/GEQ00/ACH3) 2230014

1 JCENS/DE{42Y/TURL/CTURB (423 /TUR2/CTURBLL2) NJ0014

2 JCONDOD/FCOND/COCNDLI/CCONE(42,3)/CON0C2/0CONDLI2) 200014
DIMENSICN SUMI42) 00014

REAL NCAPS{42]) JOTI014
SR3=SQRT(3.) 200015
R=0%3.5 230015
R2=R*x%2 020015
R3=R2%*R 209915
A2=A%%2 230015
A3=A2%A R IO B
APIN=PIG*®R2 J30015
EM2=C=*0.5-EM1 2030015
IRWC=EM2/533 020015
ATWR=EM2% W 100015
GAF1l=C-C noadgls
GAP3=A-R 200016
YBC=C*0.5/513 030216
YBW3=A-IWC/ 3. 0ONnNn1e
XBWS3=C#*D,5-EM2/3. 200016
YBA=(AXA2¥ %0 52/ 3FRZ~-YLW3XAT W 3) FATY BISIA I BN
XBuS=2e ¥ {ARCRR2H0,125~PR /2 =X S3ATA3RD5) FATW 200016
XBA={5./36.%A3~{A/SQ3=k/PIGI*APIN/ ) /{A2/SI3=APIN/ S L) 220916
YRA=XBA*SQ3 220016
DELTAL=Z2..%Y3( 330016
DELTAZ=YBC4+YBY NYOILT
DELTA3=C 200017
DELTA4=SQRT{{A-YBW—YPA}AA24{C D3+ /5)3-X3A}xx2) 200017
RAL=1.+APIN/(2.%ATC) 220017
RA2=1+AFIN/ {ATC+ATw) DO0DL7
RAZ=1. +APIN/{2.*ATHW) NO0N17
RA4=1.#+APINX2 /{3 .%{ATh+2TA)) QCa017
ALFAW=ATANIYBW=2./0) 00017
APLl=YRC*(*D.5-APIN/6 . 700017
APZ=YBWH(C*0Q ., 5-ALFAWXR? 330017
AP3={ATW=AP2}*(C.5 200918
AP4=A2%(C o5/ 5N 3~YRARXEL*C «5—APIN/L12, nNUlIN1L3
ASL=GAP 1%*YB(C 200018
AS2=GAB1*YBY nCI018

AS3=C*J.5%GAP2 3300143
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AS4={A/SO3-XRA)*CAP3
R1A1=AS1/APL
R1A2=AS2/AP2
RLIA2=AS3/AP3
R1A4=AS4/AP4

C OR TG 2 CENTRAL CHASNNELS AMD TC 1 wALL CHANNEL

w0

D0 7 I=1sNSTOT
ITYP=NTYP(I)

GOTO {(1+2+4)ITYP
SUM{T)I=2.%R1A1

GOTC 3
SUM{I}I=R1A2+2.%R1A3
NGAPS{I}=3,

GoTC 7

SUMIT I=2.%R1A4
NCAPS({1}=2.

COGNTINUE

DO 15 I=1,NSTOT
NI=NER(1}

DO 15 M=1,NIT
J=NIS{I M)
IF{T10TASTRIGOTD 1D
IFINTYP{UJ)EQ.2)GCTC 8

C  I=CENTRAL CRAMNEL. J=CCNTRAL CHARNNECL

DELTA=DELTAL
RAPPA=RAL
GoTC 9

€ I=CENTRAL CHANNEL, J=wAlLL CFANMEL (92 VICL VERSA)

3

3

10

DELTA=DELTAZ2

RAPPA=RAZ

GaP=GAP1

GOTC 14
TFINTYPI{I).ECQ.3)CCTO 1c
[F{NTYP(JI-2)8,11412

C I=wALL CHARNNEL + J=wALL CFAMMEL

Ll

UELTA=DELTAZ
RAPPA=RAZ
GCTC 13

C I=CORNER CHANNCL, J=WALL [EANNEL (CR VICE VERSA)

12

13
14

DELTA=DELTASL

RAPPA=R A4

8P=GAP3
YH=1ol4#SIRTUINGAPST IINCAPSTI NI/ (ST 1) +SJM () ) ) XRAPP AN
NTIYFI=NTYP{I)

MTYPJ=NTYPUJ)

AREAI= ACHINTYPI)

AREAJ= ACHINTY3J)
DELIJ=(AREATI+AREAJI/LLAFEAT/CELT)#AREAY/CENI))
CTURBLI s MI=YHXCGAP/ORLTAADITII*0.05%PLURR
CCOND( T M)=0AP/CELTA¥FCCNC*Q.5

