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COMPUTER PROGRAM DETATIIS FOR DESIGN OF
SENSIBLE-HEAT SPACE RADIATORS
by Bruce M. Auer and Arthur V. Saule

Lewis Research Center

SUMMARY 96'357

A program was designed for the calculation of the performance, weight, and
area characteristics of a single-panel central-fin-tube flat-plate sensible-heat
radiator for a set of thermodynamic and fluid mechanic conditions. The
FORTRAN 7094 main program and its subroutines are reported herein. The program
is based on the analysis, equations, and techniques developed and reported in
NASA Technical Note D-2839.

A typical computer printout sheet is included and a discussion of the def-
initions of the FORTRAN symbols and groups of numbers that designate the inputs,
the error tests, and the outputs is presented. y

INTRODUCTION V

A design analysis and general characteristics of flat-plate central-fin-
tube sensible-heat space radiators were presented in reference 1. It was shown
therein that a combination of equations based on the relations of heat transfer,
fluid mechaniecs, and meteoroid protection resulted in specific relations for
calculating radiator geometry, weight, and panel planform area. In order to
perform the parametric studies reported in reference 1, these equations and re-
quired inputs were programed for an IBM 7094 electronic digital computer.

The purpose of this report is to describe the FORTRAN 7094 main program
and its subroutines. Some phases of the computational procedure (e.g.,
Kalaba's method) will be discussed in more detail. Computer program diagrams
are included to illustrate the procedure and to show how the various elements
and subroutines are interconnected to generate the required outputs.

In addition, a typical printout sheet will be presented and explained. It
contains the inputs and the outputs for two sensible-heat radiator examples: a
Brayton cycle case and a secondary cooling radiator case. Various FORTRAN
symbols and groups of quantities without symbols will be defined as they are
written and appear on the printout sheet. The definitions correspond to the
definitions of the symbols used in reference 1.



SYMBOLS

A area, sq ft

D diameter, ft

F angle factor

h heat-transfer coefficient, Btu/(sec)(sq £t)(°R)
L half-fin width, ft

Re Reynolds number

Ro outside tube radius, ft

T absolute temperature, ©R

t fin thickness, ft

U, overall heat-transfer coefficient, Btu/(hr)(sq ft)(°R)
W weight, 1b

Z tube length, ft

Yj heat-transfer parameter

5, armor thickness, ft

n fin-tube effectiveness

6 dimensionless temperature ratio

A dimensionless conductance parameter
Subscripts:

H header

3 at location

o] outside

s sink

t tube

tot  total

X at location z

panel planform area.

COMPUTATIONAL PROCEDURE AND COMPUTER PROGRAM LISTING

Procedure

As shown in the analysis section of reference 1, a combination of equations
based on the relations of the heat transfer, fluid mechanics, and meteoroid pro-
tection resulted in certain relations for calculating radiator size, weight, and

In order to perform the parametric studies, these equations

and required inputs were programed for an IBM 7094 electronic digital computer

2




.

The FORTRAN 7094 program consists of two versions of the main program and
four subroutines. The only difference in these versions is that the first ver-
sion finds the fin-tube effectiveness by solving the proper equations using
subroutines TOJ, DEQZ, and FXX. The second version using subroutine TABLE finds
fin-tube effectiveness by interpolating in a table listing fin-tube effective-
ness, which is read into the machine. Hereinafter, the main program refers to
elther version.

The flow diagram of the main program is shown in figure 1(a). The main
program is written for either a gas, & liquid, or a liquid metal as the working
fluid. For the radiator using gas as the working fluid, the program involves
the ratic of header surface area to tube surface area AH/At' For liquids and
liguid metals the ratio AH/At does not appear, since the header area is
assumed to be negligible compared with the tube surface area.

Block 1 of figure l(a) contains the main program inputs. They are the
physical and thermal properties of the working fluid and the radiator structural
materials (such as, sonic velocity, viscosity, specific heat, density, thermal
conductivity, emissivity), as well as meteoroid protection parameters (meteoroid
flux, density, operation time, probability of no meteoroid penetration, occlu-
sion and spalling factors). Also included are the flow rate, inlet and outlet
temperatures, the pressures and pressure drops, the accuracy percentages of the
computations, the branching command numbers, and the number of points in the
various meshes.

Parts of some equations can be computed based on the inputs and constants
listed in the previous paragraph. This is done in block 2 of figure 1(a). The
next step is to read and write the input parameters: inside tube diameter, fin-
tube profile ratio, and fin conductance parameter at the radiator inlet. There
are branches throughout the program that select either gas, liquid, or liquid
metal radiator equations, variables, and constants. The program is written for
tubes and headers with inside liners. Both turbulent-flow and laminar-flow
equations are contained in the program for all three mediums: gas, liquid, and
liquid metal. First, a solution is obtained for given inputs from turbulent-
flow equations. After the solution is converged, the Reynolds number is check-
ed. Then the Reynolds number is used as a test either to read the next set of
inputs (if the Reynolds number indicates turbulent flow) or to find a second
solution from the laminar-flow equations. A single result is printed out when
the Reynolds number is less than 2300 or greater than 3000. If the Reynolds
number is between 2300 and 3000, both laminar and turbulent flow results are
printed.

The noteworthy feature of the main program is the iteration for the over-
all heat-transfer coefficient. The iteration starts with a guessed value and
proceeds by using the method of false position (Regula Falsi) that is based on
the principle that a curve over a short interval can be approximated by a
straight line between two values, each being on opposite sides of the right
value. The same method is used to calculate the ratio AH/At for the gas work-
ing fluid. The overall heat-transfer coefficient iteration is accomplished
within the Ag/Ay iteration.

During both iteration processes the values for the tube and header wall
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thickness, the tube outside diameter, the tube length,
number of tubes, tube and liquid content weights, and
the panel planform area are also obtained. With this in-
formation, the half-fin width, the fin thickness, fin
weight, and header dimensions and weights are obtained.

Within the iteration of overall heat-transfer coef-
ficient, the program solves for the tube surface tem-
perature of each isothermal elemental strip by Newton's
method. The first version requires a subroutine TOJ,
the flow diagram for which is shown in figure 1(b). The
fin-tube effectiveness is also computed by the subroutine
TOJ. This involves solving the second-order differential

equation
a%e 4 4 4
(dj2> = N|6* - o5 - (l - es)Fi] (1a)
F = Fz-l + F_)S_.Z (1b)
where
=1 at X=0
(2)

a6faX =0 at X=1

by using subroutines DEQZ and FXX. These additional sub-
routines will be discussed later. As part of Newton's
method, the derivative dfn is computed, and a value of
To,j is obtained, which is checked against the guessed
value depicted in the first block (fig. 1(b)). The iter-
ation is repeated until the new value of To;j agrees
with the previous value within the reqguired accuracy.

The subroutine FXX (fig. 1(c)) computes the angle
factors between fin and tube at each mesh point for use
in the subroutine DEQ2 (fig. 1(d)). Subroutine FXX also
obtains integrals independent of 6 +to be used in sub-
routine TOJ (fig. 1(c)) for calculating the integral in
the expression for the fin-tube effectiveness (ref. 1).
The subroutine DEQZ2 is used to solve the second-order
differential equation (egs. 1(a) and (b)) with its
boundary conditions (eq. (2)). The method used in this
program was devised by Kalaba (ref. 2). With this
method, 0% is approximated by a linear function 86,
namely, by the first two terms of its_Taylor series. The
central differences are applied to dze/dzg. The linear
approximation, the difference approximation to dze/dzz,
and the boundary conditions are used to obtain a set of
linear equations whose corresponding tri-diagonal matrix
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is reduced to two-diagonal form. The temper-
ature 6 profile is then solved by backward
substitution. An initial 6 profile guess
is used and each successive iteration yields
approximately one significant figure of
accuracy.

By using the second version of the main
program, computation time can be signifi-
cantly reduced with the introduction of a
table. The subroutine called TABLE
(fig. 1(e)) now is used instead of sub-
routines TOJ, FXX, and DEQZ.

The values of the fin-tube effective-
ness were first obtained from subroutines
TOJ, FXX, and DEQZ2 by using the fin-tube
profile ratio, conductance parameter, and
sink temperature ratio as independent vari-
ables. These values are then tabulated for
use in subroutine TABLE. The first version
may be used 1f these parameters are out-
side the range of TABLE or if it is desired
to avoid the slight inaccuracy caused by
using linear interpolation of nonlinear
functions.



