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ABSTRACT

The analysis of the effects of the uncertainties
assoclated with temnerature and power measurements in
the Connecticut Yankee Reactor leads to the evaluation
of the uncertainty associated with the effective flow
factor. The effective flow factor is defined as the
normalized ratio of the average assembly power to the
coolant temperature use in each instrumented fuel assem-
bly. Analysis of operating data indicates that the
effective flow factor is a measure of the aquality of
agreement between the reactor physics and the thermal
hydraulic analysis of the core. The methods given are
also used for the evaluation of the uncertainties
associated with the peaking factors, including the
results of a sensitivity analysis developed with the
code INCORE.

Flow calculations have been performed with the code
COBRA IITI C. The original version of the code COBRA III
has been expanded and a method is given to easily handle
any further change in the code. A sensitivity analysis,
using the code COBRA III C shows the weak sensitivity of



the exit conditions of the coolant on most input para-
meters and on the inlet flow distribution of the coolant
selected for the calculation. This low sensitivity
indicates that the information obtained from the assembly
exit thermocouple cannot be used for the determination

of the cross flow pattern between the fuel assemblies.
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CHAPTER 1

INTRODUCTION

1.1 General Remark

The designer of a reactor is constrained by the re-
qulrement that the maximum values of certain design para-
meters do not exceed critical values. Specific methods
are used by the designer such as statistical treatment of
hot channel factors, to evaluate the maximum value of a
given quantity and the associated confidence level for
not exceeding this maximum value.

The reactor operator is provided with different means
of control, allowing either a continuous or a discrete
monltoring of the critical parameters that can be measured
or evaluated from other quanitities. The goal is then, to
achieve the production of the maximum thermal power, with-
in the 1limits imposed by the technical specifications.
From the reactor operation point of view, it is important
to know the actual values of the critical parameters and
to see how they compared to the design values. It is
also important to include the fact that each parameter can
only be evaluated within some uncertainty, since they are

either measured or calculated.
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The uncertainty 1in each value comes from the in-
accuracy of the control 1nstruments, the inaccuracy due
to the calculation method used, and even round off errors
due to the use of the computer.

For safety purposes, it 1s very important to always
maintain, an efficient capability for cooling the fuel.
The fuel temperatures should be kept as low as possible
for a given power level, including the hot spot location.
One factor in achieving this requirement is an adequate
coolant flow distribution.

This flow distribution depends on specific factors
such as: the fuel bundle geometry, the pressure drop
distribution, the coolant phase change, the bower distri-
bution, etc. Most of the reactor manufacturers orifice
the lower core‘plate, which provides the fuel assembly
inlet distribution. The orificing is designed to yield
a rather flat temperature distribution of the coolant
across the core at the assembly outlet (l).

Unfortunately the flow distribution among the fuel
assemblies cannot be measured directly. The problem is
even more complex in PWR's than in BWR's, since the PWR
fuel assembly 1s an open geometry assembly type allowing
flow and energy exchange between assemblies. In this

case the real flow is made up of:

15



- an axial flow which represents the most im-
portant fraction of the total flow,

- a transversé flow or diversion cross flow,
representing only a small fractioh of the
total flow.

As 1t will be seen later, the flow distribution can
be related somewhat to the power distribution. The powerv
distribution among the fuel assemblies is obtained by
interpretation of axial neutron flux measurements in in-
strumented assemblies. This evaluation depends on the
accuracy of the flux detectors and the interpretative
computation. |

1.2 Problem Definition

This study has been developed to obtain a better under-
standing of thebeffects of the various uncertainties in
the control instruments and in the methods of interpreta-
tion of the control data in terms of parameters such as
peaking factors, power distribution, effective flow factors.

The data used throughout this study came from measure-
ments taken at the Connecticut Yankee Reactor. They have
been used to provide actual values of parameters for com-
parison with the desigh values of these parameters. Period-
ically, measurements are made in the.Connecticut Yankee

Reactor at full power to evaluate and control the time

16



evolution of:
- the power distribution,
- the locatlon and value of peaking factors:

N N
q’ Fz’ FAH’

F

- the effective flow factors.

The values obtained do not include the effect of
the different uncertainties due to the control instruments
or the calculation methods and are given in an absoluté
manner. However, the limits are set to conservatively
include these uncertainties.

The problem 1is to evaluate the éffect of these uncer-
talnties on the following quantities:

- local peaking factors,

- effective flow factors,

- power distribution.

Tablé 1 summarizes the main characteristics of the
Connecticut Yankee Reactor.

1.3 In-Core Instrumentation bf the Connecticut Yankee
Reactor

The in-core instrumentation of this reactor is de-
signed to give information on:
- neutron flux distribution using movable neutron

flux detectors,

17



General characteristics
Thermal power
Electrical power
Reactor manufacturer

Number of loopns

Core design
Number of fuel assemblies
Height of the core
Mass flow for heat transfer

Fraction of the total flow
by-passing the core

Fraction of the total heat
generated within the fuel
Fuel design

Fuel rod OD

Pellet diameter

Active length of fuel

TTuel array

Fuel pitch

Fuel type

(MWth)

(MWe)

(in)

(M1b/hr)

(in)
(in)

(in)

(in)

1825
F17
Westinghouse

l

126.7

0.09

0.974

0.422
0.3835
121.8
15 x 15
0.563

U02 sintered

Table 1 Summaryv of the Main Characteristics of the

Connectlcut Yankee Reactor
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- fuel assembly outlet temperatures using
Chromel-Alumel thermocouples,
at certaln selected locations. Figure 1 shows the in-core
instrumentation pattern. One may see ﬁhat one quadrant
of the core 1s well instrumented, this assumes that the
quadrant‘symmétry holds during the plant life, however,
the octant symmetry which exists during the life of the
first core, is no longer true after the first refueling.

1.3.1 Thermocouples

The forty-eight Chromel-Alumel thermocouples pene-
trate the reactor vessel head through guide-tubes. The
gulde-tubes are located in some of the support columns
which provide adequate rigidity for the upper core plate,
whose main function is to hold in position all the fuel
assemblles constltuting the core.

The thermocouples hot Junction are located about
7 inches above the top of the fuel rods and about 13
inches above the top of the heated length. Figures 2
and 3a, b, ¢, show the thermocouples arrangement in the
Connecticut Yankee Reactor. When the coolant lives the
top of the fuel rods it is channeled until it passes the
upper core plat and the hot Jjunctlon of the exit thermo-

couple. Along this flow path, almost no cross flow ex-

19
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change with the other fuel assemblies takes place. There-
fore the coolant flowing around the hot junction of the
exit thermocouple comes only from the top of the fuel rods
of the fuel assembly below the thermocouple.

It is interesting to note that in actual operating

(3)

experience 1t was not possible to easlly replace the
defective thermocouples, mainly because they are bent
several times in the guide tubes. Design improvements
have been made in future reactors so that replacement

can be done with less problems.

1.3.2 Movable Miniature Neutron Flux Detectors

Two fission chamber detectors are used to measure
the axial neutron flux. They are made of U308’ enriched

at 90% in U235. Some of theilr characteristics are listed

below: ‘

Outside diameter: 0.188 in.
Length: ‘ 2.0 in.
Minimum neutron sensitivity: 2 x 10%7 amp/nv
Maximum gamma sensitivity: 3 x lO-luamp/nv
Operating thermal neutron 1 x 10ll to

flux range: 13

b x 10 nv.



The two fission chambers are under remote control.
A complete flux mapping of the core takes about two hours.
Each instrumentation thimble in the fuel assemblies is
monitored at least once by a flux detector. The neutron
flux detector is pushed by a mechanism up to the top of
the fuel assembly. Then the detector is pulled, and while
it is going from the top to the bottom of the fuel assembly,
the neutron flux 1s recorded. This 1s done from the top,
to be sure of the axial location of the flux detector
while the flux 1s being measured. Otherwlise, if the flux
were recorded while the flux detector were moving from
the bottom to the top of the fuel assembly, there would
be a large uncertainty in the detectof axial position.
Figure 4 represents a typical drive mechanism for in-core

(4)

movable flux detectors Flgure 5 shows a side view

of the bottom part of the Connecticut Yankee Reactor (2)
with the in—core instrumentation system.

During the flux mapping of the core, 1t happens that
the flux can be measured several times at the same loca-
tion by the two detectors (eéch enters the same flux
thimble at least once). This allows normalization of the
two detectors, to account for the fact that they may not

have the same cross-section or the same response for a

given flux.
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1.4 Other Instrumentation of the Connecticut Yankee
Reactor

1.4.1 Limits of the Description

The description of the rest of the reactor instru-
mentation used at Connecticut Yankee, will be limited to
only the control instruments whose information will be
‘used in this study, i.e. measurement of the reactor
pressure, and coolant temperature at the vessel inlet.

1.4.2 Pressure Measurement

The reactor coolant pressure is measured on the
hot leg number 4, between the reactor outlet and the
stop valve. Two pressure transmitters are used:

- for preséurization and depressurization, a
0 -~ 1,000 psig pressure trahsmitter,

~ for normal operation, a 0 - 3,000 psig pressure
transmitter.

Since the reactor coolant pressure is taken at a
location close to the reactor outlet, it may be assumed
that this pressure can be taken as the coolant pressure
at the core exit.

1.4,3 Inlet Temperature Measurement

The reactor coolant temperature at the vessel inlet

is measured by a precision platinum resistance temperature

28
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bulb located on each loop downstream of the steam genera-
tor. Other bulbs of this type located upstream and
downstream of the steam generator give the loop average

temperature and the loop difference temperature.



CHAPTER 2

EFFECTIVE FLOW FACTORS

2.1 Definition

It was thought a few years ago, that the time evolu-

tion of the "effective flow factor" (defined below) for
a given‘assembly,‘might give some information on the time
history of the coolant flow in this assembly. Further, by
considering all the instrumented assemblies in the core,
the effective flow factors might also give some indlications
on the overall core coolant distribution. More precisely, |
it was expected that a reducﬁion of the value of the effec-
tive.flow factor in a given assembly, could indicate a
change 1n the channel geometry which caused a partial flow
rédistribution and a consequentkchange in the cross flow
distribution.

| To date only verv small varlations with time were
observed among thereffective flow factors, Indicating that
theAchannel geometry is unchanged, a fact which has been
~verifled at eaéh refueling.
In the assembly of coordinates I, J, the effective

flow factor EFF¥ can be defined as:

1,3

———— — - " o —0 Gy G T4 S " — A — ———— —

* see Nomenclature of the terms used 1n this study in

Appendix D.
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- the ratio of the relative power ay P (assembly power/
. “ 9
core average power), to the coolant temperature axlial
rise At1 j in this assembly, over the area of the core
3 o

limited to the assemblies instrumented with an outlet

thermocouple.
where:
1,5 7 Pou,1,3 T Fin,1,3, (2.1)
and the effective flow factor EFFi 3 is pgiven by:
3¢
Q 38
i,J
EFF, ; = 2 x * : (2.2)
i A 38 ’
»J ti,J 2:3 <q1 1)
1 ti,vj
where—§g——1§——— represents the normalization factor over
a
26
1 \ 1,J:

the area of the core limited to the assemblies instrumented

with an outlet thermocouple which in the Connecticut Yankee

- - . S o2 e TS o B S —— 0 0 G s o s  Jrat i S e S Sntoe

* The notation 3%‘has the meaning of a sum carried over
- q
the 1nstrumented assemblies in the instrumented quadrant
(1.e., 38 assemblies). |
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case 1s the area of the core within the i1nstrumented
quadrant. This quadrant corresponds to the upperileft
quadrant on Fig. 1, which shows that 38 assemblies have
ocutlet thermocbuples. No credit is taken for the six
remaining instrumented assemblies located in the three
other quadrants.

2.2 Assumption of the Effective Flow Factor

The above effective floﬁ factor definition assumes
implicitly the temperature independencé of the coolant
heat capacity. At a pressure of 2,000 psia a temperature
increase of 50°F above an average temperature of 550°F
(conditions which. are typical of the Connecticut Yankee
Reactor), produces.a 9% variation of the heat capacity
of the coolant.

The temperature dependence of the heat capacity of;{
the water can be taken into account in the computation
of the effective flow factors, by replacing the temperature

rise At by the enthalpy rise Ah , Where:
1,J 1,J

Ah = h

1,3 h

ou,1,5 ~ Pin,1,3 - (2.3)

Similar definition of the effective flow factor

will lead to:
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EFFi,j = Ahi ] X—3g . . (2.4)
" 2
- Ahi,J

For the same collection of data (relative power
distfibution and temperature rise distribution), the
comparison between the two values of the effective flow
factor for a gliven assembly shows:

- the effective flow factor using the temperature
rise 1s‘genera11y not as close to 1.000 as the effective
flow factor using the enthalpy rise (a difference of the
order of 1% or less).

This comparison is summarized in Fig. 6 for data
collected at BOC in Core IIJ. Other comparisons done
in Core I and II (not presented here) agree with this
observation.

2.3 Sensitivity Analysis

Since the effective flow factors are computed from
measured and calculated values, it is interesting to
determine the contribution of each value used in the calcu-
lation of these effective flow factors. In particular

the evaluation of the accuracy of the effective flow

33



15 14 13 12 11 10 9 8
51.50
R 0.769
0.8081
Hottest assemblys N 11 0.8110
‘ 49.30 [53.40 | 65.90
p 0.737 |1.012 |1.200
0.8086]1.0254] 0.9859
0.8138]1.0268|0.9721
49 .90 56.20 |54.10 |52.00
. 0.790 0.935 |{1.016 |1.023
0.8562 0.9001}1.0160]1.0645
0.8611] 0.8986|1.0165|1.0677
60.40 |61.40 |55.50 |61.60
" 1.062 [1.178 |1.158 [1.157
0.9515{1.0387}1.1297|1.0166
0.9447}1.0299]|1.1280]1.0077
52.50 [62.40 [63.90 [52.80 |53.00 [54.30 [56.40
L 0.709 |1.236 |1.182 |0.949 {0.973 |0.985 |1.088
0.7303}1.0716|1.0008}0.9728|0.9936}0.9817{1.0443
. 0.7321]1.0612}0.9892}0.9748]|0.9953{0.9821|1.0423
51.20 ]53.00 |51.10 |53.40 [52.20
i 0.978 l0.929 |1.163 {0.980 [1.103
K 1.0340{0.94881.2321}0.9933{1.1430
1.0360]0.9505|1.237110.9946|1.1461
4., 84.10 61.20 58.80 149.90 153.70
0.731 |1.238 1.180 1.137 |0.926 |1.026
I fJo.8971]1.0453 1.0434 1.0460{1.0041[1.0336
0.9081 |1.0329 1.0349 1.0410}1.0098|1.0346
46.10 }50.20 [50.30 |53.60 |58.60 [48.00 |55.20 |47.00
H .796 30.957 [1.199 }0.977 |1.126 [0.855 |1.032 }0.803
.9340§1.0319|1.2905 }0.9864 |1.0402]0.9639)1.0121 |0.9242
.9435§1.0373 1.297110.9875 1.0355]0.9718]1.0114 0.9328

1: Measured temperature rise (°F)

2: Relative power of the assembly

3: Lffective flow factor ( c, = constant)

4: &ffective flow factor ( ¢, = £(1) )

Fip. 6 Comperison of the effective flow factor calculation.
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factors and the breakdown of this accuracy due to the
relative power distribution and temperature rise distri-
bution g1VeS a better understanding of the problems re-
lated to the in-core instrumentation.

2.3.1 Sensitivity Analysis for Constant Heat
Capacity of the Coolant

The effective flow factor is given by Eg. 2.2, which
can also be written as:
93

EFF = tad x k

i’J Ati J b} (205)

where:

= 38
k ——3-8_-;1——_ . (2..6)

If we define:
0,04 j = relative standard deviation of the relative
3
power,
ot = standard deviation of the assembly outlet
ou,i,J
temperature,

gt = gtandard deviation of the assembly inlet
in,1,J

temperature.
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The square of the relative standard deviation

of the effective flow factor is given by:

38 q
2w
C 4 My

30

2 2
o EFFi,j = . ) + o. qi,j
=%y, 5
2 2
ot g t ~
ou,i,J in,i,jJ
+ 3--2 + 22 . * 2.

At A2 - (2.7

1,J i,J

The square of the standard deviation of the effective

flow factor is glven by:

5 a, ] 2 k2
o EFFi,J = At;*j X 38 . = (2.8)
’ ( 1 1)
At
Zl 1,]

¥ See Appendix E for the derivation of Egs. 2.7, 2.8,

and 2.9.
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i,J) ‘\\\\\\\\\"3component due to the

normallization

2 _ ‘
+;S-—-———k (02q ) q 2
t r i,d i, component due to the
power distribution

2
k q
i!g 2
+ [At ] o tou,i,,j component due to the
1,4 outlet temperature
k q 2
+ ——-iz% o tyn g
At n,1,J
i,] ~ component due to the

inlet temperature

(2.8)

(continued)

But the component due to the normalization can be

split into:

[K_?:_i_?_l] Sg— 2)(202(5_2_111>= (2.9)
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2 .
. qi,J —{term due to the power
02t
‘ ou,i
+ 5 term due to the outlet
Ati,j temperature
2
+ S—E%EL£b1 —_____Jterm due to the inlet
Ati
0 d temperature.
L . (2.9)

(continued)

The total contribution of the power distribution,
the outlet and inlet temperatures is the sum of the
corresponding terms in Eqs. 2.8 and 2.9.

A code called FLOFA I has been written to calculate
the standard deviation on the effective flow factor (see

Appendix B for the code listing and sample input and

38



output). From the data, relative power and temperatures
distributions, the code is used to compute:
- the effective flow factor distribution,
- the standard deviation of the effective flow factor,
- the breakdown of the square of the standard deviation
of the effective flow factor into components due to:
- normalization,
~ power distribution,
- outlet temperature,
-~ 1inlet temperature.
This is done for assumed values of standard deviation
on relative power distribution and inlet and outlet tempera-
tures. These values can be varied by the user.

2.3.2 Sensitivity Analysls for Temperature
Dependent Heat Capacity of the Coolant

Similar work has been done in this section as 1n

2.3.1. By using Eq. 2.4 to define the effective flow

factor:
%, 38 %4,
EFFi,J = In 20 x 37 = 35 x kg s (2.10)
- (Zhi,J
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where:

The square of the relative standard deviation of

the effective flow factor 1s given by:

38

> ottt
g
2 LFF 1 a(hi"j) + o°
op EFFy 3 = 38 . 9 91,3
)
T\,
2 2
+ ou,1,J , 2 Pin,1, ¥ (2.11)
Ahéi Ah®
sJ 133

* See Appendix E for derivation of Egs. 2.11, 2.12, and
2.13.
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The square of the standard deviation of the effective

flow factor is given by:

' q 2 12 38 q
2 - 1,J t E : 2 1.5
o~ EFF = X X ) O g2
i,J] [h ] 308 (Ah )
Ah
ARETT

\ {component due
normalization

] [orfes,d)
Ahi,J r *1,] i, \\\\\\_{component due

the power

to the

to

k.q 2 ran e
+ t71i,J ou,i,j o2t
Ahy J2 9%ou,1, ous1,J component due
3 sLos
T {to the outlet
temperature
k.q 2 ran 2
; [__E_i_é_l] [ in,i,i] 2,
in,1,J
Ah at ‘ st
i,J in,1,} : component due

\\\\\-}to the inlet

temperature .
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Splitting the component due to the normalization

would lead to:

q 2 2 38 q
1 t p) 1
Kh""'l X—33 7 X Z o (A‘h‘ L‘"’) =
1,J 9,4 1 1,
ﬂ hy J)
Lo %
2 2 38 2
ay ke qy
Y3 X 7~ X Z o
1,3 38 a, N 1,3
Z(‘“i J) |
1 sJ
B 5 7
on qi,J term due to the
power
3 h 2 5%

term due to the

0 ou,1,J '
Ylye ) T et |

outlet temperature

(2.13)
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5h 2 gt°

+ atin,i,J -’én,i,J
A
in,i,J hin,i,J —_ term due to the

inlet temperature-

(2.13)
(continued)

The above derivation assumes that the coolant stays

subcooled and the evaluation of oh can be obtained from:

0h = [5?] : 0%t . (2.14)

A code called FLOFA II has been written to compute
the same information as FLOFA I (see 2.3.1) with the

effective flow factors obtained from the enthalpy rise.
(see Appendix B).

2.3.3 Evaluation of Uncertainties

In order to calculate the uncertainties assoclated

with the effective flow factors, it is necessary to have

1

the values of the cdntrol Instrument uncertainties

(thermocouples, flux detectors). Research done in this

area showed that very little data exists.
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Thermocouples:

The assembly exlt thermocouple is made with
Chromel-Alumel. This type of thermocouple has a good
resistance to radiation damage and has a characteristic

(6)(7)(8)

curve which stays linear with time However
the accuracy of this type 1s not very good. The standards
of the American National Standard Institute require that
the thermocouple manufacturers meet the followlng specifi-
catlion for the Chromel-Alumel type:
-~ for temperatures between 0 and 530°F

- limits of errors of standard thermocouple + 4°F

- limits of errors of special thermocouple + 2°F
- for temperatures above 530°F

- limits of errors of standard thermocouple + 0.75%

- limits of errors of special thermocouple + 0.375%

However these standards do not indicate the confi-
dence level associated with these values of possible errors.
In fact this gives only a value of the thermocouple uncer-
tainty due to the reading accuracy. Other values of un-
certalnty need to be found concerning: |

- calibration error,

- gamma heating of the hot junctilon,

by



- hot Jjunctlon drift due to nuclear permutations,

- hot Junction position with respect to the center
of the fuel assembly.

(9)

A study done for the San Onofre Reactor gives
some numerical values for the different uncertainties:

- calibration error (statistical) evaluated as + 0.3°F
which is due to the fact that the isothermal cali-
bration of the thermocouples 1is done at an average
temperature of 530°F which is about 40°F below the
operating temperatures of the thermocouples (a check
on the calibration curve of the thermocouples shows
that the correction at 530°F 1s the same at 570-580°F),
This calibration error is used to take into account
also a possible human error and 1s conservative in
that respect,

-~ gamma heating (non-statistical) evaluated as + 0.5°F
to take into account absorption of gamma rays energy
by the hot junction at full power which gives higher
readings,

- hot Junction drift due to nuclear permutations (non-
statistical) evaluated as +1°F. The records concerning

the thermocouples off-sets for Connecticut Yankee
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Reactor between two isothermal calibrations, show a
maximal drift of 1.55°F in Core III (1.75°F in Core IV)
and also show that these drifts may occur in opposite
directions, which indicates that this error is of a
non-statistical character,

hot Jjunction position with respect to the fuel assembly
(statistical) evaluated as + 3°F. This tends to take
into account the fact that the coolant temperature at
the plane where the temperature is taken, is not uni-
form,

reading accuracy (statistical) evaluated as + 2.0°F

due to the instrumentation.

' The vessel inlet temperature of the coolant is

measured by a precision platinium resistance temperature
bulb in each loop. This type of instrument can be used

in this case because the hot Jjunction 1s not exposed to

the full neutrén flux and the exposure damage 1is less

in this case than for the exlit thermocouples. Based on

the ehgineering experience, it is common to consider an

inaccuracy of + 0.2°F assoclated with the reading of such

RTD (Resistor Temperature Device).
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Powér Distribution:

The movable miniature flux detectors are supposed to
glve thelr signal with a + 2.0% accuracy and Westinghouse
estimated the accuracy of the power map on the order of
+ 5% (10) " Both values are related to a two sigma confi-

dence level.

2.3.4 Results of the Sensitivity Analysis

At the time the sensitivity analysis was developed,
the uncertainties assocliated with the control instruments
were not known with enough precision, and the standard
devliations of the effective flow factors were calculated
with assumed values for these uncertainties, based on
engineering experience and judgment.

The results obtained assumed fof the one sigma con-
fidence level:

- relative standard deviation of the power: 0.0275
- standard deviatioh of the outlet temperature: 2.50°F
- standard deviation of the 1lnlet temperature: 0.10°F

For the one sigma confidence level the relative
standard deviation of the effective flow factor was in
the range 4.5 - 7.0%, and was an inverse function of the

coolant temperature rise in the fuel assembly. The rela-
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tive standard deviation of the effective flow factor is
also strongly influenced by the standard deviation of
the outlet temperature as it can be seen on Table 2.
Table 2 gives the breakdown of the standard deviation
of the effective flow factor and the comparison between
the two types of analysis (Cp temperature dependent and
independent). |

2.4 Physical Meaning of the Effective Flow Factors

If no cross flow between the assemblies 1s assumed,
it 1s obvious that in this case the effective flow factor
is the same as the normalized inlet flow distribution.
But the real case of PWR is more complex and the assumption
of no cross flow does not necessarily hold.

The energy equation can be written as:

C.m t

ColMin,1,3%4m  10%u,1.5 = Cp ™in,1,5 Fin,1,;

",y % Mgtay 2.13)

where t; represents the effective temperature for the

energy due to the cross flow exchange, C_ Am t .o
p 1,1,

48



Type of case
Four components due to:

Anormalization factor

power

outlet temperature

inlet temperature

Three total contributions due to:
- power
- outlet temperature

- inlet temperature

,p=constant Cp=f(T)

2.60 % 2.61 %
23.38 7 30.09 %
73.91 ¢ 67.17 ¢
0.11 & 0.13 %
100.00 % 100.00 %
24,00 % 30.88 %
75.87 ¢ 68.97 %
0.13 % 0.15 7
100.00 % 100.00 %

Table 2 Breakdown of the Standard Deviation of the

Effective Flow Factor for BOC in Core IIT

of Connécticut Yankee Reactor
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Solving for min,i,j we obtain:

_94,3/% —8my 3t gt tou,a,y)

m (2.16)
in,1i,J touij _ tiniJ
And if these ratlos are normalized over the area of
instrumented assemblies:
20 oam, (6. 4t )
Cp 1,J°71L1,) “ou,i,j
EFF =
i’j t _.t
Ouij 1niJ
X 38 . , (2.17)
38 , :

> Min,i,g

{

A similar equation can be derived for the case whefe
the heat capacity of the coolant 1ls assumed to be tempera-
ture dependent. The evaluatlon of the term corresponding
to the energy exchange between the assembly 1i,j, with its
neighbors can be reduced to a net energy exchange which
corresponds to a cross flow exchange and thermal mixing.

It 15 rather difficult to evaluate this net energy exchange,
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because 1t implies knowledge of the temperature or
enthalpy distribution along the fuel assemblies and also
an ldea where the cross flow exchange takes place. One
way to get the feeling for this process is to run calcu-
lations with a thermal hydraulic code like COBRA III C
which ylelds the temperature enthalpy axial flow and
cross flow of the coolant. Results of this type of

analyslis will be presented in Chapter 3.
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CHAPTER 3

POWER DISTRIBUTION CALCULATIONS AND USE OF THE CODE "INCORE"

3.1

Introduction

The power distribution and the corresponding peaking
N N

factors F Hs Fq, Fq, are calculated by the code INCORE.

This code uses as maln inputs:

the code LEOPARD'

the flux detectors readings measuring the axial flux
in the assemblles instrumented with an in-core thimble,
and the flux at each thimble}location,

the prediction of the core wlde power distribution

and flux thimble obtained from the code PDQ (ll), in
which the results of depletion calculations using

12), are fed.

In the Connectlcut Yankee core there are two flux detectors

which can be moved within all of the 18 flux thimbles

- located in 18 different assemblies.

The power dlstributlon calculatlions using the computer

code PDQ, 1s generally done stepwise each 2,000 MWD/MTU.

Some of the INCORE results are used to determline the:

‘maximum linear heat generation rate and its location,

average linear heat generation rate,
peaking factors and thelr locatlons,

effective flow factors.



3.2 Purpose of the Calculation

A sensitivity analysis has been developed for the
code INCORE fdr two purposes:

- it was found interesting to know the sensitive effect
of the major inputs on the results, since no informa-
tion so far, was not readily available on this type
of analysis,

~ the sensitlvity analysis is needed for good informa-
tion on the accuracy of the results of the power
distribution calculations from the knowledge of the
inputs accuraciles,

The code INCORE is a proprietary code from Westinghouse,
and information beyond input and output is not included
in this study. |

3.3 Modification of the Major Irputs

As mentioned in 3.2, because of the proprietary
character of INCORE, no numerical values relative directly
to the inputs or outputs are given in this work. But to
understand what has been done, some explanations are given
how the inputs have been treated.

The sensitivity analysis has been developed from the
variation of:

- flux detectors readings given by the movable incore

flux detectors,
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- PDQ flux predictions of the flux at the flux thimble
locations,

- power distribution prediction given by the PDQ code,
for hot channel and assembly.

- This study, of courée, uses numerical values of the
inputs for a gilven cycle, at a given time in the cycle,
however the time effect has been considered. The para-
meters were varied one at a time, to see their corresponding
effect on the entire output.

3.3.1 Variation of the Flux Detector Readings

For a given thimble, the detectors readings have been
varied by the same factor (5% increase has been used to
be sure of having enough variation in the outputs without
too much distortion of the power pattern).

It has been verified for the first thimble, that an
increase and a decrease of the flux detector readings by
the same factor, would give output changes equal in abso-
lute value. Thils was done to check that the change was
small enough to be considered a linear effect.

3.3.2 Variation of the Flux Thimble Information

Thls part of the sensitivity study was treated in a
very similar fashion as for the flux detectors readings.
For a given thimble, both the thermal flux information and

the fast flux information, were varied by the same factor
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(5% increase has been used for the same reasons as 3.2.1,
after having verified the linearity of the changes in
the outputs with the changes in the inputs).

3.3.3 Varilation of the Predicted Power

The sensitivity analysis for this part has been con-
ducted in a different way, because for a given cycle the
power distributlon changes only with time. Therefore,
comparisons have been done between collectlon of power
predictions at BOC, MOC and EOC of CORE III.

3.4 Results of the Sensitivity Study

The results of this study depend upon the kind of
input that has been varied. The results are presented in
a relative value, expressing the percentage change in the
assemblies for a change of one percent in a given location
for a given type of input. To handle the calculation of
the variations, a code VARY has been written and all the
detalls are given in Appendix B. All the results have
been summarized in curves for easy use.

3.4.1 Variation of the Flux Detectors Readings

The increase of the flux detector readings in a given

flux thimble, gives the following results:

N N
AH? Fq

pending on the relative position of the assemblies

- F are lncreased locally by variable amounts de-
with respect to the location where the increase takes

place:
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- for the assembly in which the 1lncrease is made,

N N
Fane Fq
(1% increase of the flux detector readings gives

N
AH

~ for the assemblies immediately surrounding the

assembly where the ilncrease 1s made, FﬁH, FN are

q
increased by amounts depending on the relative

are increased by almost the same amount

0.9% increase for F,., and Fg),

position of the assemblies (they may share one
side with the assembly where the increase 1s done,
or just share a corner), and are found to be a
function of the distance from the center of the
core,
- F?H’ Fg are decreased throughout the rest of the
core by a fairly constant amount,
- FZ is unchanged.
Figure 7 summarizes the results of flux detector,
glving the relative varlation of FgH or Fg normalized
to a percent increase in the flux detectors readings as
a function of the radial position of the assembly from
the center of the core and as a function of the position

in which the increase in the flux detector readings takes

place.
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Key to Fig. 7a, 7b, 9a, 9b

Curve A

Curve B

Curve C

Curve D

relatlive varlation of the peakling factors for
the assemblies which are not the neighbors of
the assemblies where the variation (flux detector
readings or flux thimble prediction) is done,
(assembly case 1)

relative variation of the peaking factors for
the assemblies sharing a common corner with the
assemblies where the variation is done,
(assembly case 2)

relative variation of the peaking factors for
the assemblies sharing a common side with the
assembllies where the variation 1s done,
(assembly case 3)

relative variation of the peakline factors for
the assemblies where the variation is done,

(assembly case U).

Radiale distance from core center = distance between the

center of an assembly and the center of the assemblv H 8.

_____,____assembly case 1
—ll
assemblv case 2

assemhly case 3

- -—— -
-—~____~___~.assembly case U

N\
NN\
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As an example, an increase 1n the flux detector
reading of 1% in assembly M10 (radial distance =
67.08 pitches) leads to:

' N N
- increase of FAH or Fq

of: 0.42 in N 10 (radial
distance = 8078 pitches,
sharing one common slide with
M 10, curve B)
0.32 in N 11 (radial
distance = 87;”6 piltches
sharing one common corner
with M 10, curve C).

Now i1t should be mentioned that INCORE computes the
power distribution from the flux detector readings, and
the number of thimbles used for the calculation of the
power in a given assembly, apparently may vary from 1
to séveral thimbles.

It has been found that the curves of Fig. 7 are
time independent for a given core, a given assembly has
its power changing with burn-up, however the relative
variation of FxH or Fg stays constant while burn-up
increases.

Some of the calculated relative variations of F§H

or Fg may not behave as shown in Fig. 7. This 1is appar-

ently due to the way INCORE treats the problem and it
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has been found that the calculated power is inferred

from the information related to a fairly far thimble as
shown in Fig. 8. For this case there has been a one

percent increase 1n the flux detector readings in M 12

~and the corresponding variation in N 12 should be 0.73
according to Fig. 7, but instead it is - 0.028 corresponding
to the variation of the rest of the core. This is due to
the fact that the power in N 12 is given from the informa-
tion in L 5, which in this case does not see the effect

of the one percent ilncrease in M 12.

3.4.2 Variation of the Flux Thimble Prediction

Very similar results have been obtained for this

part as in 3.3.1, except that in this case the variations

N N

of FAH and Fq are 1in the opposite direction to the way

they varied in 3.3.1.
The increase of the flux thimble prediction in a

given thimble, gives the following results:

'gH’ Fg are decreased locally by variable amounts

depending on the relative position of the assemblies

with respect to the locatlon where the increase

takes place:

- for the assembly where the increase is done, FﬁH’

Fg are decreased by almost the same amount,
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- for the assemblies immediately surrounding the

N N
AH? Fq are

decreased by amounts depending on the relative

assembly where the increase 1s done, F

pssition of the assemblies and are functions of

the distance from the center of the core,

N N
AH? Fq

core by a fairly constant amount,

- F are increased throughout the rest of the

- FZ in unchanged.

Figure 9 summarizes the results for this second part
of the sensitivity study, giving the relative variation
of F?H, Fg for one percent increase of the flux thimble
prediction as a function of the radial position of the
assembly from the center of the core and as a function of
the position where the increase in the flux thimble pre-
diction takes place.

The same remarks concerning the way to compute the
relative variation in a glven assembly from the variations
geherated by the individual assemblies used to compute
the power in that assembly, are still applicable.

It has been found that the curves of Fig. 8 are

time independent for a given core.
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3.4.3 Variation of the Predicted Power

The relative variation of the calculated values for
‘FgH, Fg compared to the relative variation of the pre-
dicted values for these two quantities i1s in the ratio
of one.

An Increase of one percent in the predicted power
in any assembly produces an increase of one percent of
the calculated power for that assembly.

3.4.4 Combined Variations

The relative variatibn of FgH’ Fg in a given assembly
can be obtained from the relative variations in this assem-
bly due to:

- the detector uncertainty,

- the flux thimble prediction uncertainty,

- the power prediction uncertainty,
and combine these uncertainties with each of the thimbles
used for the computation of the power in this assembly.

It would be conservative to say that the relatilve
variation 1s roughly the sum of each individual relative
variations in thls given assembly, and since these un-

certainties are independent, they can properly be com-

bined statistlically.
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3.4.5 Uncertainties Values

The uncertainty of the flux detector 1s simple to
evaluate, it is given by the detector manufacturer specifi-
cations: + 1.0% for one sigma confidence level (2)(10).

The uncertalnty in the flux thimble prediction or
the uncertainty of the predicted power cannot be evaluated
easily. Since the flux thimble and the power predictions
come from PDQ, 1t would be necessary to develop a sensi-
tivity analysis on the PDQ code as a function of the
various inputs. It can be assumed, based on engilneering
experience and judgment, that the flux thimble uncertainty
and the predicted poWer uncertainty (for the hot channel

and the assemblies) are in the order of 4% for one sigma

confidence level.
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CHAPTER 4

FLOW CALCULATIONS AND USE OF THE CODE "COBRA III C"

4,1 Application of "COBRA III C" to the Connecticut
Yankee Case

In Chapter 2 the possible importance of the cross
flow pattern was noted. This cross flow distribution
can be predicted by some thermal hydraulic analysis
codes, the cholce was oriented to the latest Version of
COBRA III C (13), because of its availability. Most of
the reactor vendors have established very sophisticated
codes for thermal hydraullc calculations, most of these
codes are, however, classified as proprietary information.

The latest version of the COBRA code presents an
improved modeling of the transverse momentum equation,
including temporal and spatial acceleration of the diver-
slon cross flow. The code can handle steady state and

translients calculations for:

enthalpy, temperature, pressure drop of the fluild,

axiél flow and diversion cross flow,

fuel and clad temperatures,

heat flux and critical heat flux ratio.

The original version (13) 1s written to accommodate:

15 subchannels,
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- 25 fuel rods,

- 30 subchannel connections,

- 2 types of fuel.

The main idea in using COBRA III C lies 1in the fact
that a code written for subchannel thermal hydraulic
analysis can be used to treat a problem dealing with:

- flow regions which may represent elther subchanels
or lumped subchannels (all the subchannels of a fuel
assembly may be lumped in one flow region) or a com-
bination of both types of subchannels and lumped sub-
channels,

- fuel regions which may represent either a fuel rod
or lumped fuel rods (all the fuel rods of a fuel
assembly may be lumped in one fuel region) or a
combination of both types of fuel rods and lumped
fuel rods.

This approach allows representation of a rather
large fraction of the reactor core without loosing the
detalled information on some selected subchannels, for
instance the hottest subchannels and the hottest fuel

rod. This type of analvsis can work either way:

- several assemblies can be lumped together and con-
sider only the detailled analysis of the hottest

subchannels in the core,
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- treat the hottest subchannel In each assembly
individually and lump the rest of the subchannels
in each assembly. In thls case, regions of
different assemblies would not be lumped. Therefore
in general for the same core, more flow regions
would be defined in this approach that the above
approach. |

The trade-off stands between the computation time and

size required in the computer to solve the problem, and

the degree of detalled analysis desired.

The choice for this work was to treat an octant of
the core, using the assembly as the unit flow region,
except for the hottest assemblyv, where the four sub-
channels surrounding the hottest fuel rod were treated
as four separate flow regions, and the rest of the fuel
assembly was lumped into one flow reegion. This allowed
the calculation of the values of:

t

-~ minimum DNBR and 1its location,

- maximum fuel center line temperature and its location,

- maximum clad surface temperature and its location.

4,2 Changes Made in "COBRA III C"

The original version of COBRA III C did not allow

the treatment of the Connecticut Yankee case as it is
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described in 4.1. Some necessary changes have been

made such as:

the maximum number of flow regions has been in-
creased from 15 to 30,

the maximum number of fuel reglons has bheen in-
creased from 15 to 30,

the number of connected flow regions has been
increased from 30 to 47,

the number of nodes for the axial heat flux dis-
tribution has been increased from 30 to 39 (to
allow the use of the axial heat flux distribution
given by INCORE = 35 nodes + U nodes for the two
ends of the fuel rod),

the axial node number has been reduced from 60 to
30, since an axial node length of 6 inches seems to
be optimal (precision of the results does not in-
crease for smaller axial node length, see later
the sensitivity analysis).

The axlial number can be reduced 1n order to save

space in the computer, however the reduction may be too

important in some cases, especially when this affects

the axial node length

(14)
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This work deals only with steady state calculations,
but the transients part of the original version has been
kept for a possible use. Appendix C lists the changes
made and tells how new changes can be handled as a
funétion of the parameters changed (flow region number,
fuel reglion number, fuel tvpe number, etc.).

4,3 Connecticut Yankee Model

As mentioned in 4.1, the code COBRA III C once
modiflied, has been applied to the octant of the Connecticut
Yankee Reactor containing the hottest fuel assemblv. The
calculations were done for a given power distribution
obtained from INCORE, corresponding to the beginning of
cycle III. Figure 10 shows how the core octant was
modeled.

It was assumed that there was no net cross flow
across the boundaries of the octant. One mayv arpue with
thls assumption and say that the net cross flow throurh
the boundary 1s not zero. But the cross flow represents
only few percents of the axial flow and as it will be
seen later on in the sensitivity analvsls, the assembly
exit conditions (temperature and axial flow) are not
strong functions of the amount of cross flow. Therefore,

this assumption even 1f not comnletelv true, can be _
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taken without 1introducing large errors on the entire
results. However, it would not be a good assumption

if the hottest channel were located very close to the
po@ﬁdgﬁy, 6f even 1f the hottest fuel assembly were

split by the boundary. In this case 1t would be necessary
to change the pattern for the model, and perhaps con-
sider a quadrant of the core instead of the octant.

It is obvious also that the onlv rigorous solution
would be to treat the entire core and this would allow
a solution to the problem of any assymetry existing in
the core, but this 1s g too expensive solution for the
point-of-view of computation.

4.4 Input Deck

A sample input deck 1is given in Appendix B, however
a few remarks are given in order to explain how different
types of flow reglions such as subchannels and assemblies
(or lumped assemblies) can be used under a common node
of computation.

The geometry of the flow region has to be described
as 1t 1is physically for either a subchannel or for lumped
subchannels. In that respect the hydraulic diameter of
the flow region will keep a physical meaning. It 1is also
important to input the real diameter of the fuel rods,
to have a model which stays consistent with the flow
reglion geometry and allows realistic fuel temperatures

calculations.
Th



The power generated in a particular fuel region
deposited in a given flow region can be determined by
using the following rules:

- Power from the hottest fuel rod to the hot channel:

- 1 1 stat
fp =5 x 5 X Y X Fpyy s (4.1)
a
where:
Fstat - FiH (4.2)
AH FLP X FR X FM ’

(see Ref. 15)

- Power from the hottest rod to other flow reglons:

fp = g x . b N , (4.3)

- 1
fp = 5 x —5— x Fyy s (4. )
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-~ Power from other fuel reglons to other flow reglons:

£, = Ty X 2 . (4.5)

(4.6)

The detailled instructions concerning how to set up
the data. deck can be found in front of the COBRA III C
~deck. The options selected to treat the Connecticut

Yankee case are listed below:

friction factor correlation:

£ = 0.184 Re~0-2 (15) , (4.7)

- subcooled void correlatioh: Levy correlation,
- bulk void correlation: homogeneous model,
- two phase friction multiplier: homogeneous model,

- wall viscosity correction to the friction factor

" Included,
- spacer pressure losses included,
- subcooled mixing correlation: Rowe correlation (16)
B = 0.0062 g Re™Or1 | (4.8)
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- two phase mixing correlation: same as the subcooled
mixing correlation,

- no thermal conduction mixing assumed,

for the rest of the details of the data deck, see the

sample input in Appendix B.

4L.,5 Sensitivity Study

Some of the 1lnput parameters to COBRA III C, such
as the cross flow resistance factor, turbulent momentum
factor, S/L parameter defining the control volume¥, are
not very easy tb estimate or to measure. Some measure-
ments of the cross flow resistance factor have been done(17)
but they are related to particular conditions which do
not correspond to thls case. It was decided to develop a
‘sensltlvity study, of the selected parameters, and see |
how sensitive the results are sensitive to the choice of
these parameters. In addition, the results of this sensi-
tivity analysis are used to optimize the computation
between the precision of'the results and the computation
time.

This sensitivity study has Seen performed on the

following parameters:

—_—— — —— - — _—— - — — — 0 T - - — -~ —————

¥ (where S is the gap spaclng between fuel reglons and L
the length of the control volume, see Ref. 13)
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- axlal node length, using node lengths of 7.9, 6.0,
4,2 in.,
- flow convergence factor, using factors of 0.020,
0.010, 0.005,
- S/L parameter for the control volume, using values
of 0.10, 0.25, 0.50,
- turbulent momentum factor, using values of 0.0, 0.5,
0.9,
- cross flow resistance factor, using values of 0.1,
0.5, 0.9.
The best set of values to be used for the Connecticut
Yankee Reactor 1s the set which has been used in the
reference case.

k.6 Results of the Sensitivity Analysis

4,6.1 General Remarks

It 1s important to keep in mind that the results
are valld for the calculational model used to represent
the Connecticut Yankee Reactor and it would probably be
unwise to generalize on these results to all the PWR's
without any further checks on other reactors.

It has been found that the assembly exit conditions
of the coolant are not greatly affected by the values

chosen for each parameter. Some differences exist as far
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as computation time is concerned, and therefore the choice
of each parameter can, in general, be established for
minimum computation time.

4,6.2 Results

For each type of sensitivity study, two figures are
used to summarize the results. These filgures give:

- assembly exit temperature of the coolant,
- normalized flow distribution of the coolant at the
assembly exit.
In addition, Table 5 1lists the comparison of the following
computed parameters for each case:
- minimum DNBR and 1its axial location from the inlet,
- maximum fuel center line temperature and its location,
- maximum clad temperature and its location,
- core pressure drop and hot channel pressure drop,
- number of iterations required to obtéin the flow
solution, ;
- computation time.

Table 3 lists the possible bounds of the parameters
used for this study and the physical significants of these
limits. Table U4 gives the correspondence between the case
numbers and the type of variation done 1n each case.

Figures 11 through 20 summarize the comparison of the
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08

Bounds of Parameters

Parameters mini/maxi Physical Significance
Axial node length - number of nodes = 2 node 1 at core 1inlet
node separation = 126.7 in. | node 2 at core outlet
- number of nodes = 30 (depends on code
node separation = 4.23 in. conditions)
Flow convergence factor no bounds ; in (%) represents the

allowed derivation
between axlal mass flow
rates between two itera-
tions

5/7, narameter g) 1 _corresnonds to the

- volume through which
cross flow exchange 1s
calculated

Turbulent momentum facton 0 1 accounts for Imperfect
analogy between eddy
diffusivity of heat

and momentum

(&>
bt

Cross flow resistance . k = 0 no cross flow
factor resistance

k=1 full cross flow
resistance

Table 3 Physical Significance and Bounds on the Parameters Used
In the Sensitivity Studv on COBRA ITTI C




Value of the

Case No. Type of Varied Parameter
‘Parameter
1 ' Reference case
2 Axial node length "7.919 in.
1 Axial node léngth (ref. case) 6.023 in.
3 Axial node length 4,223 in.
4 Flow convergence factor 0.020
1 Flow convergence factor 0.010
(ref. case)
5 Flow convergence factor 0.005
6 S/L parameter 0.10
1 S/L pafameter (ref. case) 0.25
7 S/L parameter 0.50
8 Turbulent momentum factor 0.0
1 Turbulent momentum factor 0.5
(ref. case)
9 Turbulent ﬁomentum factor n.o
10 Cross flow resistance factor 0.1
1 Cross flow resistance factor 0.5
(ref. case)
11 Cross flow resistance factor 0.9
12 Forced inlet flow distribution -
13 - Equal preésure gradient at the -
' inlet .
14 Uniform mass flux at the inlet -

Table 4 Correspondence Between the Case Numbers and

the Type of Sensitivity Studyv Done
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570.50

370.50¢

574.28
574438
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572.2
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567.80
567.90
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567.9

Calculated value for axial node length=7.9in.

( case n° 2 )

Calculated value for axial node length=6,.0in.

( reference case ) -

Calculated value for axial node length=4. 21n.

( case n® 3 )

Measured yalue (From outlet thermocouple)

Flg. 11 Comparison of outlet temperatures

as a function of axial node length.
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4 -

- Fig, 12 Comparison of the normalized outlet
flow distribution as a function of
the axial node length.
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1.0028|0.9996]1.0024]0.5986
L 11.0028]0.9996]1.0024 10,9986
1.0026}0,9992]1.0018{1.0030

0.9980]0
X ‘ 0.9980}0.
. 0.9981}0.

.9980{1.0076
9980{1.0076
297511.0073

1.005911.0015
3 1.00591.0015
- 1.0059[1.0013

‘ : 1.0098
H 1.0098
1.0098

1: Calculated value for flow convergence factor [0.9934[0.9781
FCP = 0.020 ( case n° 4 ) 0.9934 [0.,9781

2: Calculated value for flow convergence fector [0.,9932[0.9781
FCF = 0.010 ( reference case )

3: Calcula;:g vaéueofor flow cgnve?gence factor 0.9781 [0.9786
= 0.005 ( case n° 5 ) 0.9781 |0.9786

4: - 0.9781 [0.9790

Fig. 14 Comparison of the normalized outlet
’ flow distribution ss a functi»n of
. the flow convergence factor.
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,»Hbttest»aaaemblx- N1l

N

J572.2

1581.39

567 .45
567 .52
567.61

11

564.70
564,62
564,72
571.6

10 9

562,20
562.19
562.27

8

565«
565475
565.76
573.8

579.05| 588.73
579.05| 588.65
579.06] 588.60

575.7 | 588.2

571.98’_

571.91
571.90

591.87
591.76
591.71

574.89 579.11
574.88]| 579.11
578.5 | 576.4

574.93|579.12

579.37

579.35|

579.36
574.3

581.39

587 .65
587.66
587.65
583.7

586.57] 566.50
586.56| 586 .50
586 .57| 586.51
577.8 |583.¢

574.63
574 .65
574 .60

575.67
575.7T2
57566
575.1

576.86]577.51
576.88] 577 .53
576.85]577.50
575.3 |576.6

582.63
582.71
57847

583.68]584.35
583.63|584.37
583.66]584.39
57405 -

570.19
570.50
570.29

574 .25
574.38
574.33
572.2

579.43
579.32
579.40
579.4

H

567.72
567.90
567.84
567.90

1: Calculated value for parameter S/L = 0.10 595.12

( case n® 6 )
( reference case

( case n° 7 )

A woN

. Calculated value for parameter S/L

; Caloulated value for parameter S/L

n

Fig. 15 Comparison of outlet temperatures

as a function of the S/L parameter.
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11 10 9 8
1.0069{1.,00664} 1
1.0063]1.0058 2
| 1.0069]1.0064f 3
Hottest assembly= N 11 _ 4
1.,0051}0.9974] 0.9927|1.0044
1.0057]0.9979| 0.9932|1.0048
200361 0,9910] 1.0038] 0.9999]1.0005
1.0034}0.9906]1.0029| 1.0000{0,9997
'1.0039[0,9912]1.0032] 1.0001|0.9998
0.9983[0.9947[0.9959] 0.9959]1.0068
0.9980]0.9940]0.9952| 0.9954|1.0066
0.9984}0.9942]0.9951]0.9951}1.0063
1.0034]0.9998| 1.0022|0.9978]
1.002810.9996]1.002410,9986
1.0027}0.9993}1.0019{0.5980
0.9975{0.9970(1.0055
0.9980}0,998011.,0076
0.997410.9973 11,0066
0.9993 |0,99686
1.0050(1.0015
11.0037 11.0002
1.0053
1.00¢98
1.0108
1: Calculated value for parameter S/L = 0.10 0.9935 [0.9783
( case n° 6 ) 0.9934 [0.9781
2: Calculated value for parameter S/L = 0.25 0.9935 10.9783
( reference cese )
3: caloulatedavalue for parameter S/L = 0,50 0.9783 [0.9767
( case n° 7 ) 0.9781 {0.9786
- 0.9783 [0.9788

Fig, 16 Comparison of the normalized outlet

H

15 14 13 12

flow distribution as a function of

the S/L parameter. -
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15 14 13 12 11 10 9 8
562.19]565.75
R 562.19(565.75
| 5621956575
Hottest assembly= N 11 - 573.8
564.62}579.05]588,67{571.91
p 564.62|579.05|588.65{571.91
571.6 |575.7 |588.2 -
567.511591.78{574.88]579.10(579.37}
N 567.52]591.76|574.89]579.11]|579.35
567.511591.791574.88]579.10]579.37
572.2 | - |578.5 |576.4 |574.3
581.40]1587.67]586.58]5686.52|574.61
M 581.39]587.66|586.56{586.50]574.65
581.40|587.67]|586.58|586.52[574.61
575.691576.86]577.52|582.68
L 575.72]576.881577.531582.63
575.69[576.86|577.52|582.68
5751 |575.3 |576.6 |578.7
583.65]584.38(570.41
K 583.63|584.37(570.50
583.651584.3E1570.41
574.5 | - -~
574.371579.36
574.38]579.32
J 574.371579.36
567 .88
H 567 .90
567.88
567.9
1: Calculated value for turbulent momentum 595.17|591.59
factor THNF = 0.5 ( reference case ) 565.10 |591.6S
2:; Calculated value for turbulent momentum 595.22 |591.54
factor TMP = 0.0 ( case n° 8 ) - -
3: Calculated value for turbulent momentum
factor TMF = 0.9 ( case n° 9 ) gZi'g$ ggi'ég
4: Keasured value (From outlet thermocouple) i 591:12

Fig. 17 Comparison of outlet tenneratures
as a function of the turbulent

momentum factor.
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15 - 14 13 12 11 10

Hottest assemblys= N 11

1,005210.9975] 0.9927]1.0044
1.005210.9975]0.9927]1.0044

9 8

1.0063]1.0059
1.,0063]1,0058
1.00631,0059

1.0035]0.9906|1.0030}0.9927|1.0003
1.0034]0.9906]1.0029}0.9927}1.0003
1.0035}0.9906]1.0030]0,.9927]1.0003

0,998010.9945]0.9952|0.9954 |1.0066
10.998010.9945]0.9952]0.9954 |1.0066
0.9980}0.9945[0.9952]0.9954 [1.0066

1.0029|0.,9996}1.0024 0,985
L 1.0028]0.9996]1.0024 0,986
_ 1.0029]0.9996]1.0024|0.9585

0,997910.,9979(1.0076
- - lo.9980}0.9280(1.0076
K : 0.99796.9979|1.0076

1,005611.0013
1.00501.0015
1.0056(1.0013

H

1,0098
1.0098
1.,0098

: Calculated value for turbulent momentum

factor TMF = 0.5 ( reference case )

s Calculated value for turbulent momentum

factor TMF = 0.0 ( case n°® 8 )
Calculated value for turbmlent momentum
factor TMF = 0.9 ( case n® 9 )

Pig. 18 Comparison of the normalized outlet

flow distribution as a function of
the turbulent momentum factor.
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15 14 13 12 11 10 9 8

562,191565.75
R 562.191565.75
562.191565.75

Hottest assembly= N 11 - I573.8
564.621579.05] 588.65]571 .91

' . 564.62|579.05| 588.65{571.91
P 564.62|579.05]| 588.65]571.91
571.6 [575.7 |588.2 | -

567.52}591.761574.89]579.11{579.35
N , 567.52|591.761574.89|579.11{579.35

567.52|591.76]574.89]579.11]579.35

572.2 - 578.5 {576.4 [574.3

581.39]587.66]586.56}586.50|574.65
" - 1581.39]587.66|586.56|586.50|574.65

581.39587.66]586.56|586.50574.65
1582.7 [583.7 |577.8 |583.9 -

; 575.721576.88]577.53|582.63
L 575.72|576.88]577.53|562.63

575.72(576.88]577.53 |552.63
575.1 |575.3 |576.6 |578.7

583.631564.37[570.50
K 583.631584.37 {570.50
583.63]584.37(570.50

574 o - -

574.38|579.32
. | 574.38 [579.32
J 574.38 |579.32
572.2 |579.4

567 .91
H 567 .91
567.91
567.9

==

1: Calculated value for cross flow resistance [595.09 [591.68
K =0,1 ( case n° 10 ) 595.10 1591 .69
g: Calculated value for cross flow resistance [595.10 591.69
K = 0.5 ( reference case ) - -
3: Calculated value for cross flow resistance 591.87 591 .28

K =0.9 ( case n® 11 ) 591,87 [591.26
4: Measured value (From outlet thermocouple) 561.87 [591.28

Fig, 19 Comparison of outlet ternneratures
as a function of the cross flow
resistance,

Hot subchannels
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15

14

13 12 11 10

Hottest assembly= N 11

1.005110.9974] 0.9927|1.0044
1,005110.9974] 0.9927]1.0044
1.005110.9974] 0.9927]1.0044

9 8
1.0063}1,0058
1.0063}1.0058
1.0063}1.0058

1.0034}0.,9906}1,0029| 1.0000}0.9997
1.0034]0.9906]1.0029| 1,0000{0.5997
1.0034}0.9906(1.0029] 1.0000{0,9997

0.9980]10.9940]0.9952] 0.9954|1.0066
0.9980]0.9940]0.9952] 0.99541.0066
0.9980'0.9940 0.9952]0.9954|1.0066

1.0028]0.9996] 1.0024]0.9966
1.0028 0.9996]1.0024{0.9¢86
1.0028 0.9996]1.0024]0.9986

0.9980|0.9980}1.,0076
0.9980{0.9980}1.0076
0.9980]0,9980{1.0076

1.0050]1.0015
1.0050{1,0015
1.0050{1.0015

1.0098
1.0098
1.,0098

Calculated value for cross flow resistance

KBO.l

case n° 10 )

Calculated value for cross flow resistance
( reference case )

Calculated value for cross flow resistance
( case n® 11 )

K=0.5

K=0.9

FPig, 20 Comparison of the normalized outlet
flow distribution as a2 function of
the cross flow resistance.
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results obtained for the sensiti?ity study where the differ-
ent parameters listed above have been varied for the same
coolant distribution at the core inlet (equal pressure
gradient ih all the flow regions); |
This part of the senéitivity study has been done by
using the inlet flow distribution given by the subroutine
SPLIT, which splits the flow to gét~the Same pressure
gradiént at the core inlet. It assumed that fhere is no
spatial acceleration component of préssure drop (13). It
is recalled that COBRA III C allows the use of three
possible options for the flow inlet distribution:
- same mass flux éverywhefe at the core inlet,
- same pressure gradient at the core inlet,
- forced inlet distribution at the core inlet(l8).
By‘using the reference values of parameters, the
three inlet flow distributions were tested against each
other. Figurés 21 through 24 and Table 5 summarize the
results of this comparison.
Figure 25 gives a comparison of thé axlal mass flux
and the diveréion cross flow for the hot channel as a
function of the flow inlet distribution. Figufe 26 gives
a plot of the mass flux in the hot assembly and in the

assembly at the center of the core.
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15 14 13 12 11 10 9 8
562,18]565.57
R 562.191565.75
' 562,201566.00
- Hottest aseemblx- N 11 - 573.8
564.61 579.05 588063 571088
P 564.621579.05} 588.65]571.91
564.631579.05] 586.67|571.92
571.6 |575.7 | 588.2 -
567.52]591.75|574.88] 579.12{579.32
N o ' 567+52]591.75|574.89 579.11}579.35
' 567.51|591.82|574.88] 579.13]579.37
572.2 - 578.5 |576.4 |574.3
581.37|587.66}586.53| 586.48|574.64
M 581.39 587.66 586.56) 586.50}574 .65
582.7 |583.7 |577.8 |583.9 -
575.73]576.89] 577.55|582.63
L 575.72]576.88]577.53]582.63
_575.61 576.84]577.49(582.76
57561 5753 |576.6 |578.7
583.60]584.33{570.30
K 583.631584.37(570.50
583.69|524.38]570.12
574.5 - -
574.461579.43
J 574.381579.32
574.36}579.51
567.90
H 567,90
567.81
1567.9
1: Forced inlet distribution. 565.091591.68
( case n° 12 ) - 5¢5.10591.69
2: Egual pressure gradient distribution. 595.051591.67
( case n® 13 ) - -
3: Uniform mass flux distribution. )
(‘case n° 14 ) 26167301 156
4: Measured value (From Qutlet thermocouple) c

Fig. 21 Comparison of outlet temperatures as
a function of the inlet distribution.
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15 14 13 12 1 10 9 8

1.0129}11.0118
1.0150/0.,9017
-,0021]0,1101

Hottest assembly= N1l » ,
1.0081 1.0007}0,9967]1.0081

P 0.9634/0.9737] 0.9327]0.8915
0.0447|0.0270} 0.0640{0.1166

1.0053}0.9918/1.0040{1.0011}1.0014
1.0150]0.9532]1.0040} 0.8¢17]0.9632
-.0097|0.0386]0.0000| 0.1094|0.0382

0.9986]0.9939]0.9942] 0.9944 ] 1.0024
1.0967]11.0560(0.9122 0.9942 1.0658

1.0007[0.,9995} 0.9987{0.9958
0.9632|1.0350}0.9737{1.1377
0.0375 -,0355}0.0250]-,141¢

0.9936[0.99331.0026
X 1.0248]1.,0970 1.1987

- 10.999110.9¢59
J 0.,9940|1,1067
: 0.0051|-.1108

v ' . 1.0037
H ' 1,0850
' : -.0823

)

1: Normalized outlet distribution. 0.9937]0.9605
, 0.9532]0.,9533
- 2: Normalized inlet distribution. 0.040510,0272

3: Difﬁe:szq: between outlet and inlet distri- 0.9804]0.9610
uiions. 0.9533/0.9510
4: - 0.0271{0.0300

Fig, 22 Flow distributions for the forced

inlet distribution case ( case n° 12 ). Hot subchannels
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15 14 13 12 11 10 9 8

1.00631.0058
R 0.9735]0.9891
o 0.0328{0.0167

Hottest assembly~ N 11

1.005110.9974] 0.9927|1.0044
P 0.9735/0.9895| 1.0065]1.0059
’ . : 0.0316}0.0079} -.0138{-.0015

1.0034]0.5908|1.0029| 1.0000]0.9997
. ' 0.9735/1.0067|1.0065|1.00651.0059
| 0.0299|-.0161|-.0036| ~,0065 |-.0062

0.9980]0.59540[0.9952] 0.9954 | 1.0066
M -.0079{-.0125-.0113|-.01110.0007

1.0028]0.999¢8 1.0024 0.9986
| 1.0059|1.0065]1.0065|1.0059
L | -+0031|-.0069|-.0041 |-.0073

0-5985[0.5580[1.0076
1.0059|1.0065 |1.0059

1.005011.0015
: - ]1.0059{1.0059
J _ : -.0009 |=.0044
v 1.0098
0.0034
¥
1: Normalized outlet distribution. 0.9934]0.9781
1.0464 10,9197
2: NHormalized inlet distribution. -.0530(0.0584
3: Difge:?hce between outlet and inlet distri- 0.9781[0.9786
utions. o 0.9197[0.9157
4 - 0.058410.0589

Fig, 23 Flow distributione for the ecual pres—
sure gradient inlet distribution cose

i

( case m° 13 ).

