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"This report was prepared as an account of Government-
sponsored work. Neither the United States, or the Energy
Research and Development Administration nor any person
acting on behalf of the Commission.

‘A, Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report may not
infringe privately owned rights; or

B. Assumes any iiabilities with respect to the use of,
or for damages resulting from the use of, any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, 'person acting on behalf of the
Commission' includes any employee or contractor of the
Administration or employee of such contractor, to the
extent that such employee or contractor prepares, dissem-
inates, or provides access to, any information pursuant
to his employment or contract with the Admlnlstraulon or
his employment with-such contractor.
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1. Introduction

(1)

The ENERGY computer programs have been developed ™
for predicting coolant temperature distribdtions in wire
wrapped fuel and blanket assemblies of a Liquid Metal Fast .
Breeder Reactor. The ENERGY series of codes consist of
ENERGY I, ENERGY II and ENERGY III. ENERGY I must be used
when the bundle is operating in Forced Convection- (Natural
Convection effects are small). The ENERGY II and ENERGY I
programs may be used either when the bundle is operating
in Forced Convection or in Mixed Convection'(Forced and
Free Convection effects are Qf the séme order of magnitude).
However, ENERGY.II and III require much large computational
time than ENERGY I and hence 1it is desirable to use the
latter when the bundle is operating in forced convection.
A criterion,(l’3) has been derived which determines if the

bundle is operating in forced or mixed convection.

The major difference between ENERGY II and ENERGY III
computer programs is that ENERGY II neglects the convectivé
terms in the axial momentum equation and it also neglects
the lateral convection of energy transfer in the energy
equation. However the temperature maps found to date by
ENERGY II and ENERGY III, for various sets of bundles(Ref.l)

are very similar. For this reason it is desirable to use
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EWNERGY II(less computational time) as compared to ENERGY IIT.
However for cases having both large radial power skews
(peak/average > 2) and small Reynolds numbers (Re < 1000)

it is recommended ENERGY III be used.

2. ENERGY MODEL

Most existing calculational procedures are based on
the subchannel analysis approach, i.e. a lumped parameter
approach in which the lumped region is a subchannel. The

present model differs from subchannel analysis methods in
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two distinct ways. First, the rod array in a LMFBR

assembly 1is divided into two predominant regions; the central
and wall regions, Second, each of these regions 1is treated
as a continuum by viewing the wire wrapped bundle as a

porous body.

The wire-wrapped rods are packed in an array which is
enclosed by a flow duct and as a result there is a region
of flow next to the duct wall.which is quite different in
character from the flow in the central region. In the
central core the mean flow oscillates around each rod
progressing 1n an axial direction. This oscillation of
flow, shown in Fig. 1, may be imagined to contribute an

effective eddy diffusivity superimposed on the normal eddy



diffusivity associated with turbulence. Thus a basis

of our model is the existence of a uniform lateral
effective enhanced eddy diffusivity, e, for heat transfer,
in the inner region of the bundle, The eddy diffusivity
in the axial direction is not significantly enhanced by
the presence of wire wraps. In the outer region near the
wall the flow 1s quite different.since the wire wrap is
spiralled around each rod in the same direction, the flow
progresses with both an axial component and a tangential

component parallel to the wall (Fig. 2).

The proposed model treats the rod assembly as a
continuous porous media and energy genefation‘by the rods
is modelled by a continuous volumetric heat 'source
distribution. The energy transfer in the transverse
direction is modelled by the effective eddy diffusivity
which includes the fluid oscillations due to the presence
of wire wraps and also by any other means of energy

transport, like natural turbulence.

The model described above 1s applicable to any wire-
wrapped assembly irrespective of whether.it is operating
under conditions of forced convection or in the mixed
convection regime. However the formulation for assemblies
operating in forced convection is much simpler than those

operating in mixed convection. In forced convection a
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flow split between regions I and II is calculated based.
on methods developed in Ref. 3 (or from experimental
data available). It is assumed that the slug velocity
profiles in region I and II do not change axially. The
energy equation for regions I and II are solved to

4D

determine the temperature fiel . The two unknowns

#
€ (= ==-) and C(= %; ) are empirically determined as

Ude
function

s of geometry (p/d,h/d) and Reynolds number.
Here U is the bundle average superficial velocity and
de is the hydraulic diameter of an interior channel in

the actual assembly.

In the mixed convection région the buoyancy effects
become important and the assumption of an axially constant

slug velocity profiles in each of the two reglons no

" longer holds good. The momentum, energy and continuity

equations must now be solved simultaneously. The number
of unknowns that must be empirically determined is still

*
two - € and C.

Given the bundle geometry and -operating character-
istics one can determine e* and C as well as the flow |
split by the correlations summarized in Ref. 3 and
originally obtained in Ref. 1. 1In addition to the above
Ref. 3 also presents a criterion for deterﬁining when

buoyancy effects are important.



3. Mesh Size In ENERGY

The ENERGY computer programs are all based on the
same basic model described in the previous sectlon.
Since a discreet set of rods in an assembly is modelled
as a continuum the node spacing can be chosen as deslired
and it need not be taken equal to the centroid distance
between subchanhels (as is done in subchannel analysis)
but may be so taken, if desired. The maximum size.of
the node spacing is not totally arbitrary. Since the
temperature distributions must be independent of mesh
spacing, the temperature distributions must be found
for two different node sizes. If the effect of a large
change in the node size on the temperature distribution
is not significant the mesh size need not be reduced.
Our results have shown that, for a large bundle, one
can use node spacing greater than the centroid distance
between subchannels without significant differences in

temperature distribution at the exit of the bundle.

4a vVarious Versions of the ENERGY Code

The ENERGY I code must be used for predicting temper-
ature distributions in bundles in forced convection.
The ENERGY I.and II codes can be used for bundles in

forced or mixed convection. Since the subchannel analysis



methods are being currently used in nuclear industry
.each of the ENERGY codes (I, II, III) are provided with
an additional capability to run as subchannel. analysis
codes. This optioﬂ is provided in ENERGY I, II and III.
The subchannel analysis versions of ENERGY are called
ENERGY I S, II S and III S respectively for future
reference. Recommended values of in?ut data for ENERGY

I S, IT S and III S is also described in Ref. 3.

4o Limitation of ENERGY codes

The present versions of the ENERGY codes have the
following limitations.

(a) The two empirical constants €¥ and C were
defermined from available data. The computer program
should not be used outside the range of data used to
determine e€* and C. The range of data (p/d, h/d, |
Reynolds No.) within which these constants ¥ and C are
known is quite extensive and is summarized in Ref. 3.

(b) The computer programs at present are applicable
to bundles containing one wire wrap on each rod of the
same size and the same starting position. Additionally
the bundle duct should bound the array of wire pins in a
manner which does not allow bypass flow space beyond that
normally required for bundle fabrication.

(¢) The power skews for which the codes have been



sucéessfully tested are given below,

1. Flat to 400% power skew across a bundle (of 1.4 in.
flat to flat distance). As the bundle size increases the
confidence in predictions would be better for the same
power skew.

2. Single rod heated at center of the bundle.

3. 'Two rods - one at the center of the bundle and one
at the wall.

4, The present versions of the ENERGY codes do not
include interassembly heat transfer. However this boundary
condition is ndt fundamental to the model and can be easily
incorporated. Work in this direction is being done presently

at Massachusetts Institute of Technology.

5. Data Input For ENERGY Codes

5.1 ENERGY I and ENERGY I S (Subchannel)

5.1.1 Card Group 1, Saturated Fluid Property Table

First Card - Number of cards in Table
(maximum of 50). (Format I 5)
Each card of Table - Pressure(psl2), Temperature
(OF), density of liquid (lbm/ft3), density of vapor (lbm/ft3),
enthalpy of liquid (Btu/lbm), enthalpy of vapor (Btu/lbm),
liquid viscosity (lbm/ft. hr), liquid thermal conductivity
[;——QM-——}, liquid surface tension (lb/ft). Cards must be
e

0
F ft
in order of increasing pressure (Format 9E8.4) (in the present
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version ENERGY enthalpy of vapor, viscosity, thermal
conductivity and surface tension are not used and a value
of 1.0 may be specified for them).

5.1.2 Card Group 2

One Card - Number of Values in Axial Heat

Flux Distribution Table (Max. of 50), Wumber of runs desired,.

Number of runs desired (Last two optional) (FORMAT 3I5)

5.1.3 Card Group 3

Each card of Table - Relative distance from inlet
(%), Relative Power (Local/avg.) up to 4 pairs of values per
card (FORMAT 8El0.4)

5.1.4 Card Group U

Number of Type 1 nodes (or channels of ENERGY I S,
Number of (Type 1 + Type 2) nodes (or channels), Number of
(Type 1 + Type 2 + Type.3) nodes (or channels), Number of
(Type 1 + Type 2 + Type 3 + Type 4) nodes (or channels),
Number of rods, total number of nodes (or channels) FORMAT
(6I5). (For various types of nodes or channels see end of
Data Input).

5.1.5 Card Group 5, Channel Layout'Table

Each Card of Table - node number (channel number
for ENERGY I S),ilumber of an adjaceht node (up to 3
adjacent nodes), number of rods in channel (up to 3 rods/
channel, needs to be specified only for ENERGY I S), Fraction
of channel (for ENERGY I S only, otherwise put this = 1.0),

FORMAT (I 5, 6 I 10, E 10.4).



5.1.6 Card Group 6

Relative Rod Power (Local/avg) in ascending rod
numbers up to 8 per card, FORMAT (8E 10.4). If CHOICE = 2
(see below) put 1.0 for relative rod power of each rod.

5.1.7 Card Group 7

Nodal spacing between Type 1 nodes (or Type 1
channels), nodal spacing between Type 2 and Type 3 nodes,
spacing between Type 3 nodes, spacing between Type 3 and Type
4 nodes, choice of using porous body model (= 2.0) or
subchannel analysis (= 1.0), shape-factor on the coﬁduction
term, FORMAT (6E 11.4)

" 5.1.8 Card Group 8

Effective cross-flow area per unit axial length:
between nodes (or channels), inz/in, wire wrap‘lead divided
by rod diameter, diameter of wire (in.), thickness of
region II in ENERGY (in.), axial stepAsize (in.) (only
specified if CHOICE = 2), gap between rod and wall (in).,
FORMAT (6E 11.4). 1If CHOICE = 1, put thickness of region II'
equal to gap between rod and wall (in).

5.1.9 Card Group 9

Diameter of rod (in.), total length (in.),
(pitch/diameter), number of rings of rods from center,
FORMAT (3E1l.4, I 9)

Operating-Conditions

If several operating conditions. must be investigated



‘insert the following card prior to Read 12 --- card in the
source deck.
Do 160 LWL = 1, NRUNL1.

5.1.10 Card Group 10

Mass velocity (lbm/hr ftz), inlet enthalpy

Btu - :
(Tﬁﬁ)’ reference pressure (psla), average heat flux (HFE%%Z)’

inlet density (lbm/ft3), total flow rate (lbm/hr), FORMAT
(6E11.4), if total flow rate > 0 mass velocity need not be
supplied but is calculated by the code. If mass velocity is
known leave total flow rate blank.

If CHOICE < 2.0 (subchannel analysis version is being used)
skip the following cards Group 11, 12, 13.

5.1.11 Card Group 11

Area associated with typical interior rods
(in2) (node Type 1 and 2), area assoclated with typical
wall node‘(Type 3) (in2), area associated with typical
corner node (in2), hydraulic diameter of subchannels in
region I, flow area in the presence of rods in2, ratio of
bundle avg. inlet axial velocity to avg. inlet veloclty in
region I, ratio of bundle avg. inlet axial velocity to
avg. inlet axial velocity in region II, same ratio for corner
nodes (sub-region II), FORMAT (8E10.4).

5.1.12 Card Group 12

Avg. axial porosity in region I, in region IT, in



subregion II (corners), hydraulic diameter to be used in
region II, hydraulic diameter to be used in subregion II
(corners). (5E10.4)

In case subregion II is not to be considered separately
but as an integral part of region II specify CHOICE = 3 in
card group 7. In that case flow split is automatically
taken to be uniform in region 2 and also porosity of region
2 is taken to be uniform and equal tp avg. axial porosity
in region II specified in card group 12. If CHOICE = 3
the method of calculating flow split between the two regions

is described at end of data input.

5.1.13 Card Group 13
Volumetric heat generation rate for each node

(Btu/hr ft3) in ascending order of nodes (FORMAT 8E10.4)

5.1.14 Card Group 14

Axlal increment for printout (if CHOICE 1)
(in.), a number which controls axial calculational step
size (recommended value = 10), enhanced effective eddy
diffusivity in region I, between region I and II, in
region 11, between region II and subregion II (corners),
swirl flow ratio FORMAT (7E1ll.4)

A uniform enhanced effective eddy diffusivity in the

entire bundle is recommended.

Input Parameters

If several input parameters are to be run consecutively



insert the following card prior to statement Read 11 card
in the source deck.
Do 160 NRNL = 1, NO RUNS

5.2 Data Input for ENERGY II and ENERGY II(S).

This input data is the same as ENERGY-I & II(S) except

for the following differences.

5.2.1 Card Group 2

Same as before except for one additional entry -

No. of iterations in an internal loop which
calculates velocity distribution to be used in the energy
equations FORMAT (415). Recommended-Value is 5. _

5.2.2 Card Group 4

.One Card - first five entries same as ENERGY I -
sixth and seventh entries are as follows,
Values of A and B in the equation f = —AE
FORMAT (515, 2E10.4) R?

5.3 Data Input For ENERGY III and ENERGY III(S)

Data Input for ENERGY III and IIIS is same as for
ENERGY I and I(S) except for the following cards.

5.3.1 Card Group 8

In between axial step size (in.) and gap
between rod and wall (in.) read in the convergence criterion
for cross flow ( ) wc = 0(1’2)). A suggested value for this

N
parameter is 1.0E-6. FORMAT (7£11.4)



5.3.2 Card Group 9

Diameter of rod, total length, p/d, number of
rings, number of axial steps. FORMAT (3Ell.4, 2I5)

5.3.3 Card Group 15

0.0, multiplication factor on axial drag, axial
step above which debug printout is in operatibn in buoyancy

- subroutine, FORMAT (2E10.4, I5)

5.4 General Information

The following additional information is provided to

complete this section.

5.4.1 Node Numbering Scheme (see Appendix 1 also)
Figures 3, 4 and 5 show the subchannel '
- numbering scheme for a 19, 61 and 217 rod array. This
could also be the node numbering scheme if in the porous
body option the mesh size was made equal to the centroidal
distance between subchannels. However the node size for
the porous body obtion can be selected as desired. In
addition any numbering scheme for nodes, channels and rods
may be used provided the following caution is observed.
(a) Type 1 nodes or channels are those with connections
with nodes or channels in region I.
(b) Type 2 nodes or channels are those connecting
nodes or channels between regions I and II.

(¢) Type 3 nodes or channels are in region II but



are not corner nodes or channels.
(d) Type 4 nodes or channels are corner nodes or
channels.
Each channel or node must have three connections.
If only two real connections exist the third fictitious
node or channel is given the number 500, ‘
| Nodes adjacent to Type 3 nodes (or channels)
are numbered as follows., First connection is with node
(or channel) in region I. Second connection is with node
(or channel) from which swirl flow enters. Third
connection is with node (or channel) ihto which swirl
flow goes after leaving the node (or channel) under
consideration. Nodes adjacent to Type 4 nodes (or channels)
are numbered as follows, First connection is with node
(or channel) from which swirl flow enters. Second

connection is with node (or channel) into which swirl flow

goes after leaving the node (or channel) under consideration.



6. Listing of Codes (FORTRAN 4)

ENERGY T
ENERGY II

ENERGY III



1

2
3
4

5

6
7

201
8

9
10

12

501
503

505
17

COMPUTER PROGRAM ENERGY 1
COMMON PP (50) »TT(50) yRHIFF (50) ¢RHOGG (50) s HHF (50) ¢ HHG (S0)
JUUF (50) oKKF (50) ¢ SSIGMA (S0)
COMMON NCHANL sPREF yNODATAsHSATsHVSAT RHsAT.RHVSAT.VISSAT.TSAT.
1CONSAT+SIGSAT s TAVGZ 9yCPAVG s CONAVGIRHAVGINL9N29oN3sNGs VEL 19 VEL2WVEL3
COMMON ENTHAL (200) »TEMP (200)
COMMON DRODoDwIREoLEADODoGAPoPODqNORlNG;AUNII.AHALLoACORN.NPUNIT'
IWPWALL sWPCORNSDEUNITDEWALL s DECORNsHPUNIToHPWALL s HPCORN.
COMMON FLO(200)
COMMON AFT
DIMENSION AXIAL (50) +FAX(50) :
DIMENSION LC(200+4)+sP1(500)+FRAC(200)
DIMENSION A(200) +WP (200) yDE(200) s HPERIM(200)
DIMENSION ASTAR(200) +QTPRIM(200) yQSTAR(200) +HSTAR(500) +DHDZST (20
10)
DIMENSION MROD(20093) 4SUMM(200)
DIMENSION QTPRI(150) yBENTH(150) yDHDZ(150)
PROGRAM ENERGY FOR CALCULATING TEMP. OF FLUID IN WIRE WRAP,RODS
. REAL LAMBAV’LAMBLI9LAMBL29LAMBA1oLAMBAdoLAMBA3
REAL LEADOD LENGTH KKF
READ(Ss1) NODATA
FORMAT(1S)
READ(S.Z)(DP(I),TT(I).RHOFF(I).RHOGG(I).HHF(I).HHG(I).UUF(I).
IKKF (I) +SSIGMA(I) ¢+ I=1+NODATA)
FORMAT (9E8 . 4)
READ (5¢3) NOOFAXsNORUNSsNRUN1
FORMAT(315)
READ(Se4) (AXIAL(I) oFAX (1) 9 I=19sNOOFAX)
FORMAT (8E10,4)
READ(S5+5) N1eN2sN39NG& ¢ NOROD s NCHANL
FORMAT (615)
INDI=0
DO 6 J=1sNCHANL
READ 7oI1sLC(Is1)9sLC(192)9LC(I93)¢MROD(I, 1).MROD(I.2),MROD(I,3).FRA
1C(D)
CONT INUE
FORMAT (ISy61104E10.4)
READ (S59201) (P1(I)s1=14sNOROD)
FORMAT(8E10.4)
READ B84ETA19ETA2+ETA3ETA4sCHOICE » SHAPEF +DDE
FORMAT(7E11.4) ’
READ 99A1JsLEADOD+DWIRE sGAPDELZ9GAPL
FORMAT(6E11.4)
READ 10+DRODsLENGTHsPOD ¢ NORING
FORMAT (3E11.4415)
READ 129GBARYHIN+PREF yQBARsRHOINSFLOWW
FORMAT (6E11.4)
OPTIONS
IF(CHOICE«LTe2.0)GO0 TO 17
READ S0l1¢AUNIT1+AWALLL19ACURN] +DEUNITsAFTIVELLS VEL2¢VEL3
FORMAT (8£10.4)
READ S503+LAMBAlsLAMBA2+LAMBA3+DEWALL +DECORN
FORMAT (5E10.4)
READ (55505) (GTPRIM(I) ¢ I=1 +NCHANL)
FORMAT (BE10.4)
CONT INUE
DO 160 LLL=1+sNORUNS
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506

510

515

19
141

21
140
143

22
142

25

READ 11+PRINT1,0PTIONsEHSTAL9EHSTA2,EHASTA39EHSTA4,CI
FORMAT (TE11.4)

EHSTAl1=EHSTA1#DDOE/DROD

EHSTA2=EHSTAZ2#DDE/DROD

EHSTA3=EHSTA3#DDE/DROD

EHSTA4=EHSTA4#DDE/DROD

INPUT CALCULATIONS BEGIN

IF (CHOICE.GE.2.0)G0. TO 506

CALL GEUM

-CONT INUE

IF(CHOICE.LT+3.0)G0 TO 510
VEL3=VELZ

LAMBA3=LAMBA?Z

CONTINUE
IF(CHOICE L T«2.0)60 TO 515
WPUNIT=1,.0

WPWALL=1.0

WPCORN=1.0

HPUNIT=1.0

HPWALL=1.0

HPCORN=1.0

AUNIT=AUNITI
AWALL=AWALL1
ACORN=ACORN]

CONTINUE

JJy=1

RHAVG=RHOIN

NN=NZ2

DO 19 I=14N2
A(I)=AUNIT®#FRAC(]I)

WP (I)=WPUNIT#FRAC(I)
DE(I)=DEUNIT#FRAC(]I) -
HPERIM(I) =HPUNIT#FRAC(I)
IF (N3-NN)140+140s141
CONTINUE

NK1=NN+] .

DO 21 I=NK1yN3Hl
A(I)=AWALL*FRAC(I)

WP (I)=WPWALL®FRACI(I)
DE(I)=DEWALL®FRAC(])
HPERIM(I) =HPWALL®2FRAC(I)
IF (N4=N3) 14241429143
CONTINUE

NK2=N3+1

DO 22 I[=NK2y¢Né4,sl
A(I)=ACORN®FRAC(I)

WP (1) =WPCORN#FRAC(I)

DE (1) =DECORN®*FRAC(])
HPERIM(I) =4HPCORN#FRAC(I)
CONT INUE

ATOTAL=0.0

HPTOTL=0.0

DO 25 I=14NCHANL
ATOTAL=A(I)+ATOTAL
HPTOTL=HPTOTL+HPERIM(I)
PRINTZ2=PRINTI1
LAMBAV=AFT/ATOTAL
LAMBL1=1.0-1.,0/P0D
LAMBL2=GAP1/GAP



IF(CHOICE.GT«1.0)G0 TO 5S20
LAMBAV=1,0
LAMBLZ2=1.0
LAMBL1=1.0
LAMBAl=1.0
LAMBAZ=14.0
LAMBA3=1,0
GAP=0GAP]

520 CONTINUE
IF(FLOWW.GT,0.0)6G0 TO 215
GO 10 217
215 GBAR=(FLOWW/ATOTAL)#144,0
217 DO 170 I=1,N2
170 FLO(I)=(A(1)/144.,0)%(GBAR/VEL])* (LAMBAl/LAMBAV)
DO 175 I=NK1eN3sl
175 FLO(I)=(A(]I)/144.0)*(GBAR/VELZ)* (LAMBAZ2/LAMBAYV)
DO 176 I=NK2sN4sl
176 FLO(I)=(A(I)/144., 0)“(GUAR/VEL3)“(LAMBA3/LAMBAV)
FLOWW=OBAR®#ATOTAL/144,0
CALCULATE AXIAL STEP SIZE
ZSTART=LENGTH/DROD
ZSTAR=0,0
XPRINT=PRINT1/DROD
ETAIST=ETA1/DROD
ETA2ST=ETA2/DROD
ETA3ST=ETA3/DROD
ETA4ST=ETA4/DROD
GAPST=GAP/DROD
DO 40 I=1NCHANL
40 ASTAR(I)=A(I)/(DROD#DROD)
IF(DELZ.GT.0.0) 60 TO 529
IF(EHSTAl LE«0,0)EHSTAL=0.000001
DSTARM= (ASTAR (1) ) #ETAL1ST/ (2. O“EHSTAI“OPTION“(POD 1.0))
NNN=XPRINT/DSTARM
IF(NNN.LT 1) NNN=1
DZSTAR=XPRINT/ (6. 0#FLOAT (NNN))
GO 70O 530
529 DZSTAR=DELZ/DROD
S30 CONTINUE

CALCULATE ALL SAT PROPERTIES
IPART=1
CALL PROP(IPART)

ALL SAT PROPERTIES ARE OBTAINED
IF(CHOICE«GTele0) GO TO 147
PROD1=0.0
P1(500)=0,0
DO 205 I=1,NCHANL
DO 206 J=1,3
M=MROD (I+J)

PROD=P] (M)
PROD1=PROD+PROD1
206 CONTINUE
SUMM(]I) =PROD1
PROD1=0,0
205 CONTINUE

CALCULATE QSTAR AND QTR/FAXL
QTPBAR= (QBAR*HPTOTL/ATOTAL)*]2,0
DO 45 I=1sNN
QTPRIM(I) =(QTPBAR*ATOTAL/ (HPTOTL®A(I)}) ) # ((HPERIM(TI)/3,0)#SUMM(]))



45
146
46

145
148

47
147

49

30

31

32
33
34
110
111
112

113
114

115
116
117
118
120
121
127

128

CONTINUE
IF (N3-NN) 14541454146
CONT INUE
DO 46 I=NK]1eN3sl
QTPRIM(I)=(OTPBAR”ATOTAL/(HPTOTL“A(l))’“((HPERIM(I)/Z.O)“SUMM(I))
CONTINUE ~
IF (N4=N3) 147916474148
CONT INUE
DO 47 I=NK2eN&sl
QTPRIM(I)=(QTPBAR“ATOTAL/(HPTOTL”A(I)))*((HPERIM(I)/I.O)”SUMM(I))
CONT INUE
CONT INUE
CALCULATE QSTAR(I) BY MULT.QTPRIM#FAXL/QTPBAR
DO 49 I=14NCHANL :
HSTAR(I)=0.0
HSTAR(S500)=0.0
PRINT ALL INPUYT QUANTITIES
IF (INDI.GT,0)GO TO 97

PRINT 30

FORMAT (1Xs YENERGY WITH UNIFORM VEL. IN ALL CHAN.')

