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ABSTRACT

The WOSUB-codes are spin-offs and extenslions of the MATTEO-
code [ 2 J. The series of reports describe WOSUB-I
and WOSUB-II in theilr respective status as of July 31, 1977.

This report is the second of a series of three reports
descriting the WCSUB code. t gives a2 detailecd description of
the input data, flow charts, and output, and contazins the list-
ings of WOSUB-I and WOSUB-II, Fcr the purpose of future ex-
tensions parameters, common blocks and variables used in the
code are listed in full detall.

WOSUB-1 and WOSUB-II are subchannel computer codes for the
steady-state and <transient analysis of the thermal-hydraulic
characteristics of Boiling Water Reactor (BWR) fuel rod bundles.
Both codes are also applicable to analyze PWR bundles, especially
when these are ducted--z situation which most often arises in
experimental set-ups.

The main difference between WCSUB-I and WOSUB-II is that
the former 1s designed to analyze small bundles, whereas the
latter is capable tc handle symmetric sectlons of today's large-
sized BWR bundles. In addition, WOSUB-II does not contain all
cf the additions made in WOSUB-I yet, because 1t 1s deemed
appropriate to introduce these into the smaller code first,
before they are implemented into the bigger one.

Both codes are still in the stage of evolutionary develop-
ment. Thus, changes are to be expected in the near future. There-
fore, it should be noticed that this report reflects the develop-

ment as of July 1977 only.



Chapter 1.
1.0
1.1

1.2

1.3

TABLE OF CONTENTS

WOSUB-I
Introduction
Input Data Description
1.1.1 Ordering scheme for the input card deck

1.1.2 Control cards

1.1.2.1 General remarks about the
control cards

1.1.2.2 Title card and last card
specifications

1.1.3 Input data
1.1.3.1 List of input data

1.1.3.2 Recommendations for input
data selection

1.1.3.3 Error messages
1.1.3.4 Sample input
Output Description

1.2.1 List of some important notations used
in the output

1.2.2 Sample output
Organization of the Code
1.3.1 Flow chart
1.3.1.1 Description of subroutines
1.3.1.2 VList of common blocks
1.3.2 Parameters specified in the code

1.3.2.1 Parameters used for
conversion purposes

1.3.2.2 Parameters used for the
physical models

Page

10
10
11

25
36
37
41

42
Ly
52
52
52
59
61

€1

62



vi

Listing of WOSUB-I

1

-
Ao

'_.J

|

1

Some Additional Remarks on the Volumetric Cross-

Nt

4.2

A

4

4
JA.12

L

4

L4015

4,16

LAL17

Listing
Listing
Listing
Listing
Listing
Listing
Listing
Listing
Listing
Listing
Listing
Listing
Listing

Listing

Listings of functions TIMEF, FFACT, TPFM,
and TFLM

of MAIN

of subroutine DISFL

of subroutine GECOMRY
cf subroutine MATSET
of subroutine STEADY
of subroutine TRANS

of subrcutine SWELP

of subroutines VMIX and MIXIN

of subroutines SPLITD and SOLMAT

of subroutine CONTI

cf subroutine CHF

of subroutine CHEN

of subroutines FUEL and FVS1i2
of subroutine EDIT

of subroutines WATER and EYDP

Listings of subroutines INIT, INVERT,
and TRANSI

flow Coefficient Matrix and the Recirculation
Loop Concept

1

1

5.1

5.2

Subroutine MATSET

1.5.1.1

Objectives and sclution scheme

Subroutine INVERT

1.5.2.1

1.5.2.2

Remarks on the Connection and
Coefficient Matrices

Role of the Subroutine INVERT
and Use of Arrays

100

125

131
131
131

136

136

137




1.6

CHAPTER 2.
2.1
2.2

2.3

vii

1.5.3 Reecirculation loop concept

1.5.3.1 Set up of the problem

1.5.3.2 Subroutine SOLMAT: Solution for

volumetric crossflow
Limitations and Execution Time
1.6.1 Limitations

1.6.2 Execution time

WOSUB-II
Introduction
Implementation of Extensions
2.2.1 List of modified arrays
Input Data
2.3.1 Ordering scheme for the input card deck
2.3.2 List of input data
Qutput Description
Listing of WOSUB-II
2.6.1 Listing of MAIN
2.6.2 Listing of DISPL
2.6.3 Listing of EDIT

2.6.4 Listings of Functions ROFUN and
Subroutine GEOMRY

2.6.,5 Listing of Subroutine STEADY
2.6.6 Listing of Subroutine TRANS
2.6.7 Listings of Subroutines VMEX

and MIXIN
2.6.8 Listing of Subroutine SPLITD

2.6.9 Listings of Subroutines WATER
and HYDP

2.6.10 Listings of Functions TIMEF, FFACT,
TPFM, and TFLM

Page

138
138

142
143
143
144

145
146
147
148
169
169
169
184
185
186
194
198

202
206

209

213
218

222

225



0
’._l

O

()
=

W

g

(@)

[

ny
.

—
Ut

viii

Listing of Subroutine CONTI 228
Listing of Subroutine SWEEP 232
Listing of Subroutine SOLMAT 241
Listing of Subroutine MATSET 243

Listing of Subroutine INVERT 247




Figure

Ul = w NN

(¢ )Y

10
11
12
13
14
15
16
17

ix

LIST OF FIGURES

Input Deck Structure After First Control Card
Input Deck Structure After Second Control Card
Input Deck Structure After Last Control Card
Nine-Rod Bundle with Uniform Power Distribution

Nine-~Rod Bundle with Non-Uniform
Power Distribution

Eight-Subchannel Bundle Case
Ten-Subchannel Bundle Case

Simple Subchannel Léyout to Describe Input
Data No. 11 through No. 20

Sample Subchannel Numbering Scheme Used for the
Explanation of the Concept of Recirculation Loop

Sample Case Layout

Flow Chart of WOSUB

Flow Chart of Subroutine STEADY

Flow Chart of Subroutine TRANS

Flow Chart of Subroutine SWEEP

Detall of Iterative Loop in Subroutine
Eight-Subchannel Case

Ten-Subchannel Case

Page

28
29
30

32

33
38
54
55
56
57
58
134
135



LIST CF TABLES

Table Page

Card Image of ¥WOSUB-I Input for Sample Problem 39

-t

2 Map of Input Data us
3 Input Display ué
4 Printout cof Results L8
5 Sample Cutput 50
€ Common Blocks of WOSUB-I Code 60
7 Example of Coefficient Matrix for

Diverted Crcssflows 140




CHAPTER 1

USER'S MANUAL OF THE COMPUTER CODE
WOSUB-I




1.0 Introduction

WOSUB-I is a subchannel computer code for the steady-state
and transient thermal-hydraulic analyslis of BWR fuel rod
tundles. The code i1s also applicable to PWR bundle analysis
as long as they are enclosed by bundle walls. Thils situation
frequently arises in experimental facilitiles.

The physical models and the numerical sclution scheme,
which are used in the code are described in full detail in
Volume 1 [ 3 ] of fhis series. For convenience, the main
features are summarized below.

. The code uses the zuber-Findlay vapor drift flux model.

. A vapor diffusicn model 1is inclucded, which accounts for

he vapor's affinity to redistribute into channels

ct

with higher velocities as has been observed experimentally.
. The code accounts for thermodynamic noneguilibrium
effects.
It uses a unique methodology introducing the concept of
recirculation paths.
. Four heat transfer coefficlients each assoclated with
one subchannel are calculated around the pin perimeter.
The code calculates the boiling length and the critical
power.
. A novel collocatlon method is used for calculating the
steady-state and translent fuel pin temperatures.
Based upon these features the computer code WOSUB is there-
fore supposed to give more insight and a better understanding
of the thermal and hydraulic conditions prevailing in the bundle

wall near regions of fuel pin bundles. Emphasis has been put
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specifically to the code's capability to analyze BWR fuel
pin bundles where 1t is expected to glve more fealistic
answers than the conventional codes, such as COBRA or HAMBO,
which were specifically designed for analyzing single phase
flow and eventually extended to two-phase flow situations by
using empirical parameters for the analysis of BWR fuel

rod bundles.

Preliminary results for various conditions as well as
comparisons with experimental evidence are glven in volume
30 4 ] of this series.

The purpocse of this manual is to introduce the user
into the mechanism of running the code by providing information
about the input data, flow charts, and options.

If not otherwise mentioned the information given for

WOSUB-I holds also for WOSUB-II.




1.1 Input Data Descripticn

All the data ¢f a problem are read in as a single floating
point vector; conversion to integer variables i1s performed by
the code where needed, The format is 6E.l2--as many data are
often zero, only sets of significant data are read in. Each
set 1s preceded by & control card specifying the first and
last index in the input vector of the set. These are given as
integers adjusted to the right at columns 12 and 24 (Format
21 12). The last set of data for a prcblem must be indicated
by -1 punched in columns 1 and 2 of the control card.

Every problem must begin with a title card, with any
alphanumeric information in column 7 to 80.

Many protlems may be treated in the same run, and only the
data which are changing from the preceding problem need to be
given. A poslitive integer in columns 1 to 6 of the title card
indicates that the problem is the last of the run.

1.1.1 Order of Input Data Cards

Group 0 Control card
Group 1 Title card: Identification
Group 2 General input data

Group 3 Array arrangement input data

Group 4 Recirculation loop specifications

Group 5 Geometrical input data for subchannels
Group 6 Array sizing input data

Group 7 Roughness specification for subchannels
Group 8 Parameters

Group ¢ Physical parameters




1.1.2

Group 10 Peaking factors

Group 11 Flux shape

Group 12 Blockage specifications

Group 13 Transient specificatilons

Group 14 Perturbation timetables

Group 15 Heat transfer coefficient specifications

Group 16 Geometrical and physical characteristics
of fuel and cladding

Control Cards

1.1.2.1 Remarks on Control Cards

As mentioned above in Section 1, every set
of input data is preceded by a control card, which
speclifies the width of the field of the set to be
read in. The following explains how this method works:
1. If one supposes that the first set of input data
contains 10 elements, in this case the value of the
index to be placed in column 12 of the control card

is 1. In columns 23 and 24 of the control card the

* value of the index to be placed is 10. One has there-

fore the deck as shown in Fig. 1.

The control card indicates that a fleld of 10 E12.6
is reserved for the first set of 10 1nput data.

Note that each input data card contains 6 zones
of 12 columns (because of the fixed read in FORMAT

E12.6).
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Control Card #1

//’
- | s.;npui’ daa 2 inpot data_se . oo -, 6" npk dok
FORMAT (EN.6) | FORMAT(EIL6 FORMAT(E12.6)

|s¥ Inpu\' data Card

4__7"" . vxpu" dabs 8"'&%(“& data_éﬁ - .J O“{hPu\f
FORMAT (E12.6) | FORMAT(E12.6) FRMAT (E2.4)

2™ Taput data Gard.

FIG. 1:Input Deck Structure
After 1st Control Card
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Therefore, the two remaining zones on the second input
data card will be ignored by the code.

2. If a second set of input data contalns three elements,
the first value of the index (to be placed in columns 11l and
12 of the control card preceding this second set of input data)
is 11. The second value of the index (placed in columns 23
and 24 of the control card) is 13. One has therefore the
structure shown in Fig. 2. Note that, as before, the three
remaining zones (3El12.6) on the input data card are ignored
by the code.

3. For any number of elements in a set of input data,
the first value of the index, ¥, on the control card is
equal to the last value of the index on the previous control
card, X, plus one, then ¥ = X + 1, The second value of the
index, Y, plus the number of input data in the set, n, minus
one: Z=Y -1+n,

The overall advantages of this method can be summarized
as follows:

1. After initializing the core memory, which will con-
tain the input data, one 1s assured to have a bijective cor-
respondence between 1ndex value and input data, eliminating
therefore the possibility of inputting wrong data into the
core at a glven index-referenced location,.

2. A higher degree of transparency in the input deck

structure 1is a direct result of this technique.
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Control (ard ¥l

ISLInpvi’ daha 2™ Inpok data ™ Tapt dala ——
FORMAT (E12.6) FOAMAT (EI2.6) FORMAT (E1Z.6)

Tapyr Dafa Caxd

FIG. 2: Input Deck Structure
After 2nd Control Card
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FIG. 3: Input Deck Structure
After Last Control Card



3. Large flexibility cf inputting a set cf input data
of any 3ize since the control card does not operate with a

fixed field value.

[
b

.2.2 Title Card and Last Card Specifications

-3
o
<t

h itle card 1s divicded into two zones:

Zone - 1l: Columns 1 - 6 (included)

Zone - 2: Columns 7 - 80 (included)

If the problem to be treated 1s the only one in
the run, zone-l of the last problem must contain 1.

The last control card of a problem must be specified
as seen in Fig. 3.

Necte that the fleld specified by the last control
card is 1. [i.e., in the core memory 1t corresponds to
DATA (2200)]. The value to be affected in this zone is
zero. Therefore, the last input card will contain as an
input, zero or will be a blank card, since the blanks are
read in as zero numbers,

Note that the minus sign in cclumn 1 and the number

1l in column 2 indicate the end of the data set.

1.1.3 Input Data

On the following pages, instructions are given for
preparing the input data card deck for the code WOSUB-I. To
more easlly comprehend the meaning of certain data, additional
explanations are given by placing numbers into the column

"Remarks," which refers the user to Section 1.1.3.2.
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1.1.3.2 Recommendations for Input Data Selection
1. NCHAN = number of subchannel types in the
bundle.
A subchannel is defined by its geometry, and
by the types of rods which are associated with it.
When inputting NCHAN one has to take advantage of
any symmetry in the bundle. For example, a 3 x 3
fuel rod bundle with only one type of heating rod
(Fig. 4) will have:
8 side subchannels
4 corner subchannels
4 center subchannels
One can see that this particular bundle has a
h5° symmetry, and the analysis can be performed using
a configuration of the type shown in Fig. 8. There-
fore, for this case NCHAN = 3.
But, for the same example, if the heating rods
have different peaking factors (see Fig. 5), the
number of subchannel types to be entered is 16.
2. NRODS = number of heating rods
Once one chooses a configuration for the analysls
of the fuel rod bundle, one must number all the
fuel rods starting from 1 through NRODS,.
Consider, for example, the fuel rod bundle
shown in Fig. 6. For this case:
8
6

NCHAN

[}

NRODS
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One has:

16 cards of GROUP 3 or from DATA 11 to DATA 90

16 cards of GROUP 5 or from DATA 401 to DATA 480

2 cards of GROUP 6 or from DATA 601 to DATA 608

621 to DATA 626

The second example illustrates a symmetric (3 x 3)
fuel rod bundle, where symmetry cf the bundle 1s tc
be understood for the peaking factors fo the rods
with respect to the following diagonal. (See Fig. 7)

For this case one has:

"

NCHAN 10

€

NRODS

and therefore the following groupings result:

20 cards of GROUP 3 or from DATA 11 to DATA 110

20 cards of GROUP 5 or from DATA 401 to DATA 500
3 cards of GROUP 6 cr from DATA 6C1 to DATA 610

621 to DATA 626
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Fig. 4 Nine-Rod Bundle with Uniform Power Distribution
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FIG. 5: 9-Rod Bundle with Non-Uniform Power Distribution

( from GE-13048 )
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Rod{ﬂﬁﬂ:A
Axda T%pc B
TYPEC cC Rethr Type C
J 8
FIG. 6: 8 Subchannel Bundle Case (Symmetric with

Respect to the Second Column of Rods)
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FIG. 7. 10 Subchannel Bundle Case (Symmetric with
Respect to the Principal Diagonal)
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3. ICON = Key for selecting input system of units, See
Section 1:2 for a complete discussion of the procedures used by the
code in both cases of unit systems.

'}, IPAR = Key for selecting sets of parameters

Refer to Section 1.3.2. -

_ 5,6. Figure 8 . - . will be used to describe the input data

#11 to #20.
Subchannel 1 = (  Corner subchannel) is
1) heated by rod 1
2) has subchannel 2 as neighbor
3) heated by (1/8) (fraction) of rod 1
4) shares a gap of width A with sub. 2.
Therefore, the input for subchannel 1 are:
JOIN(1) =1
NAROD(1) = 1
2 NJOIN (1,2) = O NJOIN (1,3) =0

NJom (1,1)

NJOIN (1,4) = 0

1 KROD (2,1) = 0 KROD (3,1) =0

KROD (4,1) = 0

Subchannel 2 = side subchannel is
1) heated by rods 1 and 2
2) has subchannels 1 and 3 as neighbors
3) heated by (¥X) of rod 1 and (%) of rod 2
4) shares a gap of width A with sub 1
and a gap of width B with sub 3.




gop width A

3@.? width B

Simple subchannel layocut to describe
input data #1l1 through #20
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Sample subchannel numpering scheme used
for the explanation of the concept of
recirculation loop

Loop 1 arocund rod 1: 01050602

Loop 2 around rod 2: 02060703
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Therefore, the input data for subchannel 2 are:
JOIN (2) = 2
NAROD (2) = 2
NJOTY (2,1) = 1  NJOIN (2,2) = 3 1JOIN (2,3) = 0 NJOIN (2,4) = O
KRCD (1,2) = 1 KROD (2,2) = 2 KROD (3,2) = 0 KROD (4,2) = O
Subchannel 3 = % center subchannel is:
1) heated by rods 1,2 and 3
2) has subchannels 2 as neighbor
3) heated by (1/8) of rod 1, (%) of rod 2, aﬁd (1/8) of rod 3
4) shares a gap of width B with sub 2.
Therefore, the input data for subchannel 3 are:
Jom (3) =1
NAROD (3) = 3
NJODI (3,1) = 2 NJOIN (3,2) = 0 NJOIN (3,3) =0 NJOIN (3,4) = 0O
KRCD (1,3) =1 KROD (2,3) = 2 KROD (3,3) = 3 KROD (4,3) = 0

Now for the data u01 to 410 and similar for GROUP 5.

