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FOREWARD

The Environmental Heat Flux Routine Version 4, (EHFR-4), is a gen-
eralized computer program which calculates the steady state and/or trans-
ient thermal environments experienced by a system during lunar surface,
deep space, or thermal vacuum chamber operation. The EHFR analytical
approach/techniques, system geometric thermal models, and users instruc-
tions are documented in Volume 1 of this report. Volume 2,-presented
herein, contains the detailed EHFR program reference information necessary
for future programming changes and additions. The EHFR was written in
FORTRAN V for use on the NASA-MSC Univac 1108 computer system employing an
EXEC II Processor. Operation on the MSC Univac 1108 system requires the
use-.of overlay provisions, magnetic tape drives, and high speed storage
drums. The peripheral, equipment units used by the EHFR are shown in Table
5-1 of Volume 1.

The EHFR program reference information contained in this volume
consists of the following subprogram detailed data: purpose-description of
the routine, a list of the calling programs, an argument list description,
nomenclature definition, flow charts, and a compilation listing of each
subprogram. Each of the EHFR subprograms were developed specifically for
this routine and do not have an applicability of a general nature. Singleprecision accuracy available on the Univac 1108 is used exclusively in all
but two of the 31 EHFR subprograms. The double precision variables re-
quired are identified in the nomenclature definition of the two subprograms
that require them.

A concise definition of the purpose, function, and capabilities ismade in the subprogram description. The description references the appro-
priate Volume 1 sections of the report which contain the applicable detailed
definitions, governing equations, and assumptions used. The detailed equa-
tions are not, therefore, presented in each subprogram description. The
compilation listing of each subprogram defines the program/data storage
requirements, identifies the labeled block common data required, and identi-
fies other subprograms called during execution.
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SUBPROGRAM_ NAME_: EHFR MAP

SEGMENT NAME: PROG

PURPOSE: Specify EHFR program structural plan for use by allocator
of the EXEC II processor.

DESCRIPTION: The memory allocation processor (MAP) is a special pro-
gram which produces the EHFR structural plan. During execution, the alloca-
tor uses the MAP to set up the required element/subprogram overlay and the
assign program/data storage for each element. The EHFR MAP specified stor-
age allocation and element overlay are shown on pages 2 through 6.

The overlay is structured so that only one of the major
EHFR environment option segments (i.e., lunar plain, or thermal vacuum
chamber) occupies the core at any time. The segment program and data storage
requirements are approximately the same resulting in efficient use of the
overlay capabilities.

The details of MAP programs may be found in the EXEC II
Processor users manual.

MAP LISTING:

W K H ,I-:I .(*.#-'?.(;#-'I. (111 .042,.'014,0144, (li0,

3. V14 . -(F'

4. C S. SUK1 ' -1 IV -. I I4-%I KE',-(1-- F*I
.5. SMI S.I-ti; 1 -*4SLItI Z.SIII I 1.%1t I II .tI' ;IM1 l4I
a. S SI- SOIS I -S4-SiIM1~~ls~

SI 3 SK; (l 04-(1-(vi--C144-04l6

MAP I CV 1104 0036
FIi) 54LIt 27 APH 7I 10:24:43 0 CZAtlW0 14 9 I*JlF--1))
PH U %lIF MI-2.%t.) P4P 27 APR I 1 10: 24:42 1 0?416711(1 660 I 41*1I-DI

6Z 0242014? 12 1
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EHFR MAP STORAGE ALLOCATION

STARTING ADODNESS 014000

CORE LIMITS 01OU0 031261 032224 163771 163772 163777

SUBMI /CODE
0 032224-032326

I 01000-01i4175

NFINPS/CODE

I 014176-014436
2 032327-032327

ATAN /CODE

I 01437-n01535
2 032330-032401

NRWNDS/CODE
I 014S36-014630

FPACKS/CODE

I 014631-01q674

DEPTH /00e00
0 032902-032407

NTABS /CODE

0 032410-032536

NFOUTs/CODE

I 014675-015117
2 032537-032540

NBUFFS/CODE
I 015120-015141
2 032541-033551

NIOINs/CODE
I 015142-015210
2 033SSZ-033602

NOUTS /CODE
0 033603-033606

I 015211-01607Z
2 033607-03362q
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NFMTS /CODE
I U16073-nI67b6
2 033625-033690

NCNV TS/COUE

I 016757-017166
2 033641-033724

NOTINs/CUDE

I 017167-017560
2 033725-033767

NFTVS /CUDE
I 017561-017603

NBDCVS/CODE

O 033770-034159

NERRS /CODE
0 034155-034315

I 017604-020212

NIERS /CODE
0 034316-O34316
I 020213-020511
2 034317-034410

NINPTS/CODE
0 03q11-O34412
I 020612-021431
2 034413-O34445

NININS/CODE
I 021q32-021606
2 0349.6-O34475

NSTOPS/CODE

I 021607-021629

MAUTOS/CODE
1 021625-022263

SUBM2 /CODE

O 03Q476-034513
I 022264-022344

SUBM3 /CODE

0 034i14-O34532
I 022395-022430

NEXP6S/CUDE
I 022431-O2242
2 03q533-034533

NXPAFs/CODE

I 022q43-022565
2 034534-03454O



NXPAXS/CODE
I 022566-022610
2 034541-O34541

EXP /CODE

I 022611-022701
2 03q452-034561

ALOG /CODE

I 022702-022763
2 034562-034630

MESG3 /CODE

2 034631-03964U

MESG12/CODE

2 03q64q1-034660

SUBM4 /CODE

0 034661-034710
I 022764-023325

SINCOS/CODE

I 023326-023415
2 O34711-O347q4

SUBM6 /CODE

0 034745-039756
I 023q16-023530

SQRT /CODE

0 034757-035013
2 035014-035055

SUBM6 /CODE

0 035056-035207
I 023531-023750

MR /s*****
0 035210-1102iZ

GEl /**o***
0 110413-110455

:*SUBIi /CODE
0 110456"111603
I 023751-026406

:*SUBI2 /CODE

O 1116Uq-'$5615
I 026407"O26564

:*SUB13 /CODE

0 lil16U-132372
I 026907-030046

:OSUBI' /CODE
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0 1116U4-145617
I 026407-026576

:*SUBIS /CODE

0 1l-160U 1iq5606

I 0264U7-U26533

;*SUB16 /CODE

0 l116U4-I4!6I5

1 026907-026564

:*SUBSIO/COUE

0 110456-111417
1 0237631-025611

*CHI /oe****o

O 1iq2U-147173

*CH2 /ee0e

0 1Q711-47 6 3 1

*CH3 /*s***

0 1q7 6 3 2- 1 5 4 7 7 2

oCH9 /******

0 15 4 773-sso15505s

*CH6 /0*ee0

0 15S0bS-155244o £660b6-ISS2q'

*SUBS3 /CODE

0 155245-155310
1 02S612-026023

*SUBSq /CULE

0 155311-155331
1 026024-026150

*SUBSS /CODE

U 165332-155q31
1 026151-026532

*SUBS7 /COE

O 155q32-155457
1 026533.026666

*SUBS9 /COuk

O 155960-155s77
1 026667-027022

;OSUBSI /CODE

0 ISS00-156161
I 027023-030276

:*SUBS2 /CODE

0 1555001UOSssqs

1 027023-027231
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$*SUBS6 /CODE
0 S1555U0-17033
1 027023-03120S

;*SUBS8 /CODE

0 155500-1611q7
1 027023-030722

DSQRT /CODE
2 161150-161252

*SUBSII/CODE

0 161253-1613q2

1 030723-031261

:*SUBC| /CODE

0 11D006-111256
1 023751-02q5470

*eSUBC2 /CODE
0 111257-111373

1 025471-026425

*SUBCq /CODE

0 111374-117565
1 026426-027717

*SUBC6 /CODE

0 117666 117622
1 O27720QO303Sq

ASIN /CODE
1 030355-030q11
2 117623-117631

*GE2 /*eo***

0 117632-120625

*GE3 /*****
0 IZ0626-161033

:OLPR /CODE

0 110q56-163226
I 023751-027q21

TAN /CODE

1 027q922-o027q61
2 163227-1632q 6

:oTCR /CODE

0 110'56-u16014
1 023751025sq00

:*IVE /COOE

0 110q56"163671
1 023751-026033

DRUM LENGTH 404202
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PROGRAM NAME: Main Program

SEGMENT NAME: SUBMI

PURPOSE: Read the environment selection index and call the appropriate
environmental subprogram.

DESCRIPTION: The main program has no calculation functions but controls
the calling of the various environmental subprograms for the nine EHFR
options available. Overlay of the environmental subprograms is specified
by the memory allocation processor in PROG (EHFR MAP)

PROGRAM NOMENCLATURE: The following FORTRAN variables are used in SUBM1
(main program) of the EHFR.

IENV Environment index number (see Section 5.4.2 of
Volume I and SUBMI flow chart)

IND Thermal vacuum chamber environment input indicator

The MR and GEl block common statements are used by most of the EHFR sub-
programs and are in the same segment as SUBM1. The MR and GEl common
statement nomenclature are defined following the SUBM1 flow chart.
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MAIN PROGRAM FLOW CHART

START

CALL INPUT1 TO UPDATE AND PRINT OUT STORED RCS DATA 800

WRITE TAPE OUTPUT DATA
,0 WRITE TAPE END OF FILE ON TAPE

TIME WRITE TAPE END OF FILE IS GENERA
PRINTED OUTPUT

190 READ IENV FROM CARD B2

195 IENY

200

- 0. 1 INTRAVEHICULAR ENVIRONMENT 
EN

CALL IVE
IND - 1

,LUNAR PLAIN ENVIROMENT
2 CALL LPR

- IND . 1

700

3LUNAR CRATER ENVIRONMENT= ) CALL LCR
IND i

40

4.5 THERMAL VACUUM CHMER ENNIRONM1EKT
= 4. 5 ) CALL TVC

300

OUTPUT TAPE MANIPULATION OPTIONS
- 6, 7, 8 CALL TCR )

INDL- 1

60

9 DEEP SPACE ENVIROMNENT
CALL LPR
IND - 1

83010 WRITE DIAGNOSTIC MESSAGE
OR GREATER



MR BLOCK COMMON NOMENCLATURE

The following is a dictionary of FORTRAN nomenclature for the
variables contained in the MR block common statement. The MR block
common: transfers output titles, indices, and constants between programs; stores
all Reference Coordinate System (RCS) nodal data; and stores nodal incident
and absorbed heat values. The MR block common is used by many of the EHFR
subprograms and is contained in segment M of the EHFR map.

AL(N) Absorptivity of RCS node N to chamber solar lamps

ALFMAT(I, J) Absorptivity values for the curve of absorptance
versus temperature for material I, curve point J

ANAME(J) The name, in A format, of region J of the RCS for
which environmental heat subtotals are made

AR(N) Equivalent absorptivity of RCS node N to all infrared
radiation sources

AS(N) Absorptivity of RCS node N to incident solar energy

DTIME Length of time RCS node remains in a given environ-
mental position, hrs.

GENODE(N) RCS node name in A format

IA(N) Index of region in which RCS node N is located (for
environmental heat subtotal calculations)

ICARD Number of input data cards read by the EHFR

IN(I) Input array (dummy)

IOUT Tape unit on which EHFR output is written

IPAGE Page number for printed output

IPRINT Print index for printed output

IREF Reference Coordinate System index (see Table 5-2)

M RCS mode index

MAX Maximum number of nodes for the RCS

MODE(M) RCS mode name in A format
MODEM

MOLD Previous time point mode index

9



MTRL(N) Material index for RCS node N
MTRLN

NAME Number of regions for which RCS environmental heat
subtotals are made

NEMU Number of EMU nodes in the EMU-LRV model

NMODE Number of modes for which RCS data is available

NVM Multiple reflections index. If o or -, then no
multiple reflection calculations have been made

PI i , 3.14159

PIl80 'M /1800, 0.0174533

Q(l, N) Total heat abosrbed by RCS node N, Btu/hr.

Q(2, N) Total incident heat on RCS node N, Btu/hr

Q(3, N) to
Q(12, N) See each environmental subprogram for definition

QR(N) Total incident infrared energy on RCS node N, Btu/hr

QS(N) Total incident solar energy on RCS node N, Btu/hr

QT(I, J) Environmental heat subtotals for source I and RCS
region J, Btu/hr

REF(I) Reference coordinate system name in A format
REF1, REF2

SIG Stefan Boltzmann Constant, 0.1713 x 10-8 Btu/hr-ft2°R4

TCON(N) Adiabatic wall temperature of RCS node N, OR

TCONT Environment contact temperature of RCS system, OR

TEMAT(I . J) Temperature values for the curve of absorptance versus
temperature for material I, curve point J.

TIME Time of current timeline point, hrs.

TIMEO Time of previous timeline point, hrs.

TITLE Title of this run in A format

XN(I) or XM(I) Previous timepoint RCS location in environment, ft.

10



XO(I) Current timepoint RCS location with respect to local
environment where
I=1 RCS X position, ft.,
=2 RCS Y position, ft.
=3 RCS Z position above local surface, ft
=4 RCS azimuth angle, deg.

XR(M, N, I) RCS geometric configuration for mode M and nodeN where.
I=1 Node X coordinate
=2 Node Y coordinate
=3 Node Z coordinate
=4 Node azimuth angle
=5 Node Inclination angle
=6 Nodal area
=7,8,9,10 Node unblocked view to space from RCS node

to quadrants 1 thru 4 respectively

11



GEl BLOCK COMMON NOMENCLATURE

The following is a dictionary of FORTRAN nomenclature for the
variables contained in the GEl block common statement. The GEl block
common contains transformed RCS nodal data, unit normal vector components,
self-blockage data, and radiosity subtotals. GEl is used by most of EHFR
subprograms and is contained in segment M of the EHFR map.

ASE RCS node area, ft2

BX X component of transformed RCS node unit normal vector

BXX Cosine of RCS node transformed azimuth angle

BY Y Component of transformed RCS node unit normal vector

BYY Sine of RCS node transformed azimuth angle

BZ Z component of transformed RCS node unit normal vector

COSP Cosine of RCS azimuth angle, PHI

COSSUN Cosine of the solar vector angle

COST Cosine of angle between RCS unit normal vector and
solar vector

COSTI Cosine of RCS node inclination angle

DX X component of vector between an energy source and
RCS node, ft

DY Y component of vector between an energy source and
RCS node, ft

DZ Z component of vector between an energy source and
RCS node, ft

FATOT Geometric form factor from RCS node to infinite lunar
plain

FSE(IQ) Percent unblocked view to space from RCS node to
quadrant IQ (self-blockage term)

FSE(5) Total unblocked view to space from all RCS node quadrants

IQ Quadrant index of energy source (for IQ=5 no blockage
exists)

PHI RCS azimuth angle with respect to the local environment, rad,

PHIl Transformed RCS node azimuth angle (with respect to
the local environment), rad.
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SINP Sine of RCS azimuth angle PHI

SINSUN Sine of solar vector angle

SUN Solar vector angle measured from -X axis, radians

SUND Solar vector angle, deg.

THT1 RCS node inclination angle, rad.

XSE Transformed RCS node X position, ft.

YSE Transformed RCS node Y position, ft.

ZSE Transformed RCS node Z position, ft.

GOFIR Defined separately in each EHFR subprogram, BTU/hr-ft2

GOFIRP
GOSOL
GOSOLD
GOSOLA

13



0 FAR P.1t M .iIa 1 11 t 141 IIII Vt

VNIVAC 11014 Ml tiAN V .lth. // s 00t V 'i01141

TIls (*I1iI.AIN A IX)%S I N MWI i 11 T 14-10-40

MAI 00 h pi( 0 M

STIRA(E USED DIRAlcK, NAME*:. LFG14 l4

0001 *am, 000176

0000 *DATA 000l1

0002 *sI.ANK 000000

0003 M 011471

EXTIRNAL. HIFi34'ENCIES IAXK, NAM)

0004 ISNPLTI

0005 IVE
0006 TC/H
0007 TVC
0010 LPAR
0011 U.M
0012 IXIT
0013 MIXms
0014 SIOIS
0015 %102%
0016 -11R2S
0017 hlWSl

0020 NlIU;
0021 slvs

0022 S1TOPS

STOMAGE' A'SSIG%M*T lat VARIIAMES tlUAK'K. TYP, RI.ATIVI IAICATIO)N, NAM)

0001 000156 1660 0001 000004 1901. 0001 000050 2001 0001 000bi 3001. 0001 000013 4001.

0001 000104 6001 0001 000116 100L 0001 000147 0001. 0001 000127 430.t, 0000 000003 9011
01100 000004 9201 0000 000031 930F 0000 000057 932' 0003 R 001007 AI.r4AT 0003 R 000041 AN.hI.
0003 R 001326 DTIMi, 0003 I 000013 ICARD 0000 I 00000 1N V 0003 I 000442 IN 0000 I 000000 ISOND
0003 I 000007 I(U'" 0003 I 000614 IPAG E 0003 I 000024 IPRINT 003 I 00010 IHIVF 0003 I 000012 IS C

0000 I 000002 IS 0003 I 000000 M 0003 I 000001 MAX 0003 I 000430 ME 0003 I 000002 MP-5N7
0003 I 000003 MD 0003 I 000023 KMRI.N 0003 I 000006 NAM 0003 1 000022 NEI 0003 I 000004 KIAVMW
0003 I 000005 NVM 0003 R 000015 PI 0003 R 000016 P1160 0003 R 000067 Ur 0003 R 000025 R.W
0003 R 000017 SIG 0003 R 000011 TCONT 0003 R 000477 T1 nAT 0003 R 000021 TIME 0003 R 000020 TIM.)
0003 R 000461 TITE 0003 R 001327 X 0003 R 001317 XN 0003 R 000060 XO

00100 1* C
00101 2* CX4W4O - Il I M,MAXM(.0,MXJ),1D,441E,N .NAM4.,I OU, IREr,1tUNT,
00101 3* I ISC, ICARD.IPAG, PIP I I0,IOTIMD,TIM , NMI, MIRIN, IPRINT,
00101 4* 2 REI12),ANAMI(l5),XOI.),Url1.5),10h.IO), INAtIS).TITLf(14),
00101 5* 3 TIMAT( 20, 10), AI.FAT20. 0), XN , DT IlW,
00101 6* 6 X(4200)
00101 7* C
00103 A* CALL INPIMffl
00104 9* IND = I
00105 10* 190 RIAD 1%,901) IENV,ISC

14



111 I'* ICAI) - ICAHI)ND * I

00112 12* IF (-m:NV-9) 195.600.030
00t115 13* 195 CONT I Nt
00116 14* IF (IENVA.IT.5) (1lI 13 .00
00120 15* IV (I-FNV.L.0 O) 11) i200
00122 16* to1 ') 1210,b0n,700,400400). IkV

00122 17* C
00122 1I* C sfc.II(N 200, INTHAV1IICULAII FVIN1% W%T.

00123 19* 200 CII. IVF
00124 20* IND : I
00125 21* IF ITIMI) 100,1q0,1qo

00125 22* C
00125 23* C SIF-'TION 300, TAPE'I t hiI I HiV'INC.

00130 24* 300 CAl. 1TH( I.:NV)
00131 25* INI) = I
00132 26* II" ITIME) .00,190.190
00132 27* C
00132 20* C ,F1XTION 400. C#HlM.l' SIMt1ATl* "NVI(NO'%k.T CAIkllATIO%.S

00135 29* 400 C AI,, TC( II-%V,IND)
00136 30* IF (TIM.) ,00,190,190
00136 31* C
00136 32* C S.'CTION 600. t, NAR PIAIN ENVI(OC NM'NT INPUT ANI) ICII)D:NT HEAT CAI CIATl)%

00141 33* 600 CAIL I.P( I: AV)
00142 34* IND = I
00143 35* IF (TIMEl 00,190,190
00143 36* C
00143 37* C SpXTIO 100, A.NAA CRATER +VIHiWN;NT INPIt? AND ICIDENT HEAT CAI.CI1ATIONS

00146 304* 100 CAI4. LIC
00141 39* IND = I
00150 40* IF (TIM-) 000090,190
00150 414* C
00150 42* C SECTION 000. INPtLr ERHOR DIAGM)NOTIC M.SSAGES
00153 43* 830 SHRITV 46,920) ICARD
00156 44* MRITF 46.9.1303 IENV
00101 45* -@90 TIk. = -100.
00162 46* #00 C r %TI UE
00163 47* 4ITE: 4I(XI) TI*W,X
001172 4P* END FIIJ' IC 'r
00113 49* RI; 46,932)

00115 50* CAI. EXIT
00115 51* C
00115 524* C 5 CTION 900, FIRMAT STATIEMENTS
00176 53* 901 FORMAT (2014)
0017711 54* 920 FOVMAT (////471 FATAL ERROR IN DATA INPUT RUJND ON CARD NiHItE,

0017711 55* I 14 , // 52H PROGRAM WIll CALL EXIT AFTEH THE I[JXAWING MESSAGE

00177 56* 2. ////)
00200 57* 930 PX 4AT 460H ENVIRONTENT SPECIFICATION INDEX., IENV, IS TO1)0 LARGE 0R

00200 54* IIS TOO SMALL. // I7H IENV IS INPUTJ AS, 15 , 30X,

00200 59* 2 22H MAXIM4M ALIOIWED IS 9 )

00201 60* 932 FTIORMAT (///65H TAPE END OF FIL HAS RBEEN GENERATED FOP THE DATA CA

00201 61* ILMUIATED.

00202 62* END

END OF IJIVAC 1108 FORTRAN V COMPIIATION. 0 *DIAONOSTIC* MgSSAGFIS3

81,1t41 SlM4LIC 31 MAR II 14:11:05 0 021i4464 14 62 (IDEL.'fl)
SUMI C(OE REIICATARILE 31 MAR 11 14:11:05 I 02166230 36 1 (DEl.,TED)

0 02166274 14 20
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SUBPROGRAM NAME: Subroutine ALPHAI (T, A)

SEGMENT NAME: SUBM2

PURPOSE: Calculate the absorptivity of a Reference Coordinate System (RCS)
node to energy at a given source temperature.

DESCRIPTION: The absorptivity of a RCS node is necessary to calculate the
amount of energy absorbed from a given energy source. The ALPHAl sub-
program determines the absorptivity by linear interpolation of the
absorptivity - temperature curve for the material comprising the RCS node.
Ten absorptivity-temperature values define each curve. If the source
temperature is greater than the last value on the curve, the last value
of absorptivity is returned by ALPHA1.

CALLING PROGRAMS: TABW, IVE, LPR, LCR, CHB, CHR, INPUTI

ARGUMENT LIST:

T Energy source temperature (input), OR

A RCS node absorptivity (output)

NOMENCLATURE: The following FORTRAN nomenclature is used in the ALPHA1
subprogram.

A RCS node absorptivity

ALFMAT (I,J) Apsorptivity of material I for curve point J

DT Temperature difference for interpolation, OR

T Energy source temperature, OR

TEMAT (I,J) Temperature value of material I,curve point J, OR

I, MTRLN Material index for RCS node N

J Material curve point index

16



ALPHA1 SUBPROGRAM FLOW CHART

START

INTERPOLATE TO FIND A AT SOURCE TEMPERATURE

T FOR MATERIAL I

RETURN

17



III
SIMt,* utIM?.tlM2 11 l. H TI 14:1":41

LIVAC 110k4 4 itVT4N V I+.:l 2Z06 001 1 %0114H
TriJs OIlMPIlATI)oN %.%S IMF % 11 m At 71 AT 14: 104:41

-3IitRNINE. At P11 1-N1TI POIINT 000046

STOII6I* U1") (IIt.g , N,,t:, 3.1:%(GtIl)

0001 *CO7E 000061
0000 *IAITA 000016
0002 *Il ANk 0(0000
0003 w 0011327

EXTM4NAI. FI:F%CIS (IllJxW, NSAMi)

0004 NI]'R3S

S1TORAGE ASSIGNW4 NT MI VARIAIk'S t(Ih.' TPI:, HlATIVE IAICATIO%, N.:)

0001 000006 106G 0001 000030 51. 0003 R 001001 Al. J,144T 0001 R 000041 (.%MI- 000 H 00001 17T
0003 R 001326 MIA,: 0003 I 000023 I 0003 I 000013 ICAlD) 0003 I 000442 IN 0003 I 000007 I(1"
0003 I 000014 IPAGE 0003 I 000024 IPHINT 0003 I 000010 INEF 0003 1 000012 IsC 0000 I 000000 It
0003 I 000000 M 0003 I 000001 niX 0003 I 000430 XIE: 0003 I 000002 N*~

,
4 0003 I 000001 %K"D

0003 I 000023 MRLN 0003 I 000006 NA IN 0003 I 000022 NF~4i 0003 I 000004 % IXW 000.4 I 00000% N1.4
0003 R 000015 PI 0003 R 000016 PIol0 0003 R 000067 1 0003 R 000025 HEV 0003 H 000017 sIG
-0003 R 000011 II)NT 0003 R 000477 TI1AT 0003 R 000021 TIME 0003 R 000020 TIN-X) 0003 N 000461 TITI F
0003 R 001317 XN 0003 H 000060 XO

00101 1* SIUR(IFINF ALPHAI (T,A)
00101 2* C
00103 3* WI[4* / ~Ml / M,MAXMKx)N. [RD,NMX.,N ,NE16. I(X.r, II*V, wIT,
00103 4* 1 ISC,ICARD, IPA(.,E,IPI$0,MNIG,TIMEOTIR,J'U.MitI.N, IPHINT,
00103 5* 2 REIt12),ANAE:A5),XO( ,Tl( s1 I5),N(~1i 01 IN(lS),TITJ( 14),
00103 6* 3 TMAT(20,10)AJLtMAT(20.10).XNh(7).DTrI
00104 7* II VAL.NCE ( I, F l.N)
00105 8* 00D 5 J 2.10
00110 0* DTr = T - TIFAT(I,J)
00111 10* IF (DT.OT.0.0) O0 TO 5
00113 I1* A = (ALl4AT(IJ)-ALIt.ATII,J-Il)/I(TIM4AT(I,J)-TEAT(I,J-I)
00114 .-12* A = AIFIAT(I,J) * 1 A*4
00115 13* RFI1RN
00116 14* 5 CONTINUE
00120 15* A ALFMAT(I,10)
00121 11* REURN
00122 17* END

END OF ItNIVAC 110 FO TRAN V COMPIILATION. 0 *DIAONOSTIC* MESSAGNEMI
SIM2 SYMILIC 09 MAR 71 14:41:41 0 01650670 14 IT DFt'M)DI
SUM12 XN). RICATARIl. 00 MAR I1 14:47t:41 I 01651246 24 I (DI:kflI'))

0 01651276 14 6
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SUBPROGRAM NAME: Subroutine TABW (Q, T)

SEGMENT NAME: SUBM3

PURPOSE: Calculate the adiabatic wall temperature of Reference Coordinate
System (RCS) nodes.

DESCRIPTION: The adiabatic wall temperature for each RCS node is required
for tape output and desired for the printed output for the various EHFR
environment options. Using the total absorbed heat, the RCS adiabatic
wall temperature and its corresponding emissivity are calculated using
an iterative technique. The equation defining adiabatic wall temperature
is:

1/4
T = [Q/e- FSE (5)]

where E ander are the emissivity (at temperature T) and Stefan Boltzmann
constant. T, Q and FSE (5) are defined below.

CALLING PROGRAMS: IVE, LPR, LCR, CHB.

ARGUMENT LIST:

Q Total heat absorbed by RCS node (input), Btu/hr-ft2

T Adiabatic wall temperature (output), OR

NOMENCLATURE: The following FORTRAN nomenclature is used in TABW subprogram.

A Estimate of RCS node emissivity at temperature T

Al Calculated RCS node emissivity at temperature T

B Intermediate variable (T at Al = 1.0), OR

FSE (5) RCS node unblocked view to all quadrants

Q Total heat absorbed by RCS node, Btu/hr-ft2

SIG Stefan-Boltzmann constant, 0.1713 x 10-8 Btu/hr-ft2,R4

T Adiabatic wall temperature, OR

19



TABW SUBPROGRAM FLOW CHART

START

GUESS EMISSIVITY, A

CALCULATE T
CALL ALPHAI TO CALCULATE EMISSIVITY,

Al, AT T

S = A1

is
SNO 0< Al < 0.01l

YES

RECALCULATE T

RETURN
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III
* F'1* S .W3.sIu'lm3 M MANI 11 I4:I .: 4e

UNIVAC 110 r)ITI AN v l.L 2201, 0014I Fswlli
THIS COMPIIATION AS Ix)N (ON At MAIIt 71 AT 14:14:431

SUtROrINEI TAW ENTHY POINT 000056

5TORAG'E L sED (IjCK, NW, .%IN:;THi)

0001 S*(X0)E 000064

00(0 *DATA 000017

0002 *HI.ANK 000(100

0003 (GE 1 000043

EXTINAL RFRI.NCES (BIOL'K, NAM*)

0004 AI.PHAI
0005 NEXP6~
0006 NI'RH3S

STORAGE ASSIG FO'NT iJR VARIABURLS (BLOCK, TYPE, NFLATIVE LOCATION, NAME)

0001 000014 51, 0000 R 000003 A 0003 R 000003 ASE 0000 R 000001 4At 0000 H 000002 R
0003 R 000006 RX 0003 R 0C;'021 HXX 0003 R 000007 HY 0003 R 000022 HIY% 0003 R 000010 BZ
0003 R 000011 OOSP 0003 R 000042 COSSUN 0003 R 000031 COST 0003 R 000023 COSTI 0003 R 000024 DX
0003 R 000025 DY 0003 R 000026 02 0003 R 000032 FATIyr 0003 R 000014 VSF 0003 R 000033 (;OFH
0003 R 000030 GO(WIRP 0003 R 000034 (K)SOL 0003 R 000036 GOSOIA 0003 R 000035 GOO OID 0003 I 000027 10
0003 R 000013 PHI 0003 H 000004 PHI1 0000 R 000000 slU 0003 R 000012 SINP 0003 H 000041 SINSL.N
0003 R 000037 S N 0003 R 000040 SUND 0003 R 000005 'Iftl 0003 R 000000 XSK 0003 H 000001 '.E
0003 R 000002 SV:

00101 * SUIRWOUrINK TARWIO,T)
00101 2* C
00103 3* OfMoN /GK / XS,t'SE,Z5K,ASR,PHI I THTI frBX,RV,RZ,COSP,SINP,PHI,

00103 44 I FSF(5),RXX. YYCOSTI.DX,D.,DZ, IO.0W1IPr, 09-
00103 5* I COSTFATyrTWIR.GOSOL.(OSOLD( O) A.SUN, SUND, SINSUNCSSUN
00104 6* DATA 51 / 0.1713E-08 /

00106 7* 41 .9

00101 p* 8 (0 / (SIGvSE(5))) ,0.25
00110 9* 5 A AI
00111 t0* T B/A**0.25
00112 I1t* CAlL APIAtI(T,AI)
00113 12* IF (ARS(AI-A).GFO0..01) 00 O 5
00115 13* T = R/AI**0.25
00116 14* REI1RN
00117T 15* END

END OF UNIVAC 1100 FORTRAN V COMPILATION. 0 *DIAGNOSTIC* WSSAGER(S)
S1VF43 SiMrm'IC 31 MAR 71 14:17:01 0 02166724 14 5I (DI.L.TD)
BU.43 CXDE R'IAXATARLE 31 MAR 1I 14:1T:07 3 02167246 24 1 (DE )VD)

0 02167276 14 7
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SUBPROGRAM NAME: Subroutine TRANS (N)

SEGMENT NAME: SUBM4

PURPOSE: Transform the Reference Coordinate System (RCS) nodal coordinate
and unit normal vector data for the timeline point RCS environment loca-
tion and orientation. Determine the cosine of the angle between the RCS
node normal vector and the solar vector. Calculate the amount of RCS
self-blockage of the solar vector.

DESCRIPTION: The TRANS routine transforms the RCS nodal coordinates and
normal vector data based on the timeline point information read in on
Card B2 in the various environmental subprograms and the data calculated
in the TRANR (SUBM6) subprogram. The self-blockage quadrant index (IQ)
is set either to -1, 0, 1, or 5 depending on the environmental self-
blockage data:

-l there is no change in environment for this IREF = 2
RCS node, use previous environment calculations

0 indicates that there is 100% nodal self-blockage,
no heat absorbed by this node

5 there is no nodal self-blockage for this node

For the IREF = 2 RCS, the timeline point location and orientation data
does not differ from the previous data for N>NEMU and M > 1. The
nodal coordinate/normal vector data transformations are based on the
previous RCS location information for these conditions.

CALLING PROGRAMS: IVE, LPR, LCR, CHB, CHR

ARGUMENT LIST:

N RCS Node Number (input)

NOMENCLATURE: The FORTRAN nomenclature used by the TRANS subprogram
consists of the variables of the MR and GEl block common statements.
The MR and GEl 'nomenclature is defined with the SUBMI (main program)
nomencl ature.

22



TRANS SUBPROGRAM FLOW CHART

7I.1 .[S{,)

Calculate FSE(IQ)

Yes - -- -FSE.) > 0.-

IQ
- I  

IQ 0

Caclt transfone alalt taefIe.

FSE(coordS)t data coordnate data) Return

based On current /based on previous

Yes 4percent self blockage ofNO

, /solar vector and multiply by cost

Set Q. QRR eSt u20
SIsN , NEMU No

les M I M H OLD

Yes ASE *1.0

Calculato transformed acattrsfre
ordinate data ..ordneate doato Return

based on current based on previous
timeline locationtie ne oct n

30
'acuat, unit

nomlvector data

Calculate CosT

Is

COST40 N

Yes Calculate percent self blockage of

Cost -0 soar ector and multi ply by Cos t

CoC Retur

4D
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III
0 1M,* l44 i.tS44 1 11 14"
UNIVAC 11-0 FINITHAN V IEVE:I 2206 001$ F5010H

THIS (X)MPIILATION WAS DO)%E IN .11 .WH 71 AT 14:11:44

Stl4IVrFINI A T1hAN ENTH PIN)INT 001 121I

STOIAGE VSl M ) il.1, N ,-', .IJ:;4 li)

0001 *ICNW 0003142

0000 *DTA 000040

0002 *IAK 000000
0003 MR 053203

0004 (II 000041

EXTI4NAL I141 1FNCIS IIUAK", ,A41-)

0005 RHI4.

0006 C)S
0007 SIN
0010 P 4-H35

STORAGE A.SIGN*k.%T FU VARIABLE.S IMIA". TPE, IUiATIVI IAXATION. N&AE.