PRINT 31

FORMAT (1Xs PP (1) TT(I) RHOFF (1) ~ RHOGG (I HHF 1 HHG
1(D) UUF 1 KKF I SIGMA?')

WRITE (6432) (PP (I)oTT(I) yRHOFF (1) yRHOGG (1) ¢ HHF (1) yHHG (1) »UUF (1)

I1KKF (1) 9SSIGMA (1) 9 I=1sNODATA) :

FORMAT (1X99F12.6/)

WRITE(64+33)

FORMAT (1X *THE AXIAL DIST. AND AXIAL PEAKING. RATIOS')
WRITE(6934) (AXIAL(I) sFAX(I)9s1=1sNOOFAX)

FORMAT (1X+8E10.4/)

WRITE(6+110)

FORMAT (1Xs 'N1 Ne N3 N4 NCHANL ')
WRITE(69111) N1sN2sN39N4 s NCHANL

FORMAT (1X,515/)

WRITE (6+112)
FORMAT (1X¢s *CHANNEL NO. NO. OF ADJACENT CHAN IN ASCEND. ORDER PEA

1KING RATIOOF RODS FRACTION OF CHANN USED®)

DO 113 I=1,NCHANL
WRITE(6+114) I’LC(IQI)OLC(I'Z)QLC(I’3)OMROD(I'I)OMROD(IOZ)OMROD(I’

13) sFRAC(I)

CONTINUE

FORMAT(1X9eTI104E10.47)

WRITE(6+115)

FORMAT (1Xs 'CENTROID SPACE BETWEEN ADJ.TYPES ORF CHANNEL')
WRITE(6+116)ETAL+ETA24ETA3VETAG

FORMAT (1Xe4E1Le4/)

WRITE(64117)

FORMAT (1Xo *WWW LEAD/DIA DIA OF WIRE GAP BETW. ROD =WAL?')
WRITE(69118) WWWesLEADODOWIRE +GAP

FORMAT (4E11.4) '

WRITE(64120)

FORMAT (1X+'ROD DIA. 2(% INe LENGTH INJP/D NO OF RINGS!')
WRITE(6+121) DRODJLENGTHsPUDsNORING

FORMAT (1Xe3F15.6415)

PRINT 127

FORMAT (1Xs *AREAS(I) WETTED PERI EQ. DIA. HEATED PRERI.')
DO 128 1=14NCHANL

WRITE(6+129) A(I)sWP(T)$DE(I) sHPERIMI(I)

CONT INUE



129 FORMAT (1Xe44El]le4/)
WRITE(649130)
130 FORMAT(1X4*ZSTART ETALST ETAZST ETA3ST ETA4ST GAPST
1 DZSTAR ')
WRITE(69131) ZSTARTIETALISTSETA2STIETA3STSETA4STHGAPSTSDZSTAR,
1QTPBAR .
131 FORMAT(1X48E11.47)
WRITE (6+202)
202 FORMAT(1Xy*ROD NO. ROD POWER?*)
DO 203 I=1,NOROD A
200 WRITE(6+204)14P1(])
203 CONTINUE
204 FORMAT(1X9sISe6XeEL10.4)
WRITE(6+210)
210 FORMAT (1Xs'VUNIT/VBAR VWALL/VBAR VCORNER/VBAR?)
WRITE(64211)VELLsVELZ2WVEL3
211 FORMAT(1Xs3E10.4)
97 CONTINUE
WRITE (6+122)
122 FORMAT (1X,*AXIAL INCREM, FOR PRINT OPTION>Z2 EHSTA] 2 3 4
1 COEFF FOR PERI. VELWY)
WRITE(69123) PRINT1eOPTIONIEHSTAL sEHSTA29EHSTA3IEHSTASL,,CI
123 FORMAT (1Xy7E11.4/)
WRITE(6+124)
124 FORMAT (] X, *GBAR HIN BTU/LB. REF PRES. AVG. HEAT FLUX VEL OPT?*)
WRITE(6+125) GBARJHINIPREF 9 QBAROPVEL sFLOWWLA (1) 9A(115)4DE(]L)
1ATOTAL
125 FORMAT(1Xx+s10El1l.47)
WRITE(69132) '
132 FORMAT (1Xs*CHANNEL NO, ASTAR HEAT GENe. PER UNIT VOL/FAX?)
INDI=INDI*1
IF(OPVEL) 70470071
71 CALL HYDRO(V1sVv2eV3)
70 PREF=PREF
- HIN=HIN.
IPART=¢
SUM]1=0.0
DO 101 I=14NCHANL
ENTHAL (1) =HIN
SUMI=SUM] +ENTHAL(I)®FLO(I)
101 CONTINUE
SUM4=0,0
SUM3=0,0
CALL PROP({IPART)
ENTERING MAIN LOOP:
CALL AXIAL PEAKING FACTOR
26 ZBAR=DZSTAR/Z2.0+ZSTAR
ZBAR=ZBAR#DROD/LENGTH
CALL CURVE (FAXL9ZBARsFAXIAXIAL sNOOFAXsIERROES1)
ALPSTA=12.0#CONAVG/ (GBAR®*CPAVG®#DROD) #*SHAREF
ALPSTA=ALPSTA¥*LAMBL] '
IF(CHOICE.LE«.1.0) GO TO 545
DO S50 I=1sNCHANL
SS0 QTPRI(I)=QTPRIM(I)*FAXL
CALL ENTI(LCoFLOSAIDEYENTHALIQTPRIJGHBARIATIJeN1aN2sNIsNCHANL 9RHOIN
1sHINSDRODsPOD s JUIEHSTAL EHSTAZyEHSTA3EHSTAGIALPSTAWETALLETAZ,
CETA3IETA49Cl+DELZ+sGAPsDHD2Z)
GO TO 560
545 CONTINUL



76

80

151

81
150

156

888
889

890
891

85
155

158

DO 76 I=]1+NCHANL .
QSTAR(I)=QTPRIM(I) #FAXL/QTPBAR
DO 80 I=1leNl :
MMI=LC(Is1)
MM2={.C(I+2)
MM3=LC(I+3)
HSTAR(S500) =HSTAR(I) '
DHDZST(I)=QSTAR(I)*(I.O/ASTAR(I))*(EHSTAI*ALPSTA)“((pOD-l.O)/ETAlS
lT)f(HSTAR(MMl)OHSTAR(MMZ)*HSTAR(MM3)-3.0“HSTAR(I))~«
DHDZST (1) =DHDZST (I)*VEL1
CONTINUE
IF (N2=-N1)150+150+151
CONT INUE
NK3=N1+1]
DO 81 1=NK3sN2sl
MM1=LC(Is])
MM2=L.C(Is2)
 MM3=LC(I+3) :
HSTAK(500) =HSTAR(I)
DHDZST(I)=QSTAR(I)*(loO/ASTAR(I))“((POD-loO)“((EHSTAI*ALPSTA)/ETAI
IST)“(HSTAR(MMI)*HSTAR(MMZ)-Z.O’HSTAR(I))*((EHSTAZ*ALPSTA)/ETAZST)
2 *(HSTAR(MM3) =HSTAR(I))#(POD~1.0))
DHDZST (1) =DHDZST (I)+=VEL1
CONT INUE
CONT INUE
IF (N3-N2) 15541554156
CONTINUE
DO 85 I=NK1sN3sl
MM1=LC(Is1)
MM2=LC(1+2)
MM3=LC(I+3)
IF (MM2,GT.N3)GO TO 888
ETASTR=ETAJ3ST
GO TO 889
ETASTR=ETAGST ,
CONTINUE
IF(MM3,6GT.N3)GO TO 890
ETASTS=ETA3ST
G0 TO 891
ETASTS=ETA4ST
CONTINUE
HSTAK (500) =HSTAR (1)
DHDZST(I)=(1.0/ASTAR(I))“((GAPST)*((EHSTAB*ALPSTA)“(((HSTAR(MMZ)-
1HSTAR(I))/ETASTR)*((HSTAR(MM3)~HSTAR(I))/ETASTS))OCI“(HSTAR(MMZ)-
ZHSTAR(I)))*(POD-I.O)“(((EHSTAZ*ALPSTA)/EIAZST)“(HSTAR(MMl)-HSTAR(I
3))))«QSTAR(])
DHOZST (1) =DHDZST (1) #VEL2
CONT INUE
CONTINUE
IF (N4-N3)157,157,158
CONTINUE
DO 88 I=NK2sN&sl
MM1I=LC(Is1)
MMZ2=LC (1+2)
MM3=.C(I+3)

HSTAR(500) =HSTAR(I)
DHDZST(I)=(1.0/ASTAR(I)) #((GAPST)# (((EHSTA4+ALPSTA)/ETA4ST) # (HST
1AR (MM1) +HSTAR (MM2) =2, 0#HSTAR (1)) +C1# (HSTAR(MM1) =HSTAR(1)))) +QSTAR

2(I)



88
157

S0

g1
560

S70

92

171
93
94

95

600-

601
625
626
6217

509

100

508

DHDZST (1) =DHDZST(I)=VEL3

CONT INUE

CONTINUE

DO 90 I=1+NCHANL
HSTAR(I)=HSTAR(]) +DHDZST (1) *DZSTAR
DO 91 I=1¢NCHANL

ENTHAL (1) = (HSTAR (1) #DROD#*QTPBAR/ (GBAR#12.0)) +HIN
CONTINUE

CONTINUE

SUMe=0,0

DO S70 I=1,NCHANL
SUM2=SUMZ2+ENTHAL (1) #FLO(I)
CONTINUVE

SUMS=SUMZ~-SuM]

SUM4=SUM4&4+SUMZ

IPART=2

CALL PKROP (IPART)
ZSTAR=ZSTAR+DZSTAR
IF(CHOICE.GT.1.0) GO TO 600
DIFF=ABS(ZSTAR-XPRINT)

IF(DIFF=0e1)92+92+26

XPRINT=XPRINT+PRINT1/DROD

ZZSTAR=ZSTAR%DROD

PRINT 1719SUMZoSUM395UMQQSUMSQSUMl’FL011)9FLO(27)9FL0(41)
FORMAT (1X98F13.57)

PRINT 93

FORMAT (1 X9 *AXIAL DIST. IN. IZSTAR AVERAGE TEMP, ')
WRITE(6994)ZZSTARZSTAR,TAVGZ 4
FORMAT (1Xe3E11.4/)
WRITE(6+95) (TEMP(I) 9»1=]1+NCHANL)

FORMAT (1Xs10F12e4/)

2CZ=ABS{ZSTAR-ZSTART)

IF(ZCZ.LTo0.1) GO TO 100

IF(CHOICE.LE.1.0) GO TO 26

CONTINUE

Z2STAR=ZSTAR#DROD

DIFF=ABS(ZZSTAR-PRINT2)

IF(DIFF=0.1)601+601+26

PRINT2=PRINT2+PRINTI

PRINT 625,SUM24SUMS,,SUMI]

FORMAT (1X93F13,6)

PRINT 626

FORMAT (1 Xy *AXIAL DIST IN. ZSTAR =~ AVG.TEMPY)
PRINT 627+2ZSTARsZSTAR,TAVGZ

FORMAT (1Xe3E11l.4//7)
WRITE(64509) (TEMP (1) 9I=1+sNCHANL)

FORMAT (BF10.4)

ZCZ=ABS(ZSTAR=-ZSTART)

GO TO 26

CONT INUE

IF (CHOICE.LT+2.0) GO TO 160

DO 508 I=1yNCHANL

A(I)=A(1)%*]44.0

DE(I)=DE(]I)#12.0

CONTINUE

AlJ=AlJ#12.0

DELZ=DELZ*12.0

ETAl1=ETAL#*]Z.0

ETA2=ETAZ#]12.0



160

10

ETA3=ETA3*12.0
ETA4=ETAG#*]12.0
GAP=GAP1%#12.0
CONT INUE
STOP
END
SUBROUTINE GEOM
COMMON PP (50) o TT(50) sRHOFF (50) 9RHOGG (50) s HHF (50) 4 HHG (50) »
1UUF (50) oKKF (50) ¢+ SSIGMA (50)
COMMON NCHANL +PREF yNODATAsHSAT s HVSAT sRHSAT yRHVSAT s VISSAT,TSAT
lCONSAToSIGSATQTAVGZQCPAVGQCONAVGORHAstNl9N2vN3’N49VEL19VEL29VEL3
COMMON ENTHAL (200) y TEMP (200) :
COMMON DROD sDWIRE s LEADOD s GAP s POD s NORINGs AUNI T 9 AWALL s ACORN, WPUNIT,
1WPWALL sWPCORNsDEUNIT o DEWALL s DECORN s HPUNI T 9 HPWALL s HPCORN
COMMON FLO(200)
COMMON AFT
SUBROUTINE CALCULATES GEOMETRY FOR 3 TYPES OF CHANNELS
REAL LEADOD
N1l=N2
N22=N3-N11
N33=N4=N3
SPACE=GAP
DR=DROD
OW=DWIRE
P=DR#POD
PPP=FLOAT (NORING) #P%#1,732/2.0
DFLAT=2,0% (PPP+DR/2.0+GAP)
DFACE=DFLAT/1.732
PI=3.14159
AUNIT=1.732/%.0%P#P=P1/8,0%#DR*DR=P[/8.0#DW#DW
AWALL=P# (DR/2+.0+SPACE) =P1%DR#DR/B,0~-P14DW*DwW/8.0
ACORN=Z2,0% (0+5% (DR/2.0+SPACE) # (DFACE=P#NORING) #0,5-PI#DR#DR/48.0
1)=PI#DW*0W/24.0
WPUNIT=(PI1/2+0) #DR+0.S#PI%DW
WPWALL=P+WPUNIT
WPCORN=(P1/6+0)#DR+ (P1/6+,0) #0W+2,0% (DFACE~P#NORING) #0.5
DEUNIT=4.0%AUNIT/WPUNIT '
DEWALL=4.0*AWALL/WPWALL
DECORN=4. 0#ACORN/WPCORN
HPUNIT=(PI/2.0)%#DR
HPWALL=(PI/2.0)#DR
HPCORN=(PI/6.0) #DR :
AFT=N11#AUNIT+N22#AWALL+N33#ACORN
XX1=AFT7(N11#AUNIT+N22#AWALL* ( (DEWALL/DEUNIT) ##0,714) +N33#ACORN*
1 ( (VECORN/ZDEUNIT) #%#0,714)) ‘
XX2=AF T/ (N11PAUNIT# ({DEUNIT/DEWALL) #20eT14) +N22*AWALL+N33#ACORN®
1 ((DECORN/DEWALL) ##0,714)) ' :
XX3=AFT/ (N1 1*AUNIT# ( (DEUNIT/DECORN) ##0,714) +N22#AWALL* ((DEWALL/
1DECORN) ##0,714) +N33%ACORN)
VELI=1.0/XX1
VEL2=1.0/XX2
VEL3=1.,0/XX3
RETURN
END
SUBROUTINE CURVE (FXsXseFoeYsNsJeISAVE)
DIMENSION F(60) Y (60)
GO TO(10+50) s ISAVE
DO 20 KK=1sN
IF(X=Y(KK))30+15+20



1S5S IF (KK EQeN) GO TO 40
20 CONTINUE
GO TO 60 ‘
30 IF(KK.EQel) GO TO 60
40 B=(X=Y(KK=1))/(Y(KK)=Y(KK=1))
S0 FX=F (KK=1)+8% (F(KK)=F (KK=1))
RETURN
60 PRINT 61
61 FORMAT(IX.'PROG STOPPED IN CURVE?)
J=2
RETURN
END
SUBROUTINE PROP(IPART) '
COMMON PP(SO),TT(SO)oHHOFF(SO),RHOGG(SO)oHHF(SO),HHG(SO)o
1UUF (50) +KKF (50) s SSIGMA (50)
COMMON NCHANL ¢+PREF ¢NODATA s HSAT 9 HVSAT s RHSAT yRHVSAT+VISSAT,,TSAT,
1CONSAT »SIGSAT 9 TAVGZ yCPAVGsCONAVGsRHAVGINL sN29sN39sNGs VELL1 9o VEL29VEL3
COMMON ENTHAL (200) s TEMP (200)
COMMON DROD +DWIRE s LEADOD 9GAP ¢ POD s NORINGsAUNI T AWALL »ACORNGWPUNIT
IWPWALL sWPCORNDEUNIToDEWALL +DECORNsHPUNIToHPWALL ¢+ HPCORN
COMMON FLO(200)
COMMON AFT
REAL KKF
GO TO.(104100) 4 IPART
PART 1 CALCUL. OF SATURATED PROPERTIES
10 DO 11 I=1+NODATA
IF(PREF «LT. PP(I)) GO TD 20
11 CONTINUE
GO TO 300
20 IF(1.GT.1) GO TO 40
GO TO 300
40 VALUE=(PREF=-PP(I=1))/(PP(D)=PP(I-1))
"HSAT=HHF (I=1) ¢ VALUE® (HHF (1) =HHF (I=-1))
HVSAT=HHG (I=1) ¢« VALUE®# (HH5 (1) ~HHG(I-1))
RHSAT=RHOFF (1=1) +VALUE® (RHOFF (I) =RHOFF (I=-1))
RHVSAT=RHOGG (I=1) ¢VALUE#®* (RHOGG (1) ~RHOGG(1~1))
VISSAT=UUF (I=1)*VALUE# (UUF (1) =UUF ([=1))
TSAT=TT(I=-1) ¢VALUE® (TT(D) =TT (I=1))
CONSAT=KKF (I=1) +VALUE® (KKF (I)=KKF (I=1))
SIGSAT=SSIGMA (I~ l)OVALUt“(SSIGMA(I)-SSIGMA(I 1))
RETURN
PART2 CALCULATE PROPERTIES AT LOCAL CONDIT.
100 CONTINUE
DO 110 I=1+NCHANL
TEMP (1) =TSAT
IF(ENTHAL (1) «GT4HSAT)GO TO 300
CALL CURVE(TEMP (1) +ENTHAL.(I) 9 TT9yHHF ¢NODATA,IERROR,1)
110 CONTINUE
SUMM1=0.0
DO 111 I=1+NCHANL
SUMMI =SUMM] +FLO(I) #*TEMP (1) /RHAVG
111 CONTINUE
SUMMZ2=0,0
DO 112 I=]1+NCHANL
SUMM2=SUMMZ+FLO (1) /RHAVG
TAVGZ=SUMM] /SUMM2
112 CONTINUE
NOW CALCULCATE CONDUCTIVITY CP DENSITY
CONAVG=54,306-(1.878E=2)#TAVGZ+(2.0914E-6) #TAVGZ#TAVGZ



CPAVG=0.344021-(7.035395'5)”TAVGZ*(2.68131E-8)”TAVGZ”TAVGZ
RHAVG=59.566*(7.95045-3)“TAVGZ-(0.2872E'b)*TAVGZ“TAVGZ*(0.060355'
19) #TAVGZ#R43
RETURN
300 PRINT 301
301 FORMAT(1Xs*STOPPED IN PROP')
STOP
END
SUBROUTINE HYDRO(V1eV24sV3)
vi=l.0
v2=1l.0
V3=100'
RE TURN
END '
SUBROUTINE ENTI(LC’FLO’A’DE’ENTHAL’QTPRI’GBAR’AIJ9N19N29N3'
1 NCHANLQRHOINQHIN’DQODQPODQJJQEHSTAI’EHSTAz’EHSTA3!EHSTA“9
2 ALPSTA’ETAI9ETA29ETA305TAQ9C1vDELZoGAPoDHDZ)
DIMENSION FLO(ZOO).A(ZOO)’DE(ZOO)oENTHAL(ZOO)&LC(?OOQQ)9
lQTPRI(ISO)'Q(ZOO)0FLR(200)0DHDZ(150)9ETP(200)
IF(JJGTL1)GO TO 10
DO 5 I=1sNCHANL
A(I)=A(1)/144,.0
DE(I)=DE(1)/12.0
ENTHAL (1) =HIN
FLR(I)=FLO(I)/3600.,0
S CONTINUE
AlJ=AlJ/12.0
DROD1=DROD/12.0
GBAR1=GBAR/3600.,0
DELZ=DELZ/12.0
ETAl=ETAl/12.0
ETA2=ETAZ2/12.0
ETA3=ETA3/12.0
ETA4=ETA4/12.0
GAP=GAP/12.0
10 CONTINUE
JJ=JdJ-+1l
DO 12 I=1+NCHANL
ETP(I)=ENTHAL(I)
Q(I)=QTPRI(I)®*#A(I)/3600,0
12 CONTINUE
DO 400 I=1+NCHANL
QT=Q(])
AJ=A(])
AM=FLR (1)
IF(I1.GT.Nl) GO TO 35
MMI=LC(Is1)
MM2=LC(]Is2)
MM3=LC(I+3)
EX1= AIJ*GBARI“(EHSTAI’ALPSTA)“(DRODl/ETAlY’(ETP(MMl)OETP(MMZ)
1+ETP(MM3) =3, 0%ETP(]))
DHDZ (I)=(EX1+QT)/AM
GO TO 400
35 CONTINUE
IF(I.GT.N2)GO TO 55
MMI=LC(Ts1)
MM2=L.C(I+2)
MM3=LC(Is3) _
Exl= AIJ*DRODI“GBARI“((EHSTAI*ALPSTA)*(I.O/ETAI)“(ETP(MMI)
l’ETP(MMZ)-2.0”ETP(I))0(EHSTAZ‘ALPSTA)*(1.0/ETA2)*(ETP(MM3)'ETP(I))



2)
DHDZ(I)=(EX1*QT) /7AM
GO TO 400

55 CONTINUE : ‘

IF(I.GT.N3)GO TO 130

MMI=LC(]Is1])

MM2=LC(]s2)

MM3=LC(I+3)

IF (MM2.6GT.N3)GO TO 100

ETASTR=ETA3

GO TO 101

100 ETASTR=ETA4
101 CONTINUE

IF (MM3,GT.N3)GO TO 105

ETASTS=ETA3

GO TO 104

105 ETASTS=ETA4
104 CONTINUE . .

EXl= (GAP® (DROD1#GBARLI# (EHSTA3*ALPSTA)# (((ETP(MM2)=-ETP(I))
2/ETASTR) ¢+ ((ETP(MM3)=ETP (1)) /ETASTS) ) +C1#GBARLI#(ETP(MM2)~ETP(])))
3+ ((GBAR1*DROD1/ETA2) # (EHSTA2+ALPSTA) AL JU#(ETP(MM]I)=ETP(I))})

DHDZ(I)=(EX1+QT)/AM

GO TO 400

130 CONTINUE

MM1=LC(Isl)

MMZ2=LC(1+2)

MM3=LC(1+3)

EXl= uBARl“((DRODl/ETAQ)“(EHSTAQ*ALPSTA)‘(ETP(MMI)*ETP(MMZ)
1-2.0%ETP (1)) +CL*(ETP(MM]L)=ETP(])) ) *GAP

DHDZ(I)-(EXI*QT)/AM

400 CONTINUE
D0 153 1I=1sNCHANL
ENTHAL(I)oﬁNTHAL(I)0DHDZ(I)“DELZ
153 CONTINUE o :
RETURN' - T e
END ' :
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COMPUTER PROGRAM ENERGY ¢

COMMON MAIN PROG.