CONTINUE

DELSCL=C—{T ¥ C¥33/48.~R2A) /(Lo 28%Cx%2=-D[GRR2%5Q 3/ 6. )
DELSC2=C-2.%XRWS
CTURBL{1}=CTUL*C.C5%DETCHYBC/ULELSOL
CTURBL{2)=CTU2%C.O5*BETw* (A-Z%wC}/IELSC2
CCONDYL{1)=YRC/DELSCL*FCLAD*C .5
CCONDL{2)={A=-ZWwC) /DELSC2#FCONDAC.S
IF(NSEL «EQs L }RETURN
CTURB{1,1)=CTURB(1,L)*(.¢
CTURB{L,21=CTURB(1,2)*(. 5
CTURBI24L1=CTURP(2,1)%(C.5
CTURBI(6,2)=CTURB(E42)%(5
CCCND{L,1)=CCOND{L,1)* (a5
CCONE{1,2)=CCONClL,20%(.3
CCONB{2,1)=CCCNC{2,1)7(C.5

209713
90730183
000018
0noo18
2700018

T CACH CINTPAL CHANNEL RAS 3 CAPS. IT IS CCONPMECTED TO 3 CENTRAL CHANNHLCLS000019

0930019
39023019
000019
330919
ALEEN IOl I
239019
aC3I019
000NL9
230019
230920
noon2o
30301020
I20N20
nYQl302n
307020
207020
04000290
3D002)
200020
300021
NO002L
020021
00021
330021
No0021
320021
200021
000021
730021
0023022
003022
annNy22
p00N22
200022
2309022
Gu0022
02023022
30922
Q00022
npnNd23
200N23
200923
2270023
20n023
200023
330723
020023
220023
200023
Q00024
200024
A00324
000024
100324
NJ0024
530024
220024
DICN24
JaNN24
330025
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CCONDIE 2 =CCOUND{ L2070 .5 A20025
RETURN 2050025
END 0030225
C J28025
£ 2007325
C 020025
C 200225
SUBROUTINE INGUAINSEL ¢ NSTRTNROMAGATC AT ATASDETC s OETH 20T A 220025
L o o o e e e e e e e e e i i e o e VOV Y25
L INQUA PROVIDES INDICES TC CHARNNEL FLCUA AREAS AND T JIVALENT 201025
C DIAMETERS AND TC SUBCERANNEL FLOW ARzZAS 323025
C 000025
C VERSICN FCR THE THE 12-R{D BUNDLES 320025
C s:~-.....a...-,.........,.........a.........,.‘...................33’3’)26
DIMENSICN ACHI{3),L({2) oono2
CCHAMCN/GENZ/AL142) JIND3/NTY 2423/ 5URL/ASCHIS 23/ GEIS/DE(42 )“)d);u
1 FFEAG/NPTINLA42) o JPIN{472, 3) 330226
ACH{L)=ATC 200026
ACH{Z23=ATHh D033026
CHI{3)=ATA 200026
DULI=DETC 33002
D{2)=DETW 200026
c{31=DcTA I0NN26
DO 1 NS=1,NSTOT 220027
NP=RNPIN{NS} 00027
NSCH=4-NTYP [NS} ynaz7
SCH=NSCH ’ unnoaz27
MTYPNS=NTYP (NS 2323027
CEINS)=CINTYENS) 020927
DO 1 M=1,NP 200027
1 ASCEINS jM)=ACHINTYANS)/S(CH 200927
IFINSEL.EQ.LIGGTC 3 230927
ASCHIZ2,2)=ASCHIZ2,2}1*( .t D30527
ASCH{6: 1)=ASChI{&s1)%(.5 100023
3 CONTINUE 2209323
O0 4 NS=1NSTCT J300u23
NP=NPININS}) naenN2a3
A(NSI=0. 230028
DG 4 M=1,NP 30N0N28
4 A{NS)=A{(NS)+ASCH{NS,M) 00729
KETURN 270023
END SRR BN oS
C 00028
c 200023
C 1302228
i 20N026
SU ROUTINE HEATIINSTCT«MSTRNSE lyVRCNl IPA) 230028
(e e e e e e e e e e e e o o e e e o s e o 220029
i HEATI EVALUATES THL FEAT FLUXES ::(4:,[) FOR THL ROIS AJJACENT T3 000029
C EACH CHANNEL NS AND THF TCTAL FLUXES JT{WS) E‘TE&I') EACH 200029
C CHANMEL NS. FEATI CENTIFICS ALS) THEZ COMWECTIONS 3ETAZENM THE 2073029
C SUBCHANNELS I AND TRE ACJACEMT RIS BY 42AYNS OF THE ﬂATRIX RES S8 2201327
C { NPIM(NS)= N. CF SUPCF. IM Che NS = HNR, 0OF PINS AdJ. TO Ciie NS) 220229
C 000029
C VERSICN FCR TFE 12-RCC 3UNJLES 320029
C U N 28
COMMON/ZFEAL/QISTY/REAS/QTL42)Y/INC I/ NTYP(42) 000029
1 JFEAS/GQUA2 43 /EEAC/NPIN(A2) s JPINLA2:3 )/ HREALD/NSCiH(42,43) 070030
DO 3 NS=1,NSTOT 10003)
NP=NPIN{AS) o030
DC 2 M=1,NP 200039
JPIAMNM=JPIN{NS,M) D030
QAINSsMI=2(JP IANA) 25030
IFINTYP (NS} .EQ.2)5CTC 1 20N02)
QASCEINS s ¥M)}=L0 (NS4} /6. JU0039