0001 000303 IL 0001 000131 101,. 0001 000053 I?2G 0001 000172 201. 0001 000216 t111.
0001 000067 61. 0001 000105 PL 0003 R 001327 At. 0001 N 001007 AII-4.T 0003 R 000041 4 N4A.
0003 R 002113 AR 0003 R 003011 AS 0004 R 000001 ASV 0004 " 000006 R% 0004 R 000041 "%%
0004 R 000001 RBY 0004 R 000022 Hk' 0004 R 000010 H 0004 R 000011 (1t-P 0004 R 000042 E*) .I%

0004 R 000031 COST 0004 R 000023 COST! 0003 R 001326 lYIINm 0004 I 000024 I)D% 0004 R 0000f% 01

0004 R 000026 DZ 0004 R 000032 FAI' 0004 R 000014 Iv: 0003 R 001701 ta'.- 0004 !1 00001. tQ*InR
0004 R 000030 (MWIRP 0004 R 0003034 (XI.. 0004 R 000036 (X).OMA 0004 R 000035 ( . ID 0000 I 000000 1

0003 I 004541 IA 0003 I 000013 ICARD 0003 I 000442 IN 0003 I 000001 I( r 0003 I 000014 IPC..G
0003 I 000024 IPRINT 0004 I 000027 10 0003 I 000010 I RN 0003 I 000012 IsNC 000. I 000000 4
0003 I 000001 MAX 0003 I 000430 (NW 4003 . 000002 6wN*4 0003 I 00000.3 miJ) 0003 I 052,337 601.,
0003 I 000023 KTRLN 0003 I 000006 N4AME 0003 I 000022 NM 0003 I 000004 M (. 0003 I 000001 mNm
0004 R 000013 PHI 0004 R 000004 PHil 0001 R 00001th PI 0003 R 000016 Pill0 0003 R 006251 O
0003 R 020131 OR 0003 R 021003 S05 0003 R 000061 r 0003 N 000025 HIV 0003 R 000011 MCIG
0004 R COd02 SINSP 0004 R 000041 SINSUN 0004 R 000031 SLUN 0004 R 000040 St1%1 00031 R 005413 T w
0003 R 000011 TCONT 0003 R 0004177 TEMAT 0004 R 000005 TIMi 0003 R 000021 TI W. 0003 A 000020 TI 1-)
0003 R 000461 TITlE 0003 R 001317 XN 0003 R 000060 XO 0003 R 021641 KR 0004 R 000000 X.K
0004 R 000001 .VSK 0004 R 000002 Z E

00101 1* SUROUITINP TRANSN)
00103 2* PARAM*.~T *AX:3,NMAX:420
00104 3* COIMMN / MR / MMAX,MDXMMO.)D,NMOODENVM,NAW. I , IRE',T T,
00104 4* 1 ISC, ICARD, IPAG.PI, P, P I 10, S IO,TIM DTI W NI.U, MNRLIN,IPpIh-r,
00104 S* 1 RF( 12 ). AN I ). XO( (,01 5. 15 ),MOwH I 0), I N( 15S ).TI1"t( 14.
00104 6* 3 1TMAT(20. 0 ). AUMAT( 20I0 ) XN ),7'M I.
00104 7* 4 AtIAtNM4AX). AR (I4ANX ). AS 4 NMAX .G N.: I NMAX). I A 4 N4AX). TN. (ANX),
00104 @* 5 O(12.P4AX).OR(N.AX).QS(61AX),MXHNMAX,NMAX, 10),4TI.(hN-AX)
00105 9* COON /GKI / XSFKS,Y .. SK,.AS.,PIII I.TTI,HX.RY,V.HZ,00SP.SINP, PHI,
00105 10* I VINEIs ),BXX.RYYKVSTI,DXDY,D, I10,(XIRp,
00105 It* I COST. Ar,101R,(O.0 ,(.A, SIND, SINSVNN,0 UN
00106 12* FS4I) : XR(M,N,7)

00101 13* F5S42) ktiM,NNM)
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10 141 *4 HMN,

00t111 I* V44) : XH(M,N,IoI

00112 16* FS195) :$(FSF I 4Fl SF2)
F
I
F 
't.I I

F
S4.0IFl

)
ll4I 

I
.iS

00113 17* MTHI.N : MIL.(N)

00114 1 t* I (VFIS:e).(IT.0.0I0 ) 31 11 6

00116 lq* o : 0

00117 20* IF (M.IQ.i~j)) HEHiN

00121 21* IX) 4 I=I.12

00124 22* 4 0I.N) : 0.0
00126 23* oS(N) : 0.0
00127 24* 1,(N) = 0.0

00130 25* ARt( - ALFMMTtII.N.I)

00131 26* T N)N :I 0.0

00132 27* N

00133 2* 6 CONTINt

00134 29* 10 I

00135 30* M'HI.N W lVRIA.N)

00136 31* IF (FE(St).I.T.I.00) (XI ) o

00140 32* 10 = 5
00141 33* FS(ES5) = 1.0

00142 34* 8 CONTIN!E

00143 35* IF (N.IE.N I-Mtt) A) I) 20

00145 36* IF (M.F.I) X I) 20

00147 37* IF (M.NIE.M(D) G) I) 10

00151 3M* ASI*z 1.0

00152 39* 10 = -1

00153 40* RIf'R9N

00154 4) 10 PHI XN(4)*PIIP0

00155 A2* COSP=: COPHI)

00156 43* SINP: SIN(PHI)

001)57 44* XS = XN(E1)+ XR(M,N,I)*COSP - XRIM.N,2)*SINP

00160 45* YSE = XNf(2)* XRIM,N,I)*SINP * XR(MN,2)*VCOSP

00161 46* ZSiE = XN(3) XRI(M,N,3)

00162 47* GO TO 30

00163 4f4* 20 (awTINtW

00164 49* XS = XOII)* X(HIM,NI)*COSP - XR(M.N.2)*SINP

00165 50 V SE : XO(2) X(M,N.I)t*SINP * XRIM,N,2)*COSP

00166 51t* ZSE = XO(3)XRI(M.N,3)

00167 52* 30 ASF : XRI(M,N,6)

00170 53* PHil : XM.,N,4) * PHI

00171 54* 131 XR(M,N,5)

00172 55* COSTI = COS1ffiTI)
00173 56* BXX : COS(PHIl)

00174 57* BYY : SIN(PHII)

00175 59* BX = COSTI*RXX
00176 59* BY = COSTI*VY
00177 60* BZ = SINT7flI)
00200 61* COST : -BX*COSSUN*RZ*SINSUN

00201 62* IF (COST.I.0.0) GO TO 1

00203 63* DX = -COSSLYN

00204 64* DY = 0.
00205 65* D7 SINSUN

00206 66* CALL RIDCK

00207 67* COST : COST*F SE( 10)

00210 69* RI't(tN

00211 69* I COST = 0.0
00212 70* HN1TIRN

00213 71* END

END OP UNIVAC 1101 FYMTRAN V COMIPIIATION. 0 *DIAGNOSTIC* 4WSSAGE(S)

S1)944 SYM OIIC 23 MAR It 10:06:45 0 01121332 14 1) 4DIJMFED)

Si(n44 ONxW REICA4TAHIIE 23 MAR It 10:06:45 I 01723214 36 I lFDF))

0 01723340 14 s25
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SUBPROGRAM NAME: Subroutine Block

SEGMENT NAME: SUBM5

PURPOSE: Calculate the self-blockage quadrant index of an energy source
incident on a Reference Coordinate System (RCS) node.

DESCRIPTION: The quadrant index in which the energy to RCS node vector
originates is necessary to determine amount of self-blockage and,
thusly, the amount of energy incident on the RCS node. If the self-
blockage quadrant index IQ is set to 5 in the TRANS subprogram, there
is no self-blockage of incident energy and, therefore no calculations are
necessary from BLOCK. The governing equations used to determine the
energy source quadrant are presented in Volume I.

CALLING PROGRAMS: TRANS, IVE, LPR, SUBDFF, FFLMPZ, FFFZ

ARGUMENT LIST: None, all data required is transferred into and out of this
routine via the GEl block common.

NOMENCLATURE: The following FORTRAN nomenclature is used by the BLOCK
subprogram. Also used in the BLOCK routine are the variables of the GEl
block common statement which are defined with the SUBM1 (main program)
nomenclature.

A Cosine of the projected angle in the X-Y plane
between the RCS node normal vector and the RCS node
to energy source vector

B Cosine of the projected angle from the Z axis between
the RCS node normal vector and the RCS node to
energy source vector

IQ Self-blockage quadrant index in which the RCS node
to energy source vector originates
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BLOCK SUBPROGRAM FLOW CHART

START

NO

[ CALCULATE B

6

CALCULATE A

RETURN 5REUR

is

A < 0 YES

0

YES . YES 12 iB
B <0 

B <0>

10 \/ 
14 NO

I Q =4IQ =1 IQ 3 IQ3

RETURN
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IlI
* 14.5t.* SLtMH 5tits t MIss I 7pI5i g4-Itr
tuIVAC 11014 MINTH'N V IIEI.I. adim 0MM 4l01"1t
THIN XIMPIIATION %AS I OKN ()% 11 M iiH 71 AT 14:111:46

SutOIKRTIIN: IlAX'k iENTH POINT 000111

STISRAG: L.$.D k IiS.Kh, NAMl, I4"N11i)

0001 *CtW." 000113
0000 *DATA 00001?
0002 *itANK 000000
0003 CA.I 000043

EXTII NAL HR-F113-CE ht .'K AM$.)

0004 %UT
0005 NtRAS

STOHAGE A.SIC I.%T kOH VAHIARIES (.ICK, TIPEl., HIATibE ItXATION, ,.Vi.;

0001 000062 101, "0001 . 000D67 lat. 0001 000100 141. 0001 000022 41. 0001 000040 SI
0000 R 000I91 A 0003 H 000003 ASIK 0000 H 000000 H 000A H 000006 H% 0003 H 000051 FXw
0003 R 000001 mv 0003 R 000022 HNY 0003 H 000010 H 0001 R 000011 (CO.P 0003 H 000041 CO(% hS
0003 R 000031 CST 0003 R 000023 (TITS 0001 H 000024 DX 000.1 R 0000Z5 01 0003 00001 oooo 7
0003 H 000032 IAIXYT 0003 R 000014 VSF 0003 R 000031 (Xl3*5 0001 H 0000.10 (XWINP 0001 H 000034 (X)GOI.
0003 R 000036 OO(',MA 0005 R 00003% (M(O l1) 0003 I 00002 10 0003 H 000013 PHI 0005 H 000004 PHIt
0003 R 000012 SINP 0003 H 000041 SI SUN 0001 H 000037 S :N 0003 H 000040 SIV) 0001 H 000005 ITI
0003 R 000000 XSE 0003 R 000001 lS 0003 H 000002 71.

00101 1* %UtorlrI BILK
00101 2* C
00103 3* Of"4I /G" / XSE,SE,7?SF.ASE,PtI I ,"TI HX,R ,HZ,()SP,51NP,PHI,
00103 4* I FSF(S),HXX.HYY,x)STIDX,DYD7, Io,()FIHP,
00103 5* 1 (X)ST,rA3Yr,GCWIRK)OALCOU)D.O5L N.SASLND.SINN.COStN
00103 6* C
00104 7* I 10.00.5) REIRTlRN
00106 A* IF (WSTI) 4,2.4
00111 9* 2 B = -BZ*(BXX*DX * BYY*DV)
00112 10* GO TO 6
00153 11* 4 8 = COSTI*DZ - SORTIDX**2 + DY**2)*HZ
00114 12* 6 A z DX*BYY-DVY*RXX
00115 13* IF (A.LT.0.0) GO TO 12
00117 14* IF (R.LT.0.0) GO TO 10
00121 15* 10 = 1
00122 16* R TlRN
00123 17* 10 10 = 4
00124 s* RIRJRN
00125 19* 12 I (B.IT.0.0) G TO 54
00127 20* IO = 2
00130 21* RE'lAIRN
00131 22* 14 10 : 3

00132 23* RF'It1N
00133 24* END

END OF UNIVAC 1i0" I()THAN V COMPI.AI'rION. 0 *S)IAG(NOSTIC* M:SS.i%(IU;(S)
SUM5 SYMB)LIC :30 JAN 70 09:43:07 0 0144161t 14 24 Ilwlt.:l))

sUt'Ms COD, HRSIC ATAFII.": 30 .IAN 70 09:43:07 I 01442"32 24 I -I.I-: SI))
0 01I44236T2 14 9
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SUBPROGRAM NAME: Subroutine TRANR

SEGMENT NAME: SUBM6

PURPOSE: Read RCS timeline - environment location/orientation input data
on Card B2, check input data for errors, and initialize the environmental
subtotal array.

DESCRIPTION: The RCS timeline environment location/orientation input is
read by TRANR and checked to assure: time is greater than the previous
time point; the RCS mode index is not greater than allowed and is posi-
tive; and the RCS Z distance above the local environment surface is not
negative. Additionally, TRANR initializes NVM, TIMEO, MOLD, and the
RCS environmental subtotal array.

CALLING PROGRAMS: IVE, LPR, LCR, CHB, CHR

ARGUMENT LIST: None, all data required is transferred into and out of
TRANR via the MR and GEl block common.

NOMENCLATURE: The FORTRAN nomenclature used by the TRANR subprogram consists
of the variables of the MR and GEl block common statements. The MR and
GEl is defined with the SUBM1 (main program) nomenclature.
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TRANR SUBPROGRAM FLOW CHART

Read timeline - enviroment
location/orientation on card
a2

ICARD * ICARD + 1

Time 0 0 eq

No
&32

Is
T e tTimeo Yes Write Diagnostic

No

~1

Is
Mal lN Mode Write Diagnostic

0

( O (3)<n 0 e (3) 0.0 Time -100

No

to heculrren RCS odeat io cosI t

Is

No0

Se Ca locatioRCSorientation cota nt
initialze RCSbernmen euoals

* -RItetur
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III ,, N ,, ,,,.,
st ~ ~ MatI 4 t*

* I N1.* .SI ,*,MV. h "

tUNIVAC II004 Ii11'HAN V' i.Ell U1l, 001. l t OIPI

THIs CMPIIATION U.lS CxAE% 0%.1 M1W 71 AT t14 1": 40'

S I lOtrr#NE TRANH ENWT POINT 00041.1

STERtAtGY t:ED 111,K1. NN., t;LoTM)

0001 *1C31 000220

0000 *DATA 000132

0002 *HIAk 010000

0003 Mt 001 I7

0004 GEtl 000043

IEXTINAL R. TM tENC % tilth, N I')

0005 %itI:s

0006 %lOts

0001 )1024

0010 (0

0011 SIN

0012 A1 $S

0013 NEAtI3S

-STAGE A.SSIGW.T I10I AIIAHIf'.S (III9K, TP., KEItATIVE IWCATU1., %'4"I

0001 000020 1140 0001 000106 1420 0001 000106 140 ol001 000e1 ISTG 0001 000136 1@321.

0001 000157 1341. 0001 0001177 901. 0000 010003 90F 0000 000005 920F 0000 00002 9.46F

0000 00005% 937. 0003 N 001007 AI4.1T 0003 O 000041 AN.M' 0004 N 00000.1 ASFI 0004 N 000006 R

0004 R 000021. XX 0004 R 000007 Mn 0004 R 00002 111 0004 a 000010 HZ. 0004 0 000011 I)P

0004 R 000042 COUSSN 0004 R 000011 (IST 0004 I 000023 CO STI 0003 R 0013126 YrlW 0004 N 000024 I)

0004 R 000025 D 0004 R 000026 OZ. 0004 R 000032 AIITF 0004 O 000014 '.F 0004 R 000033 (AWI1

0004 R 000030 CG(WIRP 0004 R 000034 001., 0004 It 000016 (X).(0A 0004 R 00003% (i )tit) 0000 I 000002 1

0003 I 000013 ICARD 0003 I 000442 IN 0003 I 000007 IXIT 0003 I 000014 IPAGE 0003 I 000024 IPItI%T

0004 I 000027 10 0003 I 000010 IIF 0003 I 000012 ISC 0000 I 000000 Is 0000 I 000001 .1

0003 I 000000 M 0003 I 000001 MAX 0003 I 000430 IJ1). 0003 I 000002 11N41- 0003 I 000003 MIX )

0003 I 000023 MTRI.N 0003 I 000006 NA0 0003 I 000022 MNI 0003 I 000004 MI&Wx 0003 I 000005 NVM

0004 R 000013 PHI 0004 R 000004 PHIl 0003 R 000015 Pl 0003 R 000016 Pl1p0 0003 R 000067 O"

0003 R 000025 RF 0003 R 000017 S10 0004 R 000012 SIhP 0004 R 000041 511151N 0004 R 000037 SUtN

0004 R 000040 SIAD0 0003 R 000011 TINT 0003 R 000477 1IAT 0004 R 000005 TIrT1 0003 R 000021 TIW

0003 R 000020 T111X) 0003 R 000461 TITIE 0003 R 001317 XN 0003 It 000060 XO 0004 R 000000 X3S

0004 R 000001 VSE 0004 R 000002 ZSP

00101 1* St RiMJAFINE TRANR
00101 2* C
00103 3* C1(NW / MR / ,MAXMK 1N,M4DJ).NM(XE,N47,NAW.,I(Xff,IREV,Y(NT,
00103 4* I ISC. ICARDI, IPAGE, P , P I I 0. 10. TI1MX,TI MI. NIM1IJ I IPRINT,

00103 4* 2 REIt12.I), ANAA I )), XO( 11,T(II, I ).WW(I 0). INI I 5),TITIE 14 1,
00103 5* 3 T1MAT 420, 10 ), AIAT( 20, 1 0), XN(7), UT I
00104 To U(IW4) /G0 / XSE,VS, .ASE.PHI I,1THTI,BXHY,RZWISPSINP,PHI,
00104 i* I IVSE,%.RXX,AYY,(X) ITI,DXDY,DZ,,IOOWIRP,
00104 0* I x)T,,A7WI,00FItR,.S0SiLO.uS(xD.i), A,I.SUND.SINSItSN.sUN
00104 10* C
00105 I1* OIJ) : N
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16 12* HEAD (,90S) IPHINIM,TIMI',IYlIMI.,XO
00120 13* ICARD = ICAD + I

00121 14 IF (TIM'.t.I.0.01) I11,tN
00123 15* IF (TIME.LT.TIME)) (k0 1)0 (3;
00125 16* IF (M.GT.TINX;) (XO T11) M34
00127 17* IF (XO(3).IT.0.0) X043) : 0.0
00131 1 * IF (M.I..0) M=1:I
00133 19* M(X*) : MK (M)
00134 20* NVM : 0
0013 5 21* TIMIlX) : TIME
00136 22* PHI : XO(4)*PIIP0
00137 23* (COSP : (COXIPHI)
00140 24* INP : SIN(PHI)
00141 25* Dl) 10 J :1,15
00144 26* DO 10 1 =:1.s
00147 27* 10 Tr(I.I) = 0.0
00152 26* IF (IbRF.NE.2) RHn'1IN
00154 29* IVF (M.N.. I RfIlalth
00156 30* DO 50 1:1,7
00161 31* XN(l : XO4I)
00162 32* 50 COTI N
00164 33* RI'llVti
00164 34* C
00164 35* C SECTION 0400, INPUT R HOR DIAGO-STIC MESSAGKS
00166 36* 832 WRITE (6,920) ICARD
00110 37* WRITE (6.936) TIMD,).TIM,
00174 38* GO TO 890
00175 39* 634 WRITE 4(6.920) ICARD
00200 40* W ITE (6.937) M,*N7JD0E
00204 41* 890 TIME : -100.
00205 42* RntlIN
00205 43* C
00205 44* C SECTION 900. FORMAT STATF*E'NTS
00206 465* 905 FORMAT (214.90F.3)
00201 46* 920 F6tI 4T (////47H FATAl. EtRORt IN1 DATA INPtr FiXiD ON CARl) NtPg1R,
00207 47* 1 14 , / 52H PR(XtmAM WILL CAI. EXIT AFTER THE IXIN.IAWINO MSsAGE
00207 4$* 2. ////)
00210 49* 936 FORMAT (56H TIMI INCRIMINT HI'"FI:N ASTRONALtF POSITIONS IS NHXIATIVI
00210 SO* I. / 14H FIRST TIME =,F'0.2,30X.14H S FXX)D TI.E =,FI0.2 )
00211 51* 931 FRMIATI121H VARIABLF M WHICH SPI IFS THE ASTRONAtr M().E FOR RIVE

00211 52* IRENCE C()IRDINATE SSTF2M ON PROCESSINO IS TX) IARGIE: OR T SM 41..
00211 53* 2//IIH M INPUT = ,,15. 30X,IKH MAXIMM ALL.OWED =,14 I
00211 54* C
00212 55* END

END OF' UNIVAC 1108 FOlRTRAN V OMPILATION. 0 4*DIACNOSTIC* WESSAGEI(S)
StM6 SYIOLIC 09 MAR 71 14:47:47 0 01651%22 14 55 (EITED)

SUBM6 (O E RELOCATABLE 09 MAR 71 14:47:47 I 01653024 36 1 (DLT.'ED)

0 01653070 14 . 23
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SUBPROGRAM NAME: Subroutine TCR (IE)

SEGMENT NAME: TCR

PURPOSE: Execute any of the three tape manipulation options available to
the EHFR user.

DESCRIPTION: The three tape manipulation options available in the TCR
program are the output tape combining option (TCO), the parametric
properties evaluation option (PPEO), and the tape read and print option
(TRPO). These three tape options enable the EHFR user to effectively
utilize a library of previously generated RCS timelines which are avail-
able on magnetic tape. Details of the tape manipulation option are
presented in Section 5.3 of Volume I.

LIMITATIONS: TCR tape drive limitations are defined in Section 5.3 of Volume I.

CALLING PROGRAM: SUBM1 (Main Program)

ARGUMENT LIST:

IE Tape manipulation index (read into EHFR as IENV
on Card B1 in SUBMI) - (input)
IE = 6 is TCO
IE = 7 is PPEO
IE = 8 is TRPO

NOMENCLATURE: The following is a dictionary of FORTRAN nomenclature used
in the TCR program. The variables of the MR and GEl block common state-
ments also used in the TCR program are defined with the SUBM1 (main
program) nomenclature.

A(I) Solar absorptivity of material I

ARR(N) Thermal absorptivity of RCS node N

ASS(N) Solar absorptivity of RCS node N

E(I) Thermal absorptivity of material I

ENV1, ENV2 Environment name in A format

IE Output tape manipulation index
= 6, TCO
= 7, PPEO
= 8, TRPO

IENV Environment index number on output tape

I, J Indices
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IMR Index for multiple reflections
+ Multiple reflections have been calculated
0 multiple reflections have not been calculated
- multiple reflections have not been calculated

IP Tape point number for tape combining

IT Tape mounting unit number for tape combining

13, 15, 16 Print indices

MAT Dummy variable

N RCS node number

QA(N) Absorbed heat by RCS node N, Btu/hr

SUND Sun vector angle above -X axis, deg.

X Dummy variable
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TCR SUBPROGRAM FLOW CHART

IE 6 TCRO
Start * 1 PPEO

.8 TRPO

DTIME Read in A(1), E(I). (solar and IT * 7
thenal absorptances) for each Rewind Tape iT
material I

15 22
IME < 0 yes euno

SUBMI Is Read Tape IT

Return0

For eacR or AI)>1,
mtterial I

No
Is

TIME L TIMEO 
2Ist iansiS0 Yes iedgosc

1.0 TIME - -100

Is Write diagnostics

TM IME Y-100 Return
For each RCS node N set
I M HTRL(N
ARR(N) -E )

Rtewind Tape ITur 
IT *

ITAS(N - 7

RewInd Tape IT

Read T;lu ITet 125

, ./Subtotal cal-

me culatinons nott

670 required

Write output on

Read Tape IT

s Is35

Is TIME, 0 Yes Return Yes TIME<0
IrR < 0 N-0

No No
No

Y IMR -t IMR <0

No
No

Calculate QA for
eac h RC S Node

635 1
Subtotal the RCS
regional
environments, 

Q
Subtotal ICal-

- -- --- tcu l ations not
670 14required

g Write output on
DTIME 1tp

ElE -1 tape DIM

IME TIM + DIM4Write output on
paper

No

Is
Yes DTIME4,0 .6 IE 225

*7

125
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III
SFOR,* TOt,TCN 27 APH 71 o
IhlVAC 110A R~MTrAN V IFIL, 2206 0014 F'50I"H
THIS OU4PILATION W A DX3E ( 27 APR 71 AT 10:27:22

StULtOTINE Tt LNITY POIN' 001412

S'WRAGE USED HIDCK, M14, U-NU-11J )

0001 *"Wl 001430
0000 *DATA 005337
0002 *HIANK 000000
0003 4H 053203

EMMRNAI, REl>TRNCES (HLXCK, NAW)

0004 EXIT
0005i NMIl$s
0006 NIOIS
0001 NIO2$
0010 NEW%.
0011 MNU*)S
0012 Nix~;S
0013 N'IIS
0014 NIRH3S

SItAGFE ASSIGN+4T FOR VARIAIIES (BIIX7, TYPE, RI ATIVE UCATION, NAME)

0001 000016 1170 0001 000023 1230 0001 000112 125L1 0001 000034 1310 0001 000075 1430
0001 000132 1610 0001 000153 1730 0001 000221 2001, 0001 000211 2130 0001 000226 225M
0001 000246 2310 0001 000267 2430 0001 000375 3020 0001 000413 3120 0001 000434 3240(
0001 000472 3450 0001 000473 3500 0001 000503 3560 0001 000557 4030 0001 000600 4150
0001 000641 4360 0001 000707 4630 0001 000716 46701 0001 000723 4730 0001 000775 517G
0001 001006 5250 0001 001025 53f60 0001 001055 5520 0001 001060 5550 0001 001104 5670
0001 001154 6120 0001 000321 6251. 0001 001225 6340 0001 000465 635L 0001 000537 670L
0001 000616 672L 0001 000701 676L 0001 000730 678L 0001 000735 600L 0001 001013 6641.
0001 001033 685L 0001 001067 689L 0001 001137 6951 0001 001250 6991 0001 001274 P02L
0001 001313 810L 0001 001334 8221. 0001 001353 @32L 0001 001373 8901, 0000 004630 902F
0000 004632 905F 0000 004634 920F 0000 004661 922F 0000 004676 924F 0000 004713 926F
0000 004737 936F 0000 004762 950F 0000 005011 951F 0000 005051 952F 0000 005102 953F
0000 005105 954' 0000 005111 955F 0000 005125 956P 0000 005153 957P 0000 005177 95FF
0000 005212 959F 0000 005223 960F 0000 005242 965F 0000 005244 971F 0000 R 004540 A
0003 R 001327 AL 0003 R 001007 AIflMAT 0003 R 000041 ANAMJE 0003 R 002173 AR 0000 R 000000 ARR
0003 R 003037 AS 0000 R 001440 ASS 0003 R 001326 DTIt4 0000 R 004564 F 0000 R 004617 E'Vi
0000 R 004620 FNV2 0003 R 003703 G MEM 0000 1 004612 I 0003 I 004547 IA 0003 I 000013 ICARD
0000 I 004616 IMNV 0000 1 004622 IMR 0003 I 000442 IN 0003 I 000007 IC10. 0000 I 004624 IP
0003 I 000014 IPAGE 0003 I 000024 IPRINT 0003 I 000010 IRFP 0003 I 000012 ISC 0000 I 004613 IT
0000 I 004611 IS 0000 I 004610 13 0000 1 004626 15 0000 I 004627 16 0000 I 004625 J
0003 I 000000 M 0000 I 004615 M4AT 0003 1 000001 14X 0003 1 000430 MDE 0003 I 000002 MODM
0003 I 000003 MOD 0003 I 052337 HMRL 0003 I 000023 MIRIN 0000 I 004614 N 0003 I 000006 INAW
0003 I 000022 N-MU 0003 I 000004 N"D 0003 I 000005 NV $4 0003 R 000015 PI 0003 R 000016 PI190
0003 R 006257 O 0000 R 003100 A04 0003 R 020137 OR 0003 R 021003 OS 0003 R 000067 Or
0003 R 000025 REP 0003 R 000025 REFI 0003 R 000026 REF2 0003 R 000017 SIG 0000 R 004621 %hD
0003 R 005413 TOXN 0003 R 000011 7TCNF 0003 R 000477 TV4AT 0003 R 000021 TINE 0003 R 000020 TIND
0003 R 000461 TITLE 0000 R 004623 X 0003 R 001317 XN 0003 R 000060 XO 0003 R 021647 XR
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lilt 1* St qIwx'.1 NE TH I I-F

00101 2* C
00103 34 PARAM %=3. =420
00104 4: Io SCv. / w. M. iW. itwJM'. . . IO, tl" ,IT
00104 S* I , IC.ICAuI),ipA . ,P lI ,0, I , I) . , ,MINISIPHIT,
00104 6* 2 RFiFt , i-0 ) ( 7 "),UT I S,15 1,4 it 0 ), Im V 1 TI1t414).

00104 7* 3 TI1T(20, IO). k Ti ZOL , 10) N ). I rrI ,
00104 #* 4 Al , ),A ,A. 1, EI . . I,4 ),1
00104 9* 5 OtI2, s ;) (1 ), ( ,0 MI 1X

)

00105 10* DIowI) AHt00,.. o01 00),,0,2
0

00106 t11* XA'IAIkE (H}I,Rki-(I))s,(HW FHZ)
00107 12* DATA 13 / 135 /

00107 I3* C

00111 14* IF (IF-7) 625,100.200
00114 1* too00 o ,'l IN TE
00115 16* RiA-) (5,902) A,F
00127 117* ICAHDI) = ICARD 4
00130 l2* X) 102 I=:1.20
00133 19* IT = I I
00134 20* IF A(I) .IJE. 0.0 .(. A(I) .(T'. 1.0) M) TO 22
00136 21* IF (EI) .IJ'. 0.0 .(1N. E(8) .GT. 1.0) IX) oU 22
00140 22* 102 C(wNINLE
00142 23* 00 110 N:=I,MAX
00145 24* 0= MILI(N)
00146 25 ARR(N) : El(I)

00147 26* 110 ASSIN) : AMI)
00151 27* IT = 7
00152 2K* RI' IND ) IT
00153 29* 125 HR1D I IT)TIME,M.H -wIKTXO, IFNVFIF.%V2,StD,1TMX), 141,
00153 30* 1 X,O(N),H(N),1T(X)N(N),X,X,N=I ,MX)

00204 31* IF (TIMtX.E.0.0) Rf'I l N
00206 32* IPRINT : -2
00207 33* IF (IMR 1.LT.0) (00 TO) 670

00211 34* 1It = 0
00212 35A O 135 N=:1,)4AX
00215 36* GAIN) = OSIN)*ASSIN) * QCH(N)*ARRIN)

00216 37* 135 O(wNX1l E
00220 3* (X) 1 635
00220 39* C
00221 40* 200 IT = 7
00222 41* REWIND IT
00223 42* 225 RFAD (IT) TIWE,MIX-*4,MAT,XO, IFNV,FJNVI FENVZ,SUND,T7X'N, IR,
00223 43* I (QA N),S ,N),R(N),TIU(N),X,X,N=1,MAX)
00254 44* IF (TIM.LE.0.0) CALLJ. EXIT
00256 45* IPRINT : -2
00257 46* IF (IR) 672,635,635
00257 47* C
00262 46* 625 ONTINLE
00263 49* READ (5,905) IT,IP,TIME,,DTIME
00271 50* ICARD) : ICARD * 1
00272 51* IF (TIME.LE.0.0) R"IRN
00274 52* IP (TIM.LT.TIMFD) CO TO 032
00276 53* IF (IT.I.T.7) 00 TO 602
00300 54* REWIND IT
00301 55* DO 630 I=I.,IP
00304 56* READ (IT) X,M,MDDa4,MAT,XO, IE)V,ENVI ,.NV2,SID.ToMlT, IMR,
00304 57*4 1 (QA(N).O (N),CR(N),TOON(N),A.SS(N),ARR(N),N=I,M4X)
00335 56. IF IX.LT.0. 00o 0 010

00337 59* 630 CXN rlNE
00337 60* C
00341 61* IF (IM.LT.0 IMR = 0
00343 2* 635 (NTINE
00344 630 DO 640 1=1,3
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L7 64* DO 640 J=:l,l

00352 65 640 QT(I..I) = 0.
00352 66* C
00355 67* DO 650 N:1,4M
00360 6* J : IA(N)
00361 69* OT(4I.J) : OTE 3,.I) * (N)

00362 70* OTQ2,J)I = O(2..I) * 0S()
00363 71s OT(43,J) : T(l..I) * OR(N)

00364 12* OT(I,1) = UT(l,) 4+ 0 1(N)
00365 73* OTr(2.1) : OT(2,1) * US(N)

00366 74* OT(3,1) : OT43,1) * U(N)
00367 75* 650 C(XwI'1N1F
00367 76* C
00371 77* IPRINT : 0
00372 7g* IF (IE.GT.7) 0 11) 672
00374 79* 670 O(WrINL-
00375 0O* WiTE (IOMf) TIM.,M,MNI*N ,RIX,0,I.',FNVIFNV2,SLND,IlXAT,I-
00375 P!* I (0(N),0t( %,0(), MO(N)(N),ASSN), AHR (N),N: I ,MAX

)

00426 @2* 672 (XW NIE
00427 83* I5 : 1
00430 04* 16 = 33
00431 -* IF' (16.OT.P4X) 16 : MAX
00433 @6* IPA'F : IP,1i * I
00434 87* WHITE (6.950) TIT1J:,IP,,'TIM:,R.1, 2,MODEM',NVI'V2
00451 88e IF (IE-7) 674.676,679
00454 p9* 674 IRITE (6,955) IT,IP
00460 90* 00 ) 60PO
00461 91* 676 WHITE (6,956) (1,:=1,20),A,E
00477 92* (01) 1TO) 6t0
00500 93* 679 WMITE (6,950)
00502 94* 690 ( "N 11E7
00503 95* IF (IM.OT.0) WHITM 46,60)
00506 96* IF (IFNV.N.I) I ITE(6,959) tIND
00512 97* IF (IREF.NE.2) () T bY4
00514 90* WRITE (6,q71) REFI,(XO(f),I:1,4),Tfl(I',RFI2,(XO(I),I:5,7)
00531 99* C) 170 685
00532 100* 684 WRITE (6,951) R'",H'2,(XO(I),:I,4),T(N
00543 101* 685 COwIINL

"
.E

00544 102* WR1ITE (6,952)
00546 103* IF (NAME.IE.0) O T7O 609
00550 104* WRITE (6,953) (ANAE(J),(('t(I,J),I1=,3),J2,NAM.)
00562 105* 689 WRITE (6.953)
00564 106* WRITE (6.953) ANA .(I),(OT(I,1),I:1,3)
00573 107* WRITE (6,965)
00575 108 i IF (IPRIINT.NE.-2) 00 TO 695
00577 109* WRITE (6,957) REF'.IREF2
00603 110* IF (IE-7) 625,125.225
00606 111* 695 WRITE (6,952)
00610 112* WRITE (6,954) (N,G(FOE.(N),0A(N),OS(N),0R(N),T00N(N),N:I5,I6)
00623 113* 696 IF (16.F-O.MAX) O TO 699
00625 114* .IS : 16*1
00626 115* 16 = 16 * 13
00627 116&* IF (16.CT.MAX) 16 :M.X
00631 117* IPAGF : IPAGFE * I
00632 118* WRITE (6,950) TITLE., IPA',F.TIE,RFI,RF2,t[1,i,E)VI ,F%'V2
00647 119* 0 TO 695
00650 120* 699 IF (IE-7) 700,125,225
00653 121* 700 (ONTIN SE
00654 122* IF (DTIM.E.0.0) 00 TO 625
00656 123* TIf := TIE * UrIINE
00657 124* TIMFD: TIME
00660 125* DTI.ME:= -1.
00661 126* IPRINT = -2