COMMON PP(SO)qTT(SO)oRHOFF(SO)oRHOGG(SO)yHHF(SU)qHHG(50)-
LUUF (50) yKKF (50) ¢SSIGMA (50) .

COMMON NCHANLQPREFQNODATAodsATqHVSATyRHSAT9RHV5AT-VISSAToTSATo
ICONSATQSIGSAT9TAVGZ9CPAV59CUNAVGQRHAVGQN19N29N39N49VEL1!VEL?oVEL3
COMMON ENTHAL (150) s TEMP (150) ' .
COMMON DROD’DWIRE9LEADOD’GAPQPODQNURIMGOAUMITQAWALLQACORNQWPUNIT’
IWPNALL9WPCORNQDEUNIToDEWALLoDECORN;HPUNI]QHPWALLmMPCOQNQVRAR
COMMON RHO(ISO)oVISCOS(ISO)9U(l50)9V(150)9AFRIC9BFR1C9FLUWW
COMMON A(150) sWP (150) ¢DE(150) +HPERIM(150)

COMMON PLOP(150)

COMMON KRK

COMMON INDEX :

COMMON LAMBAV +LAMBA1l +LAMBAZ2sLAMBA3,LAMBL1sLAMBLZ

COMMON AFT

DIMENSION BHSTAR(150)

DIMENSION AXIAL (50)sFAX(50)

OIMENSION LC(15093)9P1(500)9FRAC(15O)9RNUM(150)

DIMENSION ASTAR(ISO)QQTPRIM(ISO)9OSTAR(150)QHSTAR(SDO)oDHDZST(IS
10) '
DIMENSION PRESSU(150)

DIMENSION FLO(lSO)QMROD(150’3)QSUMM(lSO)

DIMENSION QTPRI(1S0) yBENTH(150) 9DHOZ(150)

PROGRAM ENERGY FOR CALCULATING TEMP. OF FLUID In wIRE wWRAP,RODS
REAL LEADOD LENGTHyKKF '

REAL LAMBAV.LAMBLI9LAM3L29LAMBA19LAWBACQLAMBA3

READ(Ss1) NODATA

FORMAT (I5)
READ(S’Z)(PP(I)OTT(I)QRHOFF(I)ORHOGG(I)9HHF(I)9HHG(I)9UUF(I)9
IKKF (1) +SSIGMA(I) o I=19NODATA)

FORMAT (9EB.%)

READ (5¢3) NOOFAXsNORUNS ¢ NRUNTWNOITER

FORMAT (415)

READ (S594) (AXIAL(I) 9FAX(I) 9 I=1eNOOFAX)

FORMAT (8E104.4)

READ(S9S)N1sN2sN39N4yNORODsAFRICoBFRIC

FORMAT (SIS.2E1044)

INDI=0

NCHANL =N&

DO 6 I=1sNCHANL . :

READ 7919LC(191)QLC(IQZ)9LC(I93);MROD(191)9MROD(192)9MQOD(193)qFRA
1C(1) :

CONT INUE

FORMAT (IS+61104E10,.6)

READ(54201) (P1(I)sI=1+N0OW0D)

FORMAT (BE10.4)

READ BsETAlsETAZ2sETA3sETA4sCHOICE «SHAPEF s ONE

FORMAT (TE1l.4) )

READ 9sAIJsLEADODIDWIREsGAP9DELZGAPY

FORMAT (6E11.4)

READ 10+DRODsLENGTHIPOD«NORING

FORMAT (3E11.4415)

READ 12+GBARSHINGPREF s BARyIHOINSFLOWW

FORMAT (6E11.4)

OPTIUNS

IF(CHOICE.LT+2.0)060 TO 17

READ 5019AUNIT10AWALL1oACOQNloDEUNIToAFl9VEL19VEL20VFL3
FORMAT (BE10.4)

READ S03sLAMBALl sLAMBAZ L AM3A3,DEWALL «DECORN



503

505
Ny

11

326

327

506

510

19

14l

21
140
143

22

FORKMAT(S5E1044)

READ(59505) (QTPRIM(I) 9 I=19sNCHANL)
FORMAT(BE10.4)

CONTINUE

READ 11sPRINTI+OPTIONCEHSTAL oEHSTAZWEASTASWERSTASLCI
FORMAT (7€11.4) -
EHSTA1=EHSTAl#DDE/DROD
EHSTA2=EHSTA2#DDE/DROD
EHSTA3=EHSTA3#DDE/DRON
EHSTA4=EHSTAG#DDE/DROD

INPUT CALCULATIONS BEGIN

DO 326 I=1e«NCHANL

PRESSU(I) =PREF#164,0

PRINT 3274 (PRESSU(I) s I=19NCHANL)
FORMAT (1X911F11le%)

IF(CHOICE «GE«2.0)G0 TO 506
CALL GEOM

CONTINUE

OPVEL=0

IF(CHOICELT«3.0)G0 TO 510
VEL3=VELZ

LAMBA3=_AMBAZ

CONT INUE

IF (CHOICE L Te2.0)6G0 TO 515
wPUNIT=1.0

WPWALL=1.0

WPCORN=1,0

HPUNIT=1.0

HPWALL=1.0

HPCOKN=].0

AUNIT=AUNIT]}

AWALL=AWALL1

ACORN=ACORN]1

CONTINUE

JJi=1

RHAVG=RHUIN

PRINT2=PRINTI]

NN=NZ

DO 19 I=1,N2
A(1)=AUNIT#FRAC(ID)

WP (I)=wPUNIT#FRAC(])
DE(I)=DEUNIT®*FRAC(I)
HPERIM(I) =HPUNIT#FRAC(I)

IF (N3=NN)1409160s1al
CONTINUE

NK1=NN+1

DO 21 1=NKX1eN3s1l
A(I)=AWALL#FRAC(T)

WP (1) =WPWALL#FRAC(I)
DE(1)=DEWALL®*FRAC(I)

HPERIM (1) =HPWALL*FRAC(I)

IF (N4=N3) 14291424143
CONTINUE

NKZ2=N3+1

DO 22 I=NK2+NCHANL1
A(1)=ACORN®#FRAC(I)

WP (1) =WPCORN®FRACI(I)

DE (1) =DECORN#FRAC(I)

HPERIM (1) =HPCORN#FRAC ()



la2

25

520

215
217
170
175

176

999

CONT INUE

ATUTAL=0.0

HPTOTL=0.0

DO 25 I=1¢NCHANL
ATOTAL=A(I)+ATOTAL
HPTOTL=HPTOTL+HPERIM(])
LAMBAV=AFT/ATOTAL
LAMBL1=1.0-1.0/P0D
LAMBLZ2=GAF1/GAP
[F(CHOICE.GT.1.0)G0 TO 520
LAMBAV=1.0

LAMBLZ2=1.0

LAMBL1=1.0

. LAMBAl=1.0

LAMBAZ=1.0

LAMBA3=1.0

GAP=0GAPF1

CONTINUE

IF(FLOWW.GT.0.0)GO TO 215
FLOWW=GBAR#ATOTAL/144.0

GO TO 217

GBAR=(FLOWW/ATOTAL) #144,0

DO 170 1I=1.N2

FLO(LY=(A(I) /144, 0)*(GBAQ/VELI)*(LAM5A1/LAWHAV)
DO 175 I=NK1eN3sl ‘
FLO(I)=(A(]) /144, 0)*(GdAQ/VELZ)*(LAMHAZ/LAWBAV)
DO 176 I=NKZsNCHANL sl

FLO(I)=(A(I) /144, O)*(GBAQ/V&L?)*(LAMdAJ/LAMHAV)

FLOWW=GBAR®ATOTAL/144,.0
PRINT 999
FORMAT (1X¢ *PASSED FLAG?)

_CALCULATE AXIAL STEP SIZE

ZSTART=LENGTH/DROD

. ZSTAR=0.0

XPRINT=PRINT1/DROD
ETA1ST=ETA1/DR0O0
ETA2ST=ETA2/0R0D

. ETA3ST=ETA3/DROD -

40

529
530

ETA4ST=ETA4/DROD
GAPST=GAP/DROD

DO «0 I=14NCHANL
ASTAR(I)=A(1)/(DROD*DROD)
IF(DELZ.GTL0.0) GO TO 529
DSTAKM= (ASTAR (1)) #ETALIST/ (2. 0%#FHSTAL#OPTION#* (POD=1,0U))
NNN=XPKkINT/DSTARM

IF (NNN.LT«1)NNN=1
DZSTAR=XPRINT/ (2. 0%FLOAT (NNN) )
60 TO 530

DZSTAR=DELZ/DROD

CONT INUE

CALCULATE ALL SAT PROPERTIES
IPART=]

CALL PROP(IPART)

ALL SAT PROPERTIES ARE OBTAINED
IF(CHOICE«GTale0) GO TO 147
PROD1=0.0
P1(500)=0,0
DO 205 I=14NCHANL
DO 206 J=1.3



M=MROD (I +J)
PROD=P] (M)
PROD1=PROD+PROD1
206 CONTINUE
SUMM(I) =PRODI
PROD1=0,0
205 CONTINUE .
CALCULATE QSTAR AND QT~/FAXL
QTPBAR= (UBAR*HPTOTL/ATOTAL)#12.0
DO 45 I=1.NN
GTPRIM(I) = (QTPBAR*ATOTAL/Z (HPTOTLH®A(I) ) ) # ((APERIM(T)/3.,0) #SUMM(T))
45 CONTINUE '
IF (N3=NN) 14541454146
146 CONTINUE
DO 46 I=NK1eN3s1l
QTPRIM(I) = (QTPBAR#ATOTAL/Z (HPTOTL*A(I1))) # ((HPERIM(I)/2.0)¥*SUMM(]T))
46 CONTINUE .
145 IF(N4=N3)14741474148
‘148 CONTINUE
DO 47 I=NK2sN&4s1l
QTPRIM(I)=(QTPBAR#ATOTAL/Z (HPTOTL®A(I) ) ) # ((HPERIM(T)/140)%#SUMM(I))
47 CONTINUE
147 CONTINUE
CALCULATE  QSTAR(I) BY MULT.QTPRIM#FAXL/QTPHBAR
DO 49 I=14NCHANL
49 HSTAR(I)=0.0
HSTAR(S500)=0,0
PRINT ALL INPUYT QUANTITIES
IF(INDI.GT.0)GO TO 97

PRINT 30
30 FORMAT (1Xos*ENERGY WITH UNIFORM VEL. IN ALL CHAN.")

PRINT 31 :
31 FORMAT (1Xy*PP(I) TT(I) RAOFF (1) RHOGG(T) HHF [ HHG

1(D) UUF 1 KKF I SIGMAY)
WRITE(6932) (PP(I)oTT(I)sRHOFF(I) ¢RHOOG (L) eHHF (L) «HHG(I) «UJUF (1) o
I1KKF (1) +SSIGMA(I) ¢1=14NODATA)

32 FORMAT(1Xs9F12.6/)
WRITE (6433)

33 FORMAT(1X4'THE AXIAL DIST. AND AXIAL PEAKING RATIONS')
WRITE(6+34) (AXIALC(I)&FAX(I)oI=1sNOOFAX)

34 FORMAT(1Xe8E10.47)
WRITE(6s110)

110 FORMAT(lXe*'N1 N2 N3 Na NCHANL *)
WRITE(64111) N1eNZ2eN3eN4GsNCHANL

111 FORMAT (1X+515/)
WRITE (64+112) :

112 FORMAT (1 Xs *CHANNEL NO, ND, OF ADJACENT CHAN IN ASCEND, ORDER PEA
1KING KATIOOF RODS FRACTION OF CHANN USEDY)
D0 113 I=1.NCHANL
WRITE(69114) TeLC(Ie]1)ol.C(I92)alLC(I93) eMRUD(Tel) ¢MR0OD(I192) eMROD(I,
13) ¢ FRAC(I)

113 CONTINUE

114 FORMAT (1Xe71104E1044/)
WRITE(64115)

115 FORMAT (1Xe *CENTROID SPACE HETWEEN aDJeTYPES ORF C~ANNEL?Y)

‘ WRITE(64116)ETALIETAZ4ETA3LETAG

116 FORMAT (1Xe4E1)le4/)
WRITE(64117) :

117 FORMAT (1R ' WWW LEAD/DIA DIA OF wIRE AP BeTw, ROD ~-walL?Y)
WRITE(64118) WWWeLEADOD s IWIRESGAP



118
120
121
127
128
129

130
1

1
131

202
200
203
204
210

211
97

122
1

123

124

FORMAT (4E11.4)
WRITE(64120)

FORMAT (1A 'ROD DIA. 2(" INe LENGTH
WRITE (69121) DRODSLENGTHePODINORING

FORMAT (1X93F15.6415)
PRINT 127

FORMAT (1Xs "AREAS(I) wETTED PERI

DO 128 I=1+NCHANL

INeP/D NO OF RINGS?')

EQes DIA, HEATFD PRERI.')

WRITE(6+129) A(I)swWP(I)sDE(L) sHPERIM(L)

CONTINUE
FORMAT (1Xe4E11.47)
WRITE (64130)

FORMAT (1 Xy *ZSTART £TA1ST ETAZST . ETA3ST

DZSTAR V)

ETAGST -

GAPST

WRITE(69131) ZSTART»ETAISToETAZSTsETA3SI1ETAQST’GAPSTyDZQTAR.

QTPBAR

FORMAT (1Xe8F11.47)

WRITE(64202)

FORMAT (1X4'ROD NO. ROD POUWER?®)
DO 203 I=1.NOROD
WRITE(64204)I.P1(])

CONT INUE

FORMAT (1Xe1596XeE10e4)
WRITE(6+210)

FORMAT (1Xs *VUNIT/VBAR VWALL/VBAR

WRITE(69211)VEL1sVEL2VEL3
FORMAT (1X93E10.4)

CONTINUE

WRITE(64122)

VCORNER/VBAK?)

FORMAT (1Xe 'AXIAL INCREM, FOR PRINT OPTION>¢Z EHSTAN

COEFF FOR PERIe. VEL.")

~

2

WRITE(64123) PRINT1+OPTIONSEHSTAL sEHSTAZ2sEHSTA3WEHSTAL,C]

FORMAT (1Xe7E1144/)
WRITE(64124)

FORMAT (1Xes* GBAR HIN BTu/sLB

10PT FLOWW ATOTAL")
WRITE(64125) GBARsHINsPREF s QBARsOPVEL sFLUNWSIATOTAL

125
132

70

FORMAT (1Xe7E11.47/)
WRITE(6+132)
FORMAT (1X e *CHANNEL NO, ASTAR
INDI=INDI+1

PREF =FRLF

HIN=HIN

IPART=?

" SUM1=0.0

101

301

302

303

DO 101 I=1+NCHANL
ENTHAL (1) =HIN

SUM1=SUM] «ENTHAL (1) #*FLO(])
CONTINUE

SUM4=0,.0

SUM3=0.0

VBAR=GBAR/RHOIN

ENTERING MAIN LOOP

DO 301 I=1eNN
U(I)=(VBAK/VEL1) # (LAMBAL1/LAMBAV)
DO 302 I=NK1sN3sl
U(I)=VBAR/VELZ#* (LAMBA2/LAMSAV)
D0 303 I=NK29NCHANL,1
U(1)=VBAR/VEL3# (LAMBA3/LAMBAV)

HEAT GEN.

REF PRES. AVG HEAT FLUX

PER UNIT VOL/FAX?Y)

VEL



304

26

550

545

76

80

151

81
150

156

888
886

890
891

DO 304 I=14NCHANL
vI)=u(lI)
CALL PROP(IPART) ‘
CALL AXIAL PEAKING FaCTOR
ZBAR=DZSTAR/2.0+Z5TAR
ZBAR=ZBAR#DROD/LENGTH
CALL CURVE (FAXL s ZBARsFAX s AXIAL +NOOFAX s IERROE S 1)
ALPSTA=12,0%CONAVG/ (GBAR#CPAVGH#DROD) #SHAPLEF
ALPSTA=ALPSTA®LAMBL]
IF(CHOICE.LE.1.0) GO TO 545
DO S50 I=14NCHANL
BENTH(I) =ENTHAL (I)
QTPRI (1) =QTPRIM(I) #FAXL
CALL ENTI(LCQFLOQAQDEQEVTHALQQTPRIQGBARQAIJoNl9N29N39NCHANL99HOIN
1oHIN’DRODypODoJJvﬁHSTAl9EHSTAZ9EHSTA39EHSTA49ALPSTA9ETAl9ETA29
PETA3sETA4sCl9DELZ9GAPIDHDZ)
60 TO 560
CONTINUE
DO 76 I=1NCHANL
QSTAR(I)=QTPRIM(]) *FAXL/JTP3AR
DO 80 1=leN]
MMI=LC(Is1)
MMZ2=LC(1+2)
MM3=LC(I+3)
HSTAR(500)=HSTAR(])
DHDZST(I)=OSTAR(I)*(I.O/ASTAQ(I))“(EHSTAI*ALPSTA)*((POD-I.O)/ETAIS
IT)*(HSTAR(MMI)*HSTAR(MMZ)*HSTAR(MM3)-3.0“HSTAR(I))
DHDZST (1) =DHDOZST(I)#VRBAR/U(I)
CONTINUE
IF (N2=N1)150+s150,5151
CONTINUE
NK3=N1+]
DO 81 1=NK3sN2sl
MM1=LC(Is1l)
MM2=L.C(I+2)
MM3={C(I+3)
HSTAR(500)=HSTAR(I)
DHDZST(I)=QSTAR(I)+(1.0/ASTAR(I) ) #*((POD~1. O)*((EHSTAI#ALPQTA)/ETAI
1ST)# (HSTAR(MM1) +HSTAR (Mm2) =2, D#HSTAR(I) )+ ( (EHSTAZ2+ALPSTA) /JETAZS5T)
2 *(HSTAR(MM3)=HSTAR(I))#(POD-1,0))
DHDZST(I)=DHDZST (1) #VBAR/U(I)
CONT INUE
CONT INUE
IF (N3=N2) 15591554156
CONT INUE
DO 85 I=NK1leN3sl
MM1=LC(Is1)
MMZ2=LC (I+2)
MM3=LC(1+3)
IF (MMZ2.GT.N3)GO TO 884
ETASTR=ETA3ST
GO TO 889
ETASTR=ETA4ST
CONTINUE
IF (MM3,GT.N3)G0O TO 890
ETASTS=ETA3ST
G0 TO 891
ETASTS=ETA4ST
CONT INUE



85
155

158

88
157
90

91

316
320
310

1001
325

560

715

HSTAR (500) =HSTAR (1)

DHDZST (1)=(1.0/ASTAR(T) ) # ( (GAPST) # ((EASTAS+ALPSTA) # ( ((HSTAR(MM2) -
LHSTAR (1)) ZETASTR) ¢ ( (HSTAR (MM3) =HSTAR (1)) /ETASTS) ) +C1# (HSTAR (MM2) -
SHSTAR (1))) +(POD=1.0)%( ((EHSTAZ+ALPSTA) /E 1ARST) # (HSTAR (MM]) =HSTAR (I
3)))) +QSTAR (1) - -

DHOZST (1) =DHDZST (1) #VBAR/U(I)

CONT INUE

CONT INUE

IF (N&=N3) 15791574158

CONT INUE

DO 88 1=NK2«N&sl |

MM1=LC(Is1)

MM2=LC (1 +2)-

MM3=LC (1+3) .