HPER (1,1 .125 HPER (2,1) = 0 TIHER (3,1) =0

HPER (4,1)

0
SL (1,1) = A SL(2,1) =0 SL(3,1) =0 SL (4,1) = 0

HPER (1,2)

"

.25 HPER (2,2) = .25 HPER (3,2) =0

HPER (4,2) = O |

n

SL (1,2) = A SL(2,2) =B SL(3,2) =0 SL (4,1) = 0

HPER (1,3)

.125 HPER (2,3) = .25 HPER (3,3) = .125

HPER (4,3) = 0

SL (1,3) =B SL(2,3) =0 SL (3,3 =0 SL (4,3) =0
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7, 8 NOCIR and MCIRC(K) Recirculation loop specifications
WOSUB-I used the concept of the recirculation loop in
fuel rod bundles., This concept requires that the net recircula-
tion volume flow around each rod is zero. The way of entering
such input data 1s explained for the case of a (3 x 3) fuel
rod bundle shown in Fig. 9.
9 rods imply 9 recirculation loops: therefore, for
this example NOCIR = 9,
Choosing the clockwise rotation as ordering scheme around

each rod, the recirculation loops are specifled as follows:

First loop: 01050602
2nd loop: 02060703
3rd loop: 03070804
bth loop 05091006
5th loop 06101107
6th loop: 07111208
7th loop: 09131410
8th loop: 10141511
9th loop: 11151612

Note that each subchannel 1s specified by two digits:

i.e., subchannel 1 is 01.
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9, 10 CHANN (I) and RODK (L)

For the case of § subchannels as showr in Fig, 6, these

input data read if" entered by the first option:

CHANN (1) = DATA (601) = 2
CHANN (8) = DATA (608) = 2
RODN (1) = DATA (626) = 3
RODN (3) = DATA (823) = 3

On the 'other hand if the problem is entered the second way one gets:

CHANN (1) = DATA (601) = 2
CHANN (8) = DATA (508) = 2
RODN 91) = 2 = DATA (621)
RODN (2) = 1 = DATA (622)
RODN (3) = 2 = DATA (623)
RODN (4) = 1 = DATA (624)
RODN (5) = 2 = DATA (625)
RODN (6) = 1 = DATA (626)

1.1.3.3 Error Messages

If for any reason the input data are incorrect,
the code will automatlcally print out one or two error messages
generated in éubroutine GEOMRY. Parts of this subroutine
are solely devoted to assess the validity of the inputted
date, especially of the types contained in GROUPS 3, 5,
and 6. Obvious input errors will be detected by the checks

built into GEOMRY.
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1.1.3.4 Sample Input
Fig. 10 shows the sample case layout. The
dimensions are given in inches. Other data of lmportance
are:
Pressure
Total bundle power
Power distribution
Rod 1
Reod 2
Rod 3
Rod U4
Inlet enthalpy
Inlet mass flow
Total height of the bundle
Table 1 is a card image of WOSUB-I input for

the sample case.
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c-140C

Fig. 10: Sample Case Layout
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SAMOIE PROBLEM awii
10
G 25.
1.
20
1. 2.
30
72 l.
:.-
: 490
1. 2.
S
;' 1.
e
50
A! ;..
Ze 3.
70
2. 3.
4.4
a0
!Q 4.
)]
7. S
Lo
190
1. Fe
304
N1020504. 020305605,
410
«3327 « 28
Llan
“20
e 337 « 25
o lan «120
430
. 3387 o« ”S
Llan
G Lij
. 397 e 28
L1720 «1af
+ 5 1)
LT . 2”5
. 1720 « 1720
449
. 397 « 25
.12n e led
471
. 3337 « 2S5
o Lsn
490
. 337 A
Ldar o LAD
450
e 3337 « 25
o l&
NG

8.

04050807, 05060908,

«?5

«25
<120

.25

25

75
Table 1 Card Image of WOSUB-I
Input for Sample Problem
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Table 1 (Continued)
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1.2 OQutput Description

The printout of the input data and the results are
organized by a hierarchy of three levels.

1. After having read the input data as shown in Section
1.1.3.4, the routine MAIN prints out a map of these
data as shown in Table 2.
2. The subroutine DISPLAY prints out the number of
subchannel types, the number of rod types, the sub-
channel layout, the number and recirculation loops,
the rod peak factors, the subchannel geometry, the
options chosen for the calculation,the transient
specifications, the physical parameters for steady
state, the coolant properties, the heating rod diameter,
and the node helght. (See print out for the same
example as above depicted by Table 3.

Note that an explanation for the unit system
used for the printed out by the code, is given in Sec-
tion 1.3.2.1.
3. During and after the calculation, the results are
printed by the subroutines EDIT and EDIT2. Samples
of such printouts are given again for the same example

as above in Table 4,

The next section explains the notations and abbrevia-

tions used in. the output,




AVY
DPTOT
TOAVVEF
AVDEN
HINLET
XOUT
GOoUT
GOoUTV
GOUTL

GINLET

ALPHA
FIMAX

X

U2

List of Some Important Notations Used in the

Output cf the Code

Total mass flow into the bundle

Tetal mass flow out of the bundle

Total energy output cf the bundle (enthalpy
out--enthalpy in)

Average exit quality

Total pressure drop

Average vold fraction of the whole bundle
Average density

Inlet enthalpy

Subchannel exit quality

Exit mass flow

Exit vapor mass flux

Exit liquid mass flux

Inlet mass flux

Energy balance for each subchannel
(enthalpy out--enthalpy in) (Watts)
Energy input (Watts)

Average voild fraction

Liguid enthalpy

True quality

Mass flux

Volumetric crossflow into the subchannel
per node

Local voild fraction

Maximum heat flux

Thermodynamic equilibrium quality




PDROP
ITER
AVG HTC
AVG TW
AVG TF
R

T
DT/DR

HF

—43-

Pressure drop across one node

Number of iterations to achieve convergence
Average heat transfer coefficient

Average clad surface temperature

Average coolant temperature

Radical position in the fuel

Fuel temperature

Fuel temperature gradient

Heat flux in the fuel
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1.2.2 Sample Qutput
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Lo+20000LZ°0

: 0°0
pOoucoooop.e

1043000002 *0
0°0
0°0

0043000052 °0
0%0

0043000052 °0
0°0
0°0
0°0

910t

900t
929

909
9Ln
994
9sh
9hh
9t
9Zh
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Organization of the Code

1.3.1 Flow Chart

The flow chart of the overall program organization

is given in Fig. 11. 'MAIN calls either subroutine STEADY

or TRANS, The flow of information in these subroutines is

shown in Figs. 12 and 13 respectively. Fig. 14 gives some

detalls about the subrcutine SWEEP, which is the most

important one acccunting for all the physical models and

the solution scheme. The iterative loop used in SWEEP

-~

is shown in some detail in Flg. 15,

1.3.1.1

MAIN

DISPL

ROFUN(P)

GEOMRY

MATSET

INVERT

STEADY

TRANS

TIMEF

SWEEP

Description of Subroutines

Reads the input and checks the options;

some preliminary calculations are performed
Iinput display

Liquid density as function of pressure
Geometrical and physical calculations and
checks of topology; renormalization of
hydraulic diameter.

Set up of the matrix containing the sub-
channel eonnections and flow recirculations
Inversion of the matrix

Master subroutine fcr steady-state calculations
Master subroutine for transient calculation;
sets inlet conditions for each time step
and controls printout.

Linear fitting of input timetables of the
forcing functions

Solution scheme for subchannel flows in

steady-state in transient calculations



VMIX
MIXIN

entry
SLIPF

entry
REYSF

SPLITD

SOLMAT
WATER
CONTI

HYDP
FFACT
TPEM
TFLM
EDIT
CHF

CHEN

FUEL

TRANSI

FvVsS12

-53-

Calculation of vapor mixing in subchannels

Vapor mixing model

Transverse slip model

Turbulent shear stress calculation

Splitting the diversion flow into vapor

and liquid flow; evaluates turbulent diffusion
enthalpy and momentum transfer

Solution of the matrix equation for crossflows
Evaluation of water properties

Solution of the continulty equations in each
of the subchannels

Evaluation of the hydraulic parameters
Evaluation of the friction factor

Two-phase flow multiplies

Local two-phase flow multiplies

Printout

Calculation of critical heat flux, critical
power, and boiling length

Calculation of subchannel heat transfer
coefficient

Calculation of fuel temperature profile
Calculation of meodel coefficient

Hermite cubic polynomlals



GENERAL
MAIN PROGRAM aChie
START

|

\

'

READ AND PRINT
DATA VECTOR

|

SET OPTIONS AND
GZOMETRY DATA

GEOMRY:
> CHECKS GEOMETRY
- AUXILIARY COM-
PUTATIONS
Y y 4
ROFUN.: MATSET:
-—-. e — D —
WATER SET AND INVERT
*
DATA
WATER:
e D
WATER
PROPERT-
| ES

'

SET TRANSIENT DATA

t

DISPL:
DISPLAY PRINTOUT

OF INPUT DATA

STEADY:

STEADY STATE CAL-

CULATION

START NEW PROBLEM

TRANS:
TRANSIENT CALCU-

LATION

-t
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I
M
'

TRANSIENT ! TRANS

®» T=T 4+ AT

NEW TIME
STEP

no

FUNCTION TIMEF

> SETS NEW VALUES
FOR TIME DEPEN-
- DENT FORCING
FUNCTIONS -
yes
P VARIES > WATER:

-

no

NEW PROPERTIES

Ay

HEAT TRANSFER CHF
COEFFICIENT

Y |

FUEL PIN MODEL

L

no Akyes
.

SWEEP:
CALCULATION SCHEME

EDIT:
SUMMARY PRINTOUT

INPUT

yes

RETURN
TO MAIN

EDIT 2°
DETAILED OUTPUT

Tig., 13: Subroutine TRAIS




=iy
- -

CALCULATION SCHEME
SUBROUTINE SWEEP

l

J= 1

'

SET INLET VALUES FOR ALL
SUBCHANNELS
- '
ITERATIVE LOOP
(SEE DETAIL NEXT PAGE)
DO LOOP FOR ALL o HYDP: | _IFFACT:
A SUBCHANNELS HYDRAULIC | |FRICTION
“*1 PROPERTIES™]FACTOR
CONTI: CONTINUITY
- EQUATION
St ITERATION SCHEME * l |
2-PHASE FLOW |y A
MIXIN: CONVERGED MULTIPLIER
SLIP MODELS
4 TFLM:
i Y LOCAL 2
CORRECT INLET PFM
NEW MIXING M  VMIX: FLOW
COEFFICIENTS | DO LOOP }
ON SuUB-
CHANNELS
INLET no EXIT VARIABLES
OUTPUT - AND AVERAGES
AND BALANCES

iy

ig. 1u:

t
'.A.
e J

e SWEELP

Subrou

H

!

RETURN




REL-RELI (L

sE
- -

I TERATIVE LOOP

DETAIL OF SUBROUTINE SWEEP
ITMAX =10
) first value of relaxation parameter

{

yes

2 ND GUESS AT
DIVERTED FLOW

| S UBCHANNELS CAL -
[ CULATIONS (DO LOOP)

R

AVERAGE Ap

TEST
CONVER-
GENCE

ok

ITMAX = 10
REL-RELI

—p— EXI[T OF LOOP

yes

DIVERTED FLOW

BY TANGENT
METHOD

| T=1T+]
|

ITMAX =20
REL =REL 2

SPLIT

AND ENERGY
EXCHANGES

DIVERTED FLOWS AND
CALCULATED MOMENTUM

'Tj
un

i - b .
e LT

1

ct

!

second value of relaxation parameter

SPLITD

HEXCH

—a— MEXCH

S SOLMAT
premmeir—s *
REYSF

TURBULENT MOMENTUM

EXCHANGE (ONLY WHEN
IDOP>0

erative Sclution Procedure in SWELP
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1.3.1.2 List of common blocks
The common blocks of the WOSUB-II code
are listed in Table b6 where it is shown what

subroutine needs what common blocks.
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1.3.2 Parameters Specified in the Code

This section deals with two different kinds of
parameters set internally by the code.

1.3.2.1 Parameters Used for Conversion Purposes

WOSUB-1 features as an option the possibility
of entering the input data either in BTU system or
in MKSA system.

The code will not convert from one system
of unit to another, but will only print out in the
same system of unit in which the input have been
entered,

The only reason for the conversion parameters
put into the code is that the power of the bundle
has to be entered in WATTs for both unit systems.
Therefore, when input data are entered in BTU units
the code will automatically convert everything in
MKSA unit; this conversion is done in MAIN. In the
code, all the calculations will be carried out in MKSA
up to the subroutine EDIT and EDIT 2 where the physical
data are converted back into the system,

Note that DISPLAY 1is a subroutine for print
out of input data only, and that the version of WOSUB?l
does not print out the correct system of unit if data
are entered in BTU unit. The subroutine DISPLAY
prints out converted input data (BTU input data con-
verted already in MAIN) with the MKSA unit.

In other words, the subroutine DISPLAY prints

out only in MKSA units, thus far.
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The built-in conversion factors in MAIN and

EDIT/EDIT 2 are:

HCONF = 4304 (For enthalpy)

GCONF = .007373 (For mass flow rates)
FICONF = ,003173 (For heat fluxes)

FCONF = ,007937 (For mass fluxes)

PCONF = 14,503 (For pressure)

DCONF = 62,383 {For product of density

void fraction)

1.3.2.2 Parameters used for the Physical Models:

For the void diffusion model, a built-in op-
tion allows to either select parameters or to use those
already built into the code as standard option.

(Group 2, card 2, data #9).

In the case where the calculation uses the
parameters already set in the code, the values are:

AN = 4,

ZE

]
[en]
L)

CPAR = 1

ZUBER 2.5

RFSTG 5
Note that the values of the overrelaxation
parameters for the first lcop, REL 1, and for the

‘second loop REL 2 are set as follows:
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REL 1

1.
REL 2 = .7
Moreover the code uses with this option:

GRAD = 980. *ABS ( CGRAV)

ANI 1. /AN

ANM

1. /(AN 1.)
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1.4 Listing of WOSUB-I
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T AT (]

o

(IS | I

o~
-t .
=L e

J)

CONMERTINN

[P T (MATD I T AAT o LA T T o ¥ Uet0e NVERR)

AATRIX /)
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1.4.5 Listing of Subroutine STEADY




@

b ¥ © © 9 0 9 @

@

© @ ©

&)

oy

a0

\\) =

p—

\J

a2l

N

82~
S =TT E S STEADY
2YfLuy STATFE 2auTinE, SFTS INITIAar COnDITION
LoGToAL IR IPFVLIFRAVLTIT-AdTNC
AN ZUNT /07 W DT eV7EDOCAN G AN e 77 a2 LaFVaCPAR V7SRO
"\““u“/FWWT/?T(‘)-YQQ-IDiV-IFD—V.ITDA sILOCCTETACADAR G TINGHyHP 4T,
SET eIl e VENLD VR TH o R ABaTU A A TN EIVINGHL INJsHTNs GFLINJGNALN .0,
OV eIl e FFACCFRLNCeaJa AV e BJL e VF el o G UP T ¢ UP s NPEXCaTOVENZQP JPH (L) o
xTerrmaGFLUX
Cv“'ux/uiﬂ/n SAG(2N) KRNI (44207 «=F (57925 aVINLET(20) «RTINLFT(20) »
T ETaRTOT PN AED CHANMM(20) + £ (20) 4FFLL(1020)
‘eODj.GTﬁpF.GTnQ.AVHYDqVIZE4O-TPIM PZLROWFZFERO«POWD I]_0OC,
L3l NCeTIAL W T23L o FRL] «FBL 2P TN MDPR
v (D) dLOM(1D) o H4PFR{(Le20) 9PFNACNERZ yNCHAN & JMAX
PN/ OO A L IO TR 20 M UNIN(20e4) ¢MCIRTI20) 4aSL(4420) «NNCIR.
GNN(25) «A0F A, TDOP
Cov g /PRAD /RN R0 AR, VAP G HSAT « ALAM UL AMIDHSAT sGAMMA s GAMI AWRNVRA,
L GEAN IO R e TIAT2PRaNI vH3 POMNGHGeFRTICeBFRTIC aNM,
f;/-u,\l.wu’)h'. WI"”A-‘/')DT:TOHOJD/‘\/qP)7L]M\."va"'<ppGH(20)

m

L

Farnn G /oR INT /T ICONGRNDW (25) THINCPER]
EAIVISVALS! K/.".LFI"I!F)-QMIX-SL]P(E“) «TUDMT ¢ VEX s V27 (20 6)
SO JFUSL2/ 351 v JJ2 e JTNCeMR0N 4 KCHAN (4425)
1T=Ra=,FALSE,
nEPL=0,
qLav-n
n=SaT=
ENVFA= 1.

”7}“b:37*(}.‘@5”“ﬁ)
DNLHN=RPGW R

D/ERU=P

A7EPC=GTUT
V1ZERQ=GTOT/XKO/AREA

VEXzZe XD (=S RT(VIZ7ERO/1NN.))

T=U.

D01 T=1 g MCHAN

VIHNLET (T =vT78R0
- VR OA

AVRHYD®EVIZERD/AMI
GTUDZGTFLCmAVQFY*QHU

CAL | SwFEP

HoITo (e 100

FORZAT (1177260 STEANY STATE 2PESULTS')

cavt, FOTT
catbL £92172
oAt (o HF
Coabb CrHE
Tl FEL
>1ZT-"_(F‘01 \1)
Pk aAT (v ERD AF STEADY STATT CALCULATION')
e T T e,
e
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1.4.6 Listing of Subroutine TRANS
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-84~
SURROUTTYE TRaS
TZab, STENMT 204UTTANE, SETS INLET COMDITIONS FO2 FACH TIMFE STEP
Aty CONTREE S PRINTONT
(LDGTICAL ICHM
LGGICAL IR3RIREV,IFRFVL.TTRA,ILNC
COMMUM/TASL /PEAKF (25) «AYSHE (GN) » IPRESSCPRESS(S) o TVINIL ,CVTN(5) . nooon

TITIMOCTTHN{S) 2 IP0N«CPON(S) 9PTAR(1NN) «3TARB(100) «HTAR(1INND) yPWTAR(100) 00000

COPMMUM /UNMT/D7 dDT oVZEPRPD AN AN] « 7F 4Ry "L« F Ve CPAR7UURFR 4P
COARUNZCONT/FT(S) o TR TRV IFREV W ITRAeILOCITETALAPAR ¢ TINgyH¢HP a T
12SToamOLNsVAOLD e VF INGHAAD e TD e A2 AJTN s LJVINe AL INJaHINGGFLIN.GOLN.Q.

?q\.’OQL'F:ACQF-FLOC!AJOAJ\IQAJLO\/CQHLQG?JPFQDP!DPEXCQQA\IENQQP-PH(Q) .
IAT 9 ¥R GFLIX
COMMON/GEN/MARND (20) «¥ R0 (4420) «HF (SN 92S) s VINLET(20) s GINLFET (20)
1RINLET «ATOT«POWERyCHAMMZ0) 48 (20) «FF_C(10+20)

PNRONS «GTFAC GTHRGAVHYP VIZERO, TFINGPZEROIHZERN4POWD s IR OC,

ILBLOCTIRL W T2RL 9FBLL«FRI 2ePRTMMDPR,

GHYTI(Z0) O (10) yAPFR (4420} 9PENACNERZ 2+ NCHAN, IMAY
COMMUN/GEQM/JNOTIN(20) SMIOIN(2044) 3MCIRC(20) ySL(4420) yNNCIR,
IRNKM(PS) «A2F A, TDOR
DOMMON /PROP /PN GRI0OVAR (HV AP s HSAT e ALAMUILAMeDHSAT ¢ GAUMMA L GAMI A4 ROVRA .