38



III? 127* II I1.I-U.O) 144 = -2
00664 12* (x) 1) 670
00664 zq29* C

00664 130* C -FRTION #00, INPtT WHOi WII. I(CTI
"

C I-v;i

00664 13t* C
00665 132* 02 HRIT- (6.920) ICMi)
00670 131* %HITE (6. 922 IT1
00673 134* X) 11) 90

00674 135* s10 HItI (06.920I IrAHI)
00617 136* WITITE (6,924) ITIP

00703 137* (X) 11) 90
00704 13l*. $22 WHIl 46,420) I(AHI)

00707 139* W I I (6,Q926) ITI.
00712 140* 00 10) 090
00713 141* 132 MITE1 (6,920) ICARHI)
00716 142* lI . (6,93.1I TI -X).TIME
00722 143* 090 TIME = -100.
00723 144* Ri-'l1N
00723 145* C
00723 146* C S-rTIONl 900, HF~3M1T STATI- NVrS
00723 147* C
00724 14t* 902 FXUMIT (10FO.3)
00725 149* 905 FRkORT (214,90.31
00726 150* 920 REIT (////47H FATAL FIWlt IN iDATA INPT I-KI) ON CA('ND MNIgM-i,
00726 151* 1 14 , // 5211 P3 AM 1AIII. CAIL. EXIT A I-.I 1- : RX ,iM IM ; I'.SA(:
00726 152* 2. ////)
00727 153* 922 FUI- lT (12H TAPE NI III 3,. 5, 51H IS Mr A11tMYIE. USE AMA711-I

00727 154* I INPLT TAPE lIIIIW. I
00730 155* 924 (IlMIT (2H TAPE M M*I,15..10H , POINT , 15,321H IS eFN1) "NO" I-)
00130 156* I OF FilE KMI . )
00731 157* 926 RIR1T(6H T:l4i4 1iV .SOAR AR IlPTIVITY OR 1139- I. I-)MISSIVIT' FII
00731 154* I 4TI-RIAI. ,14,3IX,3.5H IS N-TATI ( ; GI ,Al- 11r IT Y. )
00732 159* 936 FRM4IAT (561 TIME INHtI--NT ET .N ASTllI 1roif PO(ITI(S IS NFI-.TIVIE
00732 160* I. // 141 FIRST TIMW =,FI0.2,30X,14H SFI-XX)1) TINE :,10.2 I
00733 i61* 950 F- MAT (91t TI;,21X,14A5.1I2X4HPA E;,14 /91 1 HR),/I0.3/
00733 162* I 30X,2AS, FIP IN A ,AS.291fING fWl: IS IDLATFD IN A
00733 163* 2 ,2A6,1,04 INVINW-IFNT. // )
00734 164* 951 ClI'41T (14HO ,2A5,16X,I0,9,IfY.9qX, 25HZi AI7i..' 1 0NTA4cr /
00734 165* I 10H IlCATION.16X, 45H(3-T) (FIT) (PT) (DI-.) TI
00734 166* 2P / 20X,3FI0.2,21I0.1 ///
00734 167* 3 40H SLM RY OF TIE 1TI-M,11. ENVIRI .Nr. / )
00735 168* 952 FIRMAT (3(42H O O O AD W) /
00735 169* I 3(42H NUDE NIODE TrAL. SOLAR I.R. TEIMP) /
00735 170* 2 3(42H NO. KNE ABSOR (I INCID INCID D-G R) )
00736 171* 953 FI SAT (9XA5,3-7.1)
00737 172* 954 FRtV1AT (3(I@,IX,A5,4F7.1)I
00740 173* 955 FOU0AT ( 30X,31H TAPE COHINING OPTION. TAPE, 13, 20X,
00740 174* I 1511 TIELINI. POINT , 15 // )
00741 175* 956 F~r4T ( 30X,50H PARAMETIC MAI"LIALS PROPFRTY EVAILATION OPTI
00741 176* ION. // 1211 MATRIAL ,13,1915 /12H SOLAR AR "R,20F5.3/
00741 177* 2 12H I.R. ARSOR, 20F5.3 II)
00742 179* 957 FRURAT (//// 2X.2A5,1024 LNVIRONK'NT !'S THE S,.E AS T: PR~'VIOLS
00742 179* ITII F )IT. S E 7 4tAT PRIMIXLTr I-UR D:TAlUD NMD1L FI.'X DATA. I
00743 180* 959 FORMAT (30X,50H TAPE READ OPTION. NO NE OLTPUT TAPE GE3->RATED.
00743 16* 1 //
00744 !(2* 959 FOPMAT (13H E NVIROA'NrT ,16MRISUN ANGI'EE Dl) = ,F7.2 /I
00745 193* 960 F-UR. MAT (7-H THE RES L TS FOR ThIS TINE POINT I(LUDE MILTIPLE REI-L.
00745 14* IECTIONS CALCUIiATIONS. II
00746 1F5* 965 FIRM% T (IH ///)

00747 1@6* 971 RF-XIT 021HO ILCATION ,16X,IHX,9XIHY,9X,25HZ AZIMIIH1 (OCXT
00747 lA7* tACT /26X.45H(-T) (PTi) (PTr) (D-G) " I-P R /
00747 l3-B* 2 12X,A5,3X.5Fi0.2 / 12X,A5.3X,3FI0.2 ///
00747 3 89* 3 40H SIPIARY OF TIHE I-I[- . NVIRONPNT. /I

A~o 390* I-ND

I-ND OV I.% 1 -C 10.I I- FliA% ', (IVMPIIAIO\. 0 *I)IAO-(TIV - :s-.u; (,S
TO.R MS)t.IC 24 AIPH 71 22:i3:27 0 (f1iU/(0 I 14 30 tI.3-I'l3)
TOR ({JE R3EL'ATIU- 24 IPH 71 2:j:27 I (04 414 t14 30. 1 4ll-y3l1-]))

0 ( l243 4.60 14 131

39



SUBPROGRAM NAME: Subroutine IVE

SEGMENT NAME: IVE

PURPOSE: Calculate the intravehicular thermal environment on the Reference
Coordinate System.

DESCRIPTION: The intravehicular thermal environment is simulated by a
rectangular enclosure which emits energy in the infrared spectrum.
The surface temperatures for each of the six enclosure surfaces, the
enclosure size, and enclosure surface i.r. emittance are input to
the IVE program. The governing equations used to determine the intra-
vehicular thermal environment are presented in Section 4.1 of Volume I.

CALLING PROGRAM: SUBM1 (Main Program)

ARGUMENT LIST: None, all data required are transferred into and out of
this subprogram via block common.

NOMENCLATURE: The following is a dictionary of FORTRAN nomenclature used
in the IVE program. Also used in the IVE program but not included below
are the variables of the MR and GEl block common statements. The MR
and GEl variables are defined in the SUBM1 program nomenclature.

AA Form factor term from RCS node to vehicle surface
node

ALPHA Absorptance of RCS node to incident radiation

B1 Cosine of angle between RCS node normal vector and
vehicle energy source

B2 Cosine of angle between vehicle energy source normal
vector and RCS node

DA(K) Node area of vehicle interior surface K, ft2

DL, DS Node length variables used for node center point
calculations, ft.

DYN (K) Node Y 1/2 length magnitude of vehicle interior
surface K, ft.

DZN(K) Node Z 1/2 length magnitude of vehicle interior
sufrace K, ft.

ECN Infrared emissivity of vehicle interior surfaces

ENVI, ENV2 Environment name in A format

FA Form factor from RCS node to vehicle surface node
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FSC Form factor from RCS node to vehicle interior

surface

FSC5 Form factor from RCS node to vehicle interior deck

FSC6 Form factor from RCS node to vehicle interior overhead

H(K) Height of vehicle interior surface K, ft.

IENV Environment Index number

Il, 12, 13 Print indices

I, J, K, KL, L, ISC Indices

N RCS node number

NN Number of vehicle interior surfaces for which nodal
data are required

NW Number of vehicle interior surface node widths

NH Number of vehicle interior surface node heights

NN2 Number of vehicle interior surfaces

PHIC(K) Azimuth angle of vehicle interior surface K, Deg.

Q(K+2, N) RCS node absorbed heat from vehicle interior surface
K, Btu/hr

Q(l, N) Total energy absorbed by RCS node N, Btu/hr

Q(2, N) Total energy incident on RCS node N, Btu/hr

QIR(K) Infrared radiosity of vehicle surface K

R4 (Distance)4 between RCS node and vehicle source

THTC(K) Inclination angle of vehicle interior surface K, Deg.

TSC(K) Temperature of vehicle interior surface K, "R

TSCF(K) Temperature of vehicle interior surface K, oF

W(K) Width of vehicle interior surface K, ft.

WX Vehicle interior width in X direction, ft.

WXX Stored vehicle interior width in X direction, ft.
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WY Vehicle interior width in Y direction, ft.

WYY Stored vehicle interior width in Y direction, ft.

WZ Vehicle interior height in Z direction, ft.

WZZ Stored vehicle interior width in Z direction, ft.

X Node center point X coordinate of vehicle surface K,
Ft.

XC(K) Center point X coordinate of vehicle surface K, ft.

XN(K) Surface K unit normal vector magnitude along X axis

XSH(I, K) X coordinate of corner i, vehicle surface K, ft.

Y Node center point Y coordinate of vehicle surface K, ft.

YC(K) Center point Y coordinate of vehicle surface K, ft.

YN(K) Surface K unit normal vector magnitude along Y axis

YSH(I, K) Y coordinate of corner i, vehicle surface K, ft.

Z Node center point Z coordinate of vehicle surface K, ft.

ZC(K) Z center point coordinate of vehicle surface k, ft.

ZN(K) Surface K unit normal vector magnitude along Z axis

ZSH(I, K) Z coordinate of corner i, vehicle surface K, ft.
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IVE SUBPROGRAM FLOW CHART

Start

[ Read input data card Cl

Set vehicle widths and height equal to tored 656 u p en rom by area

values if required for each vehicle Sbtot the'RCS regional!. -aj _ e! j ~d~~ .c otlnviroranonta QI.

605 For each vehicle interior surface:

Calculate surface corner coordinates
Calculate surface nodal coordinates I
Calculate surface radiosity
Calculate surface unit normal vector components 660 Continue

620 
670 Writeoutput onIL, tape

625 Call TRANR to read input card 8-2 and initialize
da ta

672 Urite output on

Time t0 
paper

Calculate contact tempe
rat
ure

Call TRAMS

_epra ;S en _ time 0T im

69

Is D Tim

0 +
IQ

Calculate FSC5, FSC6 
Yes

'O0 self blockage. I..e environment
no enviroment I as previous time
calculations point, no calcula Ca
necessary tions necssary o Chi e ur 3

face cor r Repeat fo
each
v ehicle

Ye surface

calcul ate tfon
factor to vehicle
interior surface

63

NJ,
67 1

'dify FSCS, FSC6
when necessary

649

Calculate incident
and absorbed heat
heat from vehicle
interior surface

650 Continue
Calculate QR, QS,

AR

Call TABW for
Adiabatic wall
temperature
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III
SH.7 AM 71 IfP ?I

VNIVAC 110$ IR141111% v 11., m z21o lit" 1-01011

THIS (.(PIIATI(h % IX (I - e7 h APH 71 AT 10:216:27

SLtKuXTINE I1. IEV' llM INT 002040

ST(1tA;E 1 ID (OHIK, tlk:. % JiTIIl

0001 "*XX• 002063
0000 *DTA 0532Z4
0002 *AHiANK 000000
0003 w 053203
0004 GI-1 000043

FfI1MNAL RI.I-ws-.CES (I *IX, NA'w )

0005 ITAlH
0006 VlAS
0001 MILLI(
0010 AlPII I
0011 TAIW
0012 MIA"
0013 NIOls
0014 N102S
0015 Uls
0016 SIN
0011 S( T
0020 NHL'IS
0021 NI Jis
0022 UMRH3S

S1MiGE ASSIGlN.r mH VARIABIlES (ILK, TIPE, H.IATIA V II)CATI()N, k WI

0001 000006 1340 0001 000126 1720 0001 000351 2360 0001 000365 2430 0001 000411 2520;

0001 000536 3040 0001 000622 3260 0001 000642 3360 0001 000701 3530 0001 000707 3570

0001 001162 4510 0001 001234 476G 0001 001256 5100 0001 001306 5250 0001 001336 5420

0001 001345 5460 0001 001375 5630 0001 001406 5710 0001 001425 60G20 0001 001461 6200

0001 001464 6230 0001 000506 625L 0001 000571 627L 0001 000610 626L 0001 000671 631L

0001 001005 6331 0001 001016 6341 0001 001510 6350 0001 001021 635L 0001 001036 637L

0001 001050 6441, 0001 001053 646L 0001 001055 648L 0001 001110 650L 0001 001145 6561.

0001 &01173 6601. 0001 001211 6701, 0001 001274 672L 0001 001413 6741 0001 001433 6751,.

0001 001622 6701G 0001 001473 679L 0001 001545 692L 0001 001553 6P5L 0001 001561 61.

0001 001600 69L. 0001 001642 6951L 0001 001701 691L 0001 001762 6991 0001 001630 703 G

0001 001663 716G 0001 001734 7370 0001 002000 R38L 0000 052552 902F 0000 052554 940F

0000 052626 950P 0000 052655 951F 0000 052715 952F' 0000 052733 953F 0000 052737 957F

0000 052763 959F 0000 053015 962' 0000 053054 963F 0000 053057 964F 0000 053062 965F
0000 053064 971F 0000 R 052544 AA 0003 R 001327 AL 0003 R 001007 AL.HAT 0000 R 052550 ALPHA
0003 R 000041 A'AW' 0003 R 002173 AR 0003 R 003037 AS 0004 R 000003 ASE 0004 R 000006 RX
0004 R 000021 BXX 0004 R 000007 BY 0004 R 000022 BYY 0004 R 000010 BZ 0000 R 052541 BI

0000 R 052542 B? 0004 R 000011 ODSP 0004 R 003042 0OSSth 0004 R 000031 OOST 0004 R 000023 COXST

0000 R 000066 DA 0003 R 052527 DI. 0000 R 052532 DS 0003 R 001326 DTI"W 0004 R 000024 DX
0004 R 000025 DI 0000 R 000034 DYN 0004 R 000026 D 0000 R 000040 DZN 0000 R 052525 IEX'N
0000 R 052513 VNVI 0000 R 052514 V 2 0000 R 052545 FA 0004 R 000032 FAIF 0000 R 052540 FSC
0000 R 052534 FSC 5 0000 R 052535 '5C6 0004 R 000014 E 0003 R 003703 MIN 0004 R 000033 OO-IR

00C4 R 000030 OFIRP 0004 R 000034 0050L 0004 R 00P036 OD.S(A 0004 R 000035 OSOLD 0000 R 000030 H
0000 1 052530 I 0003 I 004547 IA 0003 I 000013 ICARD 0000 1 052512 IF6%V 0003 I 000442 IN
0003 1 000007 IOUT 0003 I 000014 IPAGE 0003 I 000024 IPRINT 0004 1 000027 10 0003 1 000010 IRF"
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,oo.4 (1 001Z 400 o0,2s I (on I 02,"46 it 0,,4' I 019 1 oo , 1, 47

0000 I 052zS.I .1 0000 I 0011 I 4 0O0 4 0,'M 4 i F 4( o(4( I 0.1"47 1 4tl(4 I 4(I,(I' 4

0003 I 00001 f4A 0004 I 000440 L i -Il0.4 I 0i 10010001 ,4 2 -NM 000 1 0I)4 114 I 1) 04404 I '.e2 17 nIti

0003 I 00002.1 .1FINI 0000 1 0o s0 I t OlO I 0(11 ,+006N.1.. 040 I in(00011 Vo ,I ( 1 0000 4 -'41 44 t I

0003 I 000005 N 4 0004 RH 00011 i 4 0000 R 00000 PIC ((004 H 0000(.4 III 0014 R 00004 lI

0003 H 001106 PIIO0 0003 H 0062,17 U 0000 H 4O1tO( OI 04(S H 001 (7 OUd 0003 H 02O1004 0(k

0003 R 000067 Ul 0001 R 000025 RHI-F 000.4 H 0000125 HI-l 00041 H 000011I, HI'I-2 )400 It 0e:111 "4 4

0003 I 0000t7 SIG 0004 R 00001 SI%P 0004 H 000041 S%M-N 00110 4H 41,1 1411% (no04 H 0f0(o47 'I

0004 R 000040 tv)D 0001 H 00541 1 14. 0003 H o(14I I 111MT 001 H 0004.77 1, I41T neno H (11411(14 '11i:

0004 R 000005 lfl 000jr H 000 : 0004 H 000010 T0041) 00.4 H (00461 TI111 0F00 N 0001044 TW'

0000 I 000052 TSCF 0000 H 00024 0000 H 029212 Wt ("(4(l) H 0249 H2 % 044'XO H 4492924 *4

0000 R 052516 Wt 0000 R 052S24 %/ 0000 H 0152917 7. 0000 R 0004 1 b X 0000 I 0(0400 Ac

0003 R 0014317 .M 0000 H 000152 N 000. H 0000 )%O 000.; H 0216i47 XH 0004 H 40noonn v.-

0000 R 000072 X.H 0000 R 025140 1 0000 H 000004 IC 0000 H 00016 I N 0004 H 000011 1FI

0000 H 030112 IH 0000 R 052426 7 0000 H 000010 7X 0000 H 0001M2 ZN 0004 H 00O0002 71E

0000 R 000132 7.M1

00101 1 S rtW l I %E Ivv

00101 2* C
00103 3* PARA'l-IR 4IX=3,.1 =%420
00104 4* Q(M4)N / 16t M, Li )IMD, ):,t, M, I(OL, IHI--,TX)NT,
00104 S* I ISC, ICARD, IP.;FE,PI PI 1 0,.SIG,TIIOTII':,NI-MI,lH1RN, IPHIT,

00104 6* 2 Ri'I(12),ANA't( 1S ),XO(7),rT(4 15,) ,!"( 40),INI 15 ) ,TITIF( 4),

00104 7* 3 'IM4T(20 0)AI041AT120, 0). 7 fI'.E,
00104 jt* 4 ALIM41X AI SIAMX k I- . GE), DF-(MIX I A (WIX,1Mx),1 ( ,b.VX),
00404 9* 4 (
00104 9* 5 0(12, 91 ) ,0H94t1i),0.0S(9i),H( X10x, NX,0),I .(NMA.\

00105 10* IXI.VAI -,E: (HF.I-'1,H..(;),(.r'2,HF(2)
00106 114* a*Y /(I-1 / /C E,I:,7.'~E,.P4I1,Tfl',K,HI,HZ. ,i PIP,HlI,

00106 12* I-''SE( ),HXX,H13',0STIDXIY,DZ,I ,(X'IRHP,

00106 13+ 1 )ST, FATXTr F I R,(X)X,, (X-X D, (MX ,UN, St ND, S I NL kW, 
S 1 N

00107 144* PAR1'TIhR NN=4,K,=44,NH=61,NN%%2=6
00110 1* DII NSION XC(NN),YC(NN),ZC(N,.1IHIt(NN),PHIC(N),W(NN4,144-N,
00110 16* I DN(NN),DT(NN) ,.TC(NN2) ,TSCi(NN2),

I
IR(NNZ (%N,

00110 17* I XSH(4,NN),.H(4,%N),7SI(4,NN),
00110 Ic* 2 XN(NN), YN(NN), ZN(N), X(NNN,N), Y(NN,N,NW), Z(NN,)44

00111 19* D1TA I1NV,NVII'V2 / 1, 6HIVIT A ,6HVI-]ilC. /
00115 20* DATA XX, -'Y,%7Z / 4.0,7.0,6.5 /
00121 21* DATA (PHIC(N),N=I,4)/ 160.,-90.,0.,90. /

00123 224* DATA ('IffC(N),N=I,4)/4*0.0 /
00125 23* DATA XC(2),XC(4),VC(I),%C(3)/ 4*0.0 /

00125 24* C

00132 2.* READ (5,902) TSC.WX,WY,%tZFX
00144 26* ICARD = ICARD * I
00145 27* IF (ltN.IE.0.0.OR.FOCN.G.1.0) ItN 0.15
00147 29* IF (WX.IE.0.0) WX = WXX
00151 2, IF (WY.IE.0.0) WY = ,Y
001593 30* IF (WZ.Lf.0.0) 2 : T7Z
00155 314* ()II = Y

00156 32* W(2) = X

00157 33* W(3) 
= WY

00160 34* W(4) = VX
00161 35* XCI) = %(*0.5
00162 36* XC(3) :-WAX*0.5

00163 371* C(2) = Y*0.5

00164 3P* YC(4) :-WY*0.5
00165 39* ISC 4

00166 40* StD = 0.
00167 41* SINS 1 = 0.0
00170 42* COSSUN = 0.0
00171 43* 605 DO 620 N:=I, ISC
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114 44* Ht
00115 45* C(%): %7*0 '
00176 46* T ' ) -TSC'I ) * 400.

00177 47* I (Tsc().T.O.0) TIF4' 0.

00201 44* sP : ItPiIC%)*PII-)

00202 49* sIP : IIre$t*P O

00203 50* "IST : (0Stfl'(t%)*Pi
t ' l

00204 51* 60o SI%1" = sI(lliO'hi')*PI")O)
00205 51* OX : -%tfs)*SIO'P0.

5

00206 53* W : .5

00207 54* I. : tHI(N)CMS o.5

00210 55* 07. = (N)*IX)'"0.5

00211 56,* X .,N) : .+Nw ) # Ix - VIAU P

00212 57* S4 1t.,N) = IC(N) * 1 - IAsNP

00213 514* 7.f(l,N) = 7CI(N) * DZ

00214 59q* XSHI2, N
) = 

XC(%) - X - ItIy)P

00215 60* ".S4(2,N) = CN) - D% - IfAS INP

00216 61* 74it(2,N) = 7.H(I.N)

00217 62* XSH(3,N) : XC(%) * DX * LA Am P

00220 63* V)(I3.,N) CIN) * ON * ILA*INP

00221 64* 7.SH(3,N) -7 (IN) - ry/

00222 6 5* XM SH(4,N) XC() - IDX * I -fP

00223 66* YSH(4,N) = CtN) - M * DI,*SINP

00224 617* ?ZSH(4,N) ZStI( 3,N)
00225 6S* IIN) = N) INNH

00226 69* DX = -W(N)*SINP/NW

00221 10* D =W(N) X)PPN'E

00210 71t* D : HIN)OIST/%3
00231 12* DI. : I1x/4

00232 73* WNIN) 0.ARSD

00233 74* D)7N(N) 0.5*AIIS;(DZ)
00234 75* 7N.,1 I = l-HN T*.5/.5

00?35 16* IX) 610 1=2,NH
00240 77* 610 7(N,) = Z(N,I-1) * D7
00242 71* IX) 614 I:=IMP4

00245 79 KI, = M4+I1-2*I
00246 P0* DS : M.KL.

00247 Pl* X(N,I,1) = XCN).I(*fl P +.5 ((N)*INP*DX)

00250 2* Y(N,I ) : IC(N)*D,*.SINP *.5(-6N),(X)PD)

00251 03* 00 612 J=2.NW
00254 84* XIN,,I) = X(NI,J-I) * DX

00255 A5* 612 Y(N, I.J) = Y(N,IJ-1) * DI

00257 986* 614 C" I NLU

00261 87* OlR(N) ENTSC(N)**4*SIG*Dt(N)/PI
00262 f*4* XNNI COST*OSP
00263 @9* YN(IN) C )T*SINP

00264 90* 7N(N) = SINT
00265 91* 620 X0NTIME
00267 92* TSC5) = TSCF(5) * 460.
00270 93* TC(6) = TSCF(6) * 460.

00271 94* OIR1S) : F 'N*SIG*TC(S)*4
00272 95 * OIR(6) = ICN*SIG*TSC(6)*4
00273 96* ISC = 6
00273 97* C
00274 9gi* 625 rONTINLE
00275 99* CALL IIAN
00276 100* IF fTIM:.IE.0.0) RE7PRN
00300 101* 1% = TSCCS)
00301 102* IF (XOI7.GT.0.0) 1XXT XOMt)
00301 103* C
00301 104* C
00303 105* ) 660 N = I,%X
00306 106* CAll. TRA.SN)
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17 107* IV (10 656.660,626

00312 10I* 626 CMT I ME V
00313 109, IF (WZ.LT.O.0) 00 IV) 627
00315 110 c5 = (= I)*'. (.- o25

00316 I1* F5.6 = I- F.i.Hs.)*--))0.2

00311 112* G TO 62$
00320 113* 627 IC5 = (FF )*'4* ' *" 2)) 25

00321 114* 1SC6 =(F F(*.:(2)*(1.*.H)*n.25
00322 1S* 62 )O NTIN l t.
00323 116* O(1,N) = 0.
00324 111* (-IH = 0.
00325 11l* XDO 650 K=I,ISC
00330 119* L : K#2
00331 120* .SC= 0.
00332 121* IF (K-51 629,644,646
00335 122* 629 O 630 1=1.4
00340 123* DX : XH( I ,K)-XS'
00341 124* D :%tS( I K)-NSE

00342 125* D. 7.MH( I,K)-7S

00343 126* 8I : RX*DX * Bi*mN * RZADZ
00344 127* IF (RI.GT.0.) 00 TO 631
00346 121* 630 ONTIN IF
00350 129* 00 TO) 650
00351 130* 631 ONTINUL:
00352 131* DO 639 I:I1,4H
00355 132* DZ : Z(K,I1-7.%E

00356 133* DO 630 J=I,NW
00361 134* DX : X(K,I,J) - XSF

00362 135 DY = Y(K,IJ) - ISE

00363 136* BI : RX*DX * BN*DY * HZ*)DZ
00364 137* IF (HI .IF.0.0) 0 Ti) 637

00366 13* Z 82= -(XK(K)*DX * YN(K)*DY[ * 7N(KI*D7)
00367 139* IF (B2.IE.0.0) (X I1) 637

00371 340* R4 = (DX**2 + DY**2 * DZ/,* 2)**2
00372 141* CAlL II XK(

00373 142* AA : HRI*l2*IFS(IO)/H4
00374 143* FI'SC = FSC * AA

00375 144* FA : AA*D1(K)/PI
00376 145.* IF (DZ7) 632,633,634
00401 146* 632 FSC5 = 1"SC%-FA
00402 147* 00 TO 635

00403 148* 633 FSC =: FVSC 5-FA*0.5
00404 149* F'SC6 = FSC6-FA*0.5

00405 150* 00 TO 635
00406 151* 634 FSC6 = FSC6-FA
00401 152* 635 CT I N1E,

00410 153* IF (DA(K).LT.0.04*.4QRT(R4)) 00 TO 637

00412 154* !1.=-I

00413 155* 13 = K
00414 156* 00 TO 6712
00415 157* 637 CONTIME
00416 156* 630 WNT INL.E
00420 159* 639 CONTINLE

00422 160* OO TO 64

00423 161* 644 FC = F.C5
00424 162* 00 TO 648

00425 163* 646 FSC : FSC6
00426 164* 648 IF (FSC.LT.0.0) FSC : 0.0
00430 165 CAILL ALP AI (T.C( K),ALPHA)
00431 366* OOFIRP : F'SC(>OIR(K)
00432 167* 0OFIR : 0OFIR * OOFIRP
00433 166* O(L.NI = OOFIRP*AIPHA

00434 169* O(I,N) : O(I,N) * O(FIRP*ALPHA
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P l 170* GS5 (I t
004417 171* otz.%) - (X'IR

00440 172* U65 6 (M IN %* E
00441 17t* 0.J %) = 0.

00442 174* Ai%) = O( 1, ix I

00443 175* (l T ttO(I.N)*.1lXS ))
00444 176* IF *%.I .0.o) ' A+ Milt [ '4N))

00446 177* 656 ( I %IVTE
00447 170* J IAN)

00450 179* DO b5- 1:1,12

00453 IPO* O(I) U(l, )I. "

00454 1I1* O e I. I = ' I , )*0( I1
00465 1A24* 65m U I ..)=r( I ..o)*U( I ,)
00457 1033* 660 (XN'TI%XE

00461 1904* I" (IF.. ) () 670
00463 192* (0(1 = 0(),

00464 13f6* XO(f) = I (2)
00465 1917* )O)7 = X *(3)

00465 1 .* C
00466 I#q* 670 C"WT I M 1
00467 190* II=: 1
00470 191* HIT- ((X2) TIM, tM),XO, V, ,FV2, ,'I',

N

00470 192* I to( I,) .OSI(N) ,UR(N),T7((N),A (N),AHR(N),.N:I ̂ ,U)

00521 193* 672 CX) I .
00522 194 IPAG = IPA;GE + 1
00523 195 I. (6.950) TITIF, IP,-,TIW,HI.F(I ),RFF(29).l(M). sNW'.2

00540 196* 7 IT (6,59),1:1,6),T ,tx,,W.
00556 197* IF (IIRF.N E.2) 1X) 0T) 674
00560 19* WMIT 46.971) RIOi :,4),TXI", I=,4
00575 199* IF T11) 675

00576 200* 674 RIT' (6.951) REFI.HRf , T(Ik .II,4).TO.NDT

00607 201* 675 U OT I N ,93
00610 202* IF (II.I.T.0) . I) p3s

00612 203* W1ITI (6.962)
00614 204* IF (II'N.I3.0) W0 11) 679
00616 20" HMRT" (6,.63) (ANAMItJ),toi'llJ),I=|,#),J=2,N.M")
00630 206* 670 %I1T (6,63)1
00612 207* HIT- (6.963) AA U ,),II,)
00641 204@ IF (IPRII'.I-X).-2) WHITM:6,957) lit3"1111'14 21
0064C 209* 60 IF (IPRINr) 699,6g1.602

00651 210* 691 13 = 100
00652 211* 12 = 92-44*(ISCN *E)

00653 212* 00 TO 615
00654 213* 612 13 = 45
00655 214* 12 = 23 -(ISC+NAll
00656 215* 605 C 'WINTE
00657 216* IF (12.CT.0) 0O TO 606
00661 217* 12 = 0
00662 211* 00 TO 698
00663 2194* 6186 00NTINIE
00664 220* IF (12r.MAX) 12 = MAX
00666 221* WRIITE (6,965)
00670 222* IF (IPRINT) 699.695,691
00673 223* 691 RI'TE (6.962)
00675 224* RITIE (6,964) (NG N)oIN), ,),T NINII,2)
00711 2zs25* O TO 698
00712 226* 695 RI ~E (6.952)

00714 227* ORITE (6.953) (N.GC6D(N) ,N).0(2,N),T(ON).N:II.I2)

00726 22P* 498 IF (I2.FD.MAX) 00 TO 699
00730 229* 11 : 12.1
00731 230* 12 = 12*13
00732 231* IF (12.(rT.MAX) 12 : MAX
00734 232* IPAGE z IPAGE + I
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1 5 213* %IT-, (C,qS0) TilFI'PA.F;-TIW.HFF4I). --(t 2),fMili-M),I1-1%\I, 1%

00752 214* I" (IPHIN'I) t69,qq6,,qI
00755 235* 699 IF 1l'lV-.Ik.0.0 t) ) 6 25
00757 236* TIMN TIMi- * lYI'I

00760 2317* TlkI): TI4:
00761 2W * DTI %F=: -I.
00762 239* IPIN'I 7 -2
00763 240* N%4 = -2
00764 241* (X) 11) 670
00765 242* (39 ll'ITE 46,q940) 1.

00770 241* (1) TI) 625
00770 244* C

00770 245* C SX 'lION 900, q It"MIT STATE7MTS
00770 246* C
00771 247* 902 FEXIMT (410FA.3 )
00772 249* 940 IRSIT (65HOiHFi-.E t'S.&'E: tXlIDINAT11-: SI-11 IS 7X) CM).F 1Y) SPACE H-'AF

00772 249* IT St'f AC ,I1 .31H EiM R't Fi'A'1t C-11,C1ATIL(Y.S1 . ///
00772 250* 2 5tH V: RFi- -3'- CIXUi)INA'1F S >4 UA FMItM 517F4CE: //IOX,
00772 251* 3 6H1- (11 - //35H R-]XEIF SPACE CRHIJ' SI tFACE SI/. ///

00772 252* 4 23H (K) TO NEXT TI E PO IT. )
00773 253* 950 RL%T (4qHI TIM:',21X,14ir5,12X.4HP.'d,.14 /qH (HR),/FI0.3/

00773 254*4 I 30X.2A5, EH IN A ,A5,29HING Pill:1 IS IKCATI') IN A
00773 255* 2,246,15H 'NVIR("4NT. I//)
00774 256* 951 RHRIT 2HO ,2AS,16X,IHX,9X,IIN,9X. 25HZ7 AZIMH C(OWr-Tr /

00774 257* I 10 IOH IL1CATI(ON,16X, 45H(FT) (F-T) (IT) (D*-U) T-:
00774 259* 2MiP / 20X,3 10.2.2F10.1 ///
00774 259* 3 40H SfLMt4HY (O WH T-l-l%tM, A 'ENVIHO9 N. /

00775 260* 952 FITIM1T (4(32H NO-E N E O O A W )/
00775 261* I 4(32H Mi. NME AR, XO IID TIE

' I)
00776 262* 953 FIMAT (4(SX,13.1X,AS,3V6.I1)
00777 263* 957 HIN.AT (//// 2X,2 5.102H E.NVIKI Mt.NT IS 'n-: ,SAW. AS T11F PRF-v(X:S
00777 264* ITI1' POINTr. SF. '"t-T P ,INiU'r rtu iTAIM) MM I(I. FI( ATA. )

01000 265* 959 Fl' AMT (1311 F 4IIKY"'.NT,7X,6(6X,4tfiT->P),5X,IV-)II X,SX,*IN- .1',X,

01000 266* I 411 V}I,6X,4H-LIF'/ ZIX, 6(4X.,4 tH-',I2), 2(4X,61F0JIPi,4X,
01000 267* 2 6tIlI(7f,4X,Si4|NISS / 20%.W10.1.1-0.3 /)

01001 26t* 962 FIR4MIT (40X,25tILIJMRI-D) *AT, fVt/l1. ,22X.41RAD W
01001 269* I /2MH MI 1YFrAIL T7U1'AI. ,6(SX,4HStIIRF),SX,4IfTPP
01001 270* 2 /21411 N). NISMI ASORS INCID ,7X,IHI,tkX,1I2,MX,1lH3,IX,IH4,
01001 271* 3 PX,IHSX,116,1; R )

01002 272 * 963 FUMAT (5X,AS,F9.I)
01003 273* 964 FMU4T (14,1X,AS.9F9.1)
01004 274* 965 FURMAT (IH ///)
01005 275* 971 FUMAT (12HO tLXCATION ,16X.IHX,9X,IHY,9X,2511Z A7ZI F4I (0NT

01005 276* IACT 126X,45H(I-FT) (FT) FT) (DEG) T'17P R /

01005 277* 2 12X,AS,3X,SFIO0.2 / 12X,A5,3X.4FI0.2 ///
01005 270* 3 40H SLM 1 OF 1-W TR.IMAL t'NVIRI4'NrI'. /)

01006 279* END

D OF UNIVAC II0 A FITRAN V 0MPILATION. 0 DIAGNC)STIC* WIESA GE(S)

ISv 51 4'MUIC 27 APR 71 10:24:52 0 02320156 14 279 (DIF.'T-)
IS (CODE RFIlCATIAHiE 27 APR 71 10:24:52 1 02327660 36 I (D'IJ-Y'I-D)

0 02327724 14 140
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SUBPROGRAM NAME: Subroutine LPR (IENV)

SEGMENT NAME: LPR

PURPOSE: (1) Calculate the thermal environment experienced by the reference
coordinate system (RCS) located on a lunar plain.