Program Listings

$IBFTC GASLMC DECK

C

NN NOOONN

SAULE — GASLLIQUID,LIQUID METAL RADIATOR

DIMENSION TABL(13+36 TWR100) sDFELZNW{100)+sDELZW(1NO)
1 FLWRIT(10C) »
2 DIJ{20)sFLRJI(20)4FLAMRI(20D)

COMMON TABLFLRsFNCsETATOT4SLPMESTUSE
READ  (59130)((TABL(T+J)sJd=1+36)s1=1413)
130 FORMAT(12F6.3)
132 FORMAT(GF642)
READ (54134 PIEsFNMESHFTEST 9 TESTsTESUHSFATST
134 FORMAT(F13.646F1043)
WRITE (6+487)
215 READ (5433 )STEPHALPHALBETAZEMACH »yRHAP 4 VAVG9PNAN, FCCLUsTDAY,
1EPSLsATICKsGSRLC»QLMR S TZWR
NME SH=F NME SH
3 FORMAT(6E12.5)
4 FORMAT(BE15.5)

BRANCH ~ GAS OR LIQUID,LIQUID METAL RADIATOR

IF GAS CASELTHEN GSRLQ = 0s AND QLMR =
IF LIQUID CASEs THEN GSRLQ = 1 AND QLMR = 0
IF LIQUID METAL CASE s THEN GSRLQ = 1.AND OLMR = 1

2 IF(GSRLQ)160+16N5150
150 READ (599 )SCVELsFMASsVISCsUHETRDsCPHs TINLT»TEXITsRHAINsRHAF »
1 RHAHsRHAT4PDRPTsPDRPH s THERKF 3 TCGAS TS eRHAC

IF (QLMR) 66496649665
664 WRITE (64+662)

GO TD 667

665 WRITE (6+666)

667 WRITE (6+4)SCVEL9FMAS G VISCHUHETRD s CPHaTINLTSTEXIT, RHAIN¢RHAF,
1RHAHsRHAT s PDRPT 3 PDRPHy THERKF s TCGAS s TSy RHACSSTEPH, ALPHA,BETA,
2EMACHSRHAP s VAVGsPNANSFCCLUs TDAY o EPSL4ATICKSFTEST, TEST9TESUH,

3FNMESH s GSRLQ s QLMR s TZWR
419 TCLQ=TCGAS
RHAL=RHAIN
155 FF=1,.,0
GO TO 165
160 READ (599)SCVELsFMASsVISCyUHETRDsCPHeTINLTSTEXITs RGASSPINLT,
1 RHAF yRHAHsRHAT sPTUBT P TUBHs THERKF s TCGASs TS RHAC

WRITE (6+663)

WRITE (6+4)SCVELsFMAS,VISCsUHETRDsCPH TINLTSTEXIT, RGASsPINLT,
1RHAF sRHAH s RHAT yPTUBT s PTUBH» THERKF s TCGASs TSsRHAC S STEPH ALPHA
2BETASEMACHsRHAP s VAVGsPNANSFCCLU s TDAYSEPSLsATICKSFTESTSTEST
3 TESUHsFNMESHsFATST sGSRLQOsQLMRyTZWR

PDRPT=PINLT*PTURT

PDRPH=PINLT*#PTUBH

PEXIT=PINLT~(PDRPT+240%PDRPH)

RHAIN=PINLT/(RGAS*TINLT)

163 RHAUT=PEXIT/(RGAS*#TEXIT)

TINTD=140/TINLT

TEXTD=1.0/TEXIT

0010
0020

0060
0070
0090
0100
0110
0120
21390
Cl40
0150
0160
0190
0200
0210

0220

0240
0250

0260
0270
0280
0290
0350
0360
0370
0380
0390

0410

0450
0460
0470
0480
0490
0500
0510



TINTD2=TINTD*#%2
TEXTD2=TEXTD*#2
FF2=TEXTD2-TINTD2
FF3=TEXTD2*TEXTD~TINTOZ*TINTD
FF=15%FF2/(FF3*TINLT)

165 FLTN= 2.0

DELT=(TINLT -TEXIT)/FNMESH
TEMPRD=TINLT-DELT/240
HI1=RHAIN/VISC
HI3=VISC*CPH/TCGAS
IF(QLMR 120442044201
201 HI4=HI3%%0.4
H15=04,625%TCGAS*HI4
GO TO 206
204 HI4=HI3%%0.3
HI15=0.023%TCGAS*HI4
206 DELZN1=FMAS®CPH*DELT
DELZN2=260040%DELZN1/PIE
FMAS2=FMAS*FMAS
DELT1=(62445%RHAP /RHAT ) *%0,5
DELT2=(VAVG/SCVEL)*%¥(2,0/34.0)
DELT3=2(0e6747E-04/RHAP)*%(1,0/3.0)
BETAD=140/(3.0%BETA)
DELT4=-TDAY#ALPHA/ALDG(PNAN)
DELT52240/(34C¥EMACH*BETA+240)
DELT6=PIE*DELT4*DELTS
DELTA1=DELT1*DELT2#DELT3
5 DELTA2=240%ATICK*FCCLU*DELTAL
FMAS23=20.3/FMAS
ZBG3=RHAIN®PDRPT/FF
7BG4=ZBG3*%(5.0/1440)
ZBG5=(1.0/VISC)*#¥(1,0/14,0)
6 2BG7=2BG4*ZBGS
VNE1=4,0%FMAS/ (PIE#RHAIN)
WT1=PIE*RHAT
TS4=TSk*4
WF1=2,0%RHAF
READ(54524) JDI9(DIJ(J)sJ=14JD1)
READ(5,524) JFLR»(FLRJ(J) 9J=1,JFLR)
READ(5,524) JBRUs{FLAMRJI(J) sJ=1,JBRU) ,READ
D0 525 JB1=14JBRU
FLAMRD= FLAMRJ(JB1)
00 526 JB2=1,JFLR
FLR= FLRJ(JB2)
DO 120 JB3=1,JDI
DI = DIJI(JB3)
WRITE (6,10) DIy  FLR4FLAMRD
10 FORMAT(1HC, 5H DI=E134653Xs
15H FLR=F13,653X, THFLAMRD=E132,6)

@® ~J

IF(RHAC)Y 460,460,461
460 DLCC=0,0
GO TO 464
461 DI04=,04%D1
IF(DIO4-,00125) 41744154415
415 DLCC=D104
GO TO 464
417 DLCC=,00125

0520
0530
0540
0550
0560

0580
0590
0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800
0810
0820
0830
0840
0850
0860
0870

0910

0310
0320

0340



464

605
306

308

310
312

11

14

17

18
20
21
22

23

24

25

DLCC2= DLCC+DLCC
JL23= 0

LAOTR= 2

DEBUG DLCC,sDI

IF(GSRLQ) 306+306+310
JAT=1

JAT1=0

JAT2=0

JAT3=2

JAT4=1]

JATS5=0

JAT6=0

AHT=0.3

AHT1=0.3

AHT2=0.,3

GO 10 312

JAT=0
GAM1=STEPH#FLTN*EPSL/PIE
TLITT1=STEPH®FL TN¥EPSL /THERKF
FNC=FLAMRD

CALL TABLE

ETARD=ETATOT

Di2=DI*DI
ZBG6=DI#%({12,0/T7.0}
GAM2=ETARD#*(1.0+FLR}
GAM3=GAM2 #GAM]
UHETP=UHETRD

KCNT=0

UHET=UHETP

TEMP1=TEMPRD
FLAM1=FLAMRD

ETA1=ETARD

GAMMA1=GAM3 /UHET
GAMSAV=GAMMA1

KPP=0

TDMY=TEMP1
TDMY2=TDMY®TDMY
TDMY&4=TDMY2%TDMY 2
FNWT1=GAMMA1# (TDMY4-TS54)
FNWT=FNWT1+TDMY-TEMP]
IF(ABS(FNWT)-FTEST) 25425420
IF(KPP-20) 23423521
WRITE (6+22)
FORMAT(1HO,32H TROUBLE-~LOOK AT STATEMENT NO.20)
GO 70O 120

KPP =KPD+1
TOMY3=TDMYX2*TDMY
DNWT=4,0%GAMMA]1*TDMY3+1.
TDMY=TDMY~-FNWT/DNWT

GO 10 17

TSAVE=TDMY
TZERC=TDMY#*%3
DELZN=DELZN2/(TEMP1-TSAVE)/UHET
DZN=DELZN

TWR (1)=TDMY
DELZNW(1)=DELZN
JEND=NMESH

0940
0950
0960
0970
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450



30

35
36

37

39
40
41
42

43

44

45

48

50

55

320

57

324

67

446

450

452

10

FLWRIT(1)= FLAMRD

DO 55 J=2,»JEND

KNN=0

TEMP2=TEMP1-DELT
TSAVE3=TSAVE*%¥3
DFNTW1=3,0%¥GAMMA]1*F | AM]
DFNTW2=DFNTW1/(FTA1*¥TSAVF3)
TOMY=TEMP2

FLAMZ2=FLAM1* (TDMY/TSAVE ) **3
FNC=FLAM2

CALL TABLE

ETA2=ETATOT

GAMMA2=GAMMA1* (ETA2/ETAL)
TDMY2=TDMY*TDMY
TDMY4=TDMY2%TDMY 2
FNTW1=GAMMA2#* (TDMY4-T54)
FNTW=TEMP2~-TDMY-FNTW1
IF{ABS(FNTWI=-TFST 145445540
IF(KNN=20) 43543541

WRITZ (6+42)

FORMAT(1HOs32H TROUBLE-LOOK AT STATEMENT NO.40)

GO 70 120

KNN=KNN+1

TOMY3=TDMY2%TOMY

DFNTW3=( TDMY4~TS& ) ¥TDMY 2
DFNTWT=DFNTW2*DFNTW3*SLPME
DFNTW4=4 o OXGAMMAZ2*TDMY 3
DFNTW==(1s0+DFNTW4+DFNTWT)
TOMY=TDMY~-FNTW/DFNTW