1HCO'GGAD'quwwﬂrghT'QDaMDQHBQDDOUGHQhFQIC’BFQICOﬁNMQ -

PAK A e MCOM«SINMASVDRTFTIRKOGRAV ¢D7UMGICPsRERGH (20
COMMON/PRIMT/TICON,RNOW(25) 4 THIM.PZR]
COMAON/MIX/ALFANGRMIXSSLIFP(20) s TURMT «VEXsVR7(20.4)

COMMON /FUSL2/ 3J1 eJJ2e JINCaMRON ¢KCHAN(4,425)
CNan0rr JFUTL 3/ TPRT 4PN

DATa HCNMNF /. 4304/

SR ITE (AeS0D)

FORMAT (1M1 «20X 4 3HTRANS[FNT)

ITRa= TRUS,

TPII=n,

M=

VIt=vIZER)
AVREY=RNTAYSYDHVIZERD /An )

0oTAL=0,

FAYAR =8V AP

T=T+0T

IF(TRT, TRTY ) 25 TRy

pPRFSS) =P

IFUIPRESS EaM GO TO

D=TIuFF (T, TEREQSLCRPRERS L2 /RERD.PTAR)
NERP=N, 1% (2=PRESS]) /DT

RAVLP OOy AR

sl ] ==y AD

At Al zop oL

H3AT =it

Cat ]l SsATEWR ()
OLAMSAL Sv= i A

D=SAT=~GnT=-rSAT]
HOVEAZ~NVAD] /EOYAR

A=
et T (= A 4A)
cOouT Lk
PT(IT LT 60 T 2
SAVIT =T e F (T ITT e T T Melwa 4T A
PEITI L GT ) Sava=savi-T.
T Y2220 21
DTy S v E =G AT /=D F
e T L2
Ty S F = (S8R RA S A
JEEs e e
SR SR SR
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COMT inyE

IF(IVItL JLT0)RND TN 3
vItl=viIn
yIMSTIMEF (TH IVINLeCVIMGVIZERDWNTAR)
VEXZEXR (=SORT(VIN/LIONLY)
VEAC=VIN/ZVIM]

DY & I=)MNCHEAN
VIMLET(T)=yFAC#VINLET (1)
AYRFEYSVFACHAVREY
GTUR=GTFAC®aAYRFYZAMY
GTOT=RO#V I = ARFA
[F(IPOW,LF, 2)60 TO 5
PRl =p0yso

EOWER=TT “FE(ToTPNWCPNu 4 POWD4PWTAR)
CUFAC=PNIE2 /PN

D A J=1 e Juabx

NN A K=1 443008

HE(JeK) =ruFACHHF (JaX)

COMT INUF

IF(IALNC.S1.0)GR0 TO 7
IF(TeLTT12IGO TO 7
FFLC(LARLOC.IBLNC)=FRL?
IF(TeLToT23L)FFLC(LRLNCIBLOC) =FRLI+ (FRL2Z=FRL1)*(T=-TIRL}/(T2R8L
-Tlgi)

CONT IMFE

CaLL SwFED

TERI=TO0[+NT
IT(TPRILT.RPRINIGO TO 10V

CaLL EDIT

CalLlL CHF

CaLL CHEN

CALL FOFL

VPR zZMP 4 ]

IF(AP LT PRYIGN TO 100

Catl. EDIT2
M =1}
G50 TO 1046
£°1D

v © ¢ o ¢ 9
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SUHROUTINE SwWEFP

SCHEME FOR SURCHANNELS CALCJLATION IV STEADY STATF AND TRANSIENT

LO3ICAL IR:.IQEV.IF:EV.I-UC,IQ(20).I¥E<20>,IFQE<20),qu(zn).IPrM(2000<
10)s1TRA, ICHNY 000«
LOGICAL IBCH : 000(«
LAGICAL ITIND 000(
COaMON /UNT/DZ;DT9V7;DO~AN9ANI-750Q7:L0FV9CDAQ’7UQ:R00 000«

COMUON /LORT/Z IR, IRCH

COMHMONZCONT/FT(4) s IRAJINIV,IFREV,,[TRA, ILOC-TETAQADAvaINoH-HP,TWo 000¢
19SS T ¢HOLD s VENLD S VFIN .HQAQQTDQAAQAJIN’AJVINQHLINJ,HIN’GFLIM'GOLHOO‘000(
POV SQLFFACFFLOCYASs AUV AJLyVF eHL 4539 IPF 4 DP s DPEXCySAVEN QP PH (4) 4 XT000L

VKR GILIX 000¢(
CO*40ON /pﬂﬂ9/909°OVAP.HVAP,4§ATsALAM-OLAM.DHSATqGAWMApGAM!A.DﬂvQA.OOO(
THCN W ORAND S INOWN G TSAT «PR2ANI9HI yRROUGH s AFRICeIFRIC o ANM o 000f¢
2L7 s AMUSWCOMeSIGMAWVDRATFTIROGRAVD7UMGICP yRERGH (20) n00¢

COWMON/QCV:C/AJT(ZO)-AJVAP(EO).FIﬁLIV(ZO)vQT(ZO)oQVT(20)oOLT(?0)o 000¢(
1EXCHM(20) o =L TH(20) o +DTV(20) 9 TNH(20) $SFLI20) WVFI(20) s AJN(2N0) s AJUN (2000
PI) 2 AJLN(20) «DPFR(20) «VFNI(20) +HLN(20) +GN(20) «GFN(20) 45T (20) s SAVN(2000(
30)~ENSAVE(90)9FAC(20).093(20)vFDP(EOJOEDPO(EO)90Tﬂ(20)-AJLI(?O)- 000«

4YXT2(29) 000¢(
CD“MON/QESVE/VFAV(?O)-GOJT(aﬂ)-GOUTV(aO)9GOUTL(20)'XOUT(20)9€OUT(2000(
10) «BAL(20) 000«
COMMON/RES/ITER(50) 420202 (50) « TENUT " MOUT»24CCyTBAL +AVX+0OTOT non(
COMMON/ARQ/NTR (509201 « AL (50420) yHEL (50420) yGR(S0+20) o 000¢(
1TAUAL(S0s20) o XNUJAL(S0.20) 000¢(
COH%ON/GEN/MAQOO(ZO)-¥Q03(4920)94F(50v25),VINLET(2O)9GINLCT(20). 0o0nf(
TRINLET o6TOT o POWER 9 CHANN(Z20) s A(20) oFFLC(10+20) » 000¢(
PHRODSGTFACSGTHR s AVHYN GV IZERQWTFIMPZEROIHZERQsPOWD +» IR OC, 0001
LALOCTIBLWT2BL«FBLLF3L2+PRINMOPR,
&ﬁYD(ZO)-LOC(IO)9#?5?(4720)ODFDAC9DEQ39VCHAV;JMAX 000¢
COMMON/RELAXY/RFLT«REL2.075T5 0o0f¢
TEST=.001 000¢(
[TMAX=10 000f
REL=REL] ' 000¢
J=1 000¢(
ITIMD=.FALCcE, oo00f¢
CONT INYF
I3CH= ,FaLSE, ‘ 000¢
It.=1 000¢(
IT=9 onot
SET H0umDasy CANDITIOMS ~UR FIRST MODE 0no(
00 S0 I=1.nuCHAN nnor
AUTCIY=VINLET () nonor
ASLT(IV=a8dT(I) noor
Advar(iy=n, onor
FImLIo i) =aINLFT=VINCFET () ooonr
ST(T) =0, 009n¢
Ty =0, nooc
NLT(I)=n. 000¢
FXCHM () =9, onnc
=UINCT) =AIMLET 000C
“HIvii)y=nu, noonr
To={l)y=n, 0onc
GFLOLY =00y INILFT (1) s%2ar_ anor
VeI (I)y=0, nonr
GT(I)=RNsVINLFET(T) 000
I2(T1)=,5481 aF, 0000
Tor(ly=,Fa 58, ) 00n¢C
[FRF (1) =eTaUE, noor
SANAVE (T ) =FTALINC(LD) : 0norn
S T IeE nnac




100

0

11

CaLp vwwTX
ILOC=LOC(IL) oFW
noavsEn,

SAVG=H.
‘[(‘")‘i\,l:.‘r'w'ij.'—.

NG 1d IT=1e1CHAM
ca=a(])
AJIM=aJT (D)
AJVIN=A VAR (]
A IMU=FTALTN(D)
0=GT7(1)
OY=0GVT(T)
oL=aLT (T)
DREXC=ExCHu ()
HIN=A_INODY
HIAR==DTV(T)
TO=THAT)
[=3=13(1}
1RF=I=F(])
[FRFV=IF7E (1)
GFLIN=GFL(T)
IF(JGTLL)RN T S
GFLINZROZF L% (AJIN+Q/na) #%2
DRPEXC=0,
COMTINUF

GIM=GT ()
VEIN=YFT ()
TIN=AIN/CP
HOLN=mEL (S T)
VEOLD=ALF (Jo D)
GOLD=GR{JsT)
SAVES=ENMSAVE (D)

[F(ILCC)FFLOC=N.3%FFLC(TILT)
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SEAT FLUKES AND ENESGY aJDITINM

wo=NARON(T)
P =0,

.an 1l r=1.%R

K2O=K=OT (K. 1)

FI(<)=mm (J.x2D)
PrH(X)==DER (<41
NP=rP+P(K)YHFTI (L) ¥RFDAL
Ne=0r /AN

TZa)yN2=02+NEP

-
i
-4

1rud

GLO=o e n (QLeGAMMARNY) /0 ()
Dlam==v5{D)
DEfma=N oL FOTAA/ A

oON i LM=D 20 ()

Crit mo ﬁp(JF\"vr)I’\Hq“‘ DY
cat L CoTd

ﬂvs<1>=:o

SAVFzZA(T)#A2S (] )
DPAVENEAV+ILAVE D2
§;¢G:§;vq¢:a¢f
Agri(ly=a2

Lo (i) =2 g

AL (D)=

ma;a(;):Qsé

ES Ly =or

AL (D) =il

i) =

SEf Ly Eacs

00001
00001
nnootl
00001
00001
00001
0noal
00001
0nool
n0001
00001
00001
00001
00001
00001
ondol
00001
00001
00001
00001
00001
00001
0nnoil
00001
00001
00001
oonol
00Nl
00001l
00001
00001
00001
00001
nnool
00001
0nool
0nnay
nnool
00001
00001
nO001
noagn)
Noo0t
0n00y
0nnn
nonm
nnog)
nnool
nnonjy
00nng
00001
nnnny
000091
noony
0na0
000N}
nNnony
nnnny
nnnny

0nn1
0nnn)
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10400
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SAVM(T) =SavreN
XTP(I)=xT
TRML(I)=T1~R
IREn(I) =[PV
COMTINUFE
nN2ay =D2ay/SAYnR
[TEPATINN SCHEME
DO 121=1«M0HAN
Eno(I)=nFS(1)-nPaY

IF(ABS(FOPIT)) OTTFEST+#A3S(D2aV)) TCONV=,FALSE,

COMTIMYE

IFCITLENSITVAX)GD TO 291
IF(ICONYYIGN TN 201
[F(IT.6T.NM"0 TO 10l

SFCOND GUESS FNAR DIVERTFED FLNWS
nTHT=0,.

FLCS=n,

DO 2 I=1HOHAN
SAVE=AJT (1) /DPS (1)

OTT=0T (1) -,S%a(])*SAVF=F P (1) #CFSTH
ATo )y =011}

AT(I)=NTT
ATOT=QTOT+NTT=CHAMNI(IT)
FaC(l)y=at(l)
FACSSFACS+SLC(T) #CHANM(T)
QEMO=QTOT /7 ACS

D(\ 3 I:l o NOHIN
AT(T)=QT(IY=FAC(I)#REMD
ERPN(1)=EN2(])

570 T0 8

ITERATINN

aTNT=0.

DD A I=)erifHAN

ATT=0T(1)
SAVE=EDR([)y=-ZNBRO (D)
IF(ABS(SAVE) L TeDe1)06N0 TI 4
NTT=0TT=-REL*ZND () *(ATT=-ATO(T)) /SavE
CANTIHILFE

AT (y=nAT(1)

AT(T)=0TT
ATOT=NTAT+ATTHOHANN(TL)
REMN=NTAT/T4ACS

SO T T=1etim=AN
ATLI)=NT Iy =FAC() #PTMn
FARN(I)=Ed2 ()

Coulll SPELITHY (L

CALL HEYC )

Calll MFXC )

IT=1T+1

6T Tip 1

Se/TNG DES LTS AND SETTING INTTTaL CONDITIONS FOR

1TEB () =17
PTROE () =0DAy

D5 20 T=levcHasy
ATR(JI)=0T(])

S F(Jelyz=von (1)
=TTy =i ()
ToAL e D) =a T2 (1)

NEXT NONE

AL (e T) =, (LN (T A N (D) e AL AR IJUN DYy /AN TV Z7ALAM

oI ET ) =AU e

(13(\}3{)251-";(1)

0nonl
0no0n1l
0nonni
0onnnl
O IULE!
n0001
00001
00001
00001
0nnol
00n001
noool
00001
00001
00001
00001
N0001
00001
00001
ononotl
0noo!
00001

00001
00001
nonaol
00001
N00al
00001
00001
nnnol
00001
00001
onnnl
nonny
00001
00001
00001
00001
aoonl
00001
00001
onony
00001
nononl
nnnoi
onnny
00001
00001
nooni
00007
00001
nnonn
0000
nnon
onnn)
noonl
nNnnoi
0non
0onony
onon:



Nyt

L 74

]

>

1

ynnn

1Th0 S

2n>?

22

939

AN
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VET(Ly=yFnel)

LT Cly=aJdite])

AJuAR (1) =aIVNLT)

AJLT () =A LN

EIHRLIM (T =AU Is D) ®agineT)
GFL{LIy=nFNeD)

GT(I) =601

I2(T)y=03"(T)

TRF(Iy=1~En (D)

[FRF (1) =T33
FrsaveE (T) =7T-LTN (D)
IF(JNOTLI27(1))60 Ty 29

IFFE(T) =.FaLSF.,

EMSAVE([):CaVﬂ([)

CONT InUF

IF(JerN . Jtax)Gn TO 2000

[T=0C

J=J+1

CAlLL WMIX

CONT [NUFE

DG 22 I=l.vCHAN

QT (1) =0,

IF(ITRM 0TI =0T (I D)

cOMTIMUE

caLlL SeLIThed)

caLl HEYC(O D

carL #FxCo

I=(IuncyilL=TL+1

IS (J.FN,1) GO TO 2233

AT 109

COrITINUE

cnPoenT M FT vELOCTTY A= FIRST NODE
NN 100l =1V THAN

VIMLET (T) =vTNLET (D) +0T2 (1« 1) /72 (1)
AINLET (T =30V INLET (DY

AIT=2(le7) =0,

CALCUILLATE =17 vARTARIFS AND RALAMCES
noo1002 D=t anNeHan

VEAY (D) =7,

Ny 1un3 J=ledval

vTav (D)= /Fay Dy +AaL= (J1)
UFAV(I):V:AV(T}/TLﬂAT(J“ﬂX)

SALT DY =6 D)

ATy (DY =2y aosa Jyn(T)
ﬁﬁnTL(f§:7ﬁWT(T)~GQUT”1*)
F?WT(I):ﬂLM<I)*GﬁUTL(7)*uLAW*CﬁUTV(T)
AT (Y =0 T Ty Z(GHUT T FALAA)
'1;(1,:&({\*(33}T(T¥—JIN_hT*GTML€T(T))

-l
T T =0,
)

o

R VRS B

"

00001«
0nool:
00001
00001
00nol:
00001
00001
00001l
00001
nnoool:
00001
00001l
00001
0no0o01l.
onnol:
0nonl-
annol:
00001
00001
0000l
00001:
0n0o0l:
00001
onnol:
nonNN1:
0n001Y:
Nnonnl:
00001

00001:
onnol:
00001
00001«
00001
o0n001l:
00001:
pooot.

annol:
0nnol:
nnnol-
onnnl -
nnoodl-
0000l
nannl-
onnnl.
anNonny:
UESIANERT
nnool
noonl

nNnNonl
nonny .
00001
nOND Y
NNNo1
annny.
nNanol.
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G;

1004

21N

20 1004 J=14JMAax
DEINT=DPTNT+20209 ()
SETHms

IS(ITINN)GAY TN 201
ITIMD=.THIS,
REIL=REL?