(2) Calculate the thermal environment by the RCS located in deep
space.

DESCRIPTION: The lunar plain thermal environment consists of direct solar
energy, albedo and infrared energy emitted from lunar plainand shadow areas,
and albedo and infrared energy coming from spacecraft surfaces. The
governing equations describing the incident and absorbed energy calcula-
tions on the RCS from the plain, shadow, and spacecraft surfaces are
presented in Section 4.2 of the report. Input to the routine consists of
solar elevation data, lunar plain thermal properties, and shadow/spacecraft
location, orientation, and temperature data.

The deep space thermal environment consist of direct solar
energy, and albedo and infrared energy from spacecraft surfaces. The
input to the routine for this option is similar to the lunar plain option.
The governing equations describing the energy calculations are presented
in Section 4.5 of the report.

CALLING PROGRAM: SUBM1 (Main Program)

ARGUMENT LIST:

IENV Environment index as read on Card Bl in SUBM1 - (input)
IENV=2 is Lunar Plain Environment
IENV=9 is Deep Space Environment

All other data required by the LPR subprogram is transferred to the routine
via block common statements.
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LPR SUBPROGRAM NOMENCLATURE

The following is a dictionary of FORTRAN nomenclature used in
the LPR routine. Also used in the LPR program are the variables of the
MR and GEl block common statements which are defined with the SUBM1 (Main
Program) nomenclature.

AA Form factor term from RCS node to spacecraft surface
node

AC(K) Spacecraft surface K solar absorptivity

ALBP Lunar plain albedo, Btu/hr-ft2

ALPHA Absorptance of RCS node to incident radiation

AMOON Absorptance of moon to direct solar energy

BL Spacecraft solar blockage of the RCS term
= 0 for blockage, = 442 for no solar blockage

BM Lunar radiosity in infrared region, Btu/hr-ft2

BS Direct solar energy incident on lunar surface, Btu/hr-ft2

BXZDXZ (BX)(DX)+(BZ)(DZ) in shadow area form factor calcula-
tions

Bl Cosine of angle between RCS node normal vector and
energy source

82 Cosine of angle between energy source normal vector
and RCS node

COSS Direct solar energy on Y-Z plane (which is perpendicular
to lunar surface), BTU/hr-ft

DA(K) Node area of spacecraft surface K, ft2

DL Node length variable used for spacecraft node point
calculations, ft.

DM Differential maximum length used for form factor cal-
culations from RCS to shadow area, ft.

DS Remaining Y distance in shadow area form factor calcula-
tions, ft.

DXDZ2 DX2+DZ2 in shadow area form factor calculations, ft2

DXS Shadow area increment length in X direction for form
factor calculation, ft.
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DYN(K) Node Y 1/2 length magnitude of spacecraft surface
K, ft.

DYS Shadow area increment length in Y direction for form
factor calculations , ft.

DZN(K) Node Z 1/2 length magnitude of spacecraft surface K,
ft.

DZP Differential height at which a spacecraft surface
will block solar energy from the RCS , ft.

DZ2 DZ2, ft2

EC(K) Spacecraft surface K thermal emissivity

EMOON Lunar plain thermal emissivity

ENV(I), ENVI, Environment name in A format
ENV2

FATOT Geometric form factor from RCS to infinite lunar
plain

FI Form factor from RCS to spacecraft surface which
blocks lunar plain energy

FSC Form factor from RCS to a spacecraft surface or
lunar shadow area

GOFIR Total infrared energy from spacecraft incident on RCS, BTU/hr-ft

GOFIRA Total infrared energy from lunar shadow areas absorbed
by RCS node, BTU/hr-ft2

GOFIRS Total infrared energy from lunar shadow areas incident
on the RCS node, BTU/hr-ft2

GOSOL Total albedo from spacecraft surfaces incident on the
RCS node, BTU/hr-ft2

GOSOLD Total direct solar energy on the RCS node, BTU/hr-ft2

H(K) Spacecraft surface height, ft.

I, J, K, KL Indices

IENV Environment index

ISC Number of spacecraft surfaces for the environment
calculations
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ISD Number of lunar shadow areas for the environment

II, 12, 13 Print indices

N RCS node number

NX Number of X increments for lunar shadow area form
factor calculation

NN Maximum number of spacecraft surfaces allowed

NH Number of spacecraft surface node heights

NW Number of spacecraft surface node widths

NS Maximum number of shadow areas allowed

PHIC(K) Azimuth angle of spacecraft surface K, Deg.

Q(l, N) Total absorbed heat by RCS node N, Btu/hr
(2, N) Total incident heat on RCS node N, Btu/hr
(3, N) Total di,rect solar absorbed by RCS node N, Btu/hr
(4, N) tumar albedo absorbed by RCS node N, Btu/hr
(5, N) Lunar infrared absorbed by RCS node N, Btu/hr
(6, N) Spacecraft albedo absorbed by RCS node N, Btu/hr
(7, N) Spacecraft infrared absorbed by RCS node N, Btu/hr
(8, N) Direct solar incident on RCS node N, Btu/hr
(9, N) Lunar albedo incident on RCS node N, Btu/hr

(10, N) Lunar infrared incident on RCS node N, Btu/hr
(11, N) Spacecraft albedo incident on RCS node N, Btu/hr
(12, N) Spacecraft infrared incident on RCS node N, Btu/hr

QIR(K) Infrared radiosity of spacecraft surface K, BTU/hr-ft2

QSH(K) Infrared radiosity of lunar shadow area K, BTU/hr-ft2

QSOL(K) Spacecraft surface albedo, BTU/hr-ft2

QZERO Minimum infrared radiosity of lunar plain, BTU/hr-ft 2

R4 (Distance)4 between RCS node and energy source, ft4

SOL Solar constant, BTU/hr-ft2

TANSUN Tangent of solar angle SUN

TCONN Lunar plain adiabatic surface temp, OR

THTC(K) Inclination angle of spacecraft surface K, Deg.

TSC(K) Temperature of spacecraft surface K, OR

TSCF(K) Temperature of spacecraft surface K, OF
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TSD(K) Temperature of lunar shadow area K, OR

TSDF(K) Temperature of lunar shadow area K, OF

W(K) Width of spacecraft surface K, ft.

WX(K) Width of lunar shadow area K in the X axis direction,
ft.

WY(K) Width of lunar shadow area K in the Y axis direction,
ft.

X Node center point X coordinate of spacecraft surface,
K, ft.

XC(K) Center point X coordinate.of spacecraft surface K,
ft.

XN(K) Spacecraft surface K unit normal vector X axis component

XS(K) Center point X coordinate of lunar shadow area K, ft.

XSH(I, K) X coordinate of corner i, spacecraft surface or shadow
area K, ft.

XX X coordinate of lunar shadow area incrimental element, ft.

Y Node center point Y coordinate of spacecraft surface
K, ft.

YC(K) Center point Y coordinate of spacecraft surface K, ft.

YN(K) Spacecraft surface K unit normal vector Y axis component

YS(K) Center point Y coordinate of lunar shadow area K, ft.

YSH (I,K) Y coordinate of corner i, spacecraft surface of shadow
area K, ft.

YY Y coordinate of lunar shadow area incremental element, ft.

Z Node center point Z coordinate of spacecraft surface
K, ft.

ZC(K) Center point Z coordinate of spacecraft surface K, ft.

ZN(K) Spacecraft surface K unit normal vector Z axis component

ZSH(I, K) Z coordinate of corner i, spacecraft surface K, ft.
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v nm,- rn...'"27 *.tr4 73 0 l
0I MRt~,* IPH,I.IH 7+.II 1 zb!-i ; t

NIVAC IION I.TWl V, IfI1-1. 2206 001" I."OIH
THIS QMPIIATIO WAS IX".A 0 27 APH 71 AT 10:16:36

StM M,NE, IPt INI POINT 003422

STWRAG- LCR) 4ILKK, N4tM, IN..(Ih

0001 *"Rl." 003451
0000 *II A 052553

0002 *IAX 000000
0003 Ml 053203
0004 G. I1 000043

EXTIR .NAL RkI ),-.I (1HEM, NA )

0005 1RANI
0006 1IANS
0001 BILUK
0010 AI.PHAI
0011 TAIW
0012 NUXIS
0013 hlolS
0014 NIO02
0015 a)%
0016 SIN
0017 TAN
0020 NI.XPGS
0021 SCIT
0022 AIWIS
0023 SAAW S
0024 NIth3lS

S1TMAGCE ASSIG NrF FOR VARIA IE:S (IIOCK, TlPE, RMIATIVE |OCATION, NW.:)

0001 002315 10010 0001 002337 10130 0001 002367 10300 0001 002454 10620 0001 002523 110300001 002560 11210 0001 002573 11210 0001 002612 11400 0001 002646 11560 0001 002653 116100001 002675 11730 0001 003011 1235G 0001 003017 12410 0001 003051 12540 0001 003122 127500001 000231 2020 0001 000550 2700 0001 000556 2750 0001 000602 3040 0001 000754 34200001 000755 345G 0001 001001 3570 0001 001025 3710 0001 001100 4130 0001 001173 446G0001 001236 4650 0001 001310 5110 0001 001342 5220 0001 001403 5410 0001 001411 54500001 000170 590L 0001 000213 600L 0001 000123 602L 0001 000677 616L 0001 000714 6101,0001 000750 621L 0001 000761 623L 0001 001133 624L 0001 001140 625L 0001 001221 6271.0001 001223 62L 0001 001226 629q, 0001 001230 6301 0001 001646 6330 0001 001260 634L0001 001267 6351 0001 001371 636L 0001 001662 6370 0001 001520 6371 0001 001544 6393L0001 001605 640L 0001 001617 6441 0001 001705 6461 0001 001764 64L 0001 002054 65310001 002103 656L 0001 001741 6570 0001 002106 657L 0001 002226 6591 0001 002254 6601.0001 002272 670L 0001 002355 671L 0001 002431 6721 0001 002440 6731 0001 002600 674L0001 002620 675L 0001 002660 679L 0001 002733 6021 0001 002742 6051 0001 002750 66L
0001 002767 691L 0001 003030 6951 0001 003067 69 L 0001 003150 6991. 0001 002243 75400001 003166 8301 0001 003176 940L 0001 003227 9421 0001 003246 @44L 0001 003265 461L0001 003307 940L 0001 003331 8521L 0001 003350 6541L 0001 003370 8901L 0000 051543 902?0000 051545 905F 0000 051547 920F 0000 051574 931P 0000 051630 932' 0000 051644 933F0000 051660 934F 0000 051673 935F 0000 051706 940' 0000 05160 942' 0000 051776 944F
0000 052007 95 0000 052036 951 P 0000 052076 952P 0000 052114 953F 0000 052120 957V0000 052144 95OF 0000 052155 959F 0000 052204 9600' 0000 052260 9631 0000 052310 962F
0000 052401 963F 0000 052404 964' 0000 052407 965F 0000 052411 971F 0000 R 051524 AA
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10000 R 000160 AC 00031 R 001327 Al. 0000 0500a "o mw oo0l 001007 0000 1 M
.w 0 0 1 00007 4.1 P%.%I 0,00 R 051540 .141 MA

0000 R 051413 ARIXN 0003 R 000041 &A" 0001 H 002173 AH 0001 H 004017 .A 0004 H 000001 A.,F,
0000 R 051516 tI. 0000 H 051501 1 0000 R 051477 W4 0004 fR 00000h HN 0004 H (1000I HI4%
0000. R 051536 HXma7. 0004 H 000007 41 0004 R 0000 2 t 0004 H 00001110 I7 0000 H 055;0 HI1
0000 R 051517 H2 0004 R 000011 (1XP 0000 H 05150) (%$ 0004 H 000042 ( SW&% 01104 t 000041 t(.IT
0004 R 000023 IWT1 0000 R 000250 IM 0000 H 0 1507 II iO i 051471 IN 000(0 H 051511 It,
0003 A 001326 nzr I 0004 H 000024 DX 0000 H 055)1 DI)I)/2 0000 H 055OI1 I)SM 01004 H 000025 I
0000 R 000304 IAN 0000 H 0521517 I1ANS 0004 H 010026 I)V 000 H 000421 i 7 1000 R 0S1S27 I)/P
0000 H 05153) 1072 0000 H 000142 It 0000 H 051474 I 0000 H I 4t I"%V 0000 H 051475 EMI
0000 R 0%1476 V5' 2 0004 H no0000z FIl yr 0000 H o051521 I' 0000 H 0515/ ItF 04)04 H 000014 1-+:
0003 R 001703 (Ie Ui- 0004 H 00001 (MIRI 0000 H 0%1%14 (x-IH. 0004 H 04110040 xt *IHP 0000 H 051S15 (1wIHNS
0004 R 000034 (IN1O, 0004 H 0000.146 tX) A 0004 H 00003.5 (X (J) 0000 H 000124 0000nn ) 051470 I
003 I 004547 IA 0003 I1 000011 IC.41W) 000:4 I 00(10442 IN 000 1 000001 II'T 0001 I 000014 IPVUW

0003 I 000024 IPHINT 0004 I 000027 10 0003 I 000010 IH-- 0001 I 002012 Isc 0000 I 051472 I1f)
0000 I 051541 IS 0000 1 051525 II 0000 I 051542 12 0000 I 051OSIZ6 I 0000 I 0151 I
0000 I 051513 K 0000 I 051510 Ml. 0003 I 000000 M 0001 I 000001 Mi X 0001 I 000430 4i.:
0003 I 000002 M[IWg 0003 I000003 KID) 00031 I 052337 Mll, 0003 I 000023 Mnui, 0000 I 051505 .
003 I 000006 NAW, 0003 I 000022 %1M; 0003 I 000004 MX)I 0003 I 000005 NV0 0000 I 05153 2 M

0004 R 000013 PHI 0000 R 000070 PHIC 0004 R 000004 PHIl 0003 H 000015 PI 0003 R 000016 P1140
0003 R 006257 O 0000 R 000214 OIR 0003 R 020137 OH 0003 R 021001 0% 0000 H 051424 USiH
0000 R 000232 OSOI. 0003 R 000067 0r 0000 R 051466 0713I0 0003 H 000025 IEF 0003 R 000025 H'6'
0003 R 000026 RIFZ 0000 R 051523 H4 0003 R 000017 SIG 0004 R 000012 SIP 0004 R 000041 SIN~l
0000 R 051%06 SINW 0000 R 051467 ( M 0004 R 000037 M~ 0004 I 000040 I'N) 0000 R 051502 TAS,"1
0003 R 005413 7tXN 0000 R 051504 TUN 0003 R 000011 I"XM 0003 R 000477 1T1"MT 0000 R 000052 11fIT.'
0004 R 000005 11fT" 0003 R 000021 TIW 0003 H 000020 TIRtD 0003 R 000461 TITIFE 0000 R 000176 TS
0000 R 000266 TSCI 0000 H 051400 TSD 0000 H 051412 TSOP 0000 R 000106 W 0000 R 051416 WX
0000 R 051450 WIV' 0000 R 001012 X 0000 R 000000 NC 0003 R 001317 V4 0000 R 000740 XN
0003 R 000060 XO 0003 R 021647 XR 0000 R 051354 XS 0004 R 000000 X E 0000 R 000140 XSI1
0000 R 051534 XX 0000 R 024660 Y 0000 R 000016 VC 0000 R 000756 IN 0000 R 051366 15
0004 R 000001 YSF 0000 R 000504 VSH 0000 R 051540 VY 0000 R 050526 z 0000 R 000034 7C
0000 R 000774 ZN 0004 R 000002 ?7,S 0000 R 000650 tH

00101 I* StI1RFINE F IPR(I.NV)
00101 2* C
00103 3* PARAW 'R *4AX=3,NMAX:T420
00104 4* 01WA / M X9,4IIN,.XD.MXE,N4,NA :, lr, IRI,vluw r,
00104 5 I ISC.ICARD.IPA(E.PI,Pil)0,SIG,TI ,TIX),N MIMtHN.pHIKr,
00104 i* 2 REF( 12),ANA'I:(5),XO(7),g(r 15, 5), M 0, IN( 15),TITIk 14),
00104 7* 3 1IMT120, I0),AIJ'T4T120,0), (M7),DTI:,
00104 6* 4 ALUiWAX), AHR RMX),At A.)IE~I X)NAIX),.T(XNMAX),
00104 9* 5 0 12 .N44AX) . H(,t-AX) ,Q.S(N41X),.R (AX.944XR , I0),M1RL(MX)
00105 10* E DUIVAkN( R-IYI,REFI )), (RF2,RF1(2))
00106 11* IN /GEFI / XSE,VYSE.SE,A. .PHI IW ,X,BYBZ,C(SP,SINP,PHI,
00106 1 2* I FSEE( 5), BXX, BYY,OTI ,DXDY,DZ, IO,OPIRP,
00106 13* 1 (IST, IAI'OT,O(I ROSOL.O(OLXD.(XCDIA,AJN,S.JO,SINSJN, S4SUN
00107 14* PARA-4~TH NS:=I0,NN:=14.N,:25,Ni=29,NR=25
00110 15* DIN)iSION XC4 NN), C(NN), 7C(NN),11(NN), PHIC(NN),W(NN).,H(NN),
00110 16* I BC( KN),.AC(NN)1,TSC(NN),01IRhNN),QOLNN),D.NN),
00110 17* I TSCIF(NNI ,DYN(N),D(NN)XH(4MN).YSH(4.1.,7SH(4,N),
00110 1@* 2 X(NN),YN NN), 7 (NN), X(N, NH, N) ,Y(NW, NW), ZNN, hH)
00111 19* DINSION XS4NS),Y VS ),SNSTSDNS ,ONS(), X(Ig),W9(Y )
00112 2Q* DIMWSION ENV(4)
00113 21* D4TA 07k,.SMOL, FVII).=I2.4),D4/I.5442.,6.HLtitR ,6H PLAIN,
00113 22* I OH DIP3 , GH SPACE .10. /
00113 23* C
00120 24* READ (5,905) ISC,I.SDSNU,AMJNFO CN
00121 25* ICARD = ICARD * I
00130 26* S z SU: D PI180
00131 27* C0SILA = 0StS.")
00132 2E* SIN"U = SINSLN)
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1 1 2I 
L " o r . Q) 1) 0 4:

00135 304' IF t11V%\-9) NA'O.90.40
00 140 3 1* 5 00 I F ( II S . .; .N. t ) 11) 40
00142 32* 0.I: EM ( I
00143 33* IM I 0% 122
00144 34* IF .I..0.O. x.T 1.0) %CX) = 0.93
00146 34* I" 0X9..0.0..x...0 M : .
00150 36* IF tl,th.GW.0.0) Q) R) 602
00152 37* sIL0N z 0.0
00153 3* CU0,4 = 0.0
00164 39* 602 R 0. = tt

00165 40* A50%P = R (I.-ANi
00156 41* I1.2: .NV(4),t ,

00161 49* CUSS 0 A'o)

0017 42* T4. l = T0 A )
00160 434* 114 : R0*.AN
00161 44* IF ti Xs.tT.IJ-W) *F ) IN1 nN.07 ,%
00163 45* T : /(I,=),x ,.25
00164 46* cO T 600
00165 47, 590 F%\I= ENN (I)
00166 4W F%-2: ENV( 4 )
00167 49* ISD = 0
00170 50* ALAP 0.
00116 51* E = 0.
00172 52* BS = .LXSINst IN
00173 53* T4A.% : TASE . TIN)
00174 54* OSS= "Atx)S(t%
00175 55* 6 I Lx% = 1.0
00176 6* 9600 OOCTI 2 kXL v
00176 57* C
00177 S * IF f IsC.IF_.0) (X) TO F21
00201 59* 605 DO FZO N=.ISC
00204 60* RF) ( 5,90) KfI),100),ECIN),PHIC(N),0frQN),IN),Htt
00204 61* I ACIN),TSC4N)
00220 62* IC.) ICARD * I.
00221 63* IF (E4N).I-.0.) W) TO 442
00223 64* IF 1UE ).I-.0.) 00 TO 044
00225 65* IF r(N).1.T.0..(I.tXN).T.I.0 0X) I4) )46
00221 66* IF (AC(N).LT.0..(H.AC(N).CT.I.0) GO TD 04A
00231 617* TCl'() = TSCN)
00232 6* T iC(%) T "CN) * 460.
00232 69* C
00233 710* OOP = 00s(PHIC(N)sPIIO)
00234 71* SIP = qIN(PHIC(N)*PilI0)
00235 72* CXOT = COS( T '(N)*PIIP0)
00236 73* 60 SIT = SIN(IIT'(N)*PII0)
00231 14* DX -W(N)*SIPs0.5
00240 75* D = ) P0.5
00241 76* DZ = H(N)*C(ST*0.5
00242 717* L = HN)*SINT 0.5
00243 17k* KXHI,N) = XC(IN) * DX - Il Acp
00244 79* z1iM J C(N) * DY - DL*SINP
00245 p0* Z.(1.N) = 7 CIN) + DZ
00246 1* X.H42,N) z XC(N) - DX - DICOp
00247 P2* =.4(Z,) : IC(N) - DY - DL*SINP
00250 63* 4HiZ,.N) 7r (it(,N)
00251 @4* X5H(3.N) XC(N) * DX DLACWOP
00252 5* V H(3.N%) YC(N) + DY * DL*SINP
00253 P6* Z%4(3,.%) c(N) - DZ
00254 7* XSH4,%) = XC(N) - DX * L*COSP
00255 P46* 18"(4,%) : C(N) - DY + DI.*SINP
00256 69* Z,4(4,%) = 74-(3,N)
00257 90* DX) = tN) (NIsM)
00260 91* D = -IN)*SINp/Ng
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111, 92* :a s()PW
00262 91* D7 = HIN)OWTNI
00263 94* 1. = DI./NIt
00264 9* DNO = 0.5*.ARSM(ID
00265 96* DINN) = 0.*AlRD/)
00266 97* ZEN.I : N -(N . * .

00267 98* IX) 610 I=:2.P4
00272 99* 610 7(%,1 : 7 '1-I) I 07
00214 100* IX) 614 I:1 .=1M
00271 101* KI : NH*1-2*1
00300 102* IM : l$l.*
00301 103* XcN,1.1 X 1C3Nl*I1E'IP ,,.5*eqtN,.P*.I
00302 104* EPN,3.l) : CINs*k"*NIP *..,-t(Nh l.DS SP*D

00303 105* DO 612 J=2, VW
00306 106* X(NI,,I : XEN.I,.,-I) * Dx

00307 107* 612 X.I,,I) : %(N,I,J-I1 * DV
00311 109* 614 ONT I E
00313 109,* FAITr : 0.5*4I.-SINT)
00314 110* GRAXI, (RLSl-VKb.l a*CI)

00315 III* IF ( MM..I.T.0.) (X)(, 0.
00317 112* II5M. (ESl. + FAU(.VAIJIMP
00320 113* OUIl : AlIurMN
00321 114* IF ( (TSCN).Gr'.0.0) (X) I) 616
00323 I115 OIR(N) : (ACtNI*CX)S .,O(*IH)*). (N)/PI
00324 116* TSCIN) : ((AC(N)W(,tIX" (N )owl)/(.SIG* F4UN)I .25

00325 117* TSCF'NI : ICIN) - 460.
00326 11 GO 11) 610
00327 119* 616 (Xl FI kE
00330 120* GIRN) : (fI.(N)* SI(G*I'C(N)4 * (I.-FIN)X*'IR)*EMN)/PI
00331 121* 618 C IWr It E
00332 122* 05(X.tN) : (I.-AC(N)4~*IlIA(N)/PI
00333 123* XNNI ().T* ,C()%P

00334 124* tVN(N) = T1T*INP
00335 125* M(N) = sINT
00336 126* 620 X W Nt.E
00340 127* 0 ID 623
00341 128* 621 D00 622 N:I=,P (
00344 129* D 622 1:6.12
00347 130* O(IN) = 0.
00350 131* 622 (N1"IME
00353 132* 623 IF (ISD.IE.0) 00 ) 625

00355 133*- RFAD (5,902) (4StK)yS(K),WX(K),W(K),TWI(K),K:IIsI)
00367 1340 ICARD) : ICARD) *( ISD*I) /2
00370 115* 00 624 K:1,ISD
00373 136* IF (tX(K).LE.0.) O TO 852
00375 137* IF (Y(K).I.E.O.) 00 IT) 0852
00377 138* TSDK) = TSODF(K) * 460.
00400 139* OI(K) : M.C)NSI1TSD(K)*4
00401 140* J = NN *K

00402 141* X.rH(I.,J) : ,X(K)*0.5 * XS(K)
00403 142* XSH(2,J) = XSH(I.,J)
00404 143* X.SH3,J) =-W*X(K)*0.5 * XS K)
00405 344* X5H(4,J) = XSH(3,J)
00406 145* YSM.,J) = ~Y(K)*0.5 * VtS(K)
00407 146* YlH(2,J) :-%Y(K)0.5 + YS(K)
00410 147* YVSH(3,J) : Y.H(2,J)
00411 148* T'HC4,J) YS&4(,.I)

00412 349* DO 624 I:I.ISD
00415 150* IF (K.D.I) 00 10 624
00417 151* DX = (WIK I))*0.5
00420 152* IF (ARSi(XSM(I)-XS(K)) .GE. DX) 00 70 624
00422 153* DX : (W(K)* WY(I))*0.5
00423 154* IF (ABS( YS(K)-VYS(I)).LT.DM) GO 10 054
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00430 1160 615 "*TIM 1-
00411 157 CAIl 11 %
00432 ISOI* IF (TI-.:.0.0l HiIAN
00434 159* (XX;. 0.0
00435 160* OOXIRA : 0.
00436 161* G(IIRS : 0.
00437 162* (XIR 0.
00440 163* P. = AX.
00441 164* IF (kO(7).CT.0. ) 1 IT) 629
00443 165* IF (ISD.IE.0) (Xl 11) 62'
00445 166* DO 627 K=I, SD
00450 167* IF (AKX(O(I)-XS (K)).GT.HX(Kt*.5) (10 1) 627
00452 16A* IF (Ahi(tZ)- I;K)).2.7(K)*O.5) X) (| 627
00454 169* T.)T : TSD(K)
00455 170* 00 IT) 630
00456 171* 627 CXWTIN V
00460 172* 62$ T(W : MIWN
00461 173* 00 IT) 630
00462 174* 629 1 PM.T = XO()
00463 175* 630 (CWr NTIE I
00463 176* C
00463 177* C
00464 178* ED 660 N : IMAX
00467 179* CAll. TRANS N)
00470 10* IF (10) 659,660,631
00473 Ift* 631 CX(TINLE
00474 192* I I Z.I:T.0.0) 00 U) 634
00476 103* FAIO =.K(3)+I'SI(4))*(l.-tZI
00477 IF14* 00X) TO) 635
00500 18i5* 634 FATl : F 3)*F.4-h I * 2))
00501 1646* 635 FAYTI" : FAlT10.25
00501 IA17* C
00502 Is* IF (ISC.iE.0) X) IT) 644
00504 169* I S(.,
00505 190* XIR = 0.
00506 191* Co(V1M .= 0.0
00507 192* 0(7,N) = 0.
00510 193* IX)D 640 K=I,ISC
00513 194* DX = XC(K)-XS I
00514 195* DY = VC(K)-YSF
00515 196* =I ZC(K)-?SE
00516 197* B2 = -(DX*XN:K) * DY*YN(K) DZ*NI(K))
00517 19i* IF (R2.Lk.0.) 00 TO 640
00521 199* 00 632 1=:1,4
00524 200* DX = XSH(I,K)-X SE
00525 201* DY = , I(I,K)-YSE
00526 202* DZ : ZSH(IK)-7.SE
00527 203* BI = IX*DX BY*IY * ,,ZD
00530 204* IF (RI .GT.0. 0 0 TO 636
00532 205* 632 W TINE M
00534 206* 00 TO 0 640
00535 207* 636 ODWNTIN&E
00536 206* FI = 0.
00537 209* FC=: 0.
00540 210* D0 639 I:=1,NH
00543 211* DZ = Z(K.II-ZSE
00544 212* DO 63 J=I:,NWv
00547 213* DX = X(K,I,J) - XSE
00550 214* DY = Y(K.I,J) - YSE
00551 215* BI : BX*VX 4 BY*DY * B7*DZ,
00552 216* IF (l .LE.0.0) OD TO 637
00554 217* BZ Z -(XN(K)*DX * YNK),DY * ZN(K)DZ)

60



00551 219 R4 = 6712
00560 220* 6 CAIL I L
00561 221* AA - BAts *FrW D(IO)/H4+
00562 222* IF (D. IT.0. .FI 1* 3AA

00564 223* P-7 : FC * AA
00565 224* IF (I1Ik.I.T.0.04..?(R4)) (X) I) 63:17

00561 223* 11 =-1
00670 226* 13 % K
00571 227* 0 1I 671
00572 22* 637 (X ).TI tME
00573 22* iF (A SFn).GRT.MN(K))I (X) 1) 6J
00575 230* IF (DX Co(S.G'.0.0) M~) T 630

005177 231* DP : -D*TCS N

00600 232* IF (A.S(ODZ.-D.P).GT.DI(K)) iOI 11) 63

00602 233* RL = 0.0
00603 234* 63 (XNTIN L I
00605 23542 639 6NT:IME1-
00607 236* FAT1r = VA47 - FVID4O(KI/PI

00610 237* 0(IR = X3OIR 4 , UIR(K)
00611 23* 644 Z = 0tW, * F.tXWAX.(K)

00612 239* CAIJ. ALP A"ITC(K),AIPJHA)

00613 240* O(,N) = Ot(7,N)FC0AI.PIt4 .I(K)
00614 241* 640 I7F4

00616 242* Of 6,NI)= 0( 0.*~.0 (N)

00617 24349* O(II,N) = GCOKM,
00620 244* O(12,N)= O(FIR

00621 2451, 644 COTI 0
00622 246* IF (65 DKL.0) 0) TO 657

00624 247* DZ = -. SE
00625 246* IF (01.G.-I.0) D7=-I.0

00621 249* D72 = D7EI*2
00630 250* CO(IRS = 0.
00631 251* (MO.IRA = 0.
00632 252* DD 656 K=IISD
00635 253* J = .%N*K

00636 254 D 645 1:1,4
00641 255.* DX = X I(I,J)XS
00642 256* DY = Y.H(I,J)-YN
00643 257* BI : BX*DX + BY*DY * RZD,,
00644 25K* IF (BI.GT.0.) ODO 6)46

00646 259* 645 C NTI NL
00650 260* OD TO 656
00651 261* 646 NX = .X(K) 5.

00652 262* DX= 0X(K)/NX X

00653 263* 0DL = -DXS*DZ/PI

00654 264* XX =X (K)-(X(K+)*DXS) *0.5
00655 26.* M = 0.
00656 266* D0 654 I:I,NX

00661 267* XX = XX(D- K

00662 264* DX = I-XcE
00663 269* DXD72 = DX**2 * D72
00664 270s BXZDKZ= RX*D # B* D2

00665 271* DS = WY(K)
00666 272* DYS = 0.
00667 273* YY c VS(K)-(WY(K)*0.5)

00670 274* 640 COrINE

00671 275* YY = tY I+ DV.,0..5

00672 276* R4 = DXZ72 * DY**2
00673 217 DYS = 0.03*Q4/DXS
00674 27"* IF (DYS.GT.DS) DYS : DS

00676 279* IF (DYS.GT.EM) DYS : 1DM14

00100 2o* 0 YY * DYS40.5
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jit fl1*I)E 653 *

00702 220 M = Vv-1

00703 203* BI = HX7t)XZ* H *

00104 24* IF (.GT.0.) (K) 11) 610

00706 2s* R4 = (lD7? IM" "Z

007017 206* CAJl. ALitK

00710 207* FC - t* IxS *SC>' 'l) 4 V-(C

00711 291* 651 0 fOI'I V "

00712 29* IF tiS.GT.0.) (M) 11) 64A

007114 290* 654 (X)%TIIME
00716 291* CAL A6P7I(TSD K),MPIA)

00717 292* Rn = OWIRS + I".t.ASH(K)

00720 299* OWIRA = ("VIP, + P'O*WH(*K)+*AIJtA

00721 294* FA Yr : FATFT - P.QC

00722 295 656 %T I M vE-
00724 296* 6571 3N I M V .

00725 2974* IF (FATr.I.T.0.0) FATYr = 0.

00727 29* 0( A,N): FAT(yIYJAP
00730 299* 010,N): F'ATYrI*IIt4 (('WIRS

00731 300* N(X)Nl: 0 ,NCt),,T
00732 301* Q( ,N)=: (()I"D
00733 302* O( 2,N) : (040 , # CWIR + (X) . •. O(9,N) 0 (0.)