HSTAR (500) =HSTAR (1) |

OHDZST (1) =(1.0/ASTAR(I)) #( (GAPST) # ( ((EHSIA4+ALPSTA) /ETAGST) # (HST
1AR (MM1) +HSTAR (MM2) =2+ 0#HSTAR (1)) +C1# (ASTAR(MM1) =HSTAR(I)))) +QSTAR
2(1)

DHDZST (1) =DHDZST (1) #VBAR/U(I)

CONT INUE :

CONTINUE

DO 90 I=1+NCHANL

BHSTAR (1) =HSTAR (1) +DHDZST (1) #DZSTAR

DO Y1 I=1+NCHANL ,

ENTHAL (1) = (BHSTAR (1) #DROD*QTPBAR/ (GBAR®1240) ) +HIN

conTINUE '

IPART =2

FLOSUM=0.0 _

CALL PROP (IPART)

CALL RUMBA

DO 310 IJ=1sNOITEK

CALL HYDRO

DO 315 I=1NCHANL

DHDZST (1) =DHDZST (1) #U (1) /VBAR

VBAR=GBAR/RHAVG

DO 316 I=1+NCHANL

DHDZST (1) =DHDZST (1) #VBAR/V (1)

BHSTAR (1) =DHDZST (1) #DZSTAR+HSTAR (1)

ENTHAL (1) = (BHSTAR (1) #DROD#QTPBAR/ (GBAR®1240) ) +HIN

CALL PROP (IPART)

DO 320 I=1¢NCHANL

U1 =V (D)

FLO(I)=RHO(I)#U (1) #A(I) /14440

CONT INUE

CONT INUE

DO 1001 I=1+NCHANL

FLOSUM=FLOSUM*FLO (1)

CONT INUE

D0 325 I=1+NCHANL

HSTAR (1) =BHSTAR(I)

60 TO 700

CONTINUE

[PART=2

CALL PROP (IPAKT)

FLOSUM=0.0

CALL RUMBA

DO 710 IJ=1+NOITER

CALL HYDRO1

DO 715 I=1+NCHANL

DHDZ (1) =DHDZ (1) 2U(1) /V ()



DO 716 I=1+NCHANL
716 ENTHAL(I)=DHDZ (1) #DELZ+RBENTA(])
CALL PROP (IPART)
DO 720 I=14NCHANL
uh =v(I
FLO(I)=RHO(I)#U(I)#A(])
720 CONTINUE
710 CONTINUE
DO 730 I=1+NCHANL
FLOSUM=FLOSUM+FLO (1)
730 CONTINUE
700 CONTINUE
PRINT 321 ' ‘
321 FORMAT(1Xs'0UT OF ITER.LDJOP FOR TEMP aT [+07')
DO 328 I=1+NCHANL
328 PRESSU(I)=PKESSU(I)=PDOP(1)#DZSTAR#DRID/ 1.V
SUM2=0,0
DO 322 I=1+NCHANL
322 SUM2=SUMZ+ENTHAL (1) #FLO(I)
SUMS5=SUM2-SUM]
PRINT 171 9SUM2 e SUMG s SUMS 9 SUML o FLO (1) oFLU(DT7) oFLN(121) o FLOSUM,
1 INDEX
171 FORMAT(1X¢8F13.5415/)
ZSTAR=ZSTAR+DZSTAR
IF(CHOICE.GTels0) GO TO 500
UDIFF=ABS(ZSTAR=XPRINT)
IF(DIFF=0,1)92492+26

32 XPRINT=XPRINT+PRINT1/DROD
ZZSTAR=ZSTAR#DROD
PRINT 93

93 FORMAT (1Xe taXIAL DIST. INe ZSTaR AVERAGE TEMPG )
WRITE (6994) ZZSTAR9ZSTARSTAVGZ

94 FORMAT(1Xe3F1l.4/)

WRITE (%4 95)

95 FORMAT (11X TEMP (2) TEMP(S) TEMP(19) TEMP (20) TEMP (4
17) TEMNP (48) TEMP (69) TEMP (92) TEMP(117) ")
"WRITE(6496) T&MP(Z)qTFMP(B)oTEMP(19)oTEMP(EO)oTtMP(%T).TEAP(ua)o
ITEMP (69) s TEMP (92) s TEMP (117)

96 FORMAT(1XK99F12.47)

~ PRINT 329
329 FORMAT(1Xs*FOLLOWING ARE THE CHANNEL PRESSURES IN PSF?)
PRINT 330, (PRESSU(I) +I=19NCHANL) :
330 FORMAT(1Xsl1F1le)
PRINT 311
311 FORMAT (1Xs 'FOLLOWING ARE CHANNEL VELOCITIES IN FT./HR.?)
PRINT 3129 (V(I)eI=1sNCHANL)
312 FORMAT(1Xs11F11.4)
PRINT 317
317 FORMAT(1Xs 'FOLLOWING ARKE NEW TEMPERATURES IN ITER. LOOP AT Z+DZY)
PRINT 3184 (TEMP(I)¢I=14NCHANL)
313 FORMAT(1Xe10F11.4)
2CZ=ABS(ZSTAR=ZSTART)
IF(ZCZ.LTo0,1) GO TO 100
IF(CHOICE LE«140) GO 10 26
600 CONTINUE
ZZSTAR=ZSTAR#DROD
DIFF=ABS(ZZSTAR=PRINT2)
IF(DIFF=0,1)6014501426
601 PRINT2=PRINT2+PRINTI
PRINT 625«SUM2,4SUMS,SUMI

~



626
627

509

100

508

i60

> FORMAT (1X43F13.6)

PRINT 626

FORMAT (1XxevaAXIAL DIST IN. ZSTAR AVG, TEMP )

PRINT 627+27STARWZSTARLTAVGLZ

FORMAT (1X93E11.47/)

WRITE (6+509) (TEMP(I)eI=1¢NCHANL)

FORMAT (BE10.4)

ZCZ=ABS (ZSTAR=ZSTART)

IF(ZCZ.LTo041) GO TO 100

GO TO 26

CONT INUE

IF(CHOICE.LT«2.0) GO TO 160

DO 508 I=1+NCHANL

A(I)=A(I)*]1464.0

DE(I)=DE(1)%#12.0

CONT INUE

AlJ=AlJ%#12,.,0

DELZ=DELZ#]12.0

ETALI=ETALl#12.0

ETAZ=ETAZ#]12.0

ETA3=ETA3#12.0

ETA4=ETA4#]12.0

GAP=0AP1%*12.0

CONT INUE

STOP

END ,

SUBROUTINE GEOM :
COMMON PP (50) ¢ TT(S0) ¢RHIFF (50) ¢ RHUGG (50) s HHF (50) + HHG (S0)
LUUF (50) ¢+ KKF (50) ¢ SSIGMA (50)

COMMON NCHANL sPREF sNODATA+HSAT o HVSAT ¢ RHSAT g RHVSAT o VISSAT 4 TSAT S
1CONSAT ¢sSIGSAT«TAVGZ +CPAVS9CONAVGIRHAVOINL sN2esN3eNg e VELL1 o VEL29VEL3
COMMON ENTHAL (150) s TEMP (150)

COMMON DRODsDWIREsLEADOD ¢GAP ¢PODsNURINGsAUNITsAWALLsACORNIWPUNIT,.
IWPWALLOWPCORNOOEUNITQDEWALLODECORNQHPUNI1QHPWALLQHPCOQNQVBAQ
COMMON RHO (150) sVISCOS(150) sU(150) eV (150) ¢ AFRICsBFRICsFLOWW

COMMON A(150) ¢WP (150) sDE(150) ¢+HPERIM(150)
COMMUN PDOP(150)
COMMON  KRK
COMMON INDEX
COMMON LAMBAV LAMBAl LAMBAZsLAMBA3,LAMBLLLAMBL2
COMMON AFT

SUBROUTINE CALCULATES GEJIMETRY FOR 3 TYPES OF CHANNELS
REAL LEADOD
N1l1l=N2
N22=N3-N11
N33=N4=-N3
SPACE=06AP
OR=DROD
DW=DwIRE
P=DR#POD
AAAAZ (1, 0+BFRIC)/(2.0-4FC)
PPP=FLOAT (NORING) #P#],732/2.0
DFLAT=2.,U% (PPP+DR/2.0+54A°)
DFACE=DFLAT/1.732
PI=3.14159
AUNIT=1,732/74.,0%P#P=PJ/3,0%)R*DR=P[/B0*UWHDW
AWALL=P#(DR/2+0+SPACE) =P I#DR#DK/BU=PI¥DWH*DW/ 8,0
ACORNZ2 4 0% (0 e O# (DR/PeD+SPACE) # (DFACE=PH#NURING) %0 S=FI#DR*NK/GR N
1) =PI#DW#UW/24.0



WPUNIT=(PI/2.0)#DR+0.S#PI#DwW
WPWALL=P+WPUNIT
WPCOKNZ (PI1/6¢0)#DR+ (P1/640) #DW+2.0% (DFACE-P#*NORING) *0,.5
DEUNIT=64,0%AUNIT/WPUNIT
DEWALL=40%AWALL/WPWALL
DECORN=440#ACORN/WPCORN
HPUNIT=(P1/2.0)#%DR
HPWALL=(PI/2.0)#%DR
HPCORN=(PI1/640) #DR
AFT=N11#AUNTT+N22#AWALL +N33%#ACORN
XX1=AFT/ (N11#AUNTT+N22#AWALLY ((DEWALL/DEUNIT) #%#AAAA ) +N33#ACORN®
1 ( (DECORN/DEUNIT) ##AAAA ))
XX2=AFT/ (N11%#AUNIT# ( (DEUNIT/DEWALL) ##AAAA ) +N22%AWALL+N33¢ACORN®
1 ((DECORN/DEWALL) ##AAAA ))
XX3=AF T/ (N11#AUNIT# ((DEUNIT/DECORN) #%#AAAA )oNdZ“AwALL“((DFWALL/
1DECORN) ##AAAA ) +N33#ACORN)
VEL1=1.0/XX1
VEL2=1.0/XX2
VEL3=1.0/XX3
RETURN
END
SUMROUTINE CURVE(FXeXeFeYeNeJsISAVE)
DIMENSION F (60)+Y(60)
GO TO(10+50) s ISAVE
10 DO 20 KK=14N
IF(X=-Y(KK))30+154+20
15 IF(KKeEQeN) GO TO 40
20 CONTINUE
60 TO 60
30 IF(KKeEQel) GO TO 60
40 B=(X=Y(KK=1))/(Y(KK)=Y(KK=1))
50 FX=F (KK=- 1)08“(F(<K)~F(KK 1))
RETURN
60 PRINT 61
61 FORMAT(1Xy'PROG.STOPPED IN CURVE?').
J=2
RE TURN
END -
SUBROUTINE PROP(IPART)
COMMON PP(SO)oTT(SO)oHHOFF(bO)oRHOGG(bO)oHHF(bO).HHG(SO).
LUUF (50) oKKF (50) s SSIGMA (50)
COMMON NCHANL ¢PREF sNODATA s HSATyHVSAT9sRHSAT yRHVSATVISSAT,TSAT,
1CONSAT ¢SIGSATTAVGZ» CpAVSOCONAVGsRHAVSONl9N20N39NQ¢VEL19VEL29VEL3
COMMON ENTHAL (150) s TEMP (150)

COMMON DROD+DWIRE LEADOD » GAR s POD sNORING s AUNT To AWALL s ACORNSWPUNIT
LWPWALL sWPCORNsDEUNIT 9DEWALL 9DECORNsHPUNIToHPWALL ¢+ HPCORN VBAR
COMMON RHO (150) ¢ VISCOS(150) sU(150) sV (150) s AFRICeBFRICSFLOWW

COMMON A(150) sWP (150) «DE(150) «HPERIM(150)
COMMON PDOP(150)
COMMON  KRK
COMMON INDE X
COMMON LAMHAV.LAMBAl.LAwaAe,LAMdAJ,LAMBLL.LAMdLa
COMMON AFT
REAL KKF
GO TO (104100),IPART
PART 1 CALCUL. OF SATIRaTED PROPERTIES
10 DO 11 I=14NODATA
IF(PREF oLTe PP(I)) GO TO 20
11 CONTINUE



20

40

100

111

112

140

300
301

GO TO 300
IF(I1e6GTel) GO TO 40
GO TO 300
VALUE= (PREF=PP(I=1)) /(PP (1) =PP(I-1))
HSAT=HHF (I=1) +VALUE# (HHF (1) =HHF (1=1))
HVSAT=HHG (I=1) +VALUE# (HHG (1) =HHG(I~1))
RHSAT=RHUFF (I=1) +VALUE# (RROFF (1) =RAODFF (I=1))
RHVSAT=RA0GEG (I=1) +VALUE # (RHIGG (1) -RHIGG(1-1))
VISSAT=UUF (I=-1) +VALUE# (UJF (1) =UUF (I=1))
TSAT=TT(1=-1) +VALUE®(TT (D) =TT (I-1))
CONSAT=KKF (I=1)+VALUE® (K<F (1) ~=xKF (1-1))
SIGSAT=SSIGMA(I=1) +VALUE# (SSIGMA(I)=SSIGMA(I-1))
RETUKN
PART2 CAL3ULATE PROPERTIES AT LOCAL CONLIT.
CONTINUE
DO 110 I=1+NCHANL
TEMP (1) =TSAT
IF(ENTHAL (1) «.GT«HSAT)IGO TO 300
CALL CURVE (TEMP (1) «ENTHAL (L) 9 TToHHF ¢ NODATASTERROR 1)
CONT INUE
SUMM1=0.0
DO 111 I=1.NCHANL
SUMMLI=SUMML +V (I) #TEMP ([) %A (1) /14440
CONTINUE
SUMMZ2=0
DO 112 I=1+NCHANL
SUMMZ2=SUMMZ2+V (T)#A (1) /1464440
CONTINUE
TAVGZ=SUMM] /SUMMZ
NOW CALCULCATE CONDUCTIVITY CP  DENSITY
CPAVG=0.344021-(7.03539F-5)*TAVGZ+(2.6BIJLE-8)*TAVGZ“TAVGZ
CONAVG=54;306-(1.878E-2)“TAVGZ+(2.09145-6)*TAVGZ“TAVGZ
RHAVG=59.566-(7.95046-3)*TAVGZ-(0.287ZE-6)”TAVGZ*TAVGZ*(0.0éOBQE-
19)#TAVGZ##3 '
DO 140 .I=14NCHANL
"RHO(I)=59,566 = (7.9504F=3)# (TEMP (1)) =(0.2872E-6) #TEMP(I) *TEMP (1) +
1(0.06035E=9)#TEMP (1) ##3.0
vVISCOS (D)= 2.87728=(T7e59499E=3) #TEMP (1) +(9,9728BE-6) #TEMP (1) #TEMP
l(I)-(6.03425E-9)*TEMP(I)“TEMP(I)“TEMP(I)0(1.346545-12)*TEMP(I)
2¢TEMP () #TEMP (1) #TEMP ()
CONT INUE
RETURN
PRINT 301 :
FORMAT (1Xs *STOPPED IN PROP?)
STOP
END
SUBROUTINE  RUMBA
COMMON PP (50) s TT(S0) ¢ RHIFF (50) ¢ RHOGG (50) s HHF (50) «HHG (S0 o
LUUF (50) ¢KKF (50) « SSIGMA (50)
COMMON NCHANL « PREF e NONATAsHSAT s HVSAT ¢ RHSAT yRHVSAT 9 VISSAT,L TSAT
ICONSAT9SIGSAT9TAVGZ9CPAVG.CUNAVG;RHAVG9N19N29N3.NA9VEL19VEL29VEL3
COMMON ENTHAL (150) « TEMP (150)
COMMON DROD «DWIRE s LEADUD s GAP ¢ POD 9 NUORINGs AUNIT s AWALL 9 ACORN+WPUNIT,
IWPWALLcWPCORNoDEUNIToDEWQLLoDECO&NoH9dNI19HPWALL9HPC09N,VHAR
COMMON RHO(150) 9 VISCOS(150) sU(150) oV (150) o AFRICsBFRIC,FLOWW
COMMON A (150) sWP (150) «DE (130) +HPERIM(150)
COMMON  PDOP (150)
COMMON  KRK
COMMON INDEX
COMMUN LAMBAV LAMBA]l +LAVBAZ,LAMBASLAMBLILLAMBLZ



10

310

311
303

300

10

110

COMMON AaFT

J=1

DO 10 KK=2+NCHANL 1

IF(TEMP (KK) o GTLTEMP (J))GD TO 10

J=KK ~

CONTINUE

KRK=J

RETURN

END

SUHROUTINE ‘HYDRO1 ,
COMMON PP(SO)sTT(SO).HHDFF(SO).HHOGG(SO)oHHF(SO).HHG(SO)s
1UUF (50) yKKF (50) ¢ SSIGMA (50)

“COMMON NCHANL « PREF sNOJATAsHSAT s HVSAT ¢ RHSAT o RHVSAT o VISSATHTSAT
ICONSATQSIGSATQTAVGZ9CPAV39C0NAV69RHAVGON19N29N39NaoVEL19VEL20VEL3

COMMON ENTHAL (150) «TEMP (150)

COMMON DROD «DWIRE s LEADOD ¢ GAP ¢ POD s NORING ¢ AUNIT 9 AWAL L sACORNSWPUNTT,

IWPWALLQWPCOQNvDEUNIToDEWALLoDECORNyHPUNI1oHPWALLoHPCOQNoVBAR
COMMON RHO(150) +VISCOS(150) sU(150) oV (150) s AFRICeBFRIC,FLOWW
COMMON A(150) ¢WP (150) ¢DE(150) «HPERIM(150)

COMMON PDOP(150)
COMMON KRK
COMMON INDEX '

COMMON LAMBAV.LAMBAl+LAMBAZLAMBA3LAMBL 1 LAMBLZ2
COMMON AFT .

REAL LAMUAvLAMBAVcLAMBAl9LAW8AZQLAM8A3QLAMBL19LAMRL2
REAL LEADOUD
DO 300 I=1sNCHANL
IF(I.GT.N2) GO TO 3190
LAMBA=LAMBA]

GO TO 303
IF(I.GT«N3) GO TO 311
LAMBA=_AMBA?

GO TO 303
LAMBA=LAMBA3
CONT INUE
A(I)=A(])#LAMBA
U(I)=u(l)/LAMBA
CONTINUE
B=BFRIC

M=KRK

KRXK1=M=]
KRKZ2=M+1]
RNO=(RHO(1)#U(1)*DE(1)/12.0)/VISCUS(]1)
INDEX=0

RMULT1=1.034/7 (POD#%),124)

RMULT2= (29, 7# (POD#¥6,94) # (RNO##0,086) )/ (LEADOD#*#2,239)

RMULT=(RMULT1+RMULTZ2) ##0,885
VH=U (M) /3600.0
DO 1U I=1«NCHANL
VISCUS(I)=VISCOS(I)/360n.0
CONTINUE
FLOH =FLOWW/3600.0

ALPHA1=AFRIC*RMULT*(VISCOS(M)“*B)*(PﬂO(M)“*(I.O°d))“(VH““(Z.O—B))

1 (64.4%(DE(M) =2 (l,0+8)))
SUMM=0,.0

SUMF=0,0
[F(KRK1,LT,1)G0O TO 21
DU 20 1=14KRK1l,yl

SUMM=SUMM¢RHO(I)*A(I)*((ALP#AI*(HHO(W)-RHO(I)))**(1.0/(2.0-“)))*



20
21

22
25

90
91

100

151
150

152
153

L(OE (1) ##(1.0+B) #64,4/ (RMULT#AFRICH (VISCOS (1) ##d) # (RHO(T) ## (1. 0-1))
2) )*“”(1.0/(2.0—9))
SUMF=SUMF¢((RHO(I)*A(I)/(Z.O-B))*(ALPﬁAl+(&HO(M)?HHU(I)))#”((H—l.
10)/7(2.,0=-B))# '
2((2.0=B)# (VH##(1,0-8))%ALPHAL/ (VH##(2.0=-8))) ) ¥
3(DE(I)**(1.0*8)“64.4/(HMULT“AFRIC*(VISCUS(I)“*d)*(QHO(I)““(1.0—8))
4))#(1e0/(2.0-8))

CONT INUE

CONT INUE

IF (KRKZ2.GTJNCHANL)GO TO 25

DO 22 I=KRKZ2sNCHANL «1 ‘
' SUMM=SUMM¢RHO(I)*A(I)*((ALPHAI*(RHO(M)-RHU(I)))“*(1.0/(2.0-9)))*
l(DE(I)”“(1.0‘8)*64.4/(RMULT“AFQIC*(VISCOb(I)“*B)”(RHO(I)**(I.O-H))
2))#%(1.0/(2.0-B))
SUMF=SUMF*((RHO(I)*A(I)/(?.O-B))”(ALPnAl*(QHO(M)-HHO(I)))”“((R-lo
10)/7(2.0-B))*
2((2.0=8)# (VH## (1,0-8))#ALPHAL/ (VH##(2.0-8))))*
3(Dt(I)**(I.O*B)“64.4/(RMJLT*AFQIC*(VleOS(I)“*B)*(RHO(IY**(I.O-H))
4))##(1,0/(2.0-3))

CONT INUE

CONTINUE

FUN=RHO (M) #A (M) #VH+SUMM=FLOH

FUNP=RHO (M) #A (M) +SUMF

VHNE W=VH=-FUN/FUNP

EPSIL=(VHNEW=-VH) /VH

EPSIL=ABS(EPSIL)

INDEX=INDEX+1

IF(EPSIL.LE«040005)G0 TO 100

IF (INDEX+GEL10)GO TO 90

VH=VHNEW

G0 TO 110

PRINT 91

FORMAT (1X+ YCONVERGENCE CRITERIA IS NOT SAT, IN HYHRO')

STOP

V(M) =VHNEW

VH=VHNEW

ALPHA1=AFRIC“RMULT*(VISCOS(M)*“B)”(RHO(M)”*(l.O'B))*(VH““(Z.O-B))/
1(64.,4% (DE(M)##(1,0+8)))

IF(KRK1.LT,1)GO TO 150

DO 151 I=1+KRKl»l

V(I)=( (ALPHAL+ (RHO (M) =RHD (1)) ) #DE(I) ## (1.0+B) %64 ,4/ ((VISCOS(]) #=
18)# ((RHO(I) ) ##(1,0=8) ) #RMULT#AFRIC) ) #*(1.0/(2.0-B))

CONTINUE

IF (KRKZ24GT NCHANL)GO TO 153

DO 152 I=KRKZ2+NCHANL ] :

VI)=( (ALPHAL+ (RHO (M) =RHD (1)) ) #*DE (D) ## (1.0+B) %¥04,4/ ((VISCOS(]) 2+
18)# ((RHO(I))## (1,0=3)) #*RMULT#AFRIC) ) ##(1.0/(2.0-8))

CONTINUE

CONTINUE

DO 202 I=1+NCHANL

REYNOL=RHO (1) #Vv (1) *DE(1)/VISCOS(I)

PDOP(I)=(RMULT*(AFRIC/(QEYNOL”*B))*RHD(I)*V(I)*V(I)/bQ.“)+RHO(I)

CONTINUE

DO 201 I=1.NCHANL

VISCOS (1) =vISCOS(I)*#3600.0

V(I)=v(I)#3600,.0

DO 330 I=1+NCHANL

IF(I.GT.nN2) GO TJ 335

LAMBA=LAMBA]



GO TO 331
335 IF(I1.GTeN3) GO TO 340
LAMBA=LAMBA?
G0 7O 331
340 LAMBA=LAMBA3
331 CONTINUE
A(I)=A(1)/LAMBA
VII)=V (D) #LAMBA
UCI)=U(I)#LAMBA
330 CONTINUE
RETURN
END
SUBROUTINE HYDRO
COMMON PP(SO),TT(SO),RHOFF(SO).HHoeo(bO).aaF(aO).ahs(bu).
LUUJF (50) o KKF (50) +SSIGMA(50)
COMMON NCHANL ¢PREF ¢NONDATA3HSAT s HVSAT RHbAT.&HVSAT,VIQSAT TSAT.
1C0NSATQSIGSAT9TAVG?9CPAVJQC3NAVG"HﬂAVole9N29NJONQ¢VEL19VFL79VFL3
COMMON ENTHAL (150) s TEMP (150)
COMMON DHODoDwIRE9LEADOD.GAPoPOD,NOH1VGoAUVIT9AWALL~ACORN-WPUNIT9
IWPWALL s WPCORNsDEUNT T +DEWALL s DECORN s HPUNIT o HPWALL s HPCORN s VBAR
COMMON RHO (150) sVISCOS(150) sU(150) ¢V (150) s AFRICeBFRICoFLOWW
COMMON A(150) «WP(150) ¢DE(150) yHPERIM(150)
COMMON PDOP(150)
COMMON  KRK
COMMON INDEX
COMMON LAMBAV.LAMBALl sLAMBAZLAMBAS«LAMBL 1 eLAMBLZ
COMMON AFT
REAL LEADOD
B=BFRIC
M=KRK
KRK1=M-1
KRKZ2=M+ ]
RNO=(RHO (1) #U (1) #DE(1)/12.0)/VISCOS(1)
INDEX=0
RMULT1=1.034/(POD##0,124)
RMULT2= (29, T%# (POD##6.94) # (RNO¥#0, Obb))/(LtADUU**a 239)
RMULT= (RMULTL1+RMULT2) ##0,885
VH=U (M) /360040
DO 10 I=1eNCHANL
VISCOS(I)=VvISCOS(I)/3600.0
DE(I)=DE(I)/12.0
10 A(1)=A(1)/144.0
FLOH =FLOWW/3600.0
110 ALPHAL=AFRICH#RMULT#(VISCOS (M) ##3)# (RHI (M) ##(1,0=8))* (VH##(2,0-8))/
1(64.,4%(DE(M)#%#(1,0+8)))
SUMM=0.0
SUMF=0.0
IF (KRK1.LT.1)GO TOU 21
DO 20 I=lekKRKls1
SUMM=SUMM+RHO (T) #A (1) # ( (ALPHAL+ (RHO (M) =RHO (1)) ) ##(1.0/(20=5)))*
L(DE(I)#8(]1.0+B)#64,4/(RMJLTH#AFRIC# (VISCOS(I) ##g)# (RHO(T) %= (1,0=H))
2))##(1,0/(2.0-R))
SUMF=SUMF + ( (RHO(I)#a(1)/ (2.0~ B))*(ALH&AI*(RHO(M)-HHO(I)))**((4 le
10)/7(2.0=-1))
2((2e0=B) ¥ (VH## (] ,0=8) ) *ALPHAL/Z (VA% (240=8))))*
B(DE([)##(1,0+48B) #6447/ (RMI_TH#AFRIC# (VISCOS (1) ##p)# (RAQ(J)##(),0N=R))
4))#%(1.0/(2,0-8))
20 CONTINUE
21 CONTINUE



IF(KRK2OT<4NCHANL)IGU TO 25
DO 22 I=KRKZ2+NCHANL 1
SUMM= SUMM+RHO (T) #A (1) #* ( (ALPHAL+ (RHO (M) =RHO(T1)) ) ##(1e0/ (2.0~ 3))) =
L(DE(I)##(]l.,0+8) %64, G/ (RMILTH#AFRIC# (VISCOS () ##8) #(RAQ(T)#*# (1,0~ R))
2))1#4(1,0/7(2.0-R))
" SUMF=SUMF+ ((RHO (D) #a (1) / (2.0~ H))*(ALPHAI*(RHO(M)-RdU(I)))**((1-1.
10)/7(260=r3)) %
2((2e0=8) % (VH##(1,0-8))*ALPHAL/ (VH## (24.0- -H))))#
3(DE(])##(1.0+8) %54, Q/(RMJLT*AFRIC*(VlSCOb(I)**d)*(QHU(I)%*(l n=R))
4) ) (1,0/(2.0-8))
22 CONTINUE
25 CONTINUE
FUN=RHO (M) #A (M) #VH+ SUMM=FLOH
FUNP=RHO (M) #A (M) +5UMF
VHNE W=VH=FUN/FUNP
EPSIL=(VHNEW=VH) /VH
EPSIL=ABS(EPSIL)
INDEX=INDEX+]
IF(EPSIL.LE.040005)G0 TO 100
IF (INDEX.GE.10)GO TO S0
VH=VHNEW
GO TO 110
90 PRINT 91 :
91 FORMAT(1Xs*CONVERGENCE CRITERIA IS NJI SAT. IN AYHROY)
STOP
100 V(M) =VHNEW
VH=VHNEW
AL PHA]l= =AFRIC#RMULT# (VISCOS (M) #4B8) # (RHO (M) ## (1,0 =B) ) # (VHS# (2,0-8))/
l(6a4.,46% (DE(M)##(1,0+8)))
IF(KRK1,LT.1)GO TO 150
DO 151 I=19KRK]1sl
V(I)=((ALPHAI‘(RHO(M)'RHO(I)))“DE(I)“*(I.U*H)*b“.Q/((VISCOS(I)“*
13)# ( (RHO(I) ) %% (1,0=-8))#RMULT#AFRIC))¥#*(1.0/(2.0-8))
151 CONTINUE
150 IF(KHKZ.GT.NCHANL)GO TO 153
DO 152 I=KRKZ2¢NCHANL 1 -
V(I)=((ALPHAI*(RHO(M)-RHO(I)))”DE(I)“*(I.O*H)*éQ.Q/((VISCOS(I)**
1B)# ((KHO(I))## (1.,0=-B))#RMULTH#AFRIC) ) ##(1le0/(2.0-8))
152 CONTINUE
153 CONTINUE
DO 202 I=1+NCHANL
REYNOL=RAQ (1) #V(I)#DE(I)/VISCOS(I)
PDOP(I)=(RMULT#* (AFRIC/(RE YNQL“*H))*QdJ(I)*V(I)*V(I)/64 4) +rHO(T)
202 CONTINUE
DO 201 I=1+NCHANL
VISCOS(1)=VISCOS(]1)*#3500,.,0V
DE(I)=DE(1)%#12.0
A(L)=Aa(1)%*144,0
201 Vv(I)=v(1)#3600.0

RETURN
END
SUBROUTINE ENTI(LCoFLOsA9DEsENTHAL 9 ITPRLI3GHBARIAT JoN1oNZ N3
1 NCHANLQHHOINQHINQDQOUOPODOJJQEHSIAlOEHSTAEQEHSTAngHSTAQ.