Hot subchannels
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15 14 13 12 11 10 9 8
' 1.0068]1.0063
R 1,0001]0,999
| 0.,0067]0.0065
Hottest assembly= N 11 :
1.0055}0.,9978 0.,95311.0048]
P 1.0001]1.0001} 1,0001|0.9998
0.0054| -.0023| =.0032|0.0050]
1.0038[0.9909]1.0032 1.0003]0.9958]
. 1.0001}1,0001}1.0001] 1,0001{0,9998
_ 0.003 7| -.0092] 0.0031| 0.0002|0.,0000
"0.9962]0.9942 0.9952] 0.9953] 1.0036]
. 0.99$8]1.0001}1,0001} 1.0001|0,9998} -
1,0028{1,0024]| 1.0020}0.9<80]
L 0.9998|1,0001| 1,0001}0.9998}
0.0030]0.0023} 0.0019|-.0018}
0.9974]0.9972]1.0069}
X 0.9998] 1,0001|0,2998
-.,0024| -.0029}0.0071
1.0041]1.0004
5 0.9998{0.9998
10,0043|0.0006
1.0087
H 1.0000
0.0087
1: Normalized outlet distribution. 0.2937/0.9786
) , , 1.0000]|1.0000
2: Normalized inlet distribution. -.0063[|-.0214
3: Difisiince between outlet and inlet distri- 0.9764]0.9790
ons. 1.0000{1.0000

Pig, 24 Flow distributions for the uniform

mass flux inlet distribution case

( case n° 14 ).
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Key tofTable 5:

A

B:

Cc
D:
E

s

Case number (see Table 4 for the typne of study done)

Minimum DNBR | ‘

Location of the MDNBR from the inlet (in.)

Maximum fuel centerline temperature (°F) |

Location of the maximum fuel centerline temperature fromvinlét'(in)
Maximum clad outside temperature (°Ww)

Location of the maximum clad outside temperature from inlet (in)
Core pressure drop (psi)

Eot channel pressure drop (psi)

Number of iterations to obtain the flow Solution

Computation time - CPU time - (sec)

NOTE: All the values of the MDNBR are related to fuel rod No. 4 facing

the subchannel No. 1. All the temperatures (fuel centerline and

clad outside) are related to the fuel rod No. 4.
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A B | ¢ D F F G J K
1|3.801|90.5 | 2724.9 | 54.3 | 637.1] 96.5 | 19.55 | 19.53 2| 89.558
213.895]95.0|2723.8|55.4]|636.8|95.0] 19.55] 19.53 2 69.417
313.888]92.9]2725.2 | 54.9]637.4]97.1| 19.54 | 19.51| 2| 124.886
4 {3.891 | 90.5|2724.9 | 54.3 | 637.1| 96.5 | 19.54 | 19.52| 2| 89.558
51{3.887 | 90.5|2724.9 | 54,3 637.1|96.5]| 19.54{19.52| 3]/132.296
6]3.891 | 90.5 | 2724.9 | 54.3 | 637.1 | 96.5 | 19.55| 19.52| 2| 89.258
713.891 | 90.5|2724.9 | 54.3 | 637.1|96.5|19.55} 19.53| 2| 89.245
813.88190.5|2724.9{54.31636.9(96.519.55]19.53]| 2| 91.581
9| 3.876 | 90.5 | 2724.9 | 54.3 | 636.9 | 96.5 | 19.55 | 19.53 | 2| 91.688
10| 3.891 | 90.5 | 2724.9 | 54.3 | 637.1 | 96.5 | 19.54 | 19.51 | 2| 89.558
11| 3.891 | 90.5 | 2724.9 | 54.3 | 637.1 | 96.5 | 19.55 | 19.51| 2| 89.279
12 | 3.876 | 90.5 | 2724.9 [ 54.3 | 637.1 | 96.5 | 19.55 | 19.45 | 4]183.902
13 | 3.891 | 90.5 | 2724.9 | 54.3 | 637.0 | 96.5 | 19.55 | 19.53 | 2| 92.723
14 3.890 | 90.5 | 2724.9 | 54.3 | 637.1 | 96.5 | 19.55 | 19.55 | 2| 95.060
Table 5 Summary of the Results of the Sensitivity Analysis on COBRA 3C
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4.,6.3 Conclusions Given by the Sensitivity Study

A general remark can be made concerning the outlet
conditions for each assembly:

- the assembly outlet conditions (axial flow, temberature)
are not very\sensitive to either the different parameters
used for the'computation, or the inlet flow distribution.

In particular the cross flow resistance factor has
very little effect on the flow distribution at the outlet,
but of course the cross flow pattern 1nsidé of the core
depends on this cross flow resistance factor.

As stated 1t would be probébly unwise to generalize
these results to all the PWR, but it should be mentioned
that very similar results have been obtained from a
sensitivity study done with COBRA III C on the Yankee Rowe
Reactor (197,

From Figure 25 and 26 it appears that the inlet flow
distribution does not effect the outlet conditions and
the coolant seems to perform a self-redistribution leading
to achlevement of an equilibrium distribution after 2 to
4 feet from the core inlet.

However this study shows that the use of the values
of a measured inlet flow distribution (18) is not very

advantageous, since 1t tends to introduce a flow instability
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in the computation increasing the computation time without
any increase in the accuracy of the results. This inlet
flow distribution is related to measurements taken on a
seventh séale model and correspond to isothermal conditions.
The best inlet distribution suitable for this model
- is probably the distribution given by the use of the
pressure gradient option, since it represents a reduction
of the axial flow in the hot channel and an increase of
the axial flow in the neighboring channels, as opposed to
the uniform mass flux case where the axial flow 1is re-
duced in all the channels in the hot zone.

4.7 Validity of the Model

It was implicitly assumed that the Connecticut Yankee
Reactor 1s highly subcooled when the options in COBRA III C
were chosen. It is possible to check where the subcooled
boiling occurs by predicting the location of incipient
nucleation from available correlation. Three correlationé

(20) (15)

were investigated: Bergles-Rohsenow Jens and Lottes

and Thom (15).

It 1s anticipated, based on review of the
formulation of the correlations, that the Bergles-Rohsenow
correlation predicts the earliest onset of subcooled

boiling.
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Figure 27 gives a plot of the incipient boiling
criteria for the Connecticﬁt Yankee case, assuming that
the inlet fiow distribution is obtained by using the
pressure gfadient option in COBRA III C. The results
show that subcooled boiling may oceur in two spots
located on fuel rods No. 3 and 4 at 96.5 in. from the
core inlet according to Bergles-Rohsenow. It
should be noticed that Wesﬁinghouse uses the $§QM correla-

tion (21

to predict the onset of subcooled boiling..
According to this correlation, no subcooled boiling occurs
in the Connecticut Yankee reactor as it can be seen in
Fig. 27. Therefore the assumption of very little sub-
cooled Voids in the core seems valid.

Furthermore the equilibrium exit quality in each flow
region corroborates this conclusion, Fig. 28 gives the
assembly outlet distribution of the steam quaiity, and
the highest equilibrium quality is -0.088 in the hot
channel.

The comparison befweeh the measured'temperature rise
of the coolant through a given channel and the expected
rise obtained from COBRA III C might also give an indica-
tion on the validity of the model. To do this comparison,

the measured temperature and the assoclated uncertainties
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must be obtained as discussed in 2.3.3. The study developed
(9)

for the San Onofre Reactor uses:

eorrected = tineasured - 0'5 1.3‘62 (°F) ~ (h.9)

This relation is based on the assumption of ref. (9)
that an”errof'of + 3.0 °F 1s due to the imperfect flow
mixing or due to the fact that the hot function location
is not in a plane where the coolant temperature 1is uni-
'form.’ The hot Junction of the thermocouple is located
7 inches above the tbp of the fuel rods. As 1t 1s shown
on Fig. 29, the top part of the fuel assembly is fitted
with a kind of channel constitutingka closed geometry
which 1imits the cross flow exchange with the neighboring
fuel assemblies. The only process which takes place in
the coolant when 1t leaves the top of the fuel rods, 1is
thermal mixing. How good 1is this thermal mixing, is a
difficult question to answer.

In a very conservative assumption we may admit that
the tehperature profile of the coolant leaving the top
of the fuel rods is thé same when the coolant crosses the
plane where the hot Junction of the thermocouple 1is located.
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As‘an examble COBRA III C has been used to treat
the case of the hot‘assembly and obtain the temperature
profile ofrthe coolant at the top of the fuel rods. |
Figure 30 gives the power distribution used in COBRA III C,
and Fig. 31 gives the temperature distribution of the
coolanﬁ at‘the top of'the fuel rods.

Figure 29 shows that the top of the fuel assembly
1s engineered with a square opening of 6.50 x 6.50 inches.
’vTherefore the coolant in the peripheral channels is diverted
toward the bundle center altering the radial coolant
-temperature distribution. Flgure 31 presents the calcu-
lated temperature distribution at the core exit before
the flow contraction. It 1s very difficult to estimate
the actual radial coblant temperature’profile as a function
of axial position. It can be saild that the coolant tempera-
ture may vary from 595.26°F down to 582 16°F at least.
Since the hot assembly in this case 1s not instrumented
with ah outlet thermocouple 1t’is difficult to see how
exactly the measured temperature compares with the pre-
dicted temperature profile. |

Thus there 1is not a good method for evaluation of
the thermal mixing in a duct when temperature streaming

exists at the duct inlet. One might suggest a possible
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solution, using COBRA III C for an assembly equipped with
a control rod cluster, in which case a possible set of
flow regions could be defined above the top of the fuel
rods. But the study would be less detailed in this case,
since one flow region wolld have to cdrrespond to several
subchannels. This type of analysis would still only lead
to average results.

Figure 32 is a plot of the measured temperature rise
of the coolant versus the predicted temperature rise. The
uncertalnty associated with the temperature measurement
is also plotted (Eq. 4.9). The 1east.square fit analysis

of the data on Fig. 32 leads to:

tcorrected = 0.854 tcasured

+ 7.43 + 4,27 (°F), (4.10)
kIt is important to recognize that the power distribu-
tion in the fuel assembly 1is time dependent for a given
assembly and at a given time varles from assembly to assem-
bly. Therefore the temperature profiles that may be ob-
tained from the different power distributions would con-

siderably vary.
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It may be concluded that the treatment of the core
octant by COBRA IITI C 1s valid and gives satisfactory

information. Furthermore, it should be mentioned that

~ the actual MDNBR, the maximum clad surface temperature,

the maximum fuel centerline temperature are within the
limits of the PSAR (2) as it can be seen below:

Calculated value . Reference
(from COBRA III C) (from PSAR)

(for a two sigma
confidence level)

MDNBR 3.891 + 0.243 2.03
Max clad surface temp. (°F) 637.1 1}5.1 652

Max fuel centerline ' 2,724.9 + 109.9 3,920
temp (°F) ‘ v

These extra marglins for the.steady state opération»
of the Connecticut Vankee Reactor can be exnlained by
the factbthat the core 1is slightly subcooled, the actual
~average temperature of the coolant in the core is about

(2)

550°F instead of the 575°F design value This con-
servative oberation is very favorable for the fuel and
clad operation since it tends to 1limit the number of
clad failures. | |

The COBRA results indicate also that the cross flow

exchange has very little effect on the assemblyv exit con-

ditions, and therefore wlll not be possible to obtailn

114



cross flow exchange infOrmaﬁion between assemblies from
the assembly exit thermonouples féadings. ?urthermdre,
tne inlet flbwkdistributionvat the bottom of the’core
does not gréatly influence the aésémbly exit conditions,
1s due to the fact that the core is sliphtly subcooled

‘with veny 1itt1e_subcooled-boiiing taking place.
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CHAPTER 5
FINAL ANALYSIS OF THE CONNECTICUT YANKEE DATA

5.1 Introduction

From the results developed in Chapters 3 and 4 a
method of evaluation of the uncertainty assoclated with
the peaking factofs can be estéblished.

" The flow calculations done with COBRA III C give
the results for the assembly exit conditions that have
been shown to be independent of several parameters or
inlet flow distribution used for the computation. Thié.
indicates that the flow pattern is relatively stable and
the core 1s operated ﬁnder highly subcooled conditions.
Also 1t 1s found to be difficult to predict the cross
flow patterﬁ from the information éiven bv the thermo-
couples and the power distribution.

In this chapter a new version of FLOWA 1 and 2 1is
rgiven which allows the us€ of uncertainties assoclated
with each measurement that mav vary from assemhly to
assembly. | |

5.2 Determination of thekUncertainQy of the Peakinm Factors

From the results of the sensitivitv analysis done on
the code "INCORE" (see Chapter 3), the uncertainties

assoclated with:
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- the same type of information (for example all the
flux detector readings used in the calculation of
the peaking factors in a given assemblvy) are com-

bined éccording to Fq. 28 of Ref., 22:

L

p X
Pn X

the probable error on Xx

where: p X

the probable error on ?h

g
ol
]

the number of measurements on x

—
<4
f

used to compute X,

- the different informations used to compute the
peaking factors in a given assehblv are combined
statistically, since these informations are
independent from each other.
As an example, taking the case of a specific collection
of data at BOC of Core III (run 89): |

- the code "INCORE" gives:

- Maxi FN

Fag = 1.5026 for the hottest fuel rod in N 11,
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N .
Maxi F . =

1.8584 for the hottest fuel rod in N 11,

- the peaking factors for the hottest fuel rod in N 11

are calculated from the information given by three flux

thimbles P 10, M 10, M 12.

For one sigma confidence level it may be established:

- Radial distance

- For

- For

- For

1% increase

uncertainty

uncertainty

uncertainty
uncertainty
N 11 due to
4% decrease
uncertainty
uncertainty
wmcertainty
unéertainty
N 11 due to
= 0,007621

k% increase
uncertainty

uncertainty

in N
in the flux
due_td P 10
due to M 10

due to M 12

11

detector
fcurve B
(curie B

(curve B

for the hottest fuel

of the hottest fuel rod: 83.01 pitches

46.73 inches.

or
readings:

Fig. 7b) =
Fig. 7h) =
Fig. 7b) =
rod in

flux detectors = 0.001876.

in the flux thimble prediction:

due to P 10 (errve B Wig, Ob) =

due to M 10 (curve B ®ig. 9h) =

due to

M 12 (curve B Tie,

9%) =

for the'hotteét fuel rod in

O

.00325
.00325
.00325

.01320
.01320

.01320

flux thimble prediction uncertainties

in the power prediction:

due to P 10 (see 3.4.3) = 0.04000

due to M 10 (see 3.4.3) = 0.04000
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- uncertainty due to M 12 (see 3.4.3) = 0.04000
- uncertalnty due to the power prediction |
uncertainties = 0.02309u
- For 1 sigﬁa confidence level the relative uncertainty

in N 11 is given by:

uncertainty due to flux detector readings = 0.001876

uncertainty due to flux thimble prediction= 0.007621

uncertainty due to power prediection = 0.023094

relative uncertainty for the hottest fuel rod

in N 11 = 0.024391

Absolute uncertainty on F?H for two siema confidence

level:

0.02439 x 2 x 1.5026 = 0.0733.
The maximum F?H for a two sigma confidence level 1is given
by:

-
Fay = 1.5026 + 0.0733.

Similarly the uncertainty onvpg‘for two sigma confidence
level is given by the statistical combination of:

k »
~ relative uncertainty assoclated with FXH
: ]

- relative uncertainty assoclated with the local peaking
factor Fz (taken equal to the uncertainty due to the flux

detector reading).
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This combination leadsto:

Ry = 1.8584 + 0.0980 .

Since FqE = 1.04 (2

= 1.04 x 1.8584 + 0.0980 = 1.9327 + 0.1019

o
[

The maximum linear heat generation rate is then:

_ kW 1
MLHGR = F, X ¥ X £5tal heated 1ensth(Tt)

x thermal power (MWt)
= (1.9327 + 0.1019) x 0.003096 x 1825
= 10.920 1‘0.576 KW/ft

This value 1s related to a two sigma confildence level.

fhe thermal power 1s taken as the rated power in a
éonservative manner even 1i1f the real power was bhelow this
value while the flux map was recorded. If the thermal

power 1s taken as 1813.5 MWth power at which the data were

120



collected, the MLGHR is then: 10.851 + 0.529 KW/ft.

This gives a meﬁhod for evaluatineg the uncertainty
associated'with the peaking factors. This same method
may also be used to evaluate the uncertainties in the
power distribution by taking each fﬁel assembly individually.
This mgthod shows that the uncertainty becomes smaller when
the number of thimbles used for the calculation of the
peaking factor in a piven assembly, is increased.

The uncertainty evaluation is based on the assumption
that the uncertaiﬁty dué to the nower predictlon is esti-
mated to be + 4% and + 4% for the flux thimble prediction,
for one sigma confidence level. This should be confirmed
by further wqu, by doing a sensitivity analysis on the

main parameters of the PDQ code.

5.3 Sebond Sensitivity Analysis on the Effective Flow
Factors ‘

Using the method developed in 5.2, the uncertainty
on the power prediction can be gvaluated for each assembly.
The uncertainty on the coolant assembly exit temperature
has been evaluated in a global manner by Eq. 4.10, however
one may provide in the future a more detalled analysis
of the temperature uncertainty.

The two versions of the code developed in Chapter 2

FLOFA 1 and 2, have been remodeled to allow the use of
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the uncertainties on the power distribution and the exit
temperature of the coolant for each assemblv This
differs from the_versions in Chapter 2, where only a
unique valﬁe of the accuracy'for eéch quantity was ﬁsed
for all the assemblies.

FLOFA 3 and FLOFA 4 are-thé new versions of the codes
used for the evaluation of the uncertainties in the effec-
tive»flow factbrs. They give very 51milar inforhation to
'fhe one given by the original Vérsions. (See Appendix B
for the ¢ode$ listings and sample inpht and output.)

The fesults for the two types of calculations ére
compared with the original versions on Fig. 33 and 34,

The remarks and the cgnclusibns remain unchanged frbm
those obtained in Chapter’2. However the main interest

- with tﬁe new versions of FLOFA is constituted by the fact
that individual inaccuraéies'can be selécted.

5.4 Other Remarks on the Connecticut Yankee Data

5.4.1 Core Symmetry

VThe dissymmetric effect which appears in the power
distribution 1is due tb the fact that the only syvmmetry
which can be maintained in the core 1s a ocuadrant symmetry.
This 1s due to the fact that the.changes in 1sotopic
composifions for fuel élements in peometrical symmetrical

positions in the core, are not the same in these fuel

122



15 14 13

12 11

Hottest assembly= y 131

All the uncertain-
ties are related

1o a one sigma con-
fidence level,.

10

1.0254] 0.¢

55036
6.8914

5539

9 8

- 0.6081
- |5.6515
- 5.8334
& 4.001

BN =

0.6563 -
5-7859 -
6.5419| -

'4|863 e

0,£001
5.3063
4.9418
3.029

0.9515]1.0387
5.049314.9941
4.7828| 4.2686
3.095 |2.309

1.1291
5.3534
4.8775
2.859

0.7304]1.0716
L 5.572114.9410

6.4745]4.6939

4.955 |3.087

1.0008|0,9728
4.6649]5.5450
4.1¢88] 4.6660
2i382 2-143

0.9936
5.5337
4.7446
2.336

1.0340]0.9488
X 5.6760]5.5337

6.3849]5.1003

4.743 |2.993

1.232110,9933
5.6842]5.5036
4.8757|4.7144
2.341 |2.327

1.1431
55956
4.7668
2.314

0.8971]11.0453| -
6.365914.8551| -
T7.5710]4.3514| -~
5'745 2-655 o

1.0434] -
5-0050 =
4.28%9 -~
2-331 bes

1.0460
5sl1422
4.4078
2.332

1,004111.0336
5.7659]5.4813
4.9486]5.7327
2.311 | 4.02¢

0.9340]1.0319]1.2905
H 6.1476|5.7510|5.7514

T.4375]5.3184|5.2328

5.745 |3.059 |2.920

0.€864]1.0402
5.4887|5.1542
5.0049| 4.7066
2.891 |2.841

0.9639
5.9587
53553
2.836

1.,0121)0.,024%2
5.3741| 6.0560
4.8918| 6.1244
2.855 |4.002

1l: Bffective flow factor: EFF

2: Relative uncertainty on EFF (¢), aseuming: rel:tiv. croune ctaine

ty=2.75%, outlet temp. uncertainty= 2,5%F, inlet
3: Relative uncertainty on EFF (%), assuming: rel-'i::
ty= value given in 4:, outlet temp. uncertaint -

uncertainty= 0.1°F

ten v, unecuz =017

4: Relative power uncertainty (%) used to compute 3:

Pig. 33 Comparison of the uncertainties associatod 1
flow factors, Heat cepacity of the cool:nt

temperature.
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14

15 13 12 11 10 9 8
- ¢.f110] 1
R - |5.9173] 2
- 6.0232| 3
Hottest assembly= I 11 g 4.001 |4
0.8138}1.,0268] 0.0721] -
All the uncertainties 6.1048|5.7699 5.0507] -
are related to a one 722771 7.0490] 4.,8230] -
sigma confidence level. 5.506 15.539 | 3.157 -
0.8611] - 0.8586] 1.0165[1.0677
N 6.0517] - 5.5738] 5.7186|5.8773
6.7156| - 5.1529 4,9139]5.4102
4.863 - 3.029 | 2,360 |3.057
- 0.9447]1.0299|1.1280] 1.0077 -
M - 5.3216]5.2680|5.6206] 5.2575] -
- 4.994314.5032]5.0027] 4.505¢| -
0.732111.0612{0,9:9210.9748/0.9953] 0.962111.0423
L 5.8381]15.2163]5.1427]5.8151| 5.7999| 5.7042|5.5607
6.6439]4.9072|4.4345)4.8974] 4.9719| 4.8E82]5.7750
4.995 |3.087 |2.382 |2.143 |2.336 | 2.322 |4.010
1.0381]0.9505}1.2371]0.9946]1.1462] - -
6.559515.3123|5.1025]4.9420|5.0144| - -
4.743 |2.993 |2.341 |2.327 |2.314 - -
0.2082[1.032¢9] . - 1.0349) - 1,0410}1,0098]1,0347
P 6.6259]5.,1331| - 5.2785) - 5.4122] 6.0518]5.7477
T7.7325}4.5791} - 4.5235| - 4.6384|5.1760|5.9206
5.745 |2.655 - Ledal - 2.332 | 2.311 | 4.02¢
0.9436]1.0374]1.2971]0.9875[1.0355|0.9718]1.0114| ".c328
H 6.4111]6.0258]6.0172]5.7551|5.4239]| 6.2252| 5.6411|6.3213
7.5986]5.5298]5.4472]|5.2193[4.5235|5.5726| 5.1071]6,2175
5.745 |3.059 |2.920 |2.891 |2.841 |2.836 |2.855 |4.002

1: Bffective flow factor: EFF

2: Relative uncertainty on IFP (%), assuming: relctiive now

ty=2.75%, outlet temp. uncertainty=2.5°F, inlet toip.
3: Relative uncertainty on EFF (%), assuming: relztive 10
ty= value given in 4:, outlet temp. uncertainty=2,14°%, inlet tempn,
uncertainty=0.1°F
43 Relative power uncertainty (%) used to compute 3:

Fig. 34

er uncertein-
uneart.=t,10w
vcr nneertain-—-

Comparison of the uncertainties associried with the effective
flow factors. Heat capacity of the coolant terperature depen-

dent .
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elements. In fact the coolant temperature at the core
~inlet is not uniform, and the correspondine variation
1s'ab§ut‘i 2.5 °F, as 1t can be‘seen on data collected
at thé plaht. '
;.Furthérmofe, as 1t 1s shown 1y Fig. 35 the relative
diSposition of ‘the inlet nozzles and oﬁtlet nozzles tends
‘to favor asymmetry in the inlet temperature distribution
and theréfore in the power distribution. Tf the inlet
nozzles were located at 90° from each other, instead of
45° and 1355, the inlet’temperaturé'of the coolant would
probably be more symmetric.lk

5.4.2 Effective Flow Factors Variations

, An arﬁitrary increase of the power in aséembly M a
by 10% has been done to compare the variatith'of:
-~ the flow distribution at the aSsembly\exit, using
COBRA IIT C, | ‘
- the coolant temperature distrihution at the assembly
exit, | |
- the effective flow factor distribution, assuminge that
- the measured coolant temperature rise in assembly N o
stays constant, |

between the "reference case" (power in N 9 unchanged) and

a "new core" (power in N 9 increased by 10%).
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coolant for the assemblies on the edge of the core 1s
llowef than the measufed temperature. But the computation
of the temperature 1is based on thé powervdistribution.ob—
tained from INCORE.

It is noticeable that the calculated value of the
power for the assemblies on the edge of the core 1is,1in
most of the cases, preater than the predicted value ob-
tained from the PDQ calculation. Comhining this remark
with the fact that the COBRA calculations would lead to
higher coolant éemperatures at the exit of the peripheral
_ assemb11es if higher power distribution were used, would
seem to 1ndicaté that the ﬁoWer distrlbufion of the
assemblieslat the edpe of the core may be underestimated.
Thefe 18 no absolute evldence to supporf this argument,
however it is also difficult to explaih the low values
of the effective flow factors. More than a flow distri-
bustion; the effective flow factors seems to give an indi-
cation of the quality of the match between the core physics
analysls and the thermal hydraulic analysis. An effective
flow factor of one would'tellAthat both analysis agree with
each other,

5.4.3 Round Off Errors

Since all the information isbtreated by the computer,

one may worry about the round off problem. The problem is
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When the nower in N 9 is iﬁcfeaséd bv 10%:

- Fig. 36 shows that the coolant temperature distribution
at the assembly exit is unchanged, except in assembly N 9,
Tabie 6 indicates a relative increase of19,u7% for thé
caiculated coolant témperature rise,

- Fig. 37 shows that the normalized flow distribution at
the assembly exit 1is increased by a constant quaﬁtity =
0.0002 in each assembly, except in N 9 where it is reduced
by a constant quantity = 0.0035,‘ |

- Pig. 37 indicates a decrease of the effective flow
factor by about 0.003, except in N 9 where'it is increased
by 0.0994. |

It 1s important td recognize that, the effective flow
factor.and’the coolant flow distribution at the assembly
exlt varies in opposite directions for a local variation of
power‘(as in this case 1n one assembly).

The values of the effective floﬁ factors for the
assembly on the edge of the éore are'always lower than
the values for assembly well within the core. This would
mean that either the estimated cooiant temperature rise
i1s too large or the calculated relative power 1s too small
" for the fuel assemblles on the edge'of the core. The
study develéped in Chapter U4, using COBRA IIT C seems to

indicate that the calculated exit temmerature of the
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15 14 13 12 11 10 9 8
86220850575
R 562,1¢|545,7°
- |5t
Hottest assembly= N 11 Q.76
P 564,62]57%,05) 5¢5,65]571.91
571.6 |575.7 | 56t.2 -
C.737 |1.012 j1.201
567511591.T7] 5T4.89 584 .4 575 .37
N 567.52| 501.76| 57489 57711577 .35
572.2 - 578.5 1 576.4 |574.3
0.790 0-5?35 1."‘16 1.C".3
- |582.7 |5€3.7 |577.8 |583.¢ 1 -
1.062 [1.178 |1.156 | 1.157
575.71] 576.84] 577.76] 552,62
L 575.72| 576.88] 577.53] 552.£3
574.8 |584,7 |58€.2 |575.1 | 5753 | 57646 |57ELT
0.709 ]1.236 |1.162 |0.949 | 0,973 | 0.985 J1.,0°¢€
583.68 £84.38] 570,71
K 583463 504.37| 570.50
5735|5753 |5T73.4 15757 | 574.5 - -
0.978 29 |1.163 |0,<80 |1.103
574.36] 572.30
J _ 574.38 57€.32
566.4 | 586.4 - 583 .5 - 520.8 T2.2 | 570.0
0.731 |1.238 1.180 1.137 | ©.926 |1.02A
H ‘ 56T .50
568.4 | 572.5 | 572.6 |575.2 ] 580.9 | 570.3 | 577.5 | 569.3
0,796 | 0,957 |1.199 [0.977 |1.126 | 0.855 | 1.022 | 0,{03
1: Coolent temverzture at the assembly outlet 595,09 521,60
( power in I 9 increased by 10 ¢ ' 505,101 51679
2: Coolant temperature al the assembly outlet - -
( reference cese )
3: Coolant temperature at the asserbly outlet "01.75] To1.o
( messured velue by ontlet thermocounle ) 151‘;7 £l A
4: Releztive power of the assembly S L
FPig, 36 Coolant temperature distribution at the

e

eszcembly exit. Power increase in II © Hot subchannels

cece,
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15 14 13 12 11 10

9 8
1,0063f1.0058}1
R 1.0065 |1.0060] 2
; ; - 0.8081]13
‘Hottest assembly= N 11 - |o.8060] 4
, 1.005110,9974]0.9927|1.0044
P ; 1.00530.9976]0.9529]1.0046
0.8086|1.0254]0.9859 -
- J0.80691.0229]0.5829| -
. 1.0036 |0.9908 |1.0031]0.9965 |0.9099
0.8562 - 0,900111.0160]1.0645
]0.9980 10,9940 ]0.9552]0.9954 |1 .0066
M 0.9982 10.99420.9954|0.9956 |1.0068
L - 0.9515]1.0387]1.1297]1.0166 -
1.0028 [0.,9996|1.0024 |0.9986
L _ | 1.0030}0,.,9998}1.0026 |0,9288
’ 0.7303]1.0716 1;0008L0.9728 0.9936]0.9817 |1.0443
: 0.7286 1.0691 bp9984 0_;,9701 0,990910.9791 ]1.0412
10,5580 [0.5580 [1.0076
) - , 0.99820.9982 [1.0078
K 1.0340 J0.9498 1.2321 fo.933 [1.1430 - | -
1.0310 [0.9461 [1.2284 |0.9906 |1.1405 - -
' 1.0050 |1.0015
| 1.0052 [1,0017
J Pp.8o11f1.04531 - p.o43a| - |1.0460[1.0021 [1.0336
8947 11.0425 - R.0407 - |1.0437|1.0016 [1.0313
‘ ‘ 1.00%8
H , : 1.0100
«9340 1.0319 1.2890 P.9864 1.0402 10,9639 1.,0121 [0.5242
1; Normalized flow distribution at assembly outleﬁ#}9934 0,9781
(reference case) 0.9936 [0.9782
2: Normalized flow distribution at assembly outlet - -
(power in N 9 increased by 10 ”) - -
3: Effective flow factor (C =ct) 0.9764 [0.9790
(reference case) 0.9785 [0.97¢2
4: Effective flow factor (cpact) ’ =
(power in N 9 increased by 10 )
Fige 37 Normalized flow distribution =t the Hot subchannels

agsembly exit, Power increzse in N O
case,
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"Reference

' Relative

rise

Table 6 Relative Variation of the Effective Flow Factor and

56.81°F

Normallzed Assembly OutletvFlowkin N9

New ‘
Case Case Variation

Relative assembly power 1.016 - 1.118 '+ 10 % |

Effective flow factor 1.016Q 1.1154 + 9.78 %
 Normalized assembly outlet flow ‘1.00d0 0.9965 - 0.35 %

Normalized assembly inlet flow 1,6065 ~ 1.0065

Measured éoolanﬁ temperature 54,1°F --

rise : ' '
Calculated coolant temperatufe‘ 62.19°F ,'+ 9.M7>%’_




hotkvery d1ff1cu1t to treat but rather long. It may be
recognized that most of the results in the computations

~ are présented according'to a nbrmaliZed distribution which
tends to limit the roundvoff’error problemn, Varying the
last“figure of the temperature:risekor of the powervpfe-v
diction in the calculationkqf the effective flow factor
i{nfluenced the values of the effeétive flow factors by
‘1ess than é percent,'beﬁause of thée normalization of the
results. As far as‘the uncertaintyvproblem is éoncerned,
the round off problem is'of a second order as comvared

to the other sources of inaccuracy.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK

v Thekstudy which has been developned here can be divided
in differenﬁ areas: | , | |
_ sensitivity studles on the codes INCORF and

COBRA TII C, | |

- uncertainties evaluation of temperature
| meésurement
- neaking factors
(assémblv power
distribution)
| - effective flow factors,
- modificatioﬁ of COBRA III C’to’accommodate the size
of the Connecticut Yankee problem,
- analysls of operating data from Connecticut Vankee,

6.1 Sensitivity Studies

6.1.1 Sensitivity Study on the Code "INCORE"

The study has been performed to evaluate the uncer-
tailnty associated with:
- peaking factors F?H, Fg, F7 (results of the INCORE

calculation) for assembly‘averaged'values and hot fuel rod
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in

each assembly from the knowledge of the inputs of the

code INCORE:

' flux detector readings (measured ?alues),.

flux thimble prediction, ebtained from the code

power distribution prediction PDN.

This sensitivity study leads to the following results:
flux meaéuremeﬁts‘uneertainty (flux detector reading)
NHeand Fg are affected, their change behavior is

Al
corrolated by File. T7a and 7b for 1% change in the flux

F

detector readinge,

wz is unaffected,

flux prediction uncertainty (flux thimble orediction)
wN |
“AH ,
corrolated by Fig. 9a and 9b for 1% change in the flux

and Fz are affected, thelr change behavior is

thimble prediction,

Fz is unaffected,

power distribution prediction
?H g are affected, thev undergo 1% change for

1% change in the power prediction,

F... and F

F7 is unaffected.

These results allow the evaluation of the uncertainty

assoclated with the peaking factors.
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6.1.2 Sensitivity Study on the Code
"COBRA I1ILI CV

~ The study_has been done to detefmine the most ade-

quate value of the parameters'tojbe'selected for the |
calculations. The natameters used in the studv are:

- axial node length, e |

- flow covergence factor,

; S/L paraméter defining'the controi volume,

- tﬁrbulent momehtum factor,

- cross flow resistancevfactor,

~ type of coolant flowvdistfibution at the core inlet.

The results of this study leads to the conclusioﬁs:

as a genefal conclusion,the cooiant cdnditions (axial

flow, temperature, enﬁﬁalpj)vare weak functions 6f‘these
parameters and do not vary_greatiy as can be seen in
Chapter H, |
- the following values of the parameters vrovide the

best accuracy of the results that can be achieved without
- any unnecessary increése of the éomputing time:

.axial node length = 6 1n;

flow coﬁvergence factor = 0.01,
- S/L parameter defining the control volume = 0,25,

- turbulent momentum factor = 0.5,
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- cross flow resistance factor = 0.5,
- type of coolant distribution at core inlet
= equal pressure gradient at core inlet.

For the.operation point of view, 1t mayv be concluded
that because of the.insensitivitﬁ'of'the conlant con-
ditiqns,at,the core exif a cross fiow pattern chanpge cannot
‘be directly observed from the outlet thermocounles. However,
fufther work in this area by simulation of flow blockage
at the core inlet forbone assembly, then for one subchannel,
using COBRA IIT C shouid be uéefulyand provide a check of
the previous conclusion.\ |

6.2 Evaluation of Uncertainties

'6.2.1 Temperature Measurement

Very little date exists now on the unceftainty associ-
ated with temperature measurement. in a reactor. However
bv using the results develoned fer the San Onofre Reactor(gl
and bv comparing the measured values and calculated values
(using "COBRA TII C") of the coolanﬁ temperatures at the
core exlt, the uncertaintv on the temperature measurement
of the coolant at core exit can be evaluated bv Ea. 4.10.

.

+ 7;&3 + b.27 (°F)

0.854 tmeasured-

tcorrected'=
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This uncertainty on the ﬁemnerature‘is to be used
in the evaluation'of the uncertaintv associlated with the
effective flow factor.

6.2.2 Peaking Factors

TBﬁ using the results of the sensitivity analysis done
on the code "INCORE", the uncertaintv associated with
the peaking factors 1s calculated according totthe procedure
described in Chapter 5. As an example, usineg data taken
on the Connecticut Yankee Reactor.at BOC of Core III

(run 89), for the hottest assembly N 11 it has heen found:

N e o
Fy = 1.5026 + 0.0733
Py = 1.8584 +0.0980
R, = 1.9327 + 0.1019

for a two sigma confidence level, or 4.877and 5.27% of
relative uncertainty on FﬁH and Fq respectively.

The evaluation of these uncertainties assoclated with
the veaking factors, allows the evalhation of the uncer-
tainty asSociated:with the maximum linear eseneration, in

. this particular case 1t has been found:

MLHGR = 10.920 + 0.576 kW/ft
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for a two sigma confidence level.

The eQaiuation'of the unéertainty assoclated with
each peaking factor.is based on the assumption that the
uncertainty associated with the flux thimble prediction
and the power distribution predicﬁion is 4% for one sigma
confidence level. Fufther work on the code PDO should
be done to evaluate the uﬁceftainty assoclated with flux
thimble énd power distribution predictions, due to the
uncertainﬁy‘asﬁéciated with the fuel enrichment or other
Quﬁniﬁties (such as mesh spaéing) used as inputs in the
code "PDQ". \Furthér'work cén be dohe also to check the
- time independence of the curves in Fig. 7 ahd 9 from one
core to another. | |

6.2.3 Effective Flow Factors

The uncertainty associated with ﬁhe effective flow
factorsvhas been e&aiuated from'the krnnowledge of the
uncertaintt!lwassociatéd with temperature measurements
and power distribution calculations. |

Fof one sigma confidence an average 6% uncertainty
'has been found for thé effective flow factor. A large
fraction (about 70%) is due to the undértainty on the
coolant temperature measurement at the assemblv outlet.
This uncertainty is rathér large compared to the possible
variations df the coolant flow-distribution from one

assemlily to another.
: 138



6.3 Modification of the Code "COBRA III C" .

The original version of the code "CORRA TII C" was
too small to accommédate the size of the Connecticut
Yankee’problem. The‘changes have been made on:

- flow channels number increase from 15 to 30,
- flow channels conﬁ%mtionS'number increase from 30 to b,
- fuel rods number ilncrease froh 15 to 35,
- fuel types number increase from 2 to 3,
. éxial node number decrease from 60 to 30,
- axlal heat flux nodes number increase from 30 to 39.

Appendix C of this work presents a method to handle
easily further Changes in the code and should be useful
for a future user of the code "COBRA IIT C".

6.4 Analysis of Operating Data rom Connecticut Yankee

The analysis df the operating data from Connecticut
Yankee gave.an opportunity to evaluate uncertainties associ-
ated with the information obtained from the core instru-
menﬁation or quantities derived from the core instrumenta-
tion.

The sensitivity study done on the code "CORRA III C",
applied to the Connecticut Yankee case shows the weak
dependence of the asseﬁbly exilt conditions of the coolant.
This 1s due to the fact that the core is operated with a

fair depgree of subcooling. Hence, the actual values of

!
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“some critical parameters iike DNBR, MLHGR, maximum clad
outside temperature, maximum fuel centerline temperature
are conservatively within the 1imits of the technical
specifications.

| The effective flow féctor concepf in fact gives more
information on the quality of the agreement betwéen the .
‘reactor physics analysis and the thermal hydraulic analysis
of the core, than on the coolant distribution through the
core,. A pood agreement between reactor phyéics and thermal
hydraﬁlic analysis in a given assembly would lead to an
effective flow factor near'l;o fdr that assembly. The

lbw values of the effective flow factors for the assemblies
located on the core edge, seem to indicate underprediction
of the average assembly powér. Further work on the power
distribution calculation for the peripheral assemblies,

using different power predictions should clarifv this noint.
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APPENDIX B

The following section'contains’thé codes'IIStings,
samples 1nputs and outputs of the codes used in this

work.

1h44



C

PROGRAM FLOFA 1}

CoPRETRIRIRAIOHNIRNSNES

C CASE EFFECTIVE FLOW FACTOR DISTRIBUTION

14
1S
16

17

IMPLICIT REAL*8 (A=Hs0-2)

REAL ©8 LEFTs RIGHTy ASPECs FSPECs BLANKS

REAL®8 LEFTAy RIGHTA, ASPECA, FSPECABLANKA

DIMENSION PESULLI(B4894) s RESUL2(B+845)e RESUL3I(8+,8,8),
ISIRTIN(BeB)y Q(8e8)y TOUT(848)s Y(B48)s X(8Bs8), SIRTCU(8:8), SPO(8
298)s STO(B+8)e STI(8s8)y S12Y(848)y SIZRFL(BsB)

ISIFLO(B»895) s FLOFA(BBeS) s SI2FLO(B1B9S) s SIPFLO(B¢8+5) s
4CONOR(Bs8+8) 9 COPO1(8+848)e COTO1(84+858)¢ COTI1(B4848), COPOZ(BOB:
S8) e COTO2(BeBs8)s COTIZ2(BeBs8) 4

6SIRPO(10) s SITOUT(10)y SITIN(IO0)» SUMY(1) , FANOR(1) , SPOSUMI{10),
TSTOSUM(10)y STISUM(10)s S2YSUM(10)s A(10)s COLUMN(4),

8FORM(10)s RUN(3) e FORMA(CID)s COLUMI(B)» COLUMK(S)+ COLUMM(AR)

READ (S+8) RUN

FORMAY (5A8)

READ (5+9) POWER

FORMATY (AB)

READ(S+10) NUM, TINs NUMZ2

FORMAT(T1297XoF10.044Xs13)

READ(Se11) LEFTAs RIGHTAs ASPECAs FSPECAs BLANKA

FORMAT (5A8)

READ (S+12) LEFT.RIGHT. ASPECs FSPECs BLANKS

FORMAT (548)

READ (5413) (COLUMI(I)y I=148)

FORMAT (BAB) !

READ (S5+18) (COLUMK(K), K=1+5)

FORMAT (S5A8)

READ (5+19) (COLUMM(M), M=z]48)

FORMAT (8A8) :

READ (5+5) (COLUMNI(N), N=1,4)

FORMAT (4A8) :

DO 14 1=1,8

DO 14 U=1,8

TOUT(1eJ)=0,0

Q(IeN)=0,0

Y(Isd) = 0,0

X{I+d) =0.0

SIRTOU{I+J)=0,0

SIRTIN(lsJ)=0,0

SPO(l+J)=0,0

STO(1+J)=0,0

STI(I.J)=0,0

SI2Y(14J) =0.0

CONTINUE

DO 16 IN = 1. NUM2

READ (Sy15) 1s Js XQ¢ XTOUT

FORMAT(2(12¢1X)92(F10,044X))

Q(Ied) = XQ

TOUT(TI+J) = XTOUT

CONTINUE ,
" READ (S917) (SIRPO(L)e SITOUT(L)y SITIN(L)e L = 1, NUM)
FORMAT(3F10.0) .

SUMY (1)=0.0
DO 20 I = 1.8
DO 20 U = 1,8
IF(TOUT(1+J).EQ.0.0) GO TO 20
X(IeJd) = TOUT(1eJ) - TIN :
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20

25

30

50
501

522
52
521

Y(Ied) = Q(IeJ}/X(1eD)
SUMY (1) =SUMY (1) ¢V (1)
CONT INUE

FANOR (1) =38,/5UMY(])
DO 998 L = 1y NUM
SPOSUM (L) 0.0
STOSUM(L) 0.0
STISUM(L) 0.0
S2YSUM (L) 0.0
DO 30 I =1,8

DO 30 J =1,8

DO 29 K = 1,5
FLOFA(IsJoK) =0
SIZ2FLO(1sJsK) =
SIFLOt(I+JeK) =0
SIRFLO(I¢eJeK) =
RESULZ2 (T eJeK) =
CONTINUE

D0 30 M = 1,8
RESUL3(IsJeM) = 0,0

CONT INUE .

DO S011 = 1,8

DO SO0 J = 1.8

IF(TOUT(I+J).£EQ.0.0) GO TO SO

SIRTOUII«J) = (SITOUT(LIZX(Te NI S(SITOUT(L)/X(19J))
SIRTIN(I+J) = (SITINIL)/X(I o)) S(SITINIL)/ZX(1sJ))

SPO(I4J) = Y(I4DOSIRPO(L)® Y(IeJ)® SIRPO(L)

STO(led) = Y(IeD)® Y(I4J)® SIRTOU(I )

STI(IeJ) = Y(Ied)® Y{(IsJ)}® SIRTIN(IsJ)

SI2Y(I N SPO(Ied) ¢ STO(I+J) ¢STI(IeD)

SPOSUM (L) SPOSUMIL) + SPO(1+J)

STOSUM (L) STOSUMI(L) +« STO(1sJ)

STISUM(L) STISUM(L) » STI(I.+JN)

S2YSUM (L) S2YSUM(L) + SI2Y(1I.,J)
A(L)=S2YSUM(L) Z/(SUMY (1)2SUMY (1))

CONTINUE :

CONTINUE

DO S211=1,8

DO S2 J=1.8

IF(TOUT(I+J)eEQ.0,0) GO TO S2

SIZRFL(I+J) = A(L) ¢ SIRPO(L)* SIRPO(L) + SIRTOU(I W)

le SIRTIN(IWJ)

K =1

FLOFA(IsJeK)=FANOR(1)OY(I4J)

K =2

SI2FLO(TeJoeK) = (Y(TeJ)® FANOR(1))#a22A(L) ¢ (FANOR(1)®Y(T+J)
19 SIRPO(L))I®##2 « (FANOR(1)® Y(IeJ)/X(IeJ)® SITOUT(L))
2902 + (FANOR(I)® Y(Is)/X(IeU)® SITIN(L))®e2

K =3

SIFLO(TsJeK)= DSORT(SIZ2FLO(IeJe2))

K = & '

SIRFLO(TsJeK) = SIFLO(I+Je3)/FLOFA(IsJe))* 100,

D0 S272K=1ls4 .

RESUL2 (TsJeK) ‘= FLOFA(]oJoK) ¢ SIZ2FLO(IeJeK) ¢ SIFLO(TsJsK)
1 « SIRFLO(IeJeK)

CONT INUE

CONTINUE

CONTINUE

DO S311I=1,8

W H uu

anunnn
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53
531

552
5%
551

60

61

62

63

640
64

65

DO S3 J=1,.8

DO 53 M=],8

CONOR(1¢JsM)=0,0

COPO1(1eJyM)=0,0

COTO1(1eJsM)=0,.0

COTIY(I+JsM)=0,0

COP02(1eJsM)=0,0

COT02(1+JeM)=0,0

COTI2(1+sJeM)=0,0

RESUL3(1eJeM)I=0,0

CONTINUE

CONTINUE

DO S511=1.8

DO SS J=1+8

TF(TOUT(1+J).EQ.0,0) GO T0 SS

M=

CONOR(IoJsM) = ACL)/SI2RFL(IsJ)® 100,
M= 2

COPO1(1sJesM)=SIRPO(L) * SIRFO(L)/ SIZRFL(I,J)* 100,
M =3

COTO1(1eJdeM) = SIRTOU(IsJ)/SIZ2RFL(I,J)* 100,

M =4 .
COTIN(IsJeM) = SIRTIN(1+JI/SI2RFL(15J)* 100,
M =5 )

COPO2(I19JoM)=CONOR(J+Js1)#SPOSUM(L) /S2YSUM(L)+COPO1(14Je2)

M = 6

COTO2(IeJeM)=CONOR(I0Js1)#STOSUM(L)/S2YSUM(L)+COTOL1(1+J+3)

M= 7 .

COTIZ2(1eJeM)=CONOR(TeJs1)#STISUM(L)/S2YSUM(L)+COTI1(IsJe4)

DO SS2M=1+7

RESUL3(IsJeM) = CONOR(IsJeM) ¢ COPOL(IeJeM) ¢ COTOL(IeJeM)
1+ COTIL1(IvJeM) ¢ COPO2(TIeJsM) + COTO2(IeJeM) + COTIZ2(TIsJsM)

CONTINUE

CONT INUE

CONT INUE

WRITE(6+60) RUN(1)s RUN(1)

FORMAT (1HY +3SX+'EFFECTIVE FLOW FACTOR DISTRIBUTION #9¢,2XsA8515Xy 'R
IUN # 2,ABs'PAGE 1t4///7/7)

WRITE(6+,61)

FORMAT (1Xs9FFF = CONSTANT ® RELATIVE POWER / TEMPERATURE DIFFERENC
1€ ACROSS THE FUEL ASSEMBLY's///7)

WRITE(6+62) SIRPO(L)s SITOUT(L)s SITIN(L)

FORMAT (1Xs *PARAMETERS ¢ RELATIVE POWER STD04SXe?=043F10,44/14X,°0U
ITLET TEMPERATURE STDe =09F842+2X0%DEG, Fo 943/14Xy " INLET TEMPERATUR
2E STD. =04FBe212Xe'DEG, Folos2/7)

WRITE (6+63) SUMY(1)s FANORI(1)e S2YSUM(L}s SPOSUM(L)s STOSUM(L),
1STISUMIL)

FORMAT (1X+ 'RESULTS: SUM OF THE RATIOS?+6Xe9=942XsF14.109/10Xs *NORM
1ALIZATION FACTOR =992X9F14,10+/710Xs'SUM OF THE STD, SQUARE =19,2X
21F14,100/710X9"CONTRIBUTION OF POWER =942X4F14,10,/10X4*CONTRIBUTI
JON OF Te OQUT =142XeF14,10+/10Xe?CONTRIBUTION OF T. INL ='42XsFla,l
“04/77)

WRITE(6+640) POWER

FORMAT (1H o+ 'THERMAL POWER ='3ABe¢? MWTH?®)

WRITE (6464) RUN(])

FORMAT (1Hle 100Xe?RUN #042XsAB842X 4 'PAGE 2'4/)

WRITE (6¢ 65) SIRPO(L)W SITOUT(LY)y SITINL)

FORMAT (1H «*RELATIVE POWER STD.'9SXs?=0sF10,44/1H +'CUTLET TEMPERA
ITURE STDe =09FBe2e2X9*DFEG,. Fote/1H o' INLET TEMPERATURE STD, =1,F8
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6

>

85

S0

971

96
100

120

140

141

162

170

180

191

192
190
200

24202%X0'DEG. Fo®s/77)

WRITE (6 66)

FORMAT (1H -RX.015';13X-'16'o13X.'l3'o13X-'12'¢13x.'ll"13Xo'10'.la
1Xe%99,14Xs?8%9//)

FORM(1)=LEFT

FORM(10) =RIGHT

D0 100 I = 1.8

DO 95 K = 1,5

D0 90 J=1,8

IF (RESUL2(1+J¢K).EQ.0,0) GOTO 8S

FORM(J+1l) = FSPEC

GO 70 90

FORM{J+»1) = ASPEC

RESUL2(1sJsK) = BLANKS

CONT INUE

WRITE(6y FORM) (RESUL2(1,JsK) 9 J=1,8)

WRITE(64971)COLUMK (K)

FORMAT (1H+,122X+AB)

IF(K.NE.2.0) GO TO 9S

WRITE (6+96) COLUMI(I)

FORMAT(1H++126XsAG)

CONTINUE

CONTINUE

WRITE(Sy 120) .

FORMAT(//+1Xs*TABLE # 1: THE FOLLOWING VALUES INCLUOCD ARE:?%,/,
11Xe01® EFFECTIVE FLOW FACTOR NORMALIZED TO 1 OVER THE ASSEMBLIES W
21TH OUTLET THERMOCOUPLES'e/1Xst2% SOUARE OF THE STANDARD DEVIATION
3 OF THE EFFECTIVE FLOW FACTOR'®o/1Xy03® STANDARD DEVIATION OF THE E
4FFECTIVE FLOW FACTOR's/1Xet6%® RELATIVE STANDARD CEVIATION OF THE E
SFFECTIVE FLOW FACTOR?)