[TMAX=2N

[T=0

GO TY 2ne
[F(JNOTLITTYD)ARO T 1000
ITIMD=.FAalLSF.,
OEL=RELY

ITMAX=1N

G0 T 1009

£
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000!
000
000!
000!
000!
000
000!
0n0«
000!
0no:

00!
noot
000
000!
000!
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SURBQUTINE VMIX

GENFRAL SCHEME FOR va20R MIXING IN SJBCHANNFLS

LOGICaL MND2IFT

CAMMON/AEN/NARND (20) +%¥203(4920) o AF (50325) s VINLET(20) «»GTNLFT (20) »
LHINLET «ATOT o POWED yCHANMM(20) 9 A (20) oFFLC(10520) 8

SNDONS «GTF AC o GTIR«AVHYNGVIZEQWTFINGPLEROIHZFROLPOWO» IRLOC,
ILRLOCTISL « T2BL oFRIL1 «TRL 2P ITNMDPR

LHYD(20) LOC(10) «4PFR(4420) 92FDACINDERZ s NCHAN . JMAX

FOMMGE/SCYEC/8 JT(20) « A VAP (20) oFTHLIN(20) 52T (20) 4NVT (20} 4ALT (20)
1 FXCAM(20) JHLIM(20) oA4NTV(20) 3 TOH(20) +OFL (20) «VFT(20) 9 AUN(20) ,

> AJYNI2A) «aJLN(20) «NPF2(20) aVFN(20) s LN (20) «GN(20) «GFN(20)+GT(20)
7 SAVNI(20) «TNSAVE (20} «FaC(20) 4NPS(20) +ENP(20) +FDPO(20) «QTO(20) »
4 AJLI(29) «xTR(20)

FOMMOM/GEOM/ JOTIN(20) «MUNIN(20¢4) yMCIRC(20) 4SL(44520) s NOCIR,
IRNDMI2S) « AZFATNOF

COMMUN /DTRP/ TSHAR AX¥DKT e ZTNTWDIARCNURIFT

nOMMON /TRy KT

DN 1 I=1MTHAN

CalL SLIPF(I,JN)

DN 10 I[=14MCHAN

KS=J0Tn(l)

NO 20 <=1,<S

JJ=NININ(T.X)

K=K

calL »IYIN(I«J))

on

T A

CONT [HNUF
CONTINUS
RETURM

D




e © ¢ o 0 ¢ @ O

W 9 9 @ e O ©

Q}

W

4]

7

N

~0lh.
Q=P OUTTINE DX T 0D
VAR~ MTATNG MADFL
LOGTILal ICNN G NNRIFT
Cameain JUMT/D7 DTV 7FES0 AN ANT W75, TLeFVeCPARG7UDER D

COMVON/AEN/NARAN (20) «¥20)(4420) Hf(?u»25>.v1wL€T<90).GINL:T(enr.
THTIML ET e ATOT e POWT 24 CaMN(20) e A (20) «FF_C(10420)
2 ENNS OTFAC ATUR W AVHYN W IZERIN G TFINGPZEROWHZERO PO IR} 0OC,
TLHELOC e TImL o T2RLSFRLT«FRLZ2/PITN (MDPD,
GRYTU2D) L0 (1IN ¢APFO L ?0) 4 2FNAC«NFER2aNCHAN 4 JMAX
#OHMJA/CEOA/JOTU(@Q)OMJOIN(20~Q)-MCIQC(EO)qQL(Q,Eﬂ),VOCIQ.
RODMN(25) s ARF AL TNOR
COMMON /OISP/ TSHARWBYPATWZTNATWNTARGNIRIFT
COtaQN/SCVEC/AT(20) w2 VAP (20) rxquIV(?Q).qr(go),ovT(po;,nLT(zn),
EXCHM(20) 4 SLIN(20) o=nTVI20) o TOAR(20) « 0L (20) «VFT(2N) s AUN(PO) 4
ﬁJVN(?ﬂ)~AJLM(2n).&Dfacao).vrw(zo).ﬂLw(dO).GM(20>.er(20).GT(?o),
SAVN(2N) e ENSAVE (20) «5ar{20) «NPS{20) +ZDP(20) 4EDPD(20) +QTO(20)
oS JLI(20) «xT2(20)

COrAaOr /NETR/ WP (20)

COMMON /PRND/ROGROVAD AV AP s 4SAT AL AMIDLAM e DHSAT g GAMMA  GAMI A4 ROVRA
1HMC0GoAN s INOWMN G TSAT 4 228N e HS 4 RPAUGH  AF RIC+B3FRTIC e ANM,
PAK S AM LD« STGMD s VIR TFT e ROGRAV e N7UIMGCPeRERGH(20)
COMMUN/MIY/ALFONPHMIXQLIP(20) ¢ TURMT 9 VEX s VRT7(2044)

COMMON /HMAT/ MATOIM NI GNTW(20e6) « TMATT (40440) ¢ QIMTX(L0e4N)

1 SAaLDI(aN un)

COMMON /MT<F/ X1

DATA EFFLZC AXKPARY GBCRTT3CRI/Z0.00542033.801.7

DATA GCOME/, 007373/

NATA PAIK/100, 7

AKTD =0,0246%3NRT (,S=2FFFAaC)

VOTU DRIFT CalCULAaTINN

IF(HOPIFTYIAO T0o 100

aaLF=vFrI (1)

IF(AVALFOL.:.O.)G’) TN 1na

CHMIXM=SORT () 4/(AaMMA)

Dav=rYD (1)

GAV=ARS (ST (I

GRU=GCOMF #RAY

U=aRS(AJT(T))

ALC7=0

L_FCLl=0,37

L FCec=e775-.050426GR1J=-,0171#5R12GRU

vOTIOD DPIFT

LLCP=8IFC?2

w Y-

IF(63U.G5T.5CRIT) ALC2=2FC]
£7=1.
I (abyat P Faa . C7ynn 70 2

IF(avalF~a_ FC1) 34644
YI=les (OAT/M=1 ) # (AVALF=4LCZ)/(ALFC1-2LCZ)
G0 T S

IF(AVALF=AILC2)Ae547

yI1=n4Txnm

A0 TO 5

PISles (PHTeM=] () 5,55 (] «CUS(3,161A% (LVALF=21.C2) /(1 . =ALC2) )
XT=1.

SE=ARFARY (RAV/RCATT=-1.)

TGl BT AT RIT AN, S8 1 Ta100 ) XT=1e v (XT=1,)* XP(~5S)

! T"r.l-‘: .

AT X =A< T2y [ 5= aVvEn7
wiTX-MJ[X CTAD =P AT s (=D T (T T) )Y AS,
s TI}I}',"

STE LTSy =X
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RETURY

AlLLFDL=0,

Q¥4Ix=n,

GO TO 10l

DIVERTFED FLOW SLIP FACTOR

FATRY SLIPS(I.1J) .

TOAMSVERSAL SLTP MODEY

ALFI=VvFTI (D)

AL C7=,7

SLIP(I)=l./a%

IF(ALF I JLELALC7)SLIP(T)=5LTI2(1)®#ALFIZALCZ
RPETURM '

TURRULEMT cHEZIAR STRESS CALCJULATION
ENTRY RZYRF(T,.J4J)

THRAMT=0,

KS=JOINC(D)

Df) ?.0 K:l-’.s

JJ=NJOIN(T .X)

GST=0T(JJ)=GTI(T)

AAV=A(T)+A(JJ)

DAV=4 2 AAV/{WP(T) +wP (JJ))

Uz (AJT(T)#Aa (1) +AJT(JJY*a(JJ) ) 7aAY
SAVE=SQZ®AK2T#U#NAV#GST
TUPMT=TURMT +SAVE

RETI N

=rD
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1.4,9 Listing of Subroutines SPLITD and SOLMAT
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SUBRUUTINE S2LITD(J)

= SPLITS TAE DIVERTEND FiLow INTQO vaA9NR AND LIQUIN FLNW. FVALINATES

TURBULEMT DIFFLSTON FMTHALPY AMD MOMINTUM TRANSFED

LOGICEL IBCH,TIR(20)

COMMON JUMT/DZ DT oV7EROANyAN]L e 75 4Re L oFVeCPARIZURER,,P

COMMOMN /LOGRT /IR, IRCH
COMMUN/SCYEC/AIT(20) «AJVAP (20) «FIHLIN(20) 52T (20) 9NVT(20) sNLT(20) ,
I EXCAM(20) dHLIN(20) «HATV(20) 4 TNH(20) +GFL(20) «VFT(20) s aUN(20),
2 AJVN(2N) «AJLN(20) «DPFR(20) o VFM(20) s 4LN(20) 4GN(20) 4GFN(20) +GT(20)
3 SAVYN(20) +TNSAVE(20) «FAC(20) 4DPS(20) +EDP(20) «EDPN(20) +QTO(20) o
G AJLI(20)4XTR(20)

COMMOM /PRAP/R(+20VAR ¢HV AP 3 4SAT 9 ALAMeDLAMaDHSAT s GAUMA 3 GAM) AaROVRA ,
JHCOGRAD s INOWMTSAT «PRAMI s H3 4 PROUGH s AFRICeBFRICy ANM,
PAK e AMULWCONGSIGMASYNRTFTIROGRAVD7UMGsCPWRERGH (20)
COMMUN/ZGEQUW/JOTN(Z20) +MIOIN(2044) yMCT<C(20) ySL (4420) oNACIR,
1RNDM(2S) s ASEAL TDOP

COMMON /MAT/ MATOIIMGNFN G NTW (20e4) « TMATT (40440) $SRMIX(40940),
1 SALDD(40440)
CNMMON/GEN/NAROD(20) «+ ¥R (4920) s HF (57925) s VINLET(20) «GINLFT(20) 4
IHINELET«RTOTGPOUER¢CHAMAN(20) ¢ A(P0) «FF_C(10020) »
2MEONS «GTFACSGTURWAVHYNWVIZERD, TFIMNPZERO«HZERN«POWD 4 IRLOC,
3LALNCT13L«T2RL s FBL19FRIL2sPIINMNDPR,
4HYD(20) «LOC(10) yHPER (4420) s PFDAC,DFER 29 NCHAN JMAX
COAMMON/MIX/ALFND«RMIXoSLIP(20) « TURMT s VEXsVRT7 (20, 4)

DIMENSION OTK(2094) sQVK (204%) 400K (2044)

Ji=J

Jil=Jd-1

FIND CROSS FLOWS

CALL SOLMAT(2Tx.QT)

FIND QVT(I) VAPOR TMLFT CKOSS FLOWS

DO 1 I=1sNCHAN

Qv4IX=0,

ﬂVUIV:O.

KS=JJIN(D)

00 2 K=1aK<

JJ=HNIOTIM(] oK)

SAVE=SPATIX (JJs 1) EVFT(JJ) =SRMIX(T«JJ) #VvFI(])

OVMIX=QVI[Y+SAVE

OV (L 4K)=5AVE

IZ(ATK(TeK)) 4e203

SAVF=SLIP( S} *VFTI () #nT<(I+K)

GO TO 190

SAVE=ESLIF(T)®*FI (L) #2TX (I +K)

OVDIV=0QYDIV+SAVE

AVCLTLWKYZNUK (T K) +SAVFE

QLK(E-K)=GT’(I.K)—QVK(I.<)

ATy =nNV2IX+0uD IV

MTCLYy=nT(1)Y=QVT(I)

DETHIRM

EnTRY HEXC( )

CALCUYLATES ENTHALPY CyYCHANGE

[FIaCH) HETURN

DS T=14CHAN

IF(Is(I)) 30 Tn S

no T 7

Ji) A Izl enimEL}
H'—)I\/(r,:':)-
FETUMN

COMT LR
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W

P
.
10
13
11
1!*
C R
21
2
20
20

o8]
)

(3 RGN RSN
-~

Jv e

G

DIVERTEN FOw FNTHALDY

No10 I=150H8M

SLVF=ED,

K= 01N

0o 11 =148

dustdoin (I .x)
IF(AL<(Te))134110l2

SAVET SAVE+HLIM(JI) #0 K (I+K)
~0 7O 11
QAVE=SAVE*~LIM(I)*QLK(I-<)
COMTInUE

HDIV(I)=SAvur

TYRRULENT DIFFUSTON ENTHALPY
TF(IBCHYGH T2 200

NG 20 I=1eM0+HAN

SAVE=N.

KS= JOIn(]1)

no ?1 f'('—'l"(q

JaENUNIN(T oK)
SAVF=SAVE+=LIN(JJ)=HLTN (D)
CONT INUE

TOH(I)=RTU?#D7#SAVE

RETURMN

ND 201 T=1.NCHaN

TOR(IY=0.

BETURN

FrHTRY MEXC(J)

CALCULATES MOMENTUM TRANSFER
DIVEXTED Fi1 OW MOMENTUM

n) 30 Is=l.uCHawm

SAVF=0,

kS=J0T1% (1)

0N 31 K=1,.xS

JusNJOIN (T .K)
IF(OLK(TeX) ) 33434437
9AVE=SAVE*QL<(T.K)*AJ{I(JJ)/(I.—VFI(JJ))
~0OTO 36
FAVEIS&Vi*WLK(Iq<)%AJLI(I)/(l.—VFI(I))
IF(OVK (Tex)1) 36,3135

IS (VFI(3Jd) LE.Na)GN T0 31
SLVF=SAVE*GAHMA*3VK(I-K)*AJVAD(JJ)/Vzl(JJ)
GH TU 31

IF(YF ISt GO TN D
Gﬂv:ZSAVE*GA%MA*QVK(I.K)*&JVAD(I)/VFI(I)
ComnT Ireys

ExCrHe (1) =0n/A(T) ®SaME
TF(1un2 201 RETUIN

Di; &0 T=lenvCHaN

CAaLL “WEVLHF (T4}
FXCHA(T)=EXCAM(T) +NZ=*TYZMT/4(T)
e TN
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FND
SURROUTINE SOLMAT(TWIew)
##d GOLVES THE MATOIX FOUATION F02 CROSS FLOWS

DIMENSION TW3(2044) 4W(20) 4R4S(20) JVET(40) 0000
COMMON/GEOM/JDTIN(20) «NJOIN(20,4) yMCTI2C(20) 4SL(4,4,20) 4NOCIR, 0000
IRODMN(25) «+ A0F AL TNNP 0000
COMMON/MAT/MATNIMINENGNTH(20,54) o TMATI(40440) s TMAT (40940) 9XL (404400000
1 0000
COMMON/GEN/NARPNN(20) 4K¥RDD(4420) s~4F (5D 925) «VINLET(20) s GINLET (20} ,
THINLET »GTOTsPOMERSCHANN(20) A (20) o5F _C(10420) , 0000
PN=ODSGTFACISTUR S AVHYNWWIZEIQTFIMIPZEROSHZERO,POWD s IRI. OC. 0000
3LALACTIBLT2RL yFRL1 +FBL2,PIINLMOPR, 0000
GHYD(20) «LOC(10) «HPER(46420) 42FNAC,DERA 9y NCHAN,, JMAX 0000
EQUIVALFENCE (NSHR,NCHAM) ' 0000

DO R23 T=1,4ATNIH
823 RHS(L)=n.
DO 3 I=1,%<u3l
PHS (L) =y (D)
] COMTINUE

[IF(NOCIR JLF.0) GO TO 3 0000
RHS (NFQ) = 0. 0000
2 D00 10 I = 14MATOIM 0no0o
VEC(I) = TMATI(I,1)#0HS (1) 0onnn
DO 10 J = 24MATDIM 0000

VEC(I)=VEC (1) +THATI (I+J) *RHS (J)
10 COMTINUE

NO 12 1T = 1.MNSHR7 0000
JJ = JOTN(T) 0non
DO 12 J = 14J4 0000
K = NT& (I, nooo
NMN = NJOIN(I«J) 0000
IF(MNN LT, Y GO TN 11 . 0000
TAd3(I,J) = VEC(K) 0non
GO TO 12 0000
11 TWw3(l4ed) = =VEC(X) noaen
12 CONTINUFE 0090
RETURN
EMD 0000
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1.4.10 Listing of Subroutine CONTI
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SURRJUTTHNE CONTI
£ owww §OLVES CONTINUITY FQUATTIONS IN EACH JOF THE SURCHANNELS
LOGICAL IB88,IRFV.IFREV,ITRA,TILNC
COMMON JUNT/DZWDTeVZERD AN ANT ¢ ZE 4R e“ L 4FVsCOAR, 7URFR,LD
COMMON/CONT/FT(4) 3 IRBBIRIVYIFREVSTITRAYILOC, TETAAPAR s TINyHoHP 4 T,
1PSTeHOLNGVEOLDGVEINGHRAR s TD s AA G AJTN Y AIVIN 4 INJsHTN 9 GFLINLGOLN, 0,
20V oOL-F’FAC-F;‘LOC,OAJOA-,J\lo‘:\JL!VF'oHLvaJPFvavDPEXC9§AVE\19QP.PH(4) .
IXT KR «GFLUY
COMMON /PRNO/RNWROVAR +HV AP s 4SAT o ALAMULAMDHSAT s GAMMA 4 GAMI Ao OVRA o
THCOyGRAN S INNWN G TSAT s PPAMD e H3 4 RR0UGH s 2F RICs3FRIC s ANM,
2EC e AMUSNCONM G SIAMAGVUDRTFTIRNGRAY 4 N7 UMSsCPYyRERGH (20)
C #uas VAPOR SOQURCE FAUATINN
C =%z HEAT FLUX SPLTT aND wAltl TEMPERATURE
PSIS=n, . ‘ .
TC=TETA® (1, -TIN/TETA) #2aN1
TC=TETA=((TC-TIN)/TETA) #?Af]]
DO 1 K=]leXK2
TA=TIMN+FI (<) /K
IF(TH=-TC) 14102
2 FIC=r2(TC=TIN)=HP®#TCo2AN
FIB=FI(x)=F1IC
TW=(FIS/HB) #aAM]
PSIS=PSIS+PH(K) /AA*FIR/RI/ (GAMLA=CPAR¥HIN)
1 CONTINUFE
C #4#% TOTAL VAPQOR SOURCE
IS(IBRIGO TO 3
PSIR=N,
[F{R.LELD.)GD TO 40
Cl1=AK= (AJVIN+QV/LA+N7#PSIS) +7E#PSTS
IF(ITRA)C1=Cl+V7ERN#ROVRARVFOLN*AK
IF(CL.LEL0L,)GO TD 40
Cl==ReTIN#=C]
SI=AJIN+Q/aa+D7UMGHPSTS+AR¥VYDRIFT=-R*TIN®AK®#NZ
IF(ITRA)B1=81+aK= YZERPN-VZED#YFOLD#(1l,=-ROyQA)
SAVE=B]1*81-4,4C1*D7Uvnh
IF (SAVE) 41462442
41 PSIH=-PSTS
O TO 4n
42 PSIR=0.5%(SQRT (SAVF)=R1) /DZIG
4n PSI=PSIS+PSI3
30 TO @
Y SAVE=DZ/R02Q0P+HLINJ+HBAR/AA+TN/Z (20%AA)
[FlITRA)Y SAVF=SAVI=V7ERN® (DLAM=DOVRASVFOLD+DHSAT* (1. =VFALD»
1 (1ea=ROVRAY)=HOLD®¥ {1 . =VvFILD))
31 PSI=SavE/GavLarnz
SAVEN=0,
o o#we TOTAL CONTINUITY ENUATION
AJ=AJIN+D71MG*DST+0 /A4
[FIITRAYAJ=AJ=YZERN= (], ~20VA) 2YFOLD
C #%e YAPOR COMTINUTTY
SEVE=AJYINSDZ#DST+NV /A4
SAVI=AJ+ACHVNSTFT
IF(H0TLIT2)ANn TO 8§
SAVE=SAVE+VYZERO#*IVYPA=VFILD
SAVE=SAVI¥SAVE =V ZERQ#7F%2S1S
SAVE=SAVE/ (SAV J+aKaVY7FRN)
T OAUV=SAVE
oo owws yOTID FRACTION CALGCULATTOIN
VE= (AM=AJV+7C45PS[Q) /sy d
[F(Yr=0,00n001)43443,44
\/

f-— =0 P
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Lyv=u,

Nzba gy iti+yszaA
IF(IiFa) =N+ VZFRI¥ROVPAXVEQOLD
FSI=0/07

AJ=AJIN+IZ MGERST+0O /AL

IF(ITPAY AJ=AJ=YZERD= (] ,=R0VRAY#VFNLD

COoONTINUS

LIOUTD COVMTINUILITY

A M =Ad-t IV

TEQT £ Ow REVFERSAL
FlAJLLELNG) IREV=, TRUE,
FNERGY CONTINUITY

41 e

I#sR)GC TO A

1

—t )
T M

CmROVRAYY=HOLD® (1 .=yFILD))
IREVYIGO TO 7
EN=AJL

—_~ o~ L~ )

n -t ~
wn
<

M
~
o

m
<

M= < 7

< Ji

mm

+N75GAMLA*PST

n —
> .0

~

— O e

]
W

1T -4Mu O

MNUE

“SSURE NROP CALCULATION
DPG=ROGRAV= (1 ,=VF+5aMMaA*VF ) #)7
GSAVE=ZAJL+RAMMAZTAJY
G=RO*GSAVF

G2=G*A3S (GSAVE)
XT=ROVAP*A IV/G
FEM=TPFM(XTJAFRIC«RFRIC)
DRF=U7Z#FFAC®GR2#FFM
IF(NOTLILDCIGO TO R
FOML=TFLM(YXT «VF « GAMMA)

DPF zOPF +FFALRFFLACH*G?