GO TO 35

TSAVE=TDMY

TEMP1=TEMP2

GAMMA1=GAMMA?2

FLAM1=FLAM2

ETA1=ETAZ2
DELZN=DELZN2/{TEMP1-TSAVE)/UHET
DZN=DZN+DELZN

TWR (J)=TDMY
DELZNW(J)=DELZN
FLWRIT(J)=FLAM2

CONTINUE

IF{JAT)I57+57+320
DLAHT=10+AHT
DELT8=(DZN*DELT6#DLAHT) ¥*BETAD
GO TO 324

DELT8=(FLTN#DZN*DELT6/2.0)**#BETAD

DELTA=DELTA2*DELTS
DIAT=DI+FLTN*(DELTA+DLCC)
IN=DZN/DIAT

IF(LADTR=1) 446,446,448
IF{GSRLQ) 45094509452

IBG1l= 0«7903%#ZN*PINLTHPINLT*PTUBT *DI*%4
2BIG= SQRT(ZBG1/(FMAS*¥RGAS*TINLT*VISC*FF))

GO TD 69

IBG1= 0.7903%ZN*RHAIN*PDRPT*D[*%4

IB1G= SQRT(ZBG1l/FMAS/VISC)
GO 70 69

1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830

1840
1850
1860
1870
1880
1890
1900

2030




448

68
69

71
73

456

454

210

212

458

503

520
522

77

78

82
83

85

435

445

87

ZBG1=FMAS23%ZN
ZBG2=7BG1%¥%({9,0/14,0)
2BICG=72BG2*2BG6%#7BGT
FLATN=ZN/ZBIG

DEBUG LADTRsZBG1sZBIGsZNsPDRPT,DI
NBIG=FLATN

BIGN=FLOAT(NBIG)+1.,0
IF(FLATN-BIGN+1,0) 71471,73
BIGN=BIGN-1.0
VNE=VNE1/(BIGN%DI12)

IF(LAOTR-1) 456,4564+454
HI= 4436%TCGAS/DI
GO TD 458

IF(QLMR)2124212,210
HI2=(HI1*VNEXD])*¥0.4
GO TO 75
HI2=(HI1*#VNE*D])*%%¥0,8
HI=HI5*H12/DI
CIAT36=3600.0/DIAT
DEBUG HI»HIZ+VNE»BIGN
BRANCH AND COMPUTE UD

IF(QLMR) 52095204503

DA3DI= DIAT/DI

U001 = DAODI/(360040%HI)

UOLN= ALDG(DAODI}

UDD2= DIAT®*UDOLN/ ( THERKF+THERKF)
UHETP= 1.0/(U0D01+U002)

GO 10 522

UHETP=DIAT36%HI*DI
DIFFU=UHETP-UHET
TESH={UHETP+UHFT I *TESUH/2.0
ADIFFU=ABS(DIFFU)-ABSI(TESH)
IF(ADIFFU185+85,78
KCNT=KCNT+1

IF(KCNT—~20) 14414482

WRITE (6,83)

FORMAT(1HOs32H TROUBLE-LNOK AT STATEMENT N0O.78)
GO 79 120
FLEN=FLR*¥DIAT/2.0
FLEN2=FLEN*FLEN
FLDI=DIAT+2,0%FLEN
TLITT2=TLITT1*FLEN2/FLAMRD
TLITT=TLITT2*TZERC
TLITTW=1240%TLITT
WF2=WF1%#FLEN

WT2=ZN*WT1

IF(GSRLQ) 44544454435
DCC=DI+DLIC+DLCC
DCC2=DCCHDCC
WCT1=PIE#ZN/440
WCT2=RHAT*(DIAT*DIAT-DCC2)
WCT3=RHAC*(DCC2-DI*DI)
WT=WCT1%#{WCT2+WCT3)

GO TO 87

WT= PIE#ZN*(RHAT*DELTA*(DI+DLCC2 +DELTA) +RHAC¥DLCC*(DI+DLCCYH)

DEBUG WTsDLCCSDELTASZN
WF=WF2#ZN*TLITT

2050
2060
2070

2080
2090
2100
2110
2120

2140
2150
2160
2170

2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360

2380
2390
2400
2410
2420
2430
2440

2460
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12

169
170

455

173

174

609
648

610

607
602

614

601
477

479

485

175

613

616

PANEL=ZN*DIAT*(1.0+FLR)
REYN=VNE*DI*RHAIN/VISC
IF(GSRLQ)180,180+170
P124=1.,0/24.,0
P524=5,0/2440
P924=9,0/2440

DH1= PDRPHX*RHAIN

DH2= BIGN*FLDI/DHI1

DH&4= DH2*%P524
DH5=04174%VISC*%P124
DH6=FMAS*%#P924

DH=DH4 *DH5%DH6
WLQH2=BIGN*FLDI*RHAH
WCH1=2 ,O%PIE#BIGN®*FLDI
WCH2=RHAH*DELTA* (DH+DELTA+DLCC+DLCC)
WCH3=RHAC*DLCC*(DH+DLCC)
WLQH=WCH1* (WCH2+WCH3)
WLQI2=2.0%BIGN*FLDI1
WLQI3=WLQI2*DH#*DH
WLAI4=WLQI3+DI2%#ZN
WLAI=PIE*RHAIN®#WLQI4 /4,0
WLA2=WT+WF
WLO=WLQ2+WLQH+WLQI

DEBUG LAOTRsREYNsVNESDISRHAIN,VISCaBIGN,JL23
IF(JL23-1) 607+609,601
IF(REYN-2300.0) 64846104610
WRITE (6+646)

GO TO 601

WRITE(6+612) REYN

GO 70 120

IF(REYN=2300.0) 6024614614
JL23= 1

LABTR= 1

WRITE (6+624) RFYN

GO 70 605

JL23= 2

IF(TZWR) 477+477,+485

DIAFLT=140/(DIAT*FLATN)

DO 479 J=1,JEND

DELZW(J)Y=DELZNW(J)*DTIAFLT

CONTINUE

WRITE (6,467)(TWR(J)9J=1,JEND)

WRITE (6+469)(DELZW(J)YsJ=1,4,JEND)

WRITE (6,175)WLQsWLQHsWLQI sWT sWFsDHsDIATSPANEL UHETP, DELTA,BIGN,
12BIGsZNsHI s VNESTLITTWIREYN

FORMAT(1H 45H WLQ=E13+693Xs5HWLAH=E1346+s3XsSHWLQI=E13e6+3X,

15H WT=E13.643Xs5H WF=E13.693Xs5H DH=E13,6/1Xs5HDIAT=E13,653Xy
26HPANEL=F134692Xs5HUHETP=F134694Xs6HDFLTA=E134692X95HBIGN=FE1346>
33X95HZBIG=E13e6/1Xs5H ZN=E134692Xs5H HI=E134693X95H VNE=E13e6y
43X96HTLITT=E13.693X9s6H REYN=E13,.,6)

IF(JL23-2) 1204613,120
JL23= 3

IFIREYN=300040) 61651205120
LAOTR= 1

WRITE (64646)

2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2650
2660
2670
2680
2720
2730
2740
2750
2760
2770

2800
2810
2820
2830
2840
2850

2870
2880
2890
2900




180

95

328

330

334

336
338
340

341
342
343

344
348

GO 10 605
FC1=PDRPH*RHAIN
FC4=VISC/FMASR%N.6
FC2=FLDI/FC1
WH1=FMAS2 /PDRPH
WHE=(14D/RHAINY**C, 2
WHB=PTF*RHAH
WH2=WH1*FLDI]
AH3=1,405%#FLDI
AT1=PlE®DIAT
FC3=FC2%BIGN
FC5=F(C3%¥%0,2
FC6=FCS5*FC4
FSM=0,0382#FC6#%#0.208
WH3=WH2*FSM®BIGN
WH4=WH3%%(Q,2
DNE3=wH3/RHAIN
CNE=0,596%DNE3*%0e2
DTW1=RHAIN/RHAUT
DTW2=DTW1l**0.2
DTw=DTw2%*DNE

WHH= BIGN*FLDI]

WIH= PIE*WHH* ({0« 75%DNE +DLCC2 +DELTA)*DELTA*RHAH +(0+75%DNE+

1 DLCCY*RHAC*DLCC)
WOH=PIE*WHH*( (C. 7T5#DTW +DLCC2 +DELTA) XDELTA¥RHAH
1 {0« 75#DTW+DLCC) *RHAC*DLCCH

WH= WIH+WOH
W= WH+WF+WT
DEBUG WHsWeWOH,WHHaWIHSDELTA,BIGN

AH1 =WH4*WH5
AH2=1.,0+DTW2
AH4=AH1*AH2%AH3
AH=AH4*BIGN

AT=AT1%*ZN

IF(JATY 97,97,328
KCNT=0
IF(JAT613305330,5395
AHTC=AH/AT
FAHT=AHT-AHTC
IF(ABS(FAHTY/FAHT) 334,334,336
NSG=-1

GD 70O 338

NSG=1

IF(JUATY) 340+3409341
NSV1=NSG

FAHTS1=FAHT

AHTS1=AHT

JAT1=1

AHT1=0.25#AHT1
AHT=AHT1

GO 70O 14
IF(JAT213424342,360
IF({NSG+NSV1)3444343,344
JAT2=1

FAHTS2=FAHT

AHTS2=AHT

GO TO 370

IF(JAT4-6) 348,385,385
JAT4=JAT4+1

2930
2940
2950
2960
2970
3000
3010
3030
3040
3050
3060
2070
30890
30590
3100
3210
3220
3230
3240
3250