00734 303* Q( 3,N).: (kXO )A.(IN)

00735 304 Q( 4,N)= O(t,%N)AS(.N)

00736 302 CIIL ALP)IY0(IN. ,AlAJ"1)

00737 306 o( 5,N1 ATII(W0( kl)tt.% * Of(N IRA

00740 307* O( IN)= O(3,N)*O(4, ) 0(.,N)+O(6,N)*O(7,N)

00741 301 *N) = ((X)1D * O9,N) * (XI)L),.F

00742 309* CRIN) =O(I0,N)*(XWIR)*,
00743 310* IF (.l(N).lA-0.0) M(N) = 0.000001

00745 311* AM(N) : (o(,N)*ON)*/IN
00746 312* IF (AH(N).IJt.0.0) CAIJ. AIPI(T ('I,AR(N))
00750 3139* CAI . TAgI. (oN),JTOIN)()
007151 314* 659 CXNT I E
00752 315* J = IAiN)
00753 316 *IF 65I 1=1,12
00756 317* O(I,N) : O ,N)* "

00757 31* OT(,1)= or(2,I)+O(I,N)
00760 319* 50 ) ,J: 1,J)*O( I,N)
00762 320* 660 CW I NU.1

00762 321* C
00764 322* IF (IRF.NEJ. 2) 00 TO 670
00766 323* XO(5) = )N ()A
00767 324* XOtf6) = 3M0(2)
00770 325* XO671 = M 3)4
00771 326* 670 OfWNIL-
00772 327* I1= I
00773 320* WRITE (IOLr) TI.W ,M,MIF(M),MAX,)D, I V, NVI ,V2,SthD,TINT,NVM,
00773 329* I (OtN),0S(N),CR(N),7IO)(H),ASIN),ARIN),N=1,.-()
01024 330* 671 Onwl I F,
01025 331* IPAGKE : IPAG. * I
01026 332* %RITE (6,950) TIE,IPAGE,TIWI ,REF(I),RF(2). .[XE(M),IVI.FNV2
01043 333* IF (IIUNV.A.9) 00 TO 672
01045 334* WITE (6,959) S tW,.AMX)N,EMI)N
01052 335* OD TOID 673
01053 336* 672 ITi, (6,95P) ALM
01056 337* 673 XNTINLEI
01057 330* IF (I.C.0IT.0) WRITE 46.960) (N.'SCF(N),XC(N).YC()l,2CN),1W- lN),
01057 339* I PHIC(N),W(N),H(N),X(N),A N, =.ISC)
01100 340* IV (IS.D.GT.0) WRITE (6,961) (N,TS0DF(N),XS(N),YS(N),WX(N),WY(N),
01100 341* I N=:1,5D)
01114 342* IFP ( IRF.NE.2) 00 TO 674
01116 343* WRITE (6,971) RE~I,(XD(I),I:=.4).,1IOWN,RJF2,(X4(I),II=.4)
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113 344* O0 IO) 615
01134 345* 614 Mwi- (6.9I1) RWl.-'eIH-',t I l,,4),1'I1NT
o0145 346* 675 OTIN1
01146 347* IF (II.I.T.0 Cx) 1) 3A
01150 349* SInV 46,96Z)
01152 349* IF 4IA'.IF.0.) ) 11) 679
01154 350* VMIT. 46.965A) A.\ l',I)( rti .) . .Iz, ,.\ ,':

01166 351* 679 IAli- (6,96-)
01i10 352* IatIw' (.,961 Al%. 'l.4(Uri'l.tl:I.I0
0117711 35* IF (IPHINT.'.-V) T611 H l-'.97 te.HI:F.'
01204 354* 600 IF IIPRtIrl 6qq.ltI.6z
01201 355* 601 13I Ii0
01210 356* 12 : 0-IINC* S)*N.V 4

01211 3517* 00 171 65
01212 35* 82 13 = 4S
01213 359* 12 z 20-(ISC* I)N4W)
01214 360* 665 (XrNoP E
01215 361* IF 412.GT.0) () TO 6M6
01217 362* 12 = 0
01220 363* O It) 698
01221 364* 686 OTWrIiE
01222 365* IF 112.GT.KlXI 12 MAX
01224 366* WiITE. (6.9651
01226 3617* IF (IPINT) 699,695,691
01231 360* 691 1ill. (6,g92)
01233 369* SIIiF 46,9641 (N,.~Ix'(N),WO(I,NI:I,12).TY)N(N),N=II
01247 370* (O IT) T698
01250 371* 695 mll (.952)
01252 372* WI lE (6,953) (N,(I '(N),O(I,0 ),O(ZNI,1X(NI),NIlIl
01264 313* 6904 IF (I2.F.MA12 (M O 11) 699
01266 374* 11 t 12 1
01267 37.15* 12 = 12413
01210 376* IF' (412.T.K X) 12 = MX*
01212 37711* IPE = IP E * I *
01273 3718* WI1E (6,950) TI1,IPW ,TI ,tlF.i'(I,2l.t2),M .I.),I
01310 379* IF (IPRINtT) 6q99q,695,691
01313 380* 699 IF (ulW.IJE.0.0) 00o 1) 625
01315 381* TIW = TIW * 17irI:
01316 3W2* TIM-= TIWI
01311 3"3* D7ll:= -I.
01320 304* IPRINT -2
01321 315* NVM = -2
01322 386* GO TO 670
01322 387* C
01322 308* C SW ION 800, INPrT IUKMR DIACM TIC WSSAG,-
01322 389* C
01323 390* 838 MWRITE (6,9401 13
01326 391* 00 1' 625
01327 392* 840 Ri E (6,920) ICARD
01332 393* I1I NN

01333 394* 12 = NS
01334 395* IRITE (6.931) 1SC.II,ISD.12
01342 396* O 1O 890
01343 397* 842 WITE (6.920) ICARD
01346 39** WITE (6.9321 N
01351 399* 0 I0 890
01352 400* 844 RITE (6,920) ICARD
01355 401* TIlTE (6,933) N
01360 402* 00 TO 090
01361 403* 046 W11E (6.920) ICAPRD
01364 404* %RITE (6.934) N.IX(NI
01310 405* 00 TO 890
01311 406* 844 MItlE 46,920) ICAJ D
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014 407 %4416.9 41 421 K
01407 4011* X) 1I) 090
01410 40912* s? ItW 46.q920) ICARI)

0140413 4130* 1 I" (6.944) K.IOt1407 411* (K01 0 f490

01410 41 Z* p%4 uilA : I V 6,9201 ICVUD

01413 413* VMIIY (6.1144) K.1

01417 414* 090 TIW -100.

01420 415* RIIRN

01420 416* C
01420 411* C SX'TION 900, IR4%T ATI7-NTS

01420 416* C
01421 4194* 902 KIt% T (I0I".3I
01422 420* 905 I-XR4T (214,9-. )
01423 421* 920 KIRENT 4////471i FATAl. F134*OR IN DATA INPtSIT' 1 (.A CA.D) N%11I14,

01423 4224* I 14 * // 52H PX1HRA4' t1IL, C.11. EXI1T .'FR 113 E il UIMI) StI'.:

01423 4234* 2. //)
01424 424* 931 IRR%"T (7H -11" .' M ( SHAIXM A'JU-RK (N SP.1. F'r s.Twt.'F S s
01424 425* 1 INPK F IS ITI) IAR(F. // 6H IV = ,IS, 0olQH llAXNl1M AIJJl.D

01424 426* 2 5I / 6HC ISD = .1i,.IOX,19H 1 XIM AIJlVAI) = ,15

01425 427* 932 FIt%"T (39H SPACE CRA-T Sk IWA HF 'IGli ( SFtWIFACE ,13.

01425 420* I 17H IS Mu' IPOSITII. I
01426 4294* 933 HU)IT (39H SPACE COtAF' r ACE F,I lt ()1 SURFACE ,13,

01426 430* I 17H IS NOT POSITIVE. )

01427 431* 934 FR k"T (43H SPAC' LAi' SkItU'ACE I .ISSIVIT' (F SlRFAE .13,
01427 4324* I 4H IS , F10.4 )

S01430 433* 935 'RIAT (44H SPACE (IRA-T StFACE AJSA(IRfrIVITY (. SIIFACE ,13,

01430 4344* I 4H1 IS , 110.4 I
01431 435*" 940 F(IMT (65)t0HI1"FM.''EA (lUDINT SYSTFM4 IS Mx) CIf)sE 'TO SPA(E CI.'

01431 4364* IT St1RFACE .15 ,31H FtR UMI FAC'Alt CAIM IATIONS. ///

01431 4374* 2 51h KWIE HI-lI..CE 1IRDINATE Y.111N4 AAN FH(M SI-NFAC //I10X,

01431 43A* 3 61H- OR - //35 1H RI XAc1: SPAC (AlT FAl;l.C . 1?'. II
01431 439* 4 23H C00 TO NT' TINtE POINT. I
01432 440* 942 RItT (13HIOSAIXM ARIEA .14,3X.54Illlt IN .lVOT. 11" : (t 1 IDIRWt

01432 441* ITI( IS MNF POSITIVE. )

01433 4424* 944 KUINAT (I3HOSH IUX)W AHA .1I4,3X, 3ANIN),I4,IX.IOH OVEIAP. I
01434 4434* 950 FU#MaT (9111 TIW.21X,14AS,12X,41HPAW.E,I4 19H (H),/FIo0.3/
01434 4444* I 30X,2AS, H IN A ,As,29HIN] MT. IS IMATI) IN A
01434 445%* 2,2A6,1tH I .VilI (+NT. //)

01435 446* 951 FUI T (2H0 ,2A5,16Kx,IHX,9X,IHY,9X, 2 Z AZIIFI (XWCIACT /

01435 447* I 10)H ICATION,16X, 451(F'
"
) (IT) (IT) I M.) lE

01435 444* 2MP / 20X,3FI0.2,2FI0.j ///
01435 449* 3 40H S*tRY ( 11 11 .4*R.1L .. VICW-.*F. / I
01436 450* 952 IR%4AT (4(32H ME M . O O AD W /
01436 451* I 4(32?H1 N. NAW. AJSOR INCID T1)4P ))
01437 452* 953 FUIRAT (4(5X,13,IX.AS,3F6.1) )
01440 453* 957 iW14AT (//// 2X,2A5,102H F.%VIR(0J'W" IS THE SAW AS 1TE PREVIOJS
01440 454* ITIWI POINT. SFE THAT PRIN'IUff FRE DrTAltD MNAL FIJX DATA.
01441 455* 95 FtRNAT (13H iENVIROE.tNT, 16X, IHLSIN AWAE£ (DFlG) : ,F7.2 II
01442 456* 959 FUR-AT (13H FNVIRO *NT,I4X23HSLIW iAAR ILNAR/ 26X,
01442 451* I 2944NC E SOLAR I.R. /26X, 25H(DEG) AESOR ABSOR /
01442 45R* 2 20X.F10.,2F.210.3 /)
01443 459* 960 FIR'4T (13HO SPACE CRAFT,13X, 4IfFP,8X,IHX,9X,1HY,9X,IHZ, X,
01443 460* 1 551INCLN AZIfI 914I EIGH1ff I.R SOLAR /
01443 4614* 2 9H SLRFACE.16,f*G F., 3(6X.4H(FT)),2(5.5 H(DfDO)),
01443 462* 3 2(6X.4H(IFF)),5X, 51I)4ISS,4X,6H1AFSlORB /151H SPlIFICATION,15,
01443 4634* 4 PF10.2,2FI0.3 / (10X,II0.PFIO..2,2VFIO.3) I
01444 464* 961 FIR%4T I H0 SHAIXM,16X. 4lFHMP,@X,IHX.9X.1HY,5X,17HI WIDTHI Y WI
01444 465* IDI1T / 91H S RFACE,:6X,9101G P,4(6X,4H(FO'T)) /15H1 SPECIF'ICATION,
01444 466* 2 15,5FI0.1 / (10X,110,FIO.1))
01445 467* 962 RFRU4T (40X,2214BR'B4D MIAT, i !/HR .23X,
01445 466* I 23HINCID'T I'N hY, BflI/Hl ,lSK, 4,AD) W
01445 469* 2/127H NODE 1TUAL TOTAL DIRECT SOAR ENV VE
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11 40* 3"c VIC DIRTSX % %r1~441C 1241k. l+N

01445 47* 3 20t .11, NO. N 11U 11A II INIflP14T SxM IWIX) I .

01445 V 47?* 583 1 IOu' v4X,%R~& th IAl 1*10 wIMNA IST L". ml; NS

0144 473*.I Zi )P4i 0~%0 ~431 a 41 4~Y1)

0146 4 x* 6 RLXT XA 7 P i 0I&* 9 0.%7I . I 4*YI.
014 0Z7577 964 FtiQv

0100 76* 6% FSLVT 6I



SUBPROGRAM NAME: Subroutine LCR

SEGMENT NAME: SUBC1

PURPOSE: Calculate the thermal environment experienced by the Reference Co-
ordinate System (RCS) located in or near lunar crater surfaces.

DESCRIPTION: The EHFR lunar crater thermal environment consists of albedo
and infrared energy originating from lunar craters, albedo and infrared
energy from the lunar plain surrounding the lunar craters, and direct
solar energy. The governing equations describing incident and absorbed
energy calculations on the RCS are presented in Section 4.2 and 4.3 of
the Volume I. Input to the routine consists of solar vector elevation
data, lunar surface thermal properties, and lunar crater location andcon-
figuration data.

CALLING PROGRAM: SUBM1 (Main Program)

ARGUMENT LIST: None, all data required is transferred into and out of the
LCR subprogram via block common statements.

NOMENCLATURE: Listed below is a dictionary of FORTRAN nomenclature used by
the LCR program. Also used in the LCR routine are the variables of the
MR, GEl, GE2, and GE3 block common statements. The MR and GEl variables
are defined with the SUBM1 program nomenclature. The GE2 and GE3 block
common variables are defined following the LCR nomenclature.

ALPHA Absorptivity of an RCS node to incident energy

DC (Distance)2 between craters, ft2

ENV1, ENV2 Environment name in A format

FAINP Form factor of RCS node to the infinite lunar plain

FAP Form factor of RCS node to lunar plain (adjusted
for lunar crater form factors)

FATOT Form factor of RCS node to all lunar craters

GOFIR Total lunar crater infrared energy incident on an RCS
node, Btu/hr-ft2

GOFIRP Total lunar plain infrared energy incident on an RCS
node, Btu/hr-ft2

GOSOL Total lunar cra er albedo energy incident on an RCS
node, Btu/hr-ft

GOSOLA Total lunar pla n albedo energy incident on an RCS
node, Btu/hr-fti
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GOSOLD Total direct solar energy incident on an RCS node,

Btu/hr-ft2

IENV Environment option index

I, J, K Indices

INC Number of lunar craters for the current environment

II, 12, 13 Print indices

N RCS node number

Q(l, N) Total absorbed heat by RCS node N, Btu/hr
(2, N) Total incident heat on RCS node N, Btu/hr
(3, N) Total direct solar energy absorbed by RCS node N, Btu/hr
(4, N) Total crater albedo energy absorbed by RCS node N, Btu/hr
(5, N) Total crater infrared energy absorbed by RCS node N, Btu/hr
(6, N) Total plain albedo energy absorbed by RCS node N, Btu/hr
(7, N) Total plain infrared energy absorbed by RCS node N, Btu/hr
(8, N) Total direct solar energy incident on RCS node N, Btu/hr
(9, N) Total crater albedo energy incident by RCS node N, Btu/hr

(10, N) Total crater infrared energy incident on RCS node N, Btu/hr
(11, N) Total plain albedo energy incident on RCS node N, Btu/hr
(12, N) Total plain infrared energy incident on RCS node S, Btu/hr

SOL Solar constant, BTU/hr-ft2

TA Verticle distance from crater rim to an RCS node, ft.

TB Horizontal distance along solar vector from the crater
rim to an RCS node, ft

XRMN3 RCS node distance to 1.5 feet above local lunar surface, ft
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GE2 BLOCK COMMON NOMENCLATURE

Listed below is a dictionary of FORTRAN nomenclature for the
variables contained in the GE2 block common statement. GE2 is used by the
lunar crater environment subprograms and is contained in segment C of the
EHFR map.

AMOON Absorptance of the moon to direct solar energy

ASP(K) Aspect ratio (diameter:depth) of lunar crater K

DEPTH(K) Depth of lunar crater K, ft.

DIA(K) Diameter of lunar crater K, ft.

EMOON Lunar surface thermal emissivity

INC Number of lunar craters for this environment.

INCRAT Crater number in which the RCS is located

RAD Crater spherical segment (radius)2 , ft2

RTOPIN (Radius of top) 2 of crater in which the RCS is located, ft2

RTOP2 (Radius of top) 2 of crater, ft2

XK(K) Center point X coordinate location of crater K, ft

YK(K) Center point Y coordinate location of crater K, ft
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GE3 BLOCK COMMON NOMENCLATURE

Listed below is a dictionary of FORTRAN nomenclature for the varia-bles contained in the GE3 block common statement. The GE3 is used by all ofthe lunar crater environment subprograms and is contained in segment C of the
EHFR map.

ALBP Lunar plain albedo, Btu/hr ft2

AREA(I) Lunar crater node area, ft2

COSPHC Cosine of PHC

COSPHI Cosine of PHI
COSTHC cosine of THC
COSTHT Cosine of THT
DCSQ (Distance)2 between an RCS node and crater K center, ft2

DGMXSQ Diagonal (distance)2 of largest crater node, ft2

DPHI Differential azimuth angle of crater node, radians
DTHT Differential elevation angle of crater node, radians
NPHID Number of crater azimuth divisions
NPHIDI NPHID + 1
NPHID2 Half the number of crater azimuth divisions
NTHTD Number of crater elevation division
NTHTC Number of crater corner point elevation data required.
PATI O.1/R
PHC Azimuth angle of crater node corner point, radians
PHI Azimuth angle of crater node center point, radians
PSMAX Crater node (at top) dimension, ft
R Spherical radius of crater, ft
RTOP Radius of crater top, ft.
SINPHC Sine of PHC
SINPHI Sine of PHI
SINTHC Sine of THC
SINTHT Sine of THT
SOLFLX Albedo of lunar crater node, Btu/hr ft2

TC Temperature of lunar crater node, OR
TCONN Temperature of lunar plain,oR
THC Elevation angle of crater node corner point, radians
THT Elevation angle of crater node center point, radians
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W Infrared radiosity of lunar crater node, Btu/hr ft2

WP Infrared radiosity of lunar plain, Btu/hr ft2

ZCNTR Z coordinate of spherical center of crater, ft
ZK Z coordinate of lunar crater node corner point, ft
ZN Z coordinate of lunar crater node center point, ft

70



LCR SUBPROGRAM FLOW CHART

STARA

CALL SUIDFF TO CALCULATE ENVIRONMENT
CHECK DATA FOR ERRORS, WRITE ON RCS NODE FROM EACH CRATER
DIAGNOSTICS MESSAGE IF REOUIRED

CALCULATE SOLAR ANGLEOGATA
SET LUNAR SURFACE PROPERTIES TO

SCORRECT VALUE

DOES qCS
MODE SEE THE YES

LUMR PLAIN

FOR EACH CRATER 75J
READ CRATER CONFIGURATION DATA CARD E2
CHECK DATA FOR ERRORS, WRITE DIAGDJSTICS MESSAGES 0
IF REQUIRED CALCUTE FR ACTOR FAN

. ~ ~~LUNAR PLAIIN ENVI RONMEN'IT CS~JLT NODET UNA PLAI
DATA SET To ZE CA ATE C ENTA A ED

710 E I HEAT LUNAR ULIN
710

CALL SLC TO CALCULATE GEOMETRIC, -
RADIOSITY, AND NODAL TEMPERATURE DATA

TOTAL ENVIROMENTAL HEAT LOADS FROM ALL SOURCES
ON RCS NODE

725 CALCULATE OR, OS, AR
CALL TRANR TO READ INPUT DATA CARD B-2 CALL TABW FOR ADIABATIC WALL TEMPERATURE

AND INITIALIZE DATA

757
TIE 0 NO 5 SUBTOTALE 757 CS ILS T THE ENVI-i; I

C

0 750 
YES CONTINUE

CALL TEl TO CALCULATE CONTACT TEPPERATURE

REPEAT FOR WRITE OUTPUT ON TAPE ,
EACH RC5 MODEI

CALL TRAINS TO TRANSFORM NODE COECRAT TA

WRITE OUTPUT ON PAPER

IQ

D TIME -1
TMIMETs

TIME-TIME+D TIE
1000 SELF BLOCAGE. SAME ENVIROIMENT
NO ENVIRONMENT AS PREVIOUS TIME

CALCULATIONS POINT, NO CALCULA
NECESSARY TIONS NECESSARY R 7

PI9NIS 0 T No
739 0

DOES A
CRATER RIN

C D LOCK SOLAR ENERGY
RCS YES

GOSOLI * 0
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SUBPROGRAM NAME: Subroutine SLC

SEGMENT NAME: SUBC2

PURPOSE: Calculate the lunar crater nodal geometric data, solar and infrared
radiosity data, and the nodal temperatures. Also calculate the lunar plain
radiosities and temperature.

DESCRIPTION: The SLC subprogram divides each of the lunar craters into
spherical shaped segment nodes, calculates the associated geometric data,
and calculates nodal radiosities/temperature for use in the calculation of
the lunar crater thermal environment. The geometric data calculated in-
clude: node areas, node center point coordinates, node corner point coor-
dinates, and crater sphere radius and center point data. The lunar crater
and plain radiosities are determined in SLC using the governing equations
in Section 4.2 and 4.3 of Volume I. Storage of the crater nodal
geometric/radiosity data for use in the other crater environmental sub-
programs (TC1 and SUBDFF) is accomplished using a high speed drum (logical
unit 2).

CALLING PROGRAM: LCR

ARGUMENT LIST: None, all data required/generated are transferred into and out
of this subprogram via block common and high speed drum.

NOMENCLATURE: Listed below is a dictionary of the FORTRAN nomenclature used
by the SLC subprogram. Also used by the SLC subprogram are the variables
of the GEl, GE2, and GE3 block common statements. The GEl block common
variables are defined with the SUBM1 program nomenclature, and the GE2
and GE3 variables are defined with the LCR (SUBC1) nomenclature.

ALBC Reflectance of lunar surface to solar energy

CONST1 Intermediate constant

Cl,C2,C3,C4 Crater constants used in the calculation of crater
C5,C6,C7,C8 node radiosities and temperature
INC Number of craters for this environment

I, J, K Indices

QZERO Minimum lunar surface infrared emittance, Btu/hr ft2

RI, RJ Radius increments, ft

RIMANG Rim angle between top of crater and crater node measured
parallel with solar vector from -X direction rim, radians

SOL Solar constant, BTU/hr-ft2

SOLI Direct solar incident energy on a crater node, Btu/hr ft2

TA Verticle distance from crater rim to crater node, ft
TB Horizontal distance along solar vector from crater rim to

crater node, ft
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TMIN Minimum lunar surface temperature, OR
XN X coordinate of crater node center point, ft
YN Y coordinate of crater node center point, ft
ZN Z coordinate of crater node center point, ft
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SLC SUBPROGRAM FLOW CHART

START,

REWIND LOGICAL UNIT 2

CALCULATE CRATER : TOP RADIUS, SPHERICAL RADIUS
CENTER COORDINATES, AND NODE SEGMENT ANGLE DATA

CALCULATE CRATER RADIOSITY CONSTANTS : C1 THRU C8

4
REPEAT CALCULATE CRATER NODE SEGMENT COORDINATES.
FOR EACH
CRATER

IS CRATER
NODE SEGMENT

REPEAT SHADOWED FROM SOLAR YES
FOR EACH ENERGY BY CRATER RIM
;RATER

NO 150 -

CALCULATE RADIOSITY OFCALCULATE RADIOSITY OF UN- SHADOWED CRATER NODE
SHADOWED CRATER NODE SEG- SEGMENT IN SOLAR AND
MENT IN SOLAR AND IR REGIONS IR REGIONS

300

CONTINUE

WRITE CRATER NODE GEOMETRIC AND RADIOSITY DATA
ON LOGICAL UNIT 2

RETURN
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SUBPROGRAM NAME: Subroutine SUBDFF (QA)

SEGMENT NAME: SUBC4

PURPOSE: Calculate the lunar crater environment on a Reference Coordinate
System (RCS) node.

DESCRIPTION: Using the lunar crater node geometric data and radiosities
calculated in the SLC subprogram, the SUBDFF calculates the form factors
and incident/absorbed energy on an RCS node from each of the lunar craters.
The RCS node to crater node form factors are calculated using governing
equations of Section 3.0. If a lunar crater node is too large for the
form factor analyses, the SUBDFF program subdivides the crater node
automatically so that the calculations are valid. The incident/absorbed
energies on the RCS node consist of the lunar crater albedo and infraredradiosities. The governing equations for the crater radiosities are pre-sented in Section 4.3 of Volume I.

CALLING PROGRAM: LCR

ARGUMENT LIST:

QA Lunar Crater infrare energy absorbed by an RCS node
(output), Btu/hr ft

All other data required by the SUBDFF subprogram is transferred into andout of the routine via block common and high speed drum files.

NOMENCLATURE: A dictionary of PORTRAN nomenclature used by SUBDFF is listedbelow. Also used in the routine are the GEl, GE2, and GE3 block commonstatements. The GE2 and GE3 block common variables are defined withthe LCR nomenclature, and the GEl block common with the SUBM1 (main pro-
gram) variables.

ALPHA Absorptivity of an RCS node to incident energy

ASN Area of subdivided lunar crater node, ft2

BZC(I) BZ*DZ of crater node corner point I

BZDZ BZ*DZ of crater node center point

CONST2 Constant used in form factor calculation of a subdivided
lunar crater node

COSBIS Cosine of angle between lunar crater node normal and a
RCS to crater vector

COSB2S Cosine of angle between RCS node normal and a RCS
to crater vector

COSPSN Cosine of PSN

COSTSN Cosine of TSN
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DISMIN Minimum distance from RCS node to crater node used for
crater node subdivision calculations, ft2

DISTSQ (Distance)2 from RCS node to a crater node, ft2

DMAXP Maximum subdivided crater node azimuth angle allowed,
radians

DMAXT Maximum subdivided crater node elevation angle allowed,
radians

DP Subdivided crater node azimuth angle legnth, radians

DPSEN (Distance)2 value used to determine whether the RCS node
can see a crater node when the RCS is located away from
the crater, ft2

DSQSN (Distance)2 from RCS node to a subdivided crater node, ft2

DT Subdivided crater node elevation angle length, radians

DX,DXSN X component of vector from a RCS node to a crater node, ft

DY,DYSN Y component of vector from a RCS node to a crater node, ft

DZ, DZA, Z component of vector from a RCS node to a crater node, ft
DZSN

DZSNBZ DZSN*BZ

DZSNSQ (DZSN)2, ft2

DZSQ (DZ)2, ft2

FAIJ Form factor from an RCS node to a crater node

FASN Form factor from an RCS node to a subdivided crater node element

FATOT Form factor from an RCS node to all lunar craters

GOFIR Total lunar crater infrared energy incident on an RCS
node, Btu/hr ft2

GOFIRN Infrared energy from lunar crater node incident on an RCS
node, Btu/hr ft2

GOSOL Total lun r crater albedo energy incident on an RCS node,
Btu/hr ft

I,J,K,KK, Indices
IS,JS,L
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INC Total number of lunar craters for this environment

INCRAT Crater number in which the RCS is located.

NPS Number of azimuth division for the subdivided crater node.

NTS Number of elevation angle divisions for the subdivided
crater node.

PHIR Crater node edge azimuth angle, radians

PSN Azimuth angle of subdivided crater node center point,
radians

RADSE Radius of RCS node from crater sherical center, ft
RIS,RJS Real number values of IS, JS, NPS, and NTS
RNP,RNT

SDSQMN 9 X maximum crater node diagonal +(SESPD) 2, ft2

SESPD R-RADSE, ft

SINPSN Sine of PSN

SINTSN Sine of TSN

THTB Elevation angle of crater node lower corner point, radians

TSN Elevation angle of subdivided crater node center point, radians

XC(I) X coordinate of crater node corner point I, ft

XN,XSN X coordinate of crater node center point, ft

XPSEN X value used for DPSEN calculations, ft

YC(I) Y coordinate of crater node corner point I, ft

YN,YSN Y coordinate of crater node center point, ft

YPSEN Y value used for DPSEN calculations, ft

ZDZ ZSN/DZSN

ZN,ZSN Z coordinate of crater node center point, ft
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SUBPROGRAM NAME: Subroutine TCl (XO, REMU,TCON)

SEGMENT NAME: SUBC6

PURPOSE: Determine the crater in which the Reference Coordinate System (RCS)
is located and calculate the RCS contact temperature with the lunar sur-
face.

DESCRIPTION: The TCl subprogram determines which crater the RCS is located
(if any) based on input RCS timeline coordinates (XO array on Card B2). The
subprogram then determines the crater node on which the RCS positioned and
uses that crater temperature as the contact temperature. If the RCS is
not located in a crater, the subprogram uses the lunar plain temperature. In
the event the contact temperature is input (TCONT on Card B2) the routine sets
the contact temperature to that specified by the user.

CALLING PROGRAM: LCR

ARGUMENT LIST:

XO Current timepoint RCS location as defined in the MR
block common (input)

REMU (Distance)2 of the RCS froT the crater center in which
it is located (output), ft.

TCON RCS contact temperature (output), OR

All other data required by the TCl subprogram is transferred into the
routine via block common and high speed drum files.

NOMENCLATURE: A dictionary of FORTRAN nomenclature used by the TCl sub-
program is listed below.

DIA(K) Diameter of crater K, ft
DPHI Crater node anizuth angle length, radians
DTHT Crater node elevation angle length, radians
DX X distance from RCS to crater center, ft
DY Y distance from RCS to crater center, ft
INC Number of lunar craters in current environment
INCRAT Crater number in which RCS is located

I,J,K Indices

PHI3 Azimuth angle of RCS crater location, radians
RAD Spherical (radius)2 of crater, ft2

RCRA, RTOP2 (Radius of top) 2 of crater, ft2

RTOPIN (Radius of top) 2 of crater in which RCS is located, ft2

TC Crater node temperature, OR
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TCONN Lunar plain temperature, OR

TCON RCS contact temperature, OR

XK(K) X Coordinate of crater K center point, ft
XO(1) RCS X position, ft

XO(2) RCS Y position, ft
XO(3) RCS Z position, ft

XO(7) RCS input contact temperature, OR
YK(K) Y coordinate of crater K center point, Ft
ZCNTR Z coordinate of crater spherical center, Ft
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START

IS THE RCS YES
IN A CRATER

NREAD CRATER DATA
FROM LOGICAL

IS CONTAC UNIT 2
Nn c-TEMP INPUT

TOEHFR

CALCULATE VERTICAL
YES LOCATION OF RCS

IN CRATER
TCON = LUNAR
PLANE TEMP

IS CONTACT
YES ,,TEMP INPUT TO

EHFR

TCON INPUT VALUE

NO

CALCULATE CRATER NODE
NUMBER IN CONTACT

WITH RCS,I,J
TCON = TEMPERATURE
OF CRATER NODE I,J

94RETURN
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SUBPROGRAM NAME: Subroutine TVC (IENV, IND)

SEGMENT NAME: SUBSO10

PURPOSE: Read and print thermal vacuum chamber environment input data,
initialize chamber parameters, and call the appropriate EHFR thermal
vacuum chamber option subprogram (CHB or CHR).

DESCRIPTION: The TVC subprogram reads initial input and data update cardsdescribing the thermal vacuum chamber environment and configuration. Theseinclude: solar lamp grid screen configuration and heat fluxes; chamber
floor configuration and either node or thermocouple temperatures;
infrared and solar albedo background energy data; and Lunar Surface ThermalSimulator (LSTS) heater element zone temperatures and tier angles. LSTSconfiguration data updated in the SUBI3 subprogram is transferred to TVCvia a high speed drum (logical unit 4). For the LESTER option (IENV=5),TVC rewinds the current output tape (on logical unit 3) for use as inputinto the CHR routine. The TVC program prints out all input data cardsread during subprogram execution and calls the appropriate EHFR chamber
option subprogram.

CALLING PROGRAM: SUBM1 (Main program)

ARGUMENT LIST:

IENV Environment option index as read on Card B1 in SUBM1
(input)
IENV = 4 chamber environment timeline to be generated
IENV = 5 LESTER option, chamber LSTS zone powers to

be matched for the real environments input

IND LSTS heater element configuration index (input)
IND = I Read configuration data on logical unit 4
IND = 0 Configuration data already stored, reading

logical unit 4 is to be omitted.

All other data required/generated by the TVC subprogram is transferredinto and out of the routine via the block common statements.

NOMENCLATURE: The FORTRAN nomenclature used by the TVC subprogram is listedbelow. Used by the TVC routine are the variables of the CH1, CH2, CH3,CH4, and CH6 block common statements. The nomenclature for these blockcommon statements are defined following the TVC nomenclature. The MR andGEl block common nomenclature also used in TVC routine are defined withthe SUBM1 (main program) nomenclature.

ALAMP Perpendicular distance of pivot from LSTS heater
element center, ft

BLAMP Parallel distance of pivot from LSTS heater element
center, ft
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ENVP(IC), ENV1, Environment name of chamber IC in A format

ENV2

EPSLMP LSTS heater element emissivity

I, J, K Indices

IC Chamber index

IENV Environment option index

IFLR Chamber floor data input index

ILAMP LSTS heater element data input index

IND Stored LSTS data tape input index

IN(5) Chamber background data input index

IN(6) LESTER option absorbed heat data input index

ISOLAR Solar lamp data input index

IT LSTS heater element zone tier index

IZ LSTS heater element zone index

II, 12 Print indices

N RCS node number

NGRID1 Maximum number of solar screen grid nodes

NTC Number of thermocouples

NTOT Total number of chamber floor nodes or total number of
solar screen grid nodes

NZ Number of LSTS heater element power zones for this
chamber

RADIUS Chamber floor radius, ft.

THT(J) Inclination values of the background data (for
printed output), deg.
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CH1, CH2, CH4, AND CH6 BLOCK COMMON NOMENCLATURE

Listed below is a dictionary of FORTRAN nomenclature for the vari-
ables contained in the CH2, CH4, and CH6 block common statements. These
block commons are located in segment S of the EHFR map.

CH1 Block Common

FL(N, IZ) Form factor from RCS node N to LSTS heater zone IZ

IC Chamber index
=1 MSC chamber
=2 LTV chamber

NC(IC, J) Stored chamber constants for Chamber IC
J=l Number of solar screen lengths
J=2 Number of solar screen widths
J=3 Number of chamber floor radial divisions

(for nodal breakup calculations)
J=4 Number of chamber floor angular divisions
J=5 Number of floor thermocouples

NCMB Number of chambers for which data is stored

NLAMP(IC, IZ, IT) Number of LSTS heater elements in tier IT, zone IZ,
chamber IC

NTIER (IC, IZ) Number of LSTS heater element tiers in zone IZ,
chamber IC

NZONE (IC) Number of LSTS heater zones in chamber IC

XL(IC, IZ, IT, Initial coordinate data for LSTS heater elements IL,
IL, I) in tier IT, in zone IZ, in chamber IC

I=1 X position of heater element, ft.
=2 Y position of heater element, ft.
=3 Z position of heater element, ft.
=4 Azimuth angle of heater element, radians
=5 Inclination angle of heater element, radians
=6 Heater element area, ft2

XLO(IC, J) Stored chamber values for chamber IC
J=l LSTS heater emissivity
=2 Perpendicular distance of pivot from LSTS heater, ft
=3 Parallel distance of pivot from LSTS heater

element center, ft
=4 Solar screen modulation
=5 Solar screen height, ft.
=6 Solar screen width, ft.
=7 Chamber floor emissivity
=8 Chamber floor radial division length, ft
=11 to 30 Absorptivity of material I (I=J-10)

to solar lamp energy

99



XLP(IZ, IT, IL, I) Transformed (after rotation) coordinate data for LSTS
heater elements
I=1 X position, ft.
=2 Y position, ft.
=3 Z position, ft.
=4 X component of heater unit normal vector
=5 Y component of heater unit normal vector
=6 Z component of heater unit normal vector

CH2 Block Common

ALFSOL Solar screen modulation

HEIGS Solar screen height, ft.