2 ALPSTASIETAlIETAZ,ETA34ZTAGeCleDELZ95APDHDZ)

DIMENSION FLO(150) 9A(150) oDE(150) ¢ENTHAL (150) oLC(15043)
1QTPRI(150) 4G (150) 9FLR(150) 9DHDZ (150) +ETP(150)
IF(JJGT.1IGO  TO 10

DO 5 I=1«NCHANL

A(l)=A(I)/144.0

DEAI)=DEC(I) /129



10

12

35

55

100
101

105
104

ENTHAL (I)=HIN

CONTINUE

AlJU=ATIJ/12.0
ODROD1=DROUD/1Z2.0
OGBAR1=GBAKk/3600.0
DELZ=DELZ/12.0
ETAlI=ETALl/12.0
ETA2=ETAZ/12.0
ETA3=ETA3/12.0
ETA4=ETA4/12.0
GAP=GAP/12.0

CONTINUE

JJ=JdJ+1

DO 12 I=1«NCHANL
FLR(I)=FLO(I)/3600.0
ETP(I)=ENTHAL(I)
Q(I)=QTPRI(I)#A(I)/3600.0
CONTINUE

DO 400 I=1+NCHANL

QT=Q (1)

AJ=A(D)

AM=F LR (])

IF(1.6TeN1) GO TO 35
MMI=LC(Is 1)

MMZ2=LC(I+2)

MM3=LC(Is3) : -
EX1l= ATJ®GBAR]LI* (EHSTAL1+ALPSTA) # (OR0VLI/ETAL) #(FTP(MM]1) +ETP (MM2)

1+4ETP (MM3) =3, 0#ETP (1))

DHOZ (1) =(EX1+QT) /AM
GO - TO 400

CONTINUE

IF(1.6GT.N2)GO TO 55

MM1=LC(Is1)

MMZ2=LC(I+2)

MM3=LC(I+3)

EXl= ATJ#DRODLI#GBARI# ( (EHSTAL+ALPSTA) #(1.0/ETAL) #(ETP(MM])

1+ETP (MM2) =2 0*ETP (1)) + (EHASTA2+ALPSTA) # (1 O0/ETA2) #(ETP(MM3)=ETP(T))
2)

DHDZ (I)=(EX1+QT)/AM

GO TO 400

CONTINUE

IF(I«GT.N3)GO TO 130

MMI=LC(Isl)

MM2=LC(1+2)

MM3=LC(I,3)

IF(MM2,GT N3)GO TO 100

ETASTR=ETA3

w0 TO 101

ETASTKR=ETA4

CONTINUE

IF(MM3.,GT.N3)GO TO 105

ETASTS=ETA3

530 TO 10

ETASTS=ET A«

CONTINUE - .
EX1= (GAP# (DRND]1#GBART# (EHSTAZ+ALPSTA) “ (((ETP(MM2)-ETP (1))

C/ETASTR)+ ((ETP(MM3) ~ETP (I} /ZETASTS) ) +CLIH*0OBAR]I#(ETH (MM2) ~ETP (T}
3+ ((GBARI*DRODI/ZETAZ2) # (EHSTAZ+ALPSTAY #ATJ* (ETP (MM]1) =ETP (1)) ))

OHDZ (1) =(EX1+QT)/7AM
GO TO 400



130 CONTINUE
MM1=LC(TI+1)
MM2=LC(T+2)

MM 3= LC(Io3)
EXl= ARI“((URUD]/FTA“)*(tHSTAQ*ALPbTA)*(ETH(WMI)+ETD(MM?)

1-2. O*ETP(I))OCI“(ETP(MNI)-tTP(I)))*bAP
DHDZ (1) =S(EX1+0T) /am
400 CONTINUE
DO 153 I=1sNCHANL
ENTHAL (1) =ENTHAL (1) +DHDZ (1) #DELZ
153 CONTINUE
RE TURN
END



COMPUTER PROGRAM ENERGY .3

COMMON PP (50) +TT(50) yRHIFF (50) ¢ RHOGG (50) 9 HHF (50) +HHG(50) »

1UUF (50) oKKF (50) 9 SSIGMA (50)

COMMON NCHANL sPREF ¢NODATA s HSAT s HVSAT 9 RHSAT e RHVSATSVISSAT, TSAT
1CONSAT +SIGSAT 9 TAVGZ s CPAVGsCONAVGsRHAVOINL N2 N3eNG s VELT 9 VEL2VELS
COMMON ENTHAL (130) «TEMP (130)

COMMON DROD sDWIRE o LEADOD s GARP ¢POD s NORINGsAUNIT s AWALL sACORN«WPUNTT o
1WPWALL sWPCORNsDEUNIT+DEWALL 9DECORN9HPUNIT 9 HPWALL + HPCORN

COMMON FLO(130)VISCOS(130)

COMMON . CHOICE

COMMOUN AUNIT1sAwWALL1sACORNI

COMMON GAP1

COMMON AFT

DIMENSION AXIAL(50)+Fax(50)

. DIMENSION LC(13004)9P1(300).FRAC(13U)

1

2

3

4

5

10

12

S1v

DIMENSION A(130)sWP(130)9D5(130) HPERIM(130)
DIMENSION ASTAR(130)-OTDRIw(IJO)odeAR(lJO)oHSTAP(bOO)9DHU7ST(130
1)
DIMENSION MROD (130+3) ySUMM(130)
DIMENSION V(130)+RHO(130) -
OIMENSION QTPRI(130)
DIMENSION ENP (50+260) ’
PROGRAM ENERGY FOR CALCULATING TEMP. OF FLUID IN WIRE WRAP.RODS
REAL LEADODLENGTH KKF )
REAL LAMBAVsLAMBL1,LAMSL2
REAL LAMBA]lsLAMBAZ,LAMBA3
READ(5+1) NODATA
FORMAT (IS) '
READ (S592) (PP(I)oTT(I) owHIFF (1) sRHOGG (1) ¢HHF (L) oHHG (L) sUUF (1)
IKKF (1) 9SSIGMA(I) o I=1sNODATA)
FORMAT (YEB.4)
READ (5+3) NOOFAXsNORUNS9NRUNI
FORMAT (315)
READ (Se4) (AXIAL(I) oFAX(I)oI= loNOOFAX)
FORMAT (BE10.4)
READ (595) N1sN2osN39sN&4sNOIODsNCHANL
FORMAT (615)
INDI=0
DO 6 J=1+sNCHANL
READ 79I oLC(I91)oLC(I42)9eLC(I93)eMROD(I 1) ¢MROD(I«2)94ROV(Ie3)sFR2
1C(D)
CONTINUE
FORMAT (ISs61104E10.4)
READ (5+201) (P1(I)+1I=1,N0R00)
FORMAT (BE10.4)
READ botTAlyETAZoETA?,FTAQoCHOICtosHAPEPoDDt
FORMAT (7E11.4)
READ 9sAIJsLEADODSOWIRE $GAP9DELZyCONVERGAP]
FORMAT(7E11l.4)
READ 109DRODsLENGTHePOD e NORINGINSTEPS
FORMAT (3E1l.44215)
READ 12+GBARIHINGPREF +Q3ARIRHOINSFLOWW
FORMAT (6E11.4) .
IF(CHOICE.LT«3.0)60 TO 17
READ S10¢AUNIT1sAWALLL1«ACORNLSDEUNTIToAFT9VELLsVEL2VFL3
FORMAT (RE10.4)
READ S11leLAMBAl «LAMBAZ.i AM3A3



511 FORMAT(3E10.4)
READ(5+4515) (WTPRIM(I) e«I=1+NCHANL)
515 FORMAT(8E1044)
17 CONTINUE
DO 160 LLL=1+NORUNS
READ 119PRINT1.OPTIOthHSTAl,EHSTAzoﬁﬂbTAJ.fHSTAQ Cl
11 FORMAT(T7ELl]l.4)
READ l3yEHSTAC9COFHIoJWSTAR
13 FORMAT(2E1044915)
EHSTAL=EHSTA1#DDE/DROD
EHSTAZ=EHSTAZ#DDE/DROD
EHSTA3=EHSTA3#DDE/DROD
EHSTA4=EHSTA4*DDE/DROD
INDC=1
INPUT CALCULATIONS BEGIN
IF(CHOICE.,GE«3.0)G0O TO 520
CALL GEOM .
520 CONTINUE
IF(CHOICELTe4.0)6G0 TO 999
VEL3=VELZ
LAMBA3=_LAMBAZ2
999 CONTINUE
IF (CHOICE.LT.3,0)G0 TO 15
DEWALL=DEUNIT
DECORN=DEUNIT
WPUNIT=1.0
WPWALL=1.0
WPCOKN=1,0
HPUNIT=100
HPWALL=1.0
HPCORN=1.0
AUNIT=AUNITI
AWALL=AWALL]
ACORN=ACURN1
16 CONTINUE
JJ=1
NN=NZ2
PRESSU=PREF
JIMAX=NSTERS+ Y
DO 19 I=1.N2
A(I)=AUNIT#FKRAC(I)
WP (I)=WPUNIT#FRACI(I)
DE(I)=DEUNITH#FRAC(I)
19 HPERIM(I)=HPUNIT#FRAC(I)
IF(N3=-NN)140+140s141
141 CONTINUE
NK1=NN+1
DO 21 I=NKleN3yl
A(L)=AWALL*FRAC(I)
WP (I)=wPWALL*FRAC(I)
DE(I)=DEWALL*FRAC(I)
21 HPERIM(I)=APWALLH*FRAC(I)
140 IF (N4=-N3)142+1424143
143 CONTINUE
NKZ2=N3+1
DO 22 1=NK2eN&sl
A(1)=ACORN#FRAC(I)
WP (1) =WPCORN*FRAC(I)
DE(I)=DECORN*FRACI(]I)



22 HPERIM(I)=HPCORNH#FRAC(])
142 CONTINUE
ATOTAL=0.0
HPTOTL=0.0
DO 25 I=1¢NCHANL
ATOTAL=A(])+ATOTAL
25 HPTOTL=HPTOTL+HPERIM(I)
RHAVG=RHOIN
LAMBAV=AFT/ATOTAL
LAMBL].:loO'loO/(pOU)
LAMBLZ2=0GAP1/0GAP
IF(CHOICE.GT«2.0)G0 TU 15
LAMBAV=1.0
LAMBLZ2=1.0
LAMBL1=1.0
LAMBAL=1.0
LAMBAZ=1.0
LAMBA3=1.0
GAP=0AP]
15 CONTINUE .
PRESSU=PREF
JJu=1
IF(FLOWW.GT.040)GO TO 215
GO TO 217
215 GBAR=(FLOWW/ATOTAL)#144,0
217 DU 170 I=1yN2
170 FLO(1)=(A(I)/144.0)“(GBAQ/VELI)*(LAMSAl/LAMBAV)
DO 175 I=NK1eN3sl '
175 FLO(I)=(A(I)/lﬂ“.ﬁ)*(GBAQ/VELZ)“(LAMBAZ/LAMBAV)
DO 176 I=NK2eN4sl
176 FLO(1)=(A(I)/144.0)*(GBAQ/VEL3)*(LAM5A3/LAMBAV)
FLOWW=GBAR#ATOTAL/144.0
CALCULATE AXIAL STEP SIZE
ZSTART=LENGTH/DROD
ZSTAR=0,0
XPRINT=PRINT1/DROD
ETA1ST=ETA1/DKOD
ETA2ST=ETAZ/DROD
ETA3ST=ETA3/DROD
ETA4ST=ETAG4/DROD
GAPST=GAP/DROD
DO 40 I=1e+NCHANL
40 ASTAR(I)=A(1)/(DROD#DROD)
IF(DELZ+GT.0.0)G0 TO 315
IF(EHSTAl .LE«0.0)EHSTAL=0,000001
DSTARM=(ASTAQ(1))“ETAIST/(E.O*EHSTAI*UPTIUN*(POD'I.O))
NNN=XPRINT/DSTARM
IF (NNNLT.1)INNN=1
DZSTAR=XPRINT/ (2. 0#FLOAT (NNN))
60 TO 330
315 DZSTAR=DELZ/DROD
330 CONTINUE
CALCULATE ALL SAT PROPERTIES
IPART=1
CALL PROP.(IPART)
ALL SAT PROPERTIES ARE OBTAINED
IF (CHOICE.GE«3.0)G0 TO 1la7
PROD1=0.0
P1(500)=0.0



DO 205 I=1NCHANL
DO 206 J=1+3
M=MROD(I+J) .
PROD=P1 (M)
PRODI=PROD+PRODI1
206 CONTINUE
SUMM (1) =FRODI
PROD1=0.0
205 CONTINUE
CALCULATE QSTAR AND QT”/FAXL
QTPBAR= (QBAR®HPTOTL/ATOTAL) #12.0
DO 45 I=1eNN
QTPRIM(I) = (QTPBAR*ATOTALZ (APTOTLH#A(I) ) ) # ((HPERIM(T)/3,0)#SUMM(]))
4S5 CONTINUE
IF(N3=NN) 14541454146
146 CONTINUE
DO 46 I=NK1sN3,s1l )
QTPRIM(I) = (QTPBAR*ATOTAL/Z (HPTOTL#A (1)) ) # ((HAPERIM(T)/2.0)#SUMM(T))
46 CONTINUE
145 IF(N&4=N3) 1474147148
148 CONTINUE
DO 47 I=NK2eN&,sl
QTPRIM(I)=(QTPBAR*ATOTAL/Z (APTOTL#A(I)) ) # ((HPERIM(TI)/1,0)#SUMM(]))
47 CONTINUE ‘
147 CONTINUE
IF(CHOICE.LT«3.0)G0 TO S50
DO 525 I=1sNCHANL
525 QTPRIM(I)=(QTPRIM(I)#144.,0%2BAR)/A(])
550 CONTINUE :
CALCULATE OSTAR(I) BY MULT.QTPRIM®#FAXL/QITPHAR
DO 49 I=1¢NCHANL
49 HSTAR(I)=0.0
HSTAR(500)=0.0
"PRINT ALL INPUYT QUANTITIES
IF(INDIL.GTL.0)GO TO 97

PRINT 30
30 FORMAT (1Xs*ENERGY WITH UNIFORM VEL. IN ALL CHAN.?')
PRINT 31
31 FORMAT(1Xs'PP(]) TT(D) RHOFF (1) RHOGG(T) HHF 1 HHC

1(I) UUF 1 KKF I SIGMAY)
WRITE(6432) (PP(I)sTT(I)eRAIFF (1) ¢RHOOGG (1) oHHF (1) 4H4HG(I) sUUF (1) »
1IKKF (1) 9SSIGMA(I) «I=19NODATA)

32 FORMAT(1Xs9F12.67)
WRITE(6+433)

33 FORMAT (1Xs'THE AXIAL DIST. AND AXIAL PEAXKING RATINS')
WRITE (6934) (AXIAL(I) «FAX(I) 9I=19sNOOFAX)

34 FORMAT(1Xe8BE10.47)
WRITE(64110)

110 FORMAT(1Xs'Nl N2 N3 N& NCHANL ')
WRITE(69111) N1sNZ2eN3eN& e NCHANL

111 FORMAT(1X4515/)
WRITE (64112)

112 FORMAT (1X¢ *CHANNEL NOo NJo OF ADJACENT CHAN IN ASCEND. OrRDER PEA
1KING RATIOOF RODS FRACTION OF CHANN USED")
DO 113 I=1«NCHANL :
WRITE(69114) IToLC(Ie1)eLC(I92)eLC(Ia3)sMRUD(Io]1) ¢MR0OD(T92) +MRON(T
13) «FRAC(D) '

113 CONTINUE

114 FORMAT (1Xs71104E10.47)



WRITE(0el15) _
115 FORMAT (1X+*CENTROID SPACE SETWEEN ADJ.TYPES ORF CHANNFL ')
WRITE(6s116)ETALLETAZ,ETA3HETAG
116 FORMAT(1AR94E1]le47)
WRITE(64117) _
117 FORMAT(1Xye'WWW . LEAD/DIA DIA OF WIRE GAP 3ETw, ROU =-wAL?')
WRITE(69118) WWWeLEADODDOWIRE sGAP
118 FORMAT (4El11.44)
WRITE(64120)
120 FORMAT (1Xs'ROD DIA. 2(" INe LENGTH INJP/D NO OF RINGS )
WRITE(6412)1) DRODLENGTHsPOD9¢NORING
121 FORMAT(1Xe3F15.6415)
PRINT 127 '
127 FORMAT (1X«'AREAS(]) S#ETTED PERI Ele. DIA, HEATED PRERI.') -
DO 128 I=1.NCHANL
WRITE(69129) A(I) WP (1) 4DE(I) «HPERIM(I)
128 CONTINUE
129 FORMAT (1Xs0E1le4/)
WRITE(6+4130) .
130 FORMAT (1Xes*ZSTART ETALST ETA2ST ETA3ST ETA4ST GAPST
1 DZSTAR 1) :
WRITE (69131) ZSTARTeETAISTeETA2STETA3SIsETA4STGAPSTHDZSTAR,
1QTPBAR
131 FORMAT(1Xs8E1]1.47)
WRITE(6s202)
202 FORMAT(1X,'ROD NO. ROD POWER?')
DO 203 I=1,NOKROD
200 WRITE(6+4204)1eP1(I)
203 CONTINUE
204 FORMAT(1XeI596XeE1044)
WRITE(b6s210) :
210 FORMAT(1A,*VUNIT/VBAR VWALL/VBAR VCORNER/VBARY)
WRITE (64211)VEL]l s VEL29VEL39LAMBAV o LAMBL]1 oL AMBLZsLAMBA]L +LAMBAZsL AMt
1A3 , . '
211 FORMAT (1Xe9E10.4)
97 CONTINUE
WRITE(64122)
122. FORMAT (1Xs*AXIAL INCREM, FOR PRINT OPTION>2 EHSTA] 2 -3 4
1 COEFF FOR PERI. VELS')
WRITE(64123) PRINTL1sOPTIONGEHSTALsEHSTAZ9EHSTA3WERSTAL,C1
123 FORMAT (1XsT7EL11447) :
WRITE(64124)
124 FORMAT (1Xs'GBAR HIN BTU/LB. REF PRES. AVG. HEAT FLUX VEL 0OPTY|
WRITE(6+125) GBARIHINGPREF ¢ QBAROPVELsFLOWWSA(L) 9a(115)sDEC(]),
1ATOTAL
125 FORMAT (1Xs10E11.47)
WRITE(64132)
132 FORMAT (14X *CHANNEL NO. ASTAR HEAT OLEN. PER UNIT VOL/FAX?)
INDI=INDI+1 ' .
HIN=HIN
IPART=2
PRINTZ2=PRINTI
NDIM=2#NCHANL +1
NORDER=NDIM
SUM1=0.0
DO 101 I=1¢NCHANL
ENTHAL (1) =HIN
SUMI=SUML+ENTHAL (I) #FLO(T)
101 CONTINUE



601

410

300

76

80

151

81
150

156

888

889

SUM4=0,0

sSuM3=0.0

CALL PKOP(IPART)

ENTERING MAIN LOOP

CALL AXIAL PEAKING FACTOR

ZBAR=DZSTAR/2.0+ZSTAR

ZBAR=ZBAK*DROD/LENGTH

CALL CURVE (FAXL 9 ZBARGFAXsAXIAL 9NOOFAXs TERROES 1)
ALPSTA=12,0#CONAVG/ (GBAR#CPAVGH#DROD) #SHAPLF
ALPSTA=ALPSTA#LAMBL1

PRINT 601+FAXLsALPSTA

FORMAT(1X92E10.4)

IF(CHOICE.LE«1.0)6G0 TO 300

00 410 T=1+NCHANL

QTPRI(I)-QTPRIM(I)*FAXL

caLL BUOYAN(LCoFLO9AGDEIENTHAL ¢ VIRHDIVISCOS,

1QTPRIs GBAR9AIJsN1 sN2sN39sNCHANL sRHOINSHIN9FLOWW e DROUPODsLEADOD
PPRESSUs JJeNDIMoNORDERSEHSTAL 9EHSTALSEHSTA3SEHSTA4 ALPSTALFTAL,
3ETA29ETA39ETA49C1ODELZQGAPQJJMAXQCONVERoLAMHAV9LAMBLlQLAMRLZQ
QLAMBAI9LAM6A29LAMBA30ENP9EHSTAC9INDCqCUFRIoJMSTAR)

G0 70 301

CONTINUE

DO 76 1=1¢NCHANL

QSTAR(I)=QTPRIM(I) *FAXL/QTPBAR

DO 80 I=1eNl1

MMI=LC(Is1)