WRITE(6+140) RUN(1)

FORMAT (1H1ly 100Xs'RUN #42XeAB32Xe"PAGE 3%,/)

WRITE (6y141) SIRPO(L)s SITOUT(L)e SITINI(L)

FORMAT(IH o'RELATIVE POWER STD.'sSXe®=9F10,4¢/1H +'OUTLET TEMPERA
1TURE STDe =9sFR.202Xe'DFEGs Foe'o/1H o *INLET TEMPERATURE STD. =0,F8
2.212X4'DEGs Fot9/77)

WRITE(64162)

FORMAT (1H oBXe?1S50413Ns014%013X00130513X9?12%9]13Xs*11913X0s%10%,14
I1Xe?'90,14X9?'8%¢//)

FORM(1)=LEFT

FORM(10) =RIGHT

DO 200 I = 145

DO 190 M = 1,8

DO 180 J=1,8

IF (RESUL3(T+JeM) EQ.0.0) GO TO 170

FORM(J¢l) = FSPEC

GO T0 180

FORM (Je1) = ASPEC

RESUL3(IsJeM) = BLANKS

CONTINUE

WRITE (6+FORM) (RESUL3(IoJeM) 0J=148)

WRITE(6+191) COLUMM (M)

FORMAT (1H+4122X0A4)

IF(M,NE,4,0) GO TO 190

WRITE (6,+192) COLUMI(I) )

FORMAT (1He 4 126X0AG)

CONTINUE

CONTINUE

WRITE (6+4210) RUN(1)
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210
211

212

258
270

286

289
285
300

400

998

450

460

So0¢0

FORMAT(1H]le 1JO00XoTRUN #092X9ABs2X s 'PAGE 4%,/)

WRITE (6¢211) SIRPO(L)s SITOUT(L) s SITIN(L)

FORMAT (1H «'RELATIVE POWER STD.*eSXs'=?sFl0,4s/1H +'OUTLET TEMPERA
1TURE STD., ='+FB.,2¢2Xv'DEG, Fo%e/1H o' INLET TEMPERATURE STD. =1,F8
2.292X4'DEGe Foe//77)

WRITE(64212)

FORMAT (IH o8Xo 0159 ¢13Xe0149913Xe?13%,13Xs%12%,13Xs*11%,13Xs%10%,14
1Xe?'S0314X928%47/)

FORM(1)=LEFT

FORM(10)=RIGHT

D0 300 I = 69 8

00 285 M = 1,8

00 270 J =1, 8

IF (RESUL3(1+JsM)EQ.0.0) GO TO 255

FORM(J*l) = FSPEC

GO TO 270

FORM (Je¢l) = ASPEC

RESUL3(IeJeM) = BLANKS

CONTINUE

WRITE (6+FORM) (RESUL3(IeJeM)eJ=1,8)

WRITE(6+286) COLUMM (M)

FORMAT (1He 4 122XeAG)

IF(M,NE.%.0) GO TO 285

WRITE (6+288) COLUMI(I)

FORMAT ({He 4126X0A%)

CONTINUE '

CONTINUE

WRITE(6+400)

FORMAT(//+1X+*TABLE ¥ 2 THE SOQUARE OF THE STANDARD DEVIATION IS MA
10E UP OF: Ye//1Xe* 1% CONTRIBUTION OF NORMALIZATION FACTOR?
29/1Xe*2% CONTRIBUTION OF POWER's/1Xs?3% CONTRIBUTION OF OUTLET TEM
3PERATURE *»/1X+04¢ CONTRIBUTION OF INLET TEMPERATURE'e/1Xs?Se TOTAL
4 CONTRIBUTION OF POWER'+/1Xs%6% TOTAL CONTRIBUTION OF OUTLET TEMPE
SRATURE®*s/1Xs*7% TOTAL CONTRIBUTION OF INLET TEMPERATURES®)

CONTINUE
DO 450 1=1,8

DO 450 J=1,8

DO 450 N=1,4

RESULI(I+JsN)=0,0

CONTINUE

DO 460 I=1,.,8

DO 460 J=1,8

IF(TOUT(T+J)EQ.0.0) GO TO 460

N=1

RESULI(I+JeN)=TOUT (L e )

N=2

RESULI(TsJsNI=X(TeJ)

N=J]

RESULI(ToJaeN)=Q(I s D)

CONTINUE

WRITE(6+500) RUN(1)

FORMAT (1M1 435X, PEFFECTIVE FLOW FACTOR DISTRIBUTION # Y4A84////71H »
1*THESE VALUES ARE ,THE INPUT DATA USED FOR THE COMPUTATION',////1H
CoBXy P50 13Xy 16t el3Xet130933Xe? 1209 13Xe 11001 3Xeo0100,16Xe090,14X,
3088/ /) !

FORMA (1) =LEFTA

FORMA(10)=RIGHTA

DO 510 I=1,.8

DO S0S N=1ls4
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S03

‘S04

S07

506
505
S1o

530

535

DO S04 J=1.8

IF(RESULY (TeJsN) EQ.0.,0) GO TO S03

FORMA(J+ 1) =FSPECA

G0 Y0 S04

FORMA(Js1)= ASPECA
‘RESUL (T eJeN) =BLANKA

CONTINUE . .

WRITE (6+FORMA) (RESULY(IsJeN)eJ=14+8)

WRITE(6+507)COLUMN(N)

FORMAT (1He* 122X sA%)

IF(N.NEL2.0) GO TO S0S

WRITE(6+506) COLUMI(I)

FORMAT (1H*4126XsA4)

CONTINUE

CONTINUE

WRITE(6+530) :

FORMAT (////1H +'THE ABOVE DATA ARE: 1¢ OUTLET TEMPERATURE (DEG. F.
1) %s/1H »20Xe 2% TEMPERATURE DIFFERENCE ACROSS THE FUEL ASSEMBLY (
2DEG. Fo) Vo/1H 220X5 3% RELATIVE POWER OF THE ASSEMBLY'+///)

WRITE(6+535) TIN .

FORMAT(1H «'INLET TEMPERATURE =%9F6.2+'0EG. Fo)

STOP .

END
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SAMPLE INPUT FOR FLOFA 1]

PUHBIDIODOBVLSLUCLEBDOTORDDY

089
1813.5
10

XNV S LN =TT NP SN~ NPWNDNTITTITUWUNANNOHFINTTE~NTUV®

CTODXZIDPDDEDINNSNNSNNACOOOTANNNVNORS &P PWWWWNNN—~
>
no
eyl
<.

0.0250
0.0250
0.0°27%
0.0275
0.027%
0.0275
0.0300
0.0300
0.0300

522.3

L Y
v
P

i

v

2%
0.7366
1.011R
1.2005
0.7865
1.0156
1.02/°8
1.0619
11784
1.1579
1.1570
0.7085
1.2356
1.1817
0.9491
0.,9739
0.9850
1.08a3
09782
0.929¢
1.1633
09801
1.1025
0,731
1.23H
1.1799
11365
1.025¢C
0.7950
0.9572
1.1994
0.9769
l.1263
0.8549
1.0323
0.,8020

LAV I SR VIR Ul A N R S A "RVt

nnNnovovonuno

38

ARsTXs Fl15.3s
ABe7Xe F15.100

N

3%
3a
3%

M L
Lo
Lo S

573.8
S71.6
575.7
588.2
572.2
578.5
S76.4
S74,.,3
582.7
S83.7
577.8 -
583.9
574,.8
584,.7
586.2
575.1
S575.3
576.6
S78.7
573.5
575.3
573.4
575.7
S74.5
566.4
S586.4
583.5
581.1
572.2
576.0
568.4
572.5
572.6
575.9
580.9
570.3
S77.%5

o
hglp-
—

OO0 OCQCOO
e s ® s o 0 0 s o
NN et o NS N e s [\ e
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2st

EFF = TONSTANT » RFLATIVE PNWFR 7 TEMPERATURE DIFFERENCE ACROSS THE FUEL ASSEMBLY

PARAMETERS : RELATIVE POWER STD.

EFFECTIVE FLOW FACTOR DISTRIBUTION #

i 0.0275

NUTLET TEMPERATURE STD, = 2.50 DEG. F,

INLET TEMPFRATURE STOD,

QESULTS: SUM NF THE RATEICS
NORMALT ZATICN FACTOR

SU4 N0F THF STD,
COMTRIBUTION OF
CONTRIRUTION CF

sQuy
POwW
Te

ARE
ER
nyrt

CONTRIARUTION CF To INL

THERMAL FCWER =1813.5

MW TH

(EN R R

= 0.10 DEG. F.

0.7021423057
54,120C82197%
0.0000381581
0.,0220099162
0.0000281968
0.0000000451

089

RUN # 089

PAGE 1



£GT

SECLATIVE FTySy g9,
THTLEY TENOSIATYIE STR,
TSUET TempEoaTya g STF,

Te
1+

3
&

C. 397C92535%
0.0"324132297
C.0%T71CF %441
€.346523433)

S llki144
D s5hG2ES
¢
1

9.
C.
D.05761 080411
« 14755271217

]

ALE ¢ |

14

0.73034634985
0.7216562229
0.C40£9671R2
5.5721195378

1.C33¢R955R3
0.C2344437¢5
0.Cc5¢e8031 M8
5.6155577R32

1.C452521%529
G.00257536R5
C.CSC74R0918
4.85510521¢6

1.C3166473344
C.CCE321766
0.C594399427
5.75967298103

0.2275
2.53 NEG. F.
0.12 D&G. F.

13

1.0716470320
0.N028037128
0.0529500973
449410016326

0.9499373832
0.007275681756
0.0525359575
5.5337150931

1.2904894180
0.005%5998C46
0.0742213240
5.7514070641

THE FOLLCWING VALUFS INCLUDFD ARE:

12

0.8562686510
0.0024545168
0.0495430805
5.7859271649

09514919925
0.0023082316
0.048044)58R
5.0493392628

1.CONP4O4]1LS
0.0023797365
0.0486902394
4.B8649323921

1.2320526964
0.0049045148
0.0700322552
5.6R41931727

1.0434033687
0.0027271862
0.25222246179
5.0050123890

0.9863789044
0.C029310761
0.0541394133
5.4987034807

11

0.8086177137
0.0022291886
0.0472142841
5.8388R81754

1.03868250R8
0.3026908359
0.0518732672
409941408259

0.9728289955
0.0029140631
0.0539820628
5.54897157356

0.99331¢63585
0.0029885854
0. 0546679559
5.5035795472

1.06219513875
0.0028744772
0.05361415C8
5.1542384717

1.0254412823¢
0.0031850353
0.0564361165
5.5015795472

0.9001075047
0.0022812135
0.9477620511
5.3062607332

11291107087
0.7036537761
0.06064464729
5.3534584711

0.9935630368
0.0030229046
0.0549809477
545337150631

1.14205248113
0.0040909161
0.0639602701
5.59556233¢3

1.0460454P56
0.502R933540
0.N5378990¢84
5.1422148615

0.963901235,8
0.0032989409
0,0574364C74
549587440592

EFFECTIVE FLOW FACTOR NOOMALTIZFD TN 1 OVFR THE ASSEMALIFS WITH OUTLET THERMOCOUPLES
2¢ SOQUAZE CF THE STANCAQD NFVIATION OF THE EFFFCTIVE FLNW FACTOR
STANGARD DFVIATION CF THE EFFFCTIVE FLOW FACTOR

QELATIVE STAMLCASXEC DFVIAVION OF THE FFFECYIVE FLNW FACTOR

RUN #

0.98530353092
C. 0022114302
0.0470253458
4.Th98136266

1.0159770147
0.00306821386%
0.0553916837
5.4520607127

1.0165087055
0.0025660509
0.0506562029
4.9833516105

0.9817363158

- 0.002R497531

0.0533830786
5.4376188130

1.0040956518
0.0033751735
0.0580962431
5.7859271649

140121063820
0.0029584426
0.0543915671
543741064684

089 PAGE 2
8
0.8081231841 1*
0.002C859243 2%
0.0456708252 3w
5.6514632551  4*
1=
2
3%
[y
1.0645004057 1%
0.0015689274 2%
0.0597329674 3%
5.6113616394  4»
1%
2+
3
4
1.0643064990 1%
0.003C553672 2%
0.0552753763 3
5.293C223366 &%
i
2%
3®
4%
1.0336237415 1+
0.0032099150 2+
0.0566561113 3
S.4811127286 4%
0.9241867824  Le
0.0021324586 2=
0.0559687291 = 3%
6.0559975753 4%



76T

QFLATIVE PCwER STR,
QUTLET TEMDERATURE $T10,
INLFY TEMPEPATURE STC.

oo

1%

2.4928470751
24.1570464300
73.0332532897

0.1168532953
25.0048659174
74.8153344475

0.1198005351

QN D

2275
S9 NEG. F.
10 nEG. £,

.
3
.

13

3.1703441318
30.9767173407
65.7477421401

0.1051962874
31.8005977455
68.0904575225

010809447320

12

23120140896
22.5901681211
74.9778532242

0.1199645552
23.1909934652
76 .6863084413

0.1226980935

3.0357590441
29.661716R0487
67.1950121277

0.1075120194
30.4506224562
69.,4382763017

0.1111052421

3.2702637659
31.9530095450
66:6712694899

0.1034771992
12.8028561620
67.0958001577

0.1073436803

2. 2702625507
22,1822232538
T75.4268312654

0.1206829309 .

22.77219858590
77.1044343201
0.1233670949

3.1032361940
30.32102081R6
66.4691919602

0.1063510271
3t.1274618185
68,762518152¢4

0.11€0200290

2.5136827324
264,5606269371
72.8091956175

0.,11646547132
25.2138601071
T4.6666732158

0.1194666771

2.5553235939
24.96T4904024
T72.3614077513

0.1157782524
25.6315643234
T4.2496557274

0.,1187994492

2.7489018203
26.8588995842
70.2797509939

0.1126476016
27.5732593667
72.3110429645

0.1156976687

2.7006451556
26.1071945906
70.7986823531

0.1132778918
27.0892138757
T2.7943152199

0. 1164709044

2.52156777T1L
26.69624945770
72.6598818350
0.1162558109
2543521360670
T4.5276197414
0. 1192441916

RUN #

3.4019942957
33.2401188354
63,2566761871

0.1012106819
34,1241983929
65.7T7T056846972

0.1052329099

2.603R8444362
25.4415766070
71.8396355399
0.1149434169
26.1102401064
73.7637378330
0.1180219805

3.1166880759
10.4524561217
6643241362245

0.1061195780
31.2623928751
68,6278326406

0.1098244842

2.6176940269
25.%768°78330
71.6907030153

0.1147051248
2642571605189
73.6250394130

0.11783C0631

089 PAG

2.,4233373156
23.6778793152
73.780734490)

0.1180491752
24.307¢362601
75.5714514176

0.1299143223

2.4581019341
24,0175592029
73.4068879734

0.117451729%

26.65634852¢81

7542232942011
0.1203572707

2.7626695322
2649934213757
T0.13169813159

0.1122107173
27.7113592024
12.1731636353

0.1154773623

1
2*
3
4
5%
&
T

1*
2%
3
4
Se
(.Y
™

2%
3e
4
5
6"
7%

1
’e
3
ot
5
&t
Te

1e
2%
3e
4%
Sw
X
1s
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RELAYIVE Frfw=e §TN,
CUILFT TEwproaTHRFE ST0,
INLET TEMPERATURE STC,

1.9769247923
19.6416462%55
79.3C17456537

N.126982793%
19.1517853159
89.7139787541

0.129140625¢C

2. 0699C9CT65
20.2175345947
T7.81694524CS
712645059538
20,5428528C00
79.3332199499

041259273592

TARLE # 2 THE SQUARE OF THE STANNARD (EVIATICN IS MADE UP OF:

1+ CONTOIRYUTION NF
2* C9ONTRIRYTICN CF
3¢ COMTRIBUTINN OF
G® CONTRTIAUTIAN OF
5% TOTAL CONTQIBUTICA CF PNWER

14

2.402470C61336
23.4736984074
T4.N705122552%
0.11840R19¢}
24.CS23309814
76, 704293409
Ce. 1212486726

3.2835157338
32.0824923222
6£4.5307430052

N, 1€32471988
32.9357824540
66.55708627€1

C. 1C71313379

2. 322R911hK¢6
22.79415331314
T4.7%33501417

N.11960253602
23, 420406473219
76.4772324063

0.1223635719

PCWFR

0.0275
2.50 NEG. F.
C.10 DEG. F.

1

25275677771
24.6962945770
12.6598818350

0.,1162558109
25.3531360670
T4,52T619741 4

0.1192441916

2.33985019%68
22.26214756¢4
74.67851670C0

0.1194856267
21.47023)66934
T6.4075412506

0.1222520660

NPPVMALTIZATICN FACTNR

OLTLEY TEMPERATURE
INLFT TFMPERATHRE

6% TNTAL CONTPIAUTINN OF NUTLET TEMPERATURF
Tx INTAL CONTRIAUTICN OF INLEY TEMPFRATUPRE

12

243955141674
23.64060285461
74.0799293994

0.1185278a70
24.,02R85531365
TS5« AS00RAT24A

0.12136013838

3.0897695391
30.,1864411715
66.6142065589

0.10r5827305
310.9923825787
68.P973816107

0.1102358106

2.5691937830
25.10301786C4
12.2122537207

0.1155396069
25.7706717709
T4.1107510275

0.1185772016

1§

2.5553235939
24.9674904024
72.3614077513

0.115778252¢4
2546315443234
T4e 2696551274

0.1187594492

2.9134487610
28.4666506232
68.5102841612

0.1096164%47
29,2237713788
70.6631675532

0.1130610681

10

244723026070
24,1533798342
73.2574057097

0.1172118491
26.T95TR15496
T75.0040839162

0.1201345343 .

2.9270892358

_ 28.5999286255

68.3636003781
0.,1093817606
29.3605941445
70.5265633542
0.1128425014

2.1798516421
21.2988386607
76.3990711832

0.1222385139
21.8653188215
78.0098653939

0.1248157846

RUN #

2:3120140896
22.5901681211
T4.9778532242

0.1199645652
23.1909934652
T6.6863084413

0.1226980935

2.6799325813
26.1R50167082
T1.0214164442

0.1136342663
26.8814533877
73.0017438222

0.1168027901

089 PAGE ¢
8

1%
2e
3s
P
L]
6
7e
2.5761268214 1
25.1707540445 2%
72.1376988160 3
0.1154203181 4%
2508402146205 Se
T4.0413192687 6t
0.1184661108 1=
2.1104011544 1*
20.6202535123 2%
T7.1456117744 3
0.12343324588 4"
21.1686856074 5
78.7053857754 (1]
0.1259286172 T
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TREST VALUSS ARE THE INPUT DATA USEN FOR THE COMPUTATION

EEFECTIVE FLOW FACTOR DISTRIBUTION # 089

15 14 13 12 1t 10 9  _ 8
573.800
51.5C0
— 0,769
571,600 575, 70C $88.200
464300 53.400 65,900
0.737 1.012 1.200
572.200 578.500 576,400 $74.300
49.900 56.200 5§4.100 52.009
0. 789 0.935 1.016 1.023
582.700 583,700 577.800 583.900
60,409 61,400 55500 61,600
1. 062 - 1,178 1.158 1.157
£74.8C0 584,700 586,200 575.100 575.300 576,600 578.700
£2.5C0 62,400 63.990 52.800 53.200 54.300 56.400
C.70° ‘1.236 1.182 0.949 0,973 0.985 1.088
ST1.5C0 575.300 573.400 $T5.700 5744500
51.200 531.000 51.100 52.400 52.200
C.978 2.929 1.163 0.989 1.103 _
5€6.430 S5R6.4C0 $S83.500 581.100 572.200 576.00)
©4.100 64,100 61.200 $8.800 49,900 $3.709
0.731 1.238 1.180 1.137 0.926 1.026
568.490 £72.5CC 572.600 575.900 580.900 570.300 577.500 $69.300
46,190 50.200 50.300 53.600 58.600 48,000 55.200 47,009
C.796 0.957 1.169 0.977 1.126 0.855 1.032 0.803

1%
2%
3%

1=
3

is
2"
3

1*
2"
3%

1=
2%
3%
1*
2*
s

1*

Te

1s
rid
3%

THE ARQOVE CATA ARF: 1% QUTLET TEMPERATURE {CEG. Fee)
2% TEMPERATHRE DIFFFRENCE ACROSS THE FUEL ASSEMALY (DFG. F,)
3¢ QFLATIVF POWER NF THF ASSEMALY

INLEYT TEVWPERATUYRE =522,3200EG. F.



c

PROGRAM FLOFA 2

Censadtobasandonnntds

C CASE EFFECTIVE FLOW FACTOR DISTRIBUTION

1o
11
12
13
18

19

14
15
16

17

IMPLICIT RFAL®E (A=HeO0=2)

REAL 98 LFFTy RIGHTs ASPECs FSPECs BLANKS

REAL®8 LEFTAs RIGHTAs ASPECAs FSPECABLANKA

DIMENSION RESULLI(B+s8+s5) e RESULZ2(B+B8sS)s RESULI(8+848),
1ISIRHIN(B+8)y Q(B898) 9 TOUT(8+8) s Y(8:8) s X(Bs8)s SIRHOU(B+8), SPO(8
2+8)s STO(8eB)e STI(BsB)e SI2Y(Be8) s SI2RFL(B8)»
ISIFLO(BeBs%5) e FLOFA(BeBeS)e SI2FLO(B8eBeS) e SIRFLO(Be84S)
GCONOR (B9BoB) s COPO1(8+84s8)9 COTOL(84848)y COTI1(Bs8+8)s COP02(848,
S8)s COTO2(84848)y COTI2(8e8B98)y DERHINI(1)
6STRPO(10) s SITOUT(10)s SITIN(CIO) »SPOSUM(10) s SUMY(1)s FANOR(1),
7STOSUM(10) s STISUM(10) e S2YSUM(10)s A(10)s COLUMNI(S)»
BFORM(]10)s RUN(3})es FORMA(10)s COLUMI(B)s COLUMK(S5), COLUMM(8),
GENT(11)s TEMP(11)y HOUT(848)y HIN(1)y DERENT(11)s DERHOU(B,8)
READ (5+8) RUN

FORMAT (SA8)

READ ({S+9) POWER

FORMAT (AB)

READ(S+10) NUM, TINs NUM2

FORMAT(I2s7XeF10s094Xe13)

READ(Ss11) LEFTAs RIGHTAs ASPECAs FSPECAs BLANKA

FORMAT (5A8)

READ (S5+12) LEFTHIRIGHTs ASPECs FSPECs BLANKS

FORMAT (S5A8)

READ (Ss13) (COLUMI(I), I=1,8)

FORMAT (8A8)

READ (Ss18) (COLUMK(K} s K=1o5)

FORMAT (SA8)

READ (S+19) (COLUMM(M) s M=]+8)

FORMAT (BA8)

READ (5+5) (COLUMN(N) » N=1,5)

FORMAT (SA8)

DO 16 I=1,48

DO 14 J=1+8

TOUT(1+J)=0,0

Qtle=0.0

Y(1ed) = 0,0

X(IeJ) =0,0

SIRHOU(T +J)=0.0

SIRHIN(T+J)=0,0

SPO({feJ)=0,0

STO(l1eJ)=0,0

SYI(14J)=0,0 ,

SI2Y(1+J) =0.0

HOUT(1+J)=0,0

DERHOU(I+J)=0,0

CONTINUE

DO 16 IN = 1o NUMZ

READ (9,15) I J» XQs XTOUT

FORMEAT(2(12¢1X)42(F10,0,6X))

QI+ = XQ )

TOUT(I,J) = XTOUT

CONTINUE )

TOUT(1+1)=TIN

READ (Se17) (SIRPO(L)e SITOUT(L) e SITIN(L)y L = 1y NUM)
FORMAT(3F10,0)

C CARDS DEFINING ENTHALPY OF H20 AS A FUNCTION OF TEMP @ P=2,000 PSIA
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22
21

24
26

27

28

23
231

20
201

25

30

00 21 II=1,11

READ(S¢22) ENT(II)s TEMP(I1)s DERENT(II)s SENT
FORMAT (3F 1044y I1)

CONTINUE

DO 2311I=1.8

DO 23 J=1.8

IF(TOUT(1+J) .EQe0.,0) GO TO 23
IF(TOUT (I vJ) LT .TEMP (1)) STOP

JJy=2

IF(TOUT(I+J) = TEMP(JUJ)) 289 27y 26
SNENNRS|

IF(JJL.LT.TII) GO TO 26

STOP

HOUT(I.J)= ENTUID
DERHOU (I +J) = DERENT(JUUN)
GO TO 23

HOUT(TsJ)= ENT(JJ=1) ¢ (ENT(JJ) =ENT (JJ=1)) Z{TEMP (JJ)=TEMD (JU=~1))=(TO

IUT (I J)=TEMP(JJ=1})

DERHOU (T +J) =DERENT (JJ=1) ¢ (DERENT (JJ) =DERENT (JJ=1) ) Z(TEMP (JJ) =TEMP {

1Jd=-1))1 o (TOUT (1 +J) ~TEMP (JJ~1))
CONTINUE

CONTINUE

TOUT(1+1)=0,0
HIN(1)=HOUT(1,1)
HOUT(1s1)=0.,0

DERHIN(1) =DERHOU(1,+1)
DERHOU(1+1)=0,0

SUMY (1)=0,.,0

00 2011 = 148

00 20 J = 1.8
IF(TOUT(I+J)+EQ.0.0) GO TO 20
X{led) = HOUT(1eJ)=HIN(1)
Y{led) = QUIsJI/X(Ied)

SUMY (1) =SUMY (1) eY(1leJ)
CONTINUE i

CONTINUE

FANOR(l1)= 38./ SUMY(])

DO 998 L = 1+ NUM

SPOSUM(L) = 0.0
STOSUM(L) = 0.0
STISUM(L) = 0.0
S2YSUM(L) = 0,0

DO 30 T =148

D0 30 J =1.8

DO 25 K = 145
FLOFA(IsJsK) =040
SI2FLO(I+JsK) =040
SIFLO(IsJeK) =0,0
SIRFLO(IsJeK) =040
RESULZ (1 eJeK) = 0,0
CONT INUE

DO 30 M = 1.8
RESUL3(TsJeM) = 0.0
CONT INUE :
DO SO1I = 1.8
DO S0 J = 1.8
IF(TOUT(1+J) sEC.0.0) GO TO 50

SXRHOU(XoJ)=DFRHOU(IoJ)'DERHOU(IoJ)'SITOUT(L)'SITOUT(L)/(X(IvJ)’X(

11,9))
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S0
501

S22
Se
521

53

SIRHIN(I o J)=DERHIN(]1) 2DERHIN(Y) ®SITINIL)*SITIN(L) /(X (JeJ)#X(1sJ))}

SPO(I+J) = Y(I4JI®SIRPO(LY® Y(1sJ)*® SIRPO(L)
STO(LsJ) = Y(IsJ)® Y(IsJ)® SIRHOU(LeJ)
STI(Ied) = Y(IeJ)® Y(IoJ)e® SIRHIN(IWJ)
SI2Y(Is+J) = SPO(Isd) ¢ STO(IsJ) *STI(IsD)
SPOSUM(L) = SPOSUM(L) + SPO(]1+J)

STOSUM(L) = STOSUM(L) « STO(IsJ)

STISUM(L) = STISUM(L) « STI(I+J)

S2YSUM(L) = S2YSUM(L) + SI2Y(I.J)

A(L) = S2YSUMI(L)/Z(SUMY (1) 2SUMY (1))

CONTINUE

CONTINUE

DO S211=1,8

DO 52 J=1.8

1IF(TOUT(I+J) .EQ.0.0) GO TO 52

SI2RFL(IsW) = A(L) ¢+ SIRPO(L)® SIRPO(L) + SIRHOU(IyJ)
1+ SIRHIN(I+)

K =1 .

FLOFA{I+sJsK) = FANOR(1)2Y([eJ)

K =2

SI2FLO(TsdeK) = (Y(IvJ)“ FANOR (1)) #a2eA(L) ¢ (FANOR(1)®Y(I+J)oSIRPO(
1L) )02« (FANOR(1)I#Y (1o J) /X (10 J) *DERHOU(T 9 W) #SITOUT (L) ) #42+ (FANOR (1)
2oY (1sJ) /X (1o JIRSITIN(L))®e2

K =3

SIFLO(IsJeK)= DSQRT(SIZFLO(IsJy»2))

K =4

SIRFLO(TeJeK) = SIFLO(I+Js3)/FLOFA(IeJel1)® 100,
DO $22K=1s4

RESULZ2(IeJeK) = FLOFA(IsJeK) o SIZFLO(IsJeK) ¢ SIFLO(TsJeK)
1 ¢ SIRFLO(I+JsK)
CONT [NUE

CONTINUE

CONTINUE

DO S3 I=1.8

DO 53 J=1,8

DO S3 M=]48
CONOR (I eJeM)=0,0
COPO1(1+JeM)=0,0
COTO1(1+JeM)=0.0
COTI1(IsdsM)=0,0
COP02(1+sJeM)=0,0
COT02(19JeM1=0,0
COTIZ(IeJeM)=0,0
RESUL3(IeJdeMI=0,0
CONTINUE

DO S5511=1,.8

D0 SS J=l1.+8
IF(TOUT(I+J)«EQe0.0) GO TO SS
M =]

CONOR(TvJeM)
M = 2

- COPOY (TeJeM)

M =3
COTO1 (I ysJdeM)
M = &
COTIN(TsdeM)
M =5
COPO2(IeJdeM)
M = 6

= A(L)/SI2RFL(1eJ)® 100,

=SIRPO(L) ¢ SIRPO(L)/ SI2RFL(I,J)® 130,
= SIRHOU(I,J) /SI2RFL(I+J)® 100,

= SIRHIN(I«J)/SI2RFL(I.J)® 100,

;CONOR(InJol)'SPOSUN(L)/SZYSUN(L)OCOPOI(10J02)
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S52
551
60

61

62

63

640 -

664

65

66

85

90

971

96
100

120

COTO02(1eJeMI=CONOR(T0Jy1)8STOSUM(L) /S2YSUMIL) ¢COTO1(I9Js3)

M =7
COTIZ(IOJ'M)"CONOR([OJQI)“ST(SUM(L)/SZYSUM(L)‘C0T11(19J94)

DO 552M=1,7

RESUL3(IsJoM) = CONOR(IsJsM) ¢ COPOL(IodeM) o COTOl(IyvUeM)
1+ COTI1(IoJeM) o COPO2(TsJeM) o COTO2(IvJeM) ¢ COTIZ2(TIsJsM)

CONT INUE

CONT INUE

CONT INUE

WRITE (6+60) RUN(1)e RUN(])

FORMAT (1H1 + 35X *EFFECTIVE FLOW FACTOR DISTRIBUTION #',2XsABs15Xe*R
IUN 8 '3 ABy'PAGE 1%9//77)

WRITE (6+61)

FORMAT (1Xo'EFF = CONSTANT © RELATIVE POWER / ENTHALPY DIFFERENCE A
1CROSS THE FUEL ASSEMBLY's///7)

WRITE(6+62) SIRPO(L)s SITOUT(L)» SITIN(L)

FORMAT(1Xy*PARAMETERS : RELATIVE POWER STO.'QSX""nFIO Ge/16X%X,4'0U
1TLET TEMPERATURE STDe ='9sFBe292Xs%DEGe Fo *o/16XsVINIET TEMPERATUR
2E STO. ='9F8,2¢2Xes'DEG. Fo*9/7/77)

WRITE(6+63) SUMY (1), FANOR(1)s S2YSUM(L)s SPOSUM(L)s STOSUM(L),
1STISUM(L)

FORMAT(IXe*RESULTS: SUM OF THE RATIOS' 96X e =9 42XeFla,109710Xy "NORM
1ALIZATION FACTOR =4e2XeF14,109/710X9*SUM OF THE STD. SQUARE =19,2X
29F144100/710Xs *CONTRIBUTION OF POWER =0,2XoFlael0s/710Xs*CONTRIBUTI
30N OF Te OUT =742XeF14,100/10Xs *CONTRIBUTION OF To. INL ='42XsFla,l
4046/77)

WRITE (69640) POWER

FORMAT (1H +*THERMAL POWER ='4A8¢% MWTNM?)

WRITE(6s64) RUN(I1) .

FORMAT (1H1le 100Xe'RUN #942X9sABe2X+*PAGE 2%,/)

WRITE (69 65) SIRPO(L)e SITOUT(L)e SITIN(L)

FORMAT (1H » *RELATIVE POWER STD.?'eSXet=89F10.4e/1H »?'CUTLET TEMPERA
1TURE STD. ='9FBe202X9°DEGe Fo's/1H o' INLET TEMPERATURE STD. =1!,F8
2+292Xe'DEG, Fet9/)

WRITE(6s 66)

FORMAT (1H QBXQ'15'033X!'1“'01310‘l3°013X0'12’013X"11’113Xo'10"16
1Xe0G0,14X998%,/)

FORM(1)=LEFT

FORM(10)=RIGKY

D0 100 I = 148

DO 95 K = 1,5

00 90 J=1+8 :

IF (RESUL2(I+J9K) EQ.0,0) GOTO 8S

FORM{Je+l) = FSPEC

GO TO 90 .

FORM(J+1) = ASPEC

RESULZ2(I+JeK) = BLANKS

CONTINUE

WRITE (64 FORM) (RESULZ2(1sJeK) 0J=148)

WRITE(6+4971)COLUMK(K)

FORMAT (IH+4122X0sA8)

IF(KNEL2.0) GO TO 95

WRITE (6+56) COLUMI(I)

FORMAT (1H+4126XyA4)

CONTINUE !

CONTINUE

WRITE (69 120)

FORMAT(//01X+*TABLE # 1: THE FOLLOWING VALUES INCLUDED ARE:',////
11Xe*1® EFFECTIVE FLOW FACTOR NORMALIZED TO 1 OVER THE ASSEMBLIES W
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140

141

142

170

180

191

192

190
200

210

211

2lz2

255

270

286

288
28s

21TH OUTLET THERMOCOUPLES'+/1Xe*2¢ SQUARE OF THE STANDARD DEVIATION
3 OF THE EFFECTIVE FLOW FACTOR®,/1Xe93% STANDARD DEVIATION OF THE E
4FFECTIVE FLOW FACTOR's/1Xe%6®* RELATIVE STANDARD DEVXATION OF THE E
SFFECTIVE FLOW FACTOR!)

WRITE(6s140) RUN(]1)

FORMAT (IHle 100Xe'RUN #1:2X9sAB8s2Xs 'PAGE 3°,/)

WRITE (6¢141) SIRPO(L)e SITOUT(L) s SITIN(L)

FORMAT(1H +YRELATIVE POWER STD.'sSXe?'=09F10.4¢/1H +*OUTLET TEMPERA
I1TURE STDe =19F8.292Xs'DEGe Foto/lH +VINLET TEMPERATURE STD. ='+F8
2¢2¢2X9"'DEG. Fovs///)

WRITE(69142) .

FORMAT (1H ¢8Xs?159,13Xe%160013X»%130613Xs012%913Xe%11%+13Xs%10%¢14
1X9990414X0%8'9//)

FORM(1) =LEFT

FORM(10)=RIGHT

DO 200 I = 145

DO 190 M = 1.8

DO 180 J=1.8

IF (RESUL3(1eJoeM) EQe0.0) GO TO 170

FORM(J+1) = FSPEC

GO TO 180

FORM (Je1) = ASPEC
RESUL3(I+JsM) = BLANKS
CONTINUE

WRITE (6+FORM) (RESUL3(T1eJeM) 9J=198)
WRITE(6+191) COLUMM(M)

FORMAT (1He 122X ¢A8B)

IF (M(NEJ%.0) GO TO 190

WRITE (6+192) COLUMI(I)

FORMAT (1H+ 9 126X sA4)

CONTINUE

CONTINUE

WRITE (6+210) RUN(1)

FORMAT(1H1s 100Xs*'RUN #'92XsABe2X e *PAGE 41,4/)
WRITE (64+211) SIRPO(L) s SITOUT(L) s SITINCL)
FORMAT(1H +*RELATIVE POWER STD.*eSX9*=%eF10,49/1H +*OUTLET TEMPERA
1TURE STDs =19FB8.292X0*DEG. F-'o/lN s *INLET TEMPERATURE STD. =',F8
2+212Xs'DEG. Fae//7/)

WRITE(6+212)

FORMAT(1H ¢8Xys?150913Xe%14%e13X00130913X0012%913Xe*110413Xe?100,14
1Xe?30914Xe?884//)

FORM(1)=LEFT

FORM(10)=RIGHT

DO 300 I = 6+ 8

DO 285 M = 1.8

DO 270 J =1+ 8

IF (RESUL3(T+JeM)EQ.0.0) GO TO 255

FORM(J+1l) = FSPEC

GO T0 270

FORM (Jel) = ASPEC

RESUL3(IsJeM) = BLANKS

CONT INUE

WRITE (64FORM) (RESUL3I(T+JeM) 9J=1,8)

WRITE (6+286) COLUMM(M) '
FORMAT (1He 122X 09A8)

IF(M,NE.4,0) GO YO 28S

WRITE (6+28R) COLUMIL(I)

FOQNAT(1H00126X0A4)

CONTINUE
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300

400

938

503

504

507

506
509
510

530

S35

CONTINUE

WRITE(64+400)

FORMAT(//+1Xs*'TABLE # 2 THE SQUARE OF THE STANDARD DEVIATION IS MA
1DE UP OF ¢ te//71%Xe?1® CONTRIBUTION OF NORMALIZATION FACTOR?
2e/1%Xs02% CONTRIBUTION OF POWER's/1Xe?3® COMNTRIBUTION OF OUTLET TEM
IPERATURE * /1 Xe *4% CONTRIBUTION OF INLET VYEMPERATURE's»/1Xs?'5% TOTAL
4 CONTRIBUTION OF POWER?',/1Xe*62 TOTAL CONTRIBUTION OF GUTLET TEMPE
SRATURE®9/1Xe? 7% TOTAL CONTRIBUTION OF INLET TEMPERATURE®')

CONTINUE

DO 6450 1=1.8

DO 4SS0 J=148

DO 4S0 N=1,5

RESULL{TeJeN)=0,0

CONT INUE '

U0 460 [=1.8

DO 460 J=1,8

IF(TOUT(I+J).EQ.0.0) GO TO 460

N=1

RESULL1(TsJeN)=TOUT (I J)

N=2

RESULI (T 4JsN)=HOUT (1sJ)

N=3

RESULI(TsJeNI=X(]4J)

N=4

RESULI(IsJeNI=0Q(19J)

CONTINUE

WRITE(6+500) RUN(1)

FOPMAT (1H]1 435X *EFFECTIVE FLOW FACTOR DISTRIBUTION # t,A8,//1H
1*THESE VALUES ARE THE INPUT DATA USED FOR THE CGMPUTATION's//1K
4 dKo'15'o13Xc'14"l3Xv'13‘olJXo'12"13Xo’ll'013A9'10'114X0'9'014X0
3'8Y///)

FORMA(1)=LEFTA

FORMA(10)=RIGHTA

DO 510 I=1,8

DO 505 N=1,S

DO S04 J=1.8

IF(RESULL(TsJeN) 4EQ.0,0) GO TO S03

FORMA(Je+1)=FSPECA

GO TO S04

FORMA(J*1) = ASPECA

RESULI (ToJsN)=BLANKA

CONTINUE

WRITE (64FORMA) (RESULL(TsJsN}eJU=148)

WRITE(6+507) COLUMN (N}

FORMAT (1de+4122X+A8)

IF(N.NE.2.0) GO TO S0S

WRITE(6+506) COLUMI(I)

FORMAT (1H+,126XsAK)

CONTINUE

CONTINUE

WRITE (6¢530)

FOPMAT( /1H +*THE ABOVE DATA ARE: 140UTLET TEMPERATURE (DEG. F.
1) e/1H 420Xe%2% QUTLET ENTHALPY (BTU/ZLB) ' o/1H +20Xs 32 ENTHALPY D
21FFERENCE ACROSS THE FUEL ASSEMBLY (BTU/LB)'./IH 020X e t4® RELATIVE
3 POWER OF THE FUEL ASSEMBLY!')

WRPITE(6+453%) TIN v HINC(1)

FORMAT(IH +*INLET, TEMPERATURE ".Fé 29'DEG, FovelOXeo *INLET ENTHALPY
1 ='F10. SQ'BTU/LB')

STOP

END
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SAMPLE INPUT FOR FLOFA 2

(L AR DAL L2222 XX 2 X 2 2 X3

NRY
1813.5 :
10 . 522.3 38
( LD ABsTXe F15,30
( LD ABe7Xs F1S5.100
R P N M
1e 2% 3% 4t
1¢ L 3« 4o
1% 2% 3% 4o
1 A 0,7690. . 573.8
2 5 07366 . 571.6
2 6 1.0118 575.7
2 7 1.2005 583.2
3.4 0.7895 S572.2
3 6 0.9347 578.5
3 7 1.0156 576.4"
3 4 1.,0228 574,3
4 41,0619 582.7
4 95 1.1784 583.7
4 6 1.1579 S77.8
4 7 1.1570 . 583.9
5 2 0.7085 574,.8
S 3 1.,2356 S84,7
S 4 l.1817 586.2
S 5 069491 57S.1
S 6 0.9730 575.3
S 7 0.9850 576.6
S 4 1.0843 . 578.7
6 2 0.9782 573.5
6 3 0.9292 575.3
6 4 1.1633 573.4
6 5 0.9801 S75.7
6 6 1.1025 574,.5
7 1 0,731 566.4
7 2 1.238 S86.4
7 4 1.1799 583.5
7 6 141365 581-1
7 7 0.92%8 572.2
7 8 1.025%6 576.0
R 1 0.795%6 568.4
& 2 0.9572 572.5
8 3 1.199«¢ 572.6
8 4 00,9769 575.9
8 S 1.1263 S5R0,9
8 A 0.RLH49 . 8570.3
B 7 140323 577.5
8 R~ 00,8006 569.,3
0.07250 2¢0 0.1
0.0250 2e5 Oel
0,050 245 0.2
0.0275 20 0.l
0.0275 245 0.1
0;087‘) 0 002
0,027% 245 0.2
10,0300 2.0 0.1
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0.0300

0.0300
487,3
498,.9

S510.7
52246
5364,8
547,2
559.8
572.8
586,1
599.8
614,0

2.5
2.5
500.0
510.0

520.0
530.0
540.0
550.0
560.0
570.0
580.0
590,.,0
600.0

0.1
0.2
1.154
1.170
1.185
1.205
1.230
1.250
1.280
1.315
1.350
1.395
1.450
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691

EFFECTIVE FLOW FACTOR DISTRIBUTION & 099 RUN & 089 PAGE 1
EFF = CONSTANT = iELATlVE PIWER / ENTHALPY DIFFERENCE ACROSS THE FUEL ASSEMBLY

PARAMETERS : RELATEVE PIWER STO, = 0.0275
. JUTLET TEMPERATURE SIDe = ce5) . DEGe Fo
INLET TFMPERATURE STH. = 0.10 OEG. F.

RESULTS: SUM DOF THE RATIOS

- 0.5593390775
NORMALT ZATINN FACTQOR = 67.9373237565
Suv OF THE STD, SQUARE = 0.0099266880
CINTRI3UTION F PIWER = 040002062919
CINTRIBUTIIN OF T, JUT = 0.0003203703
CONTRIBUTION NF T, INL = 0.0000000258

THERNAL PIWER =1813.5 MW TH



RELATIVFE 2JWER STO.
JUTLET TEMPERATURE STD,
INLET TEMPERATU?E STD.

991

TASLE # 1: THE FOLLOWENG VALUES INCLUDED ARE:

1*
2%
3s
4%

15

0.7381332318
0.00356212956
e UL T55632
646259259410

0e 9435772355
J.0036595361
27634940996
6.41114%4497

Honou

14

0.7321032729
9.0018268109
047427412080

" 5.83R1391776

1.03833715727
0.0u338J24513¢
0.06163073R9
S«941 7563585

1.732854R932
0,0028109310
0.3539179305
5. 1331441511

109373533419
0,00390723593
33625286867
6,0257354454%

0.0275
250 DEG. Fo
0.10 DEG. F.

13

1.06120393801
0.0030643350
0. 0553564358
5.2163803436

0.9505414870

240030393357 -

0.0551301708
5.7995?00253

1..297082¢9216
0.2060915128
D.078u4Blb04
6. 0172969484

12

0.8610913180 -

040027155779
0.0521112068
6.05176312641

0e 9447453458
0.0025276801
0.0502760386
53216497824

0.9892127048

0.0125879420 -

0. 0508718197

5.1426573365

1.2370899073
0.00354179587

‘0.07360267840

549499947399

1.0348737161
040025840219
0.0546262016
542785379318

049874716795
040032295954
0. 0568295291
507550540742

11

0.8138206%00
0.0024683384
0.0496823756
6.1048326107

1.0299148654
0.0029436742
0.0542556372
542679730131

0+ 9748029205
0.0032132487
000566855246
5.8150753727

- 049946428509

0.0032935559
0.,0573895101
5.76986102v1

1.0354796978
0.2031543347
0.0561634642
544239078063

10

1.0268132197
0.0035100525
0.0592456957
5.7698610201

0. 8985823359
0.0025085277

-+ 0.0500852040

5.5738024212

1.1280185150
0.0040197857
0.0634017800
56206329187

0.9953474676
0.0033326212
0.05772885%4
5.7998700253

1.1461850315
0.0045136641
0.0671838086
5.8615150901

1.0429972826
040031742564
00563405398
5.4121697292

0.97186486342
0.0036601563
Je 0604972254
602251695629

EFFECTIVE FLOW FACTOR NCRMALIZED TO 1 OVER THE ASSEMALIES WITH OJUTLET THERMOCOUPLES
SJUARE JF THt STANTARD DEVIATION JF THE EFFECTIVE FLOW FACTOR
STANDAZD DEVIAT[ON NF THE EFFECTIVE FLOW FACTOR

RELATIVE STANDARD DEVIATION OF THE EFFECTIVE FLNW FACTOR

RUN # 089

0.9721296014
0.3024107233
Qe 0490991172
5.0506760754

1.0165325379
000033792632
0.058131430¢4
5.7186000676

1.0076594558
0,0028066271

0.0529776096 -

$.2574914320

0.9820557946
0.0031381078
0.0560188166
5.7042397110

1.039750908¢4
00037341550
0.0611077331
6.0517631241

L.0ll4463158
0.0032555080
0.0572570593
5641132968

PAGE

0.811025070S .
0.0323321205
0.0479908377
5.9173063104

1.0676730085
0.0039375729
0.0627500826
5.8772753546

le 0423237015
0.,0033593876
0.0579602244
5.5606741283

1.0346512517
00035365195
0.0594686426
5.7476992839

0.9128263057
0.0034770403
0,0539664338
64 3212661828

2



L9T

ELATIVE P Iwee TRy,
JUTLET TEMPERATYRE STN,
INLET TEM2ERATURE STO,

14

265020169470
22.1816550710
1542232742049

0.0960237771
22.7715375820
77.1300176328

0.0994447852

0.0275
2.5) D=G. f.
0.10 DEGe Fa

13

341341557997
27.78567850%6
6849970692157

0.0830964750
2845245774110
Tle 3892934582

0.0861291321%

12

- 24328489359

20.56430888852
7649288609300

0.0995608254

21.1920463525
7847061397412
0.1018139064

3.0113637397
26.6970725434
70.2058904011

0.0856733159

. 27.4070223676

72. 5043904762
0.088587i562

3,2246775585
28.5831939716
68.1059069197

0.0812215501
29.34843400%6
70.5672242003

0.0843417961

1

2,2381764821
20 2856973933
T7.3257331527

001003929820
20.8251508109
79.0722421335
001026070555

3.0730552630
27.2439952052
69.5985757269

0.0843738049
27,9684892326
719441634285

0.08734733569

2.5219264757
22.3579945468
75.0264560146

0.0956229629
22.9525561518
76.9493806318

0.0980632164

10

2.5616124690
22,7098284451
T74.6337331670

Qe 0948259189
2343137462974
76.578949129%

040973045732

24 T450207382
24.3358239372
728279674744

0.0911878503
24.9829815571
7449231744698

0. 0938439731

2.6994617703
23.9319235198
73:2765299821

0.0920847277

2445683402981
$.3369629348
0.0946967671

2.5351691106
22.64753963676
T64.8940779203

00953566015
23,0730800153
76.8291103159

0.,0978096688

RUN &

3.3432244027
2946391642200
66.9388143899

20787969873
30.4273524903
69.4976155637

0,0820319410

206077494248
23,1183529808
T4, 1794938042

0.0939037901
23.7336479395
7601699249733

0.0964277872

3.0853229798
27.3527539453
69.4778065030

0.7841165718
28.0801401718
71.8327578520

9.0871019762

2.6273979237
23.2354202435
T4.05030399689

00936418639
23.85331503517
76.0505070647
.0.0961778837

089 PAGE 3
8

2.4355260981 1
21.5920169543 2%
75.8750861460 3
N.0773708017 4t
22.16562090728 5=
TTe 7340634743 6%
0.0997274529 T*
1s
2e

3%
L&
5«
‘o8

Te

2, 4688214080 1¢
21.R8871946145 2%
7545472887940 3s
0.09%6951835 L]
22.4692363326 Se
TVe 4316796157 6%
0.7990863518 Te
is
2%

3¢
o

ss

s

) T
2.7579996350 1s
24.4508876030 2
72.7091796087 3
0, 0909331523 4%
25.1011050876 S*
74.8052930776 6%
0.0936318347 T



891

RATLATIVE Pa:zP STD, =
AUTLFT TEU2E-ATY?E STD, =
THLET TEwpE2ATYRE

15

1.9622212442
17,2203 7435u8
80, 72973C 9949

Je 1077523141
17.67E9043016
82.212353%1(8
Oe 1296417877

2007672327178
18,39334)2415
TG94 4275436%51
Nel047927855
1842824 7353w3
81.4194.29481)
9.10573031 48

TA3LE ¢ 2 YQE SQUARE OF THE STANDARD NEVIATION IS MADE UP OF:

0.0275
2.50 Df5. F.
SIN, = 0.10 NEG. F,
la 13

2.4155121695 2.5351691106
21,4145%46175 22.4753963676
76.0721250275 746 8940779203
0.0777781855  0.9953566015
21.98405831640 23.0730800153
77.7158262150 76,8291103159
0.1201154710  0.2978296688
3.2366436747
26,694 2771147
67,9881041648

0,1839752659

2944573381941

70.4535547356

Ue 0861070702

243486121231 . 243553144971
29,R214360930 20,8809956052
76, 7337549293 76.6647735583
2.G991659635  0,099009339¢
21.3751876410 21.4361372341
7845233928435 T8, 4625243392
0.,1214195155 0.,10124983767

L= CONT2I3UTIO IF HORMALIZATICN FACTOR
2% CONTHIBUTIIN JF FIWFR
3 CINTVIANTION JF JQUTLEY TEMPERATURE

4% CONTRIZUTIIN IF INLET
S® TUTAL CONTRI2UTION 0F
CINTR IAYT LN JF
T* TOTAL CONTRISUTION NF

6% TNTAL

PLAER

INLET

TEMPERATURE

DUTLET TEMPEAATURE

TEMPERATURE

12

2.4088349190
21.35538783%65
7601378629299

0,0979143146
21.9232873250
779764675360

0.1002451391

-3.0607639023
27.1350268523
69.7195773201
0.0846319253
270 8566231064
12,0557833276
“0.0875935660

2.5748127613
22.8268548794
74.5037707596

0.0545615997
23.4338847919
76.4690621813

040970530268

11

2.5616124690
22.7098284451
T4¢ 6337331670
0.0948259189
23.3137662974
7605089491294
0.0973045732

2.8988660382
25.6997306217

T143133343060

0e 0880690341
26,3R831583350
73.525967 6450

0.0908740200

10

2.4821174008
22.0050694762
7504163870086

0.0964261144
22.5902458165
77.3109263354

0.09882784381

2.9114562754
25.8113486478
T1.1893958559

0.,0877992210 -
2604977445965 .
73.64116360142,

0.,0906163893

2.2005555911
19.5088993988
78.1883289714%

0.1022160387
20.0276955955
79.8679590755

0.1063493290

RUN #

2.3284893594
20.6431888852
16.9233609390

).099563825¢
2141920463525
78. 7061397412

2.1018139064

2.6798745726
23.7582743424
73.4593793949

00926716901
24.390073303¢
75.5148619201

0.095064 7765

089 " pas

2.58140 74680
22,885319R8729
T4.433842963)

0.7944296560
23.4939045331
76.4091679627
0.1969275042

2.1341491490
18.9201768943
78.8420528790

0. 1036210777
19.4233173131
80,4739965767

0.1056361122



691

EFFECTIVE FLOW FACTOR DISTRIBUTION # 089

THESE VALUSS ARE THE [NPUT DATA USED FNR THE COMPUTATION

15 14 13 . 12 11 10 . 9 8
571,800
577.854
644417
0769
5TL.600 575.700 588.200
5744928 $80.381 597,334
. 61.491 66,944 83,827
- 0.737 1.012 1.209
572,200 , 578.500° 576.490 S74.300 .
$75.726 : 584,105 581.312 ;. 578.519
62289 70.668 - 67.875 65.082
0,789 00935 1.016 1,023
582,700 $83, 700 577,800 583,900
$89.799 591.169 583,174 591.443
T66 362 T 732 69.737 78.006
B 1.062 ‘l.178 1.158 1.157
574,802 $84,700 586,200 575,100 $75.300 . 5764600 $78.700
.579.184 592,539 594.594 $79.583 579.849 s81.578 584.371
654747 79.102 -~ 81.157 66,168 660412 T 68e161 70.934
0.709 1.236 1.182 0.969 0.973 0.985 1.088
573.500 575.309. 573,400 575,700 $74.500 ’
577,455 579,849 571,322 580,381 578, 785
64,018 66.%12 63,885 66,944 654348
04978 0, 929 1.163 0.980 1.103
566,400 586, 490 583,500 581.100 $72.200 576.000
$68.120 594,069 . 590.895 . 587.607 $75.726 530,780
54.683 gl1.431 77.458 74.170 62.289 67.343
0.731 1.238 . lelB0 1,137 0,926 1,026
568.430 572.500 572,600 515,900 56¢.900 £704300 . - 577500 56%. 300
570.720 576.125 $76.258 580.647 587.333 573,399 582.775 571.80
57.283 52,683 62,821 67,210 - 73,896 59.762 69,318 - 758,453

0.796 0.957 1.199 0.977 1.126 ) 0.855 1.032 0.803

THE ABOVE DATA &RE: 1%QUTLET TEMPERATURE . {DEG. Fo)
: 2% JUTLET ENTHALPY (BTu/LB)
A& SNTHALPY DIFFERENCE ACRISS THE FUEL ASSEMALY (BTu/LB)
4% RELATIVE PIWER "F THE FUEL ASSEMBLY
INLET TEMOERATURE =522,3u00G. F. IMLET ENTHALP = 513,437008TU/LS



ponroaM Fi NFA 3
BRBDNOBBOBREEES

r FASFE FEFFCTIVF FIOW FACTAD ATGTRIRYTINN

10
"
17
12
18

19

14

1M} ICIT RFAL®R (A=HeN=7)

OFAL €A LFFT, PTGHT. AGPFr, FSOF(Ce RLANKS

pealoR |_FFTA. DTGHTA. ASPFCA, FSPFCARLANKA

NTMFNQTON DFSIN 1 (R, ReTle NFSI P{RRGE) o arculsgn,n,a).
JSTDOTIM(ReB) e N(RJR)e TAIT(RB) e YRR e X(ReR)Is STRINII(BR) s SPA(R
24%) ¢ STN{R, ﬂ)o QT"“QP,. Q!?Y(ﬂ R) e QY?QFL(“oﬁ)o

ASTF{ N(RGRSYy FLOFA(R, ' ReB) o STIPFLN(RRS) §Y°PLﬂl“'ﬂo§)o
GUEOMND (AR, R) ¢ FNPNT (RR ﬂ?o COTNI (BeBaR) 6 fﬁTYI(“-ﬂnﬂ)o Cﬂpﬂ?(ﬂoﬁo
GA)e CATNP?(ReBeR) e FOTTI(RIBIR) ..
AQTIRPN (R, R),clTnUTlF.R)'QTTYNIR R) «SPOSUM(T) o %U“Y(!)o’ANODl!)o

TSTOSUM(1Y e STISUM(1),  S2YSUM(T)e A1) o COLIMN(T) W

RFADM(1A) e DIIN(I) e FOPMA (1) e COLUMI(R) anUMKKS). [ofs [ EUL LKD)
REAN (K,%) PUYN .
rnougr(qaay
RFAN (5.9) POWFR
FADMAT (ARY
DFEAN(S419) NMUMP, TN
FADVAT (T2.7Y 510, 0) i . .
QFANIEL11) 1 FFTA: RINRKMTAe ASPFCA, FSPFCAe RLANKA
FNADMAT (S5AR) R .