ML Number of solar screen lengths

NGRID Maximum number of solar screen nodes allowed

NW Number of solar screen widths

SFLUX Solar lamp flux incident on RCS node, Btu/hr-ft2

SOL(I) Solar lamp flux on solar screen node I, Btu/hr-ft2

WIDTHS Solar screen width, ft.

CH4 Block Common

A(I) Absorptivity of material I to solar lamp radiation

B(IZ) Radiosity of LSTS heater elements in zone IZ, Btu/hr-ft2

T(IZ) Temperature of LSTS heater elements in zone IZ, OF

TR(IZ) Temperature of LSTS heater elements in zone IZ, OR

CH6 Block Common

QBR(I, J, K) Background infrared energy array, Btu/hr-ft2

QBS(I, J, K) Chamber albedo background energy array, Btu/hr-ft2
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CH3 BLOCK COMMON NOMENCLATURE

Listed below is a dictionary of FORTRAN nomenclature for the vari-
ables contained in the CH3 block common statement. CH3 contains chamber
floor data and is located in segment S of the EHFR map.

BF(I) Radiosity of floor node I, Btu/hr

DR Floor node radial length, ft.

EPSFLR Floor emissivity

NB Number of floor node angular divisions

NFLR Maximum number of floor nodes allowed

NODE Number of floor nodes

NUMZNS Number of floor node radial divisions

TAV Average floor node temperature, OF

TEMP(I) Temperature of floor node I, OR

TEMTC(J) Temperature reading of thermocouple J, oF

XF(I) X coordinate of floor node I, ft.

YF(I) Y coordinate of floor node I, ft.
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0 vmR,* slHsi0,,ui}HsI0 31 MAN 7 1 14:
UNIVAC 101 P'l.TRAN V I.-VIl, 2206 00114 1501 I
TiS C4PIIATION W4 IX)NK 0% 31 K N 71 AT 14:19:29

SUHtUrINh TVC ENTHY POINT 001615

STORAGE ISFD I)(iX)K, NAME,. tNGTCH)

0001 *(XX" 001641
0000 *IATA 000742
0002 *HIANK 000000
0003 Ml 053203
0004 OGE1 000043
0005 CHI 035554
0006 CH2 000436
0007 CH3 005141
0010 CH4 000062
0011 CH6 000170

EXTERNAL REFER1NCES I IAC K, NAME)

0012 FI'ORN
0013 G10M

0014 CHR
0015 C0-
0016 EXIT
0017 NREWS
0020 NRFK!S
0021 NIOIS
0022 NIOZS
0023 NRD S
0024 Nk115
0025 NW.Fs
0026 NiS
0021 SIN
0030 COS
0031 NElRR3 S

STORAGE ASSI0WlNTN' RU) VARIAHIFS IHI, CK, TYPE, REFATIVE IDOCATION, NAMI)

0001 000012 1320 0001 000021 13170 0001 000026 1430 0001 000033 1470 0001 000040 1530
0001 000045 1570 0001 000062 I10 0001 000136 2140 0001 000164 2270 0001 000225 2526
0001 000330 3040 0001 000347 3140 0001 000402 3250 0001 000436 3420 0001 000454 351G
0001 000475 3610 0001 000052 3991L 0001 000054 4001 0001 000150 4011 0001 000252 4041,
0001 000371 4061, 0001 000504 408L 0001 000516 409L 0001 000523 4101 0001 000556 4120
0001 000625 4141. 0001 000771 416L 0001 00077116 418L 0001 001166 420L 0001 001204 4211
0001 001263 4231. 0001 001374 4261L 0001 001367 429L 0001 000620 4310 0001 001406 4351
0001 001003 4401 0001 001161 44AL 0001 000723 4570 0001 000765 4160 0001 001015 5120
0001 001016 5140 0001 001017 5160 0001 001044 5270 0001 001045 5310 0001 001046 5330
0001 001077 5460 0001 001110 5540 0001 001115 5610 0001 001124 5660 0001 001130 5720
0001 001236 6310 0001 001253 6400 0001 001302 6510 0001 001333 6600 0001 001353 6700
0001 001421 810L 0001 001442 6821 0001 001465 68141 0001 001506 816L 0001 001531 )811,
0001 001550 620L 0001 001564 6901, 0000 000041 901P 0000 000042 902F 0000 000044 905F
0000 000046 920F' 0000 000073 922F' 0000 000116 924 0000 000133 9261' 0000 000157 92

4
1

0000 000206 9301' 0000 000227 932P 0000 000243 950P 0000 000272 952P 0000 000312 9541
0000 000411 956F 0000 000426 95sF' 0000 000430 960F 0000 000464 962" 0000 000475 9641'
0000 000504 9661 0000 000522 970P 0000 000541 9721 0000 000562 97141 0000 000571 976F'
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0000 000576 940F" 0000 000614 q t" 0000 0001.4 (100,1 0000 0006s -41, 000 0004', ***,

0000 00071t 9gI' 0010 H 000000 A 0001 N 001 1.7 1. , 01100 N 0000.4 .1 14"1 041004 H C0(1007 %1 M VI

0006 H 000435 Al.INOI. 0003 H 000041 ANA M 0004 H 003173 AH 0011 N IO ;17 AN 0004 H 0011004 IS#1

0010 R 000024 It 0007. H 005140 1H 1*r 0007 H (101"14 141" 4111)0 N 000044 11AMP o0114. N OlOUnt #I'

0004 H 000021 RX 0004 H 000007 It% 0004 H 00002 141 0004 00L tl)1 it/ )ll4 (4 0 11(1100)1 I)' ) 1

0004 R 000042 C) SUN 0004 H 0000 II COSNT 0004 H 0 3000e o1)!TI 0007 4 011000 1 1114 41i N 0013 416 7Il 'I

0004 R 000024 I)A 0004 H 000025 0% 0004 Hf 00001)b )/ 0000 N 0100012 I%.P 114 if 1111N 001 %% I

0000 H 000016 i%V2 0007 H 000005 EPS 'M 0004 N 000012 @PS4IP no4., H 0000 i 1'vimr 10111) N 01414 34

0004 R 000014 FF 0003 H 00310. GIE(N*O 0004 H 000011 (XWIN 0004 N 0000140 (4XW)FINP 0004 H (10)00,4 ;()()M

0004 R 000036 4X,0()1A 0004 N 00005 ()MolI.I) 0l00 H 0004411 HFIG 5 0100 I 000017 1 0004 I 00447 Il

0005 I 000000 It: 000: I 000014 IcAHI) 0004 I 0110444 IFI 00414 i 00)0441 1A.4IP 001 I 101)0442 1%
0003 I 000007 14(VI 0001 I 000014 IPAlIW 000: I 0)00024 IPHINT 0004 I 000027 IU o(1. I (10001 1 NIHf

0003 I 000012 (INC 0001 I 000441 I.%OIAN 0000 1 00007 I1' 0000 1 00005 1, 0 00 00 1 o2nt I1

0000 I 000024 11 0000 I 0000.41, 12 0000 I 0004ul .1 0000 I 0000.0 k 0004 410000110 M
0003 I 000001 MAi 0006 I 000430 %. 0001 1 000440 ct W 000. 00 on11) N)INU

"
'4 0001 1 000001 k4 I1

0003 I 052331 rII, 0003 000021 NTHIA 0000 I 00002%5 N 000 000 001 1i-" 0007 1 000000 %I
0005 I 000247 NC 0005 I 000001 NtIm 0003 I 0000e22 S'A 0000 1 000040 NUH II) 0005I 000327 %I.A 4P

0003 I 000004 NM)4E 0007 I 000002 NON 0000 1 000026 NT 0005 I 000005 NTIEI 0000 1 0001L, N'IT
0007 I 000001 %14.NS 0003 I 000005 K , 000. I 000431 NS 0000 1 000031 %7 0005 I 00000 %70)%1'

0004 R 000013 PHI 0004 R 000004 PHI1 000. 000015 PI 0001 R 000016 PII0O 0004 H 0t06257 O
0011 4 000000 O0 0011 R 000074 OS 0001 R 00137 OR 000] R 021001 Us 000.4 N 000067 UI"
0000 R 000027 RADIUS 0003 R 000025 HRE'F 0006 H 000434 SIA,'X 0003 H 000017 SIG 0004 H 000012 .sINP
0004 R 000041 SINSUN 0006 R 000000 5.11, 0004 H 000037 S t% 0004 R 000040 SlD) 0010 H 0000.46 T
0007 R 000004 TAV 0003 R 005413 "T1( 0003 R 000011 I1X(T 0003 H 000477 TF AtT 0007 H 001726 TiO'MP
0007 R 000006 T 4MTC 0000 R 000000 WHT 0004 R 000005 THfTI 0003 H 000021 TIE1. 000) H 000020 T ')'
0003 R 000461 TITLE. 0010 R 000050 TO 0006 R 000432 Il'T IHS 0007 H 000070 F 0005 H 005140 1I.
0005 R 000115 XLO 0005 R 000324 XIP 0003 R 001311 XN% 0003 R 000060 xO 0001 H 02)1647 XR
0004 R 000000 XSi 0007 H 001302 VF 0004 R 000001 .SF 0004 H 000002 7 .,

00101 1* 5R.I4RTINF VC( IlNV. 14ND)
00101 2* C
00103 3* PARAM Mf;R 14AX:=3.,NM4X:=420
00104 4* COMMON -I M / M,MAX,M(I'M,IMI),NMIN ,NVM, NAiEI(t.II.1v,TCONT,
00104 5* I ISC.ICARD, IPA,'.PI,PI i3,.IO0,TIM)OTllE,NtMTHI.N.IPHINT,
00104 6* 2 RVII( 12),ANAM. 15),.0(73).OT4 15S. 15).MiW( 10), INC 154,TITIJA 14).
00104 7* 3 Ti'iAT420,10).,AIJ4AT20 I01,XN(7).IN,.
00104 6* 4 AI.4NAX).AH4(NINMAX),A54(NMXI,(;iNo. NMAx N IA(NMA).TC'ONIhMAN,
00104 9* 5 Ot 12,NMIX),OH(I AX),OS(NMAINt IAM.NN.0 MrX I0),4TrL.NMA)
00105 10* PARAME.T'R I GRID=200
00106 lil* PARA'4TE NILR=6650
00107 12* OR40N /0GI e XS',VSES,.RASEPHI I,'11THfrT,.RX,.RY.,COWSP,SINPPHI,
00107 13* I FSE(5),RXX.BYY,D.STI,DN,DY.DIOGO4IRP,
00107 14* 1 COWST, ATTGOOI.GROS.,GOSiXD.OSN A,SUN. SUND, INSUN,0WSSUN
00110 15* COMMON /CHI/ IC,NOMNNNE(3),NTII'R(3,6),NIAMPE3,6,31.XD(3,30,.
00110 16* I NC(3,15),XLP(6,3,2.5,6).XL(3,6,3.25,61,I'L1T00.6I
00111 17* COM4 /CH2 / SOLt(NGRID),L,.NW ,WIDTHS.,HIOSG,SFUIX,ALsI.X.
00112 18* COMMON /CH3 / NF,NUMZNS,NO .,DRTAV,FPSFTR.TFM450)
00112 19* I,XF(NFtLR),YPF(NF1R).BPF(NFIR),TEP(NFLA),EBTA
00113 20* COR4MN /CH4 / A(20).R(10),T(10),T'R(0)
00114 21* COMMON -CH6/ OBR(3,4.5),011S3,4.5)
00115 22* COUIVALENCE (IN(2),IOIAR),(IN(3,IPFLaR),IIN(4),IAMP)
00116 33* DIM.'NSION THT110),EFNVP(4)
00117 24* DATA ENV2 / HIAMBEI /
00121 25* DATA (ENVP(I),I=I,3) /616SC C, 0H.TV C, 6HNEW C /
00123 26* DATA(TWfI),I=I.10)/ -90..45.,0.,45.,00.,-0.,-45.,0.,45.,0. I
00123 217* C
00125 28* IF (IND.ED.0) 00 TO 399
00127 29* RWINDhl) 4
00130 30* READ (4) XINL,NCMB,N7ON rNTIER,NLAMPNC, XD
00163 314* IND 0
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14 2,* :199 (TI
00165 33* I:1
00166 34* 400 CNT I Nt VE

00161 35* READ (5,901) IN

00175 36* ICAND = ICARD + I

00116 37* IC = IN)
0017711 30* I (IC.U.E.0. O.IC.IT.NC'MI) GO) T) tA10

00201 39* IF (IE.NV.I.4) GO Tr) 401

00203 40* IF I hI(6).GT.0) (O T1) 401

00205 41* II II.LT.0) GO '31) 401

00201 42* M=:
00210 43* TIW = -100.
00211 44* 111- IItrl't TIME.O

00220 45* .ND FI.E I(x'r

00221 46* RE-IND IXrI'

00222 41* 401 CONTI St

00223 4A* ENVI : F NVPIC)

00224 49* IPAGE : IPAGE * I

00225 50* WRITE (6,950) TITIJ.IPA(;E,.I(),HII(2).'NVI.FV2

00225 51* C

00225 52* C HIEAD NCREIN DATA
00240 53* IF (ISOIAR) 404,402,404

00243 54* 402 ML . NC(IC, I)

00244 55* NW : NCIIC,2)

00245 56* NTOTr = M,*NW
00246 57* ALYSO. : XID(IC,4)
00247 50* IIGS : XIM(IC,5)

00250 59* Wll34S= XLDO(IC,63

00251 60* D 403 I=I,Z0

00254 61* J = 1*10

00255 62* 40.3 AI ) XIO( IC,,J )

002517 63* READ 45,902) S .ND

00262 64* ICARD t ICARD * I

00263 65* 0O) TO 406

00264 66* 404 READ (5.905) NU.,hW,.NtND.HEIGS,WIL1WS,41A.F1.

00214 67* ICARD) : ICARD * 1

00275 0P* NM : ML*NW

00216 69* IF (INIF.GT.NGRID.O.NTOM.I.E.0) GO TO 1112
00300 10* IF (HEIG-*WIDlIHS.IJ:.0.0) 00 TO 1414

00302 11* RFAD 45,9023 A

00310 12* ICARD : ICAND * 2

00311 13* IF (AlFSOL..E.0.1 IS(LAR:-2

00313 74* 00 405 1=1,20

00316 75* It = 1
00371 16* IF (A(I).JF.0.0.OR.A(I).(T.I.0) 00 'T 1@1

00321 77* 405 CONTINEh
00323 *i* 406 READ (5,002) (SO,II:INT0T)

00331 19* ICARD z ICARD *(NTOT*9)/10

00332 80* WRITE (6.9523 SUNDAI.FSOL,HEIGS.ML,WilUlSNW,41,A(I),I,120

00341 81* WRITE (6,958) (S1(I),I:I,NTOr)
00355 82* SUN = SUNI3*PIli0
00356 83* SINSULN = SIN(SUN)
00351 84* COSSLN : COS SUN)

00360 85* 00 401 N:INMAX

00363 A6* I :MI'L(N)

00364 81* AL(N) = AI
00365 p8* 401 0ONTIN E

00361 89* CO TO 410

00310 90* 408 IF (ISMtAR.FD.-2) 00 0TO 400
00312 91* WRITE (6,9541
00374 92* CO TO 410

00375 93* 400 SRITE (6,956)

00317.5 94* C
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i5 95* C READ IMMI. DATA
00377 96* 410 IV 11LH) 414.42.414

00402 974 412 NIM7.ES = NC(OC.)
00403 g4* NH W IC,41

00404 fig* NI : N((Itis)
00405 100* PSI, : WXIAI'.)
00406 101* DR XLttoIC,s)
00401 102* HDitN : t* tMN7%S

00410 103* HEAD 45,902) (TIMWII,:INTC)

00416 104* ICAIRD : ICAND *MC*-9/10
00411 105* WtHIT- 46,960) HlIIt'S 4ZN,H.IPJ4
00425 106* WITI (46,962)

00427 1017* WHIT, (6,9,4) (T ,4I),l:l=.IT

00435 0o'* () T( 416

00436 1094* 414 READ (5.909) MMZI8.PHyI'$HH.l 3:I

00444 110* ICAHI) : IC4ARD * I

00445 111* It M :rt* MS
00446 112'* IV INTIr.ST.uIRI 1.M|iT.I.0) (X) T) S16

00450 113* IV MIEPS")R..IT..0(H. P'IlU.UT.I.0 (X) T1) so

00452 114* IF (RADIIS.IJ..00) (X) T M20
00454 115* 4R = RA4DIIS/,t1WZN

00455 116* REiAD (5,902) (TI-NPII.I=:I,TIyr)

00463 117* ICARD = I ICAD * (INTIT * 91/10
00464 11@* RIT. (6,960) RII)IUV.N N0?NS,NI.lPNIS.Nif
00412 119* WH1TITE (6.964)
00414 120* WRITE 46.95,q) (T3.MPlill,:lTW1)
00502 1214* 416 CAl. I.1[XN( IC, IFIH)
00503 1224* 00 T) 440

00504 123* 410 WRITE (6.966)
00504 124* C
00504 125* C READ RACKGOR(X%D DATA
00506 126* 440 IF (lN(5)..T.0) GO T) 4404
00510 127* READ (5.902) (((OtI(IJ.K.)K:,5,J:I,433:I,3)
00524 120* ICAND : ICARD * 6
00525 129* READ 45.902) 4IORII.IK.K=:.53.J=1,41.I:I,31
00541 130* ICARD : ICARD + 6
00542 131* RITE (6.9712)
00544 132* ?5K :=1.
00545 133* DO 444 1:=1,3
00550 134* PHII=:0.
00551 135* WRITE 46,9141 7SETHT
00560 136* 00DO 442 J=:,4
00563 1371* WRITE (6,9716) PHIIIOIRR4I,J.K),K:,5I.4GL,(IJ.K),:
005176 130* PHIl : PH4I*90.
00577 339* 442 CONT IN UE
00601 140* 7SE : ZSE * 2.
00602 141* 444 CONTINUE
00604 342* 00 TO 420
00605 43* 448 WRITE (6.9701
00605 344* C
00605 1454* C LAMP DATA
00601 146* 420 IF' (ILAMP.GE.0) 00 TO 421
00611 147* IP (ILAMP.D. -23 00 TO 429
00613 140* WRITE (6,980)
00615 149* 00 TO 428
00616 ISO* 421 CNTINUEM
00617 151* WRITE (6.982)
00621 152* NZ : NINE.( ICI
00622 153* EPSIMP : XL)(IC, )
00823 3544 AIAMP : XLOI1C,21
00624 I55* LiAMP : XIM(IC,J)
00625 156* IP (IENV.D.S) () TO 423
00621 151* READ (5,902) T

106



15 15k* ICARD: ICAND I

00636 159* WHI. (6.904) II.T(I),I=I.NZ)

00645 160* 423 CONTINLE
00646 161* WHITE 46, 9q6)

00650 16,* IX) 45 17.=:INZ

00653 161*
4  

TH(I)= T4IZ) * 460.

00654 164* (17Z : FPSImIP*
S I ( ;

*THI7)**4

00655 165* 12 : NTIFI(IC.IZ)
00656 166* READ (5,902) (XI.(ICIZITI,5).ITlI2)

00664 167* ICAI)RD = ICAD) + 1I
00665 160* WHITIF(6,9tk") i7.(i.EIC,.IT,1,5),IT1,I2)

00674 169* 425 CONTINlEht.

00676 170* C41J ,CfMt AI AMP. HIA.,MP)
00677 171* 0 ITO 420

00100 12* 429 COVT I Nt IE

00101 173* WHITE (6,901)

00703 114* 420 CO(NT I Nt .1

00704 175* IF (IlE.NV-4)410,430,4.3-

00707 176* 430 CALI CHH(I-NVI)

00710 117* RETVRN

00711 178* 435 CAIA. CHR( I ,EPSL4P,E %)

00112 179* IF (Il.T.O) GO TO 400

00114 100* CAIL. EXIT

00114 101* C

00714 1"2* C SECTION 000, INPT ERROR DIAGNOSTIC M"SSAGES

00115 103* 810 tWITE (6,920) ICARD

00120 104* WRITE 46,922) ICNCMH

00724 105* GO TO 890
00125 1i6* 012 WRITE (6.920) ICARD

00130 187* NGRIDI = NGRID
00731 1@1* WRITE (6,924) NTOT.NGRIDI
00735 189* 00O TO 890

00136 190* 814 WRITE (6,920) ICARD

00141 191* WRITE (6.926) HEIGS,lIDTHS

00745 192* GO TO 890
00146 193* 016 R ITE (6,920) ICARDI)

00751 194* WRITE (6.920) NTINR.,NLM7NS

00756 195* 00O TO 890

00751 196* 81$ WRITE (6,920) ICARD

00762 1914* RITE 46,q9301 11
00765 19* 00GO TO 490

00766 199* 020 HITE (6.,920) ICARD

00711 200* WRITE (6,932)
00713 201* 090 IF (IINV.I..5)CAI.L EXIT

00775 202* TIME : -100.
007716 203* RETIRN
00776 204* C
00776 205* C SFCTION 900, FORMAT STATINNTS

OOTTT 206* 901 FORMAT (2014)
01000 207* 902 FORMAT (10F8.3 I
01001 208* 905 FORMAT (214,9F8.3)
01002 209* 920 FORMAT (////47H FATAl. ERROR IN DATA INPUT FXXUND ON CARD NUMER.,
01002 210* I 14 , // 52H PROGRAM WILL CALL EXIT AFTER THE FOLOWINO MESSA4GE
01002 211* 2. ////I)
01003 212* 922 FORMAT (50H CHAMBER NUR4BER INPUT IS EITHER TOO LANGE OR ZERO. /I
01003 213* I 15H NULMIKR INPUT -,14, 20X, 20H MAXIMUM AVAILARiLE -.14
01004 214* 924 FORMAT (38H NhM*iER OF SOLAR SCREEN GRIDS INPUT IS,15., 20X,
01004 2154* 1 20H MAXIMUM AIL.OED IS ,t )
01005 216* 926 FORMAT (72H EITHER .X.AR SCR fE.N HEIGHT OR WIDTH HAS BEEN INPUT AS
01005 217* INFNATIVE OR ZERO. // 10H HEIGHT = ,FIO0.3/ 9H WIDTH z .110.3 I
01006 214* 920 PORMA4T 464H NUMfER OF FLOOR NODES REXIIRED IS ZERO OR GREATER THAN

01006 219* 1 AIJEDWFD. // 28H INRE'R OF NODES RFXUIRED = ,IS.15 // 4H hl=,I5 /
01006 220* 2 10H N M.NS = .1 I1
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1 7i 221* 930 I'O I NA1T 42Z4H AnI.(PTIV ITV OW OITIMS;, 15,btl TO) ILAN AL lP IF1 10%,

01007 222* I IS 1ITHTl NI.;4TI; Oil GI4AT1M TIIAN I. I
01010 223* 932 ]mtA.T i ll ITIII:H .1ix

x
xt H411)Its ( 11 -MISSI4Vi Ml' .11 1 1 w11 As /,140 (64

01010 224* I NIRIATIVF. I

01011 225* 950 1.'IWIT lIiS49Q,14 6,X,4111'P.1,14'/ U.11,2S.t.;7I / Is',II 1%

01011 226* IA .246.15 1V'NVIR) WINT. /45 P14 HI I, T I('1W1M114 OTIIi l%P4 r o1t lOaol

01011 2271 2 IPDAT. 'i/ I

01012 220* 952 1I1MAT 011 SOLAN ScH In:FN )TA. 'tf:17" SIAH .LAMP 46N1,TlrI ANII 1-:

01012 229* I (X.)1 :=.10.2, 20X, 26H 01.4H .t'i1fN M4)IXI.-TIO% :,V. 4
,
'

01012 230* 2 21H SCHF'- Itif (f* :,II02.I) 0~ .

01012 231* 3 32H NIWI41H OW FCH1'1N t:lIUrr IN+W :,is, I%/ 2M C54i-1:% l)ft14 (I'.,

01012 232* 4 FI0.2,I0X,32H Nt (IW O CH-N f% %lIYI'H %4(NWS5 :,0 /

01012 233* 5 37H LCOA)4TING AILSOIPTIVITY I ) SOlAR LA MP.+. 0o.

01012 234* 6 22H (M.lTING A .()ItPTIVIT , 10450X.I.I.1IZ2. 1/)

01012 235* 7 24H SOLAR CH'1;N NL(W I1ATA. /)

01013 236' 954 1M'R4T 1 4 H 31454AH SCHIKF% DAlT.T T yrHA I.')D I PIATI-) -T mil1s TI7 1;

01013 237* I. PlHI It S DATA INP.Ptr ED). /,)
01014 236* 956 M4AT 4 7011 .NAlR LA.MPS AR.4 f (1 %. M) S R 4')1 ,4' CAIII.tTItM.

01014 2394* lAE "11) TO tlE. //

01015 240* 95$ I.M.'%AT l012z.3)

08016 241* 960 IIMTI/20T(0HOC4AMIII 114 '(lO DATA. ''20H VA1134 NADIIS tIo :.I0.I/

01016 242* 131H NtIF4 OF RADIAL 1111x Mt-.* -. 15'/

01016 243* 2321H NAIM- OF AVNCIA 01114 11-5 -,15t/

01016 244* 32011 1.111311 NIISSIT1 : ,F7.3 / I

01017 245* 962 IKaTIAT 445H 1.11XIl "IFH.4(U6 PIE T.PERAltI; DATA, II] F. l)

01020 246* 964 1UR+T 433H -1610M NO(*. TI-NPHAT4t.ES, DG H. /l

01021 2417* 966 LM,0T/1/75H01'U3 DA TA N(Mrf CHAN;MI;D (N U:PIT1:D AT TIS TI.:. PHEVI

01021 246* IOUS DATA INPtI U1.6. //I1

01022 249* 970 F'R.AT4 /II0HOACK(;GRO;ND DATA Mtyr .HAGED OR U:PDITFD AT ThIIS TIM1.
01022 250* IPF, IIOVS DATA INPUT USED. //)

01023 251* 972 RU AT/I1TH0ORA1CKGOH(LI) DATA.// 303.30H 1.1. Wt, GIR,%D, W11i/HT*1.T
01023 252* 12 .20, 30H SOlAR IIACKGR U D. WFITI)/1I4*''2 1

01024 253* 974 IYUt'T 43H Z=:,'3.1,ix,7tfv*TA :, 16.1.91I0.1 I

01025 254* 916 It]4AT ( 61H PHI = :.FS.I.F9.2,91'I0.2 I
01026 25 * 910 I11MAT4 /751OLSTS DATA N(FFr LMAN4J) Ol I:PtMTED) AT WIS TI'. PHI.VI

01026 256* IOUS DATA INPIT tisI:I. //)

01027 2751* 91 PtLMATt/69HOL..TS HEATEMS ARE N(YrF ON. NO LST, HEAT C41ALTIATINS AN

01027 256* I1E TO lE MAIE. )

01030 259* 92 I'RPAT 4//13H LSTS DATA. /1

01031 260* 984 IRt 4MAT LS+HIM.STS Z(7 TONP:HATNE1.S 4I0XI F). 20NE TIMP.

01031 261* I (40X.13,VIO.I))

01032 262* 9P6 16R.MAT (37HOLS.TS TIER INCLINATION ANGIL: S (DIXI).
01032 263* I 40H ZONE TIERi I TIER 2 TIER 3 1

01033 264* 98 ItMAT (13.FI3.2,3FI0.2 I
01034 265* END

END OV1, UNIVAC 1108 F'OITRAN V (OMPILATION. 0 *DIAGhNOSTIC* M:SSAGI(S)

st~s0O SeHIOLIC 09 MAR 1I 14:40:03 0 01656136 14 265 IIE

SUBSI0 COOE RLC=ATAKILE 09 MAR t11 14:410:03 1 01665334 60 I I 'I

0 01665430 14 140
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SUBPROGRAM NAME: Subroutine CHB(ENVl)

SEGMENT NAME: SUBS1

PURPOSE: Calculate the thermal environment experienced by a Reference Co-

ordinate System (RCS) located in a thermal vacuum chamber.

DESCRIPTION: The thermal vacuum chamber environment consists of direct
solar lamp energy, infrared chamber floor energy, Lunar Surface Thermal
Simulator (LSTS) infrared heater element thermal emission, solar albedo
background, and infrared background. The CHB routine calls subprograms
for: direct solar lamp energy calculations (SCREEN), LSTS infrared heater
element form factor calculations (FFLMPZ), floor incident and abserbed
infrared energy (FFFZ), and background energy calculations (BACK). En-
vironment description data used by CHB is read into the EHFR by the TVC
subprogram. The governing equations for thermal vacuum chamber energy
calculations are presented in Section 4.4 of the main report.

CALLING PROGRAM: TVC

ARGUMENT LIST:

ENV1 Chamber environment name in A format (input)

All other data required by the CHB subprogram is transferred to the
routine via block common statements.

NOMENCLATURE: In addition to the dictionary of FORTRAN nomenclature listed
below, the CHB subprogram uses the variables of the MR, GEl, CH1, CH2,
CH3, CH4, and CH6 block common statements. These variables are defined
with the SUBM1 (main program) and TVC subprogram nomenclature.

ALPHA Absorptivity of RCS node to an incident energy source

ENV1, ENV2 Environment name in A format

GIR Incident infrared energy from LSTS heater zone I or
from infrared background on an RCS node, Btu/hr-ft2

GOFIR Total infrared energy incident on an RCS node, Btu/hr-ft2

GOSOL Background albedo incident on an RCS node, Btu/hr-ft2

GOSOLD Direct solar lamp energy incident on a RCS node,
Btu/hr-ft2

I, J, K Indices

IC Chamber index
=1 MSC chamber
=2 LTV chamber

IENV Environment option index
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ISOLAR Solar lamp operation index
=-2 solar lamps are off
X-2 solar lamps are on

IT LSTS heater zone tier index

IZ LSTS heater zone index

II, 12, 13, Print indices
15, 16

N RCS node number

NZ Number of LSTS heater zones for chamber IC
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NIVAC li0 PlINl'I4*AN V I F% . 1 )t4, Il1 F3 i l ltll
THI O0 IPtAllTIION WAS IlMNi' ON II1 MAll 71 AT 14'11l:0t

AM)IOMINF (1II ENTI POINT 00123

STORAGE VNED 4111ock. NAW., LENCYTH4

0001 *CO(D. 003254
0000 *DIATA 000462
0002 *1HIANK 000000
0003 W4 053203
0004 M.1 000043
0005 CHI 035554
0006 (CH2 000436
0007 CH3 000070
0010 CH14 000062
0011 CH6 000170

EXTERNAL REFFERNCEIS (BLOCK, NAME)

0012 TRANR
0013 TC2
0014 TRANS
0015 SCREEN
0016 FI'Z
0017 FI.MPZ
0020 AIPHA1
0021 RACK
0022 TARW
0023 NH4;s
0024 NIOIS
0025 N102s
0026 NIXIS

0021 NmSN3s

STORAGE ASSIGN*.,;NT FOR VARIABLES (BLUXK, TYPE, RELATIVE LOCATION, NA M.)

0001 000040 1350 0001 000121 1640 0001 000215 2100 0001 000250 2200 0001 000331 24700001 000361 2610 0001 000414 2770 0001 000477 3300 0001 000526 3400 0001 000551 353G0001 000562 364G 0001 000601 3720 0001 000625 4020 0001 000644 4110 0001 000653 41600001 000012 4251 0001 000704 4300 0001 000070 4441 0001 000072 4461 0001 0001471 4501.0001 000231 457L 0001 000300 460L 0001 001011 4630 0001 001023 4700 0001 000316 4101,0001 000463 4731 0001 000535 4751 0001 001037 4770 0001 000664 4791L 0001 000740 4021.0001 000745 4051 0001 000764 491L 0001 001051 4951 0001 001110 491, 0001 001171 4991.0001 001072 5110 0001 001143 5320 0001 000561 6741 0001 000607 6151. 0000 000021 950qso0000 000050 951F 0000 000130 952F 0000 000126 953F 0000 000132 955 0000 000160 95tV0000 000164 957F 0000 000210 9548 0000 000252 962F 0000 000321 964P 0000 000324 965F0000 000326 966F 0000 000331 97TF 0000 000372 931F 0010 R 000000 4 0003 R 001327 AL0003 R 001007 ALPIMAT 0006 R 000435 AlJ.SOL 0000 R 000007 ALPHA 0003 R 000041 ANAI.E 0003 R 002173 AR0003 R 003037 AS 0004 R 000003 ASE 0010 R 000024 B 0004 R 000006 RX 0004 R 000021 RXX0004 R 000007 RV 0004 R 000022 RVY 0004 R 000010 RZ 0004 R 000011 0()SP 0004 R 000042 COSSUN0004 R 000031 COST 0004 R 000023 COSTI 0001 R 000003 DR 0003 R 001326 DrI"I. 0004 R 000024 DX
0004 R 000025 DY 0004 R 000026 07D 0000 R 000001 hNV2 0007 R 000005 EPFIRI 0004 R 000032 FAt(W0005 R 025404 FL 0004 R 000014 FSE 0003 R 003703 GENODE, 0000 R 000006 GIR 0004 R 000033 O0PIR0004 R 000030 GO)IRP 0004 R 000034 GO OI 0004 R 000036 (OSOLA 0004 R 000035 CGSOLF) 0006 R 000433 HEIGS0000 1 000005 I 0003 1 004547 IA 0005 I 000000 IC 0003 I 000013 ICARD 0000 I 000000 IENV
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0001 000444 II" 000% 1 00044? I..MP 000 I 00044i 1 040 I ono I "l t0 (1114 it I#P1t

0003 I 000024 IPHI T 0004 000002 %I* 000% I 000)4) %I I 01 10 I 4ntU00 t mIn |11110 4 4 i il

0000 I 000016 IT 0000 I 0000114 1 000% 1 00:1) 001: 1 I( 430 .%10 0 10 1c n I' I i I i l I

0000 H 000017 P0 000 1 94 00004 IP 11 0 0 0434 1%? I1 0040 I04)00434) .1 00 i1 000074 0 0

0003 000000 M 0003 00001 4 ,J01 0004 N 004 01 000 N :14:It :10 2. In 001. I Fi R."is N 40
-

0003 R 00000.1 M )IJ 000. 05 4 7 II. 1 N 01004 1 00n 04117 1.% 0onn0 N 430000) % 4 %11 0404 H 4(o4 ll % %%I-
0007 1 000000 iH 0005 1 000247 NC 00, 00011111 040'M'i U I (lli 31 4 0 t 1i I 00un007 .