GOTC 2 200030
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QSCHIMNS s M)=GQINS, M) *Ca25
CONTINUE
CCNTINUE

[TF(NSELLEC.LIGCTO 4
WSCHIZ2)1=0SCh{2,21%(.5
ASCHIG 11=QSCH{64114( .5

ES

DT 5

CONTINUE

NS=1,NSTCT

NE=NPIMINS)
ITINSI =G,

DG 5

(&

M=1¢NP

ATINSI=CTINSI+USCRINS,V)

IFLIPANE-IPA/2*2)RETLRN

HRITE(6,6)
6 FUORMATU///7/5Xs "RESULTS CF FZATIN/ /778X *CHANNEL® 33{ 21X, *R0I¥,2X) /)

DC 8

NS=1,NSTOT

NE=NPIN{NS)

[SeIEN ]

WRITELG+T7) NSs({FyNSyby  GPININS ) ¥=1,1
FCRMAT{2XsI10421(3X, 115} JPIN(®4I5,%,%,1
CCNTINUE

RETURN

END

BLCCK LCATA

BLCCK CATA FOR THL 12-FCL BUNDLES ( L/3.RD CF THE WAOLE BUNDLE

FLOW

SECTION )

COUMMON/CATL/ZACLD) /CATZ/830LCH/CATA/IDEST NDEEND/DATT/CNUSS(2)

O W o O Lo PO b

SEATKA/DL(T ), D207V 7EXCAT/EXLETY»CX207)-EX3UT) JEXDATL/
EXG{T ) EXSUT),EX€(TV/BILAT/IIKI3)/3IDATL/RIE(TI/BIDE/IBIDE
JUAMINK/BKAPPALT 3 )/LAMING/I3TIP142,3)/CONDO/FCOUND/AART2/
NSLeNS2/WAKAL/ TKEPPA/CVRPEH/ACVYS(3) sACVRI3) /LAMING/ANGLAM
/CRAV/IGRAV/HEAG/ NFIN{42),JPINT4243 )/ IND2/NTYPL421/13Y/
NER[42) JNIS(42,2)/SIMLAM/ISIAPL/EXAYTW/TIEXAV/ISUP/IAOLIN
JSUSCI/ZICIVL,ICIvez ICISPA/IDISPL/ICISPR/ZIDISP
JISMC/CCTW/GASDL/NSTOT/CASO2/RAPPAL (42,430 / GASDI/FSY M
FGASDG/ T CAS/MARTE/NSTR/GAASL/FCOPALI3Y/GAAGT/FCOPUT

COMMCM/ISMOL/ITECO/ENECP/IENE/MIXSL/CY

JATA
JATA
JATA
DATA
CATA
DATA
$
DATA
%
CATA
CATA
DATA
DATA
%
CATA
JATA
DATA
CATA
LATA

A/Qon .2410-’1.7C-441C0510-)1,7.053710-110./

B/ 467935929289l e3leésCaNleCesDeDsDeb592.27

NOEST,NCEENS/ 10,2/

CNLSS/5.5543.55/

ClsC277%2 89T7E-J2+71%3.27L-05/

JPIN/2H¥3 4445465715432 %E32%E 93 2% 3445309793859 050¢05 T933%0,3%3,
37%0/

NIS/2+132923¢%s54 257984591031 %039939%953651389F31051Ls5933%0,
To5elle3%Ce4,33%C/

NER/2%23%3 334D 42,2%2,21=C/

NTYP/6%13233:e2¢252,21%20/

NPIA/11213*3y2*271’2'192131*)/

EXLsEXZyEX3/ColE€El=(4y 5%0, L524E=244C.16065E-04y J.667E~08
5%C ¢ 7126E—CE30.66TF=C2400 y5%=Je433E-11,0./