MM2=LC(I+2)

MM3=LC(I+3)

HSTAR(S00)=KSTARI(])

DHDZST (I)=QSTAR(I)+(1.0/ASTAR(I))#(EASTAL+ALPSTA)#((PON=1,0)/ETALS
1T)“(HSTAR(MM1)+HSTAR(MM2)¢HSTAR(MM3)‘ s O#HSTAR(I))

DHDZST (1) =DHDZST (1) #VEL]

CONTINUE

IF(N2=N1)150+150+151

CONT INUE

NK3=N1+1

DO 81 [=NK3¢N2»l

MM1=LC(Is1)

MM2=LC(1+2)

MM3=LC(]+3)

"HSTAR(500) =HSTAR(1)
DHDZST(I)=QSTAR(I)+(1.0/ASTAR(I))#((PUD-1.0) % ((EHSTALl+ALPSTA)/ETA]
1ST)# (HSTAR (MM1) +HSTAR (MM2) =2 0#HSTAR (1)) + ( (EHSTA2+ALPSTA) /ETAZST)
2 #(HSTAR(MM3) =HSTAR (1) )#(PUD=-1.,0))

DHDZST (1) =DHDZST (1) #VEL1

CONT INUE '

CONT INUE

IF (N3=W2) 15591554156

CONT INUE

DO 85 I=NK]1sN3.1

MML1=LC(Isl)

MM2=LC(I+2)

MM3=LC(I«3)

IF (MM2,GT.N3)GO TO 888

ETASTR=ETA3ST

GO TO 88Y

ETASTR=ETA4ST

CONTINUE

IF(MM3.GT.N3YG0 TO 890



ETASTS=ETA3ST
GO TO 891
B90 ETASTS=ETA4ST
891 CONTINUE
HSTAK (500) =HSTAR(I])
DHUZST(I)=(1.0/ASTAR(I))”((GAPST)*((EHSTAB*ALPSTA)*(((HSTAR(MMQ)'
lHSTAR(l))/ETASTR)*((HSTAQ(MM3)-ﬂSTAQ(I))/ETASTS))#Cl*(HSTAH(%V?)-
ZHSTAR(I)))*(POD-I.O)“(((EHSTAZ*ALPSTA)/ElAEST)*(HSTAR(MMI)-HSTAP(I
3)))) +QSTAR(])
DHDZST (1) =DHD2ST (1) #VEL?Z
85 CONTINUE
155 CONTINUE
1F (N4=N3) 15751574158
158 CONTINUE
DO 88 1=NK2eN&oyl
MM1=LC(1s1)
MM2=LC(I+2)
MM3=LC(I+3)
HSTAR(500) =HSTAR(]) .
DHDZST(I)=(1.0/A5TAR(I))“((GAPST)“(((EHSIAQ*ALPSTA)/ETAQST)*(HST
IAR(MMI)0HSTAR(MM2)'2.0“HSTAR(I))*Cl“(HSTAR(MMl)-HQTAR(I))))*QSTAR
2(1) :
DHDZST (1) =DHDZST(I)*VELS3
88 CONTINUE ’
157 CONTINUE
DO 90 I=1.NCHANL
90 HSTAR(I)=HSTAR(I)+DHDZST (1) #DZSTAR
DO 91 I=14NCHANL
ENTHAL(I)=(HSTAR(I)*DROD”OTPBAR/(GBAR*IZ.U))*HIN
91 CONTINUE
301 CONTINUE
SUMZ2=0.0
DO 320 TI=1e.NCHANL
SUM2=SUM2+ENTHAL (1) #FLO(])
320 SUMS=SUMZ-SuMl
IPART=2
CALL PROP(IPART)
ZSTAR=ZSTAR+DZSTAR
IF(CHOICE.GT«1.0)G0 TO 400
DIFF=ABS (ZSTAR=-XPRINT)
IF(DIFF=0s1)92+924+26
92 XPRINT=XPRINT+PRINT1/DROD
22ZSTAR=ZSTAR#*DROD
SUM3=0,.0
SUM“:OQO
PRINT 171+SUM29¢SUM3sSUMGsSUMSsSUMLsFLO (1) sFLO(27)FLO(41)
171 FORMAT (1X48F13.57)
PRINT 93 :
93 FORMAT (1Xs*AXIAL DIST. INe ZSTAR AVERAGE TEMP.*)
WRITE(6494)ZZSTARyZSTARSTAVGZ
94 FORMAT(1Xe3E1le4/)
WRITE(6995) (TEMP (1) +sI=1+NCHANL)
95 FORMAT(1Xs10F12e4/)
ZCZ2=ABS(ZSTAR-ZSTART)
IF(2CZ.LT.0.1)G0 TO 100
IF(CHOICE.LEL1.0)G0 TO 26
400 CONTINUE
: 22STAR=ZSTAR%#DROD
DIFF=ABS(ZZSTAR=-PRINT?2)



IF(DIFF=0,1)4014401426
401 PRINTZ=PRINTZ+PRINT]
_ PRINT 425,SUMZ2+SUMSSUM]
425 FORMAT (1Xe3F13,6)
PRINT 426
426 FORMAT (1XeraXIAL DIST IN. ZSTAR AVG. TEMP, )
PRINT  4274ZZSTARWZSTAR,TAVSZ '
427 FORMAT (1X43E11.4/77)
PRINT 310 :
310 FORMAT (6Xs'TEMP, ENTHALPY VELOCITY +T1./SEC DFNSITY FLOW
1PRESSURE ") :
DO 305 1=14NCHANL
PRINT  311sI1eTEMP(I) +ENTHAL(I) oV (L) ¢RAO(L) sFLO(]) 4PRESSU
311 FORMAT(1XeI596F11e4/)
305 CONTINUE
ZCZ=ABS (ZSTAR=-ZSTART)
IF(ZCZ.LTL0.1)GO TO 100
GO TO ¢6
100 CONTINUE
IF(CHOICE L Te2.0)60 TO 160
DO 261 I=1+NCHANL
A(I)=A(I)#]144,0
DE(I)=DE(TI)#]12.0
261 CONTINUE
AlJ=ATJU#*12,.0
DELZ=DELZ%*]12.0
ETAl=ETALl#]12.0
ETAZ2=ETAZ*]2.0
ETA3=ETA3%#12.0
ETA4=ETA4#*12.0
GAP=GAP#12,0
IF(EHSTAC.LE.0,00001)GO Tu 140
INODC=INDC+1
DO 500 I=1sNCHANL
ENP(IQJJMAX)'tNP(IoNSTEP:)
500 CONTINUE
IF(INDC.GT.3)G0 TO 160
GO TO 15
160 CONTINUE
STOP
END
SUBROUTINE GEOM
COMMUN PP (50)+TT(50) ¢RHIFF (50) ¢+ RHOGG (50) s HHF (50) « HHG (50) «
1UUF (50) ¢ KKF (50) ¢ SSIGMA (50)
COMMON NCHANL ¢PREF ¢NODATAsHSAT o HVSAT e RHSAT ¢ RHVSATSVISSATLTSAT
ICONSAT ¢SIGSAT e TAVGZ9CPAVGsCONAVGIRHAVE aNLINZeNIoNG o VELI s VFLZ2WVEL3
COMMON ENTHAL (130) +TEMP(130)
COMMON DROD+DWIREsLEADODsGAP9sPOD o NORING 9AUVIT9AWA[LOACORNowouNITo
1WPWALL sWPCORNWDEUNIToDEWALL o DECORNsHPUNIT 9 HPWALL ¢ HPCORN
COMMON FLO(130)+VISCOS(130)
COMMON CHOICE
COMMON AUNIT]QAWALLI;ACORQ]
COMMON GaPl
COMMON AF T ) :
SUBROUTINE CALCULATES GEUMETRY FO=x 3 1YPES OF CHANNELS
REAL LEADOD
N1ll=N2
N22=N3-N11
N33=N4-=-N3



SPACE=GAF]
DR=DROD
DWw=DwWIKE
P=DR%*FOD
PPP=FLOAT (NORING) #P#]1,732/2.0
DFLAT=2.0% (PPP+DR/2.0+GA>1)
DFACE=0OFLAT/1.732
PI=3.14159
AUNIT1=(1.732/4.0)%P#P
AWALL1=P#GAP
ACORN1=2+0% (0.5#GAP# (DFACE=P#NORING) #0e5)
AUNIT=Z1.732/6.0%P#P=PI/8,0%0R¥DR=P1/8+.0%Da*DwW
AWALL=P# (DR/2+0+SPACE) -PI#DR#DR/ 8B, 0=-PL*DWH#DW/ 8.0
ACORN=2,0% (0e5%# (DR/2.0+SPACE) # (DFACE-P#NURING) #0.5- =PI#)R#NK/a8,0
1)=-PI#DW#DW/24.0
WPUNIT=(PI/2.0)#DR+05%PI#DwW
WPWALL=P+WPUNIT
WPCORN= (P1/6.0) #DR¢ (P1/6+0) #DW+2.0% (DFACE=P¥NORING) *0.5
DEUNIT=4.0%AUNIT/WPUNIT
DEWALL=4.0%AWALL/WPWALL
DECORN=4,0*ACORN/WPCORN
HPUNIT=(PI/2.0) %#0DR
HPWALL=(PI/2.0)®#DR
HPCORN=(FP1/6.0) #DR
AFT=N11#AUNIT+N22*AWALL +N33%#ACORN
XX1=AFT/(NI1#AUNIT+N22#AWALL® ( (DEWALL/DEUNIT) #%0,714) +N33#ACORN#*
1 ((DECORN/DEUNIT) ##0,714))
XXe= AFT/(NII“AUNIT“((DEUVIT/UENALL)**U.?IQ)+N2£*AuALL*N3J*ACODN*
1 ((DECORN/DEwWALL) ##0.,714))
XX3=AF T/ (N11#AUNIT# ((DEUNIT/DECORN) ##0. 714) +N22#AWALL® ( (DEWALL/
1DECORN) ##0,714) +N33#ACORN)
VEL1=1.0/XX1
VELZ2=1.0/XX2
VEL3=1.0/XX3
RETURN
END
SUBEND

SUBROUTINE CURVE (FXeXsFoYoNgJeISAVE)
DIMENSION F (60),Y(60)
: GO TO(10+50)+ISAVE

10 DO 20 KK=14N

IF(X=Y(KK)) 30415420
15 IF(KKsEQeN) GO TO 40
20 CONTINUE

60 TO 60
30 IF(KK.EQel) GO TO 60
40 B=(X=Y(KK=1))/(Y(KK)=Y(KX=1))
50 FX=F (KK=1)+a# (F(KK)=F(KK=1))

RETURN
60 PRINT 61
61 FORMAT (1Xy'PROG.STOPPED IN CURVE?'")

J=2

RETURN

END

SUBROUTINE PROP(IPART)

COMMUN PP (50) s TT(50) ¢ RHIFF (50) s RHOGG (50) 9 AHF (50) ¢ HHG(5U) »

1UUF (50) oKKF (50) +SSIGMA (50)

COMMON NCHANL +PREF yNODATA 9 ASAT 9 HVSAT 9 RHSAT ¢ RHVSAT s VISSATTSAT,



10
11
20

40

100

-110

111

112

140

300
301

1CONSAT +SIGSATeTAVGZ s CPAVS«CUNAVGaRHAVOoNL aN2e 3 eNG s VEL LI VFL23VEL3
COMMON  ENTRAL (130) « TEMP (130)

COMMON DROD «DWIRE ¢LEADOD 9 GAP 9 PODeNORINGoAUNT T o AWAL L s ACOF N9 wPUNT Ty
LWPWALL s WPCORNIDEUNIToDEWALL s DECORNHPUNITaHPWALL «=PCU=N

COMMON  FLO(130)4VISCOS(130)

COMMON CHOICE

COMMON AUNIT1sAWALL19ACORN]

COMMON GaP1

COMMON AFT

REAL KKF

GO TO (104100) «4IPART

PART 1 CALCUL. OF SATURATED PROPERTIES

DO 11 I=1+N0DATA

IF (PREF «LT. PP(I)) GO 7O 20
CONTINUE

GO TO 300

IF(1.GTsl) GO TO 40

G0 Tu 300

VALUE= (PREF=PP (I=1)1)/7(PP(]1)=PP(I=-1))

HSAT=HHF (I=1) +VALUE® (HRF (I} =HHF (I-1))
HVSAT=HAG(I=1) +VALUE# (HHG (1) =HRG(I=-1))

RHSAT=RHOFF (I=1) «VALUE# (RHOFF (1) =RROFF (I=1))
RHVSAT=RHOGG (I=1) *+VALUE#* (RHIGG (1) =RAD3G(1-1))
VISSAT=UUF (I=1) +VALUE® (UJF () =UlJF (i=1))
TSAT=TT(I=1)+VALUE#(TT(I)=TT(I-1))
CONSAT=KKF (I=~1) +VALUE* (K<F (1) =KKF (1=-1))
SIGSAT=SSIGMA(I=1)+VALUE®* (SSIGMA(]) =SSIGMA(I=1))
RETURN .

PARTZ CALCULATE PROPERTIES AT LOCAL CONDIT.
CONT INUE
DO 110 I=1e«NCHaN(L

TEMP(I)=TSaAT

IF (ENTHAL (1) «GT.HSAT)GO TO 300

CALL CURVE(TEMP (1) ¢ENTHAL (L) o TTerHHF ¢ NUDATASIERROR l)

CONT INUE

SUMM1=0.0
DO 111 I=14NCHANL

SUMM] = SUMMI*FLO(I)*TtMP(I)/RHAVU

CONT INUE

SUMMZ2=0.0

DO 112 I=1sNCHANL

SUMMZ=SUMMZ+F LO (1) /RHAVD

CONT INUE

TAVGZ=SUMM] /SUMMZ2
NOW CALCULCATE CONDUCTIVITY CP  DNENSITY
CPAVG=0,344021-(7.03539E=5) #TAVGZ+ (2.68131E=-B)*TAVGL*TAVG7
CONAVG=54,306=(1,8B78F=2)#TAVGZ+(2.U09]14E-6)#TAVGZ*TAVGY
RHAVO=59.566~(T7e9504E-3) #TAVG2=(0.2B72E-6) #*TAVGZ#TAVG7+ (U, UKD iok -
19) ¥ TAVGZ## ]
DO 140 [=1+NCHANL
VISCOS(I)=2.87728=(7.59439E-3)#TEMP (1) +(FeI72RBE- H)“TLMP(I)VTkﬂv
1(I)=(6e03425E=9) #TEMP ([) ## 3+ (].34K54E=12)%TEMP (]) %4
CONTINUE

RETURN
PRINT 301
FORMAT (1 X4 *STOPPED IN PRIP?')

STOP

END

SUBROUT INE BUOYAN (LCoFLUSA«DE sENTHAL IV eRHDIVTISCUS

1WTPRIe GBARSAIJeN1 oN2oNIeNCAANL ¢« RHOINeHINGFLOWW DRIV ePOD L EADND



PPRESSUs JJeNDIMeNORDERCEHSTAL EHSTAZ s EASTABGEHSTAGGALPSTAWFTAL
3ETA29ETA39ETA49C19DEL7QGQP9JJMAX9CONV&R9LQMSAV.LAV3L1-LAWHL20
GLAMBAL s LAMBARL s LAMBAIZsENP oEASTAC INDC o COFKL ¢ UMST AR
REAL LEADOD s KK o KK
REAL LAMBAV «LAMBL 1 sLAM3LZ
REAL LAMBALl+LAMSAZ2LAMKA3
REAL LAMBA
REAL¥8 COEFF ¢RHSeSCALE
DIMENSION COEFF (B5¢85) ¢ AS(E85) oFRICFA(130) o KK (136)
TIETP(130) «VAVG(130) oDELR(130) sDELV(130) 9FLR(130) 0 (130)
2 PLO(I30)0A(1J0)QDL(130)9thﬂAL(l30)~V(170)9L((130.4)~
3RHU(130) o VISCOS(130)9QTPRIM(130)
DIMENSION REYNO(130)
DIMENSION SCALE(130)
ODIMENSION QTPRI(130)
DIMENSION ENP (504260)
10eBUG=0
IF(JJeLTeJMSTAR) IDEBUG=Z
IF(IDEBUG.GTL1)GO TO 777/
WRITt(ﬁvBSSR)(FLO(I)QA(I)QU'(I)ytNTHA'(I)oV(I)oHHU(I)oVISFUS(I)v
1QTPRI (1) o I=19sNCHANL)
8888 FORMAT(1Xe&F11.4/) :
WRITE (648889) HINoJJoNDIWoNDRDPQoNCHAVLytHaTA39AL SSTA«FTAP9Clo
I10ELZ 9 JUMAX s GBARyGBAR]1 «EHSTAL
BBHY FORMAT(LlAGEL1D.G9I59315¢5810e4eIS593E104)
7777 CONTINUE
IF(JJ.GTL1)GO0 TO 10
DO S5 I=1NCHANL
A(I)=A(I)/144.0
V(I)’FLO(I)/(RHOIN*A(I)*3600 0)
DE(I)=DE(I)/12.0
ENTHAL (I)=RIN
RHO (1) =RROIN
S CONTINUE.
FLOH=FLOWW/3600.0
AlJ=AIJ/12.0
DROD1=DROD/12.
GBAR1=6BAR/3600.0
PRESS=PRESSU*144,0
DELZ=DELZ/12.0
ETAl1=ETAL/12.0
ETAZ2=ETAZ2/12.0
ETA3=ETA3/12.0
ETA4=ETA4/12.0
GAP=06AP/12.0
NOMAX=10
10 CONTINUE
JJ=Jdd+1l
NOITER=0
CALL FRICT(FRICFA.VoVISC OboRHOQUt9POJoLtQDUUQHEYVWONFPAVI9
1LAMBAV ¢ LAMBA]L o LAMEAL s L AM3A3¢N2eN34COFRI)
DO 12 I=1«NCHANL
KK(I)=FRICFA(I)*DELZ/DE (D)
ETP (1) =ENTHAL(])
VAVG(I)=V(I)
DELR(I)=0.0
DELV(I)I=0U.0
FLR(I)=0.0
Q(I)=QTPRI(I)#NELZ*A(])/3600,0



12 CONTINUE
IF(IVERBUG.GT.1)GO TO 7778
WRITE(648890) (KK(I1)4ETP(I)9Q(I)el=1+sNCHANL)

B8990 FORMAT (1X49E10.4)
7778 CONTINUE
DHDRU=-36.33334
250 CONTINUE
DO 14 I=1eNDIM
DO 13 J=1NORUER
COEFF (14J)=0.0D0

13 CONTINUE
RHS(I)=0.0D0

14 CONTINUE ,

C ENTERING LOOP TO OET DR LV  DP

NMC=0 _
DO 400 I=1+NCHANL
IF(1.GT«N2)GO TO 280
LAMBA=LAMBA]
GO TO 286

280 IF(I1.6T.N3)G0 TO 28l
LAMBASLAMBA?
GO TO 286

281 LAMBA=LAMBA3

286 CONTINUE

‘ NMC=NMC+ ]
NNMC=2#NMC
RO=KHO(I)
VE=V(I)
EN=ENTHAL ()
QT=Q((I)
DR=DELR (]}
DV=DELV(I)
KR=KK (1)
AJ=AC(T)
IF(NOITER) 15415416

15 HSTAR=EN
VSTAR=VE

16 CONTINUE

C CAL. FOR v# ANDH%
IF(I.GT.N1)GO TO 35
MM1=LC(Is1)
MM2=LC(I+2)
MM3=LC(I+3)
22J=0,.0
EXI1=DELZ®AIJ#GBARL* (EHSTAL «ALPSTA) # (URDDI/ZETAL)Y # (E TP (MM]L) +ETP (142)
1+ETP (MM3) =3,0%ETR (1))
IF(INDCJLE.1) GO TO 301
EX1=EX1+GBARLI*AJ*DRODI/NELZ#* (EHSTAC+ALPSTA) # (ENP (JToJdJ) =2 N¥ETP(T) +
1ENP(IsJJU=1)) ‘ .

301 CONTINUE

IF(NUITER.LE.0)GO TO 153

° CRSFLI=FLR(])=FLR(MM])
IF(CKSFLL1)17419421

17 HSTARLI=ETP(I)
VSTARLI=VAVG(I)
GO TO 19
21 HSTAR1I=ETP(MM])
VSTARLI=VAVG (MM])
19 CRSFL2=FLKR(I)=FLR(MM2)



IF (CRSFL2) 22924426
22 HSTARZ=ETP(I)
VSTAR2=VAVG(I)
. GO TO 2Za
26 HSTARZ=ETP (MM2)
VSTARZ=VAVG (MM2)
24 CRSFL3=FLR(])=FLR(MM3)
IF (CRSFL3)27429431
27 HSTAR3=ETP(I)
VSTAR3=VAVG(])
GO TO 29
31 HSTAR3=ETP (MM3)
VSTARI=VAVG (MM3)
29 6O T0 1851
35 CONTINUE
IF(I«GT.N2)GO TO bS5
MM1=LC(Is1)
MMZ=LC(1+2)
MM3=LC(I+3)
272J=0.0
EXI=DELZ*ATJ*DROD1I#GBARI#* ((EHSTAL+ALPSTA)#(10/ETL 1) * (ETP (MM])
14ETP(MM2) =2, 0%ETP (1)) + (FASTA2+ALPSTA) # (1o O/ETAR2)#(ETP (MA3)=ETP (1))
2)
IF(INDC.LEL1)Y GO TO - 305
EX1=EX]+GBARI®#AJHDRODI/DELZH (EHSTAC+ALPSIA) #(FNP (TeJdJ) =2 N%ETP(T) +
1ENP (19JU=1))

305 CONTINUE
IF(NOITER.LELO)GO TO - 1583
CRSFLI=FLR(I)=FLR(MM])
IF(CRSFL1) 36438440

36 HSTARI=ETP(I)
VSTAR1=VAVG(])
60 TO 33

40 HSTARL=ETP (MM])
VSTARLI=VAVG (MM])

38 CRSFLZ=FLR(I)=FLR(MM2)
IF (CRSFL2)Y1+92+93 .

91 HSTARZ2=ETP(I)
VSTARZ2=VAVG(])
GO TO 92

93 HSTARZ2=ETP (MM2)
VSTARZ=VAVG (MM2)

92 CRSFL3=FLR(I)=-FLR(MM3)
IF (CRSFL3) 95‘9 96¢97

95 HSTAR3=ETF(I).
VSTAR3=VAVG(])
GO TO 96

97 HSTAR3=ETP (MM3)
VSTAR3=VAVH (MM3)

96 60 TO 151

Y5 CONTINUE
IF(I1.GT N3)GO TO 130
MMI={C(Ie1)
MMZ2=LC (Ts2)
MM3=LC(I+3)
IF(MM2,GT.N3)GO TO 100
ETASTR=ETAS
GO0 TO 101

100 ETASTR=ETAG

101 CONTINUE



IF (MM3.,6TN3)GO TO 105
ETASTS=ETA3
G0 TO loe
105 ETASTS=ETA4
1ua CONTINUE
EX1=DELZ #(GAP* (DRODIH*GIARLI* (EHSTAS+ALPSTA)# ( ((ETP (am2) =K TH (1))
2/7ETASTR) + ((ETP(MM3) =ETP (1)) ZETASTS) ) +CI#*GBARI*(ETP(MM2) -ETP(1)))
3+ ((GBARLI#OROD1I/ZETAZ) # (EHSTA+ALPSTAY #ATU* (ETP (MM]) =ETP (1)) ))
IF(INDC.LE.1) GO TO 307
EXLI=EXL1+UBARLI#AJ*DRODL ZDELZ# (EHSTAC+ALPSTA) #(ENP (T eJJ) =2 NH*ETR(T)+
IENP (1 s0J=1})) :
307 CONTINUE
24J={(=-0GBAR14C1#DELZ#GAP# (VAVG(I) =VAVE(MMZ) ) /LAMKEA)
IF(INOITERGLE.Q)GD TO 153 ‘
CRSFLIZFLR(I)=FLR(MM])
IF(CKRSFL1)1114112+113
111 HSTARILI=ETP(])
VSTAR]1=VAVG(])
60 TO 112
113 HSTARI=ETP (MM])
VSTAR1=VAVG (MM])
112 CRSFLZ2=FLR(I)=FLR(MM2)
IF (CRSFLZY 1151164117
115 HSTARZ=ETP(])
VSTARZ=VAVG(I)
60 TO 11le
117 HSTARZ=ETP (MM2)
VSTAKZ=VAV( (MM2)
116 CRSFL3=FLR(I)=FLR(MM3)
IF(CKSFL3)120G41214122
120 HSTAR3=ETP(I])
VSTAR3=VAVGI(I)
60 TO 121
122 HSTAR3I=ETP (MM3)
VSTAR3=VAVG (MM3)
121 GO TO 151 :
130 CONTINUE -
MMI=LC(Is1])
MMZ2=LC(I+2)
MM3=LC(]+3)
EX1=DELZ#*GBARLI# ((ORODI/ETAG) # (EHSTAL+ALPSTA)* (ETP(MM]) +ETP (MM2)
1=2.0%ETP(I))+CI#(ETP(MM]Y)=ETP(]I)))#*GA”
IF(INDC.LEL]1) GO TO 310 ,
EXI=EX1+0BARI#AJ#DROD]1 /DELZ# (EHSTAC+ALPSTA)#(ENP(TaJJ) =2NHETR(T) +
LENP (T eud=1))
310 CONTINUE
74J=(=GBAR1I#CL1#DELZ#*GARP#* (VAVG(I) =vAaVE(MMZ2) ) /LAMBA)
IF(NUOITERLLEL0)GO TO 153
CRSFLISFLR(I)=FLR(MM])
IF(CRSFLL1)1a09]lalelar
140 HSTARI=EIP(])
VSTARI=VAVG(])
GO TO a4l
laz RSTARI=ETP (MM])
VSTARI=VAVG (MM])
141 CKRSFLZ2=FLR(])=FLR(MM2)
IF(CkSFLZ) 15091514152
150 HSTARZ=ETP(I)
VSTARZ=VAVG(])



c

C

1>2

151

251

153

60 TO 151

H3TAKZ=ETP (MM2)

VSTARZ=VAVG (MM2)

CONT INUE

CRSFL1=ABS (CRSFL1)

CRSFLZ2=ABS (CRSFL2)

CRSFL3=ABS (CRSFL 3)

CRSSUM=CRSFL1+CRSFLZ2+CRSFLI

IF (CKSSUM,LF.0,0001)G50 TO 251

HSTAR= (CRSFILI#HSTAR] +CRSFL2¥HSTARZ+CROFLI*ASTax3) /
1CRSSUM .