A
P

0003 1 000004 Nwit 0007 1 000002 %(N 000 000005 D %t I i1 4100117 1 4001 ,4, 4IS o0041 1 000010N %114

0006 1 0004.1 KW 0000 1 000002 %1 0004 H 000402 %)1 400i N 00001%.1 #I 0(4104 it 010004 Illlt

0003 R 00005 PI 0004 t 000011 PIlA0 003 H 00427 I 000 H 0000 0 H 0111 0 (nnoi04 Ulf'

0003 H 020147 uH 00043 02100.4 Uh5 0004 H 0000 11 O T 0 0 11 H 00002 0001 0* a *FI

0003 R 000026 HV"Z 000b R 000414 .I"1X 0001 H 0011 S001 1014 " 0000)1oe s1) 0004 H 110004 %1 ,lt%

006 R 000000 2* (. 0004 R 000017 %:% 0004 o 000040 M%0 0010" H 00 int, T 0007 H 01111104 TA
0003 R 00541 J 1% 0003 t 000011 11KT 00wl R 000 ra,l4vr 11(1 H 111100111, T -l [" l1n04 R 01111111 1111 1
0003 R 0000Z TIMi 0001 R 0O000Z0 TIOW1 0004 Rt 00041,1 TITI.E 0010 H 00050 TH 100, H 0Ot fld 1rIliS

0005 R 005,40 XI, 0005 R 000115 %,4) 0.001 I 0004e4 MP 0001 R 0. X% 000 000160 tl1
0003 R 021647 XR 0004 R 000000 k.i 0004 R 000001 tIl 0004 H 00000# Z.1

001Ol I* stlmXmLIN." CHtI WNVI )

00101 2* C
00103 3* PARAMET 1ER NGRID=:20

00104 4* PAR4METI.R M AX9 3.%Xl:=420
00105 S C9t / M0# / M ,4X, IDV)IM,MVN ,N VNA', (o t H, HEVT1 TT,

00105 6* I IsC.ICARD.IPA(E;I.PI,PllO,SIG.TI*IX.),TMI':, 'hrM I.%,, lIT.

00105 7* 2 REPPI2),ANM.40.o4.ts%,l5,M4i l403, I si,TIlk.(14),
00105 @* 3 T1AT120. 00), ).A0 .T4ZO000.,XN17.,IyrlM-,
00105 es 4 ALI.AX ) AR(KMAX), AS ( NM ) (;E .WIl( k At, 14tMA,1t) 's %4 ,00105 10* s OlMAX).H ,O. AI, I i,,,t l

00106 tI* . IXXIIVAI.'CV 4HF"IMV"N44), uuF:, E. 4)
0010? 12* CUMO4ON /GE4 / XNSE, F,. .. AE. PilP IITH TIHX,R ,RZ,CO SPNIP,PHI,
00107 13* I 4%I).4XX,1IfTl, TITI,DiDYDZio,(X*IHP,
0010 14* I IaTA1 o4,G(IROIN.,G09 D).GStNA..I.sINt .N1). ,ts0N

00110 15* O ON /CmlHI/ IC.N(WIIONV433,TIF4I3,.0),I.' AMP3.6,3.XIt. 0.301,
00110 16* I NCi4.11.NI.P46,3.25.0,N.1,3.0.3.25.6)01,4700.01
00111 17* (X4 ON /C2 / .04.(uID),.LhWwiIWl71sHI.:I.sI..41.V1.
00112 1* COMMN /CH43 / NRNINZ s.N, .0.RTAV,.PSIJIT.T rI S0'o
00113 19* . aCOM4 /CH4 / A420,RIO),T0IOIT.HIO)0
00114 20* xMMON /CH6/ 0114(3,4.5),011S(3,4,5S
00115 21* EX3UIVAIYCK F11i21 tA) ,tl N(IA3),IIR, IN(), I.AMP)

o006 22* DATA I1v / 4/
00120 23* DATA ENV2 / 6eIA MHSIR

00122 24* N = NZ0SE( IC)
00123 25* IFP (CIIAP.NE.-2) 00 1O 425
00125 26* NZ z 0

00126 27* K : 6

00126 204* C

00127 29* 425 CONT I N1.UF
00130 30* CAIJ. TRANR

00131 31* IFP (TIM.IE.0.0) RW'"tfN

00133 32* CAUl. TC2(XO,1X)NT)

00133 33* C

00134 34* D00 460 N = I.MAX
00137 35* CALL TRANS(N)

00140 36* IF 410) 457,460,430

00143 37* 430 CONTIN UE

00143 30* C

00144 39* IP (ISOLAR.FD.-2) 00 1) 444
00146 40* IP 4)COST.I..0. ) 000 444

00150 41* CAII, SCF.EN
001SI 42* GOS D 5 5l* V *COT*AL .S O
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112 43* 442 04:,N) : AI.N)CASlJ)

00153 44* GCO) 11) 446
00154 45* 444 (w ,01.I) = 0.

00155 46* 0.,N) : 0.

00156 417 446 01TI NtV

00157 4M CA.I. WF't4N,04S,N)

00151 49* C

00160 50* IF (IIAMP.M. -2) U) W)W 450

00162 51* CAIl. FFIMPZN)

00163 52* IX) 440 1:1.N6

00166 53* GIt : FI.N,I)*II(I)

00167 54* (XWIR = ()FNIH * GI

00110 55* K : 6 * I

00111 56* CAIJ. ALPH Il(T I ),1..PIIA)

00112 57* 441 UO(K,N): (IH, I.PtIA

00173 5S* 446 COTINtU

00115 59* 450 CONTINtV

00176 60* CAll. RACKIGIR)

00177 61* COFIR = GOVIR * GIR
00200 62* C4L. ALPH1A1(500.0.Al.PHA)
00201 63* 0(6,N) = GIN*ALPHA

00202 64* 0(4,N) = ALI(N)*COO.

00202 65* C
00203 66* OSIN) (GO.SOL * COS( j))*ASE
00204 67* OR(N) : GOIR4ASE
00205 60* 0(1,N) = 0.

00206 69* 0(2,N) :GOzI.R*GOS(DGO(O(,

00201 10* 00 456 I:3,K

00212 11* 456 OI,N) = O(I.N) * O(,N)
00214 72* CAU . TAHW(O(IN).TC)%(N)

00215 13* 451 C(GNINt6E

00216 74* J : IA(N)

00211 75* 00 456 l=I,K

00222 16* Q(I,NI : O(I,N)*AF
00223 771* Q(I.I)= 0T4I,I)*OI1,N)
00224 16* 45 U(I,.I)=: OT((I,J)*Q(I,N)
00226 19* AR(N) :(O(l,N-ON)AI.N))i/O(lN)
00221 0* IF fAR(N).I.0.0) CA. AIPHtAIYXW)NT,AR(N))
00231 61* 460 (XNTIMI
00231 02* C

00233 83* IF (IRKF.N.2) 00 1O 410
00235 04* XO(5) : XN(I)
00236 85* 0O(6) = XN(2)

00237 06* X041) : XN(3)
00240 61* 470 COhTINLE
00241 n8* WRITK (Itr) TIM[,MMD(M),IMAX,XO, IFNVFNVi,ENV2,SUD,7 O.TNVM,
00241 @9* I (O(I,N),QOSI(N),OR4N)TO(N),AL(N),AR(N),N:=I,MAK)
00212 90o* 11 : I
00273 91* 15 : 6+NZ
00274 92* IPAGE : IPAGK * I
00275 93* WRITE (6,950) TITIEIPAGE,TIM,RPII),RFP(2).MODFM),FNVI,INV2
00312 94* WRITE (6.955) SUND.,TAV,FPSFIR
00317 95* IF (ILAM4P.NE.-2) GO TO 413
00321 96* WRITE (6,9o1)
00323 97* GO TO 475
00324 9 * 473 CONTINUE
00325 99* NITE. 46,950)
00321 t00* DO 490 IZ:I,NZ
00332 101* 16 = NTI'R(IC, IZ)
00333 102* 490 WRITF (6,956) I ZR(I),T4IZ).IXL(ICIZ,ITI,S),IT:1,I6)
00345 103* 475 CONTINUM
00344 104# IF (IREFP.N.21 00 TO 614
00350 105* WHITE (6.911) RE'I,(XO(I),I:I,=1.4),TCONT,RFP2,(XN(I),I=

1, 4 )
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00400 I109' ( .II.94ll) 4q

00410 11* IX) 477 f=,N-1LW.
00413 112* 4/77 OHIT. (6,966) ANA"JIrI'tI.)I:
0044J 113* 479 'HITE 4(.9661
00425 1140 1H .IT .' (6,96b) ,N' 4i',tI ,tUI' lIt ,It-IIS)
00434 115V IF ,PHINr. -21 "E6,9 t If
00441 112* 400 IF )IPHINI" 49.41l.4.

2
00444 1i?* 411 i 2 1tl40
00445 1114* I = %I - 4#%
00446 1g* (X) IIt 4P4
00447 120* 492 I. = 40
00450 121* 12 = 10-%

0451 122* 445 (WNT I NtE:
00452 123* IF (I1.GT.M%)a 12 = MAX
00454 124* ONITE 46.965)
00456 125* IF (IPRINT) 499,495,491
00461 126* 491 tiT 18,921 ,1:,)
00467 127* 492 X) 493 K:11,12
00472 12* 493 HITE (6.964) N,(I' IN , ),OI ),g,
00504 129* 00 70 49P
00505 130* 495 SHIT 46.9521
00507 131* IIITF (6,953) N,C49,4WN),Ot,,0,N, mw ,
00521 132* 499 IF (12. EJ.0At) GO TO 499
00523 133* It : 12*1
00524 134* 12 : 12I.1
00525 .1311* IF 42.GT."Ax) 12 = pAX
00527 136* IPAG; : IPAGF * I
00530 13740 IIWITF 46,950) TITI",IPAC".TIN,tI ,RV42;),MXE.t4.hi,.NVIF:%V.
00545 13* IF (IPRINT) 4qg.49%.4q4
00550 139* 499 IF (TIWE.IJ".0.0) GO TO 4Z5
00552 140* TIW: = TII' # VrIWqE
00553 141* T I-: 410.
00554 142* I)FllW= -1.
00555 143* IPRINT : -2
00556 144* NM--2
00557 145* (O W 470
00551 146* C
0055/ 147* C S WTION 900, FIRMAT STATI.N.NT5
0055? 14* C
00560 149* 950 FUTHMAT (9HI TIE, 211,I4AS,I2X,4HPAGE,1

4  /9" (mt),/'IO.3/
00560 150$ I 30X,2A5, PH IN A ,AS,29HING 1M1.: IS LOCATED IN A
00560 151* 2,2A6,15H ENVilRO NTr. //)
00581 152* 951 FIMAT (2H0 ,2AS,I6X,IHX.9X,1HYl,X. 25HZ AZIMFIH CONTACT /
00561 153* I IOH IAcATIONeI6X. 45H(IPFTI (FiT) (pFI) (D) TE
00561 154* 2MP / 20X,3F0.2,2FIO.I ///
00561 155* 3 40H SU 4ARY (W 1TE ThERMAL ENVIROFNe4'NT. /
00562 156* 952 FORMAT (432H NO M ME O O AD W )/
00582 157* 1 4(32" NO. NAME ARSOR INCID T)4P ))
00563 158* 953 FORMAT (4(5X,13.1X,A5,3F6.I) )
00564 159* 955 FRtMAT (13H NVIRONMPNTr , ITX,IHSLU'N ANGIE (DQO) , Pt.2 /i00564 160* I 30X, 37HAVERAGE F1DM TE)R IPRFAITRE (DI) P :,
00664 161* I F7.2, 20X,IPHFIDR FMISSIVITY
00564 162* I F6.3)
00565 163* 956 FR MAT (30X,14,PII.I,5P10.11
00566 164* 951 FRMNIAT (/// 2X,2AS.02H ENVIRONM.ENT IS h SAE AS IE PREVIUj.q
00566 165* ITIE POINT. SEV ThAT PRINITLf FTMOR IDEAILED NODAI. FIAIX DATA. I
00561 186* 95 FYIRN IMT(//25X.6H LAMP POWER LAMP lAMP INCILINATI
00567 161* ION ANGIES, (f)Ul 130K,55H 7ONE PER IAMP TIOIP TIER
00561 1661* ITIER TIiR / 30X.551H NO. B/H/Ir**2 DIX P
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111 I 69* 1 2 3

01010 170* 962 RN4M4AT (S2X,2e11.1~H$(NIB) H*:xT, HTC'tlH
0057 0 1 71* 11 10H NM AD) '" 11.3. 11I'~Al. ,-0ISH $0111 C141
00570 172* 2mll 31 . WLNE 7A)%IF YONF /()%F.
00570 37.1* 3 64H4 NO, N AM TEMP AlIS(Ml I NC 1) 1 AMPS .LI3x) 1.C0
00.510 174* ZO19 .IX,,7Hti:k GNO, 17. 619)
00571 17 1* 964 mme-wrA (S4.3X.A5,33EF9.1)
00.572 174j* 965 INN#MAT (l1H II

00573 371* qbb 19m-LArTNAN3q3
00514 170* 97311 (MAT (121M4 1~1Tlt% *INON1.X *4 O 4 AAlli4 (I AT
00574 179* 1 ALI' ,6 X .4 NiI VI EV t11. 1- 4I*1;3 'rEWi *3
00574 100* 2 IXA.N5I.2/ I219.A5..N.4F10.Z ///
00574 3N3* .1 40H4 StWAlHV ( 0.ri: 'MEMl. F%VlHo%%*:%T. /I
00575 1 Fk* 901 Pll%4T4 '69101tio$s tiF.ATEH ARE NtYr o. No i.sTs *41.AT CAIAI1ATIOS ARg

00575 3I'3* 1 r 1)0 WI HM.
00516 3444* END

KI)DOF V 'I VAC I10N RJHTICAN V CI7P I I All 0. 0 *DIAUCNOSTIC* b3,.:$$.(S()
sUIIS S1NaL3C 31 KARl 71 14:37:10 0 02367440 34 104 INIVib
53'USI COCC RE"IEATABLE 33 MAR 73 14:37:30 1 02174460 60 1 I~y~)

0 02174554 14 97
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SUBPROGRAM NAME: Subroutine GEOM (ALAMP, BLAMP)

SEGMENT NAME: SUBS2

PURPOSE: Transform the LSTS heater element coordinate data and calculate
the LSTS heater element unit normal vector components.

DESCRIPTION: The GEOM uses the LSTS heater element zone inclination angles
(read into the program by the TVC subprogram on Card F12) to transform

the coordinates and calculate unit normal vector data for use in form

factor calculations.

CALLING PROGRAM: TVC

ARGUMENT LIST:

ALAMP Perpendicular distance of pivot from heater element
center (input)

BLAMP Parallel distance of pivot from heater element center
(input)

NOMENCLATURE: The FORTRAN nomenclature listed below is used by the GEOM
subprogram. Also used by the GEOM program are the variables of the CH1
block common statement which are defined with the TVC nomenclature.

COST Cosine of THT2

DELD Radial distance difference from chamber origin

DELZ Heater element height difference

I, J, K Indices

IL Heater element index

IT Heater zone tier index

IZ Power zone index

PHI2 Heater element azimuth angle, radians

SINT Sine of THT2

THT2 Transformed heater element inclination angle, radians
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GEOM SUBPROGRAM FLOW CHART

Start

Calculate transformed heater element
coordinates

Calculate heater element unit normal
vector components

Return
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III0 FIt.* NtlSZ,SUIRS2 il M4 71 14: 9q:

1.NIVAC 1100 FOTiRTAN V I."V1L 2206 00t F'50ItH
THIS COMPILATION IWAN I)%1. ON 31 MAR "I AT 14:19:09

SALI RFINI. G(*IM INTRh POINT 000110

SIT(NAG gE .(I tIAk, NAW.'I I.:.;THi

0001 *(XI: 000201
0000 *I)ATA 000046
0002 *IANK 000000
0003 CHI 035554

INTEMrNAI, REFlCENIS HI4CK, NAIM:

0004 COs
0005 SIN
0006 NIR3S

STORAGE ASSIGNl4NT IU VARIABLES lBIDCK, TPE, ItATIVE I)CATION., NA )

0001 000012 1060 0001 000026 1120 0001 000104 1230 0000 I 000005 CX)T 0000 R 000007 IWID)
0000 R 000010 I31.7 0003 R 025404 IF. 0000 I 000000 I 0003 I 000000 IC 0000 1 000012 It.
0000 I 000003 IT 0000 I 000001 17I 0000 I 000002 J 0000 1 000011 K 0003 I 000247 %C
0003 I 000001 N>1i 0003 I 0000271 NIAMP 0003 I 000005 NTIIR 0003 I 000002 %70%r 0000 R 000013 P#112
0000 R 000006 SINT 0000 R 000004 1)TFI 0003 t 005540 XL 0003 R 000115 Xi0 0003 N 000324 NIP

00101 1* F FiULfFINE OIWIxl4AIAMP.HIAMP) 00003140
00101 2* C
00103 3* COI4)N /C/ IC, NRt. ANTE( 3 , TI Ihi 3. 6).NAMPq), 6.3). XI D 3.10 ,
00103 4* 1 NC4I 3,1),XI.P(6.,3,25,61,XI.4 3.6.3, 5,6 .700,81
00103 S* C
00104 6* I=N 1NE( IC) 000030910
00105 1* O I IZ:II.1 00003820
00110 8* J:NTIFR(IC,17) 00003030
00111 9* 00 I IT=I,J 00003040
00114 10* 1f12:XLlC,1.,IT,I,1u)tgs. o00003at80
00115 11* COST : 0SCTHTf1
00116 12* SINT z SINIlWf2)
00111 13* ED = Rl.AP*SINT*ALAMPe*I.-COST
00120 14* 3,Z = AIAMP*SINT-BIAMPe*I.-COST)
00121 1s* K=NL.AMP IC.IZ, IT1 00003850
00122 16* D00 I IL:,K 000038680
00125 11* PHI2 : XL(IC,IZ,IT,IL,4)
00126 18* XLPIZ., IT. IL, I)=XLIC.IZ, 1IT,IL.11-0gJ4OStPHI3)
0012 19* XLPIZ,IT.IL,2):XL1CI?,IT,11,, )-IElA.SINPHI 2)
00130 20* XLPIIZ.IT.IL,3 m Xi(IC.IZITIL,3) * DL
00131 21* XLPI , IT, IL,4) = COST*COS(PHI2)
00132 22* XI.P(IZ.IT.IL,S) CO ST*SIN(PnI2)
00133 23* XLPII , IT, IL.6)8 : SINT
00134 24* CONTINIl
00140 25* RIFtIRN 00004020
00141 26* END 00004030

iND OF UNIVAC 110e* IUTHAN V 4'MPILATION. 0 *DIAN()O.TIICs M1:SS.I.:SI)
S VRS2 S %Mt().IC 09 MAN 71 14:47 ': . 0 0 f 'p ,7d 14 26 IIt SI VA )D)
SULINS OWI RF:iACATAHII : 09 MA R 71 14:41:5. I 01I6 .4Ib 24 I 411 I.11 1)

0 01o54476 14 iS
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SUBPROGRAM NAME: Subroutine FFLMPZ(N)

SEGMENT NAME: SUBS3

PURPOSE: Calculate the form factor from a Reference Coordinate System
(RCS) node to each power zone of an LSTS heater element array.

DESCRIPTION: The FFLMPZ subprogram uses the transformed coordinate/normal
vector data calculated in GEOM and calculates the form factors from a
RCS node to each LSTS power zone. The form factor calculation techniques
presented in Volume I are used in this subprogram.

CALLING PROGRAMS: CHB, CHR

ARGUMENT LIST:

N RCS node number (input)

NOMENCLATURE: In addition to the following FORTRAN nomenclature, the FFLMPZ
subprogram uses the GEl and CH1 block common variables. These variables
are defined with the SUBM1 (GEl) and TVC (CHl) nomenclature.

Bl Cosine of angle between RCS node normal vector and
heater element energy source

B2 Cosine of angle between heater element normal vector
and RCS node

FA Form factor from RCS node to LSTS heater zone

I, J, K Indices

IL Heater element index

IT Zone LSTS heater tier index

IZ Power zone index

R4 (Distance)4 from the RCS node to a heater element, ft4
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FFLMPZ SUBPROGRAM FLOW CHART

Start

Calculate form factor from
RCS node to each LSTS
power zone

Return
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II IV .Ri.i * :L;IS3.1qI 4141 3-143I3
LNIVAC 110m I.RTH4. V 1,1-EV1-I, z2e0 00t- -50f1!1

THIS (X)MPIIATION SAS I]1% - ON .11 MAX 71 AT 14:19:11

StW(OTrrINIE FFI1mPz El NRI POINT 000200

STOHA(;E U ED H) ItiLCK, NA,. I. N. ;T)

0001 *(EIn: 000I12

0000 *DTA 000044
0002 * lIANK 000000
0003 GEl 000043

0004 CHI 035%54

EKT1IINAL. HE 'RENCES (MIWXK, NNAMI)

000, BL CK

0006 %kP4R3S

STORAGE ASSIGN ~NT 'OR VARIA.JS (HIL'K, TP,. NHIAIIE IIt ATIO , NAMI.E)

000l 000150 IL 0001 000013 1010 0001 000031 114G 0001 000055 I0; 0004 R 000001 A.,E
0003 R 000006 RX 0003 R 000021 HXX 0003 R 000001 t 0003 H 000z022 il 0003 R 000010 1Z
0000 R 000007 BI 0000 R 000010 02 0003 R 000011 C().P 0003 N 000042 (lt% 0001 I 000011 COT
0003 R 000023 CDSTI 0003 R 000024 O 0003 H 000025 D 0003 H 000026 )Z 0000 H 000002 V4
0003 R 000032 FATT 0004 R 025404 FL 0003 R 000014 "S" 0003 R 0000343 G(WIN 0003 H 00003.0 (rW IHP
0003 R 000034 GOMM. 0003 R 000036 (')(XMA 0003 N 000015 (W20M)) 0000 I 000000 I 0004 I 000000 1c
0000 I 000006 It, 0003 I 000027 10 0000 I 000004 IT 0000 I 000001 I. 0000 I 000001 .1
0000 I 000005 K 0004 I 000247 NC 0004 I 000001 N060 0004 I 000027 I..MP 0004 I 000005 %TI1"
0004 I 000002 NZN1: 0001 R 000014 PHI 0003 H 000004 PHil 0000 N 000011 R4 0001 H 00001 SI1%P
0003 R 000041 SINSUN 0003 H 000037 sIN 0003 R 000040 SUNI) 0003 H 00000% T ffl 0004 N 005140 I1.
0004 R 000115 XL) 0004 R 000324 X.P 0003 H 000000 xsKNI 0003 H 000001 %SE 0003 R 000002 7,E

00101 I* SLWTfflINE I'I.MPZ(N)
00101 2* C

00103 3* COMMON /PI I XSE,YSE.,ZSE.AIE,PHI I ,THTI ,XBY,BZ.COSP.SINPPHI,
00103 4* I FS(,5),RXX.RYVY.0STI,DXDY,DZIO,(X)FIP, 09-
00103 5* I CO ST,FATFr.GOIIR,GO.O.,GOSOLJ),GOA. SLUN,S .ND,.SINSLIN,00CSSUN
00104 6* CO(ON /CHI/ IC,NIMBI,NZONI(3),NTIFRI3,6.NLAMP(3,6,3)XLD(t3,30).
00104 7* I NC(3, I5).XI.P(6,3,25,6),.XL(3,6,3,25,6),IP.1t00,6
00104 9* C

00105 9* I = NO)NE(IC)
00106 10* 00DO 3 IZ:I.I
00111 11t* PA = 0.
00112 12* J = NTIR(IC, IZI
00113 13* DO 2 IT=I,,
00196 14* K = NLAMP(ICIZ, IT)
00117 15* DO I II,I1,K
00122 16* OX = XLP(I7,IT,.IL,I)-XS.
00123 17* DY : XI.P(IZ,IT. II.,2)-YSE
00124 114* DZ = XIP(IZIT,lt,,3)-ZS
00125 19* BI = RX*DX * Y*DY * IZ*DZ
00126 20* IF (B.I.E.0.0) 00 TO I
00130 21* 2 : -(IDX*XI.P(IZIT,IL,4)*I Y*XI.P( Z,IT 11.,,) D7 XI.Ptl IT.I,11.,)1
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131 22* I" F 2.1.F.0.0) GO TI I
00133 213*R4 : D*2+D I7. Z
00134 24* uAt.,HI lOk
00135 25* A A t FA Ix.il.,ITI.,)" u/h .14
00136 26* I ow)NTINF,
00140 27* 2 NTISTM I
00142 2P* 3 IAN.,I : FA
00144 29* I" 00004.130
00145 30* 'ND 000041440

,ND OF UNIVAC 1I1014 I.MVUN14% V COMPII.ATIO. 0 10I0AwsTIC* ~-S4.) ,
5L91S3 Svm(L"IC 09 MAN 71 14:47:54 0 011%4720 14 .30 11+T."1
Stf)3 Ow- RtLXCATA1UE 09 MAN 71 14:47:54 I 0 lt S64 Z4 I EI VYr)t l

0 0M l5614 14 1.
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SUBPROGRAM NAME: Subroutine FFFZ(N, QT)

SEGMENT NAME: SUBS4

PURPOSE: Calculate the incicent and absorbed energy on a Reference Coordinate
System (RCS) node due to emissions from the thermal vacuum chamber floor.

DESCRIPTION: Using the floor nodal coordinate and radiosity data calculated
in the FLOORN subprogram, FFFZ calculates the form factors, and incident/
absorbed energy on an RCS node from thefloor. The programrequires
minimum distance of 6" from an RCS node to the floor and sets it to th
value if it is not.

CALLING PROGRAMS: CHB, CHR

ARGUMENT LIST:

N RCS node number (input)

QT Total floor energy abosrbed by the RCS node (output),
Btu/hr-ft2

NOMENCLATURE: In addition to the FORTRAN nomenclature listed below, the FFFZ
subprogram uses the variables located in the GEl and CH3 block common.
These variables are defined with the SUBM1 (GEl) and TVC (CH3) nomenclature.

ALPHA Absorptivity of RCS node to floor node energy

Bl Cosine of angle between the RCS node normal and floor
nodes

DQ Floor node energy incident on RCS node, BTU/hr-ft2

GOFIR Incident energy from floor on RCS node, Btu/hr-ft2

I Floor node number

RR (Distance)4 between RCS node and floor nodes, ft4

QT Total floor energy heat absorbed by RCS node, Btu/hr-ft2
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FFFZ SUBPROGRAM FLOW CHART

Start

For each node\

Calculate floor node form
factor, incident energy,
and absorbed energy

Calculate GOFIR, QT

Return

125



I, 0 1 . |III , w , eII ISn IIt 14 lP 3
UNIVAC I10# 1MIn''HAN ¥ I.V-lk E,., ido, 0010 F0 11414THII
THIS (MPIIATI( , H0AS IX)%I-: ON .1l MAN 71 AT 14:19:12

StlHNOtIN. I"FVZ IENTHRI POINT 000114

STORAGE: Ui.:D III K, NAt.:, I.-K;ll

0001 *(.X)t- 000125
0000 *DATA 000021

0002 *BiA%k 000000
0003 GI:I 000043

0004 1.13 00S140

EXTIIINAL RVI 1. EN.S 4AHIDK. NAW:)

0005 aXimK
0000 AI.PHAI

0001 Nf3H3

STORAGE: AS.SIGNNT KI VANIAHI. (HilAXCK, TPE, RHIIATIVIE Il'ATION(, NW.:)

0001 000100 II, 0001 000017 1140 0000 R 000004 ALPHA 0001 H 00000J ASF' 0004 H 002514 W
0003 R 000006 RX 0003 R 000021 HXX 0003 R 000007 HY 0003 R 0000?2 Il% 0003 R 000010 6L
0000 R 000001 "I 0003 R 000011 () %P 0003 R 000042 C , tN 0003 R 0000JI (VJT 000. R 000011 (I01"1
0000 R 000003 IX 0004 H 000001 DI 0003 R 000024 DX 0003 R 00002S DI 0001 R 00006 O
0004 R 000005 .PS 3I 0003 R 000032 FAT(Yr 0003 R 000014 VI- 0003 N 000013 t.WI 0001 H 000030 (W(IRP
0003 R 000034 OOSOLI 0003 R 000036 W0(.1A 0003 H 00003 (X)(X 1) 0000 I 000000 I 0003 I 000047 10
0004 I 000000 Ni 0004 I 000002 MMO* 0004 I 000001 N.MZNS 000.1 H 000013 PHI1 0003 R 000004 PIllI
0000 R 000002 NR 0003 R 000012 SINP 0003 R 000041 S IN.t:N 0001 R 000037 tSUN 000. 000040 St N)
0004 R 000004 TAV 0004 R 003126 TP4IP 0004 R 000006 T'rit 0003 H 000005 TflT 0004 R 000070 X
0003 R 000000 xS: 0004 R 001302 tF 0003 R 000001 VSK 0001 R 000002 Z?.

00101 1* SUNR(XffINF IVVZ(N,OT)
00101 2* C
00103 3* (XImON /Gi'I / XS.YSEK,ZS'.,As.,PHI I ,THTl ,HX,HY,RZ,(X)P,sINPPHI,
00103 4* I FSF'(),RXX,RYYCOSTI ,Ox,DV,DZ, Ioo(XIP,
00103 S* I COST, A'IF, GOV I R, GO.", 00%(X)D, S(XtA. ,%.ND, S I N.,UN. sOtN
00104 6* PARAMEIF.R NF'L:650
00105 7* ~CO4MN /CH3 / NH,NI#4ZNS,NOH.DR.,TAV.PSFIIR,TIMI.tl0)
00105 @* I.XF(NFI*R),YtF(NIR),RF(NiIR)T p(NI.I)
00105 9* C
00106 10* DZ = -Z.F
00107 I11* IF (DZ.GT.-0.S) DZ = -0.5
00111 12* OT = 0.0
00112 13* GOIR = 0.0
00113 14* DO IZ:l1,mw.
00116 I5* DX : XF(I)-XSE
00197 16* DY VF(I)-YS"
00120 17* BI 1 RX*DX BYA*DY + BSZ,*DZ
00121 1* IF (RI.LF.O.0) G(O TO I
00123 19* RR = (DX**2 DY**2 * DZ**2)**2
00124 20* CAIJ, BI1CK
00128 21* DO -RI*DZ.R- I )*PF( IC)/RR
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116 i;*i (K* N)I4 O
0012? 2.10 CAI.. AI.111I I T1M1 I I I AI.111iI
00130 24* Ta r* IXJUl+I l

001131 ZS* I CNINT I NtV.
00133 ZG ".111
00134 27* IND 000114MOO

IND OF tFN IV Ac I1011 FXCUT41% V C0mi'l-I10o. 0 *DIt;gA1I* N:1;I(
SI?1S4 NMtWM.IC 31 MAN 71 14:-17: 11 0 02171272 14 27 IIKhI

SUIIVW 4 ONW IW-IAK;ATAIUiIF 31 %%R 71 14:17:11 1 M02I00E64 d4 I
0 02200114 14 1n
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SUBPROGRAM NAME: Subroutine BACK (QR)

SEGMENT NAME: SUBS5

PURPOSE: Calculate the infrared and albedo background energy incident on
a Reference Coordinate System (RCS) node.

DESCRIPTION: The BACK subprogram interpolates the QBR and QBS arrays to
determine the background energy incident on a RCS node. The background
energy is considered completely diffuse and assumed to originate from
no identifiable direction. The total unblocked view to space, FSE(5),
is used to account for RCS self-blockage.

CALLING PROGRAMS: CHR, CHB

ARGUMENT LIST:

QR Infrared energy incident on an RCS node (output) Btu/hr

NOMENCLATURE: In addition to the FORTRAN nomenclature listed below, the
BACK subprogram uses the variables of the GEl block common. These vari-
ables are defined with those of the SUBM1 (main program) nomenclature.

DPHI Azimuth coordinate difference for PHI(J) values

DQDP Intermediate values of albedo background interpolation
DQDT
DQDZ

DTHT Inclination coordinate difference for THT(K) values, radians

DZZ Z coordinate difference for Z(I) values, ft

GOSOL Albedo background energy incident on an RCS node, BTU/hr-ft2

Il, 12 Z coordinate interpolation indices for point 1 and 2

Jl, J2 Azimuth coordinate indices for point 1 and 2

Kl, K2 Inclination coordinate indices for point 1 and 2

PHI(J) Azimuth coordinate values for QBR and QBS, radians

PHI2 Azimuth angle of RCS node, radians

QS, QB, Ql, Q2, Intermediate values of the background energy inter-
Q3, Q4, Q5 polation

QBR(I, J, K) Infrared background energy values array, BTU/hr-ft 2

QBS(I, J, K) Albedo background energy values array, BTU/hr-ft2
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THT(K) Inclination coordinate values for QBR and QBS, radians

Z(I) Z coordinate values for QBR and QBS, ft.