3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550

13




14

350

352

354

360
362

365
370

372

380
382
385
390

97

395
634
650
636

632
638

640

630
462

465

475

GO TO (3504352),JAT3
AHT1=0e25%AHT1

AHT=AHT1

JAT3=2

GO TO 354

AHT2=AHT 240 4

AHT=AHT?2

JAT3=1

UHETP=UHETRD

GO 70 380

IF(NSV1I+NSG) 362436549362
NSV1=NSG

FAHTS1=FAHT

AHTS1=AHT

GO TO 370

FAHT S2=FAHT

AHTS2=AHT

AHTSV=AHT
AHTDS=(AHTS1-AHTS2)/(FAHTS1-FAHTS2)
AHT=AHTS1-FAHTS1#*AHTDS
ATST=045% (AHT+AHTSV ) ¥FATST
IF(ABS{AHT-AHTSV)-ATST)3905390,38
JATS=JATS5+1
IF(JAT5-30)14+14+382

WRITE (64383)JATS5sAHTC

GO TO 395

WRITE (6+387)JAT4sAHTCsNSVL
GO 70 295

JAT6=1

GO 70 14

AHT=AH/AT

DEBUG REYNSVNEsDIsRHAINSVISCyBIGNsJL23,4,LA0TR
IF(JL23-1) 63246344630
IF{REYN-2300.0) 65046364636
WRITE (64+646)

GO TO 630

WRITE(64612) REYN

GO TO 120

IF(REYN-2300.0) 638464045640
JLz23= 1

LABTR=1

WRITE(64+624) REYN

GO 70O 605

JL23= 2

IF(TZWR) 46244624475
DIAFLT=1.0/(DIAT*FLATN)

DO 465 J=1,JEND
DELZW(J)=DELZNW(J)*DIAFLT
CONTINUE

WRITE (55467)(TWR(J) sJ=14JEND)
WRITE(E+469) (FLWRIT(J)sJ=19JEND)
WRITE (69469)(DELZWI(J) sJ=1sJEND)

WRITE (6910C)AHsDNEsDTWaBIGNsWT sWF sWH sWsZBIGeHI sATsAHT ¢ ZNSDELTA,

IDIAT s PANEL sUHETP s VNESTLITTW,REYN

IF(JL23=-2) 120,642,120

3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860

3880
3890
3900
3910
3920

3930
3940




642 JL23=3
IF(REYN-3000.0) 64441204120
6a4 LAJTR=1
WRITE (64646)
GO TO 605
120 CONTINUE
526 CONTINUE
525 CDONTINUE
530 IF(READ-1.0) B425215

100 FORMAT(1H +5H AH=E13.693Xs5H DNE=E13.6+3X95H DTW=E13.643Xy
1S5HBIGN=E134693X9e5H WT=E134693Xs5H WF=E13,6/1Xs5H WH=E13,6+3X>
25H W=E13,693Xs5HZBIG=E13e633X95H HI=E13,693Xs5H AT=E13.693Xs
35H AHT=E1346/1Xs5H ZN=E13469s2Xs6HDELTA=F134693Xs5HDIAT=E1346>
42X 9 6HPANEL=E13,692Xs 6HUHETP=E134693X95H VNE=E1346/1Xs
5 SHTLIT=E13.692X9s5HREYN=E13.6)

283 FORMAT(1IH o28HTROUBLE ~ SEE STATEe NOo 3B234Xs5HJATS=1344Xs
15HAHTC=E12.5)

387 FORMAT(1H 2BHTROUBLE — SEE STATE. NOe 344,54X9SHIATL=T344X
15HAHTC=E12.5+17)

9 FORMAT(11E7.5)

467 FORMAT(12F10.2)

469 FORMAT(12F104.4)

487 FORMAT (//+1HOs35H GAS, LIQUIDs LIQUID METAL RADIATOR/

1 »1H0»73H NOTE - THE COMPUTED TEMP.,LAMDA AND DEL 2z PROFIL
1ES ARE PRINTED OUT BELOW/

2 1HOs65H THE OUTPUT IS FOR TURBULENT FLOW EQUASe.s UNLESS OTHERWISE
3 STATED)

612 FORMAT(1H oBHINSTABLEs4Xs6HREYN =E12,5)

622 FORMAT(1H ,18HFOR LAMINAR EQUAS.s2Xs6HREYN =E12,5)
€24 FORMAT( 1H +20HFOR TURBULENT EQUAS.s2Xs6HREYN =F1245)
646 FORMAT (14H0,31H OUTPUT FOR LAMINAR FLDwW EQUAS.)

524 FORMAT (14,4{10F7.5))

662 FORMAT (1HO,/s20H INPUT DATA - LIQUID)

663 FORMAT (1HQOs/s17H INPUT DATA - GAS)

666 FORMAT (1HOs/.26H INPUT DATA - LIQUID METAL)

END

$IBFTC TABLE DECK

[a¥aNa)

SUBROUTINE TABLE

DIMENSIDON TABL(13+36)
COMMON  TABLSFLRsFNCSETATNT 3 SLPME 4 TUSF

TUSE= 00

6 FLSAVE=FLR

13 IF(FNC)Y79+18,18

18 IF(FLR~-10.0)20,100,100
20 IF(FLR-8.01310,301,301
310 IF(FLR-6.0)21510151N01
21 IF(FLR—-440122+1Nn2+102
22 IF(FLR-2,013114302,302

3960
3970
3980
3990
4000

4060
4070
4080
4090
4100
4110
4120

4130

4150

15



311 IF{FLR=-2.0123,1035103
23 IF(FLR~1451312,303,303
312 IF(FLR=140171+104+104
104 1=1
DELL=0.5
FLRT=1,0
GO TO 60
103 I=3
DELL=140
FLRT=2,0
GO TO 60
102 1=5
DELL=2.0
FLRT=4,0
GO TO 60
101 I=6
DELL=2.0
FLRT=640
GO TO 60
303 I=2
FLRT=145
DELL=0.5
GO 70 60
302 I=¢4
FLRT=3,0
DELL=1,.0
GO 70 60
301 1=7
FLRT=8,4,0
DELL=2.0
GO 70 60
100 IF(FLR=154)2994299,300
300 IF(FLR=2040199599530
30 IF(FLR=-3040198,98,31
31 IF(FLR=50,0197497+32
299 1=18
FLRT=10.0
DELL=540
GO T0 &0
99 I=9
DELL=5,0
FLRT=15.0
GD T0O 60
98 1=10
DELL=10.0
FLLRT=20.0
GO 70 60
97 I=11
DELL=20.0
FLRT=30,0
GO TO 60
32 I=12
IF(FLR-105040)409414541
41 FLR=1050
GO TO 40
40 DELL=10004,0
FLRT=50.0
GO TO 60
60 IF(FNC~-540)679705200
200 IF(FNC-204012094211,206
206 IF(FLR=5040)37043704371




[aNaEeNaNaNaKaXa!

371

370
372
110

209

67

61

210

70

72

213

214

211

71
401
402
403
410
411

ETA=.145
GO T9 372

ETA=oB656TT85+FLR*(—o17019B4U+FLR¥ (401271253 7—-FLR*,000191947))

WRITE (641101FNC

FORMAT (1HO442HFNC OUT OF RANGF-SEE
G 10 71

FU=21e+(FNC—%e0)

J=FJ

FAJ=J

FRAC=FJ-FAJ

K=2

GO 70 61

FJU=FNC/0e25+10

J=FJ

FAJ=J

FRAC=FJ-FAY

K=0
DELI=TABL(I+J)-TABL{I+1sJ)
DEL2=TABL(IsJ+1)-TABL(I+1,J+1)
FRAC1=(FLR-FLRT)/DELL
ETA1=TABL(1+J)-DEL1*FRAC]
ETA2=TABL(14+J+1)-DEL2¥FRAC]
ETA=ETA1-ETA2
IF{K=-1162+72+210
IF(K=21213,213,214
ETATOT=ETA1-FRACH*ETA
SLPME=-4,0%ETA

FLR=FLSAVE

GO T 71

J=20

K=1

GD TO 61

ETATOT=ETAZ
SLPME=—44,0%ETA

FLR=FLSAVE

GO 70 71
ETATOT=ETA1-FRAC*ETA
SLPME=-FTA

FLR=FLSAVE

GO 10 71

ETATOT=ETA2

SLPME=-ETA

FLR=FLSAVE

GO 70 71

J=35

K=3

GO TO 61

SURROUTINFE TABLE-FNC=E1245)