QFAN (S,12) LFETRIGHT, ASPECs FSPECe RLANKS

FAOMAT (542)

OFAD (S413) (AOLIMT(TY, I=1,R)

FNRMAT (RAR) . )

DFAN (S, 1R (CALYMK (K)o Ke]45)

FAOMAT (GAR) C

PFAN (R¢19) (rOLIMM(M), M=1+R8) .

FADMAT (RAD) o . ) .
RFAN (S5,5) (COILUIMN(N) o N21,4T) :

FORMAT (78R)

DA 16 T=]1eR

NO 14 J=leR
TOUT (T =N, 0
N(TeJ)I=0,0
Y(Ted) = 0.0
X{Te)) =0,0
SIOTNI(Te V=0 N
STPTIM(Ted)=N,0
SON (T, =N N
QTN (TN =0,N
STT(Te NN=0,0

CRIPY(Te ) =0,0
COMT TMLIE )
PR 1A TN = T4 NHIMD
BFAN (5415) Te do XDe XTNHTHXKTRPOXSTTOULXSTTIN
FARMAT (P (TP 1X) ¢SIFIN,0,P¥))

N(TeJV = XD

TAUT (T 1) = YTAUT
QIBPN (e J) =YSTRPN
QITANT (T4 ) =XSTTNI)
STTIM(TJ)=VYSTITIN
COMTINIF
SImyY({))=0,n

nﬂ'?n 1 = ‘!“

ne 2n ) =)
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20

RIS

In

50
<0y

o>
5>
2

TF(TOUT(Te NFR,N,0) &N TO 20
X(Ted) = TOUT(T o) =~ TN
Y Ted) = O(Te NN /Y(Te))
SUPMY (1) =SUMY (1) Y (T ) !
CONT TMUF
FANND (1) =3A,/SIIMY (1)
SPNASYM (1) =0,0
STASUM(1) =N, 0
STISUM(1)=n,0
 QPYSIM(1)=0,0
NN 30 1 =18
ne 30 ) =1,
PO 25 K = 1.5
FINFA(ToJex) =0,0
ST?FLO(TeJeK) =0.0
STFLN(TedeX) =0,0
STPFLO(TeJde¥) =0,0
RESIL 2 (Tede¥) 0.0
CONT IMUF i
NA AN M o= 1.8
DFRULI(ToedeMm) = 0,0
CANT TMUF .
NN SALT = 4R
nn &N J = 1.8 )
TELTOUT(T. NFN.0,0) 6N TH S0 L .
STOTA (T« N =(STTAUT (T N/Y (T« NI (STTOUT (TSI /¥ (TeJ))
SIPTIN(Te N =(STTIN(T o) /X (1o U) I *(SITIN(TO ) /X(Te )
SON(T o JI=V(T o ) ESTROA(T . NEY (T, ))SSTRPN(T ¢ J)
STN(Ted) = Y(IeJ)® YT 1)® SIPTAU(T W)
STT(Ted) = Y(Ta)® Y(Te}® SIOTIN(T D) )
SI2Y(Ted) = SPN(Ted) o STA(1eJ) ¢STT(Te)
SONGIM (] ) =CPASIM () ) ¢SPN (T e J)
STNSUM (1) =STOASUM(]) +STN (T4 )
STTISUM (1) =CSTISHM (1Y eSTT (1. ))
SOYSUM (1) =Q2YSIM (1) ¢STAY (T )
A(1)=C2YSIM (1) Z7(SUMY (1) *SUmMY(]))
CONTIMUE
CONT TN
N S2171=1.°
NN 82 J=leR
TEATAUT(Ta N FN.N,N) GO TN 5D ) o
SIPOFL (Te) A (V) +STRPNA(T NASTRON(T4J) +STRTOIIIT «J) +STRTIN(TW D)
K = 3 .
FINFA(T o JeKI=FANNR (1) BY (T ..}
K = ?
ST2FIN{TaJeK)=(Y(TaJ)BFANNR()))@®EDRA(]) & (FANOR(1)2Y (T4 J) #CIRPD(T I
1)) 082« (FANNP (1} 8Y (T ) /ZY (TN RSTTOUT(TeJ)) 862+ (FANAR(1IEY (T ) 7X(T
PN ASTITIN(TL ) ) 28D

»

K = 1 )
SICLN(Toedo¥r= NSORT(STIZ2CLN(TeJe?))
K = &4

SIOFLN(TedeK) = SIFLOIT SN ZFLOFA(TeJe1)® 100,

NN B2oK=) .4

PEQILP(TaJeX) = ’Lﬁrb(Y;J;K) ¢ STIFIN(TedeK) ¢ SIFLO(TeJeK)
1 ¢ SIDFLO(T, oK)

CONT INUF

CANT IMUE

COMY INUIF

NN |31 T=1.R )

PN 83 J=le.R : -
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AL
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NN &3 M=],n

CONNR (1o SaM)y=n, 0

cOPNY (Toeder=0,0

COTNY (TeJeM)=0,0

COATII(TedeMmi=0,0

COPNP (1o de)=n 0

COATO?2(TeJeM)=N_0

COTI2(TeJaMi=nN N

RESIILA(TaJeM)=0,n

CONT TNUE

COMTINF

NN S817T=1.%

NN 858 (J=1.R

IFITOUT(Te.H) aFN,N.0) GO TN &5

M = ]

CONOP (T4 eM)=A (1) /STPPFL (TeJ) @100,

M = ?
ﬂDﬁ]lToJc“"chpﬂ(Yol)°§TQ°0(Y-J)/S'?QFL(TvJ)"ﬂﬂo

M = 3

COATOI(TeJeM) = SIOTAIT4J) /STIPOFL(ToJ)® 100,
M = 4 . X
COTTI(Tode™) = STRTINITUI/STPRFL(T4)® 100,
M =5

COPO2(TedeM)=CONNR(TeJe1)#SPNSIIM(]) /S2YSUM (1) +CNPAY (ToJe2)

M = A&

COTOP (T e Je)=CONNR(T4.Je1)aSTOSHM (1) /SPYSHM (1) +NTAY (T e Je3)

M =7

COTN2 (ToJaM)ZCONOR(T o 1,11 8STTIGHM(]) /S2YSUM{ 1) «COTAT (T o Job)

NA S82M=z) 47

RFSULA(TedeM) = FONND (T, JeM) ¢ FOPDY (T JeM) o (OTﬂV(!oJoM)
1+ COTTI(To1eM) & COPN2(TeJeM) o COTO2(1oJeM) ¢ COTTP(ToeJ M)

CONT ITNIIE

CONT INUE

CONT TNUF )

VOTTFE (AeAN) pUN(l’o UNY) R . .
FORMAT (1H1 ASX L *FFEFCTTIVF FLOW FACTNR NISTRIAUTION #9,2K¢AR1KX, *R
THN # Y ARGIDAGF 184/2/77)

WRTTE (Aeh])

FOQMAT (1X 4 'FFF = CONSTANT & RFLATIVE POWER / TEMPEPATURE NIFFERFNC
1F ACPNAGS THFE FIIFL ASSFMRL Y 4//2/7)

WRTTE (A,h7) CIMY (1), FANND(1), S2YSHM(1) s SPNSIM()) o STNSIM(]) o
TSTTIRUM(T) :

FABMAT (1X 4 IDFSILTS: SUM OF THF DATINS 46X e?=042XeF146,104/10X ¢ 'NNRM
1AL T7ATTION FACTNR SUePAGF16,10e/10X49SUM OF TWUE STN, SOIARF =1,2X
2eF14,10, /710X, (CONTRTRIITTION OF POWER  =042X4F14,104710Y4 'CONTRTRIITT
3NN NF T, oNT *'.?X-Flé.!ﬂo/lof ICONTRIRUTION OF T, TNL -O.Zr.r\a 1
a7/

WRTTF (AR RGNY PNWFR

FORPMAT (1H (I1THFRMA| PNAWER =9 ,AR,0 MWTH?)

WRTTF (44643 PUN(T) .

FOOMAT (1H] o 1NNXGIDLIN #1,2X4ARGPX(IPAGF 29,/)

WRTTF (Ae 6KR) .
FODMAT (14 o9Xe?180]13X et 14041 AXe?139413Xe9120413Xe?110,130,01N0,14
]Y.'Ql.l(,x.'ﬂ'.//)

FOOM (1) =LFFT

FORM(}N) =R TAKT
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NA a5 ¥ = 1,5

NN 9N J=1.8 »

IF (RFSIHL2(TeJe¥)  FN,N,N) GOTN &S
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270

FAOM( Jel) = FSPFC

e YO Qn

FADM( JeY) = ASOFC

DECIL 2 (Ve JuK) = RLANKS

CONT TRUF o

WOTTE (A FNADM) (RFSIN.2(TeJeK) s J=14R)

WOTTF (FReQ71)COL UMK (K) '

FADVAT (1 H+ o 122X o AR)

IF (K NEL,2, 0 GN TN QR

WOTTE (6eQAY COLIMT(T)

FARMAT (1H+ o 12AX e AL)

CONT TNUF

COMT TMLF

WRITF (ke 120)

FODVAT(//.1¥9'TARLF L THE FALLOWING VALUFS TNECEUNED AQF"o/o,
11X¥et1® EFEEATIVF FI OW FACTAR NNPMALTZFD TO ) OVER THF ASSFMALTIFS W
PITY NUTLFT THFOMACOUPI FS1,/1Xe 28 SOUARE OF THF STANDARD NFVIATTON
R AF TUF FFFFCTIVF FIDW FACTOR /11X 038 STANNADND NFVTIATION OF TWHF F
LEFFATIVF FI AW FACTORY./1X, %68 BFLATIVE STANNARN DFVIATION OF TWF F
SEEFCTIVE Fink FACTNDY)

wDYYF(ﬁ.léﬂ) RUN(]1) ‘

FAOMAT (1M]1. 1NNXePIIN IO.?X.AR.?K.ODAGF KLPY4)

WRITF (6e142)

EODMAT (1M -Q!-'lq'ol1‘o')6’011'o'l3'0]3lo'l?'vl‘l-'l!‘o]?xo'lﬂ'olﬁ
1X4999414X4108477)

FAPM (1) = FFT

FnQM(]n)-QYGHT

NN 200 1 = )eS

NN 190 M = 1.8

nn 1RA g=l.8

1F (RESHLI(TeJaM) ,FR,0,0) GO TH 170

FARM{ J+1) = FSPFC

AN TO 180

FOAPM ( Je]1) = AGPFC

RFSHLI(TeJaM) = RLANKR

COANT TNHF )

WRTTF (Ko F"DM)lDF<HL11YoJoN)9J’19ﬂ)

WOTTF (K191 COLLIMM(MY

FARPMAT (1 H+ 4122 ¢A04)

TF(M_NF 4,0) GO TO 1647

WOTTF (Ay102) FOLUMT(T)

FADMAT (1H+ o1 PAXeB4)

CONTTMUF

CONT TALIFE

WOTTE (Ae?10) BUN(Y)

FOPMAT (1H]e INOXGIRIIN 40,PXAR2XVPARF &40 ,4/)

WRTITF (A4217)

FADMAT (1 H .PX.'1';'.l'!"o'lk‘q]‘lo']f&'ol?!o’]?'tl‘xo""ol’Xv’l"'cla
1% 'Q'o‘b*o'n"//)

FADM () ) =LFFT

FAOM (1N} =RTANT

PO AN T = Ae R

AR 288 M = ].R

nn 270 J =1, R

1€ (OFCHLI(TedeM) ,FN,N,0) GO TH 2585

FAOM( Je1) = FSPFE

GHh TO. 270

FreM (Je)) = ASPFC

OFSIILI(TedeM) = RLANKS

COMT INUF
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450
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20k
cac
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WOTTE (KeFNPM) (IFSHL (T4 loM) o Ju] o R)

WOTTF (Ay2R4) AL LIMM (M)

FADMAT (1He 127Y AL)

IF (M NF 6, M) AN TN DA&

WOTTE (Ae2RR) AN LIMT(T)

FADMAT (1 He o 12AXoAL)

COMTINUF

COMTIMIE

WDTTF (Re4NN) _
FADMBT (//,1Y"TAALF # 2 TUF SNAIARE NF THF STAMNAPN NFVYTATTON 1€ MA
1NF 1P OF 3 2e/71¥%401® COMTOTRUTION OF NOPMAL I7ATION FACTNARY
Pe/1Xe 028 CONTRTAUTION OF DOWFRI4/1Xe 3% CONTRTRUTION (IF OUTIET TEM
IDEDATIIDE $ 4 /1X o948 CANTRTRUTION NF INLFT TFMPFRATURE 9,4/]1Xs 058 TNTAL
4 CONTRTBUTTINN NF PAWFD1,/1Xe 'A% TOTAL CONTRIRHTION OF OUTIEY TFMPF

"GRATURF 8 ,/1Y,%78 TNTAL CONTRIBUTTION OF INLET TEMPERATUREY)

NN 4S8N 1=14@

NA 450 Jz1.0

NN 4SH N=le7
RESULI(TeJeM)=0,0

CANT TAYE

NN 4A0 T=l,.P

NN 4AN J=1.R .
TFITOUT (1 ) oFN,0,N) GO TH 6460
N=Y

RECULI(T o JaM)=TOUT (T )

N=?

RPECUL I (TodeMI=X (T o)

N=3 .

RPESULI(TodeM) =0T )

N=4L o

RPESIIL Y (T eJeN)=SIRPO(T )

N=&

°=qULl(!.J.N)==ITOHYVT-J)

N=A

DFSULY(T+JeM)=CSTITIN(T o) .
CONTTNUF :
WOTTE (Ae50N) PUN(])Y

CNACMAT (1H) JAGY L 'FEFFETTVE FLOW FACTNAR DYQYDYRHTYON # 'oaﬂ'?7X.OPAG
1F S94//1H. ' THESF VALUIFS ARE THF INPUTS NGEN FNO THF rnuPurnTrnMv.
VAL o“xo'lq’ol1!0'1“'~11x0‘13'01370’17'!13X0'11'0‘710"0'016x"°'0
ALY 'RV / /Y

FAOMA (1) = EFTA

FADMA (10) =0 TGHTA

P 10 T=1.8

N 08 Nz).7

N SNa J=1.9

TF(PECHLI(ToadeN) FN,N,0) GO TH &N
FARMA ( Je 1) =FIPFCA ’

&N TN Sna

FAOMA( Jol)= ASPFCA

OTQHL Y (TeJeN) =R ANKA

COMT TaIIF )
WOTTE (4. FADUA) (RFQILY(TeJeN) e J=1e8)
WOTTE (AJSNATY N HMN (N)
FARMAT (1H+ 4 122X 4 0&)

TFIN,NE,]) O TN SnS

WDTTF (AeSNAY CALUMT(T)
FROMAT ((JHe o 1 2AY 0 24)

CONTYINUF )

CONT TMUF
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WOTTF (ReSP2N) RIIN(Y)

FADMAT (TH] o INNXGIDIN €0,2X AR PN IDAGF A4 /)

VOITE (4,4212)

FADMA (1) = FFTA

FARMA (M) =DTGHTA

NA A1N TzA R

NO AOS Nz].7

NN ANG gz=1.8 )

TE(OFSHL 1 (TaJeN) FN N, N) RO TO £073

FADMA ( Je]) =FSPFCA

GO TO AD4 ,

FADMA ( Jel)= ASPFCA

PESHL T (Te.loN)=QLANKA

COAMTINYF

WOTTF (AeFNDMAY (DFSIILY (TodeN) s d=]eR)

WOTTF (K4ANT)COILIMN (N)

FADMAT (1H4 (1227 4 AL)

TE(NNF LY R0 TO A0S

WOTTE (AehNAY CALUMT (T

FADMAT (1He o 1 PAY 4 A4)

rONT TaYE .

CANMT TNUF .

WOTTF (A¢G1IN) -

FNARMAT ( /1H (*THF ARNVF NATA ADF: 1% NUTLFT TFMOERATIOF (PEG, F.
1) re/1M 4207124 TFMDFRATUPE NIFFFRENCFE ACRNSS THE FUEI ASSEMRLY (D
PER, Fo)1e/1H o4PNY 40208 OCLATIVF POWFDR OF THF ASSEMRLY'G/1H 220X 040
T OFLATTIVE ONWFD UNFERTATINTY 4 /1H (20X, *S* NUTLFT YEMOFRATIIRE UNCER
4TATNTY (NER, Fo)lte/lH (PNKe0AG INLFT TEMPFRATIIRFE UNCFRTATYNTY
SINFR, F ) 0e//1H «'NNTF: THE UMCFRTAINTIES ARF QFLATED TO A ONF SIG
AMA FONEINENMCE (FUEL 04 77)

WOTTF (£453%) TTN .

FADMAT (1H oV INLET TFMPEDATIIOF =9,F8,2.'NFG, F,*)

eTnp . B

Fan
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LLT

. RUN ® 089

PAS

r

Fl_.

. EFFECTIVE FLOW FACTOR DISTRIBUTION % Q89 5 I
EFF « CONSTANT * RELATIVE POWER / TEMPERATURE DIFFERENCE ACROSS THE FUEL ASSEMALY cTTI T T T
RESULTS: SUM OF THE RATIOS = 0.7021423057
NORMALIZATION FACTOR =  54,1200831974
. SUM DF THE STD, SQUARE = _ 0.0000352856 .
CONTRIBUTION OF PONER =  0,0000145797
e -e—-—_CONTRIBUTION OF T, QUT = 0.,0000206608
CONTRIBUTION OF T. INL = 0.00006000451 .
THERMAL POWER =1813.5  MNTH -




R e _ . e B _RUN # 089 PAGE 2
1S 14 13 12 il 10 9 8
) T T T T T T T T TR, R081231R4) 1. I
. e _ 141122222614 2% _®
0 04T140RATE 3%
e e 5,8133764819 4%
e 0.8086177137 _ _1.0254438236 _ _0,9859153092 o | L
0.0032637682  0.0049938764  0.0020655828 2% b
} _ S I 0.0571293986__ 0,0706573644 __0,0454486832 34
T.0650688935  6.8913931500  4.6)97426283 e
T 0. 8562686510 0.9001075047  1.0159771147  1.76451" 4.57 1%
o —_— 040031378260 _ 0.0019786378 _ _0,0022674092 __0.00306342T3__ 2% N
0.0560163013 0.0464818819  0.0676173199  0,1553%82369 3%
i, D 5e54190T2855_ _ __ ____ _ 4,9418413251 _ 46869501160 5 1994566217 _ 4&*
- — - 0.9514919925 103686825088 1.1291107087 1. 0165787055 1e
0.00207)9893 0.0019658303  9,0030329271  0.DD1A851857 P
- . , 0,0455081233 _ 0,0443376%345 _ 0,0550723177__ 0,0434187250 3
o 4.7828172673  4.2686664969  4,8T774683721  4,2713579137 e
T " 0.730363408%  1.0716470320  1,00084064118  0.9728289955  0.9935630368  0.9817363158  1.0443064990 1
— 040022361075 ___0, 0025302566 __0,0017659473___ 0,0020604089 __0,0022222655 __ 0,1127921741 0, N34162339 2%
0.047T2874986  0,05030165561  0,0420231755  0.0453917268  0,04671409111  0:0457534260 0 7583543821 3%
- (6.4T451630850 __ £,6938641T729 ___4.1987868344_ 446659512582 4, 7446321319 _ -‘;fjéﬁ@‘.ﬁ?l.@la___-_i 5878597070 Ll
et . ._1.0339895583 ___0,9488373832 ,~_l.2320526496§___,0,.9931&63535__ 114325348113 1*
0.0043585580  0,0023419024 0. 0036085610 00021929602  0,0029938619 2 X
e el . . .. 0,0660193758 __0,0483932061___0,0600712992__ 0,0468290526__0.05¢7161939 s
603849170717 5, 1002634330 4.8757085913  4.7144147218  4.786R4460 74 e
T 048972925358 1,0452521529  1,0434033687 1.0460454856  1.0041956518  1.733423°415  1¢
0,0046129682 0,0020687360 . _ _____0.,0020235306 _ — -0.0021258896__ 0.0024689506__ 0,0035111436 2¢ J
0,0679188355 0.0456¢833600 0.0447608157 0.1461073700  0,0496885364  N,0592569132 3«
75709955046 ___4,3514246621 402898860634 4,4077786885  4,9485859527 5 7327187234 4%
0.9340116744 _1,03194708%4 . 1.2904896189 _0.9863789044 __1,0401953875 __ 0,9639012318 _ 1,0121043820__ ) 9241867824 __ L*
0.0048257093 0.0030121773  0.0045601305  0.00252371034¢  0.0023968570  1.(026645508  0.0924512043  3,0N32116851  2¢ W
060694673253  0,0548833058 0,0675287380 0. G493670274  0,0489581150  0.0516193743  0,0495096381  N,.°566311°62 3% _
7.4375221612  5.3184224887  5,2327957865 5.0048746186  4.7066268107  5.3552555803  4.8917521722  6.1244227102 4+

" TABLE # 1: THE FOLLOWING VALUES INCLUDED ARE:
1® EFFECTIVE FLOW FACTOR NOPMALIZED TO 1 OVER THE_ASSEMALIES WITH QUTLET THERMOCOUPLES
2% SQUARE OF THE STANDARD DEVIATION OF THE EFFECTIVE FLOW FACTOR
3% STANDARD DEVIATJON OF THE EFFECTIVE FLOW FACTINR
4% RELATIVE STANDARD DEVIATION OF THE SFFECTIVE FLOW FACTOR
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e e m ——— —— e _0,110801%718 bx P
47,9123131212 5%
S — R e 51 9742061674 6% .
' 0.1026892396 T=
1.4338867997  1.5M77737045 3.368)262657 1e
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37, 7486049108 33,8466R18395 49.6231716103 3x
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———- R . 586, TOBATT4T8N 68,9688657541 _ 64.25T76659642 _68,4476837348 6%
0. 0040003863 0.0050221436 0.703R466315 0.0053157696 T
1.T7073910494 3, 2485281356 4£,0597529009 3. 2875114455 3.179381019¢ 3,2752624676 2 2922220245 1+
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4¢
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'
7e
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140 124397155 T¢

“1e CONTRIBUTION OF NORMALIZATICN FACTOR

TOTAL CONTRIBUTIOM OF OUTLET TEMPERATURE
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EFFECTIVE FLCW FACTOR DISTRIBUTEON ¢ 089 _ } _ . panc 5 - U
_THESE_YALUES ARE_YHE INPUTS USED FOR THE COMPUTATION
15 14 13 12 11 10 9 8
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} . — _ R 2.1407C__ S«
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0410000
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51.20000 _ 53, 00000 51.10000 53,40000_____ $2.20000 L I | I
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"YHE ABOVE DATA ARE: L*® DUTLET TEMPERATURE  (DEG. Fo)

&% TEMPERATURE ‘DIFFERENCE ACROSS THE FOEL ASSEMBLY (DEG. Fo) . ___ . .

. 3% RELATIVE POWNER OF THE ASSEMSLY
R &¢-RELATIVE POWER UNCERTAINTY

sc OUTLET TEMPERATURE UNCERTAINTY (DEG, F.)
I __6% ITMLET TEMPERATURE_UNCERTAINTY (DEG, Fo)

NOTES. THE UNCERTAINTIES ARE RELATED TO_ A ONE STGMA CONFIDENCE LEVEL,

INLET YEIPERATU!'E "#522.30DEG. F.
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EFFECTIVE FLTw FACTOR DISTRIBUTION ¢ 089

_ RuN ¥ 089

TTTUEFF = CONSTANT ® RELATIVE POWER / ENTHALPY DIFFERENCE ACRCSS THE FUEL ASSEMBLY — 7 7 — 77~ 7 I
RESULTS: SUM OF THZ RATIOS = 0,5593390115
NORMALIZATICN FACTOR =  67.5372237565
o __SUM QOF THE STC. SQUARE =  0.00002424C1 o
CONTRIBUTION OF POWER = 0e0CCCC52EE2 -
CONTRIBUTION OF T, QUT = 0.000016926U
T CONTRIBUTICN OF T INL = 0.CC8CC00258
T THERMAL POWER =1813,5  MWTH - -t oerTm T
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568,12)92 594, 96800 v 550.895C0 587, 60700 575, 72600 580.78000 2%
54468300 81,43100 17.45800 i = T4. 11000 ©2.28907 67. 353300 si
0.73100 . 1.23800 __ .. _1.17990 : 1413650 0.92580 1., 02560
VU575 T 0402655 T 0.02331 0.02332 0.02311 0. owzr“;i‘“"‘""“
2,14000 2. 14000 : 214000 : N v 2414000 v 2414000 2. 14000 6¢
U 10000 o.muoo G.10000 : ' 0410000 0.10000 - 0.10000 1*
568.43000  ST2.5Cu( 0 572,606400 $15:30000° s!U‘3663‘"""!1E‘36666‘“‘"371‘56555“"“!EV‘36666 1L
570,72000  576.12500__ . 516,25800 580064700 587433300 " 5734 19900 $82, 77500 571, 85060 ~ 2¢
51,28300 T62.,68800°  62.82130°  eT.21C00° ¥3.89600° 1 59.16300 9. 33800 T $8,45300 3% v
_0479560 0095720 . 1e15940 - 097690 1e12630_ 0085490 1403230 0.80260 4% H
T0.€5745 0.03059 77T 0402920 0.02891 - 0.02841 . T 0.02836 0202855 0. 04002 ¢
214200 2.14010 2.14600 - 2,14000 214000 v 2414000 2414000 2. 14000 6%

10360 + 16600 0.10000 0. 10000 O I0000 . 10000

VHE ABOVE DATA ARE: I% GUTLET TEHPERATUPE 10EG. _Fo) -
2¢ OUTLET ENTHALPY (BTU/LB) B _

3¢ ENTHALPY DIFFERENCE ACROSS THE FUEL ASSEMBLY utwut '

%% RECAT[VE FIJERSF THE FUEL ASSERBLY ] . <

S* RELATIVE POWER UNCERTAIATY ' , ;

_ 65 QUTLET TEMPETATURE UNCERTATNYY  (DEG. FF

: ... Te_INLET TEMPERATURE UNT eunlutv ___t0%G. F)

NOTEs THE UNCERY‘INYIES ARE RELATED TC A ONE SIGMA CONFIOE”C"- LEVEL,

_ENLET TEMPERATURE =522430DEGe Fo INLET ENTHALPYs 513.4370CBTU/LS - : o ‘ ‘

i
|




c PROGRAM VARY
CODQ-'.’:GGQOOOQQOQQQG
REAL #8 LEFTs RIGHTs ASPECs FSPECy BLANKs FORM
REAL FQNOs FOHNOs FQNs FOHN
INTEGER ®#2 AM, AN
DIMENSION FONO{204) ¢ FDHNO(204)s FQN(204)y FDHN(204)s CASE(10),
1AM(204) s AN(204)y COLUM(IS)»TITLEA(3+46)s TITLEB(3,6)
DIMENSION OUT(46¢16) s GRAPH(46432)s OUT1(24,416) ’
COMMON LEFTs RIGHTs ASPECs FSPECy BLANKs FORM(18)
READ(Se1) LEFTs RIGHT, ASPECs FSPFC, BLANK
1 FORMAT(SAT)
RPEAD(S+2) (AM(I)e AN(I)1=14204)
2 FORMAT(3612)
READ(Se3) (FDHNO(I)s FONO(I)»1=1,204)
3 FORMAT(12F6.4)
READ(Se4) (COLUM(M) 4M=1,15)
4  FORMAT(15A2)
READ(S+5) ((GRAPHIIYIX)sIX=1918)s1Y¥=1+23)
S FORMAT(15A4)
READ(SeS1) ( (GRAPHIIYsIX)9IX=16432)4s1Y=1,23)
s1 FORMAT (17A4) .
READ(5+952) ((TITLEA(K L) oL=136) +K=143)
S2 FORMAT(6AG4)
READ(S952) ((TITLEB(KeL) eL=196) yK=143)
DO 1] 1B=24.46
DO 11 TA =1.32
1vy=47 - IB
GRAPH(IByIA)=GRAPH(IY,1A)
1i CONTINUE
M =]
DO 12 IB =2,44,3
GRAPH(IBs1) =COLUM(M)
M = Me]
12 CONTINUE
READ(S+53) ((GRAPH(IY+IX)eIXZ24426)+1Y=2,5)
53 FQRMAT(3A4)
READ(S5+54) ((GRAPH(IYsIX)sIX=298)91Y= Gy 9)
S&  FORMAT(7A4)
READ(S+6) LL
6 FORMAT(1S)
D0 800 Il=),LL
D0 16 IX=1,16
00 15 JY=1446
. OUT(IYeIX)=0,0
15 CONTINUE
DO 16 1Y=1424
OUTI(IYsIX)=0,0
16 CONTINUE
READ(S,7) CASE(II)
7 FORMAT(A3)
READ(5¢52) (GFAPH(24IX) o IX=27432)
READ(5+52) (GRAPH(S 9 IX) s I1X=27+32)
READ(S«3) (FOHN(I) o . FON(I) 9y I=1+204)
DO 20 I=1,157 .
IXx=aM(1)
TY=AN(])
IYl=1yv+l |
OUT (IYoIX)=((FON(I)/FQNO(]))=1,)%200,
OUT (IY1sIX)=((FOHN(I)/FDHNO(I})=1,)®200,
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20 CONTINUE
D0 30 I=158,204
IX=AM(])
IC=AN(T)
1C1=IC+]l
OUTI(IC,IX)=((FON(I)/FQNO(1))=1,)%200,
OUTI(ICYIX)=((FOHUN(I)/FDHNO(I))~1,)2200,.
30 CONTINUE
DO 150 1Y=3R,40
DO 150 IX=27+32
IK=1Y=37
IL=1x-26
GRAPHIIY»IX)=TITLEA(IK,IL)
150 CONTINUE
WRITE(648) CASE(ID)
8 FORMAT(1H1l+.*' VARIATION OF FQN AND FDHN FOR A VARIATION OF 10 E-03
1IN CASE H,2Xs434/)
WRITE(64+9)
9 FORMAT(1H 99Xe 159 ,5Xe11641,5Xe?13%95X9s?127,5Xs011045Xe010%,64,°97,
16X e 98V gBX g " T oBXe 6V gEX 1S 46X 9?0t 96X003096X02%96X9"%1%9/)
DO S0n IA=1,46
CALL PRESEN(OUT46416+TA1J916)
S00 WRITE(6+200) (GRAPH(IAIB)1B=1432)
200 FORMAT (1H+,32A4)
WRITE(6+8) CASELID)
WRITE(649)
DO 160 1Y=38¢40
DO 160 IX=27+32
IK=1Y=-37
IL=IX-26
GRAPH (1Y 1X)=TITLEB(IKsIL)
160 CONTINUE
DO 700 1A=1.264
CALL PRESEN(OUT]1+2431641A0J016)
700 WRITE(6+200) (GRAPH(TIA,IB)+18=1432)
DO 400 TA=25+66
WRITE(6+100) (GRAPHIIA.IB)+18=1,32)
100 FORMAT(1H 432A4)
400 CONT INUE
800 CONTINUE |
STOP
END
SUBROUTINE PRESEN(ARRAYIYleIX1elsJsID)
REAL =28 LEFTs RIGHTs ASPECs FSPECs BLANKy FORM
DIMENSION APRAY(IY1,IX})
COMMON LEFT, RIGHT, ASPECs FSPECy BLANKs FORM(18)
FORM(1)=LEFT
FORM(18) =RIGHT
DO 170 JU=1.10
IF (ARPAY (14J) 4EQ.0,.0) GO TO 1SS
FORM(J+1) =FSPEC
GO 10 170
155 FORM{Je1)=ASPEC .,
ARRAY (T +J)=BLANK
170 CONTINUE
WRITE (6+4FORM) (ARRAY (T o) 0J=1+1ID)
RETURN o
END
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SAMPLE INPUT FOR VARY

[ XXX TRXZTR 22 22 22 X 2 24

t * ) AT FT.30 '
8 292102 6 575859510511 5125586878889 80811 812 8
13 8 411 S11 611 711 811 91110111111121113111411 314 414 L14 616 714 814
9141014111641214131414141514 317 417 S17 617 717 817 9171017111712171317
14171517 220 320 420 520 520 720 820 9201020112012201320142015201620 223
323 423 523 623 723 323 $231023112312231323142315231623 226 326 426 526
626 126 826 9261026112612261326142615261626 329 429 529 629 729 829 929
102911291229132914291529 332 432 532 632 732 832 93210321132123213321432
1532 435 §35 635 735 835 93510351135123513351435 538 638 738 838 9381038
113812381338 641 741 841 941106411141124]1 844 9441044 8 2 9 2 6 S 7585
9 55868788898 411511 611 711 811 911 314 4l4 Sl4 614 714 814
914 317 417 S17 617 717 817 917 220 320 420 520 620 720 820 920 223 323
423 523 623 723 823 923 )
«6931 8761 47690 9270 .,6537 .7880 7366 +93111.01181.273891.20051.4907
sB87881,05931,15811.3960 .95431.1503 .6842 8408 ,7895 ,9703).2624]1.5614
e936471,15591.01561.24651.02281.2383 +.99951,2193 .91161,09891.20571.4817
.7895 ,9703 .7986 .99741.06191,32381.17841.464631.15791.40331,15701,4116
+92811,164821415401.41681,15061,41401.16791.43531,.05221.2°31 .7916 .9728
e 7085 ,87021423561.52751.18171,4594 ,94911,1622 ,97301.1821 .98501.2022
1.08831.3525 +97761.2149 96971.1917 ,93981.15501.16431.43091.21061.4878
«6891 ,B468 .97821.2014 .92921,14061.16331.4247 .,98011.19371.10251.3328
1411731.3429 ,84671.01111.09971,36671.10671.3601 .98131.20591.15291.4168
.93781,123% .98331,1780 ,7313 ,93771.23821.53021,03561,25801.17991.4381
1.00841,21771.13651.3640 ,92581,10901,02561.2276 .92831,11111.13111.3900
1.01361.24661.22251.4646]1,04521,25221.19981.4374 6776 .8118 .79521.0196
eGG8721.18641419941,4399 ,97691.18011.12631.3612 ,85431.03181.03231,.2413
«8026 ,96071.03591,2399 .87651,05001.16451.3951 ,98801.18361.18121.4151
«91111.0915 ,7368 +8827 «7313 ,93771.26051.56231.06831,28061.24961,4978
1.02151,23411.13961.3767 .92181,11361.02561.2276 .92831.11111.12351,3705
1.00711.22861,22251.46461.06521,25221.19981.4374 ,6776 .81181.,06121.3607
.95841,14891,15871,4115 ,98631,20141.11241.35501,.12181,3552 ,83881.0134
1.10601,34921.09931,.3410 ,97471,18901.14511.3969 .93781.1235 .98331.1780
«6Q926 ,84371.21681,48221.17021,4255 .94461,1506 ,97461.,18772 .99481.2118
1.11031.3227 +98311.1993 ,96311,1749 .93351,13881.15651,41C81.20251.4669
«6BR44 L8350 .7956 496911,05761.28831.17391.,43001.15641,40871.1644]1,.3872
+96291.12341,16446]1.38721,14291,39421.16011,41521,04521,2750 7862 .9592
« 7935 ,96661,21181,4762 ,90461,07771.00261.19451,01901,21401,00261.1945
290461.,07771.19761.6609 7842 49566 6876 8376 .94691.12811.1692]1.3691
«B7201.03891.1492143691 «94691.1281 6795 .8290 6487 7728 7631 .9091
«H6BT T77281.06461,3457]1.03361,26¢581.15061.45441,32971.,680R1,42261,7571
290861.21301.20801.50881,.50261.,8584 .99371.21931.13061.383%11,13431.3788
1.21121.,51281.26731,55051430721.60161.29781,57441.30281,5925 .97621.2051
1.10701.35961449951,85341,3174]1,62631.07101.31491,08981.32471.10341,3457
1.20631,69921,28791.5818 ,98821,21211.30341,59521.09951.33751,24481.5002
1.27671.5350 +89901407611.11711,.43231.47791,81791.16321,41631,33221.6200
1.11991.36291.29061.54861,04281,25001.17621,40791,07981.38451,04871.,2809
1.31641,53351,03061,24531,24421,5040 491091,09871,14161.,3712 8330 .9971
RPNMLK JHGFEDCESBA

.
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| ENTIRE ASSEMBLY |
Bwtbalwtivdlealalablaettet

VARIATION OF

IN ASSEMBLY
VARTATION OF FON o o o &
VARTATION OF FDHNe o o o o

L 2-2-2 2
UNITS = 1,0 E~03 3
....... cremmwececne L 4

1
008
DETECTORS READINGS
M12
«6Q22 ,B7S50 +7680 49257 6529 ,7869 7356 +92991.01041.27721.19891,4887
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.87761,05791.15661.394]1 ,95301,1487 ,6832 ,8397 ,7884 ,9689!.26101.5644
093341,15431,01421,2648]1,02141,2367 .99821.2176 +91041,09741.20411.4797
7884 ,9689 +83751,06551,10831.38111.19651,46861,15641,40141,15551,4097
c92681,15661,15241,641491,16911,41211,16641,43341,05081,2914 .7305 .9715
.7076 ,86911.,25801.55521.20231.4849 .95181.1656 ,97171.180% ,98371,2006
1.08681.3506 .97631.2133 ,96861.1901 .93851.15341.,16271.42891,20901.4858
.6882 ,8457 ,97691.1998 .92791,13901.16171,4228 ,97381.19211.10101.3311
1.11581,3411 +84361.00971.09831.36491,10531.3583 .9R001,20431.15131.4149
.93651,1220 .98201.1764 7303 .93641.23651.52811.03421,25631.17831.4362
1.00701.21611413501.3622 .92661,10751.0242142260 .92701.10971.,12961.3882
1.01251,26641.22081.46261,04381,25051.19821.4354 ,6767 8107 .79411.0182
+95591,18481,19781.4380 .97561.17851,12481,3594 ,85381,03051.03091.2397
.B01S ,95941.03451.2383 .87531,04B861.16301.43933 .98671.18201.17961.4132
290991.0900 7358 .881% ,7303 .93641.25881.56021.06681.,2789..24771.4958
1.02011,23241.13801.3748 ,92061,11211.02421.2260 .92701,10971.12201,3687
1.00571.,22691.22081.46261.04381.25051.19821,4354 .,6767 .81071.05981,3589
295711,14741.15721,4096 ,98451,19981,11091.35321.12031.3534 ,83771.0120
1.10451,367641.09781.3392 .97361.18741,14361,3951 ,93651.,1220 +98201.1764
e6916 ,84251.21511.648021.16861,4236 49433141491 .97331,1856 .99341.2102
1.10881,3210 .98181.1977 .96181.1734 .93221.13721.15491.40891.20091.4649
.6835 L8338 7945 ,96781.05621.,28661.17231.42801.15491.40681.16281.3854
e96171.12191.16281.38541,14131.39231.415851.41331.04381.2733 7852 .9579
7924 ,96531.21021.4742 .90341,07631,00131.19291.01761.21241.00131,1929
+90361,07621,19601.4590 .7831 ,9556 6867 8365 ,94561.,12661.14771.3673
.87091,03751,14771.3673 ,96561.1266 6786 8279 ,6678 ,7718 7621 9079
26478 .77181.06321,36391.03221,24411.14901,45261.32791.67851,42071,7547
299721.,21141,26691.58151.52451.8855 «99231.21771.12911,38721,13271,3770
1.27021.58571,29231.,60601,32571,62451.29601.57231,30111.5%904 ,97491.2035
1.10551,35781.52571.88581.33801,65171.,08101,32731.08831.32291,10191,3439
1.20071.4572142862145797 .98691.21051,30161.59311.09601,33571.24311,4982
1.27501.5329 .89781,07461,11561,43041.47591,81541,16771,41441.33041,6178
1.11841.36101.28891.54631.04141,24841.17461,40601,07841.,38261,04731.2792
1.31461,58141,02931,26361,26261.5019 490971.09721.14001.3693 8319 .9957
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coe

VACTATION Tr FQN ALT FOHRM FLR 8 yARTATION CF }C E=03 In CASE . » (CE8

15 14 . 13 12 11 1C <. € 7 6 5 4 3 2 . 1
. (XIS RRE SRR LE 2 . FEEP
" i ’ Qe 29Ul =NoZtCI=-0,275" VARIATICN OF GETECTORS REACINGS
*-(.2601}- n.zcol-o.24s*
B "‘l”".‘tvv-}t# ------ Pomrmnmpo m—n—- *‘Q!.““v..-‘t . .
4 VASTATION OF FO™ o i o o o %=Cal&El-Col2t]~Ce2681-0, 2Lﬁ|~ «27121-0,2781~2.262% . IN ASSEMABLY  M]12
VEITATION LF FLHFMNe o o o o 2=Ca272)1~C.2771-8.2661-0.2731-0.259{-0.2721-0.2%¢% :
. - EIERL R Y B e - tmm—m—- v cmrm —————— bmm————— fom———— AXIBARSE
A ULITS = 140 €-03 #~0s285) 245€4]-Ca2771-Ce273)-Ce2581-062791-062731-Le2701-04286%
e —mmm e *-0,2751 2.5541-0.278}-C.27€1-C.274|-C.26CI-0. 263‘-0 2651-0.275*
. SEASF L AN = - - - tmmmma—- L L e ey T e e ———— *EROR SRR
» * 9.645] 8.€57] 3.0841-Ce2711-Ca2€91~0.2791-0,2681-0. 2691 0.2651-0.2631-0.267%
: i *® G,7421 34725) 2.0721-C42561-Ce2551-C.2€CI~Ce2771-042611-0.2571~0.266(-0.278%
LET IR RS B b ——m— Pem———— L [ R Y e R it L e P S R L R R e e e e L e e e A R 2 L ] )
L 2-0.2531 3,6271 3,454 0.58501=C.2711~Ce26€1-C.2011~Ce2€31~0+265}=042771-0.2801-0.269}~-C.260*
2=0.2%41 2.6261 2.4E8€6] Ca5€S1-Co267|-Ca2641-0.2781-0G.26€1-0.2661-0, 2771-u 215!-0.266I-0 261*
. L t————— pm—————— A -m = bmm————— b mm— e m— tm————— tm————— + brmm——— ]
[ *-00266]-0.2811-0.2671-002680-0.2551~Co2681-0.2771-0.2631-0,2651-04 zsst -0. zeel-o 2671-0. 272*
£-002661-Ce2801-002751-Ca2651-Ce272)-Co2651~Co26ul~0. 2551-0.2531~0.2651-0.2771-0.2771-0.264%
FUIUNY Y ~ e b ————— t—m————— - D R T T A ], 3 ————— S -—---0.“#‘0‘

J3 *=0.2771-0.2741~Co2701-0Co2€41-0.2631-0,2€41-G.2711-C.2€61])-0. 252!-0.259]-0 2571-04273{-0.2721-0.278}-0.271%
#-0.2731-0,273]-C, z1c|-o.271|-c.?79a —Ce2€41-0642591-Ca273|~Ce 2801~ 0-265l°0.27éI-O.Z?GI-O.Z&BI-0.267!-0.266‘
temm e b —— - b L e frmmr IR T L X A T v - —————y ——
H #-2421751-0e2 0]~ 0.266[-0.271] Ca2651-0a2521-Co25081-C.2711-0.2581-0.2671-0. 258'-0.270!-0 Zéﬂl -0. Z?Sl -0.272+
: $-Le2771-Ca2721-Co26T1-0.2€€6170.2661-0.2571=Ce2711-0,2741-0.2701-0.2741~0,2581~0¢2621~0s2711~C42631-0,271¢
L bm————— trmmm—— R D D s e X S E e T B Y i P L et ettt e B L L DL
G $-0.2771-042691+Ce2651-Ce2671-0427€1-Ce27€61=Co266|-0:2611-262521-06263|=06277]1~042731-04272|~0,2781-0.271%
¥ o2 T31=0e20ul=0a23811-C0272]-Ce2T41-Ca2EL1-Co26CI-Ce2731-C.280]-Cel671-0:2781-042781-042681~0.2671~0.2£6%
R e G e D L D e e St Sl ) L ettt d 2L L4 L 2
F t-u.265l-c.26ll-0.269l‘0.2t6I-O.Zeél-0-2°6l—0.2761—0.267l*O.ZbSI-O.ZbGl-05258|~0-267|-0.212'
%-0.2661-0.2711-0.2891-002841-C+2701-C.2671-C2e262|~0.2711~0e2731=0.2671~022621~0.,277|~0.264%
. n—----—;~---—-.------g—-----.------q-----_g ...... - ’------.----_-.------9------0------‘
€ 2-0,2341-Co2701-Ca267)1-042611-0¢2651-Ce264]~0:2571-04267}-0.2551-0.2911+0.266|-0.,273|~C.287%
’ 14239 |=0e2 79} =Ua2T41=0.2751-0.2¢T71-3. 281|’C.21C!-0 264]-0-270|-0 275|-0 277"0 2661-0.263*
(XTI 21 ¥ YT TN + + tmmm——— .- 4 - m——————— seseNeRS
0 *-3,2691-C+2641-Ce28L-Co27C1-C, 76C|-0.267l c.zecl~o.213|~0 269!-0 2671-0.271%
: *-042771-Ce2651-Ce2721-Co2551-Coa2?54-C+2551~C. Z75I‘0-280‘-0 2761=0.268]1-0,254*
. L2 R 22 T2 1 Db $ormm———— om———— * + ——f * * 249054 X )
C i *~0,2¢51-2 .27!‘ -C.2¢ul-Co2¢e8}~ 0.¢63l~0.268l-0.2601-0 2601-0,251% houbdah bbbl del Al L2 Lol J
' *-0e2721-Ca2€41-0 2651~ 5.25&5-2.275!*0.259!*0.265l-0.267{ 0.281¢ | ENTIRE ASSIMBLY |
B Dk el Sttt 4 SEEPRERS . OIS 28 B B 2 AN PR PR e ]

HESREERT

K . ' -0.2631-Cac€6] Ca2631-0.2701-C, Z*!l-? 2661-0 265
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soECKMAIN_

PROGRAM CORAAIC (INPUTOUTPUT+TAPES=INPUTTAPE6=QUTPUL)

C  THIS PROCFOUKE CONTAINS THE COMMON AND TYPE STATEMENTS SHARED BY THEMAIN3060
C  MAJOR SUSFOUTINES OF COHRA-ITIC. - MAIN3070
_COMMON KTJes FIMe ABETA. HHETA. AFLUX' 2+ THETAy PIe NAXs FLO. MAIN3ORO

I GCs I3s 12+ MChANLe MKs JEQROQs KDEBUGs NAXLy NGAPSe NGXL' MAIN3090

2 NAFACTe NODESs NSCHCe NRRCy Jle J2e¢ J3v Jbs JSe J69 JT0 . MAIN3100

3 ATOTALs O¥e NTe GKe NVe NFe AV(T)o AF(T)e QAX, FSPLIT(30) MAIN3110

4.4 ELEVe NDXs SLs FERRPOR. ITERAT. NRAMPs NVISCWe NARAMP : MAIN3120
COMMON PP (30)e TT(30), VVF(30)e VVG(30) s HHF(30) ¢ HHG(30) s MAIN3130

1 UUF(30)s XxF (30) e SSIGMA(30) s NPROP. PREFs TFoe VFs VGo hFs HGs MAIN3140

2 UFe KF o qIG“\Ao HFGs VFGe RHOF« RHOG MAIN3150

COMMON  V{30)s VP(30)s VISC(30)s VISCW(30), HFILM(30)9 CON(30) MAIN3160
1 CP{30)+ FSP(30)s FMULT(30)s U{30), UH(30)y ALPHA(30)s QUAL{30)s MAIN3170

2 RHO(30431)Ye VPA(30) s T(30)s HINLET(30)s FINLET(30) - MAIN3180
COMMON COND(47)¢ WP(GT)e GAP(LT)e FACTOR({GT)Y e IK(4T7)0 MAIN3190
1} JK(47)s GAPN(4T) e LENGTH(4T) s USTAR(GT)s W(6Te3]) MAIN3200
COMMON  A(30)s AN(30)s DHYD(30)e DHYDN(30) s DFDX(30) . i MAIN3210
1 DHDX(30)« DPDX(30) OPRIM(JO)o PERIM(30)s ) MAIN3220
2 HPERIM(30)+« NTYPE(30) . MAIN3230
COMMON P (30+31) e H(30e31)y F(30e31)s X(31) MAIN3240
COMMON  WOL.D(47¢3)) s RHOOLD(30431)s FOLD(30+31)s HOLD(30+31) MAIN3250

COMMON  AXTAL(39) s Y{(39)e IDAREA(30)s IDGAP(47)s AAL 4)y BB 4)s MAIN3260
1 CCC 4)y AFACT(10410)e NCH(10), AXL(IO). GAPXL (10) ¢ GFACT( 9410)4 MAIN3270

2 NGAP( 9) s BX(30)s XQUAL(30) MAIN3280
COMMON NGRIDs NGRIDTe GRIDXL(10)s IGRID(10}s CD(30s S)» MAIN3290
1 FXFLOW(G7e S) e NGTYPEs GRIDs FDIV(47) MAIN3300
LOGICAL FDIVe GRID MAIN3310
REAL KIlJe LENGTHs KF o KKF , : MAIN3A320
DIMENSION NUTPUT(10) : MAIN3330

DIMENSION TEXT(17) +L.C(3044) sGAPS(3094) 9AC(30) «PW(30). MAIMN340D
2 PH(30)s DR(3%)e DC(30)s DIST(30e4)e IM( 9)e UM( 9) MAIN3410
DIMENSION PRINT(12)s PRINTC(30)e¢ SIGNAL(18) . MAIN3420
DIMENSION TDUMY(10)s PRINTN(10)+ PRINTR(3S) i MAIN3430
DIMENSION DATE(2)e TIME(2) ) . ' : MAIN3440
NIMENSION TINLET(30) . MAIN344]
DIMENSION  YP(30), FP(30) YH(30). FH(BO). YG(30)s FG(30) s MAIN3450
1 FR(30)e YO(30) ) MAIN3460
DIMENSION CROSS(6)+ NWRAPS(30) MAIN3470
DIMENSION CHFCOR(S) MAIN3471
COMMON /FUEL/ WKFUEL( 3)s KCLAD( 3)e¢ RFUEL( 3)e RCLAD( 3)» MAIN3472
1 CFUEL( 3)s CCLAD( 3)s TCLAD( 3)s TFLUID. MAIN3473
2 FLUX(35¢31)e HGAP( 3)y TROD(10s35¢31)9 LR(3546) . MAIN3474
3 PWRF(30435)y PHI(35+6)¢ RADIAL(35)s D(3S) . MAIN3475
4 POWER NONESF, NRODe DFUEL( 3)9¢ [DOFUEL(3S)e HSURF MATIN3476
COMMON /BWRAP/ XCROSS(4746) sDUR(4T) +DIA¢THRICKNWRAP (47) 4PITCH " MAIMN3480
COMMON /RSP/ SP(47.31) . MAIN3490
COMMON/RCHF 7 CHFR(35431) s CCHANL (35431) 0 MCHFR(31) s MCHFRC(31). MAIN3491
1 MCHFRR(2]) «NCHF . MAIN3492
REAL - MCHFR MAIN3493
REAL KFUEL+ KCLAD ’ MAIN3494
LOGICAL PRINT ) } MAIN3500
INTFGER PRINTC ' : MAIN3S10
INTFGER PRAINTNe PRINTR MAIN3520
INTEGER  COHANL : : - MAIN3521
DATA CHFCO® ZGHRAW? ¢4HW=3 +4H v4H W41 4 MAIN3S22

DATA HloH2eH3eHAHS 7/ 1H(e JHee 1H) s 4H W(e 4H)WP( / MAIN3530
DATA HAe H/7e HB /1Mwe 1HXs 2HT( 7 MATN3S540
DATA SIGNAL 7Z4HMAINGGHDIFF ¢ 4HDVRT 4 GHMIX o . MAIN35S0

.
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14HSCHM o GHFORC o 4HVOID ¢ 4HSPL T 9 GHARE A » GHCURV ¢ GHPROP o o MATN3S60

—t et e

24HDCOM e 4HSOLV » 4HHEAT s GHTEMP 9 SHHCOL s 4HGAUS »4HCTJ 7 MAIN3S70
1 FORMAT(71S) _ , o - MAIN3ISA0
2 FORMAT(21541744) v ‘ : : ‘ MAIN3590
3 FORMAT (1SH]INPUT FOR CASE 1645Xs16ALs A2, MAIN3600
19+ NDATE 2A647H TIME 24a6 ) MAIN3610
4 FORPMAT (ES5.2+FS.1+7F10.0) ' MAIN3620
S FORMAT (12F5.3) : . MAIN3630
6 FORMAT (23HOHEAT FLUX DISTRIBUTION /23H X/L RELATIVE FLUX / MAIN3640
1(F7.3F12.3)) , ' : : : MAIKN3650
7 FORMAT(T1e1443E5,2:4(1542E5,2)) . . - MAIN3660
B FORMAT ( IS/(12F5.3)) : MAIMN36T70
9 FORMAT (6F10.0) - o . MAIMN3680
0 FORMAT(12ES5,0) ' MAIM3690
1 FORMAT(I1+41402ESe206(154E542)) MAIN3700
2 FONMAT (22HOSURCHANNEL INPUT DATA / - -~ . .+ .. MAIN3T710
11094 CHANNEL - TYTYPE AREA WETTED HEATED HYDRAULIC (ADJUMAIN3720
2ACENT CHANNEL NO.s SPACINGs CENTROID DISTANCE) / MAIM3730
3 SS5H NO. (SQ=IN) PERIM, PERIM, NIAMETER / MAIN3740
4 25X 30H (IN) (IN) (N /7 MAIM3750
S (ISeITe4F10.6e4Xe4(1H{I3elIHoFS.391HFS3e1H)I ) MAIN3760
13 FORMAT (22HOFLUID PROPERTY TABLE / . MAIN3770
1 60H P T vF V6 ' HF HG6 MAIN3780
1 30H VISC. KF SIGMA /7 . MAIN3790
1 (FARL1eF10.29FBeSsF12.5¢2F10,2+3F10,5)) : MAIN3800
14 FORMAT (4FS5,2¢215+E5.2¢15¢4E5.2) ) MAIN3810

1S FORMAT (15HOROD INPUT DATA /7  36H ROD . TYPE ODIA RAOIAL POWER MAIN3820
1 FPACTION OF POWER TO ADJACENT CHANNELS (ADJ. CHANNCL NO,) /7 MAIN3A30

2 30k NO. NO. (IN) FACTOR Z7(2ISeFR.4eF9toFll.belH(L2, MALIN3B40
CHIHIFO 40 1HIT201HIFO, 40 1H(TZ291HIFO 40 IHIIR291HIF Q.43 1HIT2¢IHIF9,40 MAIN3IBSO
1H(I2.1H) 1) 'MAIN3860
17 FORMAT (3612) ; MAIN3870
18 FORMAT (23HOCALCULATION PARAMETERS / MAIN3880
2 28H ~ CROSSFLOW RESISTANCE+KIJ F8,37 : . - MATIN3899

4 2BH - MOMFNTUM TURBULENT FACTORFB.4 / MAIN3900

J 2RH. PARAMETER. (S/L) - FR.3/ ' - MAIN3910

4 25H  CHAMNEL LENGTH F8.2+8H INCHES /7 MAIN3920

4 28H  CHANMEL ORIENTATION F8.1+8H DEGREES/ MATIN3930

S 28H  NUMBER OF AXIAL NODES 187 MAIN3940

6 28H  NODF LENGTH_ FBs3+7H INCHES / MATIN3950

7 284  NUMRFR OF TIME STEPS 18/ , , MAIN3960

B 28H TOTAL TRANSIENT TIME  F8.3+8H SECONDS/ MAIN3970

X C2RH TIME STEP o F8.4+8H SECONDS/ MAIN3980

1 2RH ALLOWABLE ITERATIONS. 187 ' MAIN3990

2 2AH  FLOW CONVERGENCE FACTOR E10.5/) MAING00OQ
19 FORMAT (S50H0 X/L AREA VARIATION FACTORS FOR SURCHANNEL (1) /7  MATIN&4020
1 7TXe10(3Xealel2eALls1X)) MAING030
20 FORMAT (69H0 X/L GAP SPACING VARIATIOMN FACTORS FOR ADJACENT SUBMAIMN4040
ICHANNELS (Ted) 7/ 7X910(1XeAlel24A1e125A1)) MAINGOSO
21 FOPMAT (22HN00PERATING CONDITIONS 7/ _ - MAIN&060
1 ?SH4  SYSTFM PRESSURE = +FBe1eSH PSIA / o MAINGOTO