-y

GrLUX=ROFFL®AJLYARS (ALY /(1 e=VF)
IF(VE . GT-0,)GFLUX=GFLIIX+ROVAPHFVEAJVFABS (A JV) /VF

DPACC=GFLIUIY=GFLIN
DP=0PG+DPF+NIACLC-DDEX
IF{ITRAYDZ=DP+VZERN=® (G=-6GILD)
RETURK

i

FoHL INJ+DZ/R0#QP+HRAR/AA+TN/ (RO=AL) =DZ¥*SAM_A%PS]T
ITRA)YSAVE=SAVE=Y7FD0= (DLAMROVRA®VFOLD+*DHSAT* (1 ,-VFOLD®

ITPAYDENZDEN+VZERD® (1« =VFOLN)
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1.4,11 Listing of Subroutine CHF
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LU T TNE COHF

T-1¢ LOUTINE CaLCUL ATFS THE (CDITICAL HEAT FLUX aNn CRITICAL
S F e F0O0 THFE RUMDLE anCNR0ING 7D FOU~ SEPARLTE COPRELATIONS
FOCISFE CHORRFLATINN TS JSE) nMLY FN~ THE INTERIOR SURCHAMNFLS
ThHE BUMNOLE, AN THMTERIUR CHANNFL CHDER N/MJEDR
SUST ORE TwEyUT &S NATA  RPQOINT  2640.  TrAE
' CURRELATIONS AR OF THE ©nD RUNILE VARTETY. &ND ARE
AALCULATFY WITHNYT 2GADN T SURCHANMNILS.  IM eDNITION. THE
2ATHETT CORDFLATION =4S A COR25nTINN SACTOR RASEND NN EQUIVALFNT
T=ES AU YMAMTC QGHALITY FOB NON IMTFORM AXTAL KWEAT FL YX. ALl
CALCHLATIONS ARS NONE T THE ENGLTISH SYSTEM OF UNMITS, AND THE
ATEHT T [ THE UNTITS SREICIFIFN 8y NeTa POINT A,

CraMUn JUNT/D7 eDT V7700 ANeANT «7F eReTLoFVsCPARW7YRFR P

DUITMU PRAC /RNGRGV AR SV AP s HSAT ¢ ALAMAULAMe DHSAT « GAMMACRAMI AJRNVRA,
1an.eunm.rnown.rgn W OPAMNDeH3JFONUAHLFRICeBFRTICaenity,
D;K.\Vo.waw.QTGMA.VDDYFT'HOoDAV-ﬁ7U~J-FP REPGH (20}
COARON/GEN/MARADIZN) «VROJ (4 e20) «HF (S e25) s VINLET(20) o GTNLFT(20)
IH{JL TerRTOT «POWER«CHAMM(Z20) ¢ A(20) «FFLC(10e20) 4

PHEYNDNS e GTFACAGTURGAVHYNWVIZERN W TFINSGPZERQIHZERC$PO N+ IR OC.
ILRLO L TxAL. PRLFRLL«FRL 24PRIMMNPR,

LrYD( LOP(10) «HPER (L e20) ¢ PFNACDER2+NCHAN G JMAX

COMM “N/GC@”/IOT“(ZO).NJOIN(ZWo~)~“CI°((20).QL(4-P0)-NOCI°
12008 (25) « ARF AL TIDNP

CI4ON/TARI_ /PEAKF({2S) o AX5SF (5N) « IPRESSCPRESS (5) o IVINILL4CVIN(R) W
TITINGCTIN(S) « IPQWe oW (R) aPTAR(1INN) 4 ATAR(LION) vHTAR(LINN) «PuTAR(1ND)
COomMulry /DICR/ JSHAP AYPKT « ZITOTDIARNURIFT

CoaMON /ARD/QTZ(SN20) e ALF (S0420) «HEL(S0+20) +GR(SNL20)

1T3UAL (SN 20) o XDUJAL (S0.20)
SBUGR NeTA(2200)
AENSINAN DOFAVG(28) «&C(20) «CHREC(20) 42HITOT(50) 4PHIRAR(50) .
1 XIMT (SN} 45 (50) «COR(TN) JXMCRIT(SN) «CAFR(50) JDEQ(SN) 5 BL (20)
DIWENSINN CRC(20) s ANFEW (20) yAFMTW (50 ¢20)

SaTa ROONE «GCOMF «FTCNYF « “CONF « 2COMF « DCONF
1 724304400737 3e¢,0N03173,2.007637414,503¢462.23R3/

wIITE (5.1000)

FoaeuaT (//10Y« VCHF CORDFLATIONS = HEAT FLUXES IN BTU/HR-SQ FT nR
] /S50 Ot POWERS TN v /)

w2 1TE (AgaSh)

FA=MAT (/710X 4 tROTLING  LINGTHS G VCRANNELSY)

IFLAG=0

TOTD0n=N.

N len T=1.MRONS

T@T;oﬁ_.uT~OD+un>m(I)

L7T0T=7ZTOT /730,44

15/-u7/».5u

PRI TN gt N =

FETOT=GTITHECOF 710NN,

YA~ ez ADE A /R L5314

A= R INLETsHONANE

DElL JuHz=XHTN

Y AL Ld=0) AM=CONF

» 1AV =0T4aR/7.540

TP Jd=1egmeX

T2 T=1.%200%

T w(Je ) ==F (Ja ) ur Tonm 1000000,

T 5 T=1 eMirHa!

LoLE ):H(T:/h.ibw]‘-

-
g

J

T
U
At

) -
7.
Y 1Ty e

(.

BRI ]
—

Y L Tz ] et =EAN
S zav X+« TOs L ( 14axe 1)
AV X =AM /I AR
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GRAR=XGTOT#1000000,/(¥ARIA/L4L,)
G#BAK=GRAR/100N0N0,

CISE CORRELATION

CSCRIT=3206,

PREN=XP/PCOIT

AC=(1-PRED) /((1.396%G4RAR) #%Nn,33733)
JTOP=JMAX =

[=IMT(DATA(26G40)%]1,001))

PFAVG(I)=n,

LK=10=(1=1)+2

DENCD)=NATa(400+LK)

[FINDATA(A) .LELN.) DEN(TY=DEA(I)/2.54
IFLAG = IFLAG+1

nn 20 J=1,JT0P

xJ=J

Jx=J+1]

TEST=XGUAL (Js 1) =*=xXQuUAL (JXs 1)
IF(TEST)I3N.31432

37 BLTY=XZTOT=XZTOT®(XJ+0,5})/JMaxX

GO TU 21

31 BL (D) =XZTOT-XZTOT=*(XJ+1.)/JMax

GO TO 21

32 IF(JeRQ,.JTNR) gL(T)=0,
2:) COMTINUE

2

L6

1

an

1

9

-

9

~
t

~

—

n

CONT INUE

W ITE(64480)BL (1)W1

FORMAT(t 1 ,11XeE12.,As10Xs[2)

N=HNAROD ()

NY 40 L=1l,N

LLzKROD(LQI)

PEAVO(IL)=1./PFAKF (LL) +PFAVG(T])

CONT INUF

PFAVG(T)=PFAVG () /M

ACII) =1AT =95 (((1e/PRFD)=1la) 220 ,4) #GUSAR* ((NEQ(T) /12.) #%]1 ,4)
CHFC(T) =XKAI_AM=GBARS (AMFW (L) /144 .) #AC*PFAVG(T) /(3.14159#(XN1AR/

112 % (3L (1Y «BC (T ))

CPCID)=3.14159%XDIAR/12,.%8L (1) #TOTROI*CHFC(T)
IF(IFLAGEN, Y1) G TO @

IF(CHFC(D) JLLTLORITC) CRITC=CHFC(T)
[IF(CPC(T) L. TLCRITPY) CRITFI=CPO(T)
Gy TO 10
CRITC=CHFC(I)
CRITP1=CPC(T)
CONTINUR
RITP1=CRITRPI/3413,
CRITPZ2=CHITRL+ (GRAR®XARFA/ 44 #DFELTa-) /3413,
IZ{(NDATA(H) JLE.n,) CRITC=CRITC/315/9,7581
%2 TTE(HAaD0) CPITCWCRITPLHICRITP?

AMAT (/712X ' CISE COPRFLATION: CHF '31E12.5.SX1CRTT PNWED=R v,
12609« '2YNNIE CRIT, OOUWERTF12.5)
SPLELL RPOD RUNDLE CORPOFLATION

F
?
CZITLIS=100M000 % (N ARR+ T 1445 (GMRADSH] (&) )= ( (), ,R3]+0,221=

P (Bimbpirag, 7?\) cAV XY )

[FA{DATA(A) JLENL) CRITIS=CRITIS/31AG.731

w2 Te (henh) CRITIS

FOPMAT//1INX 4 PTSPAFL 2ON BUNDIF CHF 2REDICTION:I1.F12.5)
parSTor= By CODREL aTINN

x]:ﬂ.l)“—ﬁ.lﬂ'" IMBAD

XP T ero4=0 N2HuG 54

Ir(hVX.G,_.Yl) G50 70 7n
COTTUL=IA00AN00 % (D eTNS+0.23750MRAD)
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S TO 80
IF(AVXLGTX?) A0 TN AN
CoITIL=10000C00 {1 aP3=(Ne?TOHGMIAR) = (4, T1%AVX))
He TO 90
15 CRITIL=100r000 % (0 4ANR=(De]H44AM3AR) -U,653%AVX)
SO IF(XFLNFL1INN0.) CRITUL =C=ITIL+440,2(1u00.~XD)
IF(DATA(S) JLEarns) CPRITUL=CRITHN /3159.781
e [TE(S410N0) CRITJIL
1737 FORMAT (/7100 o C JANSSEN=LFEVY CHF PRENICTION:I14F12.6A)
i SAERQRMETT CHF COPEFLATION
) DY 110 1s1.M=CA0S
IF(TeFEN, 1) GO TH 103
IF(PLAKF (1) 5T PFMAX) PFMAX=PFAKF (1)
PFMAX=PFAKF (1)
COANTItFE
S=TNTwON/PE X
) NHE=4 ,#YARFA/ (3.14159#xN]AR®S)
DO=(XDIAR® (XDTAR+DHE) Y =#0.5
ENUTIV=0N=XNTAP _
) ARB=AT (4TH# (NHEZ 20, H6R) # ((32##N,192) 2 (], ~0.744#EXD(=6,5]2%
E,IveGudan) )
IF(XP.NT.100N0,) AR=AR2XALAM/K4G,
) P3=025R7# (DHE%2] ,2A1) % (OMBAD®%20) ,R]1T7)
CR=13S #(Entlyes],415) 2 (OMBAR®%0,2]12)
NN o130 Jsl.Jvay

~d

-
b s
-4 0

bt T

bout

} x J=J

CHFR () = (AR+RE4DELTAR) 7 (Co+ (XJ#XD71) 1000000,
y 125 OONTINUF

IFINATA(S) FQR.0e) GO TO 210

oN 140 J=1.dMax
N 1an O=ITOT(Y) =N

NG 156 J=1ledMax
0O 150 1=1.MRONS
154 PHITOT () =200MNIT) *HEME W (Je 1) +PHITOT (J)
4 DD 160 I=1.JIMAX
140 PAI8AR (I =0=]TAT Y /TOATRID
5O 170 J=1.JMay

J
) IF(J.£Q.1) GO TO 169
I:(HHIRAR(I).uT PHIMAY) PHIMAYX=PHIBARI(J)
) G TU 170
) 1A7 DSIMAX=PHIRAR ()
17y COMTINUE
) S0 180 J= 1.J1cv

()=t =aD (J) /PHIMAX
RES RT“:(J)-U
0 200 =] e fHAaX

) e
J=d-1
IF(Ja.EQ.YLY GO0 TO 186G
) YINT () = £ TNT (J)) + (F (J) %X )2)

50 TO 199

XIT () =KINT (J) +(F (J)y=xnZ)
COR(J)=(CR+ (XJ=XDZ)) Z(CR#*F (J) +XINT (J)}
RCRITUY) =CHER(J)Y*COR())

CHEFS (N =XHa2 [T (J) /PHIMAXHPHIZAD ()

L CONTINUS

P o cf”‘llku-

DL

—
X
4

L0

VARV

A TaORITR) ORI TA=CHFR ()
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¢

219

231

GO TO 220 -107-

CRITH=CHF5(J)

CONT INUF

IF(DATA(S) ,LEeNs) CRITR=CHITR/3I1A9,73L
wRITE(H+230) CRITAH '

FORMAT(//10Xe *QAINFTT CHF PREDICTINN: ' 4E12.5)
RETHIRN

END
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1.4,12 Listing of Subroutine CHEN
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SURRUGUT T WE CHE®

COMMOM JUMT/DZ4DTaV7ERCDANSAN] e 7E 424 L4FVeCPAR ,7YREFR,P

COMMUN /PROP/RNGROVAP JHYV AP, %%AT.ALAMo)LAMqDHQAT,GAMMA.GAMLA.QHVQA.
THCO«ORAND s INOWM e TSATsPRAND yHI 4 RROUGHy AFRICBFRIC, AN v,
2% g AMU«WCOMSTGMA s VDR TIEToROGRAV«D7UMGICP s RERGH (20)
Lr)wom/m;m/mDﬂD(EO).Koﬂj(aom.Hf-‘(;‘vv?‘%)-VIMLFT(Dﬂ),GrNLFT(ZO)
19INLET o BTOT s POWER S CHANNMN(Z2G) s A(P0) 4FFLC(10+20) «
PNANNS s GTFACWGTHR GAVHRYN VY IZERD « TF I N, PZEROSHZFRO4POWN IR 0OC,
B_RLOCTISL s T2RL « FBLL oFARL2PRTN MDD,
4rAvN(20) «LOC(10) sHPER (4 420) 3PFDACSDERP s NCHAN,, JMAX
COMMON/ARP/OTR(S0920) «ALF (S0420) oHFL(30420) yGR(S50.20) «
1TAUAL(S5020) «+ XOUAL (50,20)

COMM0ON NATA(2200)

COMMON/CHL/ HTCAVG(S0425) 2+ TWAVG(S0423) « TFAVG(S50425) yKFLAG(50,425)
COMMOM /FUFL2/ )J19dd2«JINCoMRONKCHAN(4,25)

DIMENSION ~TCO(S0e20) «TW(D0420) 4 TF(5020)

NGO 1 =1+5n

DO 1 I=1.2n

HTCO(Js1) =0,

Twlde[)=0,

T:(J9I)=O-

DN 28 K=1,.4

I=KCHAN (s MROD)

IF(I.LELD)RO Tn 28

NN 28 J=JJ1+JJ?2+JINC

TF{JaI)=TSAaT+HFEL(JsI) /CP

IF(TUUAL(JaT) AT, 0,) 0 TO 3

IF(GR(J«I)LELN,) GO TN &

HTCO(JaT) S0,023%((AR(Je I EHYD () 76MY) #40 R) #(DRAND##0 ., 4) =
1WCONZHYD ()

GO0 TO .2

HTCO(JeT) =50,

G506 TO 2

ASP=0.023% ( (CRU(Js D) * (1, ~TQUAL tJe 1)) =47D(I) 7aMU) 20 8) &
T{PRAND##0 ,4) % COM/HYD ()
%EE=2.*SIGMA*T§AT*(1./Q0VAP-1./QO)/(ALAM*IO.**?)
NFELTS= (L #3FERHF (JoMPND) /W CON) 25,5

IF(-EL(JeIYJBEL0,) GO TO A

IF(GR(JI) JLFeN,) HSP=50,.
PHTEST=HSP= (DELTS+TSAT=T* (Je 1))

IFA(PATEST o GF oHF (JsMROMYYSI0G TO 7
XATT=1a/1anSES+(TQUAL (Je 1)/ (1e=TOHAL(Je) ) ) %%0 9% (20/ROVAP) %
HeaTa

IF(XXTT.GF.N.5) G0 TN A
Fel OuxxTT#XXTT+0,95%¥xTi+],
50 TOU 9

L4

—

LaO# (PHXYTT) #501, 73R

[Tl I

FAHEL (e[ LT 0. F=1
MR =HSP =F
ErTRP=(GRIJII®E (] o =TOUAL (Je[) ) #HYD (T /aMY) #(Fat],25)
IF(RcTRPLELN.) S50 TO 10
IF(FETP.GEL.3.09FN58) 60O Tn 11
ST l7=04232%08 DG (PFTR/3.0K0G)

q TO 12
S=0.17=000A1T7THALDG(RFTR/340705)
L0 TO L2
S=1.
S GCAME RN (TORCPRHEN (4T HPIFHN LT) /(STOMARFY (S AMISR0 290 AL AME#0 , P4
7 /

_mp*%w.va,

1\,
~E L, 1N 2wy

1wEﬁ:T§zT+ﬁFLTQ
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PRAT=SHIINNLA0,

IC=r

171 256="

TFAC=A=K(N ,~3= (0,01 =THE ) )

PNF W I2EN G ROHET XD <1nnﬂ./(TMEw+273 15) ) %] (NE=5% (374, 136=TNEW) # ((
1=741.G262) + (26, 72100577 40) + (=11 582847 (TFAC#%2,) ) + (0.RAB5A35%
PUTFaC4 3,1 )+ (N, 10940530 (TFACH=4 ) )« (=U,439993%(TFaCH**5 ) )+
(O LPAPOASRE (TFACH®A )Y + (=D, 21 RARLE =2 (TFaCx27,))))

IC=IC¢?

[F(IC,HTalrn) 66 0 2¢

DrF Y, :DMr,k‘“Oﬁqﬂp.

HTPZACHF LA (TNFW=TSAT) 520, 24% (ENEW-2S41) ##0,75

IF(OR(JI) JL7un.) HSD:H.