TD SEE IF THE POINT (FLRsFNC) IS TABULATED IN THE TABLE

TUsE
TUSE

ton

IF (FLR-1.,0) 42454015401
IF (FLR-50,0) 402s402+424
IF (FRAC1) 424,410,403

IF (FRAC1~140) 424,410,424
IF (FNCY&4244411,4411

IF (FNC-20.,0) 41294124424

1y THEN POINT IS TABULATED
O» THEN POINT IS NOT TABULATED

7




18

412
413
414
423

424
425

79

IF (FRAC) 41394234413
IF (FNC=5,0) 424+4234414
IF(FNC-2040) 42454235424

TUSE= 1.0
GO TO 425
TUSE= 00
RETURN

ETA=1.0
RETURN
END




$IBFTC GASLM LISTsREF$DECK

C

anNnN

SAULE ~ GASSLIQUIDSLIQUID METAL RADIATOR
DIMENSION TWR{1CO)sDELZNW(100)DELZW(100)+BCDMY(12)+FXEQ(1000)s
1 FXAB(100)
COMMON FXEQsFXABsFLR9FXGABs JINTGIMESH s TSToDTST s TSsTEMP2,FLAMTY,
1 FLAMCsETAAL yGAMAL 9 ETAAZ yGAMAZ yFLAMSFWRITE $FWRTSV
READ (5+490) (BCDMY(J)sJ=1+12)
READ (59134) FNMESHsFMESHsTESUHsFATST 4FUINTGs TSTeDTSTHFWRITE
WRITE(6+490) (BCDMY(J)eJ=1+12)
WRITE (6+487)
215 READ (533)STEPHsALPHASBETASEMACH sRHAPVAVGsPNANS FCCLUsTDAY
1EPSLsATICK sGSRLQsQLMR , TZWR
NME SH=F NME SH
2 PIE= 341415926
FWRTSV= FWRITE
JINTC= FJUINTG
MESH= FMESH

BRANCH -~ GAS 0OR LIQUIDSLIQUID METAL RADIATOR

IF(GSRLQ)160+1609150
150 READ (599)SCVELsFMASSVISCsUHETRD sCPHsTINLT s TEXITsRHAIN9RHAF »
1 RHAHGRHAT,PDROT sPDRPH s THERKF 3 TCGASs TSsRHAC
IF (GLMR) 6649664665
664 WRITE (64662)

GO TO 667

665 WRITE (64+666)

667 WRITE (644)SCVELsFMASSVISCyUHETRD sCPHTINLTSTEXIT, RHAINsRHAF ,
1RHAHIRHAT sPDRPT 4PDRPH,yTHERKF s TCGASs TSsRHAC s STEPH ALPHABETA,
2EMACHsRHAP 3 VAVG s PNANsFCCLUS TDAY sEPSLsATICK s FNMESH s FMESH,

3 TESUHIFATSTsFJUINTG»TSToDTSTsFWRITESGSRLQSQLMRSTZWR

419 TCLG=TCGAS
RHAL=RHAIN

155 FF=1.0
GO TO 165

160 READ (559)SCVELsFMASsVISCsUHETRDsCPHsTINLTsTEXITs RGASsPINLT,
1  RHAF sRHAH,RHATsPTUBT,,PTUBHs THERKF s TCGAS s TS s RHAC

WRITE (5+663)

WRITE (6,4)SCVELsFMAS,VISCsUHETRD $CPHTINLTHSTEXIT, RGASSPINLT,
IRHAF yRHAH 4 RHAT 4 PTUBT s DTUBH, THERKF s TCGASs TSsRHAC s STEPH,ALPHA s BETA
TEVACH s RHAP s VAVG 3 ONAN s FCCLU, TDAY s EPSL s ATICK s FNMESH s FMESH s TESUH
3 FATSTsFJINTG,TSTsDTSTs FWRITE ,GSRLA S QLMR, TZWR

PDROT=DINLT*PTUBT

PDRPH=CINLT*PTUBH

PEXIT=PINLT-{PDRPT+2,0%PDRPH)

RHAIN=PINLT/(RGAS*TINLT)

162 RHAUT=DPEXIT/(RGAS*TEXIT)

TINTD=140/TFINLT

TEXTD=140/TEXIT

TINTD2=TINTD*%2

TEXTD2=TEXTD*¥2

FF2=TEXTD2-TINTD2

FF3=TEXTD2*TEXTD-TINTD2*TINTD

0010

0120
0130
0140
0150

0200
0210
0220
0230
0240
0250

0260
0270

0350
0360
0370
0380
0390

0410

0450
0460
0470
0480
0490
0s00
0c10
0520
0530
0540
0550

19



20

165

204

206

i0

460

461

464

605
306

FF=145%FF2/(FF3#TINLT)
FLTN= 2.0

DELT=(TINLT ~-TEXIT)/FNMESH
TEMPRD=TINLT-DELT/2.0
HI1=RHAIN/VISC
HI3=VISC*CPH/TCGAS

IF(QLMR) 204,204,201
HI4=H]3##0,4
HI5=0.625%TCGAS*HI 4

GO TO 206

HI4=H[3%%0,3
HI5=0,023%#TCGAS*HIG
DELZN1=FMAS*CPH*DELT
DELZN2=3600.0%DELZN1/PIE
FMAS2=FMAS*FMAS
DELT1=(62+.45*RHAP/RHAT ) ¥%0,5
DELT2=(VAVG/SCVEL)*%*(2,0/3.,0)
DELT3=(0,6747E~04/RHAP)y*%(1,0/3,0)
BETAD=1.0/(3,0%BETA)
DELT4=—TDAY*ALPHA/ALOG (PNAN)
DELT5=240/(30%EMACH¥BETA+24,0)
DELTG=PIE*DELT4*DELTS
DELTAL=DELT1*DFLT2*DELT3
DELTA2=2,0%ATICK*FCCLUXDELTAL
FMAS23=2043/FMAS
ZBG3=RHAIN*PDRPT/FF
IBG4=7BG3*%(5.0/14.0)
ZBGS5=(140/VISC)I®#*({1,0/1440)
ZBG7=2BG4*ZBG5

VNE1=4 JO%FMAS/(PTE*RHAIN)
WT1=PIE#RHAT

TS4=TS*%4

WF1=2.0%RHAF

READ (5591 DIsFLRsFLAMRD,4READ
WRITE (5,10)DIsFLRyFLAMRD
FORMAT (1HOs5H DI=E13.693X>
15H FLR=E13.643Xs THFLAMRD=E13,6)

IF(RHAC)460+46045461
DLCC=040

GO TO 464

DI04=404%D1

IF(DI04=-400125) 41744159415
DLCC=D104

GO TO 464

DLCC=.00125

DLCC2= DLCC+DLCC
JL23= ¢

LAOTR= 2

IF(GSRLQ)Y 30643065310
JAT=1

JAT1=0

JAT2=0

JAT3=2

JAT4=1

JATS=0

0560

0580
0590
0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800
0810
0820
0830
0840
0850
0860
0870

0910

0310
0320

0340

0950
0960
0970
0980
0990




[aNalal

308

310

11

14

25

30

50

55
320
57
324

6C
67

446
450

452

JATE=D
AHT =0,
AHT1=C
AHT2=0
GO 7O

JAT=0C

SEP= 2

CALL FXXU(FXEQoFXABFXGAB¢FLRGyMESHGJINTAZTWRITE)

TLITT]
D12=DI
2BG6=D

3
2
2

312
«OXSTEPH®EPSL/PIE
= 240¥STEDH*®EPSL /THERKF

*D1
1%#%¥(12e0/70)

UHETP=UHETRD

KCNT=0

UHET=UHETP

SEPLR=
DZN= 0
FLAMC=
GAMAl=
ETAAL=
FLAMTY
TEMP2=

SEP*(1,04FLR)Y/UHET
«0

FLAMRD

SEPLR

l.
= 040

TEMPRD

CALL TOJ(TDMY)

TSAVE=
TZERC=

TDMY
TDMY#%3

DELZN=DELZN2/ (TEMPRD-TSAVE) /UHET
DZN=DELZN
TWR (1)=TDMY

DELZNW(1)=DELZN
JEND=NMESH

FLAMC= 0.

DO 55 J=2,JEND
GAMAl= GAMA2

ETAAl= ETAA2

TEMP2= TEMP2-DELT
FLAMTY= FLAM/TDMY#*%3

CALL TOJ(TDMY)
DELZN=DELZNZ2/(TEMP2-TDMY) /UHET

DZN=D2
TWR ()
DELZNW

N+DELZN
=TDMY
(J)=DELZN

CONTINUE

IF(JAT
DLAHT=
DELT8=
GO 710
DELTB=
DELTA=

1574+57,+320

1« 0+AHT
(DZN*DELT6*DLAHT ) **BETAD
324

(DZN*DELTS ) **BETAD
DELTA2%DELTS

DIAT=DI+2.0%(DELTA+DLCC)

ZN=DZN
DEBUG

IF(LAD
1IF(GSR
28G1=
ZBIG=
GO 19
28BG1=
ZBIG=
GO 713

/DIAT
DLCC,D1

TR-1) 446,4464+448

LQ) 4504450452
Oe7O03*ZNXPINLT®PINLTXPTUBT*D **4
SQRT(ZBG1/ (FMAS®*RGAS*TINLT*VISC*FF))
69

Oe7903%#ZN*#RHAINX¥PDRPT*D]%%4

SQRT (ZBG1/FMAS/VISC)

69

1200
1010
1027
1726
1040

1110

1150
1160
1170

1390
1400

1420
1430
1440
1450

1460

1810
1820
1830
1840
1850
1860
1870
1880

1900

2030

21




448

68
69

71
73

aNaNal

456
454
210
212

75
458

503

520
522

77
78

82
83

85

435

445
87

22

2BG1=FMAS23%ZN
ZBG2=2BG1%¥%(9+0/14.0)
ZBI1G=7BG2*ZBG6*2BG7
FLATN=ZN/ZBI1G

NBIG=FLATN
BIGN=FLOAT(NBIG)+1.0
IF(FLATN-BIGN+1.0) 714+71,73
BIGN=BIGN~1.0

VNE=VNE1l/ (BIGN*DI2)