2 25H INLET ENTHALPY = +FB.1+7H BTU/ZLB / MAINGOBO

3 25K AVG, MASS VFLOCITY = oFB8,3021H MILLION LB/ (Hk=SQFT) / - MATN4090

2 254 INLFT TEMPERATURE = +F8s1410H DEGREES F / MATNG100

“ 26K AVG, HEAT FLUX 2 oFB.6s22H MILLION BTU/(HR=SQFT) ) MAINGLI10
22 FORMAT (23HOFAILURE INTEGRATION INe+I14s17H ITERATIONS AT X= MAIN4120
1FR,642110) , v MAING130
2S5 FORMAT(17HICHANNEL RESULTS = 7/ , MAIN&16GO
-1 5H CASEIS+5X17A4s O9H  DATE 2A64.7H TIME 246/) MAING1S0
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28 FORMAT (/29W FRICTION FACTOR CORRELATION ) , MATN%160
P9 FORMAT ( 1AM "CHANNEL TYPE I3s11H  FRICT = F5.346H®RE®®(FS,3, MAING170

1eH) ¢ Fb4 ) MAING1RO
30 FORMAT(F7. lolOFlO S) MAING1ISO
‘31 FORMAT (6AHIDIVERSION CROSSFLOW BETWEEN ADJACENT CHANNELSs W(T+J) «MAING200
1 (LB/SEC-FT), . MATING210
1 /7 SH CASEIS ¢ SXo 1784 : . T MATNG220
2914 DATE 246+7H TIME 2A6 /// _ MAINGZ230
3 SXeALe2Xs10(2XsAleA1e120A101I24A1)) MATNG240

32 FORMAT(3LIH .~ SUBCOOLED MIXINGs  BETA = F6.4) _ MAING250
33 FOPMAT(31H  SUBCONLEN MIXINGy  BETA = F6.4,6H®RE®® (F6.451H))  MAING260
34 FORMAT(31H  SUBCOOLED MIXINGs BETA = Fé, %+12H2 (D/S) 9RC=2 (F6.,4 4 MAING270

1 1H)) ' - ‘ MAING2R0
35 FORMAT(20HOMIXING COPRFELATIONS ) ~ MAIN4290
36 FORMAT(S4H ~ BOILING MIXINGs BETA IS ASSUMMED SAME AS SUBCOOLED) MAIN4300
37 FOPMAT(SSH ~ BOILING MIXINGy BETA IS A FUNCTION OF STEAM QUALITY/MAING3]0

iWmun

1 - 25H X BETA(X) / crna.s.rla.o:), MAIN4320
34 FORMAT  (F6.,3+10F8,3) MAIN4330
39 FORMAT(31H SUBCOOLFD MIXXNGv BETA = F6 4y lZH'(D/L)“RE*”(F6 49MAING34O

1 1H)) ‘ , MAIN43S50
40 FORMAT( F7.3¢F10.342F10,2:4F10,4) - MAING360
4l FORMAT (ISe7E10,5) MAING370
42 FORMAT (RE1045) o ' : MAIN4380
43 FORMAT(21546F5,4) MAIN4390
46 FORMAT( / 2BH TWO=-PHASE rLou coaRELATIONS ) , MAIMNG400
4% FOPMAT( 33H NO SUBCOOLED V01D CORRELATION. ) MAING410
&6 FORMAT( 3I5H LEVY SUBCOOLED VOID CORRELATION) MAIN4420
47 FORMAT( 31H HOMOGFNEQUS BULK VOID MODEL) - MAIN&430
«8 FORMAT( a1k MODIFIED ARMAND BULK VOID CORRELATION ) MAIN46GQ
4y FORMAT( S0H HOMOGENEOQUS BULK VOID MODEL WITH SLIP RATIO OFe MAINGGSO

1 F&6.2 ) MAING460
50 FORMAT(2015) ' o MAING470
L1 FORMAT (RE12.3) . ; , ; MAING4BO
52 FORMAT (1546E12.6) MAINGG90
53 FOPMAT (ISe3E12.6) MAIN4500
S4 FOPMAT(//* INPUT DATA ERRORs THIS RUN STOPPEDs CHECK INPUT?) MAINGS1O
55 FORMAT (10H ERROR IN A6+40H #2 CALCULATION FOR THIS CASE STOPPEMAIN4S20

10. ) ‘MATN4530
56 FORMAT(IOH ERROR IN A6,65H @ INITIAL CONDITION NOT ESTABLISHENMAINGS4O

1+ CALCULATION STOPPED MA IN4S5S0
37 FNORMAT( 33H RULK VvOID FRACYION GIVEN AS A 12.564 TERM POLYNOMAINGS60

IMIAL FUNCTION OF QUALLITY WITH COFFICIENTS OF/ 10XeTE)Q.4) MAINGSTO
SR FORMAT( 41K HOMOGENEOUS MODEL FRICTION MULTIPLIER ) " MAINGSRO
KO FAORMAT( 30H ARMAND FRICTION MULTIPLIER) MAINGS90
60 FORPMAT( JaH FRICTION MULTIPLIER GIVEN AS A 12+57H TERM POLYNMAINGKOOQ

1OMIAL FUNCTION OF QUALITY WITH COEFFICIENTS OF/ 10Xe7€10+4) MAING61O
61 FCRMAT (65M WALL VISCOCITY CORRECYION 70 FRICTION FACTOR IS NOT MAIN4620

1IMCLUDED ) MAIN4630
62 FORMAT (6S5H wALL VISCOSITY CORRECTION T0 FRICTKON FACTOR IS INCLMAINGG4D

1UBED MAIN46S0
54 FORMAT(ISW10ES, 2) . MAINGSAKO
A FORMAT (42H CONDUCTION MIXINGv GEOMETRY FACTOR = F6,.4) MAINGKTO
66 FOPMAT (6( £542015)) MAINGHRO
67 FORMAT (154F5e¢2¢154E5.2) : : MAIN4KIO
68 FOIMAT (1015} MAINGT700
A9 FOOMAT ( /R2M WIRE WRAP SPACER DATA FOR FORCED DIVERSION CROSSFLOWMAINGT10

1 MIXING 77204 wRAP PITCH = F6elo7H INCHES 7/ MAIN4T720

2 . a 201 WRA® THICKNESS = F6.4e7H IMCHES / MAINGT30

3 : 20H PIN DIAMETER = F6.4e7H INCHES 77/} MAIN4T40
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70 FORMAT (23H WRAP CROSSING DATA / ' v
I &OM GAP  SUHCHANNEL  MIXING RELATIVE LOCATION

MAING760

2 /7 BOK NO. PAIR NO, PARAMETER OF WRAP CROSSINGS MAINGT70

3 /(IIOQQX?AIO!?041OXZvAloFllo“oﬁFloqﬁ)) 3 MAINGT80

_ 71 FCPMAT( 712+ SPACER DATA 7 20H SPACER TYPE NO. " +1016 ) MATINGT90
72 FORMAT( -21H  LOCATION (X/L) y10F6.3) MATN4B0O
73 FOWVAT (I5H0 SPACER TYPE 12 / S MAINGS10

1 62H CHANMEL DRAG  CHANNEL DRAG  CHANNEL DRAG  CHANNEL DRAGMAIN4820
2/764H MO« ‘COEFF, NOo COEFF., 'NO. COEFF . NO. COEFMAINGS8I0
IF . /(3Xe6(16:F9.3))) MAIN4BGO

MAENG750

T4 FORMAT (4HH. INITIAL WRAP INVENTORY FOR EACH SUBCHANNEL /(1015))MAIN4BSO

207

75 FONMAT (/7 14H ITERATIONS = 14) MAING4860
76 FORMAT (43H0  FLOW DIVERSION FACTORS FOR SPACER TYPE 12/ - MAING8TO
1 5x 46HGAP CHANNEL FRACTION GAP CHANNEL FRACTION 7 MAIN48BRO
25X C4KRNO, PAIR DIVERTED NO. PAIR DIVERTED / MAINGS90

3 (2(5XeI3e¢1X0Ale]R0sAle129A104F9,4))) . MAIN4900
77 FORMAT (394 THERMAL PROPERTIES FOR FUEL MATERIAL MAIN4910
) 1 [R+18H RADIAL FUEL NOOES 7/ MAIN4G20
1 37H ’ FUEL PROPERTIES 25X1SHCLAD PROPERTIES /. MAIN4930

2 50H TYPE COND. SP. HEAT DENSITY DIA, MAIN4SGO

3 50H COND. SP. HEAT DENSLTY THICK. - GaP COND., 7/ MAIN49S0

4 49K NO, (B/HR-FT=F) (B/LB=-F) (LA/FT3)  (IN,) MAINGSK0

S S2H(B/HR=FT=F) (8/LB=F) (LB/FT3) . (IN.) (B/HR=FT2~F))MAINGOT70
78 FORMAT (17 42XoF7e20F11e6eF1loloF9us092XeFTa20F1]letoFllaloFPebelXy MAING9BO
1 F9,2) MAIN4990
79 FORMAT ( 9FS5,2) MAINSO00
B8O FORMAT(8H TIME = FB8.5. 94 SECONDS MAINSOLO
1 20H DATA FOR CHANNEL 137 MAINS020
Rl FORMAT(FO.14F12.202F12.2eF10,292F9430F11,44F12,4) . MATINSO30
B2 . FORMAT (v DJSTANCE DELTA=P ENTHALPY TEMPERATURE DENSITY MAINSO040
1EQUIL Vo110 FLOW . MASS FLUX*/ ¢  (IN.) . APSI) (MAINSO0S0
18TU/LR) (DEG=~F) (LB/CU=FT) QUALLITY FRACTION (LB/SEC) (MLB/HMAINS060
1R=-FT2)*) ‘ ' MAINS070
A3 FORMAT ({33H FORCING FUNCTION FOR PRESSURE 7/ MAINSO0R0
1 23H TIME PRESSURE 7/ MAINSO090

' 2 23K (SEC) FACTOR /7 (Fl0.40F13,4)) MAINS100
R4 FORMAT  (38+ FORCING FUNCTION FOR INLET ENTHALPY/ ua!hsxlo
1 ‘ 28H TIME INLET ENTHALPY /7 MAINS120

2 231 (SEC) FACTOR / (F10,4eF13,4)) MAINS]1130
RS FORMAT (38H FORCING FUNCTION FOR INLET FLOW / " MAINS140
1 28H TIME INLET FLOW . /7 MAINS150

2 23H (¢SEC) FACTOR / (F10.49F13.6)) MAINS160
44 FORMAT (38BH  FORCING FUNCTION FOR HEAT FLUX / MAINS170
1 38+ TIME  HEAT FLUX A MAINS180

2 ?3H (SEC) FACTOR /7 (F1l0,4+F13.4)) MAINS190
R7 FORMAT(30H UNIFORM INLFT ENTHALPY ) MAINS200
Ad FOSMAT (35K UNTFORM INLET TEMPERATURE ) MAINS210
QY FNEMAT (454 INDIVIDUAL, SU3CHANNEL ENTHALPY SPECIFIED ) MAINS220
Q0 FNEMATISOH INDIVIDUAL SUBCHANNEL TEMPERATURE SPECIFIED ) MAINS230
9] FNUMAT (35K UNTFORM INLET MASS VELOCITY ) MAINS240
AP FASMAT(SOM FLOWS SPLIT TO GIVE EQUAL PRESSURE GRADIENT ) MAINS2SO
93 FCOvMAT (6SH INDIVIDUAL SU3CHANNEL FLOWS SPECIFIED ) MAINS260
Qu FOIMATUISHICASEIS¢SX1T74449H DATE CAhsTH TIME cA6// MAINS270
I R4 TIME = FR,5.9H SECOMNDS MAINS280

2 7R TEMPERATURE DATA FOR ROD 13« MAINS290

3 124, FUEL TYPE 127/ ; MAINS300

4 ¢ DISTANCF  FLUX DNBR  CHANNEL TEMPERATURE (F) v/ MAINS310

S 22%  (INJ)  (MBTU/HR=FT2) - 13Xe10(4XsA2+124A1)) ) ~ MAINS320
UG FUOSVATIFHL14F9,4+¢FQ,3e]4eS5Xe10(F9,1)) MAINS32]



(g NeNeXe]

9h FORMAT(SHICASEISsSX17A449H
= FB.5.9H SECONDS //

2ATe
3 v DISTANCE

1 84 TIME

FLUX

MDNBR

QA7 FORVAT(FA,.142F8,3+4218)
QF FOWMLT (' JCHANNFL EXIT SUMMARY RESULTS'/
1 S CASEISSX17A4,
2% MASS BALANCE = =
G1OX*ENERGY RALANCE - -

3¢ . MASS FLOW IN ' F12.5¢' LA/SEC?

410XY  FLOW ENERGY IN YE12.5+* BTU/SECY/
3 MASS FLOW OUT ! E12.5¢" LB/SEC?

410X%  ENERGY. ADOED 1E12.5¢¢ BTU/SECY/
3 MASS FLOW ERROR ¢ E12.5+' LR/SEC?

410X FLOW ENERGY OUT 'E12.59 BTU/SECY/
449x'  ENERGY ERROR 1£12.54" BTU/SEC*//

70 CHANNEL FHTHALPY TEMPERATURE DEN%XTY

B MASS FLuxey

Qe (NO,

)

(RTU/LAY)

1 (MLE/FR=FT2))
100 FORPMAT(1642F10429F10.2402F9.3¢F10.44F12.4)
BUNDLE AVERAGED RESULTS'/)

1G1 FORMAT (0

192

9H

(DEG=F)

DATE
117Xy

DATE

' CRITICAL HEAT FLUX SUMMARY'!/

ROD

v/

2A697TH TIME

CHANNEL ")

2A6yTH TIME

EQUIL

2A6//

2n6//

"VOID

(LB/FT3) QUALITY  FRACTTON

FLOW

FORMAT(//7/% = = = ABNORMAL EXIT THROUG MAXIMUM TIME =~ = = *//)

THF UNIVAC 1108 SETS THE CO?E TO ZERO AT THE START OF EACH JOB
THE INITIALIZATION BFLOW IS TO INITIALIZED FOR OTHER MACHINES
UNITS 12+13. AND I8 ARE THE INPUTs QUTPUTs AND SAVE TAPE UNITS

MC=30
MG=30.
MX=31
MN=10
MR=35
12=5
I3=6
PI =
1A=R
6C =
NAY| =
NGXL =
NGEID =
NAX = .0
[ER00R
MGAPS =
NAFACT
NSCRC =
NRRC
JS =
Js =
NGSIT
Juso

HN=->9o0N

32.
..‘o

0

0

0

355./113.

2
0
0
0
0
0

0

NJUve = 0

NRQODY =
NRAVE =
NOTESF
MNECELT
NOUT =
M TeeaN
NPNGTE
NAS A%

0

o uwoun

1

>N -]

208

MAINS322
MAINS323
MAINS324

MAINS325

MAING326

‘MAINS327

MAINS328
MAINS329

- MAINS330

MAINS331
MAIN5332
MAINS333
MAINS334
MAINS335
MAINS336
MAINS337
MAINS338
MAINS339

(L.B/SECIMAINS340

MAINS341
MAINS342

 MAINS343

MA INS344
MAINS365
MAINS370
MATNS380
MAINS390
MAIN3400
MAINSG10

"MAINS420

MAINS430
MAINS440
MAINS4S0
MAINS460
MAINS4TO
MAINS4T7S
MAINSGB0
MAINS490
MATINSS00
MAINSS10
MAINSS520
MAINSS30
MAINSS40
MAINSSS50
MAINSS60
MAINSST0
MAINSSA0
MAINSS590

“MAINS600

MATINS602
MATINS604
MAINS610
MATINS620
MAINS5630
MAINS640
MATNS6S0
MAINS660
MAINSKT70
MAINS67S



I56 =20

ISAVE = 0

Iv =0

GWID = JFALSE.

DO 900 [=1sMC:

HINLET (D) 0.

FINLET(I) 0.
900 OPRIM(I) = 0.

DO 505 K=1M6
305 FNIVIK) = LFALSE,

00 933 J=l.MxX

D0 910 I=1eMC
p‘!'J) = 0'
H{l«+J) = 0,
F(l+d) = 0,

RHO(1+J) = 0.
HOLD(T+J) = 0.
FOLD(Ted) = 0.
910 RHAOLD(TeJ) = 0.
DO 815 K=1.MG
W(KeJ) = 0,
WOLD(XeJ) = 0,
915 $P(KeJ) = O,
) 0 520 N=1.MR
FLUX(MeJ) = 0, ~
CCHANL (NoJY =0
- DO 918 L=1¢MN
918 TRON(LWNeJ) = 0o
920 CONTINUE
9730 CONTINUE
KEAD (12+52) MAXT
IF(MAXT.LT.1) MAXT = 1000

READ CASF CONTROL CARD
QQOFRELD(!ZvZ) KASE s J1 W TEXT

IFYROR = 0
ISAVE = 0
DN.991 I = 1411
PRINT(I) = LFALSFE,

IF{JI.EQ.l) PRINT(I) = ,TRUE.
991 CONTINUE
CHECK FC? CONTINUATION OF CALCULATIONS
[F1C25E.LT,)) STOP
CalL DOY(DATE)
caLy TOD(TIME)
WRITE(I3s 3) KASE+TEXTDATE»TIME

RPEAD .GSJUP CONMTROL CARD
995 REANII2+1) NGROUP¢N19N2¢N39N4 NS N6
IF(M.CRP0UP L TLL) GO TO 250
[F(%:50UPLGT.12) GO TO 240
IF (NLQUP LT, 0) GO TO 240

69 73 (110 120cl3Ool“0c150v1600170¢18001900200.2100220‘;NGROUp

"INPUT F22 CARD GROUP 1y PROPERTY TABLE

MAINS680

MAINS685
MAINS690
MAINS700
MAIMST710
MAINGT720
MAIN5730
MAINS740
MAINST50
MAINS760
MAINS770
MAINS780
MAINS790
MAINSA00
MAINSS10
MAINSR20
MAINS330
MAINS840
MAINS850
MAINSB60
MAINS870
MAINS880
MAINSB90
MAINS900
MAINS910
MAINS91S
MAINS5920
MAINS930
MAINS940
MAINS9S0
MAINS960
MAINS970
MAINS9830
MAINS990
MAING000D
MAINGO10
MAINGO1S

‘MAINS020

MAIN6030
MAIN604O
MAIN60SQ
MAIN606O
MAIN60T0
MAING6080
MAINA090
MAINALON
MAING6110
MAING6120
MAINA130
MAIN61S0
MAING]160
MAING1T70
MAIN6180
MAIN6190
MAINARZ20Q

110 REL™ (1246) (PP(I)cTT(I’vVVF(I)cVVG(I)oHHF(l)oHHG(!)oUUF(!)oKKF(I)MAIN6210

1eSSIMA(]) 0]= lch)
NP = N1 :
IF(SIeLEL D) PQ[NT(I)zo'pUEo

209

MAIN6220
MAING6230
MAING6240



[a X e}

OO0

iF(J1.LE. 1) PRINT(4) = TRUE.

GO T0 995 MAING6250
MAINK260

:npur FOP CARD GROUP. 2. rnlcrlon FACTOR AND TWO=-PHASE FLOW CORRELATIOMAING270
120 RE&D (1245). (AA(I).BH(!).CC(!).I 194) "MATN6280
J2 = My MAING6290

J3 = w2 MAING300

Jo = N3 MAING6310
NVISCW = N& MAIN6320
IF1J3.,6T.4) READ(I2+41) NVsAV MAING330
IF(Je,GT.4) READ(I2+41) NF,AF MAING6340
IF(J1.LF.1) PRINT(2) = ,TRUE, MAINA3SO

GO TO 995 ) MATING6360

- : ; MAING6370
INPUT FOR CARD GROUP 3, AXIAL HEAT FLUX TABLE MAINK380
130 REED(12+5) (Y(I)sAXTAL(E)9I=1eN1) . MAIN6390
NAX = NI MAIN6400
IF(Jl.LE.1) PRINT(3) = ,TRUE, MAING6410

GO 10 995 MAING6420
MATN6430

INPUT FOR CARD GROUP 4, CHANNEL LAYOUT AND DIMENSIONS MAING6440
140 D0 141 J=1.N1 MATN64S0
READ(12+7) NoI.AC(I}on(I)oPH(l)o(LC(IoL)oGAPS(IoL)oD!ST(IvL)' MAING460

1 L=ly&) MAING64T0
NTYPE(I) = N MAIN64SO
IFIN.LEL]) NTYPE(I) = ) MAING6490

141 CONTINUE MAIN6500
PHTINT = 0, MAIN6S10

- ATOTAL = 0, MAIN6520
K=0 MAIN6530
NCHANL = N? MAIN6540

DU 147 1=1+NCHANL MAINGS50

DO 146 L=1+4 MAIN6560
IFILC(Iel)) 144451464143 MAINGSTO

1a3 J=LC(I+L) MAIN6%R0
IF(J.LESI) GO TO 146 MAIN6S590
K=Ks] MAING60OO
FacToR(K) =1, MAINK610

60 TO 145 MAIN6620

16 J=<LC(ToL) MAING630
IF(JLELI) GO TO 146 MAIN6640O°
K=K+ MAINKKSO
FACTOR(K) = .5 MAING66KKO

145 JUK(X) =.J MAINK6TO
[K(K) = 1 MAING6BO
GAPNIK) = GAPS(IsL)Z12. MAING690
GAP{K) = GAPNI(K) MAINGTO0O0
LENGTH(K) = DIST(IsL)/Z12, MAING6T10

_ 146 CONTINUE MAING6720
PICTIM(I) = PW(l)/Z12,. MAING6T730
HPESIM(]) = PH(I) /12, MAING6740
AT = AC(T) /146, MAINATSO
ACT) = AN(]D) MAIN67A0Q
DCII) = 4 ,2aC(])/Pw(l) MAINGT770
D=YD(]) = DC(I)/12. MAING780
DixCt L) = DHYD(]D) MAINAT90
P=TCT = PHTOT o HPERIM(]) MAIN6BND

Ja7 ATOTAL =3 ATOTA(L oAN(x) MAINKB10
, MK MAING6820
MAINGB30



C
C

GO TO 995

INPUT FOF CARD GROUP S, CHANNEL AREA VARIATION TABLh

150.p0 151 1I= lvNCHANL

1651 JOLEREA(L) = O
‘NAXL = N2
NAKEMD = N3
TF(NARAMP LF.0) NARAMP = |
IF(M2.LTe1) GO TO 995
READ(T12¢5) (AXL{I) oI=14yN2)
NAFACT=N} N
DO 152 J=1wN1
READ(TIZ24+8) To tAFACT (Jol)elL=14N2)
INaAREA(I) = J

152 NCH{J)= 1
IF(Jl.LE. ) PPINT(S) = ,TRUE.,
GO T0 995

INPUT FOR CARD GROUP. 6+ GAP SIZE VARIATIONS TABLE
10 DO 161 K=14NK

‘161 IDGAP(K) = 0 .

NGXL = N2

IF(N2,LT.1) GO TO 995

READ(IZ¢5) (GAPXL (L) +L=1+NGXL)

NGAPS = N

DO 142 LL=14+NGAPS

READ(1241) K

1DGAP (K) Le

NGAP(LL) K

READ (129 S) (GFACT(LL L) sL=1eNGXL)
162 CONTINUE ’

IF(J1.LE. 1) PRINT(6) = ,TRUE,

GO T0 995

INPUT FO® CARD GROUP 7, SPACER DESIGN INFORMATION
170 Jé = N1
NRAMP = N¢g :
IF(NRAMP L T.1) NRAMP = 1
GRIN = FALSE,.
"NGRID = 0
IF(Un,FQ,0) GO TO 995
IF(Jk.E0.1) GO TO 171
GO TQ 995
171 RESDUI2042) PITCHeDIACTHICK
PITCr~ = PITCH/12,
Cla = 01A/12,
THICK = THICK/12.
N UM = N§
DO 172 M=1NK
READ(I2e66) KeDUMWCROSS
PUR (kY = DUM
DO 172 L=1lek
172 XCR0SS(KsL) = CROSS(L)
READ(I246R) (NWRAP(I) «]= loNCHANL’
DA 173 I=]eMCHANL
173 NoSASCHLT) = NWRAP(I)
[FUJI.LESL) PRINT(7) = ,TRUE,
IF(NJHMD.EQ.:)) JUMP = 3

211

MAING6BGO
MAINA8SO
MAING6860
MAINGB70
MAIN&BRO
MAIN6890
MAIN6894

. MAIN6A9S

MAIN6900O
MAINS910
MAIN6920
MAIN6930
MAIN6940O
MAIN6950
MAIN6960

"MAINGS70

MAING6980
MAIN6990
MAINT7000
MAIN7010
MAIN7020
MAIN7030
MAIN7040
MAINT0S50
MAIN7060
MAIN7070
MAIN7080
MAINT7090
MAINT7100
MAINT7I10
MAINT7120

‘MAINT7130

MAINT140
MAIN71S0
MAINT160
MAIN7170
MAIN7180
MAIN7190
MATIN7200
MAINT7210
MAIN7220
MAINT7230
MAINT240
MAIN7250
MAIN7260
MAINT270
MAIN7280
MAIN7290
MAINT7300
MAIN7310
MAINT7320
MAIN7330
MAINT7340
MAINT3SO
MAIN7360
MAINT3TO
MAINT73R0
MAINT7390

. MAIN7391



IF (NJU4P ,NF.3) 60 TO 995
REWIND I8
READ([R) . WePsRHOF
REAIND I8 :
GO 1 995

176 NGIIL = N2
NGWIZT = N3
REAC(12466) (GRIOXL (I)4IGRID(I)s]= loNGRlD)
DO 178. 1=1yNGRIDT :
DO 177 K=1NK

177 FXFLOW(KST) = 0,
DO 178 1I=1.NCHANL -

178 READ(12967) JsCD(JIs 1) vKoFXFLOW(KS )
IF(J1.LEL]1) PRINT(7) = ,TRUE,
G0 T0 995

(o INPUT FOR CARD GROUP 8, ROD LAYOUT, DlMENSIONSo AND POWER FACYORS
1R0 NROD = M2 )
DO 1&1 J=1.N1
READ 114 NOI'DR(!)'RADIAL(I)’(LR(I'L,OPHI(I.L)9L=1'6)
TOFUEL(I) = N .
C IF(NJLT.1) IDFUEL(T) = 1
181 CONTINUE )
DO 182 I=1eMC
DO 182 J=1+MR
182 PWRF(1+J) =0.
DO 165 [=1.NROD
DO 184 L=1e6
IF{LF(TIsL)) 18441844183
143 K = LR(f.L)
PWRF (e [ ) =PHI (I4L)
1R4 CONTINUE
185 D(1) = DR(I)/Z12.
IF(J1.LE.1) PRINT(8) = ,TRUE,
NODESF = N3
NFUELT = N&
NCHF = NS
IFINODESF.EQ.0) GO TO 995
REAN 79, (KFUEL(IYe CFUEL(I)y RFUEL(I)e DFUEL(I) s
I KCLAD(I) e CCLADI(I) s RCLAD(I)s TCLAD(I)s HGAP(I)sl= 1oNFUELT)

DO 147 1 = LeNFUELT

KFUSL (T = KFUEL (1) /3690,
XCLED(T) = KCLAD(I) /3600,
DFLEL(T) = DFUEL(I)Z12,
TCLAO (L) = TCLAD(T) /12,

HGe~ (1) .= HGAP(]) /3600,
187 ~CONTINUE
GO T 995
C o
C INPUT FOR CARD GROUP 9+ CALCULATION VARIABLES
190 READ 16e KIJoFTMeZ o THETASNDXaNDT o TTIME +NTRIES+FERROR ¢ SL
IF(SLeLT.1aF=5) SL = .5
FLEV = COS(THETA®P]/1R0,)
IF(MTRIES LTel) NTIRIES=20
IF(FemrROi .LF 0) FERROR = ].E=3

N2 = NDX 1
NSsiox = NI
NS<TeT = N2
KDERUG = N3

212

MAIN7392
MA[MN7393
MAIN7394

 MAIN7395

MAINT740D
MAINT7410
MAINT7420
MAIN7430
MATN7440
MAIN7450
MAIN7460
MAINT470
MAIN7480
MAIN7490
MAIN7500
MAIN7S10
MAIN7520
MAINTS530
MAINTS40
MAIN7550
MAIN7560
MAINT7S70
MAIN7S80
MAIN7S90
MAIN7600
MAINT7610

MAIN7620

MAINTA30
MAIN7640
MAIN76S0
MAIN7660
MAIN7670
MAIN7680
MAIN7690
MAIN7730
MAIN7740
MAINT745
MAINT 750
MAIN7760
MAINTT7T70
MAIN7771
MAIN7772
MAINT773
MAINTT764 -
MAINT7T77S
MAIN7T76
MAIN7777
MAIN7780
MAINT7790
MAIN7800
MAIN7B10
MAIN7820
MAIN7830

_MAINT7840

MAINT7850
MAIN7860
MAIN7870
MAINT880
MAIN7890



(s Xe}

aon

o0

1FINSKIPT,LT.1) NSKIPT
1F INSRIPXLTs1) NSKIPX
2 = 2 .

1F(7.iF.0,.,) GO TO 240
IF(NDX L Tel) GO TO 240
DX = Z/FLOAT(NDX)

DT = 0.

IF(NDT.GT .0 4AND. TTIME.LE.O.) NDT = 0
IF(NDT.GT.0). DT = TTIME/FLOAT(NDT)
SAVEDT ‘= DT

DXX = DXx#12,

IF(J1.LE.]) PRINT(Q) = ,TRUE,

GO0 TO0 995

INPUT FOR CARD GROUP 10+ MIXING PARAMETERS

200

NSCRC = N1

READ(12+5) ABETASBBETA

NBHC =N2

JS = N3 , ‘
[F(N2.GE,2) READ(I2+5) (XQUAL(I) +BX(I)eI=1eN2)
IF{JS.EQ.0) GK = 0, ' .

IF(JS.,EQ.1) READ(12+5) GK

IF(Jl1.LEe1) PRINT(10) = TRUE.

GO TO0 995

MAINTB9S
MAINT900
MAINTOL10

- MAIN7920

MAINT7930
MAIN7940
MAINT7950
MAINT960
MAIN7970
MAIN7980
MAIN7990
MAINAOOO
MAINARO10
MAINB8020
MAINBO030
MAINSQ40
MAINS0S0
MAINS8O6KO
MAINBO70
MAINB08O
MAINBO090
MAINB1O0O
MAINB110
MAIN8120
MAIN8130
MAINS140

INPUT FOR CARD GPOUP 11s OPERATING CONDITIONS AND TRANSIENT FOPCING FMAINB1SO

210

FOR N120s HIN IS THE INLET H. FOR NI=ls HIN IS THE INLET T.
FOR N1=2+ READ IN CHANNEL M.  FOR N1=3, READ IN CHANNEL T.

REFAD(12+9) PEXXT-H[N.G!N.AFLUK
PREF = PEXIT'

CALL PROP(1l.1)

IFLIERROR,,GT, l) GO TO 240

IH = N1

IFIN1.GE.2) GO TO 214

IFINL.EQ.]) GO T0 211

TIN = TF

IF(HINJLT HF) CALL CUPVE(TlNoHINcTToHHF'NPROPO[ERROR.I)
IF(JIERROR.GT.1) GO TO 240

‘60 TO 212

TIN = HIN

CALL CURVE (HINSTINGHHF + TToNPROP+» IERROR ¢ 1)

212
213

2le

215
216

IF(IERRQOR.GT.1) GO TO 240

DO 213 1=1.NCHANL
HINLET (D) = HIN
GO 70 216

RFAD(12+10) (MINLET(I)s1=19NCHANL)

IFIN1.LE.2) GO TO 216

0 215 I=1«NCHANL

CALL CURVE (HINLFT(X)sHlNLET(I)oHHFoTToNPROPqIERPORol)
IF(IERKOR.BT.]) GO TO 240

CONTINUF

GO 2160 1=)+NCHANL

TIN'PT(I) z TF

IF (RINLET (1) oLToHF)
1 CALL: CURVF (TINLET(I) eRINLET(I) o TToHHF ¢+NPROP ¢ IERROR 1)
IFCIERRGRLGT, 1) GO T0 240

2140 CONTINUE

16 = N2

213
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MAINB1T0

‘MAINB180

MAINB190
MAINB200
MAINSB210
MAINB220
MAINB230
MAIN8240
MAIN8250
MAINB260
MAINB270
MAINZ280
MAINBR290

-MAINB300

MAINA310
MAINB320
MAINB330
MAINS340
MAINB350
MAINB360
MAINB370
MAINB380

. MAINB390

MAINB400
MAINB410
MAINRS4 ]2
MAINB4 14
MAINB&416

- MAIN8417

MAIMBG1IB
MAINB419
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[z NaXnl

NPNODE = NN
DO 260 U=1«NN
260 PRINTNC(I) = 1

NUTPUT OF INPUT DATA

261 IF (JNOTLPRINT(1)) GO TO 265
WRITE(13.13)
IKKF-(]) +SSIGMA(T) 9 I=19NPROP)
265 IF (JNOTLPRINT(2)).60 TO 270
WRITE(L328)  ~
D0 266 J=l4

(PP(I)oTT(I)oVVF(I)uVVG(I)oHHF(I)vHHG(I)-UUF(I).

- 2h6

270

275

280

2R3

2
285

285

287

IF(AAfJ)oGTQOQ .ORD CC(J).GTOOQ) NRITE(I3'Z9)

CONT INUE

IF(NVISCW.EQ.0) WRITE(I3+61)
IF(NVISCW.FQ.1) WRITE(I3+62)
WRITE (I3+46)

IF(J2.£Q.0)
IF(J2.EQ. 1)
IF(J3.FQ.0)
IF (J3.EQ. 1)
IF(J3,FQ.5)
IF(J3.FQ.6)
IF(J4,EQ.0)
IF(Ja.FQ. 1)
IF(J4a.FN.H)

WRITE(]3+45)
WRITE (13+46)
WRITE (13+47)
WRITE(I3+48)
WRITE(13+49) AV(1)

WRITE(13+.57) NVy(AV(I)vI#loNV)

WRITE (13+58)
WRITE(I13+459)
WRITE (13+60) NF (AF (1) s 1=1sNF)

[F (NOT.PRINT(3)) GO TO 275

WRITE(13+6)

(Y(I)oAXTAL (I} oI= lvNAX)

IF (.NOT.PRINT.(4)) GO TO 280

WRITE(I3v12)

( IcNTYPF(I)oAC(I)oPH(l)cPH(I)oDC(I)o(LC(IoL)o

1 GAPS(I+L)eNIST(Iol)oh=104) 9 I=1sNCHANL)

IF (NAXL -

«LTel) GO TO 245

IF (oNOT. PRINT(S)) GO TO 285

N=1
NN=10

DO 284 LL=144

IF (NN GT«NAFACT) NN = NAFACT

WRITE (I3419) ((HIWNCH(J) ¢H3) eJ=NsNN)
DO 283 I=1.NAXL

WKITE([3+31)

Nz=N+10
NN=NN-+10

AXL(I)s (AFACT(Jol) s J=NisNN)

IF (NJGF JNAFACT) GO TO 28S

CONT INUE

IF (NGYL «LT.1) GO TO 290 .
IF(LNOT,PRINT(6)) GO TO 290

N =1
NNz 10

00 289 LL =

1e6

IFINNJGTJNGAPS) NN=NGAPS
- DO 28BA M=NJNN

K. = NGAR (M)

IM{M) = IK(K)
JM(M) = JK(K)
WRITE (I3+420) ((H1oIM{M) 9HZ29IM(M) ¢H3) ¢M=NINN)

DO 287 L=1«NGXL
WRITE (1343R)

N=Ne10
NMzNNe | O

GAPXL(L’o(GFlCT("tL)0"=NONN’
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‘»/

IF(N GE. NGAPS) 60 JO 290

289 CONTINUE

IF(J6.6T.1)

290 IF{.NOT.PRINT(7)) GO TO 300

GO TO 300
GO TO 296

PITCH = PITCH#12,.

DIA = DIA¥12. -

THICK = THICK#12,

PRINT 69y PITCHe THICK.DIA
PITCH = PITCH/12,.

N1aA = DIA/12.

THICK = THICK/Z12.

PRIMT 70,
1 X=1eNK) -

(K'HloIKfK)oHZ.JK(K)-H3-OUR(K).(XCPOSS(K.L);L 1¢6)

PRINT 7449 (NWRAP(I)+I=1+NCHANL)

G0 TO 300

296 PRINT 71 (IGRID(I)sI=1+NGRID)
PRINT 72s (GRIDXL(I)oI= l'NGQID)
DO 297 L=1+NGRIDT

297 PRINT 73 LQ(IQCD(IQL)OI l!MCHANL)
DO 299 . I=1+NGRIDT

I = 0

DO 298 K=]4+NK
IF (ARS(FXFLOW(KST)) (6T 0) [I=1

294 CONTINUE
IF(I1.EQ.0)

GO T0 299

PRINT 76, ‘,(KK'HIOIK(KK)OHZOJK(KK)0H3OFXFL°'(KK'I)'KK“’NK’

299 CONTINUE

300 IF(.NOT.PRINT(8)) GO TO 305 .
PRINT 15, (Iy1DFUEL(T)sDR(I)sRADIAL (1) (PHL(IsL) sLRULoL)s
1 L=1+6)91=1,NROD)
IF (NODESF.LT.1) GO TO 305

Do 301 1
KFUEL ()
KCLAD(])
OFUEL (D)
TcLanen
HGAP () =
301 CONTINUE

1sNFUELT

KFUEL (T)#3600.
KCLAD(I) #3600,
DFUEL () #12,
TCLAD([)®#12,

HGAP(])#3600,

PRINMT 77, MODESF
PRINT 78, (I.KFUEL(J)oCFUEL(J)QRFUEL(J)QDFUEL(J)oKCLAD(J)oCCLAD(J)NAINQQbO
1eWCLAD(J) « TCLAD (J) +HGAR (J) ¢+ J=1 yNFUELT)

DO 302 [ =
KFUFL(T) =
KCLAD(I) =

DFUEL ()
TCLAD(I) =

1oNFUELT

KFUEL(I)/3600.
KCLAD (1) /3600,
= DFUEL(1)/12,
TCLAD(I) 212,

HGAP (1) = HGRAP(1)/3600,

302 CONTINUF

305 IF(.NOT.PRINT(9)) GO TO 310

PRINT :18. KIJ.FTMoQLoZ?oTHEIA.NDX.DXXoNOTvTTIMEODT.NTQ[FS'FFRROP

310 IF(NDT,PRINT(10))GO TO 31S
wRITE(I3435)

IF (NSCRC.LT

«1) WRITE(I3s 32) ABETA

IF(NSChC.ENL 1) WRITE(I3e 33) ARETAs BBETA

[F (NSCHCFQ.
TF (NSCBCL.EQ.
31143115312

IF (NGKRC=1)

2) wRITE(I3s 34) ARETA, BBETA
3) WRITE(I3«39) ABETAs BBETA

311 wRITE(I3436)
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312
3l1s
315

318
319

c
c ST
00

401

C ESTARLISH CHANNEL BOUNDARY CONDITIONS AND FORCING FUNCT!CN VALUES.

a0l

GO TO 3la

WRITE (I3437)

IF(US.FQe1)

(XQUAL (1) «BX (1) 1=1yNBBC)
PRINT 65+ GK
IF (JNOTPRINT(L1)) GO TO 318

#=ITE(1321) PFxIT.HIN.GIN.rIN.AFLUx

[F(IHFQ,.,0)
[FIH.EQ. 1
IF(IH.EQ2)
IF(IH.EQ.3)
IF(1G.FN.0)
IF(16,EQ.1)
IF(16.EQ.2)
IF (NP OT. 1)

IFINH,GTL1),

IF(NG.GT. 1)
IF(NQ.GT. 1)
I+ {rDERUG)

WRITE(1350)

WRITE(TR8T7)

WRITE(I3.88)
WRITE (13+89)
WRITE(13+90)
WRITE (13,91)
WRITE(I3+92)
WRITE(I3493)

PRINT 83y (YP(I)+FP{I)eI=1eNP)
PRINT B4y (YHII)sFH(I)eI=]1eNhH)
PRINT B8Ss (YG(I)eFG(I)eI=1eNG)
PRINT 86+ (YQUI)oFQ(I)oI=1sNQ)}

40044004319

((LC(I+L)oI=1+NCHANL) sL= lok)

“wRITE (135500 (IK(K) ¢ JK(K) +K=1yNK)
WOITE (13e51) (FACTOR(K) ¢K=1sNK) ;
WRITE (13+50) ((LR(NRsL) +NR=1+NROD) sL=15+6)
WRITE (13y51) ((PWRF (I+NR) oNR=1,NROD )+ T=1,NCHANL)

WRITE (I3+451) (D(NR)JNR=14NROD) ¢ (RADIAL (NR) yNR=1sNROD)

ART SURCHANNEL

KT = MSKIPT
DY = SAVEDT

DO 401 J=1.MDXP1
X(Jd) = DX#FIL0AT (J-]1)
NDTPL = NDTe} '
DO. S00 NT=1,NDTP1

IERROR = 0
DT = SAVEDTY
IFINTEQ. 1)

DT = 1.E+10

ETIME = DT”FLOAT(NT 1)

DU“Y = le
IF(NP.GTL. 1)
ICALL (UQVF

PoEF = DUMYSPEXITT
Calt PROP(1.1)

IF(IERROR,GT,. 1)

DuMy = 1,
IF(NHLGT, 1)
1Catl CURVE

IF(IERROR,GT,L 1)

DO 402 I=1+NCHANL

HOLD(1e1) =

H(I+1)

H{Tel) = HINLET(1)«DUMY

GO TO 50S

FLOW AND ENTHALPY CALCULATIONS.

:nuuv-erxme.rb.vp.np.leanoe.x:
IF (IERROR.GT.1) GO TO 505

(DUMY +ETIME «FHo YHsNHs IERROR 1)
G0 10 qOS

IF(IHEQ.]l JORs TH.EQ.I)

1 CALL CUQVF(H([![)QTINLFT(l)’DUNY.HNFQT'.NPQOP.IERROROI)
CONT INUE

DiMy = 1,

IF (NG.GT. 1)

1 CALL CURVF (DUMY sETIME sFGoYGsNGe IERROR 1),

IFLIERROR,GT,L 1)

DO 403 T=1«NCHANL

FOLD([1) =

FlleD)

GO 10 S0S
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C
C

C

403 F(lel) = FINLET(I)eDUMY
DuMy = 1, .
IF (NQ.GT.1)

1CALL CURVE (DUMYSETIME +FQsYQ3sNQy IERROR})

IF(IERROR.GTL1). GO TO 505 .
POWER = DUMY o

BEGIN ITERATION TO OBTAIN SOLUTION,.
DO 430 NN=]«NTRIES ‘
DO 410 I=1.NCHANL
410 NWRAP(I) = NWRAPS(I)
ITERAT = NN
CALL. SCHEMF (JUMP)
IF(IERRNDRL.GT,1) GO TO 440
CALL FLAP(MTIME)
[F(MTIME.LT ,MAXT) GO TO 429
POINT 102 .
"GO TO 440
429 IF(JUMPLT,) +NR. JUMP,GT.3) GO TO 505
GO TO (63064404440) 9 JUMP '
430 CONTINUE
PRINT 22+ NTRIES
IERROR = 1 -
SET CONDITIONS FOR NEXT TIME STEP
440 IF(JUMP.EQ.T) GO TO 44l
IF(NJUMP,GT,.0) JUMP = 3
IF (NJUMP  NF,2) GO TO 441}
HREWIND I8
WRITE (IR) WeP«RHOWF
En FILE 1A
REWIND I8
44l DO 445 J=1,NDXPL
© DO 463 K=1.NK
WOLDA(KsJ) = W(KeJ)
443 CONTINUE -
DO 4464 [=1+NCHANL
FOLD(IeJ) = F(IsD)
HOLD(Ted) = H(TeJ)
RHOOLD (1+J) = RHO(I D)
444 CONTINUE
a4 CONTINUE
ISAVE = TERROR
[ERROP = 0

LFANCHF ,GT.0 AND. ISAVE.EW.0) CALL CHF (34NDXP1)

KT = KTs]
IF (KT.LTLNSKIPT) GO TO 500
CALL TOD(TIME)

PRINT RESULTS
IF(ETIME,GT,.0.) GO TO 457
COMBUTE MASS AND ENERGY RALANCE

FLOIN = 0,
FLOOUT = 0,
FNGIN = 0,

ENGOUT = 0,

NOXPL = NOx+1

DO 408 T=}NCHANL

FLOIN = FLOIN ¢ F(I.1)
FLOOUT = FLOOUT ¢ F(INDXP])
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C

C

C

ENGIN = ENGIN ¢ F(Iel)oH(]

44R ENGOUT = ENGOQUT + F(I.NDXP])
FLOERE = FLOOUT = FLOIN .
ENGADD = AFLUXSZ®PHTOT/,0036
ENGFRE = FRGOUT =~ ENGIN - E

POINT 99¢ KASF «TEXT, DATEoTIMEcFLOXNvENGINoFLOOUToENGAanFIOEQP'

1ENGOUT «ENGERR
OREPARF CHANMFL EXIT SUMMARY
J = NnXP1 ‘
DO 650 I=1.NCHANL
QUTPUT (Y1) = TF

1B
OH(IoNOXPl)

NGADD

MAIN1868

- MAINLIB6A9

MAINLA70
MAINIB71
MAINIBT2 -
MAINIBT?3
MAIN1B874
MAIN187S
MAIN1IB76
MAIN1877
MAIN1878

IF(H(TIe ) L TAHF)YCALL CUQVF(OUTPUT(l)vH(IoJ)oTToHHFvNPPOPolEDROP 1)MAIN18BT9

OUTPUT(2) = (H(I+J) =HF ) /HFG
IF (QUTPUT(2) oL T40.) ONTPUT(2
OUTPUT (3) = (RHOF=RHO(T+J))/
IF (OUTPUT(3) 41.T.0.) OUTPUT(3
QUTPUT (4) = F([+J)/AN(])%,00
PRINT 100y IeH(I+J),0UTPUT(]
1 F(I+d) sOUTPUT (4)
450 CONTINUE _
IF (IFPRORLGT,L1) GO TO 505
COMPUTE RUNDLE AVERAGED RESULTS

452 PRINT 25 "ASE'TEXTQDAIE'TI"

PRINT 101

PRINT R2

DO 4S6 J= loNDXPlONSKIPX
SAVE]l = 0.

SAVF2 = 0.

SAVEl = 0.

SAVE4 = 0.

DO 454 I=1.NCHANL
SAVE] SAVFI ¢ P(IeJ)#aAN(])
SAVEZ2 SAVF2 + H(IsJI¢F(LeJ
SAVE 3 SAVE3 ¢ F(leJ)

454 SAVEe SAVF4 + RHO(IeJ)®AN(
QUTPUT(]) x(Jy#12,
OUTPUT (2) SAVE1/ATOTALZ 144
OUTPUT(3) SAVE2/SAVF3
OUTPUT (4) TF

[T

H H Hn

IF(OUTPUT(3).LT.HF) CALL CUQVE(OUTPUY(“’OOUTPUT(J)otToHHFoNPROPo

1 TERRNRL])
IF(IEPRNR,GT,1) GO TO 505
QUTPUT(S) = SAVEW/ATOTAL
OUTPUT(6) = 0. )
IFIOUTPUT (3) «GTLHF) OHITPUT (6
CUTPUT(7) = 0.
IF(OUTPIT (S) 4L T.RHOF) OUTPUT
OQUTPUT (R) = SAVER
QUTPUTI(9) = SAVE3/ATOTAL*®,00
PRINMNT Rl (OUTPUT(II)s11=1¢9
«SA CONTINUE ’
IF(IERROR,(T,.1) GO TO 505
ORINT CHANNEL BND ROD RESULTS A
457 D0 4n0 . JJ=]NPCHAN
I = PrINTC(JD)
PRINT 254 waSFe TEXTe DATE
FRINT A0 GETIME ]
PRINT RP
OC 45n J=]1 +NDXP1oNSKIPX

) = 0.

(RHOF =RHOG)
r~= OJ
36

) sRHO(1+J) 9 OUTPUT (2) sOUTPUT (3)

2

)
I)

) = (OUTPUT(3)=HF) /HFG

(7) = (RHOF=0UTPUT (S) )/ (RHOF =RHOG)
36

)

S OEFINED BY OUTPUT OPTIONS

TIME
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453

460

4hs

OUTPUT (1) = X(J) 212,
OUTPUTI3) = H(led)
QUTPUT(2) = P(LeJ)/164,
OUTPUT(4) = TF

1

1

MAIN1927

MAIN1930
MAIN1940
MAIN19S0

IF(H(Te) JUTSHF)CALL CUQV¢(OUTPUT(Q)9H(loJ)0TT9HHF.NPROP¢IFRROD 1YMAIN19AD

IF (TERROR.GT.1) G0 TO 505

QUTPUTH(S) = RHO(I.J)

OUTPUT(6) = 0.

TF(H(T+Jd) «GToHF) 0UTPUT(6) = (H(lsJ)=HF)/HFG
DUTPUT(7) = Q.

IF (RHD (1400 JLT.RHOF) OUTPUTIT) = (RHOF =RHO (1 +.J) ) / (RHOF =RHOG )

DUTPUTIB) = F(TsJ)

OQUTPUT(9) = F(leJ)/Z7AN(T)#,0036
PRINT Rle (OUTPUT(TIID) eIT1=1+9)
COMTINUE i '
COMNTIMUE . )

IF (NOUT.LT,1) GO TO 499
IF(NOUT.FQ.2) GO TO 470

DN 465 M=14NKs10 -

MM = M+Q .

IF (NK  LF 4MM) MM=NK

PLRINT 314 ¥ASEs TEXTe DATEs TIMEs H7s (H6sH1 0 IK(K) oH24JK(K)

H3eK=MyMM)

00 465 U= l.NDXPloNSKIPx

XDUMY = X(J)#]2,

PRINT 30¢ XDUMYy (W(KsJ) 9 K=MyMM)

CONTIMNUE

[F(NOUT,EQ.1) GO TO 499

IF(NPROD.LT.1) GO TO 4990

DO 485 NN=] «NPROD

N = PRINTR (NN)

NOUMY = [DFHIEL(N)

PRINT 944 KASEs TEXTe DATEs TIMEs ETIMEs No NDUMY,
(HRWPRINTN(TI) +H39I1=1+NPNODE)

CO 4H3 Jz] «NDXP]l NSKIPX

XDUMY = X(H*12,

DO 480 11=1.NPNODE

I = PRINTNUID)

480 TOUMY(TIY = TROD([yNeD)

n:‘j
=3

L 3a

[PSX T 10N
499

1

DFLUX = FLUX(NJ)®*,0036
IF(CCRANL IN.J) ,EQ.0) CHFR(N+J) = 0,

IF (NODESF.GT.1) PRINT 95, XOUMYoDFLUXoCHFR(NoJ)oCCHANL(N'J)v

(TDUMY (T ¢ 1=1«NPNODE )

IEANCDESFLTL 1) . PRINT 9S. XDUMYoD?LUXoCHFR(NyJ)QCCHAVL(NOJ)

I‘ \\.‘T lg.U;

CONT INUE

IF(NCHF LLT41) 50 TO 499

PRINT G964 ‘ASFoTEXT90ATF.TIME.ETIME0CHFCOR(NCHF)
N 4945 J=14NDXP] JNSKIPX

XDUMY = X (dye]2,

N = MCHFRR(D)

OFLUX = 0. )
IF(NJMNELO) DFLUX = FLUX(NGJI®,0036
IF(NJENe0) MCHFR(J) = 0, :
PRINT 97, XDUMY s DFLUX sMCHF R (J) yMCHFRR ( J) «MCHFRC (D)
CONT INUE : ‘ :
PRINT 7Se [TERAT
KT = 0
IFUISAVELGT,0) GO TO S0s
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IF (IERRORL.GT.0) GO TO 505
$00 CONTINUE
c
C END NF PROBLEMs LOOK FOP NEW CASE
60 T 990 } _
505 P2INT 55, STGMNAL (IFRRORP)
PEINT 554 SIGNAL (ISAVE)
GO TO 990
END
9DE CK » SCHEME
SUBROUTINE SCHEME ( JUMP)

THIS SUBROUTINE SETS UP AND PERFORMS THE SOLUTION OF THE FINITE
DIFFERENCE SCHEME AT EACH SPATIAL LOCATION x AT A SELECTED TIME T.

MAJOR SUBROQUTINES OF CORRA~ITIIC.
COMMON  KTIJe FTM, ABETA, BBETA, AFLUXe Z+ THETAs Ple NAXs FLO,
1 GCos 13+ [Py NCHANL . Nx, TERRORs KDEBUGe NAXLe NGAPSs NGXL s
2 NAFACTs NONESe NSCBCe NRRCo Jle J29 J3s J4s JSe J6s J7» -
3 ATOTALy DXy DTe GK9 NVy NFe AV(T)s AF(7)y QAX, FSPLITI(30)
e o ELEVe NNXy SLy FERROR, ltEPAYo NRAMPy NVISCWs NARAMP
COMMOM. PP (30)e TT(30)s VVF(30)e VVG(30), HHF (30) ¢ HHG¢30)
1 UUF(30) e« KrF(30)y SSIGMA(30) s NPROP, PREF,y TF, VF. VGe HF s HGy
2 UFy XFoe SIGMA, HFGe VFGs RHOFs RHOG
COMMON  V(30)s VP(30)s VISC(30)e VISCW(30)s HFILM(30)s CON(30).,
1 CP(30)e FSP(30)e FMULT(30)e U(30)y UH(30)s ALPHA(30) QUAL (30) »
2 RPHO(30¢31)e VPA(30)e T(30)s HINLET(30)s FINLET(30)
CGMMON COND(4T7)e WP (4T)e GAP(GT) s FACTOR(4T) s IK(GT),
1 UK(47)e GAON(GT)e LENGTH(4T7)s USTAR(G4T7) s W(GT,31)
COMMON  A(30) s AN(30)e DHYD(30)s DHYDN(30)e DFDX(30)
1 DHDX130)« DPOX(30)s OFPIM(30)s PERIM(30)
2 HPERIM(30)+ NTYPE (30) ‘
COMMON P (30+31)s H(30s31)e F(30+31)s X(31)
COMMON  WOLD(4T931) e RHOOLD(30+431) FOLD(30931)e HOLD(30,31)
COMMON  AXTAL(39)y Y(39)e [DAREAL(30) s IDGAP(47) s AA( &)y BB( 4),
I CC( 4)e AFACT(1010)s NCH(10)s AXL(10)e GAPXL(10)s GFACT!( 9.10)
2 NGAP( 9) s RX(30) e XQUAL(30)
COMMON  NGPIDs NGRIDTs GRIDXL(10) s IGRID(10), CD(30y S)o
1 FXFLOW(47 e S)e NGTYPEs GRIDy FDIV(GT)
LOGICAL FDIVy GRID ’
REAL KJJs LEMGTHe KFs KKF
REAL KFUEL « KCLAD
COMMON /FUFL./ XKFUFEL( 3)e KCLAD( 3)e RFUEL( 3). RCLAD( 3)»
1 CFUEL( 3)e CCLAD( 3)s TCLAD( 33y TFLUID.
2 FLUX(35¢31) e HGAP( 3)e TROD(10435¢31)¢ LR(3545)
3 PWRF(30e35)« PHI(ISeH) s RADIAL(35)s D(3S),
4 POWEw,s ‘NONFSFe NRODs DFUFL( 3)e IDOFUEL(35)y HSURF
DIMENSION WSAVE(47)
CoHMQON /KSP/ SP(4T43])
1 FORPMAT(?]FOO0OR DETECTED IN SUBROUTINE SCHEME AT NODE?*I3s
1 ¢ Y Z'E]N,5¢" FEET*/' CALCULATION FOR THIS CASF STOPPEDN?)
2 FORMAT(Y NODE'TI3e X ='F10,5)

2 XsXaXakaXe

3 FORMAT (0 I H{T+J) F(I-J) P(I-J) H(lvd=1)
1iTed-1) P(led=1)1)

4 FORMAT (¢ l{ QuaL (1) ALPHA(]) RHO(TI+J) vVP(])
1 vin FMULT(I) V) !

S FONMAT (Y K W(KeJ=-1) W(KesJ) WP (K) USTAR(K)
1{Xed=1) SP(KsJ) ")

1
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MAIN2360
MAIN2370
MATN23R0
MAIN?390
MAIN240OD
MAIN240S
MAIN2410
‘MAIN2420 .