EXA4eEXDsFYE/ TR 18240 -Chy 1%, 126E-CE,T%=-2.488E-11/
BlK/l-,—l.2v0./

BIE/DoD19le9=3.2355Ce2CeG509-2.834)./

IBICE/L/

BKAFPA/21*1./

(%

B @ BB OB 2 L SO S D OO 6 DS BBV OO IS VS VD DV 0O B OGRS OO 6L HHAO OB OB SO 66D E P OE DS OO

TURBULENT CALCULATICN IS IMPCSEDR FOR ALL SUBCHAMNELS

DATA

137IP/126%2/

030030
2730031
J20031
002031
200031
339931
07031
320031
I0U931
330031
100931
00032
233032
200932
400032
INNA32
230032
GJ0032
227032
330332
320032
non333
00033
200033
020033
D00033
200033
300033
NncIa933
300333
200033
000033
N30933
300033
000233
2000934
200334
N00034%4
230034
200034
Ad0034
200034
000034
130034
232034
200035
230035
2000735
270035
270035
neon3s
230335
520035
200035
220035
I30N34
200936
530036
200136
200936
00036
000036
3230036
320036
270036
D39D337
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CATA NSL.NS2/2,0/ 00377

Jann3zy
DATA FCUND/ 1o/ 230337
DATA ANCLAM/1./ GL0937
DATA ACVS ACVR/4.754£42.53(527+844+3533.92.3/7 2093037
."’.-Q.‘...".'.‘..illiﬂIl.‘.l.t."‘."".‘ll‘.."'I.‘Q.Q.‘..I..O;),.—"F)'37
IF THE OIRECTICN GOF THE FLOW IS COINCIDENT TO THAT JF THE NINND37
GRAVITATIONAL FCRCE ICkRAV=L§ IF IT IS GPPCSITe IGRAV=- 3204937
IF THE GRAVITATICMAL FORCE IS NCOT TAXKed INTJ ACCUUNT IGRAYV=D D30N37
ISIMPL=2 IN THE CASE CF LAMINAR FLIWe IF TRE NUSSELT NUMABERS 103333
OF THE EXTERNAL CRANNELS UNS™ ( NSI-L<KNSKMSZ2¢#1 )y T.E&e IF IT MUST 330033
BE CCL,C02#1 IN SIMLAYl. IN TRE OTHER CASES ISIMPL=1 370038

IEXAV=2 [F AN AVERAGED VALUE CF TrkE PIN TIZMPERATURES ANJ AN AVERAGL230I33
VALUE OF THZ SHRCUD TEMPERATURES WIST B COMPUTLD INMN WALLTE FOK 500933

THE EXTERNAL CHANNELS INSTLAC CF THE REAL VALIJES. CTHERWISE Nnco9a38
IEXAV=1 320033
304033

CATA IKAPPAGIGRAVISINPLGIEXAV/ 1y )e2%1/ 330038
0.."!...‘0‘.'..1..000ll'l.“’.«ili"'!.l00.....!...'i.l....‘......«’)jcr’-)Bg
ACLCED AT GA. INDIVI=L: NCRNMAL SUBSIVISION INTO SUBCHANNELS: 093G
[DIVI=2: NT SLACIVISICN FCR CENTRAL CHAWHELS: 0030733

IDIVLI=3: MNO SUDBDIVISION FOR WALL CHANNELS: 2200139

IDIVI=4: NC SULBOIVISION FOR CENTRAL AND WALL CHAYNELSDONO39

INIv2=1: PORMAL SURJIVISION INTO PORTIONS OF wWALL 3IDN3A9

SUSECFANNELS D0ON39

[DIv2=2: NO SUBVISICY FOR WALL SURCHAMMELS 20002393

IDISPI=1 IT ThE SPACZR cSFFoCT CN HU IS CONSIDERED 339039

[DISP1=2 IF THE SPACEZR ZFFECT CN NUJ IS HOT CONSIDEREDNC )ID39

ISISP2=1 THC EFFECT COF Thi LAST SPACER UfF EACH AXIAL J)3073¢

PORTICN ON NJ IN THz SUCCEEDING PORTINON IS TAKEN 200040

INTO ACCUCLUNTY D323040

[DISP2=2 THE EFFLCT GF TFE LAST SPACER CF EACH AXIAL 300043

PORTICN CN NJ IN ThE SUCCEEDING PORTION IS NOT 2230749

TAKEN INTC ACCCUNT 200040

200040

DATA ICIVL, IDIV2,ID0ISP1,IDISP2/1slsls1l/ 020040
DATA TJQLINSITECC,IENE/2™L/ 2300470
DATA FCCPwl FCOPWT/4*1./ 200040
DATA CY/1./ 000740
DATA IGAS/1/ 300041
OATA NSTCT,NSTR/2%)/ 223041
DATA FSYNM/1./ 200041
DATA RAPPAI/126%1./ 033041
DATA CCTw/0.2/ 00N4%41

END 200041