IF(LADTR=1) 456,456,454
HI= 4436*TCGAS/DI
GO TO 458

IF(QLMR)21245212,210
HI2=(HI1%*VNE*DI)®*¥0,4
GO TO 75
HI2=(HI1*VNE®D1)*%0,8
HI=HIS*HI2/DI1
DIAT36=3600,0/DIAT
BRANCH AND COMPUTE UD

IF{QLMR) 52055209503

DAQDI= DIAT/DI

U001l = DAODI/(3600.0%HI)

UOLN= ALOG(DADODI)

u002= DIAT*UOLN/ {THERKF+THERKF)
UHETP= 1.,0/(U001+UC02)

GO TO 522

UHETP=DIAT36*HI*DI
DIFFU=UHETP-UHET
TESH=(UHETP+UHFT)I*¥TESUH/2.0
ADIFFU=ABS(DIFFU)~-ABS(TESH)
IF(ADIFFU)B54+85,78
KCNT=KINT+1

IFIKCNT=20) 14414582

WRITE (6483)

FORMAT{1HO,32H TROUBLE-LOOK AT STATEMENT NO.78)
GO TO 120

FLEN=FLR#¥DIAT/2.0
FLEN2=FLEN#*FLEN
FLDI=DIAT+2.,0*FLEN
TLITT2=TLITT1*FLEN2/FLAMRD
TLITT=TLITT2*TZERC
TLITTW=12.0*%TLITT

WF2=WF 1#FLEN

WT2=ZN*WT1

IF{GSRLQ) 445,445,435
DCC=DI+DLCC+DLCC
DCC2=DCC*DCC
WCT1=PIE*ZN/4e0
WCT2=RHAT®*(DIAT*DIAT-DCC2)
WCT3=RHAC*(DCC2-DI*DI)
WT=WCT 1% (WCT24WCT3)

GC TO 87

WT= PIE*ZN*(RHAT*DELTA#{DI+DLCC2 +DELTA) +RHAC*DLCC*(DI+DLCC))
WFE=WF2%ZN*TLITT

PANEL =ZN*#DTAT#*(140+FLR)

2050
2060
2070
2080
2090
2100
2110
2120

2140
2150
2160
2170

2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360

2380
2390
2400
2410
2420
2430
2440

2460
2470



169
170

455

173

174

609
648

610

607
602

601
477

479

485

175

613

616

REYN=VYNE*#DI*#RHAIN/VISC
IF(GSRLQ)180,180+170
P124=140/2440
P524=5,0/24.0
P924=9,0/2440

DH1= PDRPH*RHAIN

DH2= BIGN*FLDI/DH1

DH4= DH2%#%#D524
DH5=0,174%V]SC*%P124
DHE=FMASX%¥DPg24

DH=DH4 %DH5%DH6
WLQH2=BIGN#F| DI *RHAH
WCH1=2,0%PIEX*BIGN*FLDI
WCH2=RHAH*DELTA* (DH+DELTA+DLCC+DLCC)
WCH3=RHACXDLCC*{DH+DLCCO)
WLGH=WCH1* (WCH2+WCH3)
WLQI2=2.0*BIGN*FLDI
WLQI3=WLQI2*DH*DH
WLQI4=WLQI3+DI2%ZN
WLQI=PIEXRHAIN®*WLQIL/44,0
WLQ2=WT+WF
WLO=WLQ2+WLQH+WLQI

DEBUG WTsDLCCsDFLTALZN

DEBUG LAOTRIREYNsVNESDIsRHAINSVISCoBIGNsJLZ23
IF(JL23-1) 60796094601
IF(REYN-2300.0) 648+610+610
WRITE (6+646)

GO 710 601

WRITE(6+612) REYN

GO 70 120

IF(REYN—-230040) 60256144614
JL23= 1

LAQTR= 1

WRITE (6+624) REYN

GO TO 605

JL23= 2

IF(TZWRY 4774477485

DIAFLT=140/(DIAT*FLATN)

DD 479 J=1yJEND

DELZW(J)=DELZNW(J)*DIAFLT

CONTINUE

WRITE (64+467)(TWR(J)sJ=1,JEND)

WRITE (6+469) (DELZW(J) +J=19JEND}

WRITE (65175)WLQsWLQH sWLQT sWT sWFsDHyDIAT3PANEL UHETPs DELTASBIGN,
12BIGsZNsHIsVNESTLITTWLREYN

FORMAT(1H +5H WLQ=E13.693Xs5HWLAH=E13,693X»5HWLQI=E13,643X,

15H WT=E134693Xs5H WF=E134643Xs5H DH=E13.6/1Xs5HDIAT=E13,693X>
26HPANEL=FE13e6+2Xs6HUHETP=E134694Xs6HDELTA=E13 462X 9s5HBIGN=E13.6
33X95HZBIG=E13e6/1Xs5H ZN=E13,633X95H HI=E13+693X9s5H VNE=E13.69
4 3Xs6HTLITT=E13e633X+6H REYN=E13,.6)

IF(JL23-2) 120+613,12"
JL23= 3

IF(REYN=-3000.,0) 616512045120
LAQTR= 1

WRITE (64+646)

2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2650
2660
2670
2680
2720
2730
2740
2750
2760
2770

2800
2810
2820
2830
2840
2850

2870
2880
2890
2900
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24

180

95

328

330

334

336
338
340

341
342
343

344
248

350

N TN 605
FC1=PDRPHXRHATIN
FC4=VISC/FMASH RN 6
FC2=FLDI/FC1
WH1=FMAS2/PDRPH
WHS5=(140/RHAIN)*¥0,2
WHB8=PTE¥*RHAH
WH2=WH1*FLDI
AH3=14405%FLDI
AT1=PIE*#DIAT
FC3=FC2*BIGN
FC5=FC3##0,2
FC6=FCS5#FC4
FSM=0,0382%FC6%%0+208
WH3=WH2*F SM*BIGN
WH4=WH3*%(0 42
DNE3=WH3/RHAIN
DNE=06e596%#DNE3#%042
DTW1=RHAIN/RHAUT
DTW2=DTW1*%¥0,2
DTW=DTwW2#*DNE

WHH= BIGN*FLDI

WIH= PIE*WHH*((0.75%DNE +DLCC2 +DELTA)*DELTA*RHAH +(0.75%DNE+

1 DLCC)Y#RHAC*DLCC)
WOH=PIE#*WHH* ( (0. 75%DTW +DLCC2 +DFLTA)*DFLTA®RHAH
1 (Do 75%¥DTW+DLCCY*RHACKDLCC)

WH= WIH+WOH

W= WHHWF+WT
AHl=WH4*WH5
AH2=1,0+DTW2
AH4=AH1*AH2#AH3
AH=AH4*B TGN
AT=AT1#ZN

IF(JAT)Y 974974328
KCNT=0
IF(JAT61330,330+395
AHTC=AH/AT
FAHT=AHT-AHTC
IF(ABS(FAHT) /FAHT) 334,334,336
NSG=-1

GO TN 338

NSG=1

IFIJATL) 34043409341
NSV1=NSG

FAHTS1=FAHT
AHTS1=AHT

JAT1=1
AHT1=0425%AHT1
AHT=AHT1

GO TO 14
IFIJAT2)3429342,4360
TFINSG+NSV1)344,4343,344
JAT2=1

FAHTS2=FAHT
AHTS2=AHT

GO TO 370

IF{JAT4-6) 348,385,385
JATLU=JATL+]

GO TO (3504352)4,JAT3
AHT1=0425%AHT1
AHT=AHT1

2920
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JAT3=2
GO 10 354
352 AHT2=AHT2+0.4
AHT=AHT?2
JAT3=1
354 UHETP=UHETRD
GO 70O 380
360 IF(NSV1I+NSG)362+3654362
362 NSV1=NSG
FAHTS1=FAHT
AHTS1=AHT
GO 7O 370
365 FAHTS2=FAHKT
AHTS2=AHT
370 AHTSV=AHT
AHTDS=(AHTS]1-AHTS2)/(FAHTS1-FAHTS2)
372 AHT=AHTS1-FAHTS1*AHTDS
ATST=0.,5% ( AHT+AHTSV ) *¥FATST
IF(ABS{AHT-AHTSV)~-ATST)390+390+38
380 JATS5=JATS+1
IF{JUAT5-30)144+14+382
382 WRITE (6+9383)JATS5sAHTC
GD TOD 395
385 WRITE (693B7)JAT4sAHTCWNSVL
GO TO 395
390 JAT6=1
GO TO 14
97 AHT=AH/AT
DEBUG WHoWsWOH s WHHsWIHDELTASBIGN

DEBUG REYNSVNESDIsRHAINSVISCsBIGNs JL234LAOTR

395 IF(JUL23-1) 632+6344+630
634 IF{REYN-2300.0) 650496364636
650 WRITE (64+646)
GO TO 630
636 WRITE(6+612) REYN
GO 1O 120
632 IF(REYN-23004.0) 638+640+640
638 JL23= 1
LAQTR=1
WRITE(6+624) REYN
GO TO 605
640 JL23= 2