SCHMO0010
SCAM0020
SCHMN 030
SCHM0040
SCHM0050

THIS PROCEDURE CONTAINS THE COMMON AND TYPE STATEMENTS SHAR‘D BY THESCHM0060

SCHM0070
SCHM0080
SCHM0090
SCHMO0100
SCHMO110
SCHM0120
SCHM0130
SCHM0140
SCHMO0150
SCHM0160
SCHMO170
SCHMO1A0
SCMO0190
SCHM0200
SCHM0210
SCHM0220
SCHM0230
SCHM0240
SCHM0250
SCHM0260
¢ SCHMO270
SCrHM0280
SCHM0290
SC+M0300
SCHM0310
SCHM0320
SCHMO0330
SCHM0340
. SCHMN 350
SCHM0360
SCHM0370
SCHM03R0
SCHM0390
SCHM0400
SCAM0401
SCHM0402
SCHMNG03
FSCHM0404
SCHM0405
SCHM0406
SCHM04O07
SPSCHM0408
SCHM0409



C
c

6 FORMAT (" I OHDX (1) DFOX (1) oPDX (1) 'QPQIM(I’

ILR(Ted) RHNOLD(ToJ) )
16 FORMAT(31Se4EL2,6)
S2 FORMAT( 1546E12.6)

NCHANL = NCHANL -

FMIN = ,0001

NDXP]l = NRXel

IF (JUvPLEQ., 1) GO TO 400

Jumwp. = 2 :

BEGIN STEPPING THROUGH CHANNEL
400 D0 450 J=1.NDXP]
JP1 = Je1
JMl = U=l
IF(J.6T.1) GO TO 40S
SET CONDITIONS AT START OF CHAVNEL
D0 401 1= I.NCHANL
401 QPRIM(I) 0o
CALL FORCE(I{
IF LIERROR(GT+ 1) GO TO 440
CAlLL AREA(D)
IFIIERRORGTL 1) 60 TO 440
CaLL PROP(2,41) ;
S IF(IERROR,GT.1) GO TO 440
CALL VOID(Y)
IF(IERROR.GT,.1) GO TO 440
GO TH &S0
405 IF(JUMP.EQ.3) 60 TO 420
IF(NGRID.LT.1) GO TO 410
GRIN = QFALan
NO 408 I=1NMGRID
2G = GRIDXL (1)#7
IF(Z2GeGT e X (UML) JANDe ZGLE<X(J)) GO TO 409
4n8 CONTIMNUE
GO T0 410
409 NGTYPE = [GRINDCD)
GVID = GTRUF,
CALCULATE PARAMETERS TO BE SAVED FROM PREVIOUS SPACE o
10 D 411 I=]MCHANL
vEA(TL) = vyP(I1)/A(])
w11 CONTINUF
«20 CaLl =EAT (Y)Y
[FLIERPORLGTL1) GO TO 440
CALL MIX(JMml) '
[FIIZ5RCRLGT.1) GO TO 440
Catt CIFFER(1.JM])
IF(IERROR.GT.1) GO TO 440

CALCULATE ENTHALPY AND ESTIMATE FLOW AT X.
DO 2> I=]1eNCHANL
Ir(IT.QAT EQel OANDQ JU“DQVEUJ) F(l!J) =F(I‘JM1,
RiTe) = (H{T9JM]) & DX/OT/UR(I)@HOLD(LeJ) o DX®DHDX(I))/
I (1eeBx/DTZUH(TY)
425 COINTINUE
IF(JUMPLEQ.Y) GO TO 450
CaLl FORCE W
IF([EQRORLGT.1) GO TO 6440
CALL AREA(Y) ,
TFUIERRORLGT,1) GO TO 440
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FOSCHMO0410
SCHMO41}
SCHMO0412
SCHM0420
SCHM0430
SCHMD440
SCHM045S0
SCHM0460
SCHM0470
SCHI0480.
SCHM0481
SCHM0482
SCHM0483
SCHM0484
SCHM048S
SCHM0490
SCHM0S00
SCHM0510
SCHM0S520
SCHM0S530
SCHM0540
SCHM0550
SCHMO560
SCHMOS570
SCHM(0S80
SCHM0590
SCHMOS9%
SCHMO600
SCHMO0670
SCHM06AR0
SCHM0690
SCHMO0700
SCHMO0710
SCHMO0720
SCHM0730
SCHMOQ740
SCHMO0750
SCHMO 760
SCHMO0770

. SCHM0780
SCHMO 790
SCHM0800
SCHM0810
SCHMOR20
SCHM0430
SCHM0840
SCHM(ORBS0
SCHM0B60
SCHMO870
SCHM0880
SCHMO0B90
SCHM0900
SCHMO0910
SCHM0920
SCHM0930
SCHM0940
SCHM09%0
SCHMO0960
SCHM0970



C

[aRaXe]

C

(¢ Ne Kb

CALL PROP (24J)

SCHM0980

IFLIEPROR.GTS1) GO TO 4490 - SCHM0990
caLL voInD) SCHM1010
[F(IFRPRIR.GT,.1) GO To 440 -SCHM1020
CCALL DIFFER(36) : SCHM1030
[FUIFRRIR.GTLl) GO TO aao SCHM1040
‘DO 626 K=14NK. SCHM1050
WSAVE(K) = W(KeJ) SCHM1060
s2n CONTINUE SCHM1070
CALCULATF THE DIVERSION CROGQFLOW AT X, . o SCHM1080
CALL DIVERT(J) - SCHM1090
IF(IFRROR.GT.1) GO TO 440 ' SCHM]1100
CALCULATE THE FLOW AT X AND CHECK FOR CONVERGENCE, ’ SCHM1110
CALL UIFFEPthJ) ‘ - ) ! SCHM]I160
[F(IERKOR.GT.1) GO TO 440 S$CrM1 170

DO 4270 I=1,NCHANL ¢€CHM1180
FSAVE = F(T.J) <CH41185

F(led) = F(JeJ4l) + DX#DFDX(]) = DX/DT#(RHO(I+J)=RHOOLD(T4J))®A(])SCHMI190

THE FOLLOWING STATEMENT PROVIDES DAMPING TO ASSIST IN MORE RAPID SCHM1191
CONVERGENCE s FSPECIALLY WHEN USING THE SUBCOOLED VvOID OPTION, SCHM1192
- USERS MAY WISH TO TRY OTHER COMBINATIONS OF CONSTANTS, SCHM1193
F(Ied) = 29FSAVE ¢ ROF(14J) SCHM1194
TF(ABS(F (TeJ) ~FSAVE) /FSAVE ,GT.FERROR) JUMP = 1} ' _ SCHM1195
IF(F(Led) oL TaFMINY F(TleD) FMIN : SCHM1200
4270 COMTINUE . SCHM1210
CALCULATE SP AT Xx-DX, SCHM1220
CaLL DIFFER(4+J) SCHM1230
IF(IERROR,GT.1) GO TO 440 SCHM1240

THE FACTOR DAMPING WAS ADDED AFTER PURLICATION, A VALUE OF ZERO WAS SCHM124}
USEDR FOR THE SAMPLE PROBLEMS.. A VALUE OF 0,5 HAS BEEN FOUND Y0 SPEEDSCHM1242
CONVERCGENCE FOR MANY PROBLEMS, USERS MAY WISH TO TRY OTHER VALUES.  SCHM1243
DAMPNG = 0, ’ " SCHM1244

DO 430 K=]¢NK SCHM1250

11 = IK(K) SCHM1260

JJ = IK(K) SCHM1270
SP(KsJM1) = DAMPNG®SP (KyJM1) ' o SCHM1280

1 ¢ (1.=-DAMPNG) #(SP (KsJ) =(DPDX(II)=0PDX (JJ))#DX) o SCHM]12835
430 CONTINUE SCHY1290
DO 42K I=)}«NCHANL SCHM1300
P(led) = P(IyJMI) + DX=#DPDX(]) SCHMI310

«29 CONTINUE ' SCHM1320
IF (KDEBUG.LT.1) GO TO 450 SCH41330

60 T0 445 SCHM1340

aaf PRINT 1o Je X{J) SCHM1342
6N TO 446 SCHM1344

4uh PRINT 24 Je X(J) SCHM1346
44t PRINT 3 SCHM1344
PRINT S2, (x.Htt.J).FtI.J).P(l.J).H(l.JMl).F(I.JM)).P(I,JMX). SCHM1350

1 I=1.NCHANL) SCHM1360
PRINT & SCriM]1 365
PRINT 52, (I.QUAL([).ALPHA(!).RHO(I.J). VP(I) s V(I)oFMULT(I), SCHM1370

1 I=1+NCHANL) SZHM1380
PRINT § SCHM] 385
PRINT S2s (KeW(KeJMY) oW (Ko J) sWP(K) yUSTAR(K) ¢SP{Ky UML) oSPIKe ) s SCHM1390

] K=14NK) . : . SCHM1400
PRINT 6 SCHM1605

PoINT “?o(!cDHDX(I).DFOXIX)'DPDX(;)oQPRIM(I)QFOLD(!'J)oRHOOLD(l-J)S*HMlélﬁ

1 oIzl eNCHANL)
[F{IERRORGGT.1) RETURN

SCHM1420
SCH 1425

223



%50 CONTIMNUE ) ) SCHM1430

IF(JUsP ,£0Q,3) RETURN SCHM1440

C CORRECT SURCHANNEL PRESSURES TO ZE“O EXIT PRESSURE SCHM145%0

C SRESSURE P(I+J) IS THE PKRESSURE ABOVE THE EXIT REFERENCE PRESSURF. SCHMI460

00 55 I's1«NCHANL : , SCHML470

PEXIT = P(T+NDXP]) . SCHM1480

C DO GkRN J=1.MDXP] , SCHM1490

A0 P(Isd) = P(lsJ) = PEXIT : SCHM1S00

RE TUKN , ' v SCHM1510
BNECKHEAT . . .

SURPQUT INE HEAT (D) HZAT0010

Cc CALCULATE THE HEAT INPUT TO EACH SUBCHANNEL AT POSITION J. ) HEAT0020

C ‘IF NODES GREATER THAN 7E&Os CALCULATE HEAT INPUT USING THERMAL HEATO0030

c CONDUCTION. OTHERWISE HEAT INPUT IS DEFINED 8Y HEAT GENERATION. HiZAT0040

C POWER = AVERAGE INTERNAL HEAT GFNERATJION. HIAT0050

c THIS PROCEDURFE CONTAINS THE COMMON AND TYPE STATEMENTS SHARED BY THEHIEAT0060

C  MAJO® SUBROUTINES OF COBRA~IIIC. HEAT0070

COMMON  KIJe FTMe ABETA, BBETA, AFLUXe 2 THETAs P1s NAXs FLO, HIZAT0080

1 GCo 13+ 12y NCHANL s NKo TERRORe KNDEBUGy NAXLs NGAPSs NGXL s HEAT0090

2 NAFACTe NODESe NSCBCe MSBRCoy Jlo J2» J39 Jby JSe J6e JT» HFEATO0100

3 ATOTALs DXy DTe Gk NVs NFe AV(T)e AF(T)s QaXe FSPLIT(30) HEATOL10

4 o ELEVe NDXy. SLe FERROQ, ITERAT, NRAMP, NVISCWe NARAMP HIZATO0120

COMMON PP (30)e TT(30)y VVF(30)s VVG(30) s HHF (30) s HHG(30)s HITATO130

1 UUF(30)s KKF(30)e SSIGMA(30)e NPROPs PREFs TFs VFs VGs HFs HG» HEATO160

2 UFs KFs SIGMAy HFGy VFGs RHOF+ RHOG HIEATO1S50

COMMOY . V(30)e VP(30) s VISC(30)s VISCW(30)s HFILM(30) s CON(30)s HIEAT0160

1 CO(3N) s FSO(30)e FMULT{30) s U(30)e UH(30)s ALPHA(30)s QUAL(30)s HEATO170

2 RHO(30+31) e VPA(3C) e T(30) e HINLET(30)s FINLET(30) HiZATO1R0

COMMAON COND(4T)e WP(GT)y GAP(4T)s FACTOR(4T)e IK(GT)» HEATO0190

1 JK(47)y GAPN{4T)s LENGTH(GT) e USTAR(GT) s W(47431) : HEAT0200

COMMON  A(30)y AN(30) e« DHYD(30) e DHYDN(30)s DFDX(30) HIZAT0210

] NHDX(30) s DPDX(30)e QPRIM(30)s PERIM(30) . - HIEAT0220

2 HPERIM(30)« NTYPE(30) ' HIZAT0230

COMMON P (3093109 H(30,31)s F(30+31)s X(31) HEAT0240

COMMON  WOLD(474+31) s RHOOLD(30+31)e FOLD(30+31)» HOLD(30!31) HEAT0250

COMVON  AXTAL(39)e Y(39)s IDAPEA(30)s IDGAP(47)s AA( 4)es BB( &)y HEAT0260

1 CCl &)e AFACT(I0+10)s NCH(10)s AXL(10) s GAPXL(IO). GFACT( 9+10) s HEATO0270

2 NGAP( Q) e RBX(30)s XQUAL(30) HEAT0280

COMMON  NGWIDy NGRIDT+ GRIDXL(10)e IGRID(10)s CD(30» S)o» HEAT0290

1 FXFLOW(4T74+ S)e NGTYPEs GRIDs FDIV(«T) ) ‘HEATO0300

LNGICAL FDIVs GRID o HEATO0310

REAL KIJe LEMGTHs KFy KKF - : . HEAT0320

KEAL <KFUELs KCLAD HEATO0330

DIMENSTON TDUMY (10) HEATO0340

COMMON ZFUFL/ KFUEL( 3)s XCLADC 3)s RFUEL( 3)s RCLAD( 3)s - . HEATO0350

1. CFUEL U 3) s CCLAD( 3)+ TCLAD( 3)¢ TFLUID, HEAT0360

2 FLUX(35¢31)y HGAP{ 3)4 TROD(10+35¢31)s LR(3546) HF.AT0370

3 PakF (3N e35)y PHI(3546)« RADIAL(3S)e D(35) . HEATO0340

4 POWERe NONESFe NRODe OFUEL( 3)s IDFUEL(35)s HSURF HEAT0390

NP1 = NODESF ] HEAT0400

C  BYPASS Tr¥ HFAT FLUX CALCULATION IF BEYOND THE FIRST ITERATION AND  HEATO0410

C IF FUEL TEMPERATURES ARE NNT TO BE CALCULAYED, HEAT0420

IF(ITERAT (GT41. «ANDs NODESF.LT.1) GO TO A0 ‘ " HEAT0430

C  HYPASS THF HEAT FLUX CALCULATION USING THE FUEL TEMPERATURE MONEL HE&T04640

C. IF BEYQNN THE FIPST ITFRATIONs ANN IF FUEL TEWPERATURES HWAVE BEEN HE AT 0450

C CALCULATED AND IF A TRANSIENT CALCULATION IS BEING PERFOPMED. HEAT0460

IF(ITERAT GT.]1 <AND, NODESF.GT.0. oANDe DT.L.To100.) GO TO 60 HEAT04T0

CALL CURVFE(AXeAX(J)=DX/24)/7Z+AXIAL s Y +NAXs[ERRORY]) . _ HEAT0430

224



DETERMINE THE HEAT FLUX FROM &ACH ROD.

NO S0 N=1.NROD

CALCULLATE FORCED HEAT FLUX FROM EACH ROD,
FLUX (Mo d) = AFLUX®RADTAL (M) *QAXPPOWER/ ., » 0036
IFANORESF LT, 1) GO TO S0

CORRFCT HWEAT FiUX FOR THERMAL CAPACITY USING TRANSIENT FUEL MODEL.

10

CALCULATE AVERAGE FLUTD TEMPERATURE. HEAT TRANSFER COEFFICIENT,

SAVE = 0,

TFLUIO = 0.

HSURF = 0,
DO 15 L=146

IF(LR(NsL)) 15415010

1 = LRINSL)Y . B

DUMY = PHI (NL) )

SAVE = SAVE + DUMY

TFLUIDO = TFLUID + T(I)sDUMY

HSURF = HSURF ¢ DUMY#HCOOL (NelsJ=1)

CIF(TERROR.GT.1) RETURN

1%

8

CONTINUE .
IF(SAVE.LELD.) GO TO 1000
TFLUID = TFLUID/SAVE

"HSURF = HSURF/SAVE

CALCULATE FUEL TEMPERATURE
DO 8 I=14NPI]

TOUMY (1) = TROD(I4NsJ)
CALL TEMP (TOUMY DT oNsJ)

" IF(IERROR.GT.1) RETURN

DO 17 I=1.nP]

17 TROD(1sNyJ) = TOUMY(I)

20
50

&0

30

100

1000

FLUX(NeJ) = HSURF®(TROD(NPLleNsJ) = TFLUID)
FLUX(NoJ) =AMAX] (04 0+sFLUX(NeJ)) .
CONTINUE

CALCULATE HFAT INPUT TO EACH CHANNEL.

00 100 I=]1«NCHANL

SAVE = 0.

00 90 WN=14NI0D

DUMY. = PWRF (] oN) ' : :
IF(DUMY ,GT.0.) SAVE = SAVE ¢ DUMYSFLUX(NyJ)*PI®D(N)
CONTINUE : '

QPRIM(1) = SAVE
R= TURN

IEPROR = 14
RZTURN _ '
END

4DECKTEMP

OO0 O

SURRQUTINE TEMP (TeDTeNeJI)

SUBROUTINE TEMP CALCULATES THE TRANSIENT TEMPERATURE NDISTRIRUTION
IN_A CYLINDFRICAL OR PLATE NUCLEAR FUEL ELEMENT WHERE THE LARGEST

NUMRER NODF IS THE CLADDINGe FOR TRANSIENT CALCULAVIONSs FLUIN
NDATA AT T IS USED TO CALCULATE THE TEMPERATURE AT 7T+DT BY USING
A STALLE IMPLICIT NUMFRICAL TECHNIQUE.,

SIMULTANEOUS FQUATIONS ARE. SOLVED USING A COMPACT FLI“INATION
SCHEME FOR TRI-DIAGONAL MATRICES,

THE VALUE OF T UPON FNTQY IS THE TEMPERATURE AT ORIGINAL TIME,
AT EXIT T IS THE TEMPERATURE DELTA=-T LATER IN TIMF,

'COMMON /FUEL/ KFUEL( 3)e KCLAD( 3)y RFUEL( 3), RCLAD‘ 3)»
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HIAT0490
HZAT0500
HZATQS10
HEAT0520
HSAT0530
HZIAT0S540
HIATO0S550
HIAT0S60
HZAT0S70
HEATO05A80
HTAT0590
HZAT0600
HEAT0610
HZAT0620
HEAT0630
HZAT0640
HZAT0650
HZAT06K0
HZIATO0670
HZATO0680
HEZAT0690
HEATO0700
HIATOT710

" HEAT0720

HIAT0730
HIATO0740
HIAT0750
HZIAT0760
HIATOT/70
HEATO780
HIATO0790
AZL

HIATOAR0O
HIATOA10
HZIAT0820

HIATO830

HZATO0R40
HIATO08S0
HEATORGA0
HZAT0879
H-~ATO880
HZATOR90
HEAT0900
HEAT0910
HZAT0920

TEMPOO10
TEMP0020
TEMP00 30
TEMPQ040
TZ4P0050
TEMP0060
TEMP0070
TSMPR0080
TZMP0090
TEMO0100
TiMo0110
TZMPO] 20
TIMPO130



1 CFUEL( 3)s CCLADC 3)e TCLAD( 3)s TFLUIDy

2 FLUX(35931)e HGAP( 3)s TROD(10¢35¢31)s LR(35+6)

3 PARF (30+35) e PHI(3546) ¢ RADIAL(35) D(3S),

4 OOWER~s NODFSFe NRNODs DFUEL( 3)e IDFUEL(3S) e HSURF
DIMFNSION T(10)e 4(3410)s B8(10) : ‘
REAL‘KFUEL. KFDR2+ KCLAD

SETUP A MATRIX OF THE FORM  A*T=B WHERE ONLY THE 3 DIAGONALS OF
A ARE STORED. ) .
NM] = NODESF=1
NPl = NODESF+1 '
IF (NODESF.LE.0) GO TO 1000
J = IDFUEL (N)
DR = DFUEL (J)®.5/FLOAT (NM?)
DR2 = DRew?
RCFUEL = RFUEL (J) ®CFUEL (J) /DT
KFDR2 = KFUEL (J) /DR2
HGAPT = 1./(1./HGAP(J) + TCLAD(J) /KCLAD(J))
aCLAD = 0.
C J IS.THE FUEL TYPE CODE. CYLINDERICAL FUEL, J=1. PLATE FUEL, J=2.
IF(J.FQ.2) GO TO 101

e XuNs]

C
C THIS SECTION FOR CYLIDERICAL FUEL RODS,
QFUEL = FLUX{(NsJJ) ®#4, ’D(N)IDFUEL(J)"Z
DO 100 I=]eNPl
IF(1.6T,1) GO TO 10
A(2+1) = RCFUEL ¢ 64, “KFDRZ
A(3s]) = =4,4KFDR2:
GO . TO 80
10 IF(I1.GT«NU]1) GO TO 20
A(leI) ~KFDR2%# (1+=1./FLOAT (2%]~2))

A(2+1) = RCFUEL ¢ 2.%KFDR2
A(3s]) = -KFDR?“(I.*I./FLOAT(?‘I-Z))
GO TO RO
20 IF(I.EQ.NP1) GO TO 30
A(lo]) = «2,#KFDR2
A(2¢1) = RCFUEL + 2.9XFDR2 « 2.“HGAPI/OR + HGAP]/DR/FLOAT(I-1)
Al{341) = =(2.%HGAP1/DR + HGAP1/DR/FLOAT(I-1))
GO 10 R0
30 A(lel) = ~HGAPL/TCLAD(J)SDFUEL (J)/D(N)
A(2+1) =, RCLAD(JI®CCLAD(J)/DT + HGAPI/TCLAD (J)#DFUFL (J) /D (N)

1 + HSURF/TCLAD(Y)
RO IF(I.FQ.NPL) GO TO 90

BE(I) = QFUEL + RCFUEL®T(I)

GO TO 100
90 B(I) = QCLAD ¢ RCLAD(J)®#CCLAD(J)/DT®T(I) + HSURF/TCLAD(J)*TFLUID
100 CONTINUE

C SOLVE FOR TEMPERATURES
CAlL L GAUSS‘]ONDIQAOBOT)
KETURN

C

C THIS SFCTION FOR FLAT PLATE FUEL.
101 CFUEL = FLUX(N«JJ)®2,/DFUEL (J)
DO 200 J=leNP]
IF(T.6T41) GO TO 110

A(2+]) = RCFUEL + KFDR2#®2,
A(3s1) = ~2,9KFDR2
60 TO 1RO

110 TF(1.5T.NM1) GO TO 120
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TEMP01640

TEMPQ1S0
TEMPO160
TEMPOLT70
TEMPO1RD

. TEMPO190

TEMP0200
TEMP0210
TEMP0220
TEMP0230
TEMP0240
TEMPR02S0
TEMP0260
TEMPQ270
TEMP0280
1EMP0290
TEMPO300
TEMPO310
TEMP0320

"TEMP0330

TEMP0340
TEMPO350
TEMPO360
TEMP0370
TEMP0380
TEMPQ390
TEMP0400
TEMPOG10
TEMP0420
TEMP0430
TEMP0440
TEMP0O4S50
TEMP04AD
TEMP0470
TEMPO4B0
TEMP0490
TEMPO0S00
TEMPOS10
TEMP0S20
TEMP0S30
TEMP(0S40

- TEMP)SS0

TEZMP0560
TEMPOS570
TZMP(0S530
TEMPOS90

TEMPO600O

TEMPO610
TEMP0620
1£MP0O630
THEMPOb40
TEMPO650
TEMP06A0
TEMP0670
TEMP0AR0
TIZMP 0690
TEMPOT700
TEMPOT10
TEMPO720



A(lsD -KFDR2 YEMPO730

A(2+1) = RCFUEL ¢+ 2.®KFDR2 : TEMPO740
A(3.]) = =-«FDR2 - ' ' TEMPO7S50
GO TO 180 : . o TEMPOTA0
120 IF(1,60Q.,NP1) GO TO 130 ’ ' TEMPO770
Allel) = =2,9KFDR2 ) TEMP0780
A(2+1) = RCFUEL + 2.%KFDR2 + 2.°HGAPL1/DR ) . TEMPOT90
A(2.]1) = =2.,%HGAP1/DR : } ) YTEMPOROO
: 60 TO 180 YEMPO810
130 A(lsl) = =HGAP1/TCLAD(J) : TEMP0820
A(2+]) =  RCLAD(J) ®CCLAD(J)} /DT + HGAPI/TCLAD(J) ¢ HSURF/TCLAD(J) TEMPOB30
180 IF(I.FQ.HNP]1) GO TO 190 TEMPO0840
B(1) = QFUEL + RCFUEL*T(D) ) TEMP08S50
GO T0 200 ' TEMP0B60
190 B(I) = QCLAD & RCLAD(J)#CCLAD{J)/DT#T(I) ¢ HSURF/TCLAD(J)®TFLUID TEMP0B70
. 200 COMTINUE TEMP0880
C SOLVE FOR TEMPERATURFS TEMP0890
CALL CAUSS(I,NPI»A.B.T) TEMP0900
RETURN , TEMP0910
1000 IERROR = 15 . = : TEMP0920
RF TURN . TEMP0930
END ' : e TEMP0940

*LECK «HCNOL . :
FUNCTION HCOOL (NsI+J) HCOL 0010
C COMPUTES THE . HEAT TRANSFER COEFFICIENT FOR ROD N FACING SUBCHANNEL I +COL 0020
C AT AXIAL LOCATION J. HCOL 0030
C THIS PROCEDURE CONTAINS THE COMMON AND TYPE STATEMENTS SHARED BY THEHCOL 0040
C MAJOR SUBROUTINES OF CORRA-IIIC. HCOL00SO
COMMON  KIJs FTMy ABETA. BBETAy AFLUXe Zs THETA» Ple NAXs FLOs HCOL0060
1 6GCv» [39 I2¢ NCHANL» NXKe JEIRORe KDEBUGs NAXLs NGAPSe NGXL» HCOL 0070
2 NAFACTs NODESs NSCBCs NBRC»r» Jlv J2e U3y Jbs JSy J6e JTv +COL 0080
3 ATOTALs DXy DTys GKs NV MFs AVIT), AF(T)s QAXs FSPLIT(30) ‘KCOL 0090
4 o ELFEVe NNXs SLe FERRORy [TERATs NRAMP, NVISCWs NARAMP . ~COLO100
COMON PP (30)s TT(30)e VVF(30)s VVG(30)s HHF(30)s HHG(30), FCOLO110
1 BUF130) s KWF(I0) s SSIGMA(30) s NPROPy PREFe TFe VFe VG HFs HG» HCoLol20
2 UFy KFy SIGMAs HFGs VFGe RHOFs RHOG HCOLO130
COMVIN VY (3Nn)s VP(30)s VISC(30)y VISCW(30)s HFILM(30)e CON(30), FCOLOL14Q
1 C9(30)s FSP(30)s FMULT(30) s U(30)s UH(30), ALPHA(30)s QUAL(30)s FKCOLOIS50
2 RAC(30+31) e VPA(30) e T(30)s HINLET(30)s FINLET(30) ~COLO0160
COMMON COND(4T)e WP (4T)s GAP(4T)e FACTOR(47)s IK{4T), HCOLOB170
1 JR(aT)e GAPN(4T) s LENGTH{GT)s USTAR(47)s W(4T7431) , =COLO1ARO
COMMIN - A(30)y AN(30)s DHYD(30)s DHYDON{30)+ DFDX(30) HCOLO0190
1 DHDX{30) s DPOX(30) e QPRIM(30) e PERIM(30), . HCOL 0200
2 HPERIM(30) s NTYOE (30), HCOLO0210
COMVON P(309311s H(30e31)e F(3031)s X(31) HCOL 0220
COVMON  wWOLD(47+31) s RHOOLD(30431)s FOLD(30+431)s HOLD(30+31) HCOL 0230
COMMON  AXTAL(39)e Y(39)s IDAPEA(30)s IDGAP(4T7)s AA( 4)e BB( 4)s HCOLO240
1 CC 4)y AFACTUI0+10)e NCH(10)e AXL(10)y GAPXL(10)s GFACT( 9+10) s HCOLO250
2 NAAU( Q) BX(30), XQUAL(30) HCOL 0260
COMvIN NGRIDs NGRIDTe GRIDXL(10)e IGRID(10)s. CO(30s S)o HCOL 0270
1 FXFLOW{4T7s S)e NGTYPE, GRIDe FOIV(4T) HCOL 0210
LOSICAL FDIVe GRID ) HCOL 0290
KEAL KIJe LENGTHs KFo KKF HCOLO0300
C THIS IS ONLY A DUMY ROUTINE AT THIS TIME PENDING SELECTION OF HCOLO0310
C HEAT TWANSFER CORRELATIONS. USERS SHOULND PROVIDE THEIR OWN CORRELATHCOLO0320
c HCO®. = SURFACE HEAT TRANSFER COEFFICIENT (RTU/SEC-+T2-F), HCOL 0330
REAL KFUELe XCLAD HCOLQ340
CrvwON /ZFUFL/Z KFUEL( 3)» KCLADC 3)e RFUEL( 3} RCLAD( 3)- HZ0L 0350
1 CFLELC 3)s CCLADC 3)y TCLAD( 3)» TFLUID. HCOL0360
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2 FLUX(35+31)s HGAP( 3)s TROD(10+35+31)s LR(35+6)+
3. PWEF (30935) e PHI(35+6) s RADIAL(3S)s DI(3S)y
4 POWEws NONESFs NRODe DFUEL( 3)s IUFUEL (35)+ HSURF

L JF(NONESFLLUES0) GO TO 1000

HEON = S000,/3600,

L ORETURN

10290

eNECK
AT

aAD
Al

ONOO0O0n

[FRRNR = 16

RE TURN

END

«CHF

SUBRQUT INE CHF {JSTART 4 JEND)

CHF SEARCHES COBRA-TIIC OUTPUT AT THE END OF EACH TIME STEP FOR
THF QCCUNBNCE 0OF CRITICAL HEAT FLUX, THE SEARCH IS MADE ON FACH ROD

A SPECIFIED AXIAL LOCATION RANGE BY CONSIDERING EACH ROD AND YHF

JACENT CHANNELS.
THOUGH THE BAW=2 AND W-3 CORRELATIONS ARE INCLUDEDs USERS SHOULD

PROGRAM OTHER CORRELATIONS OF THEIR CHOICE AS OPTIONS,

CovMON  KIJs FTMs ABETA, BBETA, AFLUXe Zs THETAs PIs» NAXe FLO»
1 6Ce I3 I2+ NCHANLe Nx, IERRORs KDEBUG» NAXLs NGAPSs NGXL ’
2 NAFACT s NODESs NSCBCs NBRCs Jle J2s J3s Jbs JSe Jbe J7»

2 ATOTAL s DXy DTe GKoe MVe NFe AVI(T)e AF(7)s QaXy FSPLIT(3V)
4 o+ ELEVe NNXe SLe FERRORy ITERATs NRAMPs NVISCWs MARAMP

COMMON PP (30)s TT(30)s VVFI30)y VVG(30)e HHF (30) s HHG(30)

1 UUF(30) s XKF(30)s SSIGMA(30)+ NPROPs PREFy TFs VFy VG HFs HGs
2 UFs KFe SIGMA, HFGe VFGe RHOFe RHOG

COMMON  V(30) s VP(30)s VISC(30)e VISCW(30), HFILN(JO). CON(JO).
1 CP(30)s FSP(30)s FMULT(30)s U(30)s UN(30)y ALPHA(30) s QUAL(30)
2 RHO(I031)e VPAL30)s T(30)s HINLET(30)s FINLET(30)

C COMMON COND(47)s WP (aT7)y GAP(4T)s FACTOR(4T)s IK(4T)

1 JK(4T)s GAPNIGT) o LENGTH(4T7)y USTAR(GT) s W(47431)

COM¥ON A (30)y AN(30)s DHYD(30) e DHYDN(30)s DFDX(30)»

1 DHDX(30) s DPOX(30) s QPRIM(30)s PERIM(30),
2 HPERIM(30)+ NTYPE(30)

COMMDN P ({30+31)e H(30s31)e F{30+31)0 X(31)

COMMON  WOLN(47431) e RHOOLD(30+31)s FOLO(30+31)s HOLD(30,31)
COMMON  AXTAL(39) s Y(39)s INAREA(30)s IDGAP(47) s AA( 4)s BB{ 4),
1 CC{ 4) o AFACT(104+10)s NCH(LI0) s AXL(Y0)y GAPXL(10) s GFACT( 94+10)
2 NGAP( 9)s RX(30)s XGUAL (30)

COMMON . NGRIDs NGRIDT, GRIODXL(10)s IGRID(10) ¢ CD(JO. S)e

1 FXFLOW(4Ts S)e NGTYPE. GRIDe FDIV(64T)

LOGICAL FOIVe GRID

REAL KI[Je LENGTHy KFy KKF

CAMMON /3071L7 JBOTL (30}

CNMMON ZFURLYZ KFUEL( 3)+ KCLAD( 3)s RFUEL( 3) e RCLADI( 3)-

1 CFUFLLL 3)e CCLAD( 3)e¢ TCLAD( 3)s TFLUID.
2 FLUX(35¢31)y HGAP( 31 TROD(10¢35¢31)s LR(35+6)

3 OWPF (30351 PHI(35eh)e RADIAL(3S)s D(3S)
4 DOWERs NONFSFs NRODe DFUFL( 3)e TDFUEL (35)« HSURF

COMMON/BCHF /7 CHFR(35431) s CCHANL (35+931)9 MCHFR(31) . MCHFRC(31) +
1 MCRFRR (31) yNCHF

INTFGER  CCHANL

INTEGFR = CHFRON

WEAL MCHFR

NOX2L = NDX ¢}

0N 190 J=1NDXP]

MCmER () = 10, -

p,(”ruc(_” = 0

MCHERQ(Y) = 0

NO 100 N=] «NROD
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HCOL Q370
HCOL 0380

-HCOL 0390

HCOL 0400
HCOL 0410

"HCOL 0420 -

HCOL 0630
HCOL 0440
HCOL 0450

CHF 0010
CHF 0020
CHF 0030
CHF 0040
CHF 0050
CHF 0060
CHF 0070
CHF 00R0
CHF 0090
CHFO100
CHFO110
CYFO0120
CHFO130
" CHFO0140
CHFO150

- CHFO0160

CHFO170
CHFO0130

. CHF0190

CHF 0200
CHF 0210
CHF 0220
CHF 0230
CHF 0240
CHF 0250
CHF 0260
CHF 0270
CHF 0280
CHF 0290
CHF 0300
CHF 0310
CHF 0320
CHF0330
CHF 0340
CHF 0350
CHF 0360
CHF 0370
CHF03RD
CHF 0390
CHF 0400
CHF 0410
CHF 0420
CHF 0430
CHF 0460
CHF 0450
CHF06AO
CHF 0670
CHF 04R0
CHF 0490



100

C. CA
200

C CA

290
C Dt

300
500

1000

anECK

CHFR (N J) = 10,

CCHANL (N+J) = 0

CCMTINUFE

DO 500 J=JSTART ¢ JEND
Cb'fuﬂf\ = Q.

DO 300 N=1WNROD

XMCHFP = 10,

IF(FLUX(NeJ) «LEWO.) GO TO 300

DD 290 L=]1eh _ .

IFILP(N9L))‘200n2909200
LCULATF CHF RATTIO FOR ROD N FACING CHANNEL 1.

I = LR(NsL) : ~ _

XCHF = 0, PR _

IF (NCHF oEQWe 1) XCHF CHF 1 (NsToJ)

CIFUINCHF o E0,2) . XCHF = CHF2(NeleJ)

IF{YCHF LEL.0.) GO TO 1000

XCHFP = XCHF/FLUX (N J) ,

LCULATE MINIMUM CHF RATIO FOR ROD N FACING CHANNEL 1.

IF (XCHFR,GT.CHFR{NsJ)) GO TO 290

CHFR (NeJ) = XCHFR

CCHANL {NeJ) = [

CHFROD = N

CONTINUE
TERMINE MINIMUM CﬂF RATIO AT AXIAL LOCATION J.

XMCHFD = CHFR(NyJ)

[F(IMCHFR ,GTMCHFR(J)) GO TO 300

MCHFR(J) = XMCHFR

MCHFRR (J) = CHFROD

MCRFEC(J) = CCHANL (N+J)

CONT [NUF
COMT INUE

RETURN

PRINT 1 . ‘

FORMAT (* ERROR IN CHF ROUTINE?) ;

RETURN .

END
+CHF]

FUNCTION CHFL(Nel9J)

COMMCN  KTIJe FTMs ABETA. BB3ETA. AFLUXy Zo THETAs Pls NAXe FLO»
1 GCo I3y 17+ NCHANL s NKy TERROR. KDEBUGs NAXLy NGAPSs NGXL
2 NAFLCTs NODESe NSCBCe NRACe Jlo J2¢ J3s Jby JSy Jbe U7y
3 ATCTALe OXe DTe GKoe NVe NFe AVIT)e AF(7)e QAXs FSPLIT(30)
4 o ELFVe NDXe SLs FERRORs ITERAT, NRAMP, NVISCWe NARAMP

COMMON PP (30)e TT(30) e VVF(30)s VVG(30) e HHF(30)s HRG(30) s
1 ULF(30) e XKKF(30) s SSTGMA(30) « NPROPy PREFs TFe VFy VGy HFs HG

.2 UFe xFe SIGMA. HFGs VFGe RHOF . RHOG

‘COMMON W (30)s VP({30)s VISC(30)s VISCW(30)e HFILM(30)y CON(30)y

1 CP(30)y FSP(30)s FMULT(30) s U(30)e UH(30) s ALPHA(3V) - QUAL(30) .

2 A=0(30431) s VRA(30) s T(30)y HIMLFT(30) s FINLET (30

COMMON COND(4T)e WP (47)s GAP(4T)s FACTOR(4T) s IK(4T)y

1 JKtal)e GAPN(GT)s LENGTH(4T) s USTARTGT) s W(47431)

COVMON  A(30)y AN(30) e DHYD(30) e DHYDN(30) s DFDX(30).

1 P=2X(3C) s PPDXI30) s QPRIM(30) s PERIM(30)

2 HIFSIMI30) s NTYDE(39)

COMMIN PU304310s H(304310s F(30431)s X(3D)

COMVOY  wOLN(47431) RHOOLD(30e31)e FOLD(30431) e HOLD(30+31)

COvYIN AXTIAL(39)e Y(39)e IDAREA(30)s IDGAP(4T)s AA( &) BB &)
1 CCt . a)e AFACT(10410) NCH(10) 4 AxL(lO)' GAPXL (1G) e GFACT( 9.10)-

2 NGAS('G) s RX(30) KQ”AL(30)

229

CHF 0500
CHF 0510
CHF 0520
CHF 05130
CHF 0540
CHF 0550
CHF0SA0
CHF0S70
CHF 0580
CHF 0590
CHF 0600
CHF 0610
" CHF 0620
CHF 0630
CHF 0640
CHF 0650
CHF 0660
CHF 0670

. CHF 0680

CHF 0690
CHF 0700
CHFO710
CHF 0720
CHF 0730
CHF 0740
CHF Q750
CHF 0760
CHFO770
CHFO780
CHF 0790
CHF 0800
CHF 0810
CHF 0820
CHF 0830
CHF 0840
CHF 0850

CHF10010
CHF10011
CHFlo012
CHF10013
CHF1l0014
CHF10015
CHF10016
CHF10017

. CHFlo001A

CHF10019
CHF10020
CHF 10021
CHF10022
CHF10023
CHFlo0024
CHF10025
CHFl0026
CHF10027
CHFl0028
CHF10029
CHF10030
CHF10031



COMMON  NGRIDs NGRIDTs GRIDXL(10)es IGRID(10) s CO(230s S)»
1 FXFLOW(4T7s 5)s NGTYPEs GRIDs FOIV(4T)
LOGICAL FDIVs GRID
REAL XIJe LENGTHe KFe KKFo KD
COMMON/ROTILYZ JBOIL (30) .
COMMON /FUELZ XFUEL( 3) e KCLAD( k) Y RFUEL( 3 RCLAD( 3
1 CFUELC 3)» CCLAD( 3)s TCLAD( 3)y TFLUID,
2 FLUX(354+31)s HGAP( 3), TROD(10+35+31) s LR(35+6) -
3 PWRF(30+35)s PHI(3596)y RADIAL(3S)s D(35) :
4 POWERs NONESFe NRODs DFUELL 3 lDFUEL(JS)o HSURF
RAW=-2 CHF CORRELATION
DATA AOy 80-#1vA7'A3vA4sA5vA60479A89A9 7 1.15509¢ 4.8BB44,
1 0.3702E+Rs 2.12B9E=3s 0,83040¢ 0.68479E=3s 4,57S6E¢4e 1,0996E-2
2 0,71186« 0,20729E~3y S47,49/ S
DATA A210A22¢A23eKD / 2.9840¢ 7.82293¢ 0,45758y 1.02506 /
DE = 4 *A(1)/PERIM(]) ,
XX = (H(I+J)=HF)/HFG
CHF1 = (A0~ BO“DE)°(A1°(A?“F(I'J)/A(I))“”tABOAa'(PREF-:OOO.))
1 = A92F (I o N/A(I) @XXOHFG) Z(ASH (AKBF (1 4J)/A(1)) 0o (AT+AB® (PREF~
2 2000.))) .
AXIAL FLUX CORRECTION FACTOR
FAXIAL = 1. .
IF(J.EN.1) GO TO 10
C = A21%(1.=XX)#2A22/(F(IeJ)/7A(1)#,0036)88A23
SUM = 0.
JS = 2 .
DO S JJ=JdS.J
5 SUM = SUM ¢ FLUX(N. JJ)°(EXP(C°X(JJ))-EXP(Cﬁx(JJ-l)))
FAXTAL = SUMTEXP(=C*X(J})/FLUX(NeJ)/ .
1 (le=EXP(=Co(X(J)=X{JS=1))))*KD
10 CHFl = CHF1/FAXTAL
RETURN
END

#DECK »CHF 2

FUNCTION CHF2(Ns1sJ) .

COMMON . KIJs FTMy ABETA. BBETAs AFLUXe Zs THETAs PIs NAXy FLO»

1 GCs 139 [P+ NCHANLs NKs IERROR, KDEBUGs NAXL s NGAPSs NGXLs
2 NAFACTo NODESs NSCHBCe NBRCse Jlo J2s J3e Jbs JUSe J60 JT»

3 ATOTALs DXe DTs GKe NVe NFs AVI(7)e AF(T)e QAX, FSPLIT(30)

4 o ELEVe NDXy SLe FERRORs ITERATs NRAMP, NVISCWs NARAMP

COMMON PP (30) e TT(30)y VVF(30)s VVG(30) s HMF (30) e HHG(30))

1 UUF(30)e K«F(30) s SSIGMA(30) s NPROP,s PREF, TFs VFs VGe HF9s HGe
2 UFe KFoe SIGMA, HMFGe VFGe RHOFs RHOG

COMMON  V(30)y VP(30)e VISC(30)y VISCW(30) s HFILM(30)s CON(30)y -
1 CP(30) s FSP(30)e FMULTI(30)s U(30)s UHI3D) s ALPHA(30)» QUAL(30),
2 RH0(30+31)s VPAL30)s T(30)s HINLET(30)s FINLET(30)

COMMON COND(47)y WP(4T7)s GAP{4T) s FACTOR(47) s IK(4T7)s.

1 UK(6T7)e GAPN(4T) s LENGTH(4T) s USTAR(4T7) W(47431)

COMMON  A(0)y AN(30)e DHYD(30)e DHYDN(30) s DFOX(30)s .

1 DHDX(30)+ DPDX(30)e QPRIM(30)y PERIMI(30),

2 WPFRIM(30)+ NTYPE (30) : '

COMMON P (30931)s H{30,31)s F(30s31)s X(31)

COMMON  WOLD(47+31)s RHOOLD(30431)s FOLD(30+31) HOLD (30.+31)
COMMON. AXTAL(39) ¢ Y{(39)s [DAREA(30) s IDGAP(47)s AA( 4)4 BB( 4),

1 CCl @) AFACT(10+10)¢ NCH(10)s AXL(10) s GAPXL (10)y GFACT( 9410),

& NGAR({ 9) e BX(30)s XQUAL (30)

COMMON  NGRIDs NGRIDTy GRIDXL(10) IGRID(]O)o CO(30s S)o
1 FXFLOW(47+ S)e NGTYPEs GRIDe FDIV(4T)

‘LOGICAL FDIVy GRID
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CHF 10032
CHF 100133

 CHF10034

CHF1003S
CHF 10036
CHF10037
CHF1003R
CHF10039
CHF 10040
CHF 10041
CHF 10042
CHF 10043
CHF 10044
CHF 10050
CHF10070
CHF10080
CHF 10090
CHF10100
CHF10110
CHF10120
CHF 10130
CHF10140
CHF 10150
CHF10160
CHF10170
CHF10180
CHF 10190

‘CHF 10200

CHF10210
CHF 10220
CHF10230
CHF10240
CHF 10250

CHF20010 -
CHF 20011
CHF20012
CHF20013
CHF 20014
CHF 20015
CHF20016
CHF 20017
CHF20018
CHF20019
CHF 20020
CHF 20021
CHF 20022
CHF 20023
CHF 20024
CHF 20025
CHF 20026
CHF 20027
CHF 20028
CHF 20029
CHF 20030
CHF20031
CHF20032
CHF 20033
CHF 20034



e

C

REAL KIJe LENGTHe KFe KKF
COMMON /HOIL/ JBOIL (30)
CoMMON /FUFLZ KFUEL( 3) s KCLAD( 3)9 RFUEL( 3)s RCLAD( ’)o
CFUEL( 3)+ GCLAD( 3)y TCLAD( 3)e TFLUID®
TFLUX(3%31) 0 HGAP( 3)y TROD(10e35e31) LR(3506)v
PwieF (30935) s PHI(35+6)s RADIAL(35)s D(35),
POWERs NODESFs NRPODy OFUEL( 3)e IDFUEL(35)s HSURF
w=3 CORRELATION INCLUDING, SPACER FACTORy UNHEATED WALL CORRECTION,

b\gNJF

C AXIAL FLUX FACTOR
C REEFERENCE LS TONGe BOILING CRISIS AND CRYTICAL HEAT FLUX

C

(g Ke]

AFEC CRITICAL REVIEW SERIESvTIO-25887(l972).»
DE =4,#A(1)/PERIML(T)

DH = 4,8A(1)/HPERIM(D)
RU = 1.=-DE/DH
XX = (H(IsJ)=HF)/HFG

w=3 CORRELATION USING EQUILIBRIUM STEAM QUALITY

CHF2 . = ((2.022 - 0, 0N04302¢PREF) + (00,1722 - 0. 0000966°9REF)

“EXP (1842 = 0.0041294PREF)EXX))

2((0.,1684 = 1,596%XX + 0, l1e9°xx0ABS(XX))OFCI.J)/A(I)
»,0036 + 1.037). )

# {14,157 = 0.869%XX)

F(0,2ARG + 0 RISTHEXP (=37.812%#DH))

(00,8258 ¢ 0.000794% (HF~ HINLFT(I)))/ 0036

UNHEATED WALL COPRECTION
IF(RU,GT.0.) CHF2 = CHF2%(l, = RU®#(13,76~1, 372°Ex9(l T78%Xxx)
16,732/ (F (T ) /7A(1) &, 0036)°°.OS7S-.619'(PQEFll000 oo, lb
2-102.114DH®2,107))

SPACFR FACTOR CORRFCTION

USER SHOULD SELECT PROPER VALUE OF TDC
THC = 000 )

U FwWwN -

[F(NGRINDGT,0) CHF? CHF 2 .
1 201,0 ¢ 0.,039F (T14J)/A(1)%,0036 ® (TDC/0.,019)##*,35)
AXTAL FLUX PQOF[LF COPRECTION
FaxIaL = 1.
IF{J.LE«JRDTIL(TY) GO TO 10
C = 1.,8%(]l.=XX)804, 31/(F(I'J)/A(l)'.0036)‘.-478
SUM = 0,
JS = UHOILL(]) +]
DO S JJU=JSey
S SHM = SUM FLUX(N;JJ)’(EXP(C'X(JJ))‘EXP(C“X(JJ‘l)))
FAXTAL = SUMPEXP («C®X(J)) /FLUX(NsJ)/
I (1e=FXP{=CoIX(J)=X(JS=13)))
10 CWF? = CHF2/FAXIAL
RETURN
EnD

eNECK »GAUSS

C

SURROUTINE. GAUSS (NsMeA+BsT)
S”@“OUTINE SOLVES TRIDIAGONAL MATRIX BY GAUSS ELIMINATION
DIMENSION A(3¢10)s B(10)e TH10)

My = M=} . : =
DO 10 X =-MNeMM
AK = AlleK+1)/7A(2.K)
A(2ene]l) = A(2eK*])=A(3:K)FAK

.10 B(Ke+1) = R(Ke+l)=B(K)2AK
T(M) = R(M)/A(2M)
PO 20 K = NsMM
L = MM=KeN

20 T(L) = (8(L)‘A(3OL).T(L‘I))/A(ZOL)

RE TURN

2‘3‘1

CHF20035
CHF 20036
CHF20037

- CHF20038

CHF 20039
CHF 20040
CHF 20061
CHF 20042
CHF20043
CHF 20044
CHF20050
CHF 20060
CHF20070
CHF20080
CHF20090
CHF20100
CHF20110
CHFZ20120
CHF20130
CHF 20140
CHF20150
CHF20160

_CHF20170
_ CHF20180

CHF20190
CHF20200
CHF20210
CHF 20220
CHF 20230
CHF 20240
CHF 20250
CHF20260
CHF20270
CHF 20280
CHF 20290

_CHF20300

CHF20310
CHF 20320
CHF20330
CHF 20340
CHF 20350
CHF 20360
CHF20370
CHF 20380
CHF20390

GAUSO0010
GAUS0020
GAUS0030
GAUS0040
GAUS0050
GAUS0060
GAUS0070
GAUS00R0
GAUSN090
GAUS0100
GAUS0110
GAUSOl20
GAUSO130



: ~END : : - . GAUS0140
#DECKDIFFER :

SURROUTINE DIFFER(IPART D) DIFFO0O010

~C .. THIS PRPOCEDURF CONTAINS THE COMMON AND TYPE STATEMENTS SHARED BY THEDIFF 0020
C 4AJ0° SUKPOUTINES OF CORRA-TIIC, DIFF0030
COvVOM  KI.Je FTMe ABETA,. ‘BBETAs AFLUXe Zo THETAQ P1e¢ NAXy FLOO DIFF0040

1 GCo I3s 12+ NCHANL e NKe JERROR, KNDEBUGes NAXLe NGAPSs NGXL9s DIFF00S0

2 NAFACTs NODESe NSCBCe NRRCoe Jls J2s J3e Jas JUSe J6s JT» DIFF0060

3 ATOTALe DXs OTe GKe NVy NFs AV(7)s AF(7)s QAXe FSPLIT(IN) |  DIFFOD70

4 o ELEVe NDXy SLe FERRORs ITERAT, NRAMPy NVISCWs NARAMP DIFF0080
“COMMON PP (30)+ TT(30)s VVF(30)s VVG(30)s HHF (30)e HHG(3C), DIFF0090

1 UUFI(30) s XKFI(30)e SSIGMA(30) ¢ NPROPs PREFe TFo VFQ VGe HFs HGo DIFFO100

2 UFe kFy SIGMA, HFGs VFGs RHOF, RHOG DIFFO110

COMMON. V(3009 VP(30)s VISC(30)s VISCW(30)s HFILM(30)y CON(30)., DIFFO120
1 CP(30) s FSP(30)y FMULT(30)s U(30)s UH(30) s ALPHA(30), QUAL(30).. OIFFO0130

2 RHO(30531)s VPA(30)s T(30)s HINLET(30)s FINLET(30) DIFFO140
COMMON CONDI{GT) e« WP ({4T)s GAP(4T)y FACTOR(4T) e IK(47). . DIFFO0150
1 JK(4T7) s GADN(GT) s LENGTH(GT) s USTAR(GT)s W(4Te31) DIFFO1560
COMMON - A(30)s AN(30) s DHYD(30)s DHYDN(30) s DFDX(30) DIFFO170
1 NDHOX(30) s DPDX(30)s QPRIM{30) PERIM(30!. ) DIFF01930
2 HPERIM(30) .« NTYPE{(30) : DIFFO0190
COMMGN P (30310 H{(30s31) e F(30+31)s X(31) DIFF0200
COMMON  wOILD(4793]1) ¢ RHOOLLD(30e31) FOLD(30'31)o HOLD(30o3]) DIFFO0210

COMMON.  AXTAL(39)s Y(39)e IDAREA(30)y IDGAP(4T) s AA( &) BB( 4)y DIFF0220
1 CCl 4)o AFACT(10+10)+ MCH(10)y AXL{10)y GAPXL(10).e GFACT( 9410)s DIFF0230

2 NGAP( 9)e RX(30) s XOUAL(30) . DIFF0240
COMMON  NGRIDs NGRIDTy GRIDXL(10)s IGRID(10)s CD(30s S)o DIFF0250

1 FXFLOW(47s S)s NGTYPEs GRIDy FOIVIGT7) , ; OIFF0260
LOGICAL FDIvVe GRID - . . OIFF0270

REAL KIJs LENGTHs KFe KKF : : : DIFF0280
comMMON /0P/ DPK(30) : DIFF0290

JML = -1 . DIFF0300

NKK = NK o DIFF0310

" NCHAN = NCHANL . : DIFF0320
IF(IPART.LT.]1 .ORs IPART.GT.4) GO TO 1000 . DIFF0330

G0 TO (lOOo?OO-JOO.«OO)-[PART DIFF0340

c ' - OIFF0350
C PART 1. CALCULATF DH/DX FCP STEADY SYATE AT X AND T, DIFF0360
cc . IF(JFNel) FLOWSO = F(lel)un2 DIFFO0365
100 DO 190 I=1.NCHAN ‘ DIFF0370
SAVE = 0, . : DIFFO0380

DO 170 K=1sNKK DIFF0390

SKI = S(KeI) ‘ DIFF0400
IF(SKT) 12041704120 : DIFF0410

120 11 = IK(K). : DIFF0420
JJ = JK(K) DIFF0430

HSTAR = H{TTeN) ' CIFF0640
IF(wixXed) olL.Ta0,) HSTAR = H(JJeJ) v _ DIFF 0450

DUSY = SKIB((H{JJeJ)=H(TIeJ))#WPIK) & (H(IeJ)=HSTAR)®W(KsJ) DIFF0460

1« (T{JU)=TUI1))®CONDI(K)) , DIFF0470

SAVE = SAVE + DUMY DIFF0480

170 CONTINUE , : B DIFF0490
D=2X(1) = (SAVE + QPRIM(I))/F([+J) DIFF0S00

170 CONTINUE DIFFO0S10
60 T0 500 _ : OIFF0520

Cc DIFF0530
€ PART 24 CALCULATE DF/DX FOR STEADY STATE AT X AND T DIFF0540
200 DO 230 1=14NCHAN : DIFF 0S50

SAVE = 0. : DIFF0560
232



DO 270 K=]1eNKK
IF(S(KeT)) 22042704230
2720 SAVE = SAVF +-W(K.J)
G0 T0 270
210 SAVF = SAVE = WiKed)
270 CONTINUE
- DFDX(I) = SAVE
290  CONTINUE
e GN T0 500

PART 3. CALCULATE DP/DX WITHOUT W
390 DO 350 I=].NCHAN -
SAVE = .5°Fsp(1)*FMULT(I)“V(I)/nHvutl)
1+ (VRCLYZA(TY=vPA(T))eA(]) /DX
IFLNOTLGRIND) GO .TO 310
IF(MRAMO ILEL0) GO TO 1000
DUMY = FLOAT(ITFDAT)/FLOAT(MRAMP)
IF(NUMY ,GT,1.) DUMY = |,
SAVE = SAVFE « .S“DUMY“CD(IoNGTYPE)°VP(I)/DX
310 DPx(]) = SAVE/ZA(I)/ZA(D)
DUMY. = 0 -
IF(FTMLELN.) GO TO 380
DO 370 K=]4NKK -
SKI = S(KyI)
IF(SKI) 320+370,320
320 I1 = IK(K)
JJ = UK (K)
DUMY = DUMY » SKI°(U(XI)-U(JJ))°NP(K)
370 CONTINUE
3R0 FLOWSQ = ABS(F(IsJM1))ISF (T eIM])
[F{JeFQel) FLOWSQ = F(lel)#e2
DPDX () = =-DPK(I)*FLOWSQ/GC
1 = RRO(T» JYSELEV = DUMY/A(I)/GCOFTM
IFINT,.6T.100.) GO TO 390
RHODOT = (nHO(I.J)-nHOOLOtIoJ))/Dr
DROX (1) DPDX (1) + RHODOT/GCH®(2.,8U(])+DX/DY
| I DPK(I)“ARS(F(IoJMl)‘F(IoJ))’A(!)’DX)
2 ¢ (FOLDUT oD =F(IsJMI)IZA(L)/DT/GC
390 CONTINUE .
GO TO S00