IF(REL L 1e]) G540 6N TO 14

PHItLw=HSP (TH’w Tr\J.T))+dTP*(Twa-TSAT)

50 TU 1R

D= tMF iz (HQD+eHTR) # (THiFwi=TSAT)

TESTPR= (ARS (PHINS WerF ( Jo¥=0D) ) ) /HF (JeMROD)

IF(TESTRPH,LELN,DY) GO TH 16

IFLIC.6GT.IY GO TO 17

PH4I0OLO=DHINF v

TOLD=TNF

IF (PHINFAd=HFE (JJMRON) ) 19416420

TNEWSTHFW+]0,

LD TU 13

THEWSTNZW=10,

GO TO 13

TEST2=(OHRINLD=HF (JeMENN) )/ (PHINEW=HF (J4sMR(D) )

IF(IFLAG.EN.LY GO T 21

TFA(TEST?2eGT0eY GO TD 1R

IFLAG=]

FUPAINE #==F (JoMZ0N) ) 22422423
“Ikl=PHINCN

anLu-vHIVfU

T=I=TOLD

TLO=TNFY

GO TU 26

PHILLO=PHIN O

EeIml=pPuley

THI=TnEwW

TiL.0=10LD

SILOPE=(PHIRI=PHILD) /(THT=TLO)

THE W= (HE( JM200) +(SLNOF=THT) «PHIHI) /SLOPE

G50 TO 13

TF(PRINT S AT RE(Ja20m) )30 T 28

BTl Dz s

TEN=TNFY

~O TGO Z2é

PHISI =N

T=I=Tre

GO TV 24

Tw(del)=Trizn

[f(%il(J-I) 5?,0.) anoTN ek

PHITRUZHSD 2 (Tw(JeT) =TT (JeI) ) +8T2%5(TW(JaI)  =TSAT)
ATCO(Je 1) =PHITRIN/ (T (e ) ~TF(J«I})

~Y O TO 7

ST T) =HIP+HTP

COoONMT Ioe

- ‘ATA(") Eo‘f"-)G"\’ T A
T C
L]

=

‘(:1

J

1
ﬂt‘)(in):Aij
.

wilde )=l
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199

1300

200

S0n

2000

»0n
706
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IF(RTCO(JoT) «GT D )KFL £G{JsMRNAN) =KFLAG(JeMRND) +1)
HTCAVG(J«MROD) =4TCAVG (.3, MROD) +HTCN (U )

TVYAVG (JMROD) =TWAVG(J4#ROD) +TW (Jo 1)

CONTINUE

NG 100 J=JJdleJJ2«JTNC

HTCAVG{ JeMIND) =HTCAVG( JyMRDD) /KFLAG (JeMROD)
THAVO(JWMRND) =TWAVG (JeM2D0) /KFLLAG( }eROD)
TFAVD(J44RON) =TWAVG (JoMRPID) =HF (J4M20D) /HTCAVG (J4M20D)
wRITE (641000) -4ROD

FORMAT(//5X 4 tRPOD NOL ' eT&s//5X e tAX NODET9SX e 1AVG HTC!4SX 9 1AVG TWe,

1 SXetayn Trry)

nn 200 J=JJleJdJ2+JINC
wDITE(ﬁ,SQO)J,HTCAVG(J-MQUD)WTWAVG(J’MQOD)QTFAVG(JOMQOG)
FORMAT(/TX el 2¢5XeFP,3e3X9FBe3etXeFR.I)

%< ITE(H42000)

FORMAT (//5X« *SHACHY ySX e 1AX NONF ' 4SX4'LOC HTC'"+SXetLOC TWt /)
D0 400 J=JUleJJ2«JINC

20 400 ¥=1,.4

MRITE (64 T0N)KCHAN(K oMONN) 3 J9HTCO(JoI) o TW(JWT)

FOAORMAT (/TXaI2+49Xa1245X4FFe393XaFR,3)

RETURN

MDD
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SURROUTINE FVST2 (FeXKaXaV)
[IF(x) 1Ns20420
C==1.
GO TO 30
C=l.
[F(x=1) 40450440
SARS(Ful o) (] g=3arXitn2+CH2, 8% 25%3) «A3S(F=2, )% (X# (] ~CHX)#x2)
GO Tu 1940
VZARS (F=le) # (=R F*X+CHA #X¥32) ¢ A0S (F=re) #(1o=C#X)#(]4~3,%Cs#X)
50 TV 100
=aBS(F=1.)%(12,2C#X=K) +LBS(F=2,) #C% (0, #C¥X=4,)
RETURM
=il
SUHRQUTTIE FUFY
CALCULATES FUFL TEMPERATJRE NDISTRIIUTIOM IN THE RaDIAL DIGECTION
COAMOMN JUNT/D7 DT oVZERN AN ANT ¢ 7E 4R 4 FLoFVsCPAR7URCR,,P
COMMUN/ZGEN/NLRON (20) o%PNI(4420) +HF (SU2S) s VINLET(2N) «GTNLFT(20) «

THTINLET o GTOT o POWFR G CHAMN (2U) 9 A (20) oFFLC(10+20)

2HOONS Yy GTFAC s GTHRJAVHYN «VIZERND«TFINSPZERQSHZFRO4POWOs 1) OC,
SLOCTInL «T2RL+FBLIFRL 2ePRINJMOPI,

4HYD(E0) L0 (L) o=#PFR(4420) yPFNACIDFR2sMCHAN  JMAX

COMMON /DISP/ TSHAPRLAYPKF e ZTOT4NIARNURIFT
CiMaON/TARI /PEAKF (25) ¢AXSHF (S50) s IORESSCPRESS(S) o ITVINL4CVIN(S) »

TITIMGCTIN(G) o IPD Wy CPOW(S) «PTAR(INA) «ITAB(10N) +H4TAS(100) 4PuTAB(]100)

COM0N NDATA(2200)

COMMON/ORINT/TLICONRANPW(2S) 4 THINGPERT

COMeON/ZCHY 7 %TCAVG(Snw?g)0TWAVG(S”925)QTFAVG(SOQZQ)QKFLAG(SOQE;)
COMMON /FUFLL/ NF oNCoKF «XCoeCOF yCPC+RAOF ¢ RHOC s HGAP 4RC+sRGIRCSIRFS,

1 #CT.01

——

COMMON /FUEL2/ 1J19JJ2 s JINCeMROND «KCHAN (4425)
COoMMOM /FUSL 3/ TPRT,POYN
DOURLE PRECISINN CNEW (20)
DFEAL KF.%C

L=MRrRON

BIN=PRIM

NF 1=niF+1

NELF=RF Q/NF
TELC=(RCS=2CT) /NG
NT=0T/3400,

J—r

h;@::.@g

I?(T 91.-O PRI HURITE (A4%60))
FARYAT(// 930X et FUFIL TFMPERATIRE PROTILEY//13XetR1 415X ,4'Tr,15X
PAIT/6,0 041 2Xet4F 1 /)
NHC=(FCS-RCT) /(MBA=NBFE=Y)
00 Pl U=V« JJ?e ) INC
OlzHE (JaL)#nla0x3,14150
‘-«l_l_ T"‘AWQT(C”:\IQ JQL)
00 721 I=ls1RPa
IF(Te6G1, “D:) G0 TO 3I0n
T=(=1) - NNFE
[I-q)/]l!" F
Yo =Ur LFHFIOAT(1.1)

SUALL=ARS (N=xHC)

IF(eFG,0.) GO TH 2»

ITr(Sieit ol.fFaladE-1n)y 0y To 23
T1=1J+1

xz (D=1 U0 F ) /DELF

Y= (D=1 1Y =DEL FY/NFLF



i
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T1=Tlwl,n#30,43
f)?:,':)d’.}:s.ul DR G
W”ITE(5~QQQ)D~§TQTI.Q7
FOPYMAT (RISYeE12,.5))
C')“JTI“.“,}E,
e
Frn
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1.4.,14 Listing of Subroutine EDIT




C

SURDUUTT.F FOIT

wad PIIMTOUT KANTINE

LNGICaL SN

COMMON 70T /D7 DT ev752N 6N AN 7823 "L oFVeCRPAR(71IRTR P

COMUMON /PRND /BN ¢ POVARP o=V AP s ASAT o AL AMA UL AMe DHSAT e GAMMA 4 GAMI A ROVPA .
TRl eGP AN I TSAT « 228N a3 4020 JGH L RICeIFRIC s AMM,

DAL LM e wCONeSTAMAGYISTFTeRUGRAV D7 M3 CP e RIRGH(20)

COMHIN /oM /MARAD (20) « PN (442N0) o HF (S 925) s VINLET(29) o GINLET(20) &
THTINLET oATOT e PONED ¢ Cim N (20) o 8 (P0) FF _C(10420) o

PHONNS W GTF AN OT IR AYRYN WV IZERINTFTMGPZERQHZFRD W POWNy IR1 OC.

LR AT TIAL «TZRL « FRL 1 aFRI_29DPITNGMDPR,
adfﬁtaﬂ).LO”(ln).4PL (LoePU) s 2FNACNTRZ2 e NCHAN L JMAY
COMSOM/BESVE/VFAVI20) «60JT(20) «GOUTVIZ0) «GOUTH (20) « XO0UT(210) &

1 FOLT(20) et (20)

LD/ oT S/ ITERISN) «PNRIF(30) « TENUT «FMOUT «PACC s TRALWAVXeNPTOT
TOMMON fLaRIY/ QTR (S7¢20) A F(S0e20) o5 (50420) «G2(50420) &

1 TOUAL (S5 «20) o XNJsL (3N 20)

COMMON/BRTMT /T ICON2NPW(25) G THINLZPIR]

COMMON/GEDM/UNTINII20) «NIOIN(2044) «MCIAT(20) «]L (4 e20) «NDCIR,
TON0M(25) «ASF 2, IDNP

ATMENSTINN STRING(1N) «ENT(Z2D)

wew AUTPUT wOT TNE

NATA RHCANF JRCONF 4FTICOME " CONF 4OLDONF o JCONF
1 /0.4304¢0,007373e¢0.00317/3430,007937414,503,452,383/
DATA VvCniiF/n, 1271/
DDFSS:D
rST=15arT
If(ICO‘i)T§T=3?..+l.v=2 *TST
TF(ICON)PRFSS=DCHMNF®#D
GAVST=GTUT/LRER
TF(TICOM GaveT=RCOANF#RAYST
WOTTE(Ael) TePPFSSaTSTaRAVDT
1 FOR~aT (1510, //lsxq"I“»='~r10 Go' SEC'+2Xe'PRESSIRFI4FO,_ 3,
1 TRAT 4 FR 2, GavY.Fll.%)
TOAYYE=n,
NN 3 T=]erMaHAN
2TOTOAVVEETUAUYT A (TYavFav (D) =CHaMN(T)
THAVVF=ThHa R /200
BVDEN==NE (1, =TNAYVF® (1, =58aMMYL))
w2 1Tz (He2)
FARec AT (149027 e 1PDWT 8 o Axa ' GTOT e 7X e P "MOUT T o RX 9 ' TBALTeGXe " AVX 47X,
iﬁrnrv.mv,vrnavv-v.7x. AVIFENY gAY o PHINLET )
(TCGYy L0 T 107
ITE A1)
SHAT (1 X g v AT T e ¥ " MG/QFCt (AX ' B/ SECT e 7 Xt ATTa20Yt 30D,
QY « 150 =T [ 3X g PN F/0T)

\)

T 150w

ITo (Aa101 )

WRALT (171 e XX @t HATT Ve Xa "MLB/HD N gAY o VL B/HII g TXe P WaTT 4204 t2ST Y,

1Qz.cL---/(;-»T'.h.'—aTUI =)

104 COMTINGF
CT2 T in (1) =200 6
STRING(2)=aTAT
QT=TMG () =c4)UTY
STRING(4) =TRA
ST INA(R)=aVX
ST=IN2 () =n2T0T
STET G ?)=TNaVvYF
ST2T™S 0 a)=r 100
STHTa () ==wIN & T

ST A2 =q, 60 #5TC [N (D)

it

%
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STRING(I) =N NN #*STEINA(Y)
STRING(A)=0,00N0N1#STOIMNS(5)
IF{NOT IO GN TG 23
21 STRING(P) =FCONFESTIING(P)
STRING (3) =FCONFASTRING ()
STRING (&) =DCONFH*STRING (/)
STRIMG () =HCOMF#STEINA(A)
STRING (J) ==COME#STR MG (Q)
23 WRITE(AI2) (STRIING(M) «N=19)
22 FNRIMAT(3E172.5)
"I‘IDITE"{)Q?.,"))
SN FORPAAT (IR0, CHAMI (SX o 1XIUT Y 4 RY 4 160UT o 7X e 1a0UTV I ¢ 7X e 'GOUTL Y e AX s
T 'CINLETY a93X o123 *a9XtFNLT gRYVVFAVY)
NN 150 T=1NCHAN
KR=MARON(T)
SAVE=y,
NN 151 w=1.¢R
KRO=KRON (K. 1)
151 SAVESSAVE+INPW (K) #HPER (K [) /PFOT
150 FEMI(I)}=SAvE
IF(.NCTLICHAMIGH TO 2S5
DO 26 I=l.MNCHAN
GAUT(T) =6CNT#60UT (1)
GAUTV (L) =GAONF2GRUTV(T)
GOUTL (D) =GAONF=6UTL(T)
GIMLET(T) =RCOMF#GINLFET(T)
24 COMTINIF
25 COMTINGF
WOITE(AWSY (TaXAUT(I) «ANYTOI) «GNUTY(I) oG0UTL(I) «GINLET(T) «QAL(T) »
1 FMTALI) «¥FAV (L) e T=] NCHANY)
S F0PaT(T9.2F12,5)
DETIIR?
FHTRY F0[T2
DN 10 I=levrHarM
KP=hiaRrOnN (1)
WOITE(SW11) T T
11 FOPMAT (1] «20Xa"SURCH o« THaSX 4t TIMRE Y4710, 4/
P oPX e TNONE Y shX e tHL e 1A 1 TRY a1 I X 1053 F3K3 fQT0 e 7X ' ALPHAY 3T X
POIFTMAX T g 11X gt Xt a7 X PONRIPI yAX (PITERY)
TFLICO~MIGN T0O 13
12 waITE (A.14)
Ta FORPMAT (11 RX WV JOULE/G1 416X 15/80=-CM S CU=CU/SFC 1e16Xs
1 PHATT/SU=0 11 g 1AX 13000
an T) 18
13 o ITolneial)
ot FORMHAT (1A 9XerBTH/L 203158 % 2/SN=FT 4 CU=FT/HO 116X,
1 'BTU/SOH-FT ARrlaxer 2K]1)
15 N 15 Jd=zl.e 1Ay
ST2ING(1) == ( jsT)
STRINAG(2)=TAIA_(Je 1)

ST2TMG() =72 (e 1)
STRINS(w) = T2 1,7
STRTINGIR)Y =ALF ( je1)

FIMAL=0,

oOoo20n v=1.<2

KR0=K200 (<, T)

IE(HrE (e =) 0BT em T HaX) TTMak=HE ( JoKDN)
prn COoMTINE

STUTNALA) =TT AL

STIT (7)) =y at ((feT)

ST=14%(08) =250 ()
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TTZT .5 )Tl AT =R ST TN (M)

LT IO N 1O 20

STRT S = nE ST NS ()

T2T i (a)=uR T0mEc LG (L)

STRT NG () = ~hnE e QT oI (Y)

ST~ 1R (A) =T T 0NFeQTR I A (S)
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1.4,15 Listings of Subroutines WATER and HYDP
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SURSRUUTTHE WATER(P)
Cowaz waTir PROZFBTIFS FITTING FUNCTINNS
COMA0N /UHT/D?-DTwV7EQO.ﬁN9AV]u?EqQ-:LQFVQCQAQQ7UQEPQDQ
COMMON /PRIP/RNDDVER oHY AP s ASAT « ALAMDLAMIDHSAT « GAMMA G GAMI A4 RNYRA,
THZOWORAD < INNWUN G TIAT PPAMD e A3, BRNUGH e AF RIC«3FRIC AN IV,
PAK S AMU s WCON G STAMAGYDRIFTeHOGR Y« N7UMBICPyRERGH (20}
FQUIVALFNGCE (VTSCet U)o (HLATGALAM) 4 (SURT4SIAMA)
C #%#% JATER PPUPFRTIFS FITTTNAS
DD:I.G}Q72*D
TSAT=2BS .3+ (2=70.)=0N0535%(P=70,)#(2=70.)
HSATSTART4PRE (] ,+9,3K4F=3#PDo] , 279E=5%DpPupD)
HIAC=2T793,3R% (1442, 71 7F=4%P2-5 35-R%2P2PP)
PAYAP=0,03486+0,359F=32(P=704)+]1.2E=6%(2=T70,)%#(P=70,)
WOONZ  NOA063% (1 ,-3,N4PF=3%2p4g, 672E-0#PPHID)
VISC=0,1900RE=28(] ,=2,6437E-3%PP+4,6]1-=-5%POupP)
CP=4ehlsli N]4%(P=30,)+0,00004%(P=30,)%(P-30,)
GAMHA=RNVAD /R0
HLAT=HVAP-4SAT
TT=315.55-TSAT
SLRT=11,7+0.236%TT-0,SF=56%TT#%3,
GAML A=GAarAARH_ AT
C #x% QTHER PRESQURE DIPFANDFNT PARAMETERS
DATA PPC/221.9/
DaTA  2sNK /0,R13/
AFRIC=189.N66%(1,=]1,48172-2%PP+5,021I-5%#PP#DPP)
RFRIC==132,322%(14~1.1352=2%PD+4,37]16E-5#2DuppP)
AK=RAMNK+ (] ,=-BANK) %D /DD :
VORIFT=7URTR# (GRAD2SYRTH (14 ~GAMMA) /RD) %, 25
IF(INCWNeRTLO0)VDRIFT==VNIFT
HR=2.54F=04a%ExR (), NE32#P2)
ERAND=CO¥YTRC/WCON
HCO=U,023#wCONZPDAND®EN &
RETURN
Frn
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SUBROUT IME HYDP(REYWNTAHIGG)
EVALUATFS =yDJRAULIC PRNOPIRTIES
LOGICal IR3,IRFVLIFREVITRALILNC
COMMUN JUNT/D7 DT aVZEPO AN ANT 475403 LsFVeCPARV7URZR,,D
COMMUON /PRNP /PO s R0VAP s HV AP s HSAT e ALAMsULAMs DHSAT 9 GAUYMA s GAMI A RNVRA,
1HCO sORAND+ INN WM e TSAT s PRAMI e HI G RRNUGHAF RICe3FRIC s ANV,
26K 9 AMUsWCOMCSTIAMASVNRTFTIROGRAY «ND7UMGCPyRERGH (20
COMMOM/COMT/FI(4) 9 IRBIPIVIFREVAITRAYTLOCsTETAGAPAR s TINsHoHD 3 TiNy
1PST ardOLD s VFOLD SVFINGHRAR 9T s AAGAITIN G AJVING AL INJ9HTN s GFLINCGOLN N,
POV INL G FFACFFLNC A s AV s AL VF yHL 969 IPF 4DP 4y NPEXC+SAVEN,,QP PH (&) ,
IXT 'KPQGFLIJX
HO =S
HC=HCO#BEY =20 ,A
H=HC
TETA=S(HC/HI/AN) =% ANMM
FSAVE=FFACT (XEY + ARNIIGH)
FFAC=G.5%FIaVE/DTAH
RETURM
EMD
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1.4.1¢ Listings of Functions TIMEF, FFACT,

2

TPFM and TFLM
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FUNCTION TTYSF (TaleAeXaTES)

LTMEGR FITITING OF [n207 TIME TaRLFS
DIBENSINM A (3) . Tag(lnn)

GNH TO (1472¢3) 7

K=1

K=K+l

L=K+30
TF(TAR(M) dLF e NWae DR K.FND,,21)G0 TO 19
JF(T=TaR(K)Y)AheT el

TIMFF=x#TaQ{L)