VSTAR=S (CRSFLI%VSTARL+CRSFLZH*VSTARZ+CRSFLI¥VSTARS) /7TRESUM
GO0 TO 153

HSTAK=ETP (1)

VSTAR=VAVG(])

CONTINUE

SETUP OF M™MATRIX COEFF

8892

8893
400

500

502

602

22J=0.0

COEFF (NNMCeNNMC=1)=( ((VE+DV) # (VE+V=VSTAR) + (1 40U/ 14 0) #xR# ({2, fi%VE
1+0V) #82)) / (LAMBARLAMBA) ) +32.2%DEL7/2.0

COEFF (NNMC oeNNMC) = (RO#( (2o 0+XR/2e0)#*VE+ (lalU+r/ms0) #UV=VSTHr)/

1 (LAMBA%| AMBA) )

CUOEFF (NNMC=1oNNMC=1) =AJ%4]1 o 0# (VE+DV) % (DHUKRO% (RD+UK) +E1=HSTAR) %1040
COEFF (NNMC=1eNNMC) =AJ#4] 0% R0* (EN=HSTAR) #1040

COEFF (NNMC «NORDER) =32.2

COEFF (NDIMJNNMC=1)=90,0%aJ#% (VE+DV) #20004 U

COEFF (NDIMeNNMC) =90, 0%a J#RO#200040

RHS (NNMC=1)=61,0% (GT+EXL1) #10.0

RHS (NNMC) =722 J- (RO* (372 ,240F L7
140 S#KR#VERVE/ (LAMBA¥LAMSA) ) )

IF (IVEBUGLGTL1IG0 TO 400

PRINT 88972

FORMAT (1X9'RJ TJ xJ YJ EN| CONTI
1 CONTZ2. NT+E X RH5737)

WRITE (698893) COEFF (NNMC o NNMC=1) ¢« COEFF (NNMC 9 MNMC) ¢ COEFF (NNMC=1 o NNMC
1-1) COEFF (NNMC=1 ¢ NNMC) o COEFF (NNAC o NORUER) « COEFF (NDTMeNMMC=1)
2COEFF (NDIMyNNMC) ¢ RHS (NNMC=1) ¢ RHS (NNMC) 9 GToEX ]

FORMAT (1Xel1E1144)

CONT INUE

0O 500 I3=1eNDIM

SCALE (I3)=COEFF(I341)

DO 500  J3=14NORDER

IF (SCALE(I3) «OGTeDABS(COFTF (I34J3)))IGO  TU 500

SCALE (I3) =DABS(CIEFF(I34J3))

CONTINUE

DO 502 13=1+NDIm

RHS(I3)=kHS(13)/SCALE (I3)

DO 502 J3=1+NORDER

COEFF (13+J3)=COEFF ([3¢J3)/SCALE(13)

CONTINUE

CALL KSIMGINDIMeNORDER «COLFF oRHS s LK A=)

WHITE(64602) 1ERR

FORMAT (1Xe15)

IF(IERRLGTL0IGO TO 270

CHECK FOR CONVERGENCE

IF(NOITER.LTe2)GI TO 20n
NH=(

CrOSUM=0.0

DO 200 I=1 NCHANL



NR=NR+2
DV=RHS (NR)
DR=RHS (NK=-1)
IF(IDEBUG.GTL.1)G0O TO 525
PRINT 52641 4DVeDReV(I)YeRHD(I) «A(])
526 FORMAT (IS5e5F1044)
525 CONTINUE
CROSUM=CROSUM+A (1) # ((V(I) +DV)#DR+RH0 (1) *DV)
200 CONT INUE
PRINT  9999,CROSUM
9999 FORMAT (1XeE1le4)
IF(CROSUM,,GT .0.00001) JUmsTAR=UJ
IF (AaBS(CROSUM) ~CONVER) 20542054206
206 CONTINUE
C CALCULATE AVG ENTHAL. ETC
NR=0
DO 215 I=1¢NCHANL
NR=NR+¢2
DR=RHAS (NK=-1)
OV=RHS (NK)
DELR(I)=DR
DELV(I) =DV
DELH=DOHDRO¥*DR
vuP=Vv (1) +DV
RUP=RHO (L) +DR
HUP=ENTHAL (I) +DELH
ETP(I)=(HUP+ENTHAL (1)) #0.5
VAVG(I)=(VUP+V(I))#0.,5
FLROI)=A(T)# (VUPHRUP=-V (1) #RA0(1))
215 CONTINUE
NOITER=NOITER+]
IF(NOITERKGE « NOMAX)GO TO 271
G0 TO 2590
205 CONTINUE
C CONVERGED
NR=0
DO 260 I=1sNCHANL
NR=NR+2
DR=RHS (NrR=1)
DV=RHS (NR)
DELH=DHDRO*DR
VII)Y=vV(I)+DV
RHO(I)=RHO (1) +DKR
ENTHAL (I)=ENTHAL (1) +DELH
FLOCI)=RHO (D) #*v(I1)#A(T)#3600.0
ENP(IeJJ=1)=ETP(T)
260 CONTINUE :
PRESS=PRESS+RHS (NORDEWR)
PRESSU=PRESS#(1.0/144)
RETURN
270  PRINT 212
272 FORMAT (1Xe*MATRIX SINGULAR')
271 PRINT 274 :
274 FORMAT(lXe'"MAXe NOo OFGITEK. EXCEEOEUY)
STOP
END
SUBROUT INE FRICT(FRICFAsVeVISCOSsRADsDE«PODeLEADNID e YE YN ¢ NCHANL o
ILAMBAV oLAMRBAL o LAMBAZ s LAMIA3 SN2 «NI34COF=T)
DIMENSION REYNO(130) «FRICFA(L130)eV(130)eVISCOS(II0) aHU(]130)



TOE(130) .

REAL LEADOD
REAL LAMBAVsLAMBAL+LAMBA2,LAM3A3
KEAL LAMBA
REYNO (1) =RRO (1) #V(1)#3600.0% (DE(1)) /VISCOS(])
REYNO (1) =REYNO (1) /LAMBAY
KMULT1=1.034/ (POD%%0.124)
RMULT2= (29.7# (POD#%6,94) # (REYNO (1) ##0,086)) / (LEADODI##2,23G)
KMULT= (RMULT1+RMULT2) ##0,885 -
RMUL T=RMUL T#COFRI
DO .1 I=1+NCHANL
IF(1.GE.N2)GO TO 25
LAMBA=LAMBA1
G0 TO 30

25 IF(1.GE.N3)G0 TO 27
LAMBA=L AMBAZ
GO TO 30

27 LAMBA=LAMBA3

30 CONTINUE
REYMO (1)=RHO (1) #V(I)#3600.0% (DE(I))/VISCOS(I)
REYNO (1) =REYNO (1) Z/LAMBA
IF (REYNO(I) «6T.1500160 TO 20
FRICFA(I)=646.0/REYNO(])
GO TO 5

20 FRICFA(I)I=0,316/ (REYNO(T)##0,25)

5 FRICFA(I)=FRICFA(I)#RMULT

1 CONTINUE -

MAKE  CORREC  FOR  HAET  ADD. ON F
RE TURN
END
SUBROUTINE RSIMQ(NDIMs NORDERs COEFFs RHSs I1ERR)

REAL#8 COEFFsRHSsBIGCySAVEsTOLDABS
INTEGER NORDERs NUIMs Iy Jso Ks IMAXs JPLle JJe NM]

DIMENSION COEFF (NDIMs NORDER) s RHS(NORDER)

CHECK FOR ARGUMENT ERRORS.
IF (NDIM .GE. NORDER oAND. NORDER +GTe 0) GO TO 10

IERR = 2
wRITE (69 1001) NDIMy NORDER
RETURN

10 TOL=0,000
IERR = 0

DO FORWAKD ELIMINATIONe WITH PARTIAL PIVOTING.
DO 70 U = 1y NOKRDER

CHOOSE LARGEST ELEMENT REMAINING IN THIS COLUMN.
BIGC=0.,000
DO 20 I = Je NORDER
IF(DABS(BIGC) GE.DABS(COEFF(1+4J)))GO TO 20
BIGC = COEFF (I« J)
MAX = |
20 CONT INUE

IF ALL ELEMENTS HAVE MAGNITJDES LESS THAN Ok EQUAL TO TOLe TheN
MATRIX IS SINGULAR. ‘ A
IF(DABS(BIGC) 6T« TOL) 50 TO 30

Y

L

LLLLLL L UL

L LLLLa

I L L X L

L L



IERR = 1]
WKITE (Ae 1002)
RETURN

C INTERCHANGE ROWS [F NECESSARY, AND UDIVIDZ WEW CURRENT ROw BY
C PIVOT ELEMENT,
30 DU 40 K = Js NORDER
SAVE = COEFF(IMAX. K)
COEFF (IMAXy K) = COEFF(Js K)
COLFF (Je K) = SAVE / BIGC

(@] OO0

40 CONTINUF
C
C DO THE SAME FOR THE RIGHT-HAND SIDE.
SAVE = RHS(IMAX)
RHS (IMAX) = RHS(J)
RHS(J) = SAVE / BIGC
SUBTRACT MULTIRPLES OF THIS 0w FROM ANY ~EMAINING RU.S TH MAxE
LEADING COEFFICIENTS VANISH,
IF (J +GF. MORDEKR) GO TO 80
JP1 = J + 1
DO 60 I = JPle NORDER
SAVE = COEFF(1s )
DO S0 K = JPle NURDER
50 COEFF(ls ) = COEFF(ly K) = SAVE * CUEFF (Jy K)
RHS(I) = RHS(I) - SAVE % RHS(J)
60 CONTINUE
70 CONTINUE
C
C NOW FIND ELEMENTS OF SOLUTION VECTOR IN <EVERSE OKDER 8Y DIRFCT
C SuBSTITUTION,

80 NM1 = NORDER - 1
NP1 = NORDER + 1
DO 100 JJ = 1+ NM]
J = NORQER - JJ
JP1 = J + 1
DO 90 KK = 1y JJ
K = NP1 - KK
RHS (J) = RHS(J) = COEFF (Je K) # RHS(X)
90 CONT INUE '
100 CONTINUE
C
RE TURN
C
1001 FORMAT(23H RSIMU! ARGUYMENT ERRORe 2111)
1002 FORMAT (32H RSIMO:  EQUATIONS AXE SINGJLAK.)
END
/HENDNDATASET
/3
/7 ' £ KHAN "wCLASS=A4RESGTON=68K
Z#MITID USER=(M7514410581 44 9nNFCCL)
/#SRLLOW :
/H#MAIN CARDS=20
/#PRUCESS PUNCH
/7#FORMAT PUUDNAME=DUD1+CORPIFS=1
/%PROCESS PRINT
ZHNATASFEF T NDNNAME =MV
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1. SAMPLE CALCULATION

The sample calculation presented is for a typical
blanket assembly operating in forced convection. The
geometric and operating conditions are shown in Table 1
from Ref. 6. The p/d and h/d ratios are 1.076 and 7.7
respectively. The wire-wrap in'the wall channels is almost
half the diameter of those in the central channels. The
axial peak to average power skew 1s 2.06. The radial powef
skew is approx.-3.5:l across flats and 6:1 across corners..

The ENERGY-I, II and III calculations were made
assuming the aséembly is a porous body (CHOICE = 2,2 and
3 in ENERGY I, II and III respectively). There are 126
subchannels in the assembly. Here only 42 nodes were
used as shown in Fig. 6. The fdliowing pages show the
results of‘the exit (64 in. level) temperature distribution
using ENERGY I, II and III. The temperatures are identical,
as expected, since at the high Reynolds number of operation
of the assembly buoyancy effects are not important.

The data input~used for ENERGY I, II and III for the
above case is shown at the end of the listing of each of
these codeé. The values of the heat generation per unit
volume for node I read in, were multiplied by a factor in

the code, as shown below.



FACTOR

- -~

QUPRIM(I) = [QTPRIM(I)]._ .4 % QBAR 144/A(1)
) In

However the user should read in the values of the actual
QTPRIM(I) given by the left hand side of the above equation

as this multiplication is no longer performed within the

code.

One of the difficulties in making ENERGY calculations
for the blanket geometry is that both €* and C must be
determined by extrapolation from fuel geometries. Calibration
of ENERGY for blanket geometries has not been made due to
lack of any data. For the purpose of this analysis €* and
C were determined by linearly.extrapolating fuel assembly

(1,2)

data. The results matched well with THi-3D predictions.

. However, this was fortuitous. It is suggested that where
data does not exist €*¥ and C must be determined by calibra-

tion with the results of codes like COBRA“ and THI-3D5.



INPUT FOR_ENERGY-I

34
W15¢nE=3 560 ,.,005%,174 e 3énr =65 1Ub,.8VO
e 2366 =3 SO ,,00U>5.,007 YN =b113.0/50
c3INDAE=3  5RU.0094.540 o lant =5115.3216
540t =3 600.,00564.673 W« L09r =S ¢5.50%6
«7988E=3 620.,00%4.5%6 elS5S9F=5131./00¢
L1163E=2 64U,ud>6,339 22 1F=51374.9930
21670t ~-2 Hbl.0004,172 e 321F=Si+u,l000
eP30hHE=2 680,0054,0L05 elar=5150,3639
o331 7c=2 700,00 534839 +6131r=5108.52872003.293
DY =2 72040 3353.6772 obal2UF=S510Ce0bBUDZUDDGOHOT
e 2dIE =2 1400 534900 11395 =-4158.8195z0b94/10
eMDZ21E=2 TOU.U 53330 iHDlaF=a]l/4,940320/cel])
) e11643b=1 78U.u 33.171 2001¥-4]13l,05ic20/0.040
e15919E =1 800,00 53,004 262u08-61inlelball0lo.ull
2P001F=1  520.U BC.H3T J3unl¥=-4193,25/32081.001
e 2012E=1 BGU,U 5670 0375t =6199.339320083.058%
e33683F =1 bOUeU 52503 o90Yc¢F=G4audeslilluboevd/
eu347E=1 RBBULU 5Sce33b6 JTuBIE=4llle4l33C0B8.20/
T e5943E=1 Y0ULU SrelbY 69lyr=-=217.520820%ve027
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ENERGY I OUTPUT AT 50 in.

Temperature Distribution
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ENERGY II QUTPUT AT 50.0 in.

Temperature Distribution
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Table 85

Geometric and Operating Characteristics of -
a 61-Pin Blanket Assembly"

Description
Cladding o.d. (in.) 0
Cladding i.d. (in.) 0
Pellet o.d. (in.) 0
Pellet density (% of TD) 95.
Wire-wrap o.d. (in.) 0
Wire-wrap pitch (in.) 4.
Rod pitch (in.) 0
Across hex flat (in.) 4
Hex corner radius (in.) 0
Flow rate (1b/h) 29,412
Total power [kW(th)] 700.
Heated length (cm) 162.
Average heat flux [Btu/(h ft2)] 53,963
Inlet temperature (°F) 724
Outlet temperature (°F) 992
Rod-bundle average velocity (ft/sec) 5.
Rod-bundle inlet pressure (psia) 29.

.520
. 490
. 485

.0372
. 560

. 450
.16

30
4

aCorner rods have 0, 020-in. wires; edge rods have
0. 020-in. wires over 120-deg facing duct.




APPENDIX 1

+

THE METHOD OF NUMBERING CHANNELS FOR ENERGY GIVEN IN THIS

APPENDIX WAS DEVELOPED BY B. CHEN AND F. CARRE

The present version of the.ENERGY programs requires
considerable amount of data input for channel layout. For
example, a 217 pin assembly requires 438 cards to be read
in for specifying channel layout. The method developed
by Chen and Carre considerably simplifies the data input
into ENERGY (both for porous body and subchannel anal&sis
versions) and is strongly recommended. Fig. 7 shows the
channél_numberiﬁg scheme suggested by Chen and Carre. The
ENERGY program is modified as fol;ows.

(a) A numbering subroutine called Subroutine Numb is

édded to the programn.

(b) As shown in the revised ENERGY-I listing, which
follows, statement 41 is added to the main program
to call WUMB. The only other changes are made in
statements 203 to 227 which replace the corresponding

statements in the previous version of ENERGY.

The results obtailned by using the_channel numbering method
‘of Chen and Carre, described above, have been satisfactorily

checked with the previous. results for the ENERGY I S code.



IV G LEVEL 19 . MAIN DATE = 75057 11733742

C COMMON VA[N PP(.,\ro
COMMON- PP(SO),TT(DO).RHCFF(SO).RHUG’()0),HHF()O),HH0(50).
LUUF(50) ,KKF{53),SSIGMA(50)
COMMCN NCHANL PREF,NCDATA HSAT yHVSAT yRHSAT,RHVSAT,VISSAT,TSAT,
- 1CONSAT,SIGSAT,TAVGZyCPAVGyCONAYG,RHAVGyNL N2y N3 N4y VELLyVEL2,VELS -
COMMCN ENTHAL(5C0) ,TEMP(5CO0)
COMMCN DRODyDWIREZLEACOD GAP,PODyNORINGyAUNIT»AWALL yACORN,WPUNIT,
IWPWALL yWPCORNDEUNIT,DEWALL DECORMNyHPUNITsHPWALL y HPCURN
COMMCN FLOLS500)
COMMCN LC(500,3),MROD(500,3)
COMMCN ETALl,ETA2,rTA3,ETAA
DIMENSION AXIAL(S0),FAX(50)
DIMENSION A(5092),%P(5G0),DE(502),HPERIM(500D)
DIMENSION ASTAR{500),QTPRIM(500),GSTAR(500),HSTAR(500),D0HDZST(50C
1) '
DIMENSION SUMM(50C),P1{509),GBARR{500)HINN{50D)
c ~ PROGRAM ENERGY FOR CALCULATING TEMP. OF FLUID IN WIRE WRAP,RUD5
REAL LEADOD+LENGTH,KKF, :
READ(S5,1) NODATA
1 FORMAT(I5)
" READ{S5,2)(PP{1)yTT{I),RHOFF(I)4RHOGG(I} yHHF{I})HHGII)yUUF(I),
LKKF(I),SSIGMA(I),I=1,NODATA)
2 FORMAT(9EB.4)
READ(5,3)NORUNS ¢ NCRUN1 4 NCRUNZ2
3 FORMAT(3I5)
DO 160 LLLLL=1,NCRUN2
READ (5,1 )NCOFAX
READ(5,4)(AXIAL(I).FAX(I)gI 1+ NCOFAX)
4 FORMAT(8FLlC.5)

READ(5,5) NORQGD

5 FORMAT(I5) | CHANGES TO ENERGY I&IS

READ 9yWWW,LEADOD:PWIREGAP
9 FORMAT(4F1ll.4) - FOR NEW CHANNEL
READ 10,DROD+LENGTH,P0D » .

10 FORMAT(3Fll.4) . NUMBERING SCHEME
Z=(NCROD-11/3. . :
NORING=SQRT(Z) | (CHANGES ARE MARKED BELOW)
NIMP=6%NORING ‘

NOTGl=6%(NGRING-1)*(NORING=-1)
N1=NOTG1l+6%(NORING-1)
N2=N1+¢NIMP
N3=N2+NIMP
N4=N3+6
NCHANL=N4%
NCHSC=2%NORING~-1
c INPUT CALCULATIONS BEGIN
CALL NUMB = ADDED
CALL GEOM
D0 160 LLLL=1,NRUN]
READ(5,201)(P1(1),1=1+NCHOD)
201 FORMAT(5F10e4)

READ 12,GBAR,HINyPREF4COAR,FLOWW

12 FORMAT(5F1i.4)
[NDI=0
DO l(:O LtLL= l"yn\l‘:.j’
READ 11.PR1NT1.0PAlbw-th%Tﬂl.tHsrAz EHSTA3,EHSTAG,C1

11 FORMAT(7Fll.4)
DEODR=DEUNIT/DROD




6LYav
¢l
149
n17o
0171
o172

0173

0174 .