T PART 44 CALCULATE DP/DX WITH w
400 D? 490 I=1.NCHAN
Duvy = 0, '
IF(J.E0.1) GO TO 480
D0 470 K=1.NKK
IF(S(Ks)) 42044704430
420 DUMY = DUMY & ((2.9U(1)=USTAR(K)+DX/DT)/A(]) .
1 ¢ POKLITSABS(FITaJMI) ¢F (1+.)))2DX) 2W(Ked)
6N TO 47Q
430 DUMY = DUMY = ‘(2.°U(!)-USTAR(K)‘OKIDT)/A(!)
1 ¢« "PRKO[)2ARS(F (T IMLYF (T e L)) *DX) 2W (Ko )
©70 CONTINUE
A0 0P2U(]) = DPOX(]) = DUMY/GC
wap cnwyxwue . ‘

500 RETUAN
1000 1F°50R = 2
RETUAN

END
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DIFFOS70

-DIFF0580

DIFF0590
DIFF060N
DIFF0610
DIFF0620
DIFF0630
DIFF0640
DIFF0650
DIFF0660
DIFF0670
DIFF06A0
DIFF0690
DIFF0700
DIFFO0710
DIFF0720
DIFF0730
DIFF0740
DIFF0750
DIFF0760
DIFFO770
DIFF0780
DIFF0790
DIFF0800
DIFFO0810
DIFF0820
DIFFOB30
DIFF0840
OIFF0850
DIFF0860

DIFF086S

DIFF0870
DIFF0880
DIFF0900
DIFFO0910
DIFF0920
DIFF0930
DIFF0940
DIFF0950
DIFF0960
DIFF0970
DIFFO0980
DIFF0990

OIFF1000

DIFF1010
DIFF1020
DIFF1030
DIFF1040
DIFF1050
DIFF1060
DIFF1070
DIFF10R0
DIFF1090
DIFF1100
DIFF]110
DIFF]120
DIFF1130
DIFF]160
DIFF}150



#DECK »DIVERT ' _
SUKROUT INE oxvemul : DVRT0010

C  THIS PROCEDURE CONTAINS THE COMMON AND TYPE STATEMENTS SHARED BY THEDVRT0020
€ MAJCR SURROUTINES OF COBKA- 111c. DVRT0030
COWMON  KIJe FTMy ABETA« BBETAW AFLUXs Zo THETAs Pls NAXs FLOo DVRTN040
1 GCy 139s 12+ NCHANLs NKy TERRORes KDEBUG» NAXLe NGAPSe NGYLe ' DVRTH050
2 NAFACT+ NODESe NSCBCe NBRCs Jlo J2s J39 Jay JS» J6s JT» ) DVRT0060
3 ATOTALs DXy DTe GKs NVe NFs BVI(T7)s AF(T7)s QAXe FSPLIT(30) DVRTNO70
4 o+ ELEVs NDXs SLs FERRORs ITERATs NRAMPs NVISCWy» NARAMP - DVRT0080
COMMON ~ PP (30) s TT(30)s VUF(30)s VVG(30)s HHF (30) s HHG(30) DVRT0090
I UUF(30), ®KF(30)e SSTGMA(30)e NPROPy PREFs TFy» VFs VG HF s HG» DVRTO0100
2 UFe KFo SIGMAy HFGy VFGs RHOF s RHOG DVRTO110

COMMON. V(30)s VP(30)s VISC(30)s VISCW(30), HFILM(30)+ CON(30), DVRTO0120
1 CP(30)s FSP(30)s FMULT(30) s U(30)s UH(30)y ALPHAI30), QUAL(30)y DVRTO0130

2 RHO(30431), VPA(30)y T(30)s HINLET(3C)s FINLET(30) DVRTOQ140
COMMON COND(4T)s WP(&4T)y GAP(4T)y FACTOR(GT) e IK(4T) DVRTO1S0
1 JK(47)y GAPN(4T)s LENGTH(4T)s USTAR(47)s W(47s31) DVRTO160
COMMON A (30)s AN(30) s DHYD(30)s DHYON(30) s DFDX(30) s DVRTO170
1 DHDX(30)°« DPNX{30)s QPRIM(30)s PERIM(30), OVRT0180
2 HPERIM(30) s NTYPE(30) ) DVRTO190
CNMMON P (30931} H(30s31)e F(30+31)s X(31) ’ DVRT0200
COMMON  WOLD(47931)s RHOOLD(30+31)y FOLD(30431)s HOLD(30,31) DVRTO0210

COMMON  AXTAL(39)s Y(39)s IDAREA(30)s IDGAP(4T}s AA( &)y RB( 4)y DOVRT0220
1 CCt 4) e AFACT(10+10)s NCH(10)e AXL(10)y GAPXL(10)» GFACT( 9510)s DVRT0230

2 NGAP( 9) e« BX(30f, XQUAL(30) DVRT0240

~ COMMON  NGRIDs NGRIDTs GRIDXL(10), IGRID(10)» CD(30s S)» DVRT 0250
1 FXFLOW(4T7s 5) s NGTYPE, GRIOs FOIV(4GT) DVRT0260
LOGICAL FDIVs GRID OVRT0270
REAL KlJs LENGTHe KFe KKF , DVRT0280
COMMON ZBUL/ AAA{4Ts6T7) s ANSWER(4T) e B(&T) e IPS(4T) . DVRT 0290
COMMON /BSP/ SP(47431) ' , DVRTO0300
COMMON /DP/ DPK(30) : o , DVRTO0310
DIMENSTON USAVE (47) : , DVRT0320
NKK = NK ) DVRT0330
NCHAN = NCHANL . . DVRT0340
ML = J=-1 - , . _ DVRT03%0
SLDX = SLeDX , . OVRT0360
DTGC = DT«6C ~ DVRT0370
DXGC = DX*GC . DVRT0380

C CALCULATE USTAR : OVRY0390
DO S K=19NKK . DVRT0400

I1T = IK(K) R DVRT0410

JJ = JK(K) 4 DVRT0420
USAVE(K) = USTAR(K) ‘ DVRT0430
USTAR(K) = S®(UCLT) eU(JN)) , : : DVRT 0440

S CONTINUE OVRY0450
C SET UP THE SIMULTANEOUS EQUATIONS - : . DVRT06460
DO 80 K=1¢NKK ' : DVRTO4TO

DO 60 L=]oNKK - ‘ : OVRT0480
SAVE. = 0, ' . . DVRT0490

DO S0 I=1+NCHAN NDVRTNS00
IF(SIKsI)) 10+50+20 DVRTO0S10
10 IF(SILsI)) 30450940 OVRT0520
20 IF(S(LsI)) 40+50430 DVRTO0%30
20 SAVE = SAVE ¢ (24°U(1)~USTAR(L)+DX/DT)/AL]) NDVRT0540
1+ DPK(T)®ABS(F(IeJM1) oF (14J)) 20X DVRT0550
GO YO SO : DVRTO0560

«0 SAVE = SAVF = (2.,°U(1)-USTAR(L)+0X/DT)/ALI) - DVRTOS70
1 - DPK(I)»ABS(F(X.JMI)or([.J))oox - DVRTOSR80

234



OONO

S50 CONTINUE :
ABA(KJL) = SAVE'SLDX/GC'FACTOR(L)

60 CONTINUE

: 11 = IK(K)
JJ = JK(K)
A(K) = (SP(Ked) = (DPDX(II)-DPDX(JJ))°DX)'SL'FACTOR(K)
1 USAVE(K)°W(K,JMI)IDXGC + WOLD(K+J)/DTGC
ABA(KIK) = AAA(KoK) » SL'CIJ(K;J)°F§CTORlK)v
1 + USTAR(K)/Z0XGC + 1./DIGC

0 COMTIMUE )
JF(J6.,LT. 1) GO TO 105

MODIFY STMULTANEOUS EQUATJONS TO ACCOUNT FOR SPECIFIED VALUES OF
CROSSFLOW GIVEN IN SUBROUTINE FORCE

DO 90 K=1NK

IF(FDIV(K)) GO TO 90

DO 85 L=1,sNK

IF(L.€Q.K) GO TO 85

IF(FOIVIL)) B(K) = B(K) = AAA(KoL)®W(LsJ)
85 CONTINUE
90 CONTINUE

00 100 K=1,NK

IF (LNOTLFDIV(K)) GO TO 100

D0 95 L=1.NK

AAA(KSL) = 0,
95 AAA(LWK) = 0,
AAA (K K) = 1,
RIK) = W(KeJ)

100 CONTIMNUE
105 IF(KDEBUG.LT.1) GO TO 110
PRINT 29 ((AAA(KSL) sL=1oNKK) 9B (K) yK=1yNKK)
2 FORMAT(TF14,.7)
110 CALL DFCOMP (NKKs IERROR)
IF (IERROR.GT.1) GO TO 1000
Cef.L SOLVE (NKK)
DO 150 K=1yNKK
150 WiKeJ) = AMSWER(K)
RETURN :
1000 PRINT 1
1 FORMAT (26H ERROR IN DECOMP, DIVERT )
IFRROR = 3
RETURN
END

«DECK «PRNP

C
C

SUBROUTINE PROP(IPART )

DVRT0590
OVRT0600
DVRT0610
OVRT0620
DVRT0630
DVRT0640
DVRT0650
DVRT0660
OVRT0670
DVRT0680
DVRT0690
DVRTO0700
DVRTO710
OVRT0720
DVRTO0730
DVRT0740
DVRTO0750
DVRTO0760
DVRTO770
DVRTO780
DVRT0790
DVRT0800
DVRT0A10
DVRT0820
DVRT0830
NVRT0840
DVRT0850
DVRT0860
DVRT0870
DVRT0880
DVRT0890
DVRT0900
DVRT0910
DVRT0920
NVRT0930
DVRT0940
DVRT0950
DVRT0960
DVRT0970
DVRT0980
DVRT0990
DVRT1000
DVRT1010
DVRT1020

PROPOO10

THIS PROCEDURE CONTAINS THE COMMON AND TYPE STATEMENTS SHARED BY THEPROP 0020

MAJOR SUBROUTINFS OF CORRA-ITIC.
COMVON  K1Js FTMs ABFTA. RBBETAe AFLUXe Zos THETAS PIs NAXs FLOW .
1 GCo I3+ 12+ NCHANLs NKs IERRORes KUEBUGe NAXLs NGAPS, NGXL ¢
2 NAFACTs NODESe NSCBCs NRRCy Jls J2¢ J3¢ JGs JSe J6s JTs
3 ATOTALe DXe DTse GKe NVe NFs AV(T)e AF(T)e QAXs FSPLIT(30)
“ o FLEVe NDXs SLe FERPORe ITERATs NRAMP, NVISCWs NARAMP
COMMON PP (30)e TT(30)se VVUF(30)s VVG(30) s HMF(30)s HHG(30) s

LU (30) e keF {30)s SSIGMAI30) s NPROP, PREFy TFs VFy VGe HFs HG» .

2 \Fy «Fy SIGMAy HFGy VFGe RHOF, RHOG

COMMON  V(30)s VP(30)s VISC(I0) s VISCWIIG) s MFILM(30) . CON(30) .
1 CPL30)e FSP(30) s FMULT(30)e U(30)e UH(30) ALPHA(30)s QUAL(30),
2 WHO(IN31), VPA(30)0 T(30)s HINLET(30) e FINLFT(30)
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PROPO03D
PROP0040
PROP00OSO
PROP0060
PROPO0O70
PROP0080O
PROPO09G
PROPO100O
PROPO110
PROPO120

PROPO130

PROPO140



OO0

C
C

S FORMAT (60H FAILURE OoF SUBQOUTINE PROP» PRESSURE TOO LOW FOR TABLE

COMMON COND(47)9 WP(GT)s GAP(GT7)s FACTOR(4T)s IK(4T)
1 JK{6T7)e GAPN(4T) e LENGTH(4T7) e USTAR(GT) s W(4LT7+3])

N -.A(30)s AN(30)s DHYD(30)s DHYDN(30)s OFDX(30)»
1 DHDX(30)+ DPDX{30) e OPRIM(30) s PERIM(30),

COMMO

2 MPERTM(30) . NTYPE (30)

commQ

1 CCt a)e AFACT(10410)y NCH(10)s AXL(10) GAPXL (10} GFACT ( AR N

N- P(30s31)e H(30+31)e F(30+31)s X{(31)
COMMON  WOLD(474¢31) s RHOOLD(30431) 9 FOLD(30+31)s HOLD(30+31)
COMMON  AXTAL(39) s Y(39)y IDAREA(30)s IDGAP(47)s AA( 4)e BB( 4)e

2 NGAP( 9) s BX(30)s XQtAL (30)
COMMON - NGRIDy NGRIDY, GRIDXL(10), - lGRID(lO)o CD(30, S)c
OW(47ly S)9 NGTYPE, GRIOs FDIVI(4T)

1 FXFL
1LOGIC
HEAL

1 £10.

1P =

NPROP
IF(IP
GO T0

Al. FOIVe GRID

KIJsy LENGTHs KF s’ KKF
COMMON /BOJLZ JBOIL (30)
1 FORMAT(2BH REYNOLDS NUMBER IN CHANNEL 012019H IS TOO LOW. RE =

4 )

E12.5 /(10E10.4)) .
6 FORMAT(61H FAILURE OF SUBROUTINE PROPs PRESSURE T00 H!GH FOR TABLFPROP0330
1 e =

7 FORMAT(40H TABLE LOOXUP FAILEO IN SUBROUTINE PROP - )

E12.5 7(10€10.

= NPROP

23]

ART.LT.1 .OR. IPART.GT.2) GO TO 1001

(9¢100) o IPART

PART 1+ CALCULATION OF SATURATATED PROPERTIES
9 D010 I=1+NPROP
IF (PREF.LT.PP(I)) GO TO 20

10

20

40.

PA
100

10}
102

CONTI
GO T0
IFtI.
-G0O T0O

HF
HG
VF
V6
UF
TF
KF
SIGMA
HF G
“VFG
RHOG
RHOF
RE TUR

PT 2
NCHAN
IF(J.
po 10
JROIL
0o 15
VISCW

VISCH
TN
CON(1
vin

VALUE.

NUE -
200

6T.1) GO TO 40
210

HHF (I=1) »
HHG(I~1)
VVF (I-1)
WG I(I=1)
UUF (1-1)
TT(I=-1)
KKF (1=1)
SSIGMA(I-1)
HG~HF
VG-VF
1+/VF

LU L LI L I T T I [ R TR 1

L R K N NN R N 3

N

CALCULATE LIQUID
= NCHANL

6GT.1) GO TO l02
1 I=1+NCHAN

{1y =0

0 I=1.NCHAN

(1) 5 UF

) = UF

£ TF

)} = NF

F VF

(PREF=PP(I=1))/{PP(1)=PP(I=1))

VALUE®*( HHF (1) = HHF (1=-1))
VALUE®( . HHG(I)=  HNG(I=-1))
VALUE®(  VWF (D)=  VVF(I=1))
VALUE® ( VG (1) - VVG(I-1))
VALUE® ( UUF{T) - UUF(I~1))
VALUE® ( TT{I) = TT(I=-1))
VALUE® ( KKF(l)=- KKF(I=-1))
VALUE® (SSIGMA () =SSIGMA(1-1)) -

PROPERTIES AND PARAMETERS
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PROPU1SO
PRCPO160
PROPOL70

 PROP0180
PROP0190

PROPN200
PROPO210
PROP0220
PROP0230
PROP0240
PROP0250
PROP0260
PROP0270
PROPO028B0O
PROP028S
PROP 0290
PROP0300
PROPO310
PROP0320

PROP(0340
PROP0350
PROP0360
PROP0O370
PROP0380
PROP0390
PROP0O40O
PROPO410
PROP0420

PROPDGIO -

PROP0440
PROP 0450
PROP0460
PROP0470
PROP0480

-PROP04GIO

PROPNS00
PROP0S10
PROP0S20
PROP0S30
PROP 0S40
PROPOSS0
PROP0S60
PROPOST0
PROP0%80
PROP 0590
PROP0600
PROP0610
PROP0620
PROP0630
PROP 0640
PROPO6G4
PROP064S
PROP0646
PROP 0650
PROP0660
PROP0670
PROP0680
PROP0690



105

C DE

110

120

150
200
210
1000
1001

#DECK

HH 2 H(lsJ)

IF (HH.GT  HF) GO TO 105

CaLL CURVE (VISC(I)vHHoUUFuHHF'NPROPolERRORol)
IF{IERROR.GT.1) GO TO 1000 -

caLL CURVE. (V(I)oHH'VVF'HHFoNPROP.IERROR.Z)
CALL CURVE (T(1) eHHsTToHHF +NPROP s TERROR2)
CALL CURVE (CON(I)!HHOKKF’HHF'NPROPOI‘RROR02’
™ = T(!)"io

CALL CURVE (HMvTM'HHFoTT-NPROPoIERROR;I)
IF(JERRORLGT.1) GO TO 1000 o

CP(]) = HH=HM .,

IF(HH.,GT HF) CP(I) = HF-HM

VISC(I) = VISC(I)/3600.

CONC(]) = COMN(I)/3600. ~

RE = F(lsJ)ZA(T)2DHYD(I) ZVISC(])
IF(RE.LT.2000.) RE = 2000,

PR = CP([)#VISC(I)/CON(T)

IF(H{1¢J).GTLHF} GO TO 120 .

WFILM(I) = 0,023%CON(1)/DHYD (1) #RE®*, 8°PR'0
DTWALL = ORRIM(I)/HPERIM(T)/MFILM(I)
TERMINE THE START OF NUCLEATE BOILING

IF ¢JB0IL(I).6T.0) GO TO 110

TLBOIL = TF = DTWALL + 60,*EXP(~PREF/900. )'(QPR!M(I!/HPERIM(I)
1+ 0036)““.25

IF(T(D) JGE.TLBOIL) UBOIL(I) = J

TwaLl = T(J) « DTwALL

IF(TWALL.LT.TF) CALL CUPVE(VISCN(I)oTHALLoUUFoTY'NPROPoIERRORol)
JF(IERROR.GT.1) GO TO 1000

L = NTYPE(I)

FSP(I) = AA(L)®RE®*#*BR(L)+CCI(L)

VISCW(IT) = VISCW(I)/3600.

IF(NVISCW.EQ. 1)

PROP0700
PROPO710
PROP0720

“PROPO710
‘PROPO740

PROPO750
PROP0O760
PROP0770
PROPO780
PROPO790
PROPOBNO
PROPOR1O
PROP0820

© - PROP0OA40

PROP0B50
PROP0860
PROP0B70
PROP0880
PROP 0890
PROP0900
PROP0910
PROP0920
PROP0930
PROP0940
PROP0941
PROP094S
PROP0946
PROP0947
PROP0950
PROP0970
PROP0980
PROP09AS
PROR 0990

1FSP() = FSP(!)’(!.OHPFQXM(I)IPERIM(I)'((VlSCU(l)/VISC(l))'“.6-! YIPROPI00OS

CONT INUE

‘RETURN

WRITE(I3+6) - PREFQPP

G0 TO 1001

WRITE(13+5) PREF +PP

GO T0 1001

WRITE(I37)

IERROR = 11 o

RFTURN

END

+VOIO

SURROUTINE VOID (U} . o
COMYOM  KIJ. FTMe ABETA, BBETA- AFLUXs Zy THETAs Pls NAXe FLO.
1 GCes 139 12+ NCHANLs NK, IERROR,y KDEBUGs NAXL+s NGAPSe NGXL
2 NAFACTs NODESe NSCHCoe NBRCe Jls J2v JIe Jbs JSe J6s ATy
3 ATOTALs DXe DT GKs NVe NFs AV(T)s AF(T7)e QAXe FSPLIT(3D)
4 o ELEVe NDXo SLe FERRORe ITERAT, NRAMPs NVISCWe NARAMP
COMMON PP (30) s TT(30)y VVFI(30)s VVG(I0) s HHF(30)s HHG(30) .

] UUF(30) e KxF (30)e SSIGMA(30) e NPROPy PREFs TFoe VFe VGs HFs HGs -

2 UFe ¥Fy SIGMA. HFGe VFGe RHOF e RHOG

COMMON 'V (30)e VP(30)e VISC(30)s VISCW(30)s HFILM(30)s CON(30).
1 CPI3N) s FSP(30)e FMULTI30)s U303 UH(30) e ALPHA(30)s QUAL(30) e
2 RHDI3INL3L1)e VPA(30) e T(30)s HINLET(30)s FINLET(30)

COMMON COND(47)s WP (4T)e GAP(GT) e FACTOR(LT) s IK(4LT) e

T JUK(67)e GAPN(GT) e LENGTH(GT) e USTAR(GT) s W(4Te31)
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PROP1010
PROP1020
PROP1030
PROP1040
PROP1050
PROP1060
PROP1070
PROP1080
PROP1090
PROP1100

voIDoO1o0
volD0020
volD0030
vo1D0040

' vO1D00S0

voID0N060
voIDO0070

voInooso

vOoID0090
voi1Doloo
voIDnoliio
voI100120
vo100130
vOoiDO1l40



COMMON A (30)e AN(30)s DHYD(30) s DHYDON{30), OFDX(30)
1 DHOX(30) e DPDX(30)s QPRIM{(30) PER!M(30)v
2 HOERIM(30) s NTYPE(30)
) S COMMON P (30+31) H(30s31)e F{30s31)e X(31)
. CoMvON WOLD(&7431) s RHNOLD(30+31) e FOLD(30+31) s HOLD(30431)
‘ COMMON  AXTAL(39)s Y(39), IDAREA(30)+ IDGARP(GT)s AA( &)y RB( &)y
1 CCt 4)y AFACT(EN410)s NCH(10)e AXL{10)s GAPXL(10), GFACT( 9910)9
2 NGAP( S) ¢ HX(30)s XQUAL(30)
COMMOM  NGRID NGRIDTe GRIOXL(10), IGRID(10)s CD(30% S)»
1 FXFLOW(4T7s S)e NGTYPE, GRIDs FDIV(4T)
LOGICAL FDIVe GRID
REAL KIJe LENGTHy KFe+ KKF
DIVFNSTON PHI(30)
EQUIVALENCE (FMULT(I).PHI(II)
NCHAN = NCHANL
DO 200 I=1+NCHAN
PSI = 04
DPSIDH = 0.
1IF(J3,FQ.0) GO TO 40
H{led) = H(TeJ) = o1
QUAL (D) = (H{T«J)=HF)/HFG
T 1F(J2.EQ1) BUAL(I) = SCOUAL(TI+J)
IF(QUAL (1) LE«N,} QUALL(T) = 0.
ALPHA(T) = RVOID(I.J)
PSSt = RHOF“OUAL(I)’(l.'ALPHﬁ(I))-RHOG’ALPHA(I)'(l.-OUAL‘!))
Hi{led) = H(TsJ) + o1
40 QUAL(I) = (H(I4J)=HF)/HFG
1F(J2.F0.1) OUAL(IY = SCQUAL(T1.J)
IF(NUAL (1) .LE.O0.) GO TO 150 :
CXP = QUAL (D)
ALPHA(I) = RVOID(IeJ)
CALCULATF TWO-~PHASE DENSITY, -
RHO(I+J) = RPHOGHALPHA (T)Y+RHOF*(]1,=-ALPHA(]))
CALCULATE TWO=PHASE SPECIFIC VOLUME FOR MOMENTUM,
) VP(]) = VF4(1.=XP) o2/ (l=ALPHA(]))sVGEXP2#2/AL PHA(T)
TWO=-PHASF FRICTIONAL PRESSURE GRADIENT MULTIPLIERS.
PHI(]) = 1,
IF(J6,FO.0) PHI(I) = RHOF/RHO(T+J)
IF(Je ,NEL.1) GO TO SO
PRI = 1.
IF(ALPHA (1) oGTo0e o ANDJALPHA(]) eLE 4o 6) PHI(I)-(I.-XP)““Z/(].
1 ALFRA(T))2e] 42
[FIALPHA(T) ,GT,.fsAND, ALPHA(I) eLE¢s9) PHI(I)= ,478%(1,=XP)ea2/ -
1 (l,~&LP=A([})ee2,2
IF(ALPHA(T) oGTe0e9s ANDLALPHALI) sLEL1s) PHIUI)= 1.73%(1.=XP)ae2/
1 (1.-ALPHA(]))2®] 64 .
S0 IFl s NELS) GO TO 140
PwTIY = AF(])
XX = euat(n
DN 130 K=2MF
PHICI) = PHI(I)*AF (K)®xX
130 x¢ = xxoDuap (1) ‘
140 Uil = F(l.)7AL1) VP (])
JF(J3,50.0) GO TO 145
DESION ==10,2(PSI- RH0F°OUAL(I)0(X.-ALPHA(I))ORHOG'ALPHA(I)“

a0 o0

L (1=00aL (1)
145 UH(1) = F(Led) 7ACT1/ (RAN(T 4 J) =HFG#DPSIDH)
60 To 200

C  TWC-PHESE FLOW PARAMETERS WITHOUT BOILING.
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vO1D0150
vo100160
vOIDO0170
vOID0180
V0100190
V0100200
V0100210
vOI1D0220
voID0230
vO1D0240
vOIN0250
vOIN0260
vO1D0270
V0100280
V0100290
V0100300
V0100310
vO1D0320
VO1D0330
vOID0340
vO1D0350
VOI1D0360
vOI10D0370

'vo1no380

V0100390
VOID0400
VOIDC410
vO1D0420
vOT1D0430
V0100440
vOIN0450
VOID0460
VO100470
VOIDO04AO
VO100490
V0100500
VO1D0510
VOID0520
vO100530
VOIN0540
VOID0550
VOID0560
voINnS70
vO100580
V0100590
V0100600
vOo100610
VO100620
vOI100630
VO1D0640
V0100650
V0100660
vO100670
VOIN0680
VO1D0690
vO1D0700
vOIDO710
vOID0720
vOID0730



RHO(Ted) = lo/VII) © VOID0T7S0
VRl = V(D) 'VO1D0760
ucl) = F(l-))/‘(l"vpll) voiporro
CoUHE) = U : VvOoID0780
SPHICIY = 1. vO1D0790
QuaL(l) = 0. volposoo
200 COMTINUE vOI1D0810
RETURN vo1Do820
END vo1D0830

#DECKIMIX
SURRQUTINE MIX(J) MIX00010
c THIS PROCEDURE CONTAINS THE COMMON AND TYPE STITEMENTS SHARED BY THEMI[X00020
C ~ MAJOR SUSROUTINES OF CO3RA=IIIC. ) MIX00030
COMMON  KIJs FTMy ABETA. BYETAs AFLUKXS ZQ’THETAG Pls NAXs FLO, MIX00040
1 6Ce 139 12« NCHANLs NKy TERRORy KDEBUGs NAXLs NGAPSs NGXL9¢ MIX00050
2 NAFACTs NODESe NSCBCe NBRCe Jls J2s J3¢ Jbs JSe J6y JTs . MIX00060
3 ATOTALs DXe DTs GKo NVs NFy AVIT)s AF(7)e QAX. FSPLIT(30) MIX00070
4 9 ELEVe NDX» SLOIFERPOWO ITERATs NRAMP4¢ NVISCWs NARAMP MIX00080
COMMON. PP (30) e TT(30)s VVF(30)e VVG(30) s HHF (30)s HHG(30) MIX00090
1: UUF(20) 9 KKF(30) e SSIGMA(30)« NPROPs PREFe TFe VFe Ve MFe HG, MIX00100
2 UFe kFy SIGMAs HFGe VFGe RHOF, RHOG - ) MIX00110
COMMON  V(30)e VP(30)s VISC(30)e VISCW(30)e HFILM(30) e CON(30). MIX00120
1 CP(3N)y FSP(30) s FMULT(30)e U(30), UH(30)s ALPHA(30), QUAL(30)s MIX00130
2 RHO(30431) 9 VPA(30)s T(30)e HINLET(30)s FINLET(30) MIX00140
COMMON COND(47) 9 WP{4T) s GAP(4T)s FACTOR(4T) s IK(4T7), MIX00150
1 JK(67)s GAPN(LT) s LENGTH(GT) e USTAR(4T), W(47+31) MIX00160
- COMMON  A(30)+ AN(30)« DHMYD(30)s DHYDN(30) s OFDX(30)s MIX00170
1 DHOX(30) s DPNX(30) QPRIM(30,0 PERI"(JO’Q MIX00130
2 HPERIM(30)« NTYPE(30) MIX00190
COMMON P (30e31) 9 H(30e31) e F(3093l)| X{31) MIX00200
COMMON  WOLD(47+31)s RHOOLD(30+31)e FOLD(30+31) HOLD(30031) MIX00210
COMMON  AXTAL(39)s Y(39)e IDAREA(30)s IDGAP(4T)s AA( &)y BBt 4),  MIX00220
1 CCU 4)9 AFACT(10410)9 NCH(10)e AXL(10)9 GAPXL(10)s GFACT( 9¢10)s MIX00230
2 NGAP( 9)e 8X(30)y XQUAL(30) MIX00240
COMMON  MNGRTIDs NGRIDTs GRIDXL(10}s IGRID(10)s CD(30s 5)' MIX00250
1 FXFLOW(47¢ S)e NGTYPEs GRIDy FDIV(&7) MIX00260
LOGICAL FDIVs GRID MIX00270
REAL KIJe LENGTHy KFe KKF MIX00290
NKK = NK MIX00290
DO 240 K=] yNKK ; MIX00300
COND(K) = 0, " MIX00310
I1 = IK(K) : MIX00320
JJ o= JK(K) MIX00330
DAVO = 4o (ALI]1) +A (U /Z(PERIMIII) +PERIM(JIYY) MIX00340
CAVG = (FUITaJ)*F(JJe NI/ (ALTTIVA(ID)) MIX00350
XAVG = 0. . MIX00360
[F(AMAX] (QUAL(TT) sQUAL (JI)) on. 0.) XAVG =.S'(QU‘L([I’*QU‘L(JJ)) MIX00370
IF(XAVQ-GV 0o AND.NRBC.GE.2) GO TO 80 MIX003R0
UAVG = 0,5%(VISC(II)+VISC(IN) MIX00390
[FINSCBC,GF.1) RE = GAVGH#DAVG/UAVG MIX00400
IF (NSCHC.EQ.0) WP(K) = GAP(X)SGAVG*ABETA MIX00410
IF{NSCRC.EQ.1) WP(K) = GAP(K)®GAVG*ABETA®RE®*BBETA MIX00420
IF (NSCHC.EN.2) WP(K) = DAVG*GAVG®ABETARE®*BHETA MIX00430
IFINSCRCLEN.I +AND. LENGTH(K) LE,0.,) GO TO 1000 MIX00440
IF(NSCRBC.EQ.3) WP(K) = Gﬂp(K)/LE“GYH(K)'DAVG’G&VG.ABEfl’“F“’BBETA MIX00450
WP{K) = WP(K)®FACTOR (K) MIX00460
S0 10 100 MIX00470
MIX00480

150 ALPHA(I) = 0.

80 CALL CURVE

(XBETA+XAVGsRX ¢ XQUAL sNBBC» IERROR, 1)
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100

240

1000

”DECK

IF(IERPROR,GT 1) GO TO 1000

WP (K) = GAVG‘OAVG‘XBETA'FACTOR(K’
IF(JS.FQ.0) GO TO 240

CAVG = 0.S*(CON(TI)*CON(JJI))
[F(LEMGTH(K) JLELD,) GO TO 1000
CONDIK) = CQVG“GAP(K)/LENGTH(K)'GK”FAC'OQ(K)
COMT [NUE

RETURN

1ERROR =4

RETURN

END
«AREA

SURRQUTINE AREA(J)

MIX00490
MIX00500
MIX00510
MIX00520
MIX00530
MIX00540
MIX00550
MIX00560

. MIX00570
‘MIX00580

MIX00590
AREA0010

C THIS PROCEDURE CONTAINS .THE COMMON AND TYPE STAVEHENTS SHARED BY THEAREA0020

C M

C
C Ca

10

AJOR SUBROUTINES OF COBRA-IIIC.

COMMON KI1J, FTMe ABETA. BBETA. AFLUX, 2o THETAs Pls NAXy FLOs
1 GCy I3y I2« NCHANLs NKs IERRORs KDEBUGe NAXL e

NGAPS+ NGXL s

2 NMAFACTs NODESe NSCBCs NBRCe Jlv J2¢ J3» Jan JS» J69 JT»

3 aTOTALs DXy DTe GKe NVe NFs AV(T)s AF (T} QAXe FSPLIT(30)
4 o ELEVe NDXs SLs FERRORs ITERAT. NRAMPs NVISCWe NARAMP
COMMON PP (30)s TT(30)s VVF{30)e VVG(I0)y HHF (30} HHGI(30) s

1 UUF(30)y KKF(30)s SSIGMA(30)+ NPROPy PREFe TFe VFy VGe HFy HG,

2 UFe KFe SIGMAe HFGs VFGs RHOF¢ RHOG

COMMON  V(3N) s VP(30)s VISC(30)e VISCW(30) s HFILM(30)s CON(30),
1 CP(30),y FSP{30)s FMULT(3D)e U(30)s UH(30) e ALPHA(30) s QUAL(30),

2 RHO(30¢31)s VPA(30)e T(30)e HINLET(30)s FINLET(30)
COMMON COND(47)y WP (4T)e GAP(GT)y FACTOR(LT)y» IK(4T),
1 JK{GT7)e GAPN(4T) s LEMGTH(GT) e USTAR(LT)s W(4T,31)
COMMON ~ A(30)s AN(30)s DHYD(30)e OHYON(30)es DOFDX(30),

1 DHDX (3C) s DPDX(30)s OPRIM(30)4 PERIM(30),
2 HPERIM(30)+ NTYPE(30) .
‘COMMON  P(30s31)s H(30+31) F(30431)s X(31)

COMMON  WOLD(47931) 9 RHOOLD(30431)s FOLD(30431)s HOLD(30431)
COMMON AXTAL(39)s Y(39)e IDAREA(30)s IDGAP(LT) s AAL &)y BB( &),
1 CCt 4)¢ AFACT (1051009 NCH(10)s AXL(10)s GAPXL{(10)s GFACT( 9¢10)

2 NGAP({ 9)« BX{30)s XQUAL{30)

COMMON NGRIDs NGRIDT. GRIDXL(10)s IGRID(10)s CD(30¢ 5!0

1 FXFLOW(4T7s S)y NGTYPE, GRIDy FOIVI&GT)
LOGICAL FDIVe GRID
REAL . KIJe LENGTHe KF s KKF

COMMON /RWRAP/ XCROSS(47+6) +DUR(4T) ¢+DIAs THICKyNWRAP (47) sPITCH

DX“ENSXON ‘AFAC{10)s GFAC(10)

LCULATE CHANNEL AREA IF REOU!RED.
DC S I=1+NCHANL

A(I) = AN(T)

DYYD(T) = DHYDN(I)

IF(NAXL.EQ.0) GO -TO 101

DO 100 I=1<NCHANL

JJ.= 1DAREA(I)

TF(JJeLTelY GO TO 100

07 10 K=1eNAXY

AF AC(K) = AFACT(JJ+K)

CALL CURVF. (FF o¢X(J)/Z+AFACsAXLONAXL » IERROR, ]}
IFUTERROR,GT1) GO TO 1000°

IFiPT L.T.1p0.) GO TO 20

CUMY = FLOAT(ITERAT)/ZFLOAT (NARAMP)
[F(DUMY (GT,1,) DUMY = 1,

IF(FFLLELD:) GO -TO 1000

240

AREA0030
AREAQ040
AREA0050
AREA0060
AREA0070
AREA0080
AREA0090
AREAD100
AREAQ110
AREAO120
AREA0130
AREAQ140

" AREA0150

AREA0160
AREA0170
AREA0180
AREA0190
AREA0200
AREA0210
AREA0220

-AREA0230

AREA0240
AREA0250
AREA0260
AREAQ270
AREA0280
AREA0290
AREA0300
AREA0310
AREAQ320
AREA0330
AREA0340
AREA03S0
AREA0360
AKEAD370
AREA0380
ARF 40390
AREA0400
ARFA0410

AREAQ0420

AREA0430
AREAQ440
ARFAQGG]
AREA06442
AREA0Q443



FF = le=(1.=FF)®DUMY

AREAO4GS

20 A(I) = AN(])*FF AREA044S
OHYD (1) = DHYDN(1)oFF AREAD4S0
190 CONTINUE AREAQGAD
Inl IF(JA.NELL) GO TO 110 AREA04T0
C 40DIFY APEA AND HYDRAULIC NIAMETER FOR WIRE WRAPS IN SUBCHANNELS. AREAO04RO
DO 102 1=1+NCHANL AREA0490
A(l) = A(I)=FLOAT(NWRAP(I))®PIoTHICK®#240,25 AREA0S00
102 DHYD(I) = 4. #A(I)Z7(PERIM(I) ¢FLNOAT (NWRAP(I))®PI*THICK) AREA0S10
C ’ ‘ ‘ - AREA0S20
C CALCULATE GAP SPACING IF REQUIRED. AREA0S530
119 IF(NGALLER.0) GO TO 210 ' AREA0S40
N0 200 K=1+NK AREA0SS0
GAP(K) = GAPN(K) ’ AREA0560
L = IDGAP(K) AREA0S70
IF(L.LTs1) GO TO 200 AREA0580
DO 120 I=1+NGXL AREA0590
120 GFACA(I) = GFACT(LI) AREA0600
CALL CUPVE (Fr.x(J)/Z.GFAC.GAPxL.NGXL.IEPROR.I) AREA0610
IF(IEPROR.GT.1} GO TO 1000 AREA0620
IF(FF,LE.O0.) GO YO 1000 AREA0625
GAP(K) = GAPN(K)®FF . AREA0630
200 CONTINUE AREA0640
210 RETURN AREAD650
10C0 [ERROR = 9 AREA0660
RETURN AREA0670
END AREA0680

SDECK +FORCE '
SUBROUTINE FORCE (J) FORCO010
c THIS PROCEDURE CONTAINS THE COMMON AND TYPE STAtENENts SHARED BY THEFORC0020
c MAJOR SUBROUTINES OF CORRA-IIIC. _ FORC0030
COMMON  KIJs FTMe ABETA. BBETAs AFLUXs Zs THETAs PIe NAXs FLO, FORC0040
1 GCes 139 12« NCHANLs NKy [ERRORs KDEBUGs NAXLs NGAPSs NGXL9 FORC00S50
2 NAFACTs NODESe NSCBCs NBRCe Jle J2s J3s Jbs JSe J6s JTe FORCNO60
3 ATOTALe DXo DTe GKy NVe NFs AV(7)e AF(7)e DAXye FSPLIT(30) FORCO0070
4 o ELEVe NDXe SLe FERRORy ITEPAT, NRAMP, NVISCWes NARAMP FORCNO0B0
COMMON PP (30) e TT(30)s VVF(30)y VVG(30)s HHF(30)s HHG(30), FORC0090
1 UUF(30)s KxF(30)e SSIGMA(30) e NPROPy PREFe TFs VFo VG- HF s MG, FORCO0100
2 UFe KFy SIGMA, HFGe VFGe RHOFs RHOG FORCO110
COMMON  V(310)y VP(30)s VISC(30)s VISCW(30)s HFILM(30)s CON(30) . FORC0120
1 CPI(3N)e FSP(30)s FMULT(30)e U(30)e UH(30) s ALPHA(30), OUAL(JO). FORCO130
2 RHO(30e31)s VPA(30)y T(30)e HINLET(30)s FINLET(30) FORCO0140
COMMON COND(47) s WP(4T)y BAP(4T)s FACTOR(GT)y IK(4T). FORCO0150
1 JK(47)y GAPN(4T)e LENGTH(4T)y USTAR(G4T) s W(4T7431) FORCO160
COMMON  A(3IN) e AN(30)y DHYD(30) s DHYON(30)s DFDX(30) FORCO170
1 DHDX{30)s DPDX{(30)¢ QPRIM(30), PERIM(30)y FORCO180
2 HYPERTM(30). NTYPE(30) FORCO190
COMMON P (30931)e H(30+s31) ¢ P(30.3l). X3 FORC0200
COMMON  WOLD (47493109 RMOOLD(30431)s FOLD(30+31)s HOLD(30+31) FORC0210
COMMON  &XTAL(39)s Y(39)es JOAREA(30)s IDGAP(47)s AA( &)y RB( 4)e FORC0220
1 CCl 4)9 AFACT(10410)s NCH(L10)e AXL(10)e GAPXL(10)e GFACT{ 9,10)¢ FORCO0230
2 NGAP( Q)¢ BX(30)s XOQUAL (30} o FORC0240
COMMON  NGRID» NGRIDTs GRIDXL(10)e IGRID(10)s CD(200 S)o FORC02S50
] FXFLOW(4Ts S)e MNGTYPEs GRIDs FOIV(&T) ' FORC0260
L.OGICAL FDIVs GRID FORCO0270
REAL  KIJy LENGTHs KFe KKF FORC02R0
COVMMON /BWRAP/ xCRossr47.6).DUR(47).Dlncrulcx.wwﬂnp(67).PIICH FORC0290
NKK = NK FORCO300
FORCO310

DO 10 K=14NKK °

24



¢

FOIVIX) =,FALSE.

10 COMTINUE FORC0330
IF(J6,EQ.0) RETURN FORCO0340
UMl = Y-l -FORC03S0
6n 19 «100-200).J6 FORCO360
FORCED DIVERSION CROSSFLOW Fnou UIRE WRAPS FORCO0370
100 [FIPIICH.LF.0.) GO TO 1000 FORCO0380
NN = Z/PITCH FORC0390
NN = NN+l . FORCO0400
N0 115 K=1.NN ~ FORCO0410
IF(X{J) sLE.PITCH*FLOAT(K)) GO TO 118 " FORCO0420
115 CONTINUE : FORC0430
11R PL = K=1 FORCO0440
PL IS THE PITCH LFNGTH CONTAINING X(J), FORC0450
FIND THE WRAP CROSSINGS IN DX.. FORC0460
DO 130 K=1,NK FORCO0470
11 = IK(K)' FORC0430
JJ = IK(K) FORC0490
NO 130 L=1+6 FORC0S00
IF(XCROSS(KeL)}119130+119. FORCOS10
119 XC = (ABS(XCROSS (KL ))+PL)#PITCH . FORC0520
IF(XCuaGT X () LOR, XC.LE.X(JMII) GO TO 130 FORCO0S530
FOIVIK) = TRUE.. FORCO0S40
ADD AMND SURSTRACT WIRE WRAPS FROM SUBCHANNEL AT EACH WRAP CROSSING. FORC0550
IF (XCROSS(K4L)) 12041305121 FORC0S60
120 NWRAP(TI)= NWRAP(II) e} FORC0570
NWRAD (JJ)= NWRAP(JJ) =1 FORC0S80
GO T0 123 FORC0590
121 NWRAP(IT) = NWRAP(I])-l FORC0K00
NWRAD(3J) = NWRAP(JJ)+] FORCO610
IFANRPAMP JLELO) GO YO 1000 FORC0620
123 DuMY = FLOAY(!TERAT)/FLOAY(NRAMP) FORCO0630
IF(DUMY .GT.1.) DUMY = ], FORCO640
WiKeJ) = antx)ﬂpxﬂ(DIAoTHlCK)GDuR(K)/Dxiounv FORC0650
IF(XCROSS(KeL)) 12441304125 FORCO0660
126 WiKyJ) = =W(KeJ)#F (JJeJ) ZA(JIJ) FORC0670
L O WlKeJ) = W(KeJ)2FACTOR(K) . FORC0675
GO YO 130 _ ~ FORCO6R0
125 WiKsJ) = W(KeJ)®F (IleU)7ACI1) FORC0690
WiKeJ) = WIKsJ)*FACTOR(K) FORCN69S
130 CONTINUE FORC0700
RE TUKN FORCO710
200 IF(.NOTL,GRIN) RETURN FORCO720
N0 230 K=1NKK FORCNT730
[FLABS{FXFLOW(KeNGTYPE) ) oLTel.€E-10) Go T0 230 FORCO0740
ZERQ FORCED FLOW FRACTION DOES NOT BLOCK THE NATURAL DIVERSION CROSSFFORC0750
17 = TK(K) FORCO760
JJ = UK (K) FORCO770
FOIVIK) = ,TRUE, FORCO78A0
TF (NRAMP .LF.0) GO TO 1000 FORCO790
DUMY = FLLOAT(ITERAT)/FLOAT (NRAMP) FORC0B00
IF(nUMY 6T, 1) DUMY = ], FORC0810
DUMY = DUMYSFXFLOW (K+NGTYPE) /DX FORC0820
[F(PUMY 6T o001 WEKed) = DUMYSF(114J) FORCO0830
IF(DUMY (LT ,0,) WIKeJ) = DUMYSF (JJesJ) FORC0R40
WIKeJ) = W(KeJ)®FACTOR (K) FORCO0B4S
230 CONTINUE : FORCO08S0
RETURN - FORC0860
1000 IEPROR .= 6 FORC0870
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RE TURN
END

SDECKCIJ

C

C MAJOR SUSROUTINES OF COBRA-IITIC, C1J00030
S COMMDN  KlJs FTMe. ABETA. BBETA, AFLUXo Ze THETAs Ply NAXs FLO Cl1J00040
1 6Ce 139 I7e¢ NCHANLe NKy TERRORes KDEBUfNe NAXLe NGAPSe NGXL C1J00050
2 NAFACT e« NODESs NSCBCe NBRCoe Jleo J2e¢ J3Ie. JGs JSe UBe JTs Cl1J00060
3 ATOTAL+s DX» DTs GKe NVe NFy AVI(T)e AF(T7)e QAX, FSPLIT(30) - C1J00070
4 o ELEVe NDXe SLe FERROR, ITERAT s NRAMPy NVISCWe NARAMP C1J000RO

COMMON PP (30)e TT(30)e VVF(30)e VVG(30)s HHF (30) s HHG(30) Cc1J00050

1 UUF(30) s WKF(30)s SSIGMA(30)+ NPROP, PREFs TFy VFs VG HFs HG» Cc1Jool00
2 UF e KFe SIGMAy HFGe VFGe RHOF » RHOG cirJoolio
COwMON  V(30)s VP(30)s VISC(30)s VISCW(30) s HFILM(30)s CON(30), cl1J00120
1 CP(30)s FSP(30)s FMULT(30)s U(30)y UH(30)e ALPHA(30), QUAL(30) . Ccr1Jo0130
2 RHO(30+31)s VPA(30) s T(30)s HINLET(30), FINLET(30) CIJO00140
COMMON COND (47) s WP(GT) s GAP{4T) s FACTOR(4T7) s IK(4T)y - c1J400150
1 JK(47)e GAPN(47)s LFENGTH(4T7)s USTAR(GT) s W(47,31) C1J00160
COMMON — A(30)s AN(30) s OHYD(30), OMYDN(30) 4 DFDX(30)» crJo00170
1 DHDX(30)« DPDX(30) ¢ QOPRIM{30)s PERIM(30), c1J00180
? HPERIM(30)« NTYPE(30) crJooisa
COMMON P (30¢31)y H(30+31)s F(30+31)s X(3]1) C1J00200
- COMMON. WOLNI(4T+31) s RHOOLD(30431)s FOLD(30+31)9 HOLDI(30+31) cl1J00210
COMMON  AXTAL(39)s Y(39)s IDAREA(30)s IDGAP(47)s AA( &)y 8B( 4), CI1.J00220
1 CCt 4}y AFACT(10410)s NCH(10) e AXL(10)s GAPXL(10)e GFACT! 9+10)s C1J00230
2 NGAP( 9)e BX(30)s XQUAL (30) Cl1J00240
COMMON NGFIDs NGRIDT« GRIOXL(10)s IGRID(10)s CD(30s S)o» C1J002590
| FAFLOW (479 S)y NGTYPEs GRIDe FDIV(SGT) C1J00260
. LOGICAL FDJVs GRID . crJooz2ro

REAL KIJe LENGTHy KFe KKF Cc1J00280

IF(GAP(K) ,LE«O4) GO TO 1000 C1J00290

11 = IK(K) C1J00300

JJ = JK(K) cl1J00310

RSTAR = RHO(IlJ) C1J00320

IF(W(KeJ) qLTo0.) RSTAR = RHO(JIJsJ) Cl1J00330

WMIN = AHS(W(XsJ)) CI1J00340

IF(WMIMNLLT..001) WMIN = ,001 c1J400350

CIJ = KIJ#WMIN/2,/GC/RSTAR/GAP (K) /GAP (K). Cl1J00360

ClJ = CIJ/FACTOR(K) #&2 ClJ00365

RETURN cI1J0o0370

1000 IEPROR = 18 c1400380
RETURN c1J400390
(AYb] C1J00400
SDECKYSPLIT '
SURROUTINE SPLIT SPLTO0010
Cc THIS PYOCEDURE CONTAINS THE COMMON AND TYPE STATEMENTS SHARED BY THESPLT0020
c MAJOR SUBROUTINES OF CORRA-T1IC. . : SPLT0030
COMVIN Kl.)e FTMe ABETA. RBETAs AFLUX, Z¢ THETAe PIy NAXe FLO, SPLT0040
1 6Cs T3¢ 12+ NCHANL e NKo JTERRORy KDEBUGs NAXLe NGAPSe NGXL» SPLT0050
2 NAFACTs NODESs NSCBCe NBRCoe Jle J2e¢ J3s JGs JUSe Gbs JT SPLT0060
3 ATOTALe Dxs DTe GKe NV NFe AV(T)y AF(T)s OAX, fSDLlT(BO) SPLTNO070
4 o« E'FVe NDXy SLe FERPORs ITERAT, NRAMPs NVISCWs NARAMP SPLT0080
COMMON  PP(30)e TT(30)e VVFI30)s VVG(30)e HHF (30) e HHG(30) o SPLT0090
1 UUF(30) e KKF(30)s SSIGMA(30) e NPROPe PREFy TFe VFs VGe HF s HGo SPLTO0100
2 UFe KF s SIGMA, MFGe VFGhe RHOF e RHOG SPLTO110
CONMVAN  V(30) s VP(30)s VISC(30)e VISCW(30), HFILM(30) s CON(30). SPLTO120
1 CP(30)s FSP(30)e FMULT(30)s U(30)s UH(30) s ALPHA(30) QUAL(JO). SPLTO0130
2 RHO(30e3))e VPA(IO0) s T(30)e HINLET(30) e FINLFT(3Q0) SPLT0140

FUNCTION CIJ(K¢J)

FORC0880
FORCNAS0

C1J00010

THLS PRCCENDURE CONTAINS THE COMMON AND TYPE S?ATE"ENTS SHARFD 8Y THECT1J00020
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g EaXe

CORRECT FLOW ESTIMATE B8Y. ITERATION,.

COMMUN COND(Q7); WP (6T)e GAP(4T)e FACTOR(GT) s IK(&T)
1 UX(67)Ys GAPN(4T) o LENGTH{G7) s USTAR(4T) e W(4T74+31)
COMMOM  A(30) s AN(30)e DHYD(30)s DHYDNI(30)e DFDX{(30)

1 DHIX(30) s DPDX(30)s QPRIM

2 HPERIM(I3INY, NTYPE(3M

COMMON P (30+31) e H(30,31)

(30) s PERIM(30),

o F(30+31)s X(31)

COMMOMN  WOLDN(47¢31)s RHOOLD(30431) ¢ FOLD(30+31)s HOLD(30.31)

COMMON  AXTAL(39)s Y(39),
1 CCt 4)s AFACT(10+10) ¢ NCH

IDAREA(30) s IDGAP(47)e AA( 6), BB( 4},
(10)s AXL(10) s GAPXL(10) s GFACT( 9410)

2 NGAP( 9)e HX(30)« XQUAL{(30)

COMMON  MGRIDe NGRIDTe GRIDXL(10)s IGRID(10)s CD(30s S)o

1 FXFLOW(47e 5)e NGTYPE, GR
LOGICAL FOIVe GRID

REAL KIlJde LENGTHy KFe KKF
COMMON /DP/ DPK(30)

NCHAN = NCHANL

IDy FOIV(47)

SPLTO1S0
SOLT0160
SPLT0170
SPLTO0180
SPLTI190
SPLT0200
SPLT0210
SPLLT0220
SPLT0230
SPLT0240
SPLT0250
SPLT0260
SPLT0270
SPLT0280
SPLT0290
SPLT0300

THIS PROCEDURE ASSUMES THERE TS NSPLTO0310

NENSTITY CHANGE WITH LENGTH AND THAT NO BDIVERSION CROSSFLOW IS OCCURRISPLTO0320
CONVERGENCE TOLERANCE 1S E.

10

20

Rt

100
1009

£E=0.005

SAVEDT = 07

DT = 1.E+10

DO 10 I1=1+NCHANL
F(Is1) = FINLET(I)
H{I«+1) = HINLET(I)

D0 109 K=1.200

CaLlL PROP(2.,1)
IF(IERROR.GTLLY GO TO 1000
cair vointey

DO 1S [=1NCHANL

VPA(T)Y = VvP({I)Y/AL(]}
IFUIERRIR.GTL1) GO TO 1000
IF(FTY,GT.0,) CALL MIX(1)
IF(IEPROR,.GT.1) GO TO 1000
Capt. DIFFER(301)
IF(IEPROR.GT.1) GO TO 1000
DRAVG = 0.