630 IF(TZWR)462,462,475

462 DIAFLT=140/(DIAT*FLATN)
DO 465 J=14JEND
DELZW({J)=DELZNW(J)*DIAFLT

465 CONTINUE
WRITE (6+467)(TWR(J)sJ=1,JEND}
WRITE (69469)(DELZW(J) +J=14+JEND)

475 WRITE (69100)AHsDNEsDTWeBIGNsWT sWF sWH s WsZBIGsHI sATsAHTsZNSDELTA,

1DIAT s PANEL sUHETP s VNESTLITTWIREYN

IF(JL23-2) 12046425120
642 JL23=3
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GO TN 605
C
C
120 IF(READ-1.018924215
134 FORMAT(T7E10.3)
3 FORMAT(6E1245)
4 FORMAT(8E1545)

490 FORMAT(12A6)

487 FORMAT (//+1H0435H GAS, LIQUID, LIQUID METAL RADIATCOR/

1 s1HO»73H NOTE - THE COMPUTED TEMP.,LAMDA AND DEL Z PROFIL
1ES ARE PRINTED NUT BELOW/

2 1HOs65H THE OUTPUT IS FOR TURBULENT FLOW EQUASes UNLESS OTHERWISE
3 STATED)

383 FORMAT(1H »28HTROUBLE =~ SEE STATE. NO. 38294Xs5HJIATSE=13494X,
15HAHTC=E1245)

387 FORMAT(1H s28HTROUBLE — SEE STATE. NOes 34454Xs5HIATLE=13,4X,
15HAHTC=E1245417)

9 FORMAT(11E7,.5)

467 FORMAT(12F10.2)

469 FORMAT(12F10.4)

100 FORMAT(1H +5H AH=E13¢693Xs5H DNE=E134693Xs5H DTW=E134693X,
15HBIGN=E13,633Xs5H WT=E13.633X35H WF=E13.6/1Xs5H WH=E134693Xs
25H W=FE13¢693Xs5HZBIG=E134693X95H HI=E134693Xs5H AT=E13.693X>
35H AHT=E13,6/1Xs5H ZN=E12e632Xs6HDELTA=EL346 43X s5HDIAT=EL246
42X 9 6HPANEL=E134692X 9 6HUHETP=E134693Xs5H VNE=E1346/1X,

5 SHTLIT=E13469s3Xs5HREYN=E1346)

612 FORMAT(1H +8HINSTABLE 34X s6HREYN =E1245)

622 FORMAT(1H ,18HFOR LAMINAR EQUAS.s2Xs6HREYN =F12.5)

624 FORMAT( 1H 42CHFOR TURBULENT EQUAS.s2Xs6HREYN =E1245)

646 FORMAT (1HOs31H OUTPUT FOR LAMINAR FLOW FEQUAS.)

662 FORMAT (1HOs/s20H INPUT DATA - LIQUID)

663 FORMAT (1HOs/s17H INPUT DATA - GAS)

666 FORMAT (1HOs/s26H INPUT DATA - LIQUID METAL)

END
$IBFTC TOJ LISTsREFSDECK
SUBROUTINE TOJ(TDMY)
C
C FOR SAULE - GAS-L-LM
DIMENSION FXEQ(1000)sFXAB(10C)sFXA{10C0)sTHA(1000)
1 FXTHA(10C0) sFTGA(1000)
COMMON  FXEQsFXABsFLRsFXGABsJINTGsMESH s TSTsDTSTsTSASTEMP 2,
1 FLAMTY sFLAMCsETAAL s GAMAL s ETAA2 yGAMAZ
2 FLAMSFWRITESFWRTSY
FWRTSV=FWRTSV-1.0
5 FJINTG=UINTG
MESH1= MESH+1
7 FMESH=MESH
DX= 1.0/FMFSH
FLR1= FLR+1.0
KTDMY=0
8 TDMY=TEMP2
C
C
C BEGIN TDMY INTERATION

26

IF(REYN=300040) 64441205120
644 LAQTR=1
WRITE (6+646)

4040

0160
0150

4130

4060
4070
4080
4090
4100
4110
4120
3960
3970
3980
3990
4000

4150
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10

12

14

16

18
30

22

25

26
28

TD SOLVE THE DIFFERENTIAL EQUA. USING SUBe.

AND SUB. FXX

TDMY2=TDMY*TDMY
THSA=TSA/TDMY
FLAM=FLAMTY*TDMY*¥3+F | AMC
THSA3=THSA*%3
THSA4=THSA3%#THSA
THSA5=1.0-THSA4
FLAMAS=FLAM®THSAS
FLAMA4=FLAM®THSA4

DO 30 J=1,MESH1
FXA(J)=—FLAMAS*FXEQ(J)-FLAMA4
CONTINUE

IFI{FLAM) 264522426

DO 25 J=1sMESH1

THA(J)Y=1.

CONTINUE

GO 70 28

CALL DEQ2(THAsFXAsFLAM4 0sMESHsTSTsFWRTSV)
SLPA=(THA(2)-1.0) /DX

T0 COMPUTE ETA AND GAMMA

IF(FWRTSV)33,33,130

130 WRITE(69132) DXsFLRL1sTDMY »TDMY2, THSA9FLAMsTHSA3 s THSAL

132
33
34
35

37

39

38
43

40

44

1

THSAS s FLAMAS o FLAMAL 4 SLPA
FORMAT(1H » B8H TQJ-133,(/8E15.5))
DO 35 J=1sMESH]

FXTHA(JY= FXEQUJII*THA(J)*x4
CONTINUE

CALL FNTGRL(MESH1sDXsFXTHASFTGA)
ET1A=2+,0-THSA4

ET2A= ET1A*FXGAR -FTGA{MESH])
IF(FLAM)38,39,38

SLPMA=0,4C

ETAA2= 1l

GAMAD= O,

GO TO 40

SLPMA=SLPA/FLAM

ET3A= THSAS +FLR¥*(ET2A-SLPMA)
ETAA2= ET3A/THSAS/FLR1

GAMA2= GAMAL1*ETAAZ2/FTAAL

FND FTA AND GAMA COMP.

TO COMPUTE DERIVATIVE OF ETA WRT TDMY

IF(FLAMY 44 462944
DRTHA1=4,0%THSA3*TSA/TDMY2
TAFLR= THSAS®FLR]
DXX=1e0/FJINTG

DXX&4= 4o0%¥DXX
JDEL=MESH/JINTG
JMESH=-JDEL/2+1

IF{FWRTSV 464464140

140 WRITE(69142) ET1ASET2AL,ETIASETAAZ 9GAMAZ,

1

DRTHAL ¢ TAFLR 3sDXX 9 DXX4& 9 SLPMA,

DEQ2



1 (FXEQUI) o FXA(TI) s THA(T )Y 4FXTHALTL)
1 THA(CI)oFXTHA(I)»1=98,101)
142 FORMAT(1H o B8H TO0J-1424(/8E1545))
46 ETAAD3=0.

TO COMPUTE AN APPROXIMATION TO THE DERIVATIVE
OF THETA WRT. TDMY

A NaNA

DN 55 J=1,JINTG
JME SH=_UMFSH+JUDFL
TBARA = THA(JUMESH)
48 TBARA3 = TBARA#%3
DRTHA2 = DRTHALl¥*(DXX~-FXAB(J))
50 DRTHA= -DRTHA2/(DXX4*TBARA3)
ETAAD1=4,0%#TBARAB¥ (DXX-FXAB(J))}
52 ETAAD2= DRTHA*FTAAD]
54 ETAAD3= FTAAD3+FTAAD2
IF(FWRTSV)55+554150
150 WRITE(645152) JMESHsTBARA,TBARA3,DRTHA2,
1 DRTHASETAAD1ETAAD2,ETAAD3
152 FORMAT(1H o 8H TOJ-1524155(/8E1545))
55 CONTINUE
ETAAD4= DRTHALI®FLR1*(1,0-ETAA2)
58 ETAAD = (ETAAD4+FLR*#STAAD3)/TAFLR
60 GAMAD= GAMAI*FTAAD/FTAAL

END COMP., OF DERIVATIVE OF ETA WRT TCOMY

TO SOLVE FOR TDMY BY NEWTONS METHOD

NANNNNN

62 TDMY3= TDMY2#*TDMY

TDMY4= TDMY3*TDMY

TDMY34=44,0%TDMY3

FNWTA= TDMY4-TSA¥¥4
64 FNWT = TOMY-TEMPZ2+GAMAZ#FNWTA

DFNWTA= GAMA2*TDMY34 + GAMAD*FNWTA
66 DFNWT= 1.0+DFNWTA

TSAVE= TDMY

TOMY= TDMY-FNWT/DFNWT
68 TDTST= 0.5%ABS{TSAVE+TDMY)*DTST

IF(FWRTSV)IT0s704+160
160 WRITE(64162) KTDMY S ETAAD4G4 4ETAAD 4GAMAD,

1 TOMY 3, TOMY4 s TOMY 34 s FNWTASFNWT s DFNWTA «DFNWT

2 TSAVE,TDMY s TDTST
162 FORMAT(1H o 8H TOJ-160s154(/8E15451))
70 IFCABS(TSAVE-TDMY)-TDTST)90490+85
85 KTDMY= KTDMY+1

IF(KTDMY-30)10,+10+87
B7 WRITE(6488)TDMYTDTST 4KTDMY
88 FORMAT(1H +16H TROUBLE SUB TOJs4Xs5SHTDMY=E124594XsE124554Xs13)
90 RETURN

END

$IBFTC FXX DECK

SUBROUTINE FXX(FXEQsFXABsFXGABsFLRIMESHJINTG)
C

C FOR SAULE - GAS~L-LM AND SOLAR PROGRAMS
DIMENSION FXEQ(1000)sFXAB(100)