RETUAN

TlmFsz%(TﬂR(L—l)+(TAQ(L)—TAQ(L-X))*(T-TAB(K-I))/(TAB(K)_TAQ(K_I),

)
RETHIRT
TIvEF=X#Taa(L=-1)
QF TYRN
TIMEF=X#(1,+a(1)*SIN(A(2)*T))
RETURM

1Y

TIAEF =X # (1 +A (1) #T+A(2)#T#T+A(N) 2TAT=T+A(4) 2TH24+A (5) #TR2G )

RFETURM
£Mp
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FUMCT IO FoalT (DY ¢ 371401)
FeICTION FACTOS COGoF) aTION
FoICTIOY FalcToo
FRACT=0,0NR5% (1 0+ (20000, ¥ O JGH+ 1 E+6/9SY) %8n,33337)
SE TRy
Foun
FoannT 10N T:,:v.(xT.ﬁF.DI(‘.:J'_HIC)

TaO P=LsE ZL0W MULTIBLIF= CORFLATION
TrREv=1,

IF(XT LELD)RPETHRN

TOFYz)] (+&AT= (AFQIC+xT#aFrRI{)

RETUARN

D

FUNMCTION TELM(NGVFaGaM)

LACal TWO DHASE FLOw MULTIPLIFR CN2RILATION
TFLM=Y,

IF_(‘\.’F'.!__E.(). ) RETURIN

TFLM=(1.=M) % (1.=0) /(1.=V7) +3#0/VF/VF/0aM
2Re T

f—“i-n')
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1.4.,17 Listings of Subroutines INIT, INVERT
and TRANSI
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Str=e T e INT T
SETS TAF ADLAYS [N COvmON TO 7800
FG**uh/ﬂiﬂ/waoﬂ)(ZH).VJﬂJ(u.?ﬂ\,Ar(sn.ES).vszqT(pg),G[NLCT(QQ).
PR INLIT o GTOT aPOUFED G CHANIS (20 A (20) EFLC(1020)
7}?QWS-GTFquGTHR.AVH{Q.VI/EQO.TrIH.D[;QO.H??DO,DO iNs1R OC.
RLALOCCTIALGT2RI W FRUTWFR| 24PN MDDR,
~YD<cn).Lmr(1ﬂ).Av»w(h.?u;,DFWAC DED2 W NCHAN « JHMAY
COMMUT FFUFLZ/ 5012 24 JTNCaMRON, KCHAN (4 4259)
CO2r0n, 7EUS| 37 TPRT (PO
COHrigms/cnyy/ HTF“VH(%O.?G)yTNAVG(SO.ES).TFAVG(SOnZS)oKFLAG(Sﬂ.?S)
D701 d=1450
N1 I=1425
HE(Je ) =1,

STCavG(1eln =0,
TFavu(Jyly=n,
K:LLG(JcI)':ﬂ
T‘N-"-\-VU(J-I):().
COMT1nUs

LY 2 J=1e2n
HARND () =0

05 =14
KDOF\I("QI):O
COMT InyE

N0 3 KF=]leb

3 I=1+25%
KCmanN(Kel) =0
CONT INUIE
ExIN=0,
TDQT‘G

FET

N l

(AN

]

-1
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QURGOUITI T INVFRT (MaT ' aT el gV vk \NEDID)
TMVERTS TH8 COMNECTINN “ATRX
NIMENSIA-P THAT(40440) « 4 (30040) «HKAREA{(2000)
AnJeF ExFATSINMN K(4ha60) 931 (60440)
ANl Tz=len

NN 1 F=l end

R{larn}=T22T7(1v)

CALL LIMvPF (FlerMatDeRBT 4S5 dRARFALTER)
nn 2 Tzlq"

o2 v=1 4t

LA{TeK)Y=2(T4X)

QE TIRM
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14QHHTT*: TRAMST(XCoi 14 22)
SLULTES n00aL COFFFTOTINTS

Cn MU /UNT /07 G DTG VZERA AN ANT W77 420 TL FVeCPAR, 7IRFR 4P

COAUN /EUSLL/ NEONE oK E G <CaCPF 4 CPC HHUF s RHOC W HGAP L RC 4 DGy RAS 4 RF S,
DT e

Commut /0m1 /7 HTCAVG (S0.25) «TWAVA(50422) «TFAVG IS0 25) yKELLAGIS5N.?5)

CorttUn /R INT /T L TRONGRIDW (25) o THTH PIR]

CORMON fFUTI 3/ TORT (PO

OTHENSION yNODF (201 4 ¥2(20) ¢ AKADEA (500

DUSLE PHRECTSINN XA (P0420) 9 XC(206) «XB(20) «XT(20)

DEAL KE (KC

J2=2? '

ALPHAF =KF / (CPF #RHOF)

ALFHAC=KC/ (CPCERHE00)

DFLF=RFS/NF

7! N

b

DEILC=(RCS-201) 7NC

NE T =RNF+

MNEZ2=nNF1+1

NTz=ME MO

HTI=nT+1

MNTZ=0NT1+1
NEDE S (MF+NC) =2
MEOS=MONE+4
G3=01/(3.14]594RFS##2)
MGARPENENS—(2%8NC) -]
GPCS=N3#RFR#E2/ (2, #RCS)
NZ25ar=(I3%RTQ*4D/(RFS+DLT)
IF(T«GT 24 GO TD 2000
TR=TFAVG LY L 2)

D00 TCS=TReNB#2FS242/ (2, #00S*HTCAVA (Ll L2))
TFI:TCQ‘(Oi*PFQf«//(? #wl) ) HAL NG (RESZRCT)
TFS=TCIl+UPAAD/~GAE
X w=10),

OO 10 I=1e0F)
19 x0NE(T)=x¥se (T=1) #DNFLF
KNZXNGOF (NF1) + 26
o0 11 I=NF2«eNTP
17 A4NCTc (1) =xs+ (I=HF2)#DF) ¢
=)
DN 12 I=lewT71
IF(TeEQ . MEYY GO TO 172
Div 12 Jd=le2
CR=(=1a) %
Y () =0 O ONONE(T) «XNONZ (I+1) ) «CF# (XNODE(T+1)=XNNOE(TY) /
1(2e%1,772)
K=r o+ ]
2 CONT LuFE
LR AR A RN

DG 7 g=1e0i50g

NOUE
Z Y
14 FAT-tENS8) 15401A416
14 COHENEKC/(ATCAVA (L1 WL2) #NZLC)

LFVSIZ (FanNeDeev)
ALl FVEIZ2 (Fanyl.ev)

L FVUQYI 2 (T ,.)eN, 100

L FVEL?Z (Feleleasv11)

Gl e (ME+NA)RUD <)z 1 s O -0 Y 0

L
1
i
C
D0 2bh K=l.p
[ad
(
(
{
-
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XA(T e (NFerore )2 J2+K)=y0+CKHD =V N
X=<(I)=TR
GO TU 13
[F(I=3A0)
IF(I-1)

17«13.19
2020421

Il=(Xr (. )=2CIl)/DELC

X= (X (L )=CI-T1#DFLC)/DILC
Y=(f=(L )=0CI-(I1+1)#NF1 . 0)/OFIC
IT(T«GT,.%.) GO TN 2n2

NGO 26 K=1a12

F=FLOAT(X)

CaLL FVSL2 (Fe9sXsvX)

CALL FVS12 (FeNaYaVvY)

XA (Tea(T1*MF+1)#J2+K) =VX
XE(To(I1+NF+2)2J2+¢x) =Y

AT =TES+ (N3=0FS*up /(2 #1C) ) #alOG(RCS/XR (L 1))

G Ty 203
Cx=LLPHACHNT/OFLC
ToLG=0,

00 39 K=l, 12
F=FLOAT (<)

CTALL FVSLI?2 (FangeXavX)

CALL FVYSI2 (FaleXsV1iX)

CaLb FVSI2 (Fe2sXey2X)

CaLl FVS1I2 (FeDaYeVY)

CaLlL FVSIZ2 (FeleYyVvlY)

CaLl FVSLI2 (Fe2eYav2Y)

X6 (T (I1+NF+])#J2+x)syx=-CK*{(VIX/XR(L
Xe(To(IT1+NF+2) 2 J2+K)=VY=CK#*{(VIY/XR(L
TJ=([)+MF+1 ) g2+x

[Ul=(J1+NF+2) % J2+K
TOLO=TOLO+YC (T ) 2VX+XC(TJL) s#yy
X3(1)=TALD

L=L-1

G T 13

GAaBC=xXC/ (=RARPENELC)

00 27 K=l 12

F=Ft J5aT(X)

Calll FVSIZ2 (Fenal.evl)

TELL FVRIZ2 (FaneN,.avD)

CALL FVYSL2 (Feda=1,4VM])

Coll, FySlZ (Feleleevin

CAil. Fvslz (F eloe=1l,0Vv1rr])

P (wr°l) +JP2+K) =

xi([ PR AR er) =)

XA (T (MF+]V2J2axX)=mABCe ] d=Y)
YALT e (MF+2) 2 JZ+ ) =GaPCRy LNl =y
AalTi=u,

[=1-~1

GARF=<F / {HRa0HENFLF)

O P8 K=1a4 12

F=rlLGaTr=x)

CALEL FVSL? (FeaNaavO)

CAlLL FYSL?2 (TaNalaavl)

Call, FVUSLI? (Fane=1,eVt:])

Cal i, FySLl2 (FeleD,V10)

CAall, FYSLEZ (Falelaeevln

XA T e (F =) 5P )=y lenmanTwy]]
ALCT ek J24:¢0) 20 +GARPF Y Y
(AT e (s ) 2exX) == .%v0

AT e (P +2)w J2aex ) == =yl

)) +(V2X/DELF))
)} +(V2Y/DELM))
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AT )=
-y Tu 1R

[1=Xr (L) /DFLF

S(X= (L) =T1#DELF) /DFLFE
Y:(YH(L)— TI+1)#DELF) /DFLE
FlTeGT.0,) GO TO P20&

2y K=l 12

~3
}

F=FLuaT (x)

CALL FVSLI? (FaNeXeyx)
CAlLL FVSLI? (FaneVaevy)
XA{ T el ]2+ ) =vX

XE{Ta(T1+1)JReX)=V1Y

XS (1) =TFSen3e (PFSReRayD (L ) ¥22) /(4 ,#<F )
nGOTU Pnsg

FR=ALPHAF#NT /OFLF

TﬂLﬁ:ﬁ,

NN 4 K=le 1?2

FLOAT (K)

FVSLI2 (FeNeXeVX)

FVS1Z2 (FaleXsV1X)

FVSLZ (FePaXeyY2Xx)

FVS12 (FaNaYaeVvy)

FUSLIZ (FelaYevlY)

FVSL2 (FePsYaVy2Y)

s 115 J2 4K ) =VX=FK¥ ({VIXAXR(L V) +(V2A/DELFY)
(To (I1+ 1Y %J2+K)=VY=FR=((VIY/XR(L ))+{(V2Y/NFELF))
I1=2J2+x

=(I1+1)=J2+K
D=TOLD+xC(IK)®BVX+ A (TX]) ®*yY
T)=TOLD+ALPRAF#DT*N3/XF

-1

TI«U»

-

DY O M
| S ||
-

A T L > [ >

—

o o>x OO

B B B
DA

~

)

er.r\r—,‘-‘l'/'f\f——r—r..!

t
—

DY T
1]

n
- ‘;) . l

TO la

690 x=1442
FLO T(x)
FYSL2 (FalafaaVln)
."JL FVSLIZ (Fale=1,V1IiNYD)

(Tex)=VIn

(I J2+XK)=vInd

'(f)-ﬂ.
49 I=1,~F08S

—

)
ST | R
—

) ‘:< > > (Y, M

TUXD o] NFOICPR s XE g RaMARZ ma TER)
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1.5 Some Additional Remarks on the Volumetric Crossflow

Coefficient Matrix and the Recirculation Loop Concept

1.5.1 Subroutine MATSET

The subroutine MATSET sets up the boundary number-
ing scheme and the connection matrix to be used for the solu-
tion of the net volumetric crossflows between subchannels
in the subroutine SOLMAT.

1.5.1.1 Objectives and Solution Scheme

The logic of MATSET, which is of main interest
for the solution, is outlined below: Note that 1n
any case, the connection matrix, which is representa-
tive of the geometrical layout and recirculation
loops, 1s set up only once for the given problem
and 1s therefore inverted consequently once in the
subroutine INVERT, which willl be described in the
next section.

a) Initialization of all arrays to be

used for the inversion process.
DO 12 I = 1,40

DO 12 J = 1,40

XLU (40,40) = 0,

TMATI (40,40) = 0.

12 TMAT (40,40) = 0.

b) Set up of the maximum number of connec-
tions (common boundaries) for the given
problem by:

MATDIM = NCHAN + NOCIR - 1 (1)

where




WCHAN = number of subchannels in the
bundle
#O0CIR = number of recirculation loops

n the pundle

’,J.

MATDIF 1is then the number cf boundaries
8
3

Fal

for the given protlem; i.e, 1f HCHAN

NOCIR
MATDINM = 10 which is exactly the number
of toundaries of the problem shown in Fig. 10.
Note that Zg. (1) is valid for any type of
subchannel layout. Feor
the bundle shown in Fig. 16 the conly axis of
symmetry coincides with the second column of rods.
In this case where only € subchannels representing
the thermal-hyvdraulic condition of the bundle are
analyzed, the number of boundaries is (8 + 3 -1) = 10.
For the bundle shown in Fig. 11 where ancther
type of subchannel layout must be selected to analyze
the whole bundle, the axis of symmetfy ccincides
with the principal diagonal. For this case the
number cf boundaries, i.e. alsc the number of volumetric

cross flows, is (10 + 3 - 1) = 12.

c. IPHNTR is used as an indeXx to be incremented
by the loop which sets up the boundaries.
Hote that the boundaries are numbered
from the topr to the bottom and from left
to right of the array of subchannels

(See Figs. ).
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The variable NTW (I,J.) is the gap width
between channels I and J (1 § I, J  NCHAN).
Simultaneously, the DO loop 6005 sets up the connection
matrix using TMAT (I, J) as the current index for the
matrix elements. (1 ¢ I, &  MATDIM). Note
that this 1s not the connection matrix used for net
volumetric cross flows solution. The set up of the
numbering scheme of the recirculation loops, accord-
in to a set of given input data and the check for

consistency, is done by the following statements:

DO 500 NN = 1,4
500 IF(NN) = MOD(MCIRC+Cl), ID»~ (Z»NN))/10#>(2~NN=-2)
IF (IF(4). Eq.0) GO TO 6006

IJ(5) = 1J(1)

II =5
KK = 4
GO TO 6007
6006 IF(4) = IJ(1)
II = y
KK = 3

6007 WRITE (6,650) (IJ(J), J = 1, KK)
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Note:

MATDIM

QO Ly

REecirculation lcecps around
Subchannels
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MATD
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GEAP-133%3

10-Subchannels array (with axis of

symmetry

Note: 3 Recirculation locps (arcund rods
B, C, E)

10 Subchannels

+ 3 -~ 1 = 12 boundaries

¢ Nmeen im et —
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Note that for the square geometry arrange-
ment, a center-type subchannel has 4 neighbors. In
the subroutine MATSET there 1s a point in the calcu-
lation seguence where a bullt-in prcocedure verifies
if the first recirculation loop input data is in the
correct order, (i.e. check for order of subchannel
number in the loop).

Next in the calculation sequence is the
modification of the crossflows entries because of
the recirculation loop #1 condition (See Section ).

e. The same procedure applies for the other
recirculation loop: DO LOOP 600,

f. Once the connection matrix TMAT (I,J)
in the ( 1 I,J MATDINM) is set up, the subroutine
INVERT 1s called for inversion.

The connectlon matrix TMAT is presented in Table
for an 8 subchannels case.

Subroutine INVERT

1.5.2.1 Remarks on the Connection and Coefficilent

Matrices
TMAT (I,J) and TMATI(I,J)(1 < I,J £ MATDIM)
The principal characteristics of TMAT(I,J)
are listed as follows:
a. Sparse
b. JNon-diagonally dominant
¢c. Contains 0 elements on the principal diagonal
d. Is not symmetric, therefore:

e. Elements are not found within a band
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domain centered around the principal
dlagonal. |

In analyzing the matrix more closely, one deduces
that the Gaussian Elimination method is the only way to
invert it. No iterative procedure like a Gauss Seildel
method or others are feasible since the principal dliagonal
contains 0 elements.

When running WOSUB-I on the IBM machine the inversion
is carried out in the Subroutine INVERT by calling a stan-
dard IBM-ISML Library subroutine: LINVZF,

MINV uses a conventional pivoting technique and
Gaussian Elimination techniques to solve for the coefficient
matrix TMATI (I,J) (with 1 # I, J £ MATDIM).

In addition, it should be noticed that for a run in
WATFIV (special compiler version), the subroutine to be used
is MINV. One must carefully check that the double precision
array, included as a standard feature in that particular
subroutine, must be converted to simple precision since
WOSUB does not use double precision.

" The inverted matrix TMATI (I,J) with (0 < I,J £ MATDIM)
is the coefficilent matrix to be used for the solution of the
volumetric crossflows in the subroutine SOLMAT. (See Table

1.5.2.2 Role of the Subroutine INVERT and Use of

Arrazs

The connection matrix TMAT (I,J) with (
(1 £ I,J K MATDIM) is transferred to A (I,J) with
(1 I,J £ MATDIM) which after inversion is stored in

TMATI (I,J) (1<K I,J < MATDINM).



'__I

\J1

w

~138-

Recirculation Loop Concept

1.5.3.2 Set-Up of the Problen

One c¢f the original features in WOSUB 1s the
use of the recirculation loop around each fuel rod.
This method consists of conslidering the net recircula-
tion vclumetric flow around each rod to be zero.

It has been assumed that at any axial eleva-
tion in the bundle, the transverse pressure gradient
is zero. In order to get a complete closed system of
conditicons for the prroblem, the flow has been assumed
to recirculate around each rod in such a way that the
net recirculation volume flow around each rod must
be zerc. Therefore, 1f one gets N channels, K loops
cne has (N + K - 1) conditions to be satlsfied for
the flows:

a, N-1 conditions corresponding to the
geometrical layout of the array of subchannels, i.e,
the relations between gy, the total volumetric
flow into subchannel 1, and qij the net volumetric
crossflows from subchannel j to subchannel 1,

b. X conditlions corresponding to the re-
circulations loops, 1.e. the relations between the
qij's around each rod surrounded by a recirculation

loop.
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As shown in volume 1 [ 3 ] these two sets of condi-
tions can be written in matrix form as:
MR = Q
To 1llustrate the nature of the coefficient matrix
M, consider the 8-subchannel example shown in Fig. 11,

For this layout one has:

92 9

95 | 9

923 43

926 qy

R = A3y Q= 5
437 6

dyg 17

L 956 0

997 0

978 0

M 1s shown in Table 7. Note that:

W

Row #8 satisfies loop condition for rod A.
b. Row #9 satisfies loop condition for rod B.