DO 20 I=1.NCHANL

OPAYG = DPAVG + DPDX{II®A(
DPAVG = DPAVG/ATOTAL

J=2

FTNOT = 0,

00 30 I=1eNCHANL

DELTAF = (DPAVG-DOPDX{IV)/2

1)

«/DPOX(I)#F (1o1)

IF(FTM,GT.0.) DELTAF = DELTAF®#0.5

FSAVE = F(I.1)
F(lel) = F(lel) ¢ DELTAF

IF(F(1+1).1.Ta0,) GO TO 1000

IF(ABS(F(]+1)~FSAVE)/FSAVE
FTOT = FTOT « F(l+})

CONT INUE

DO 40 I=1sNCHANL

FeIel) = F(Te1)2FLO/FTOT
FINLFT(E)Y = F(le1)
1IF(J.GT.1) GO YO 120
CONTINIE

WRITE(TI3e1) (TaF(Tel)eDPDX
FORMAT(GOH FLOW SPLIT YO G
IFRIOR = §

«GT. E) JU=1

(1) eI=1eNCHAN)
IVE EQUAL DP/Dx FAILED /(IS5+2E14.6))
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SPLT0330
SPLT0340
SPLTO0350
SPLT0360
SPLT0370
SPLT0380
SPLT0390
SPLT0400
SPLTO0410
SPLT0420
SPLTNA2D
SPLT0440
SPLT0450
SPLT0460
SPLLTQ470
SPLTN430
SPLT0490
SPLT0S00
SPLTOS10
SPLT0520
SPLLT0S30
SPLT0540
SPLTO05S50
SPLT0560
SPLT0570
SPLTO0S80
SPLT0590
SPLTNE0O
SPLTO0610
SPLT0A20
SPLT0630
SPLT0640
SPLT0650
SPLT06K0
SPLT0670
SPLT0680
SPLTN690
SPLTO700
SPLTO710
SPLTO720
SPLTO0730



120 DT = SAVEDT

SPLTO740

RE TURN SPLT0750
EMND SPLT0760
oNECK S
FUNCTION S(Ke1) S0000010
C THIS PROCEDURE CONTAINS THE COMMON AND TYPE STATEMENTS SHARED BY THES0000020
c MAJOR SUHMROUTINES OF COBRA-T1IC. S0000030
COMMON  K1Jy FTMe ABFTA. BBETA. AFLUXs Zs THETAe Pls NAXs FLO S00G0040
1 6GCe I3+ 127+ MCHANLs NKo TERRORes KDEBUGs NAXLs NGBPSs NGXLs 50000050
2 NAFACT. NODESs NSCBCy NBRCe Jlv J2s J3» Jb&s JSe J6y JT» 50000060
3 ATOTALs DXo DTe GKs NVe NFs AV(T)e AF(7)y QAXs FSPLIT(30) S0000070
4 o FLEVe NNXy SLe FERRORy ITERAT. NRAMPs NVISCWe NARAMP S0000080
COMMON - PP (30)s TT{(30)e VVF(30)s VVG(30)s HHF (30)e HHG(30), 50000090
1 UUF(30) KKF{30)s SSIGMA(30)s NPROP, PREFs TFy VFe VGs HF s HGs S0000100
2 UF s KFe SIGMA, HFGs VFGe RHOF s RHOG , 50000116
COMMQON  V(30)Ys VP(30)s VISC(30)e VISCW(30)e HFILM(30)s CON(30) . 50000120
1 CP(30)s FSP(30)s FMULT(30)e U(30)s UH(30)s ALPHA(30)s QUAL(30), S00600130
2 RHO(30s31)s VPA(30)s T{30)s HINLET(30)s FINLET(30) 50060140
COMMON COND(&T)y WP(&T)s GAP(47)s FACTOR(4T) s IK(4T) S0000150
1 JK{47)y GAPN(4T)e LENGTH({GT)y USTAR(GT)y W(6T7,31) 50000160
COMMOM  A(30)s AN(30)s DHYD(30)e DHYDNI(30) s DFDX(30) $0000170
1 DHOX (30)« DPDX{30)y QPRIM(30) s PERIM(30), 0000180
2 HPERIM(30)s NTYPE(30) 50000190
COMMON  P(39431)s H{30e31)y F(30e31)s X(31) 50000200
COMMON  WOLD(47431)e RHOOLD(30e31)e FOLD(30+31)e HOLD(30,31) 50000210
COMMON  AXTAL(39)y Y(39)s IDAREA(3B) e IDGAP(47)s AA( &)y BB( 4)s S0000220
1 CCCU 4)e AFACT (10410} NCH(10)e AXL(L10)s GAPXL(10)e GFACT( 9+10)s S0000230
2 NGAP( 9)e RX(30)s XOQUAL (30) 50000240
CUMMON  NGRYIDs NGRIDTy GRIDXL(10)e IGRID(10)e CD(30e S)» SNO00250
L FXFLOW(47e S)y NGTYPEs GRIDe FDIV(GT) : S0000260
LOGICAL FDIVe GRID S0000270
REAL KIJs LENGTHs KFy KKF 50000280
S = 0. S0000290
IFtTILEQ.IK(K)) S = 1, S0000300
IF(lEQeJK(K)) S ==], S0000310
RETURN 50000320
END $0000330
“DECK »SCQUAL
FUNCTION SCQUAL (T4} SCaLoo0l10
C LEVY SUBCOOLED MODEL. CALCULATES TRUE QUALITY AS A CORRECTION TO SCAL002)
C TrE EQUILIBRIUM QUALITY. SCQL0030
COMMON  K1Je FTMe ABETA. BBETAs AFLUXs Zs THETAy Pl NAXs FLO, SCALO004O
1 6Ce I3e 2+ NCHANL e NKe TERRORs» KDEBUGs NAXLe NGAPS,s NGXL SCQL0050
2 NAFACTs NODPES, NSCRCs NARCe Jls J2¢ I3 Jbs JSe J6e JT7» SCALN06AO
3 ATOTALs DXy DTy GKe NVe NFe AV(T)s AF(T)s QAXe FSPLIT{30) SCALO0070
4 » ELEVe MDXy SLe FERRORs ITERATe NRAMPs NVISCWa NARAMP SCQL0080
COMMON PP (30)s TT(30)e VVF(30)s VVG(30)e HHF(30)s HHG(30) s SCALN090
1 UUF(30) s kxF(30)s SSIGMA(30) s NPROP, PREFy TFes VFe VGy HF s HG, SCQLOol100
2 UFy wFy SIGMA, MHFGs VFGe RHOF. RHOG scaLollo
COMMON  V(30)e VP(30)e VISC(30)e VISCW(30)e HFILM(30), CON(30), SCQLO120
1 CP(30) s FSP(30)s FMULT(30)s U(30)e UH(30)s ALPHA(30)s QUAL(30), SCOLOL130
2 RPHO{30e31)e VPA(30)e T(30)e HINLET(30)e FINLET(30) SCALO0140
COMMON CONN(6T) e WP(G6T),y GAP(4T)e FACTORI{4T) s IK(GT), SCRLO1ISO
I JUK(47)e GAPN(GT) e LENGTH(4T) e USTAR(4T7) e W(GTe31) SCQLO0160
COMMON  A(30)e AN(30) e« NDHYD(30)s DHYDNI(30) s DFDX(30), SCQLO170
1 DHSX(30) s DPDOX(30) s QPRIM(30) s PERIM(30) ., SCALO0180
2 HPERTIM(30) s NTYPF (D) SCRLO190
COMMON P (30e31)s H(30431)9 F(30s31)s X(31) SCAL0200
COMMON  WOLD(4T7431) s RHOOLND(3De31)e FOLD(30¢31)s HOLD(30431) scaLo2lo
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1
2

COMMON

AXTAL (39),
CCl 4)es AFACT(10410)s NCH(10)

Y(39),

IDAREA(30)y IDGAP(&T)s AA( &)y BRB( 4).

NGAP( 9)e BX(30), XQuUaAL (30)

COMMON

NGRID»

NGRIDTy GRIDXL(10),

1 FXFLOV (4T 5)e NGTYPE s GRIDs FDIVI(4T)

1
1

140

LOGICAL FDIvV

+ GRID

REAL KIJs LENGTHs KFy KKF

XP = QuaL )
SCQuUAL = xP

IF(QPRIM(I) JLELD,)

CNC = 04015

RETURN

Y@ = CNC/VISC(I)®SORT(SIGMA®GC2DHYD(I)/VLI))
TAUW = FSP(1)#,125eV(II®(F(IsJ)/7a(]))®22/GC
PR = CP(I)e#VISC(I)/CON(T)
Q = QPRIM(DI) / (HPERIM(T) /V(I)®CP (1) *SORT(TAUWEGCHV(I)))
DELTAT = QURIMI[)/HPERIM(I)/HFILM(I) .
ANDo YB.LT30,)DELTAT = DELTAT = S,9Q@(PR+ALOG(1,+PR®(SCQLO390

[FIYB,GE.S,..
YR®,2=1.)))
IF(Y3,6E.30,

) DELTA

¢+ J5¢ALOG(YB/30,))
XD = -CP(1)«DELTAT/HFG
IF(QUAL (1) LT.XD) GO TO 140

ARG = GuaL (]
IF(ARG.GT,0,
XP = QUAL(I)
SCAUAL = XP
RE TURN

END

*NECKWBVOID
FUNCTION BVOID(I+J)
BVOID CALCULATES THE BULK VOID FRACTION GIVEN A QUALITY,

C

1
2
3
4

1
2

1
2

1

COMMON  KlJy

) /XD -
) ARG =

T =

1.
0.

AXL(10)s GAPXL(10),

IGRID(10) e CD(300s S)»

DELTAT =~ S,#Q#(PR+ALOG(].+S,.%#PR)

- XD®EXP (ARG)

FTMs ABETA,

GFACT(

GCe I3s I2+ NCHANLs NKs JEIRORs KOEBUGe NAXLe NGAPSs NGXLo

NAFACTs NODESe NSC

ATOTAL s DXo

BCs

MBR

o ELEVs NDXs SLs FERPORS

COMMON PP (30)

TT(30) e VVF(30)
UUF (30) s K«F (30) s SSIGMA(30)+ NPROP,

UF e KFy SIGMAe HFGy VFGo
COMMON  V(30)s VPI(]

CP{30)s FSP(30)e FMULT(30)e U(30),

OHN(30931)
COMMON COND(

COMMON  AC(30)

VPA {30

0)e

Yoo

VIS

Cse Jlo J2¢ J3e Jboe JSe U6
DTYs GKs NVe NFe AV(T7)e AF(T)s QAX, FSPLIT(30)
ITERATs NRAMPs NVISCWe NARAMP

RHOF « RHOG

JTe

VG

VVG(30) e HMF (30) e HHG(30)
PREFy TFy VF,

HF »

9.10)

RBETAs AFLUXe Z» THETAs PIs NAXy FLO»

HG

C(30)e VISCWI(30)y HFILM(30)s CON(30),

T(30)s HINLET(30)s FINLET(30)

47)e WP{4T)s GAP(4T7)s FACTOR(4T)
JK{GT) e GAPN(4T)e LENGTH(G4T) e USTAR(4T)s W(47,3]1)

AN(30) s DHYD(30)

1 DHDX(30) e DPDX(30)s QPRIM(30) e PERIM(30),

2

2

1

HPERIM(30)

NTYPE (

300

COMMON P (30+31) s H(30e31)e F(30+31)e X(31)

COMMON  WNLN(4T7931) e PHOOILD(30e31)

COMMON  AXTAL(39)
I CCU 4)e AFACT(10410)e NCH(10), AxL(lQ)O GAPXL(10)y GFACT( 9410)
NGAP( Q)s RX(30)

COMMON  NORIT
FXFLOW(G T

X = QUAL (D)
RVNID = 0.
IF(XP.LELO,)

Ds NGRI

Y(39)

XQUAL (30}

DT,

ORI

5)e¢ NGTYPEs GR
LNGICAL FDIVs GRID
REAL KIJe LENGTH,

RETURN

KF o

KKF

OXL(10), IGRID(10).
10e FOIV(4T)
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FOLD(30+31)
IDAREA(30)s IUGAP(47)

IK(47)

DHYDN(30) « DFOX(30)

CO(30.

S)e

UH{30) s ALPIHA(30)s QUAL (30},

HOLD(30.31)
AAC &) FBL 6)

ScaLogeo
SCOL0230
SCQRLO240
SCAL0250
SCOLO0260
SCQLO270
SCALG2430
SCAL0290
SCOL0300
SCQLO310
SCQLO0320
5CQLo33¢0
SCQLO0340
SCOLO3S0
SCALI360
SCQLO370

SCQLO0400
SCQLO4l0
SCQL0420
SCQLO0430
SCOL 0440
SCAL 0450
SCOL 0460
SCQLO4T0
SCQL 0480
SCQL0490
SCOLGS500

BVOD0010
BV0D0020
BV0D0030
8V0N0040
AVODL00S0
BVOD0060
BVOD0OT0
BVOD0080
BVOD0090
BVODO100
AVODN110
BVONO0120
BVODO0130
8V0D0140
BVODO150
BVOD0160
BVODO1 70
BVOD0180
AVOD2190
8V0D0200
BV0OD0210
BV0D0220
BVND0230
BVOD0240
RV0D0250
BVOD0Z60
HVOD0270
RVND02A0
BVOD0290

'B8Vv0DO300



0
90

ALLPHA(T) = 0.
IF(J3.EQ.0) ALPHALL)
IF(J3.EQe1) ALPHA(T)
1F(J3,.EQ.S) ALPHAC(L)
IF(J3.MELH)Y GO TO 90
ALPHA(T)Y = AV(])

XX = QUAL(T)

DO RO K=2sNV

ALPHA (1) = ALPHA(I) AV (K)#XX
XX = xxeQuaL(D)

‘BVOIN = ALPHAC(D)

RETURN
END

«DECKDECOMP

C
C

[eXe]

SIMULTANEOQUS LINEAR ENQUATION SOLVYVER. REF - G,

SURRQUTINE DECOMP (NNs IERROR)

XPOVG/ ( (] 4=XP)EVF ¢ XP#VG)
(0.833+40,1672XP)OXPEVG/((),=~XP}aVFeXPaVG)
XPBYG/ ((l.=XP)OVFeAV(]) eXP2VG)

FORSYTHE AND C.B.

BVODO310
RVOD0320
BVODO3390
AV0ODI340
BVON0NIS0
HVODO0360
8vV0D0O370
RVODO03130
BVOD0390
BV0D0400
8v0D04l0
BVQOD0420
BVOD0430

DCOMIOD1L0
MOLERDCOMO020

COMPUTER SOLUTION OF LINEAR ALGEBRAIC SYSTEMS, PRENTICE-HALL (1967), DCOM0030

COMMON /BULYZ UL(4Ts47)s X(4T)e B(4T)y IPS(4T7)
DIMENSION SCALES(47)
N = NN

INITIALIZE IPSs UL AND SCALES
NOUT = 6
N = N
DO S T = 1y
IPS(I) =
ROWNRM =
N = N
DO 2 J = 1N
IF (ROWNRM=ABS (UL (Ts0))) 14242
ROWNRM = ABS(UL(1+J)) )
CONTINUE
IF (ROWNRM) 39443
SCALES(I) = 1.0/ROWNRM
GO YO0 5
WRITE (NOUT.111)
FORMAT (S4HOMATRIX WITH 7ZERO ROW IN OECOMPOSE.
JERROR = )2
GO TO 100
CONT INUE

N

1
0.0

GAUSSTAN FLIMINATION WITH PARTIAL PIVOTING
NMYl = N-1

DO 17 K = 1lsNM]
BIG = 0.0

NO 11 T = KuN

P = IPS(D)

SIZE = ABS(UL(IP+K))#SCALES(IP)
IF (SIZE-BIG) 11s11410

BI6 = SIZE
I0xPIVv = 1
CONTINUE

IF (BRIG) 13418413

IF (1DXPIV=K) 14415414
J = IPS(K)
IPS(x) = IPS(IDXPIV)
IPS(INXPIV) & J

KP = [PS(K)

PIVOT = ULAKPK)
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DCOMO040
NDCOMOOSO
- DCOMO06O
DCOMOO70
DCOMO030
DCOMOG90
DCOMO100
pDCOMO110
pcoMol120
pCcoMN130
DCOMO140
DCOMO1S0
DCOMO160
pDCOMO1 70
DCOMO180
pCcoM0190
DCOMO0200
pcomMo2lo
DCOM0220
YDCOMO230
OCoM0240
DCOMD250
DCNIMO260
NCOM0270
DCOMOD2R0
DCOMO290
DCOMO300
DCOMO310
DCOMO320
DCOMO330
DCOMO340
DCOMO3S0
pDCOM0360
DCOM0370
DCOMO380
DCOMN 390
DCOMOanO
DCOMO6l0
DCOMOD4 20
DCOMO630
DCOM0640
OCUMDASO



~

KPl = Kol
DO 16 I = KP1eN
| IPS(I)
EM -UL(IP»K)/PIVOT
UL(IPWK) = =FM
IF (M) 20416420
C - IMNER LONP, CHECK EFFICIENCY OF COMPILED CODE.
C 1T MAY BF NECESSARY TO USE DOUBLE PRECISION WHEN COMPUTING THIS
C LOOP TO PREVENT ROUNDOFF ERRORS DUE TO POORLY COND!TIONED MATRICES,

- 20 . D0 21 J = .KPlsN
21 L ULLIPYY) = UL(IPeJ) & EMBULIKPsJ)
16 CONTINUE ‘
‘17 CONTINUE - /

KP = IPS(N)
C IF (UL (KP4N)) 19'180l9
13 PRINT 112
100 PRINT 113 ((UL(KsL)oL= loNN)yK !’NN)
113 FORMAT(T7E14.8) .
112 FORMAT(S4HNSINGULAR MATRIX IN DECOMPOSE. ZERO DIVIDE IN SOLVE,
- TERROR = 12 . ]
19 RETURN
END
#NDECK«SNLVE
SURROUT INFE SOLVE (NN)
COMMON /BULZ UL(4T44T7)s X(4T7)y B(67)e IPS(4T)
N = NM :
NP1 = Ne])

1P = IPS(1)
X(1) = 8(19)
D0 2 1 = 24M
12 = IPS(I)
™Ml = I-1
SUM = 0,0 .
C DOUBLE PRECISION MAY BE REQUIRED FOR INNER LOOP.
DO 1 J = leIMl
1 SUM = SUM + UL(IP,J)*X(J)
2 X(I) = B(IP) - SUM

c
IP = IPS(NY
XUNY = XAN)7UL (IPeN)
00 & THACK = 24N
I = nPl-]RACK
C 1 GOES (M'l)!to"l
[» = IPS¢D)
IP1 = s}
Sus = 0,0

C . POUSLE PRECISION MAY BE REQUIRED FOR INNER LOOP,
PO 3 J = [P}WN

3 SUM = SUM ¢ UL{TOWJ)®X(J)
4 X{1) = (X([)=SUM)ZUL (1P 1)
RETURN
END

*NDFCK e CURVE

SURROUTINE CURVE (FX'X'F'VON'JO!SAVE’
DIMENSION F(4T7)e Y(4&T7)

c ' )
C FYX = QUANTITY TO RE FOUND
C X = INDEPENDENT VARIABLE
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OCOMO46Y
DCOMO4L70
DCOMO4AD
DCOMD490

" DCOMOSNO

DCOMOS10
DCOMOS20
DCOM0S30
DCOMNOS40
DCOMOSS0
DCOM0O560
DCOMOS70
DCOMOSAR0
DCOMO590
DCOMI600
DCOMOS610
DCOMO0A20
DCOMO630
YyDCOM0640
DCOMO6S0
DCOMO660
DCOMO670

SoLvVNo10
SOLV0020
SOLvV0030
SM.v0040
SOLV0050
SOLV.0060
SOLV0070
SOLV0030
SOLV0090
soLvoloo
SOLVO110
soLvol20
SOLVO130
SOLVO1l40
SOLVvV0150
SOLVO0160
soLvol70
soLvolao
SoLvol90
SOLvo200
soLvo2lo
SOLvV0220
SoLvo0230
SOLV0240
SoLv02S0
SoLvoeeso
sSoLvo270
soLvoeso
SOLV0290
SOLVO0300

‘CURY0010
CURV0020
CURV0030 -
CURV0040
CURV0050



- INPUT ARRAY FOR THE OROINATE (MONOTONIC WITH Y) CURV0060

c F
c Y - INPUT ARRAY FOR THE ARCISSA (MONOTONIC INCREASE) CURVO0070
C N - NUMHER OF F(I) OR Y(I) VALUES . CURVOO0R0D
C J - ERIROR SIGHAL. J=10 CURV0DNSO
C ] o CURVO1 00
1 FOIMAT (494 TABULAK LDOKUP FAILED IN SUBROUTINE CURVEs FX = El12.6s CURVOL110
1 6K X = F12.6 7/ (10F12.4)) CURV0120
IF(ISAVF.LT.1 .OR, ISAVE.GT.2) GO TO 70 CURVO130
GO TO (10450) s 1SAVE CURVO0140
10 DO 20 I=1.N ) CURV0150
IF(X=Y(I)) 30515+20 CURVO0O160
15 IF({1.FQ.N) GO TO 40 CURVO170
20 CONTINUE . CURVO0180
G0 T0 &0 ) CURVO0190
30 IF(J1.FQ.1) GO TO 60 CURV0200
40 B = (X=Y(I-D))/(Y (D) =Y(I=1)) , CURV0210
S0 FX = F(I-1) + Q=(F(I)=F(I~1)) CURV0220
RF TURN CURV0230
60 PRINT 1o FXoeXe(F(I)eY(I)el=1eN) CURV0240
70 J = 10 CURV0250
RETURN CURV0260
END CURV0270
#NECK & TOD ) ‘
SUBRROUTINE TOD(A) TOD0OO10
DIMENSION TIME(2)s A(2) T0000020
DATA TIME / 6H o 6H / YOD00030
A1) = TIME(]) TOD0O 04O
AL2) = TIME(2) TOD0OOONSO
WETURN TODO00GO
enp TOD09079
BNECK $DOY
SURROUTINE DOY (A) 00Y00010
DIMENSION DATE(2)y A(2) DOY00020
DATA DATE / 6H s 6H / pDOY00030
A(1) = DATF (1) DOY00040
A(2) = DATE(2) : DOY00050
RETURN DOY00060
END DOY00070
BNECKELAP
SUBROUTINE ELAP (MTIME) ELAPNOLO
MTIME = 0 © ELAP0020
KRETURN : ELAPOO030
END ELAP0Q40O

249



SaMPLE [NPUT CORRA TIT C

BEGLUNBLIVOBBBDBLEIRDODRD

2000 : : :
] L CY-RUN TIT 7-(89), UPPER QUADRANT
1 30 . )
AGN 49,3 0.0202R 0.7203 479.8 1203,3 0.261
630.500.0 - 0.02063 0.,6751 487.7 1202.5 0,256
720.506.4 0,0205R N.63A6 495,13 1201.5 0.253
760.512:5. . 0.02073 0.6011 502.6. 1200.4 0.250
R0N.51R8:4 0,02087 0.5631 509.7 1199.3 0.247
3“0052500 0102101 B 005“00 516:6 .‘19800 '002““
B8N .529.5 0.02116 0.5134 523.3 1196.7 0.2640
920,534.7 0.,02130 0.,4890 529.8 1195.4 0.23R
36N0,539,9 0.,02145 0.46KA 536.2 1193.9 0,235
1N00.S46.8 . 0,02159 0.46%9 S62.4 1192.4 0.233
1050.550.7 0.,02177 0.,42722 -550.0 1190.4 0.230
1100,556.5 0.02195 0.4005 557 ¢4 1188.3 0.227
1150.562,0 0.072146 “0.3804 5h6 .6 1186.2 0.226
1200.567.4 n.02232 0,3623 S71.7 ~1183.9 - Q.22?
1250.572.6 0.07250 0.3454 578.6 1181.6 0,220
130n0.577.6 0,07769 0,3297 S5A85.4 1179,.2 0.218
1350.582.5 0,02288 0,3152 592,.1 1176,7 0.216
1400,587.3 0.02307 0.3016 598.6 1174,1 0,218
1450,.591,.9 0,02326 0,2RAR 60S,1 1171,.6 0,213
1500.596.4 0.02346 0.2769 611.5 1168.,7 0,211
1850.500.R 0.02366 0,2657 617.8 1165.9 0,210
1600.605.1 0.,02386 - 0.2552 626,0 1162.9 0.207 )
1650.609.2 0.02407 042452 630.2 11599.9 00205
1700.613.3 N.02428 0,235R8 636,2 1156,.9 0,203
1750.617.3  0,02450 0.226R 64243 1153.7 0,201
1850.621.2 . 0.02494 0.2102 654,2 1147.0 0,200
1900.628.8 0.02517 0.2025 660,1 1143.5 0,197
1956.632,.4 0.072541 0,1952 66640 . 1160,0 0,194
2000.635.0 0,02565 0.188]1 671.9  1136,3 0,192
2050.,639,5 0.02590 N.1814 677.7 1132.5 0.190
l 1 0 0 1 . :
+ 186 -2 '
3 39

N,  0..,0054

0..0055.3630.0333.6&60.06!1.81@0.0%60.9550\

G11691.062,14471,024,17261,149,20041.192.22831.218.25621.233
S28401.237,31191,138,33971.256,16761,271,39551.2R1.42331,281-

ca5121.270,47911.157.50691.268.53681.270,56261 426659051254

CE1A31.229,A6621.123.67411.199,70191.182,72981.152,75761.105
«7RG51.071,9133,9000,8412,8620,8691.7280.8969.5480.9248,3710°
-~ 4O5R4.1750,95270,0001.0000.000 :

“ 30

30

1.17711.3261,326
2-]5“2‘9“2‘.69“3
3,15421,621,9943
“olqu?l¢“2l0°°“3
SIH.37322.8270.5

73R,37322,.8270.5
B83R,37314,4270,5
938,37304,9270,5
1019,1°2193,01235,.2
1138,37322.8270,.5

1
l
1
1
1
1 £19,172157,2133.2
1
1
]
1
1

2 «l4]
4 olal
4,030
12.2218
62.136

1010059

82,134
92.136

102,134

151.06R
172.136

3 L1601
12.0805
12.2215

92,136

122.136

132,136
142,136

162.136

250

12 282

RUN 026

0,3521
0,.3494
0,3453
04,3434
0.3405
0.3377
0.3350
0.3325
0.3299
0.,3273
0,3242

- 0,3209
0.3177

0.3145
0.3113

. 0.3080

0,3047

0,3015:

0.2982
0.2947
0.2913
0.2878
0.2865

- 0.2811

0,2776
0,2742

- 042673

0.2639
0.2604

10,2570

0.00122
0,00117
0,00113
0,00108

0.00102
.0.00098

0,00096
0.0009%
0.00087
0.00083
0.00080
0.00075
0.,00071
0.,00068
0.00064
0.00061
0.00058
0.00056
0,00054
0.00052
0,00050
0.00048

0,00045
0.,00043

0.00061
0.00040
0,00037
0,00035
0.00033

0,00031



P

et Gt Pt bt Pt Bt s s s ot ot b st (ot penk Gt Pt bt ot

1237.73300,3267.5
133R,37305,9270,.5
1819.18153,0135.2
1612,121%3.0135.2
1723,37305,9270,5
1838,237305,9270.5
19238,3730%.9270.5
2019,17°153.0135.2
2233,37305,9270,5
2338,3730%,9270,5
P419,1R153,013%5,2
2519 ,1R1S3,0135,.°2
2633,37305.9270,5
2719.1K153,013%8,2
2819,18153,0135,2
29219,18153.0136,.2
306,79A38.2433,81
B 4 2 7 ‘3
«0050 1.1590
+995 1
14,011
26,011
34,011
44,011
54.011
64,01}
764,011
. B4,011
106,011
114,011
124,011
134,011
144,011
154,011
164,011
1744011
184.011
194.011
.204.011
2144011
22644011
234,011
2444011
254,011
264,011
274,011
284,011
294,011
304,011
1,97582
2.9782
3,97“?
69712
S.9787
64,9782
7,9782

132.136
142,136

152.136

201,068

1724174

182.136
162.136
202.136

©261.06R

222.136
232.136
242.136
2624136
272.136
291.068
292,136

301,068

1

2 +325 3

- 1724136
182,136
192,136

212.136
222.136
232.136

252,136
262.136

282,136

"3 .,658
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8.9782
9.9732 .
10,9782
11.9782
12,9782
13.9782
14.9782
15.9782

16,9782

17.9782
18.9782

' 19.9782

20.9782
21.9782
22.9782
23.9782
24,9782
25.9782

'26.9732

27.9782
28.9782

29,9782

30.9782
11.565
21.56%
31:565

C 41.565

51.565
61,565
71.545
81,5565
91.565
101.565
111.565
121,565
131.565
141,565
151,565
161,565
171.565
131.565
191.565
201.56%
211.565
221,565
231.555
261,565
2951.5A5
251.5h5
271.56%
231.565
291565
301.5AS

33 33
0“??1.366
$6P21.616

o“??l;(‘go
WORPl 4072

T & DN =D

e8221,665

S 2

‘1.2772

1.2772
1.2772
1.,1492
2.27172

.

2
12.7700
2.2557
3.2%67
2.1331
4.2772

12.5133
12.5133

3.1381
12.5133
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1

I a5

«4221.457 3,2772 12.7700

4221 ,424 44,2772 12.7700

022,5931 -5209.4

01‘92-7“00 610"-7

L2247 3R6 7209 ,4

221,012 R209,.4

«4221,201 9209,.4

v4P2.8788 10104,7

0622,789% 11209.4

24221.239 12205,.6

42249367 13209,.4

Seb221.016, 14209,4

4221.023 15104,.7

4221,062 16104.7 -

2214178 .17209,.4

«4221.158 18209,4

62214157 19209,.464

eh 22,9281 20106,7

o“?’.o()‘QQI 21]0607 .

«422,9730 22209,4

«4P22.9850. 23209.4

«4221,0K8 24106,7

42210103 25104,7

42214117 26209,4

WBP2eHGLT 27106,7

P 422.9258 28104,7

«4221,026 °9104.7

-“2?."‘02() 3026.18

0790AAD.1,3R83511,50 ,1P4094 4501651000,

07866A041.3480 7.58.0R806410.2,02401000.
1 0 [

012667 0. 21 0 0. 30 ,010
2 0. 0

-0.1
1 0 .

972. 522.3 ,2'17033“ « 1694937
3 0 0 3
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Sample Output for COBRA III C

Since there has been no chansre made in the output
of the oripinal version of CORBRA IIT C, no samnle output
i1s given 1in this work. TWor further details, the reader

is referred to Ref. 13.
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APPENDIX C

~ COBRA III C CONNECTICUT YANKEE VERSION

C.1 Summary of the Changes Made in COBRA III C
The original version of COBRA III C, as it has been
(13) |

set up was too small to accommodate the Connecticut
Yankee -case. The extended version can treat a bigger
problem size in terms of channels nuﬁber, fuel rods num-
ber. However the number of possible axiel nodes has been
reduced to make the space required to run the code smaller.
This has been proved‘not to be an undesirable change,

since the sensitivity analysis developed on the axial node
length showed that axial node of less than_6 in. did not
improve ﬁhe accuracy of results but only increased the
computing time (see Table 5). | |

A comparison of the original version and the

Connecticut Yankee version of COBRA III C 1is given below.

COBRA III C versilon ' Original Connect. Yankee
'Flow channels number | 15 30
Flow channels connections number 30 | 47
Fuel rods number 15 35
Fuel types number 2 3

Axlal nodes number - 60 ’ 30



Axlal heat flux nodes number ' 30 39
~ (inputs)

Important Remark: In the designatibn of the different

parameters above, it 1s very important to recognize that:

- flow channel can be taken either.as'a flow subéhannel
or as d fuel assembly in which all or part of the
constituting subchannels are lumped together as one
flow channel,

- flow channel connection can be made by two inter-
connected schhaﬁnels;lor by two interconnected fuel.
assemblies each of them represented by‘a flow channel
or by a subchannel interconnectedeith a fuel assembly
represented by a flow channel,

- fuel rod can be taken as a physical fuel rod as it
exlsts, or as an hypothetical fuel rod representing
lumped fuel rods when a fuel assembly (or part of it)
is represented as a flow channel.

C.2 Procedure to Vary the Size of the Code

The remaining part of this section lists the changes
made and tells a future user how to handle a change in
the code as a function of the main code parameters.

The 1ogicvof the code has not beenvchanged, énly

the size of some of the arrays has been altered.
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The changes made are explained for each case:

- the cards are listed in the order they appear in
the code (main program and then the subfoutines or
fuhctions),

~ 1n each section of the code the cards are listed
with their number,

-~ for each card‘only the altered arrays are mentioned,
with the new dimension used and the indication of the
relation between this dimension and the code parameters
(noted from 1 to 7).

Key for the following pages:

SUBROUTINE SCHEME Name of the section of the code
Card No Array Name 1112131415 161|7
0180 | RHO(30,-), VPA(30) x| | | [
RHO(~-,31) X

In the subroutine SCHEME, the card number 0180 has
been modified as the follbwing:
- the array VPA is now dimensioned to 30 because it is
related to the flow channel number (noted 1), and so
 dpes the array RHO for its first dimension,
- the second dimensiaon of.the array RHO is now 31

because 1t 1s related to the number of axial nodes

(noted 5),
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4

means the dimension depends
number,

ﬁeans the dimension depends
connectioné number,

means the dimension depends

means the dimension depends

means thé dimension depends
number,

means the dimension depends

nodes number,

on

on

on

on

on

on

the

the

the

the

the

the

flow channels

flow channels

fuel rods number,
fuel types number,

axial nodes

axlal heat flux

‘means the dimension depends on the biggest parameter

considered in the computation and indication is

given on which parameter the dimension has been

sized.

When an important part of the changes are identical

to some made earlier in the code, reference is made to

that part of the code to get the corresponding modifica-

tions.

The number of the first and the last card defining

a fraction of the code for which the changes have already

been done, are inclusive.
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MAIN PROGRAM

Card No. Array Name
3110 FSPLIT(30)
3160 V(30), VP(30), VISC(30), VISCH(30)
HFTLM(30), CON(30)
3170 CP(30), FSP(30), FMULT(30), U(30)
UH(30), ALPHA(30), QUAL(30)
3180 RHO(30,-), VPA(30), T(30),
HINLET(30), FINLET(30)
RHO(-,31)
3190 COND(47), WP(47), GAP(LT), IK(A4T)
FACTOR(47) |
3200 JK(4T), GAPN(A4T), LENGTH(LT)
USTAR(HT), W(4T7,-)
W(-,31)
3210 A(30), AN(30), DHYD(30), DHYDN(30)
DFDX(30)
3220 DHDX(30), DPDX(30), QPRIM(30)
PERIM(30) |
3230 HPERIM(30), NTYPE(30)
3240 P(30,-), H(30,~), F(30,-)

P(“,Bl), H("’31), F(",31)
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MAIN PROGRAM

Card No.

Array Name

3250

3250

3260

3290
3300
- 3400

3410

3420
3430
3441
3470
3472

3473

WOLD(47,-)

WOLD(~-,31), RHOOLD(-,31)
FOLD(-,31), HOLD(-,31)
RHOOLD(30,-), FOLD(30,-)
HOLD(30,-) |
AXIAL(39), Y(39)

IDAREA(30)

IDGAP(47)

CD(30,-)

FXFLOW(47,-), FDIV(A4T)
LC(30,-), GAPS(30,-), AC(30),
PW(30)

PH(30), DC(30), DIST(30,-)
DR(35)

PRINTC(30)

PRINTR(35)

TINLET(30)

NWRAPS(30)

KFUEL(3), KCLAD(3), RFUEL(3)
RCLAD(3)

 CFUEL(3), CCLAD(3), TCLAD(3)
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MAIN PROGRAM

Card No.

Array Name

| 3474

3475

3476
3480
3490

3491

5400
5420
5440

FLUX(35,-), TROD(-,35,-)
LR(35,-)

FLUX(-,31), TROD(-,-,31)
HGAP(3) |
PWRF(-,35), PHI(35,-),
RADIAL(35), D(35) |
PWRF(30,-)

DFUEL(3)

IDFUEL(35)
XCROSS(M?,-),\DUR(M7),
NWRAP(47)

SP(47,-)

SP(-,31)

CHFR(35,-), CCHANL(35,-)
CHFR(-,31), ECHANL(-,31),
MCHFR(31), MCHFRC(31),
MCHFRR( 31)

MC = 30

MX = 31

MR = 35
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SUBROUTINE

SCHEME

Card No.

Array Name

0110
0160

0170

0180

- 0190

0200

0210
0220

0230

vFSPLIT(30)

V(30), VP(30), VISC(30),
VISCW(30),.HFILM(30),
CON(30)

CP(30), FSP(30), FMULT(30),
U(30), UH(30), ALPHA(30),
QUAL(30)

| RHO(30,-), VPA(30), T(30)

HINLET(30), FINLET(30)
RHO(-,31)

COND(LT), WP(4T7), GAP(U4T)
FACTOR(47), IK(47)

JK(47), GAPN(47), LENGTH(4T)
USTAR(AT), W(AT,-)

W(-,31)

A(30), AN(30), DHYD(30),
DHYDN(30), DFDX(30)
DHbX(30), DPDX(30), QPRIM(30)
PERIM(30)

HPERIM(30), NTYPE(30)
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SUBROUTINE SCHEME

Card No. ‘Arfay Name 1
0240 | P(30,-), H(30,-), F(30,-) x
| P(-,31), H(-,31), F(-,31)
0250 | WOLD(47,-) |

WOLD(-,31), RHOOLD(-,31)
FOLD(-,31), HOLD(-,31)

RHOOLD(30,-), FOLD(30,-)

HOLD(30,-)
10260 AXIAL(39), Y(39)
| IDAREA(30)
IDGAP(4T)
- 0290 CD(30,-)
10300 FXFLOW(UT,-), FDIV(AT)
0340 KFUEL(3), KCLAD(3), RFUEL(3)
| RcLAD(3)
0350 CFUEL(3), CCLAD(3), TCLAD(3)

0360 FLUX(35,-), TROD(-,35,-), LR(35,-)
FLUX(-,31), TROD(-,-,31) ‘
HGAP(3)

0370 PWRF(-,35), PHI(35,-), RADIAL(35)
D(35)

PWRF(30,-)
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SUBROUTINE SCHEME
Card No. Array Name 213 5
0380 | DFUEL(3) B
IDFUEL(35) X
0390 WSAVE(L47) X
0400 SP(47,-) X
SP(-,31) X
SUBROUTINE HEAT
Card No. Array Name 213|4]5
0110 FSPLIT(30) REE
0160 V(30), VP(30), VISC(30),
VISCW(30), HFILM(30), CON(30)
0170 CP(30), FSP(30), FMULT(30),
U(30), UH(30), ALPHA(30),
QUAL(30)
0180 RHO(30,-), VPA(30), T(30)
HINLET(30), FINLET(30)
RHO(-,31) X
0190 COND(L7), WP(UT), GAP(LT), X
| IK(47) X
0190 FACTOR(47) x
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SUBROUTINE HEAT

Card No. Array HName

=
Ui

0200 JK(4T), GAPN(47), LENGTH(47)
USTAR(47), W(47,-)

W(-,31)

0210 A(30), AN(30), DHYD(30),
DHYDN(30), DFDX(30)

0220 DHDX(30), DPDX(30), QPRIM(30)
PERIM(30) | |

0230 HPERIM(30), NTYPE(30)

0240 P(30,-), H(30,-), F(30,-)
P(-,31), H(-,31), F(-,31)

0250 WOLD( 47,-) |

WOLD(-,31), RHOOLD(-,31)
FOLD(-,31), HOLD(-,31)

RHOOLD(30,-), FOLD(30,-)

HOLD(30,-)

0260 AXIAL(39), Y(39)
IDAREA(30)
IDGAP(47)

0290 CD(30,-)

0300 FXFLOW(47), FDIV(L4T)
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SUBROUTINE HEAT
Card No. Array Name v 2134
0350 KFUEL(3), KCLAD(3), RFUEL(3) '
RCLAD( 3) -
0360 CFUEL(3), CCLAD(3), TCLAD(3) x
10370 FLUX(35,-), TROD(-,35,-), X
LR(35,-) X
FLUX(-,31), TROD(-,-,31)
HGAP(3) X
0380 PWRF(-,35), PHI(35,-), X |
RADIAL(35), D(35) X
PWRF(30,-)
0390 DFUEL(3) X
IDFUEL(35) X
SUBROUTINE TEMP
Card No. Array Name 2l 31 4
0130 KFUEL(3), KCLAD(3), RFUEL(3) —-__j;
RCLAD(3) X
0140 CFUEL(3), CCLAD(3), TCLAD(3) '
0150 FLUX(35,-), TROD(-,35,-), LR(35,-) X
FLUX(-,31), TROD(-,-,31)
HGAP(3) X
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SUBROUTINE TEMP
CarvaO. “Array Name 1]2
0160 PWRF(-,35), PHI(35,-), RADIAL(35) | |
| D(35) |
PWRF (30,-) X
0170 DFUEL(3)
IDFUEL(35)
SUBROUTINE HCOOL
Card No. | Array Name _l__2_
0090 FSPLIT(30) X
0140 V(30), VP(30), VISC(30), X
VISCW(30), HFILM(30), CON(30) X
0150 CP(30), FSP(30), FMULT(30), X
U(30), UH(30), ALPHA(30), x|
QUAL(30) . x
0160 RHO(30,-), VPA(30), T(30) X
HINLET(30), FINLET(30) x
RHO(~-,31)
0170 COND(47), WP(47), GAP(4T) X
FACTOR(47), IK(4T) X
0180 JK(47), GAPN(L4T), LENGTH(4T) X
USTAR(4T), W(UT,=) X
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SUBROUTINE HCOOL

Card No. Array Name 1 5

0180 W(-,31) - X

0190 A(30), AN(30), DHYD(30), X
DHYDN(30), DFDX(30) X

0200 DHDX(BO), DPDX(30), QPRIM(30) X
PERIM(30) X

0210 HPERIM(30), NTYPE(30) X

0220 P(30,-), H(30,-), F(30,-) X
P(-,31), H(-,31), F(-,31) X

0230 WOLD(47,-)
WCOLD(~-,31), RHOOLD(~,31) X
FOLD(-,31), HOLD(-,31) X

0230 RHOOLD(30,~), FOLD(30,-) x
HOLD(30,-) X

p2u0 AXIAL(39), Y(39)
IDAREA(30) X
IDGAP(47)

0270 cD(30,-) X

0280 FXFLOW(47,-), FDIV(4T)

0350 KFUEL(3), KCLAD(3), RFUEL(3)
RCLAD(3)

268




SUBROUTINE HCOOL
Card No. Array Name 1(21]3 5

0360 CFUEL(3), CCLAD(3), TCLAD(3) B

0370 | FLUX(35,-), TROD(-,35,-), LR(35) x
FLUX(-,31), TROD(-,-,31) x
HGAP(3)

0380 PWRF(~,35), PHI(35,-), RADIAL(35) X
D(35) X
PWRF(30,-) x

0390 DFUEL( 3)

IDFUEL(35) X
SUBROUTINE CHF
Card No. Array Name 11213 5

0110 FSPLIT(30) | < [

0160 V(30), VP(30), VISC(30), X
VISCW(30) X

0160 HFILM(30), CON(30) | x

0170 CP(30), FSP(30), FMULT(30), U(30) |x
UH(30), ALPHA(30), QUAL(30) X

0180 RHO(30,-), VPA(30), T(30), X
HINLET(30), FINLET(30) X
RHO(-,31) x

269




SUBROUTINE CHF

Card No. Array Name

0190 COND(47), WP(L4T), GAP(4T)
FACTOR(47), IK(H47)

0200 JK(47), GAPN(47), LENGTH(L47)
USTAR(47), W(47,-)

W(-,31)

0210 A(30), AN(30), DHYD(30), DHYDN(30)
DFDX (30) |

0220 DEDX(30), DPDX(30), QPRIM(30)
PERIM(30)

0230 HPERIM(30), NTYPE(30)

0240 P(30,-), H(30,-), F(30,-)

pP(-,31), H(-,31), F(-,31)
0250 WOLD(47,-)

WOLD(-,31), RHOOLD(-,31)
FOLD(-,31), HOLD(-,31)

RHOOLD(30,-), FOLD(30,-)

HOLD(30,~)

0260 AXTAL(39), Y(39)
IDAREA(30)
IDGAP(47)

0290 CD(30,-)
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SUBROUTINE

CHF

Card No. Array Name

0300 FXFLOW(47,-), FDIV(47)

0330 JBOIL(30)

0340 KFUEL(3), KCLAD(3), RFUEL(3)
RCLAD(3)

0350 CFUEL(3), CCLAD(3), TCLAD(3)

0360 FLUX(35,-), TROD(-,35,-), LR(35,-)
FLUX(~,31), TROD(-,-,31)

HGAP(3)

0370 PWRF(-,35), PHI(35,-), RADIAL(35)
D(35)

PWRF(30,-)

0380 DFUEL(3)
IDFUEL(35)

0390 CHFR(35,-), CCHANL(35,-)
MCHFR(31), MCHFRC(31), CHFR(-,31)
CCHANL(-, 31)

0400 MCHFRR(31)
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FUNCTION CHF1 AND CHFZ2

Card No. Array Name

0014 FSPLIT(30)

0019 V(30), VP(30), VISC(30),
VISCW(30), HFILM(30), CON(30)

0020 CP(30), FSP(30), FMULT(30),
U(30), UH(30), ALPHA(30),
QUAL(30)

0021 RHO(30,-), VPA(30), T(30)
HINLET(30), FINLET(30)
RHO(-,31)

0022 COND(47), WP(U47), GAP(LT)
FACTOR(U47), IK(47)

0023 JK(U47), GAPN(A4T7), LENGTH(A47)
USTAR(47), W(u7,-)

W(-,31)

0024 A(30), AN(30), DHYD(30),
DHYDN(30), DFDX(30)

0025 DHDX(30), DPDX(30), QPRIM(30)
PERIM(30)

0026 HPERIM(30), NTYPE(30)
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FUNCTION CHF1 AND CHF2

Card No. Array Name 1
0027 P(30,-), H(30,-), F(30,-) x
P(-,31), H(-,31), F(-,31)
0028 WOLD(47,-)
WOLD(-,31), RHOOLD(-,31)
FOLD(-,31), HOLD(~-,31)
0028 RHOOLD(30,-), FOLD(30,-) X
HOLD(30,~) x
0029 AXIAL(39), Y(39)
IDAREA(30) X
IDGAP(47)
0032 CD(30,-) X
0036 JBOIL(30) X
0037 KFUEL(3), KCLAD(3), RFUEL(3)
RCLAD(3) -
0038 CFUEL(3), CCLAD(3), TCLAD(3)
0039 FLUX(35,-), TROD(-,35,-),

LR(35,-)
FLUX(-,31), TROD(-,-,31)
HGAP(3)
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FUNCTION CHF1 AND CHF2

Card No. Array Name 7
00lo PWRF(-,35), PHI(35,-), B
RADIAL(35), D(35)
PWRF(30,-)
ool DFUEL(3)
IDFUEL(35)
SUBROUTINE DIFFER
Card No. Array Name 7
0070 FSPLIT(30)
0120 V(30), VP(30), VISC(30),
VISCW(30)
0120 HFILM(30), CON(30)
0130 CP(30), FSP(30), FMULT(30), U(30)
UH(30), ALPHA(30), QUAL(30)
0140 RHO(30,-), VPA(30), T(30)
HINLET(30), FINLET(30)
'RHO(-,31)
0150 COND(47), WP(47), GAP(A47)
FACTOR(47), IK(47)
0160 JK(U47), GAPN(47), LENGTH(4T)
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SUBROUTINE DIFFER
Card No. Array Name 1(213 617
0160 USTAR(U47), W(U7,-) —-;-—- R
W(-,31)
0170 A(30), AN(30), DHYD(30), X
DHYDN(30), DFDX(30) X
0180 DHDX(30), DPDX(30), QPRIM(3N) X
PERIM(30) X
0190 HPERIM(30), NTYPE(30) X
0200 P(30,-), H(30,-), F(30,-) X
P(-,31), H(-,31), F(-,31)
0210 WOLD(47,-) X
WOLD(;,31), RHOOLD (-, 31)
FOLD(-,31), HOLD(-,31)
RHOOLD(30,-), FOLD(30,-) X
HOLD(30,-) X
SUBROUTINE DIFFER
Card No. Array Name 11213 617
0220 AXIAL(39), Y(39) NEE x|

IDAREA(30)

IDGAP(47)
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SUBROUTINE DIFFER
Card No. Array Name 415
0250 CD(30,-) NN
0260 FXFLOW(47,-), FDIV(4T)
0290 DPK(30)
SUBROUTINE DIVERT
Card No. Array Name 4is
0070 e
0120 Same changes as in Subroutine
DIFFER, corresponding to the same
0250 cards numbers.
0260
0290 AAA(HT,L47), ANSWER(ULT), B(LT)
IPS(4T)
0300 SP(47,-)
SP(-,31)
0310 DPK(30)
0320 USAVE(47)
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SUBROUTINE

PROP

Card No. Array Name 31415
0070 T
0120 Same changes as 1in Subroutine

DIFFER; corresponding to the same
0250 cards numbers.
0260
0285 JBOIL(30)
SUBROUTINE VOID

Card No. Array Name 3| 4] 5
0050 FSPLIT(30) BEE
0100 V(30), VP(30), VISC(30),

VISCW(30), HFILM(30), CON(30)
0110 CP(30), FSP(30), FMULT(30), U(30)

UH(30), ALPHA(30), QUAL(30)
0120 RHO(30,-), VPA(30), T(30)

HINLET(30), FINLET(30)

RHO(-,31) X
0130 COND(47), WP(47), GAP(A4T)

FACTOR(A47), IK(4T)
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SUBROUTINE

VOID

Card No. Array Mame

0140 JK(47), GAPN(U4T7), LENGTH(LT)
USTAR(47), W(47,=)
W(-,31)

0150 A(30), AN(30), DHYD(30),
DHYDN(30)

0150 DFDX(30)

0160 DHDX(30), DPDX(30), QPRIM(30)
PERIM(30)

0170 HPERIM(30), NTYPE(30)

0180 P(30,-), H(30,-), F(30,-)
P(-,31), H(-,31), F(-,3D)

0190 WOLD(47,-)
WOLD(-,31), RHOOLD(-,31)
FOLD(-,31), HOLD(-,31)
RHOOLD(30,-), FOLD(30,-)
HOLD(30,-)

0200 AXIAL(39), Y(39)
IDAREA(30)
IDGAP(47)
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SUBROUTINE VOID
Card No. Array Name 1]2| 3| 4 6 |7
0230 CD(30,-) :;_.—- e
0240 FXFLOW(47,-), FDIV(4T) X
0270 PHI(30) X
SUBROUTINE MIX
Card No. Array Name 112 3] &4 617
0070 Same changes as in Subroutine BEREEEE
DIFFER, corresponding to the same
0260 cards numbers ¢
SUBROUTINE AREA
Card No. Array Name 1 3l 4151617
0070 BEREE
0120 Same changes as in Subroutine
DIFFER, corresponding to the same
0250 cards numbers. |
0260 1
0280 XCROSS(47,-), DUR(47), NWRAP(47) X




SUBROUTINE FORCE

Card No. Array Name 11 2] 3] 4] 5167
0070
0120 Same changes as 1n Subroutine
DIFFER, corresponding to the same
0250 cards number,
0260 ___L_
0290 XCROSS(47,-), DUR(47), NWRAP(LT) X
FUNCTION CIJ
Card No. Array Name 12| 3]4]5]6]7
0070
0120 Same changes as in Subroutine
DIFFER, corresponding to the same
0250 cards numbers.
0260 __L__
SUBROUTINE SPLIT
Card No. Array Name 1l 2] 3{4]5(6|7

0070 I
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SUBROUTINE SPLIT
Card No. Array Name 1 3] 4 5]6 |7
0120 Same changes as in Subroutine BEEEEEE
DIFFER, corresponding to the same
0250 cards numbers.
0260 1
0290 DPK(30) X
FUNCTION S
Card No. Array Name 1 3t 4 sl 617
0070 BHERREEE
0120 Same changes as in Subroutine
DIFFER, corresponding to the same
0250 cards numbers,
0260 i
FUNCTION SCQUAL
Card No. Array. Name 1 Yy 5 617
0070 B 1T
0120 Same changes as in Subroutine
DIFFER, corresponding to the same
0250 cards numbers.
0260 l
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FUNCTION BVOID

Card No. Array Name

0060 FSPLIT(30)

0110 V(30), VP(30), VISC(30),
VISCW(30), HFILM(30), CON(30)

0120 CP(30), FSP(30), FMULT(30), U(30)
UH(30), ALPHA(30), QUAL(30)

0130 RHO(30,-), VPA(30), T(30)
HINLET(30), FINLET(30)
RHO(-,31)

0140 COND(L7), WP(L47), GAP(4T)
FACTOR(47), IK(L47)

0150 JK(47), GAPN(U4T7), LENGTH(LT)
USTAR(47), w(lu7,-)
W(-,31)

0160 A(30), AN(30), DHYD(30),
DHYDN(30), DFDX(30)

0170 DHDX(30), DPDX(30), NPRIM(30)
PERIM(30)

0180 HPERIM(30), NTYPE(30)

0190 P(30,-), H(30,-), F(30,-)

P(",31)a H('3l), F(_s3l)
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FUNCTION BVOID

283

Card No. Array !ame 1 21 3] 4)5(6(7
0200 WOLD(47,-) -_-;____-_-_—
WOLD(-,31), RHOOLD(-,31) X
FOLD(-,31), HOLD(-,31) X
0200 RHOOLD(30,-), FOLD(30,-) X
HOLD(BO,—) X
0210 AXTIAL(39), Y(39) X
IDAREA(30) X
IDGAP(U47) X
0240 CD(30,-) X
0250 FXFLOW(47,-), FDIV(47) X
SUBROUTINE DECOMP
Card No. Array Name 1] 2| 31 4151617
0040 UL(4T7,47), XC47), B(4T7), IPS(LT) —_; ————x—
0050 SCALES(47) X X
SUBROUTINE SOLVE
| Card No. Array Name _1_2_3—_14-_5_3 l
0020 UL(UT7,47), X(47), B(4T), IPS(UT) X X




SUBROUTINE CURVE

Card No. Array !ame [1]213]4]5]6}7
0020 F(U7), Y(UT)
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APPENDTX D

‘NOMENCLATURE
Letters - ' . Explanation
Cp ’ Heat capacity of the coolant
D .. Hydraulic diameter
EF‘F1 j Effective flow factor for the assemblv'
3 . ’
of coordinates 1,]
f : friction factor
fa geometric faétpr
fp fraction of power
FgH Enthalpy rise engineerine subfactor
FNH Enthalpy rise nuclear subfactor
Fsgat Enthalpy rise statistical subfactor
Frp Low plenum factor
FM Mixing factor
FE Heat flux engineerine sybfactor
Fg Heat flux nuclear subfactor
FR Flow redistribution factor
Fz ' Axial factor
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Letters Explanation

h | enthalpy
An E enthalny difference- )
k ‘ normalization factor (Eq. 2.6)
ke normalization factor (Ec. 2.10)
m B - kmass flow
Noog number of rods
oi,j normal;zed bower of the aSSembiy of
coordinates 1,]
% 3 energy penerated by the assembly of
coordinates 1,]
'(o/A)i _ Heat flux for iﬁcipient boiling
Re , -Reynolds number
S Gap spacing between rods
S/L Parameter defining the controlkvolume
t temperature
At témperature difference
T ‘ Wall temperature1
Tsat.' | Saturation temperéture

Greek Letters
o Fraction of bower generafed within the fuel

B | Turbulent mixing factor
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vSubscripts
1,3

in

ou

r

Standard deviation

Relati?e stahdard_deviation

Coordinates of the assémbly
Inlet
Outlet or exit

relative
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APPENDIX E

DERTVATTON OF EQUATIONS CHAPTER 2

E.1 Derivation of Fa. 2.7, 2.8, 2.9 in Chanter 2

Starting with Ea. 2.5 and 2.6

n .
. _ 1
EFF, , = KEI‘% x k , - (2.5)
k =32 | o | (2.6)
ly
3
1( 1,1

Recalling that for a function a such as:

a = f(b,c), | o (E.1)
2 - 2 .
02a = (g%) 02b + (%%) 02c . (E.2)

. We can,express:
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5EFF121 > 2mFF, 1%, |
+[ a4 i ] ° qi,.ﬁ * [Mti ""‘J ] g Ati,:} > (E.3)
a 2 ‘ 2
[Ati,J ti"j 1,1
kay 4 © 2. | i |
' [ 2] 8%, ’ - (E.4)
At +'9¢ , |
1,] L -
where:
[ ok 2 8 G 4 | :
ok = —gg—— 02[ (‘A‘q‘;)] ; C(E.5)
Oi : L .
o[> 0()
- 1 3.
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with

N 38 '
3Bak . - g% x_iq_i___i.ﬁ__ . (F.6)
sy ] Ry
T | B
1 1,. ‘ ) . \ ti ; . 1 Rl .o
N ) i R |
=1x |- 35 i 2 'l. ' BRGNS
[Z(Kti j |
1 ]
iy — X (F.8)
S
- AT,
TAEED

2 | | '
2. | - k 2 01,3
SR i o [Z(ﬁf?)] L o
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Recalling that for a function:

n -
’ = . .2 7,10
v n1+n2+...4.-,nn 9§1% ; | (F J.)
we haye
n
02v = 02 :E: n ogn, + 02n + + 02n
2 ] 2 n
L=1
= Z 02% . : : » : (F.11)
=1 | ~

Therefore:

r3s 38

2 %9 .,1\1l_ o f 4.4 | o ;
A3l S ()
1 RS EFR V

N A I 2f 1,3
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Usinm Ea. 2.1 we may have:

At =t

1,1 ou,i,1 = ¢

in,i,3 A

_2 = 0%t + 0%t

Tou,i,d in,i,3

‘We could also express:

> 2 2
0%04 .5 = ©p oy 4

qi ’(’1

Using Eq. E.14, E.15 in Fa. E.13 gives Fo. 2.8:
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(F.13)
(continued)

(2.1)

(E.14)

(E.15)



2 o . | |
k- a k o
'y 2, | 1,3\ .2 |
+(____;%) g tou,i,J +.(Z;_-A%> o tin,i,J »,v (2.8)

Ati,J‘ ‘1,3 /.

Now from Eq. EI15 we may have:

G2 (EFF. .)

2 og 1

a ‘ (E.16)
Gy
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2.2 | 2 2

2 2 5 k a9y 2, koay
E 7z (0 qi,J) qQ J# ——Lﬁ (o} Ou i 1 ————)-H in,i,j
+ iJ ’
aQ, 4\2 '
md)
1,3/

(E.16)
(continued)

This leads after simplification to Eq. 2.7-

f.z_%,}ui»,——;iﬂg-iai : SR e

294



Recalling the fact that for a function

b c“ ' o -

we can express FEg. E.12 as:

38, 2_ 2 2 . | E
S [ ] e
1L 3 Lagy A% 1 ; o

The first term of Eq. 2.8 can be expressed using Eq.,E.lE;'ff'

19 as Eq. (2.9):

2 SRR
W S z : 2 [ %1 SO ,
[At J] 38 > Ld® [K‘E“"l‘] . IERLIERS

295



;.ﬁ%i;l _x?
-f 1,31;2%1)?

38 'q_{ 2 o2 1;1 BT
z 1 ou n :

X - o a + 2 - + = 22 . (209) }
].[ti,J][jr 1,J Ati’J2 ;.Ati’Jz ‘] (continued)

E.2 Derivation of Eg..2.11, 2.12, 2.13 in Chapter 2

Equation 2.11 can be obtained from Eq. 2.7 by using.

Ah, 3 instead of Ati ’E Assuminm~Ed.'2.1M valid for sub-
b 3 : ) ) . ' .

cooled'coolant:
6°%n = 3h ? oét - | S 22 1#5' |
we'may express:

dh . R S
2 1 ou,t g 2, |
- housisj -[ t ] 9 tOLl,i,J 5. ) (E°20) L

ou,i,]
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in,1,]

o Cron, , .72 S R
2 Pyna,3 1" . . . )
AT "[5?7' ] in,1,0 SR St P

Equation 2.12 can be obtained from Eq. 218 by using:

2 ' 2 _
"chou,i,J instead of o tou e s
_Adéh. ‘ instead of ot N

in,1,J in i,J ’

and use Eq. E.20, E.21.

Equation E 13 is obtalned from Eq. 2. 9 bv usinp the

'same procedure as above
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