28




FMESH=MESH
FUINTG=UINTC
DX=1e0/FMFCH
MESH1=MESH+]
X=-DX
FLRD=140/FLR
FLRDS= FLRD*FLPRD
FLRD2= FLRD+2.0

S FLRD5=0e5%FLRD

C
C
C TO OBTAIN FUNCTION(X) AT FACH MFSH POINT
C FOR USE IN SUB DFQ2
C

DO 30 J=1sMESH]

X=X+DX

16 FXA1=FLRD+X
FXA2= FXA1%¥FXA1-FLRDS
FXA= 1,0-SNORTI(FXA2)/FXAl
FXBl= FLRD2-X

18 FXB2= SQRT(FXB1*¥FXB1-FLRPDS)

FxB= 1.0-FXB2/FXxB1l
20 FXEQ(J)= Ce5*{(FXA+FXB)
30 CONTINUE
C
C
C TO OBTAIN JINT INTEGRALS OF FUNCTION (X}
C
C INTEGRALS TO BE USED IN SUB T0OJ
C
X=0e0
FXAB1=0.0

34 DX=1.0/FJINTG
FXGB1=FLRD2/FLRD
FXGB2=SQRT(FXGB1¥FXGBl1~1.0}

36 FXGB3=FXCB2-ATAN(FXCGB2)

DO 50 J=1,JINTG

X=X+DX

FXGAl=(FLRD+X)/FLRD
FXGA2=SQRT(FXGA1*¥FXGA1-14.0)

38 FXGA3= FXGA2-ATAN(FXGA2)
FXGB4=(FLRD2-X}/FLRD
FXGB5=SQRT(FXGB4*FXGB4-1,0)

40 FXGB6=FXGB5-ATAN(FXGB5)
FXGBT=FXGB6-FXGB3
FXAB2=~FLRD5* (FXGA3-FXGB7}
FXAB(J)=DX+FXAB2-FXAB1

42 FXAB1=FXAB2

50 CONTINUE

C

52 FXGAB=1.0+4FXAB?2

55 RETURN
END

$IBFTC DEG2 DECK
SUBROUTINE DEQ2(TH,FXsCsPOWSMESH,STST)
C
C FOR SAULE -~ GAS-L-LM AND SOLAR PROGRAMS

DIMENSION TH(1000)sFX(1000)sFD(1000),DG(1000),DGD(1000)
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O NN

DO N

30

14

16

18

20

22

23

25

26

27

28

30

31

32
35

36
37

40
43
41
45

FMESH=MESH
DX=1e0/FMESH
DXx2=DX*DX
DGC=C*POW*DX 2
PM1=PNW-1.0
FDC=(—-PM1)#C#DX2
KCNT=0

DO 20 J=14MESH
TH(JI=1e0
CONTINUE
DGD(11=0.
DG(1)=160
FD{11=1.0

TO REDUCE MATRIX FROM TRI-DIAGONAL TO TWO DIAG.

DB 27 J=2.MESH

THPOW=TH(J) **P0OW

DG(J)= =DGD(J=1)~240-DGC*THPOW/TH(J)
DGD(J)=1.0/DG ()
FD1=FDC*THPOW+DX2¥*FX (J)
FD(JY=FD1~-FD{(J-1)/DG(J-1)
CONT INUE
DGD(MESH} =140/ (DGIMESH)+140)
TH(MESH+11=0.0

MESH2=MESH+2

KTST=0

TO SOLVE FOR TH BY BACK SUBSTITUTION

DO 35 JJ=24MESH

J=MESH2-JJ

THSV=TH(J)
TH(J)Y=DGD (N *(FD(J)y-TH(J+1))
IFIABS{THSV-TH(J))-TST)135435,32
KTST=KTST+1

CONTINUE

IF(KTSTI43,43,437
KCNT=KCNT+1
IF(KCNT=25122+22940
WRITE(6+41) KCNTSKTST
THIMESH+1)=TH(MESH)

FORMAT(1H +23H TROUBLE SEE SUBR. DEQ2s "XsSHKCNT=1394Xs5HKTST=13)

RETURN
END




COMPUTER PRINTOUT SHEET
Description and Symbols

This section contains a printout sheet from the electronic digital computer
for an argon gas and an ether (ET-378) example. The sheet is typical for the
inputs and outputs discussed in the analysis section of reference 1.

The first group of numbers under the title Input Data represents the phys-
ical and thermal properties of the working fluid, radiator material, and mete-
oroid protection parameters. A brief explanation of these inputs. follows for
a gas case as they are read from left to right. The symbols preceding these

terms represent these inputs in the computational procedure of the computer
program listing.

First line:

SCVEL sonic velocity, ft/sec

FMAS total mass flow rate, 1b/sec

VISC viscosity of gas, 1b/(ft)(sec)
UHETRD first guess of overall heat-transfer coefficient, Btu/(hr)(sq £t)(°R)
CPH specific heat of gas, Btu/(1b)(°R)
TINLT inlet gas temperature, °R

TEXTT exit gas temperature, °R

RGAS gas constant, ft-1b/(1b)(°R)
Second line:

PINLT inlet gas pressure, 1b/sq ft

RHAF fin density, 1b/cu ft

RHAH header density, lb/cu ft
RHAT tube density, 1lb/cu ft

PTUBT pressure drop fraction in tubes
PTUBH pressure drop fraction in each header
THERKF  thermal conductivity of fin, Btu/(hr)(ft)(°R)

TCGAS thermal conductivity of gas, Btu/(sec)(ft)(°R)
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Third line:
TS equivalent sink temperature of space, OR
RHAC liner density, 1b/cu ft

STEPH Stefan-Boltzmann constant

ALPHA constant in meteoroid mass distribution
BETA constant in meteoroid mass distribution
EMACH velocity ratio exponent in meteoroid protection equation

RHAP meteoroid density, 1b/cu ft
VAVG average meteoroid velocity, ft/sec

Fourth line:

PNAN probability of no meteoroid penetration

FCCLU orientation or occlusion factor

TDAY radiator mission time, days

EPSL emissivity of surface coating

ATICK finite plate thickness and spalling correction factor
FTEST error test in computation of surface temperature

TEST error test in computation of surface temperature
TESUH percent error in overall heat-transfer coefficient
Fifth line:

FIMESH number of elemental isothermal strips

FATST percent error in header-area to tube-area ratio
GSRLQ branch number (gas or liquid)

QLMR branch number (liquid or liquid metal)

TZWR control for printing of surface temperatures, conductance parameter,
and length of elemental strip profiles

The second group of input data is for a radiator that uses liquid ether
(ET-378) as a working fluid. It is similar to the inputs of the gas example
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except that instead of RGAS (gas constant), RHAIN (liquid density, lb/cu ft) is
printed. The inlet gas pressure PINLT is not printed for the ligquid example.
Instead of PTUBT (pressure drop fraction in tubes) and PTUBH (pressure drop
fraction in each header) PDRPT (pressure drop in tubes, lb/Sq ft) and PDRPH
(pressure drop in each header, lb/sq ft) are printed. The difference in inputs
of branch numbers GSRLQ and QIMR should also be noted. For the gas example
these inputs are 0. and O.; for the liquid example, 0.10000E Ol and O.; and for
the 1liquid metal example (not printed), 0.10000E Ol and 0.10000E Ol, respective-
ly.

These sets of inputs are for a simplified computational procedure when
tabulated relations among effectiveness, conductance parameter, fin-tube pro-

file ratio, and sink temperature are used. When a functional relation 1is used,
additional inputs are included between inputs FATST and GSRLQ.

FJINTG used in approximation of integral in effectiveness computations
TST absolute error for temperature ratio, ej
DTST percent error in surface temperature To,J
FWRITE control for debug printing

The group of numbers after the input data starts with parametric inputs.
DI inside tube diameter, ft
FIR fin-tube profile ratio
FLAMRD initial conductance parameter

The next line represents the surface or base temperatures at the middle of

each elemental strip (TWR(J)), followed by a line of corresponding conductance

parameter (FLWRIT(J)) and length of each elemental strip (DELZW(J)).

For the gas example, the following outputs are listed on the printout
sheet, reading from left to right:

AH total header area, sq ft

DNE maximum inside diameter of inlet header, ft
DIW maximum inside diameter of outlet header, ft
BIGN number of tubes

WT tube weight, 1b

WF fin weight, 1b

WH header weight, 1b
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W total radiator weight, 1b

ZBIG tube length, ft

HT inside film heat-transfer coefficient, Btu/(sec)(sq ft)(°R)
AT total tube area, sq ft

AHT ratio of header area to tube area

7N total tube length, £t

DELTA tube and header armor thickness, ft
DIAT outside tube diameter, ft
PANEL panel planform area, sq ft

UHETP overall heat-transfer coefficient, Btu/(hr)(sq £t)(°R)

VINE inlet fluid velocity, ft/sec
TLIT fin thickness, in.
REYN Reynolds number

For the liquid example, most of the symbols are the same as for the gas
example. The outputs and their symbols, that follow, are not used in the gas
example.

WLQ total radiator weight, 1b
WLQH header weight, 1b

WLQT liquid content weight, 1b
DH header inside diameter, ft

TLITT fin thickness, in.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, March 8, 1965,
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