¢. Row #10 satlisfles loop condition for rod C.
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Note that:

a.
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The array qij is initialized to zero before

the calculation.

The array a4 is initialized and filled with the
previously discussed loop conditions and with
the known total flow for the remaining (N-1-K)
subchannels.

The operation implied by matrix eq.-2

is then performed yielding R (net volumetric

crossflow vector).
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1.5.3.2 Subroutine SOLMAT: Sclution for the

Velumetric Crossflows

Crice the matrix TMAS (I,J) has been in-
verted, subroutine SOLMAT solves for the net

volumetric crossflows:

R =M1 Q (2)

— -—

The operation performed in subroutine

SOLMAT is as follows:

o B -1 9
915 ; 9
%3 | %
Py S TMATI (I,J) Qy
A3 % = [Inverse of TMAI(I,J)] ag
937 ‘ | %
dyg E (I,J = 1, MATDIM) aq
g | 0
g7 0
Qg i 0
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1.6 Limitations and Execution Time

This section ié devoted to an analysis of the main limitations
of WOSUB-1 with respect to the calculation capabilities and structure
of the code.

Note that the following remarks are not inherent to the physical -
model but to the code itself.

An estimate of the execution time is also presented and dis-
cussed.

1.6.1 . Limitations

a.b WOSUB-1 can handle a maximum of 20 sﬁbchannels: this
obviously does not allow the analysis of a fulll(8x8) BWR fuel rod
bundle, and therefore this point is a serious drawback for the
calculation capabilities of the code. It should be noted that it is
possible to modify the size of the arrays and common blocks of this
computer code to handle such large bundles. (See Section 2. ""WOSUB-2
User"s Manual".)

b. The subroutine MATSET sets up the coefficient and connection
matrices for the case considered. Print outs of such matrices have

shown that they are sparse and non-diagonally dominant.

No particular treatment of these matrices or reduction in a more
compact array is considered in the numerical scheme of WOSUB-1.
Therefore, when the inversion of the coefficient matrix is carried out,

the zeros in the rows (or in the colums) are part of the calculation.



)

144~

This might result, for large cases of matrices, in long
computere . calculation time, and therefore costly runs.

One should note though, this problem has not been a serious
Crawback for the cases usually treated (3, 8, 10, 16 subchannels).

But for large cases, a more efficient scluticn scheme should be
devised.

c. In its present version WOSUB-1 can handle square-rod bundles
and therefore square subchannel geometry. A considerable modification
of the code has tc be undertaken if one wants to analyse triangular
oattern or round fuel rod bundles. The maximum number of
neighboring subcharnels WOSUB-1 can handle is 4. Tor the analysis of |
bundles in which 6 neighbors must be considered, one must design a
new topology and therefore a new numerical scheme. Besides,all the
common blocks and arravs must be redimensionned. Such a change
would particularly involve the subroutines MATSET, INVERT, SOLMAT,
GEOMRY.

1.6.2 Execution Time

For the steady state calculation and for small-sized proble-ms
WOSUB-1 runs shertly. compa;'ed' © to other codes. TFor a series of
10 problems, in one run, each cne involving 16 subchannels and
50 axial elevations, the compilation time on IBM 3701168 with alGI
level compiler, is of .008 minutes and the execution time is . 564
minutes.

Note that the H compiler level has not been used for
WOSUB-1, butthat an improvement. in compilation and execution time for

large problems can be envisioned uslng it,
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CHAPTER 2
USER'S MANUAL OF THE COMPUTER CODE

WOSUB-II
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2.1 Introduction

The code WOSUB-II extends the calculational capabilities
of the WOSUB-I code to a2 maximum of 45 subchannels, 36 types
of rods, and features a tabulated heat flux distribution input
option. Moreover, it is possible now tc enter the input data
either in BTU or MKSA systems and get the possible combinations
for output.

Because of the above change, the input data numbering has
been modified alcng with the routine MAIN, subroutine DISPLAY
and EDIT,

The logic of the remaining subroutines nhas been left un-
changed, This manual describes the changes in the array size,
input data deck numbering, and the consequently modified MAIN,
DISPLAY andé EDIT.

Chapter 1 describing the WOSUB-I version should be consulted
as the reference manual for WOSUB-II, too. Because in what
fellows, only the changes made 1n WOSUB-II are repcrted.

Furthermore, it should be noticed that WOSUB-II does not

contain the subrcutines CHF, CHEN and FUEL yet.
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2.2 Implementation of Extensions

The WOSUB-II code is defined by the following series of
modifications which have been brought to the original version,
WOSUB-I.

a. Extension of all of the arrays contained in the
original version, WOSUB-I, for handling a maximum of 45 subchannels,
36 rods type, and 28 recirculation loops. This allows to analyze
half of an (8 x 8) BWR bundle, with respect to the principal
diagonal. Previously the code could handle (WOSUB-I) a maximum
of 20 subchannels type, 25 rods, and 25 recirculation loops
(See Chapter 1).

b. Tabulated heat flux distribution input option: It is
posslble now to enter a heat flux table for each rod in the array.
Each table contalns as many elements as the number of axial
increments selected for the problem. (Note that an interpolation
procedure 1is not yet available for such a distribution.) See
Section?2.3 for input data and Section 2.2 for changes made
in the subroutines,

¢c. It 1s possible to enter data in MKSA/BTU system unit
and get an output in MKSA or BTU systems. ICON 1s the modified
logical index, and changes are reported in Section 2.6
for MAIN, DISPLAY, and EDIT.

These changes have resulted in the more general version
of the code, WOSUB-II. It should be noted though that with the
exception of the changes a) to c¢) mentioned above, WOSUB-II uses

the same logic and physical models as used by WOSUB-I.
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List c¢f Medified Arrays

The modifilecd arrays are given in detail in the follow-
ing tables {or the purpcse of easy reference in case the
code shoula get extended again. INcte that the dimension
types of the arrays are categerized intc 5 groups.

1. means that the dimension depends on the number cf

Subchannels (type number).

2. means that tnhe dimension depends on the number of

rods (t'pe'numbgr).

3. means that the dimensicn depends on the number cf

subchannel boundaries (type number).

b, mearns that the dimension depends cn the number of

axial ncdes.

U1

. means that the dimension depends on the number of
axlal heat [lux nodes.

Tne dimensions of types 4 and 5 were not increased but
kept constant at tne same value of 50 as originally set up in
WOSUB-I for the maximum number of axial increments in the
bundle.

It is thought that a change in the number of increments
should be coupled together with a cnhange in the number of
axial heat fluxes nodes with an interpolation scheme. For
this purpose the arrays are listed (changes in columns 4

and 5), and corresponding changes can be handled very easily.
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MAIN
CARD # MODIFIED ARRAYS
00305 RERGH (45)
00306 NAROD (u45), KROD (u45)
HF (36)
VINLET (45), GINLET (45)
HF (100,-)
00307 CHANN (45), A (45)
FFLC (-,45)
00310 HYD (u5), HYPER (45) .
00311 JOIN (45), NJOIN (45,-),MCIRC(28
SL (=-,45) '
00312 ROPN (36)
00313 PEAK (36)
AXSHF (100)
00315 RDPW (36)
00318 | - AVHF (36) .
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DISPLAY
CARD # MODIFIED ARRAYS
0059y JOIN (45), NJOIN (u45,-),MCIRC(28
SL (-, u5)
00585 RODN (36)
00598 RERGH (u45)
00599 NAROD (4E5),KROD (45)

VINLET (45), GINLET (u5)

HF (-,36)

HF (100,-)
06500 CHANN (45),A(45),FFLC(~,45)
00603 HYD (u5), HPER (-,45).
00604 PEAK (36)

AXSHF (100) -
0C606 RDPW (36)

00607 | WP (45)
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GEOMRY

CARD# MODIFIED ARRAYS

00711 JOIN (u5), NJOIN(4S,-),MCIRC(28)
SL (45)

00712 RODN (36)

00715 RERGH (45)

007186 NAROD (45),KROD(-,45),VINLET(45)
GINLET (u45)
AF (-,36)
HF (100, =)

00717 CHANN (45),A(45),FFLC (u45) .

00720 HYD (45), HPER (-,45)

00721 WP (45)

00722 SLIP (45), VR7 (45,-)

00723 CHYD (u45)




T
T

L

MATSET

CARD #

MCDIFIED ARRAYS

00730

00791
00794

00785

060796

00787

NAROD(45) ,XROD(-,45) ,VINLET(45)
GINLET (u5)

HF (-,36)

HF (100,-)

CHANN (45), A(45),FFLC(-,45)
HYD(45), HPER(-,u45)

JOIN(45) ,NJOIN(45,-)- MCIRC(28)
SL (-,u45) '

RODN (36)

NTW (45,-)
TMATI (72,-),TMAT(72,-)
XLUC (72,-)
TMATI (-,72),TMAT (-,72)
XLU (-,72)

-~
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INVERT

00903

TMAT (72,-),N(72,-),VI (72),
v2 (72)
TMAT (-,72), V(-,72)
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STEADY

CARD #
MOTTITIED ARPAYS

00920 NAROD (45),KROD(-,45),VINLET(45)
GINLET (u45)
KEF (-,36)
HF (100,-)

00921 CHANN (45), A(45), FFLC (-,45)

00924 HYD (u45), HPER (-,u5)

00925 JOIN (L45),NJOIN (u5,-)MCIR (28)
SL (-,u45)

00926 RODN (36)

00929 RERGH (45)

0930 RDPW (36)

00931 SLIP (u45), VR7 (u45,-)




Ty

~e

>

(¢ ]

)

=155~

TRANS
CARD # MODIFIED ARRAYS
00966 NAROD (45) ,KROD(-,45),VINLET (45
GINLET (u45)
HF ("’, 36)
HF (100,-)
00967 CHANN (45), A (45), FFLC (-,u5)
00970 HYD (45), HPER (-,45)
00971 PEAK (36)
AXSHF (100) :
00973 JOIN (45),NJOIN (u45,-),MCIRC(28)
00974 RODN (386)
00977 RERGH (45)
00978 RDPW (36)
00979 SLIP (u45), VR7 (45,-)
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VMIX

CARD #

MODIFIED ARRAYS

1328

1328

1330

1331

1332

1333

1334

1337

1338

1339

JT(45),AJVAPOuS), FIHLIN (u5),

QT(45), QVT (45), QLT (u5)

EXCHM (45), HLIN (45),HDIV(4S)
TDH(45), GFL(45), VFI(u45)

AJN(45), AJVN (u45)

AJLN (u45), DPFR (45),VFN(45)
HLN (45), GN (45), GFN (u5),

GT (45), SAVN (u5)

ENSAVE (u45),FAC(L5),DPS(u5),
EPD (45)

EDPO (u5), QTO(u5), AJLI(4S)

XTR (45)

NAROD (45),KROD(-,45) ,VINLET(45)
GINLET (u5)
HF (-,38)

HF (100, =)
CHANN (45), A(45),FFLC (-,453)
HYD (45), HPER (-,u45)

JOIN(u45), NJOIN(45,-),MCIRC(28)

SL (-,u45)

RODN (36)
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MIXIN
CARD #| MODIFIED ARRAYS 1
1356 SLIP(45), VR7 (45,4) %
1357 JOIN(45),NJOIN(45,-) ,MCIRC(28) X
SL (-,45) X
1358 RODN (36)
1360 NTW (45,-) %
TMATT (72,-), SRMIX (72,-)
SALDD (72,-)
TMATI (-,72), SRMIX (-,72)
SALDD (-,72)
1362 AJT (45), AJVAP (45), FIHLIN(45)| x
QT (45), QUT (45), QLT (45) X
1363 EXCHM (45), HLIN(ULS)-, HDIV(u5) "
TDH(45),GFL(45), VEI(45),AIN(45)| x
AJVN (45) %
1364 AJLN(55) ,DPFR(45) ,UEN(45) -
HLN (45), GN (45), GFN (45),GT(4$)x
SAVN (45) ) X
1365 ENSAVE(45),FAC(45) ,DPS(45),
EPD (45) %
EDPO(45), QTO(45), AJLI(4S) %
1366 XTR (45) x




MIXIN (cont'd.)

CARD# MODIFIED ARRAYS

1367 NAROD (45), KROD (-,45)
HF (-,36)
HF (100,-)

VINLET (45), GINLET (u5)

1368 CHANN(45), A(45),FFLC(-,u5)
1371 HYD(45), HPER(-,45)
1374 RERGH (45)

1375 WP (45)
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SPLITD

CARD #| MODIFIED ARRAYS

1440 AJT(45) ,AJVAP(45) , FTHLIN(45)
QT(45), QUT(45), QLT(45)

1441 EXCHM(45) ,HLIN(45) ,HDIV(45)
TDH(45) ,GFL(45) ,VFI(45)
AJN(45), AJVN(45)

1442 AJLN(45) ,DPFR(45) ,VEN(45)
HLN(45) ,GN(45) ,GFN(4S)
GT(45), SAVN(YS)

1443 ENSAVE(45) ,FAC(45) ,DPS(45)
EDP(45) ,EDPO(45), QTO(45)
AJLI(LS)

p Qe XTR (45)

1445 NAROD(45) ,KROD(~-,45)
VINLET (45),GINLET (u45)
HF(-, 36)
HF (100,-)

1446 CHANN(45), A(45),FFLC(45)

1449 HYD(45), HPER(-,u45)

1452 RERGH (U45)

1453 QTK(45,-), QVK(45,-),QLK(45,-)
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SPLITD (cont'd.)

CARD #

MODIFIED ARRAYS

1usy

14585

1456

1558

JOIN(45) ,NJOIN(45,-) ,MCIRC(28)

SL(~-,45)
RODN (36)

NTW (45,-)

TMATI (72,-),SRMIX(72,-)
SALDD (72,-)

TMATI (-,72), SRMIX (-,72)
SALDD (-,72)

SLIP (45), VR7 (45,-)
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SOLMAT

CARD # MODIFIED ARRAYS

1549 TW3(45,-), W(45) X
VEC (72), RHS(72)

1550 JOIN(45), NJOIN(45,-) X
MCIRC (28), SL (-,u5) x

1551 RODN (36)

1552 NTW (45,-) X
TMATI (-,72), TMAT(-,72),XLUC-,7P)

1554 NAROD(45) ,KROD(-,45) ,VINLET(45) |x
GINLET (u5) X
HF (-,36)
HF (100,-)

1555 CHANN(45) ,A(45) ,FFLC(10,45) X

1558 HYD(45), HPER(~-,u45) X
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WATER
CARD # MODIFIED ARRAYS
1583 RERGH (45)
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HYD

MODIFIED ARRAYS

RERGH (u45)

CARD

1728
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CONTI

" CARD #

MODIFIED ARRAYS

A —

1622

RERGH

(45)
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SWEEP

CARD #

MODIFIED ARRAYS

-1073

1094

1085

1086

1087

1088

1089

1090

1091

1092

1093

IB(45), IRE(45), IFRE(u4S)
IBN (45), IREN(45)

RERGH (45) o

AJT(45), AJVAP(u45),FIHLIN(4S)
QT (u45), QUT(45),QLT(u4S)

EXCHM(45), HLIN(45),HDIV(45)

- TDH(45), GFL(45), UFI(4S)

AJN (u45), AJVN (45),

AJLN (45), DPER (45),VEN(u45)
HLN (45), GN (45), GFN (45)

GT (45), SAVN (&5)

ENSAVE (u45), FAC(u45), DPS (u45)
EDP (45), EDPO (45), QTO (u45)
AJL (u5)

XTR (45)

VFAV (45), GOUT (u45),G0UTV(45)
GOUTL (u45),XOUT(45), EOQUT(45)

BAL (u45)
ITER (100), PDROP (100)

QTR(100,-),ALF(100,-),HEL(100,-)
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SWEEP (cont'd.)

CARD _#

MODIFTIED ARRAYS

1094

1095

1098

1097

1100

GR (100,-)
QTR (-,45),ALF(-,45), HEL(-,45)
GR (-,u45)

TQUAL (100,~), XQUAL (106,-)

TQUAL (-,45), XQUAL (-,45)

NAROD (45), KROD (-,45)
VINLET (45), GINLET (45)
HF (-,36)
HF (100,-)

CHANN (45), A(45), FFLC (-,45)

HYD - (45), HPER (-,45)
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EDIT § EDIT 2

CARD #

MODIFIED ARRAYS

17862

1763

1764

1767

1768

1769

1770

1771

1772

1773

1774

HYD(45), HPER(-,45)

RERGH (45)

NAROD (45),KROD(-,45),VINLET(45)|
GINLET (45)
HF (-,36)
HF (100,-)

CHANN (45), A (u45),FFLC(u4S)

VFAV (45,GOUT(45),GOUTV(45),
GOUTL (45)

XOUT (u45), EOUT (45)

BAL (45)

ITER (100), PDROP (100)

QTR(-,45) ,ALF(-,45) ,HEL(~,45)

GR (-,45)

QTR (100,-),ALF(100,-),HEL(100,-
GR (100,-)

TQUAL(-,45) ,XQUAL (-,45)
TQUAL (100,-),XQUAL (100,-)

RDPW (36)

JOIN (u45),NJOIN(45,-),MCIRC(28)

SL (-,u45)
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o,

EDIT & EDIT 2 (cont'd
CARD # MODIFIED ARRAYS
1775 RODN (36)

1776 CENI (45)
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2.3 Input Data

The increase in the array sizes as well as the set up of
new arrays have resulted in changes in the input, although the
input data card structure has been kept the same as described in
section 1.1 for WOSUB-I.

2.3.1 Order Scheme for the Input Card Deck

Group O Control Card

Group 1 Title Card: Identification of the run

Group 2 General input data

Group 3 Array arrangement input data

Group 4 Recirculation loop speciflcation

Group 5 Geometrical input data for subchannels

Group 6 Array sizing

Group 7 Subchannel roughness specifications
input data

Group 8 Parameters input data

Group 9 Physical parameters input data

Group 10 Relative peaking factor input data

Group 11 Axial peaking factor data
Axlal flux shape input

Group 12 2-D-nheat flux input data

Group 13 Blockage specifications input

Group 14 Transient specifications input

Group 15 Perturbation timetables

2.3.2 List of Input Data

On the following pages instructions are given for
preparing the input data card deck for the code WOSUB-II.

To more easily comprehend the meaning of certain data,
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2.4 Output Description

The organization of the output cf VOSUB-II is essentially

the same as that used by WOSUB-I, Therefcre, the user should
N ’

Q]
ct
48]
Po
’_1
n

consult Section 1.2 for 4
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2.6 Listing of WOSUB-II




-186-

2.6.1 Listing of MAIN
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2.6.4 Listings of Functions ROFUN and

Subroutine GEOMRY
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2.6.10 Listings of Functions TIMEF, FFACT,

TPFM and TFLM
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2.6.12 Listing of Subroutine SWEEP
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