0175
C178
CL77
Gl78
0179
c1ac
ciL8l
102
01r3
Claa
cl1es
0186
Cl87
Cl88
crae9
0190
¢C191
cL1?2
Gla93
0194

0195

0196

0La7
€198
0199
€200
N201
6202
0203
0204
ca205
0206
€a2n7
G204
£209
€210

210 -6
[l

211
97

122

123

124

125

132

71
70

101

OO

26

96

AA

N T N SV
CRUAT LA, v T/VRAR SwmALL SV A T T S AT YR
DRIV G2 L)d0 LVEL 2,V )

FOPYAT (1A, 3:10.4)

CUNTIHUE

WRITZ(6,122)

FORMAT UL X "AXTAL INCREM, FOP PRINT (P1[00 2 DERSTAL 3

)

1 CCEFF FGR PiP1. VEL.')

ARITI(6,123) PRINTL OPTLSN, EHSTAL,EHSTA2, - H3TA 3. HSTA4 ,C1
TORMAT (1K, TELL.4/7) :
WRITC(6,124) .
FORMAT (1X, 'GBAR  HIN HIU/LE. REF PREG. AYG. HUAT FLUX WEL Pl ).
WRITE(G,125) GBAR,FIN,PR. FeUBAR,NPVEL
FURMAT (1X45EL1L.4/ )
VRITE(G,132)
FCRMAT (1X, *CHANNEL NO. ASTAR  HEAT GEM. PER UMNIT VAL/FAXY)
INCI=INCI+1 ,
[FICPVLL)TO, 70,71
CALL HYLRD (V1,V2yV3)
PREF= PREF
HINSHIN
[PART=2
SUML=0.0
DC 101 I=1,NCHANL
SNTHAL (1) =HIN
SUML=SUML+ENTHAL (T)¥FLOCL)
CONTINUE
SUNMG=0 .0
5UM3=0 .U
LALL PRCPIIPART)
ENTERING MAIN LCOP
CALL AAIAL PEAKING  FAZTOR
[BAR=D[STAR/2.0+ZSTAR
ZBAR=ZPARENRUN/LENS
CALL CU”VL(TAKL'ZBAR FAX, AXIAL, NCUFAX.[ER”DL,[)
PRINT 9&, FAXL ,ZBAR
FORMAT(1Xy2C1l1l.4/)
ALPSTA=12.0%CONAVG/ (GEARS CPAYGEDRUD)
g 76 I=1+ NCHANL
OSTAR(T)=0TPRIMII)I*FAXL/GTPEAR

DN LS 1= L,4N2
"bMi=LCUT, 1)

FM2=LC (], 2)
“M3=LC({I,3)
HSTAR(SCO)=HSTAR(T)

[=(1=1)76

N=SGRT(Z)+1.0001
[Q=(I=6#NEN=1)/(2%N=-1)+0.9001




FCRTRAN TV

0211
212
0213
0214
0215
Cc216
G217
0218
0219
c220
0221
0222
0223
£224
0225

€226
Nz227
0228
02?79
G230
0231
0232
c233
0234
0r3s
0226
0237
G238
0239
0240
C241
L242
0243
(244
0245

Cénh

Ll

AN

G

LEVEL

150

80

81

- (o
i
z

\n
o

een
889

890
891

19 MA

In ' LAt = 15029 23008/

IR=F=H%EN-10%(2%N=1)+0.2001
[F{NLEC.HORING) GO TO 80

CHSTAA=CEHSTAL
tHSTAB=EHSTAL
CTAAST=ETALST
ETABST=ETALST
o0 TS5 81
J=1R/2

LF(IR.EW.2%J) GO TO 150

FHSTAA=EHSTAL
“HSTAB=ZHSTAZ2
FETAAST=LTALST
ETABST=CTA2ST
CCNTIHULE

NOTE: STATEMENTS (203 TO 227)

STARTS BELOW 76 QSTAR--~ |
AND ENDS AT 151 CONTINUE. /THIS
REPLACES STATEMENTS IN THE

OLDER VERSION OF ENERGY-I

CHRZSTUIY=QSTAR( D) +{L.O/STAR( T Y )= (PLD- ].G)“((kh Taf+alLPs 1')/
LTI (HSTAR(MML ) +HSTARIMME ) =2 JCHHSTARUI Y F+ (L LEHST AT ¢ AL, ’f*ﬁ)/[Tuw~T

2 R(HSTAR(MM3)=HSTARL ) )*(POD=-1.0))

CHEZST(I)=CKROZSTIT)*VELL

CONT 1

!rl'\l‘; ‘l();SDvl-Sv.le)
LOHITINUE

O 95 [=NK1,yN3,1
MML=LC(IL, 1)
MM2=LC(],2)
MM3=LC(I,3)
1F{MM2.CGT.N3)GOD TO €888
ETASIR=ETA3ST -

GO TG 839
LTASTR=ETA4ST

COMTINUE
IFIMM3.3T.N3)GU TO 8B90
STASTS=ETA3ST

Lo TG 891
ETASTS=:2TA4ST

CCNTIHUE
HSTAR(HD0)=HSTAR( )
BEC2ZST(I)=(1. O/AaT.R(

WHICH STARTS BELOW 76 QSTAR---
AND WHICH ENDS AT '50 CONTINUE.:

YIS C(GARSTYs (e i vei 1)

(: j
WSTARCLI I/ STASTR I+ (LiSTAY (tP )~1§TA’(X))/ Tf.!’))' l - (- 3' L
‘ B . LN

ZUSTARC I YU PUL-1 0= U0 PaTAaZente L by 1yt

PR IR IO A O O

ST G I U IEN N TRV B U B0 LA B

[N A

L
O



OO O0

OO0

OO0OCOO0

901

305

SUBsKOUTINE NUMB

COMIMAUN PP(SO)qTT(SO)oHHOFF(SO)oHHOGG(SO)9HHF(50).HHG(50).

Toras ()

1 r,A(.::n)7(:!:!{'.".»!‘,‘_._(‘1;(4‘:)

g
COa0N NC=ONL g PREF o HODATAyASAT o HVSA
liuw5u1,SlmsmT.TAvovaPuvaocuNﬂVGsdﬁA
COMMON ENTHAL(5G0) 9 TEM2(200)

COMMOUN DROD s DWIRE sLEADOD ¢ GA® s POD s NUR

JerHSAl 9HHVS»’\T!VISSATQ TSAT»

VoeNlaNZeii3sNGeVEL L s VELZWVELS

INGsAUNIToAWALL s ACORNyWPUNT T

leWALvaPCORNoUEUNIT9DEWALL90ECORN9HQUNI|9HPNALL9H°CORN

COMMUN FLO(500)
COMMOUN LC(SD0e3) ¢MROU (50006 3)
COMMUN ETAl sETAZ2ETA39ETAG

SUSROUUTINE FOR NUMBERING AUTOMATICALLY
THE SUSCHANNELS OF A HEXAGUNAL FUEL gdUNDLE

NOTROL=6*NORING#*NORING
NOTGl=6% (NORING=1)# (NORING=1)
NOGOL=3% (NORING=1) ¥NURINDS
LSTCH;NOTRO+6*(NOHING+1)
NFWCH=NOTRG+1

NLWCH=LSTCH=6

TREATMENT OF TRIANGULAR SUSCHANNELS

DO 7 I=1sNOTRG

Z=(1-1)/6,

N=SORT(Z)+1,0001

NOTRO=6#N#N

NOTRI=6% (N=1)%(N=1)
NOTHZ=Z6% (N=2) #(N=2)
NOTOL=3#N* (N=-1)
NOT12=3%(N=1)%(N=2)
10=(1=-NOTR1=1)/(2%¥N=1)+0.0001
IR=I=-NOTK1=TQ%# (2#¥N=1)+0,0001
IY=1.6-1/N
[F([=-NOTR1=1)901+902+901
IF(I.EW.NOTK0O)GO TO 903
J=1lR/2

[F(IR=-J#2)905+905+904

TREATMENT OF A TRIANGULAR SUBCHANNEL
FACING THE INNER RING

[2=1.0001/(NOTRO=1)
LC(I91)=iNOTR2+IQ*(2%N=3)+IR~1
LC(Is2)=1=-1

LC(I93)=1+] :
MKOD (T 91)=1+NOTLI2+10% (N=1)+IR/2
MROD(L192) =vROD(191) +1-p*17% (N=1)
MROD (1+3)=NOTOL+IQ¥N+TR/2+2

GO 70 7

GENERAL TREATMENT OF A

TRIANGUL AR SUBCHANNEL

FACING TAE UUTER RING

(NOT FIRST OR LAST ONE 0OF a RING)



OO0O0 (e NeN e N

OO0 OO0 OO0 o NeNe]

OO

204

R AR

U6

903

902

{.C(lel)=i-]

lC(IoZ)’l*l

%KUD(I91)—IY*NOTléOIu*(M-l)0(1“*1)/2

MHUU(Iod) l*NUTOl*IU”M*(IR*l)/2
J)(lej)zﬁ«;u(1.5)+l

IF (MabWHNORINGYOD TO 906

THE THIRU ADJACENT SUBCHANNEL
IS A& WALL SUBCHANNEL

LC(I93)=NOTRO+[Q#(2%N+]) +]R+]
6O TO 7

THE THIRD ADJACENT SUBCHANNEL
IS A TRIANGULAR SUBCHANNEL

LC(T+3)=NOTRO+IQ#N+ (IR+1)/2
00 TO 7

TREATMENT OF THE LAST SU3SCHANNEL OF A RING

LC(Is1)=NOTR1+1
LC(Le2)=NOTRO=-1
MROD(Is1)=1+]1Y+NOT12
MROD (I +2)=2+NOTO01
MROD (T 93)=]1+3#N*(N+])
GLU TO 908

TREATMENT OF THE FIRST SUBCHANNEL OF A RING

LC(Iel)=NOTK]1*2
LC(Is2)=tOTHO
MROD(Is1)=1+1Y+NOT12
MROD (T+2) =2+4NOTO1
MROD(I93)=MrROD(I+2)+1
GO TO 904

CONT INUE

TREATMENT OF RECTANGULAR WALL SUSBCHANNELS

DO AR I=NFWCHesNLWCH
MROD(13)=500
17=1.0001/(LSTCH=5=1)
1Q=([=NOTRG=1) /NORING+0,0001
IR=I-NOTRG-TQ*NORING+0,0001

COMMUN TO aLL wALL SUBCHANNELS

LC(Iel)=NCTGL+ I (2¥NORING=1) +2%[R-]
MROD(I1)=1+NOGOL1+IQ*NORING+IR
MROD(12)=MROD (I a1)+1=6#1Z#*NORING
IF(IRWEQ1IGO TO 911
IF(IRGEQ.NORING)IGO TO 912

SUBCHANNEL NOT ADJACENT TO ANY CORNER

LC(1s2)=1-]
LC(Le3)=[+]
»0 T 8
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S OOO0O0 OO0 OO0

eNeNe!

911

413

Y14

SUBCHANNEL PRECEDING A CORNER

LC(192) =11
LC(Is3)=(1=12)#(LSTCH+1Q=6) +17% (1+1)
GO TO 8

SUSCHANNEL FOLLOWING A CORNER

LC(I+2)=LSTCH+IQ=-5
LC(Ie3)=1+1
CONTINUE

TREATMENT OF CORNER SUHBCHANNELS

DI 9 K=1y96
I=NLwCH+K
I0=K~1

COMMON TREATMENT TO ALL CORNER SUBCHANNELS

LC(I+3)=500
MROD(1e1)=2+NOGO1+IU*NORING
MROD(1+2)=500

MROD(1+3) =500
IF(IV)913+4914,913

TREATMENT OF ALL THE CORNERS
BUT THE FIRST ONE

LC(Is1)=NOTRG+IQ*NORING
LC(I92)=LC(Is1)+1
GO TO 9

TREATMENT OF THE FIRST CORNER

LC(Is1)=I-1
LC(I+2)=NOTRG+1
CONTINUE

RETURN

END



SUBROUTINE FOR NUMBERING AUTOMATICALLY

THE SUBCHANNELS OF A HEXAGONAL FUEL BUNDLE

Prepared by F.0. Carré and B.J. Chen

l. General

The SUBROUTINE NUMB generates two tables LC(I,J) and
MROD(I,J) which describe the environment of subchannel I:

Lc(1,J), J = 1,2,3 are the three adjacent subchannels

MROD(I,J), J = 1,2,3 are the three rods located at the
corners of the triangular subchannels. |

NUMB uses only one input parameter (NORING) transmitted
from the MAIN program. (NORING is the number of rings of
~triangular subchannels,)

The three types of subchannels (interior, wall and
corner).are successively treated.

The principal variables are defined in the
nomenclature and a total map of the numbering for a

217 pin bundle is shown on Figure 1.

2. Flow Charﬁ

In the following development, the position of each
subchannel I is described by three figures.
- the number N of the ring of the bundle where I is

located - (N ranges from 1 to NORING)



- the number IQ of the face of the ring N, where

I is located = (IQ ranges from 0 to 5)

= the position IR in the face IQ of the ring N, where

I is located - (IR ranges from 1 to 2N-1)

~ face 1 ,
8| 10k | 103 | 102 | 101 [

105/ \ 65 66 / \6L 62 /' \100\
69 67 65 63 64

106/N\ 70 /\3¢ /\32/\30 /\¢° /\99
face 2 74 35 33 31\ /29 59
101/\72 36 12 10 /\28 /\58 /\98
J13\/37\/13 44 9 21\/51
108 /\74 /\38 /\14 /\ 2 8 /\26/\56 /\91
il 15 \/33\/15 3 1 7 25\ /95 7
76 4O 16 L 6 24 54 96
09N\ /77\/:1\/17\/ 5 \/22\ /53\ /35\ /120
: \ 78 &l 18 20 /\22 /\57 94
0N /79N /43\/19\/24\/51 \/93 \ /119
80 A L )
face 3 /]“ 81 4-45 ° 47 ; 49 509192 118/ face 5
8 84 /\86 /\88 /\90
117 283 5\ /27\ /89\ /1!

) 443 { 144 [ 115 | 116 |18 FIGURE la

face 4

face 0

TOTAL_NUMBERING OF THE SUBCHANNELS OF A 61 PINS BUNDIE.

IR=1 IR=3 IR=5 IR=7 (2N-1 with N=4)

Detailed numbering of the face 4 of ring 4,
The subchannels face inwards for even values of IF,
and outwards for odd values of IR,



The same numbering is applied to the rings of rods.

The first ring is the central rod.

face 1

A'é 4"% 4'4 4’3 z,lz

/\/\/\/\/\

——Zé )5—)I,

/ /\/\/\/\ \
4/ / /\/\/\/\/\
‘J {\/\/\/\/\/\/\
/\/\/\/\/\/\/\/

VAYAYAYAVAY,
\/\/\ \/\/\/

33

\/\/\/\/\/

face 2 face 0

face 3 face 5 54 L
R=4

/

N 01y
face 4
TOTAL NUMBERING: OF THE RODS
~OF A 61 PINS BUNDIE, 59 TRe2
FIGURE 1b
Sl 55 56 57 58 1R=1
IR=1 IR=2 IR=3 IR=4

(IR=N)
Detailed numbering of the faces 4 and 5 of the 5th ring,



2.1 Interior (triangular) subchannels

A DO loop with the index I ranging from 1 to NOTRG

has the followlng logic:’

Subchannel J

Determination of the ring number
where I is located

J
Eﬁfermination of the face IQ of ring

where I is located

Eetermination of the position IR in
he face IQ of ring N where I is locate

yes[freatment of the last subchanne
of a ring (except for the third
adjacent subchannel)

‘the first subchannel

of ring N2

is I

yes reatment of the last subchannel
lof a ring (except for the third
adjacent subchannel)

the last subchannel
of ring N2

Treatment of a subchannel facing
outwards (except for the third

pdjacent subchannel)

the last ring

210

eS

of triangular
ubchannels?

Treatment of a subchannel

acing inwards

3

The third adjacent subchanne

is triangular

ne third adjacent subchannel 1ig
a wall subchannel

iSubchannel (I+1)[




2.1.1 Treatment of a general subchannel facing inwards

~Adjacent subchannels

Ring | Face | Position
1 | N-1 IQ IR-1
\
2 N 1Q IR-1
3] N IQ IR+1

Adjacent rods

ing| Face]l Positio

1 N 1IQ IR/2

N IQ JIR/2+1 |(general case)

2 N 0 1 (penultimate
subchannel of
ring N:
+
3 QN+1 IQ 1 IR/2+1 1Q=5
IR=2N=2)

Ring (N+1)
of rods

Ring N
of rods



2.1.2 Treatment of a general subchannel facing outwards:

(not the first or the last one of a ring).

Subchannel I is at the position IR in the

face 1@ of the ring N.

IR+1 IR+1
IR Adjacent subchannels
IR=1 \ _ Ring | Face Position
1l N IQ IR-1
/\ /\ \
Ring Ring R+1
N (N+1) 2 - N 19 IR+1
N+1 IQ IR+1
3
N+1 IQ |(IR+1l)/2

/N N\ Ring N

NCRING

(If it is not a
wall subchannel)

(If 1t is a wall
subchannel)



Adjacent rods:

Ring | Face | Position

1l N | 19 (IR+1)/2

2| N+1 IQ (IR+1)/2

3| N+1 IQ (IR+1)/2+]]

Ring N Ring (N+1)
of rods of rods

,2 1.3 Treatment of the last subchannel of a ring

Subchannel I is at the position (2N-1) in the face 5
of the ring N.

Adjacent subchannels:

Ring | Face | Position

| (first subchannel
1 |N 0 1 of the same ring)
2 N 5 (2N=2)
‘ (if it is not a
3 N+1 p 2N lwall subchannel)
1 5 N (if it is a wall

oubchannq})

2N=2

Ring
NORING




Adjacent rods:

Ring | Face | Positiorn

(first rod of
1 N 0 1 ring N)

21 N+1 | O 1

(first and last

Ring N 3| N+1 5 N frods of ring N)
¢of rods

Ring (N+

of rods

2.1.4 Treatment of the first subchannel of a ring:

Subchannel I is at the position 1 in the face 0 of the

ring N

Adjacent subchannels:

Ring | Face | Position

1|l N 0 )

(last subchannel .
2 N 5 (2N-1) lof the same ring)

J(if it 1is not a

N+l O 2 wall subchannel)
3
. . (if it is a
N+l 0 . 1 lwall subchannel)

/

Ring
NCRING



Adjacent rods

Ring Yace Position
(first rod of
1f N 0 1 ring N)
(first rod of
2 | N+1 0 . .| ring N+1)
(second rod of -
3| N+1 0 » 2 ring N+1)

Ring N Ring (N+1)
of rods of rods



2.2 Wall (rectangular) subchannels:

A DO loop with the index I ranging from NFWCH to

NLWCH, has the following logic:

| Subchannel 11}

Determination of the face 1IQ
where I 1s located

Determination of the position
IR in the face IQ, where
I is located

yes

DeterminatioéLETthe triangular
adjacent subchannel ' ‘
Determination of the two
adjacent rods

s I followin®

The second adjacent
subchannel is a
corner. The third
is rectangular.

corner subchannel[
(in the swirl flow

direction?
no
is I preceding

corner subchannel

es ‘
The second adjacent subchannel
1s rectangular.

The third is a corner subchannel

(in the swirl flo

[The two last

agjacent subchannels are rectangﬁiarl

ISubchannel I+l]




2.2.1 Treatment of a general wall subchannel:

(not adjacent to a corner)
Subchannel I is at the position IR in theAface 1Q

Adjacent subchannels:

Ring Face Position

NORING IQ 2 IR-1

Wall 1Q IR-1

Wall IQ IR+1

' NORING

Adjacent rods:

Ring Face Position
NORING+1 IQ IR
NORING+1 1Q IR+1

Ring g
NORING (NORING+1)
of rods - of rods



2.2.2 Treatment of a wall subchannel following a corner:

-~
(swirl flow direction taken as a reference)

Subchannel I is at the position 1 in the face IQ.

Adjacent subchannels:
Ring . Face Position
1 NORING 1Q 1

2 wall IQ corner

3 wall IQ 2

general treatment for the rods.

Ring
NORING

2.2.3 Treatment of a wall subchannel preceding a corner:

(swirl flow direction taken as a reference)

Subchannel I is at the position (NORING) in the face IQ.

face
IQ+1 Adjacent subchannels:

Ring Face Positlion
1 NORING IQ 2 NORING-1
2 wall IQ NORING-1

1 NORING f%a:e 3 wall IQ+1 corner
+ general treatment for the rods.

2NORIN C
NORING
-1
/«\ Ring

NORING



2.3 Corner subchannels:

A DO loop with the index I ranging from (NLWCH+1) to
(NLWCH+6), has the following logic:

.

Subchannel I

Determination of the face 1Q (The corner assoclated

where I is located with face IQ precedes all
the rectangular

Determination of the adjacent rod subchannels of the

‘ same face)

(’,,/”’/ he first adjacent

2 subchannel is the last
ne of face 5. ' The
second one is the first
one of face O

The [irst adjacent subchannel
is the last one of face (IQ-1)

The second one is the first onsg
of face IQ

Subchannel I+1




2.3.1 Treatment of a general corner subchannel:

(not the corner of face 0)

Subchannel I 1s the corner of face IQ.

face Adjacent subchannels:

r Ring Face Position
n 1 wall IQ-1 NORING
2 | wal1 | 1q 1
ORING face
(IQ=1)
face Adjacent rod:
Q .
Ring Face Position

NORING+1 IQ 1

=3
NORING (NORING+1)
of rods of rods




.

2.3.2 Treatment of the corner subchannel of face 0:

-

Subchannel I is the corner of face 0

Adjacent subchannels:

Ring Face Position

1 wall 5 NORING

2 wall 0 1

general treatment for the rod

3. Conélusion:

For each subchannel I (corresponding to the parameters,
N,IQ,IR), the adjacent subchannels or rods have been
determined in terms of the same parameters (N,IQ,IR).

It is easy to relate these parameters to the number
of the subchannel (or of the rod), when it has been
noticed that:

- each face IQ of ring N counts (2N-1) triangular
subchannels (%p the inner region) or (N) rectangular

subchannels (in the wall region)



- each face IQ of ring N counts (N-1l) rods
For example:

. The number of the triangular subchannel characterized

by (N,IQ,IR) 1s:
I = NOTR1 + (2N-1) - IQ + IR
with NOTRL = 6 « (N-1)°

. The number of the rectangular subchannel characterized

by (IQ,IR) is:

I = NOTRG + (N) « IQ + IR

with NOTRG = 6 -« (NORING)2

. The number of the corner subchannel characterized by

(IQ) is:
I = NLWCH + IQ + L

with NLWCH = 6 < NORING (NORING + 1)

. The number of the rod characterized by (N,IQ,IR) is:

I = NOT12 + 1 + IQ « (N-1) + IR

with NOT12 = 3 « (N-1) -+ (N-2)

® The SUBROUTINE NUMB uses this kind of equation;
- Given a subchannel I, inversion of these equations

ylelds the parameters (N,IQ,IR)



— The algorithm of baragraph 2 yields the parameters
(N,IQ,IR) of the adjacent subchannels and rods, from the
parameters of the initial subchannel.

— Using the preceding equations directly yields the
number of these adjacent subchannels and rods.

A listing of NUMB with further comments 1is included.
The use of NUMB does not modify significantly the computing
time needed by the former version of ENERGY I, without the
necessity of reading nﬁmerous.data cards (up to 438 for a

217 pin bundle case).



NOMENCLATURE

NORING = number of rings of triangular subchannels
NOTRG = total number of triangular subchannels

NOTG1 = number'of triangular subchannels in all
' the rings but the last one

NOGO1 = total number of rods (minus one) in the
NORING first rings of rods

LSTCH = total number of subchannels (or number

of the last subchannel)

NFWCH = number of the first wall subchannel

NLWCH = ‘number of the last wall subchannel

I - number of a subchannel |

N- = ring number where subchannel I is located
NOTRO = number of the last subchamel of ring N
NOTR1 = number of the. last subchannel of the

preceding ring (N-1)

NOTR?2 = number of the last subchannel of ring
number (N=2) '

NOTO1 = number of the last rod of ring N, minus one

NOT12 = number of the last rod of ring (N-1),

- minus one

IQ = number of the face of ring N, where
_subchannel I is located (from O to 5)

IR = position of subchannel I inside the face
IQ of ring N (from 1l to (2N-l)}

(continued)



IY = 1 for the first ring and 0 for the others

1Z = 1 for the last subchannel of a ring and
0 for the others

LC(I,J),J = 1,2,3 numbers of the subchannels, adjacent
to subchannel I '
MROD(I,J),J = 1,2,3 numbers of the rods, adjacent to

subchannel I