BACK SUBPROGRAM FLOW CHART

-Start

Interpolate the
QBR array to
find QR

Interpolate the
QBS array to
find GOSOL

Return
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III
Ill

UNI VAC 110$ PMMITHAN V IVEL 1I20 1101i V INI0I

THIS )XMPItIATION 415 IO ON 41 MAN 71 AT 14:14:14

U I()10IT'INE BAC.K NI'liN t POi INT 00040

STO AG I U.SMD I LXNCK, N A, lil:il;

0001 *On: 000.62

0000 *)ATA 000100

0002 *IANK 000000

0003 0G* 000043

0004 CH6 000170

ENTIFINAI. RF:EV.RENCE:S M i3 LCK, NA.:)

0005 hIt.R3S

STOlAGE( ASSIGN M%T FRIt VARIAHIES (IRWCK, T1PE, R:IATIVF I .ATI(ON., N%.%

0001 000005 II. 0001 000121 III. 0001 000132 131. 0001 00001 31, 0001 0000.17 51.
S0001 000064 t71. 0001 000074 91. 0003 H 000003 ,SE, 0001 H 000006 HX 000 Hit 000021 "X%
0003 R 000001 RY 0003 R 000022 NI 0003 R 000010 HY, 0003 R 000011 (CO'IP 0001 H 000042 O)53 %
0003 R 000031 COST 0003 H 000021 S)TI 0000 R 000016 OPHI 0000 H 000017 IXI)P 0000 H 000040 I.Yr
0000 R 000036 0007 0000 A 000017 MIIT 0003 R 000024 OX 0001 H 000025 D% 0003 R 0000i6 DZ
0000 R 000015 DZZ 0003 H 000032 VATYIr 0003 R 000014 VS'# 0001 R 000033 IXW'IH 0003 I 000030 C(* IHP
0003 R 000034 GOSO.. 0003 H 000036 (OCSOtLA 0003 R 000035 (O)SOID 0000 I 000014 I 000.1 I 000027 10
0000 I 000023 II 0000 I 000024 12 0000 I 000021 JI 0000 I 000022 Je 0000 I 00002% k3
0000 I 000026 K2 0000 R 000003 PHI 0003 R 000013 PHII 0003 H 000004 PHil 0000 H 000020 PHIZ
0000 R 000035 OR 0004 R 000000 OH 0004 R 000074 OFIS 0000 R 000041 OS 0000 H 000027 01
0000 R 000030 02 0000 R 000031 03 0000 R 000032 04 0000 R 000013 O5 0000 H 000034 06
0003 R 000012 SINP 0003 R 000041 S INSUN 0003 N 000011 S 1 0003 R 000040 SUNt. D 0000 H 000007 TlT
0003 R 000005 19t" 003 HI 000000 %Ir 00031 000001 vsF 0000 R 000000 . 000. H 000002 Zez

00103 1* S.RIIIINF RACKIOH)
00103 2* DIMNSION Z(3).PHI(4),TfrI-0
00104 3* C(44ON /GI / XSE.VS, 7S6,A.:,PFII ITrrHXRYRZC s.INP,PHII,
00104 4* I FSF6).RXX,.HYY,C.OSTIDX.DY,DZ, IO.("IRP,
00104 5* I COST. FATOTG"IR.GC, ON01.,GO OI.,GO.OlA, *SUN, .tND, SI NSUN.COSSUN
00105 6* COMIN /CH6/ OHR(3,4.5),0 BS3.4 ,5)
00106 7* DATA (Z(1),I:=1,31/ 1.,3.,5./
00110 8* DATA (PHII),II,4) I 0..1.57014,3.14159,4.71239 /
00112 9* DATA (11ft13,I:1,5) / -1.5708,-.7954,0., .7854,1.5708 /
003114 I0* DATA DZZ,DPHI,Dnfr" 2.,1.5708,0.7854 /
00114 I1* C
00120 12* PHI2 = PHIl
00121 13* I (PHI2.GE.0.) 00 TO 3
00123 14* I PHI 2 PHI26.20318
00124 15* IF IPHI2.LT.0.) GO TO 1 I
00126 Ic* 3 JI = PH1I2/DPHI + 1.
00127 17* J2 z JI * I
00130 1@* I" (JI.LT.4) 00 TO 5
00132 19* JI = 4
00133 20* J2 z I
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1114 21 5 II (?SE-1.)/DZ? * 1.0

00145 i * IT i * I

00136 2* 7 IV411.t31 (Hi) 111
00140 240 II = I

00141 26* i2 3

00142 26* (9W TI) 9

00143 27* 7 IF (II.LT.3f ) o11) 9

00145 a* It =I 3
00146 29* 12 = 3
00147 30* 9 KI z 4wI*DtDPHI/ltIT 

+ 
1.

00150 318* KG KI * I

00151 32* I IKI .(IT. 0) T) 113

00163 33* KI = 1
00144 34* KZ t 2

00155 35* (A) X) 13

00156 36* 1I IF 4KI.1T.51 WO To 13

00160 37* KI = 4

00161 3A* K2 m 5

00162 39* 13 CONTINUE

00163 40* O1=ORH( II.JI.KI )IOIURI IJ.I KZ)2-O(I.,.I*KI)l)*(ThT-'TrKI)l/I)'fflI

00164 41* 02 =0RRIII,J2.KI)+OHRIII1.J2.K2)-OHR(II.,12.KIl))*(tII-TW(KI))/IIlffHT
00165 42*.- O3-OI(Q2-OI)*(PHII2-PHI(J))/ DPHI

00166 43* 0 4:OR(2l.JIKII.
(O HR

12,JI
K

)-
O
RR(

1
2.,I1.KI))*(1

TW I
'IrHIK

i
)
Il/IT ff

00167 44* 05-OBH4i 1,J2,
K )+(OH

R 
(
12,

'
2
,K 2 )

-
O RR ( 12 ,

,2
K I) l itT -7 

T K 1
/ 111

f

00170 45* 06 =O4 (O5-04)*(PHI2-PHI4.I))/DPHI

00111 46* UR=(Q6-O3)*(ZSr-Z4III)/DZZ+Q03

00172 47* OR Q S(IIJI,KI)

00173 4* DODZ :=(ORlS(IZ,Jl,KIl - OR)/DZZ

00114 49* DODP =(ORI I4II,J2,Kt) - QH)/DPHI

00175 50* CODY :-ORSiI,.JK2) - 0)/OTI'T

00176 51* OS : D00DZ*T(7SE-Z(II)) * DOOP*PH12-PHIIJt) * DUDI4THTWI-1T(KI))

00177 52* OSO. = OS * OR

00200 53* OR : UR*FSE(S)

00201 54* G0t0. = FFESI)*GOOL
00202 55* REhTIN

00203 56* END

END OF UNIVAC 1I04 FRTRAN V C( IMPIIATION. 0 *DIACM.OSTIC* IlNSAGEIS)

SU5S Si4WX1l.IC 1O MA 70 10:17:33 0 01443616 14 56 IDI.Ic.TI))

St1 15 ODE RMII)CATAI.E I0 MAt 70 10:17:33 1 01445216 24 1 ID.:) 1J

0 01445266 14 27
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SUBPROGRAM NAME: Subroutine FLOORN (IC, IFLR)

SEGMENT NAME: SUBS6

PURPOSE: Calculate the chamber floor node coordinates, temperature, radiosity,
and average floor node temperature.

DESCRIPTION: The FLOORN subprogram divides a circular chamber floor into
polar coordinate nodal areas, determines the node coordinates, assigns
node temperatures, and calculates the nodal radiosities. The node tempera-
tures are either input (via card F8 in the TVC routine) or are calculated
based thermocouple data input with linear interpolation for the node
temperature - location. The exact thermocouple locations are defined for
the MSC and LTV chambers in Appendix D of Volume I. The chamber origin
and floor origin are assumed identical.

CALLING PROGRAM: TVC

ARGUMENT LIST:

IC Chamber index (input)
=1 MSC chamber
=2 LTV chamber

IFLR Floor node input index (input)
=0 thermocouple temperatures are input, stored floor

data to be used
=1 Node and node temperatures are input

NOMENCLATURE: In addition to the FORTRAN nomenclature dictionary listed below,
the FLOORN subprogram uses the variables of the CH3 block common statement.
These variables are defined with the TVC subprogram nomenclature.

A Floor node area, ft2

ANGLE Floor node azimuth angle location from chamber origin,
radians

GRAD Floor node temperature gradients used in linear inter-
GRADI, GRAD2, polation of floor thermocouple data to find floor node
GRAD3, GRAD4, temperatures
GRAD5, GRAD6,
GRAD7, GRAD8

IC Chamber index

IFLR Chamber floor input index

I, J, JL, Indices
K, KL, ML,
N, NL
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NODE Number of floor nodes for this chamber floor

PI "F

R Floor node division radius from chamber origin, ft.

RAD Floor node center point radius from chamber origin, ft.

SIG Stefan-Boltzmann constant, Btu/hr-ft
2,R4

TAV Average floor node temperature, OF

TDUM Dummy temperature array used in interpolation of
thermocouple data to find floor node temperatures

TEMTC(J) Thermocouple temperature data, oF

TEMP5, TEMP6 Dummy temperature values used in interpolation of
TEXTi, TEXi, thermocouple data, OF
XT, YT
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FLOORN SUBPROGRAM FLOW CHART

Start

Caculate NODE

IsYe
IFLR >0

No

= 1 =c3,

=2
100 200

Calculate floor node Calculate floor
temperatures thermo nodCalculate flotemperaturescouple data for node temperatures

couple data for from thermo couple
MSC chamber data for LTV

chamber

300
Calculate floor node

coordinates and radiosity
Calculate average floor

node temperature

Return
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Ill
* FN.* t 1,t J,t1 I II tMAH 71 1 4 :I19

UNIVAC 1100 MHITHAN , I.V . 2b 0OI 01 FV0Ip
THIS OMPIIATION WAS IX)%F ON .11 At M1N71 4T 1419q:16

St Utl0INl.; FIIORN ENTM IPOINT 002142

S1TRAGE USED OI(4, -AM, 1.1-MVII"1

0001 *Cx: 0n2tef3
0000 *IDATA 001334
0002 BHtLAK 000000

0003 CH3 005141

EXTUINA. REM FNCES (HIOCK, NAJ-:)

0004 O)S

0005 SIN
0006 I-.RR11S

STOAGE ASIGNM4.,T MUH VARIAHBL-S (HAlAk, TIPI., HIM.IATIVE IO(CATIO%, N LE)

0001 000024 22C0 0001 001542 1241. 0001 001545 12. 0001 00155 i 2001. 0001 002005 4001.

0001 001212 3160 0001 001335 3310 0001 001515 :1570 0001 001522 3646 0001 001521% .67G

0001 001554 407G 0001 001724 4410 0001 001741 445. 0001 002024 470; 0001 002045 417;

0000 R 001210 A 0000 R 001211 ANML. 0003 R 005140 i.rA 0001 R 002514 uV 0003 R 000003 DI

0003 R 000005 P$.VIR 0000 R 001201 GRAD 0000 R 001165 04A8 0000 R 001166 GR1I)2 0000 R 001167 GRA)I

0000 R 001110 GRAD4 0000 R 001171 GHADS 0000 R 001172 GR.116 0000 R 001113 GADT) 0000 H 001174 GR4"

0000 I 001207 I 0000 I 001144 J 0000 I 001202 Jit. 0000 I 001164 K 0000 I 001201 kI.

0000 I 001204 MU. 0000 I 001176 N 0003 I 000000 KH 000 I 00117% %1. 000.8 I 000002 N lW

0003 I 000001 NIMZN S 0000 R 001143 Pt 0000 R 001205 R 0000 H 001206 4AD) 0000 H 001142 SIG

0003 R 000004 TAV 0000 R 000000 TIXM 0003 R 0031726 TI4P 0000 A 001177 TI4P5 0000 R 001200 TEMP6

0003 R 000006 T.lTC 0000 R 001154 TI-XTI 0000 H 001155 TEXT2 0000 R 001156 TI," 0000 R 0015l7 TIWT4

0000 R 001160 T-XTS 0000 R 001161 TEXT6 0000 R 001162 TEXT7 0000 R 001163 TI.XTA 0000 R 001150 TX2I

0000 R 001152 TIX22 0000 R 001145 TEX41 0000 R 001151 T"42 0000 R 001153 TMxl 0003 N 000070 XF

0000 R 001146 NT 0003 R 001302 YV 0000 R 001147 VT

00101 1* SUtROUTINE FIO[N(IC.IpLRi

00101 2* C
00103 3* PAR4AMETIR NFR:=650

00104 44 XCOM4N /CH43 - NBNU47NS,NOOE.DR,.TAV,.EPSFI,rTEM4ISO)
00104 5* l,XINFI.),YIV(NFlRI.NFU,T)P(NI1*,R.TA
00105 6* DIWMNSION TDU(610)

00106 1* DATA SIG,PI/0.1713E-0,3.141589 /
00100 @* C
00811 9* TAV 0.0

00112 10* NODE: NB*ILNUNS

00113 1* IFP ( RIJ.GT.0) G TO 300

00115 12* I"IC-2) 100.200,300
00120 13* 100 CONTINUE
00128 14* DO 103 J=1,32
00124 15* 103 T'TCl(J:TlnTC(J)+460.
00126 16* TFI(C33):T3MTCt(3)+TIMTC( 12))/2.
00127 17* TFMNIC(34)=(T.WMC(1TE)TC(32)/2.
00130 18* Ti.flC(35):(TFRTC25)+TI-MTC(261)/2.
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11.1 19* T C3i=T7n~)-Fkrt2) Z
:0132 20* Ti)r4'(37) 4TMA(I(%) )(b)I L.

0433 21* T4-M'C( mi )=t:c :41tC4o I m( 29) 1 ,2.

004334 22* WF'X1( Tk.M'4 :-T~r'( 3) )/~. )*. *4~~44)
001361 241* XT( 7*

00137 25* T4 Tt'41):(TV42.
00140 26* TE Z4 IT f IT-l' 19)-TEN i'I'3 4 1o. Z7. T-Mri 14)
00141 27* TF4= .)1.4:#EINV
00142 214* XT =( 4 T4tC4 TE X Z IS7 . 4S. -TEA 2 1
00143 24* YT = 4TI~fl; 1) -T X 4 Z) 31 .)4 5 . TFX4 1
00144 30* TI''V 4 2 ) %1- NT) 2 .
0014 34* rI:XZ ( 14 TIM'4 4 -1+141V( I q)9/ q~*7 5 41+>fIV(494
00146 32* XT = fI'MIft(4X-T4)/%.' .T4 IVX
00147 33 ~ T =( fT4MI I l- IV424l i i /I7. 4*,S..TN1*4tV4 Z II
0045#0 34* Tf14 3 ) = XT- IT) /2.
00454 3%* TFXm =441lTfC43lt 1 17))/1 . 17 )* .504I, IA 17)
00152 36* XT=( ((TOflV4)01'iIV4.7 )/6..4*4%. .T.V( 17 l

00453 37* VT=(IT4M4't(4)TVe44)/23.7 )*4%s. 0*XIo
00464 3S* TF.WMr404 XlT'.%T)/2.
00455 39* XT( MfW(5)--.nC( 16))/57. *4. TMCft16)
00456 40* VT=((TVMMC)-TP+ITCE17W A3. )*45..#T3.f 17)
00157 41* TEMM4 4S)=tXT+YT)/2.
00160 42* XT=4( TIMMt6)-TI.M"tg2))/53. )*37.TEM'4t(22)
00164 43* YrTIMM(G).TFMrC23))/37.)*4S.,TWMf2s)
00462 44* TFW446)=(XT.IT)/2.
00463 45* TEXT=(MMM74(14 )-TWfrfC33))/1.25)*l .l3+TIMf433)
00164 46* TIEXT2=((TI)C(34-T4Mi419))/1.9)*3.75.T fC419)
00465 47* TfXT3=((T6Tt(41 -TI-4'4(424)f4.17)*3.00T-4TC4424
00466 4** TFXT4((T1C(3%)-T4CM(20)4/.5()*3.7*T3Mf(20l
00467 49* TIFKTS~f(TIFMM(10)-TINTC(36))/4.S)*3.-T[74MM(36)
00110 50* TEXTG=((TfrN4'V37)-TkMMT(16))/4 .51*3.#TlM4Cf15)
00474 54* T"xT74(T~FMM(44)-T,flM(45)",4. 5*3. TkMMr45)
00172 52* 'I~xTro((T4It~3g)-Tg-MIC447l)/I .7)*3.44.3n(17)
00473 53* 4n34T(40 l:4FTI*TX2TX3TX4TXS+T4 GTXT** 4)/6.
00174 54* TFNPI4 )=(lTWMq~(44)-TI fC(40))/.58)*.25+TI.4f(40)
00175 55* TEMPi41 :TENT33-TWMh4l/4z*4.Trt
00476 56* nP(121 )ITMMC(33)-T4M( )/.2)*.67T.%fMC444I
00471 57* 4lPIP(141 4C(I41C3)-4 )/'1,,.2%*1.07#T,4T~h4
00200 544* T1)NP4241 ):(ETT(1(3)-TPNTC4l))'4. 7)*.42T2M4T(33)
00201 69* TO4P(301 :((Ti4C3-TMrC(33/.7)*.921TM'C33)
00202 60* T)P34:(4f~4)TY1V4l/ 6).%T.'T(3
00203 64* TI)1P(421)=I(T4-MI'C44)-TINT413))/4 .671*.7%.TI.M4C43)
00204 62* TI)IP(4A01 (IT(4-47f'I3)46)*.%T.f(3
00205 63* TI34P(541)=((TI)M1(4)-T44M'C(-t3))/1.57)*1.7.TtflC43)
00206 64* T-4P(9)I(TF(1'(34)-T.Nf4'(40))/1.M3)*.25T.Mfr(40)
00207 65* T4NP(69)=(4T4MC34)-T.3Tc40)/.3*.75TI.Mrrv0)
00240 66i* TtP(12)((TI2rC(34)-TMV(40))/1.t3)*.25TEMtM(40)
00244 67* TE)4P(189)=I(T4)ff(34)-T4Mrc(40))/4.43)* .75TI..ff(40)
00242 68* T4P(249)((TFMrC(g)-T'4(34))/.2)*.42Tt41'(34)
00213 69* T4P(309)((T34T(9)-T3rI'(34))/1.92l*.2Tl,-rr(34)
00214 70* T4Pt4369)((T 1t(9)-TErI'(34))/1.gz)*1421TFfv(34)
00245 71* TM1P442g):TINTMt49)
00246 12*T4P44)(Trz4Trc4).l*s.In4g
002417 73* FPP54)ICF.4lC2424)TV(4g))/.92)*.TE)ff g)
00220 14* TR4P(16)I(TFWrv4t)-Trrc(4p)4.3)*25r EKjr(40)
00224 15* TI)4PE76)=:(TI7Mrr44-TIMc(40),,,.3)*.7sT7.qM(

4 0)
00222 16* Tt4(3)(TN (t-P% (0)18)12*IM(0
00223 17* TtP(196)--(Tl.M(4)-T0FM(40))/1.3)*.75TI-MM(c40)
00224 744* T~4(5)(nM4)T-M(1)11).2TM11
00225 79* T P36=(FW4)TXM4)/.7*9+FM4
00226 00* T 'P36=( ,M(3- M(2)§S*24'M (2
00227 144 TF14P(4 36) (T.3Y?1(4 ) T4.74(4 2l h..%*. 5 TIMt(4 ?)
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1110 32* T.3P(4g6)= ((T I 431 '1,FT"42 / I , . 5,T-' (" 4
00231 83* TTAP,556*T2( 43)-T-tt421,.5 .T'f 4

00232 k4* TMP24): T(3
,  M  4 0  • 1

7 
'l l  4 I

00233 65* TI.,PIl4-(T 
' ff

t4%-T'frC(
4 0

' 
-

1.17 ).7S
I ''
.T

l f
t4

1
I

00234 146* T.NP (1441=11TW T'(do -T s.rIt.. ))/2. I+. Iti*T I"+ '(:t

00235 17* T0.P204): (T.rfC(0I-TflV1t I ''2. ),.5 .'TV4! %I*

00236 6tMq T*P4241:(TI*MIT420 -T
' f

i
t h I 

) +". AMfl'(S1
00237 1 1 "P ,24 t 1 0)-+ ffL . .)* .

* t

00240 90* TP(14)((TIV42I3rth-1II' .
- It' r l

I
• -  

4i
t 0

00241 91* Ti"4 4 44: (4Tl" I23-TIC2U
- f '  l  I •  

.*.I 
f I(2 0 

I

00242 92* TINP4 504) =( 4IT''t( 231-11
"

IT
' .  

O3 / .
I
33 

|
.0(I

- l * T
~I

F
C
( : 20 I

00243 93* TNP4 5041:141..1'(121 )-TIIf(20 I ). .t 1* * * r ) s

00244 94* 1P(31t3" T('03-TOC(f4's40 )' .5*251* I.l(40

00245 950 TI)P9I g:lT(1M34( 1hi-rTTUiM A0 .9)*. 1.T*'fl i Il

00246 96* T'P(5 
1 ' <6-  T I '

I
' t 1

o 
/

.
*

.
* l  I

00247 97* T.rpI21ii:4Ti1 f - it4. l3 .*.25"3rI(' i6

00250 gt* T'P 1): iT -TIM . / • 
. 7 5 * T  t t )

00251 99* Tfl3p.33 =((T3IC4T1-C(A63C3/3.5,I.d5*TITFl 6 )3

00252 100* T'P( 391 ) = 4TM- ( 7
) - T I I (  

I 
/ 1 

5 ) * - T
lN

i

00253 1014* p( 45P 1 ): = 44 TIC47 )-TIt( 3/I. 51 . 5*Tf1 M( 1

00254 102* TN51)4TIM ( 7 ) -TITC ( t I I .25*T1"-t A

00255 103* Tp( 511 ) = ( 4 T3~MC ( 7t )-Tit ( a) I.51. SI. 75fM~ 3

00256 104* TE NP (39: ) ( T ( 37 ) -TMT ( 40 /1. ) I S.) 25 +T Ft 40 )

0025? 105* TI.NP199): t T3i tC (37 )-T3t (40))/. 5)*. S75*l-Ct40)

00260 106* Tlqp( 159) = ( (TWTC ( 37 ) -11'1C( 40) ) / .5)*1.25*Ti'n 40

00261 107* T4P( 219) ( lT WM'I 416 ) -TI-1( 37 ) /I .5)*.25*TIMM 371

00262 100* TtP)4p (279):4 TT Cl ( 16 )-TI-(37 ) ) / .5)*.75 +TMIV 37)

00263 109* TPWP( 3339 ): 4 (Tk)~16) -T TC(37/.) ) I 5)*1.25*T1- JT 7

00264 110* T.p( 399): = ( TFIT 21 ) l-T3 ( 16) ) / I .5)*.25*T.MIcI163

00265 111* TINP( 459) :=I TEI iW ( 2 ) -TI tC( 16) ) /I .51)*.75 TFIFC 161

00266 112* TO.qP 519) ( (T1'C 21 ) -TI t ( 16 ) I/1.5 )* I.25*TI '( 16)

00267 113* TfIP(579) = (TIMrc( 21 )-TM( 16 ) ) I 5 .)* 1.75*TI.4C4136)

00270 114* T0)4P 46): (4T I (44)-Tit( 40) ) /I .5*.25.*l-(r40)

00271 115* TlMNP 106) =t T1C ( 44) -TI-7C( 40 ) ) /I .5)*.75+TI.4M( 40)

00272 116* T4Pi66:( TI 44)-TI- (40)) / 1. 5)* I.25*TI-M4' 40)

00273 117* T'P(226):(T' tI( 45)-Tl M1(441/1. 5)*. 25*1"'fC(44)

00274 114* T P(26):t.(TWit(45-TMIt144)I. 51*. 75*T1-MI 44)

00275 119* TPE 346): ( TMT 45
) - T 

M
lI ( 

44
) I / 

1.5 L)*l I - 25W I 44)

00276 120 TNP4 406): = (TI ( 46) -TMiL 45) )/. 5)*.2 TI-Mi45

00277 121* TINP( 466) = 4TM r3( 46) -THMT; 45) ) / .5 *.7.STI t t45

00300 122 TIHNP 526) = ( (TI1MI'C ( 46 -Tf'( 45) /1 .5. I.25TIM '(45)

00301 123* Tf4P (586) : (Tifl( 46) -TTMI ( 4511 / I .5) * .75+TI.MIf45

00302 124* TNP( 54:t) ( (T1WIT ( 38) -TMT( 40) ) /1. 83 *.25 +tMNIT' (40
00303 125* TN)P( I14 ): ( TMFI ( 3 ) -TMI'C( 40 ) ) / I1.83*.75*TIFM'C(40)

00304 126* TEN4P4174) = :( (TEM(c(383-T IC( 40 ) /1. 311.25*TItC( 40)

00305 127* TI.3P(234)=(4TEItC383)-TEM4M(40) )/1.3 * i.7 5*TMIC( 40)

00306 128* T04P(294):( (TFFC( 17 ) -TIFMFC( 38 ) ) /1.17 )*.42TMIt(338)

00307 129* T4P( 354)=( (ftMIC( 1T )-TnI C( 301 ) ) .17 ).92 TII t(38)

00310 130* TP(414): =4 (TEK(231-TM ( 17 ) )/ .5)*.25 +TI ,I'c( 7)

00311 131* TFNP(474):3(T(fMM(23)-TMI'C(17))/I1.5)*.75 +1TIMIT'C( )

00312 132* TFNP(5S34):(TIMtC(23)-TEIfC(17))/ .5 )* 1. 25iNIC( T17)
00313 133* TEMP(594):= ( (TIM (23)-TI iC ( 17) ) / I .5)1 .75*TtI'ITI( 17)

00314 134* TA4P(601 ):T3F4P(541I

00315 135* DO 105 K:=1,600,60

00320 136* GRADI=(TINP(K83-TINP4K))/7.5

00321 137* GRAD2:=(TINP(K*15)-TNP(K*+8))/7.5

00322 138* ORAD3=(TINP(K*23)-TFI4PK*S5))/7.5

00323 139* GRAD4:1TF:MPK*30)-T7NP(K*23))/7.5

00324 140* GRADS=1(TIP(K*38)-TFNP(K+30))/T.5

00325 141* GRAD6(TFNP(K.45)-TI4P(K+38))/7.5

00326 142* ORAD7=:(TfTP(K+53)-TINP(K*45))/7.5

00327 143* GRADR=:TFNP(K*+603-TI4P(K+53))/7.5

00330 144* D) 106 J:=,1
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.l 3  145* NL=(K+J- I
00334 146* T1ip(NL):1'IP(K)GRADIIJ- I)

00335 147* Ni:4K*.+I1
00336 149* T*PlNI,):TIPK+)*(RADZD(,- )
00337 149* KI.:(K*J+14)

00340 150* TiNP(N.)=lNP(KI.)
*
(;HAI

).
*(

,
I-I

00341 151* NL:=(K+.*22)

00342 152* TNP(NI, :TI>EP(.23 *(;H,)4*,I-l)

00343 153* hI.t(K+J+Zq)

00344 154* TIMPENt.):I'jPIK*30)*.RPI)5*(,I- )
00345 155* M.:(KO14*37)

00346 156* TNP(NI.I)=TI-.NP(K+3I).*(;HA,1)*( J-I)

00347 157* Ni:Eh.*,44
00350 15* TP I,:TiPA*45)*(R,)7*(J- I
00351 159" N:*K .=K*452)

00352 160* 106 TI-P(N,)=Ttk'4P(K*53)G;HAI)*(J-1)

00354 161* 105 X)NT I NU
00356 162* DO 127 N=1,600

00361 163* 127 TM N ) :TINP( N)

00363 164* DO 125 J=1,600.60

00366 165* DO 126 K=:I,60

00311 166* NL=K+J-1

00312 167* IPF(56-K)124,123.123

00375 160* 123 TINP (NI) :TD M (NL* 4)

00376 169* 00 TO 126

00377 170* 124 TD4P(NLI=TX I(NL*56)

00400 171* 126 CONTINUE

00402 172* 125 CONTINUE

00404 173* 00 TO 300

00405 174* 200 CONTINUE

00406 175S DO 203 J:=1,8

00411 176* 203 T CM(J):TEM3i(TJ)i+,460.

00413 117* IrU4(4):TI-Mt(7)

00414 17* TM(U5) :TFM iTC$)

00415 179* TDMIX(6)=TWlC I)

00416 140* TD(7 ):ITC (2)

00417 161t* TIM( ):TIITC 3)

00420 12* T1IM9) =:l1Mt 4)
00421 163* TqPS: ( ( (TIXIT7) -TInX m(e6) /. 71 *.271 TIXM(6)

00422 14* TIX144Ih 2) :( ( (TF)iC(Ti) -TNP5 /.66)*.54T) TIT 5)

00423 15* TI P6: (T'Dt14(7)*TI ( ) )/2.
00424 IP6* TOL4(3I= (tTIM C(6)-TIP4P6)/2.00)*.52)*TEMIC(63

00425 187* TDtMl) (TDL(7 -TDLt4(6) t-.75) *1.21 .TIXNT( 7
00426 I6* TIP(7T ) ((TDLM(6 -TX4(I ) /.5)*.25TR*TNl( I )
00427 19* T'NP(30): ( (TTM(2)-TT4(MI/.77)*.25+TDL.( I)
00430 190* TP(3 =((TDN()-TXt(6)) '.771*.25+TDL4(6)
00431 191* TNP(60 :( (T[T7U4(2J-TDLN(I )/.T77)*.75+TDMI( )
00432 192* TlEP(67):((TDLN(I -TDLH(7))/.75)*.04+TIM(7)

00433 193* TF'P(90 ):= ( (TDL 33-T (2) ) .8 )*. 48+TI= (2)
00434 194* TEMP(9 : ( (TDU4(R -TDLM(tI) )/.75)*.54.+1XN(7 )
00435 195 TEMP( l20)=:( (IT' (4T4)-I (3))/. 31 )*. l7*TTN(3)
00436 196* TFNP( l27):((TD U(9)-TIX(8)I)/.45)*. 29Tt (O)
00437 197* TIFP(150)=( (I" (5)-T'M(4))/.45)*.25+TM t(4)
00440 196* DO 243 K:1,150.30

00443 199* ORAD:(TI P(K+6)-TEMP(K#29))/7.5

00444 200* DO 241 J=l,7

00441 201* JLtK*J-1)

00450 202* TFtP(JL)=:TFNP(K*291).*RAD*J
00451 203* KL:=(K+14-J)
00452 204* TFNP(KIT):T'P(JL)

00453 205* TlNP(K+14)=T'P(K*29)

00454 206* NL=:(K14+J)

00455 207* TIMP(NI.) : f]p(Ja,)
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1 6 209*-
00457 209* 241 Tt.MP(ML) :TF4Pt.)
00461 210* 243 X)T I MV
00463 211* 300 COhT ISF
00464 212* R = 0.

00465 213* i-TA 2.*PIlNhH

00466 214* RAD) = 0.666613111

00467 21. IX) I:.Nti4tNN

00412 216* A : -rA*4H*l*O.S)*l)H

00473 217* AMIU : 0.
00414 21 * 1I) 7 ,:=,hil 00005(I o

0047711 21q* AIkl : ANGIV* * ilr'A

00%00 0* h :(I-33*%3l * I
00501 22 1* fEh) : IHA3'IM) A )II

00502 222* % 2fl MfIMk) , %I 3 IIl
00503 223* fEK) p 1p NeS It;*.T NPEK)4/PI
00.04 224* TAV = TAV * l+PI'K)

00505 225* 7 (%T I %t V 00005%50
00507 226* R : R * 11H
00510 227* HARAD = R * I)H 0.6
00511 220* 0 CONTISM
00513 229* TAV - TAV/~)rE - 460.
00%14 230* RPIltN 00005630

00515 231* END

E.ND OFV UNIVAC 101 IFTlYTRAN V COMPATI(t. 0 *DIAG'NOTIC* .SSAGEl(S)

S1MS SN8MO)LIC 10 MAH 70 10:17:39 0 01446060 14 213 1 *:I.'-"

SUR~6 C(RE HItLCATAHIE 10 KAR 10 10:17:39 1 014541?2 24 I gII

0 01464362 14 129
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SUBPROGRAM NAME: Subroutine SCREEN

SEGMENT NAME: SUBS7

PURPOSE: Calculate the amount of columniated solar lamp flux incident on
a Reference Coordinate System (RCS) node.

DESCRIPTION: Direct solar lamp radiation is modeled as columniated flux
passing through an imaginary grid perpendicular to the solar vector.
The SCREEN routine sets up this imaginary nodal grid, assigns solar flux
data to the grid, and calculates the columniated solar flux incident
on an RCS node. The solar lamp grid geometric data and flux intensity
information are input to the TVC subprogram and transmitted to the SCREEN
routine via the CH2 block common.

CALLING PROGRAMS: CHB, CHR

ARGUMENT LIST: None, all data is transmitted into and out of the SCREEN
subprogram via the GEl and CH2 block common statements.

NOMENCLATURE: In addition to the FORTRAN nomenclature listed below, the
SCREEN subprogram uses the variables of the GEl block common. The GEl
block common variables are defined with the SUBM1 (main program) nomen-
clature.

D Solar screen 1/2 length, ft.

DD Solar screen (grid) node length, ft.

DW Solar screen grid nodes per width

HEIGS Solar screen grid height, ft.

J Solar screen width node number

K Solar screen height node number

ML Number of solar screen node lengths

NW Number of solar screen node widths

NGRID Total number of solar screen nodes

SFLUX Solar lamp flux incident on RCS node, Btu/hr-ft2

SOL(K) Screen grid K solar lamp flux, Btu/hr-ft2

WIDTHS Solar screen width, ft.

Y Y coordinate of solar screen node 1 edge
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SCREEN SUBPROGRAM FLOW CHART

Start

Ccl Calculate so
No screen nod

WIDTHS< 0 length, an
point infoi

Yes

Calculate the row and column of solar

screen node which is viewed by
RCS node

Calculate solar screen node number I
SFLUX = SOL(I)

Return
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III
Ill

* FOR,* SUH.SUlIS 7 II MAH 71 14:11
UNIVAC II0 I.IRHIRAN V I.F'EI. 2206 0019 I5010H

THIS, (DIPIlATIO)N WAS IX)N E ON 31 MAR 71 AT 14:19:I 1

SUilROFINE SCNHKEN ENT1Y POINT 000127

STORAGE UEID) (IIAK, NAME., I:NGTHI)

0001 * ODE, 000134

0000 *DAITA 000026

0002 *IANK 00I0 00
0003 OFI 000014.1

0004 CH2 000416

EXTINAL. REFFHEINCES (IIOK, NAME)

0005 NERR3S

STONAGE ASSIGNQ:NT FOR VARIAHI-S (PILX'K, T1PE., RI[ATIVE LXATION, NA.:)

0001 000026 51. 0001 000114 9L 0004 R 000435 Al FSOL 0003 R 000001 ASV 000.4 H 000006i HX
0003 R 000021 BXX 0003 R 000007 1 0003 R 000022 YY 0003 R 000010 IZ 0003 R 000011 COS(P
0003 R 000042 COSSUN 0003 N 000031 CO T 0003 R 000023 COSTI 0000 R 000000 D 0000 R 000001 IDD
0000 R 000003 DW 0003 R 000024 DX 0003 R 000025 01 0001 H 000026 1. 0003 H 0000.12 FATM(
0003 R 000014 F'SE 0003 R 000033 GOVIR 0003 R 000030 GOINIP 0001 H 000034 ().GSt. 0003 R 000036 X)$(N.4
0003 R 000035 GO(.D 0004 N 000433 HVIGS 0003 I 000027 10 0000 I 000005 . 0000 I 000004 K
0004 I 000430 ML 0004 I 000431 NW 0003 R 000013 PHI 0001 R 000004 PHil 0004 R 000434 "1IX
0003 R 000012 .INP 0003 R 000041 SINSLN 0004 a 000000 501. 0003 R 000017 St% 0001 H 000040 SND
0003 R 000005 'ITff 0004 R 000432 WIDTHSiN 0003 R 000000 XSE 0000 N 000002 v 000.1 N 000001 ISE
0003 R 000002 S.

00101 1* SUIIRTFFINE SCHREN
00101 2* C

00103 3* PARAMIFE NO II)D=20
00104 4* C(I4)N /GM / X.SF,YFE.F.,4AS,PHI I wlfIHXRY.RZ,COSP,SI ,pPHI,
00104 5* I FSE5E),HXX,YYCOS(TI.,D,0Y,D.DZ, IO,C(WINP,
00104 6* I COST,FAT, GOP I ,.GOSOL,.Os 1tD,GOSOlA. SUN, S ND, SSION.sCNSt1 N
00105 7* *CO N /CH2 / SOI(NOHID).ML,NW.,WIIS.HIOS.SIFJXAJ.SIL.,
00105 @* C
00106 9* IF (WIDTS.LT.0.) CO TO S
00110 10* D 0 HEFIGS*0.5
00111 II* D00 HIGS/FLOAT(ML)
00112 12* V :-WIIDTHS*0.5
00113 13* DW: FU)AT(NW)/WI IMS
00114 14* WIDI S : -100.
00115 15* 5 K : (D* SR*SINSUN-C(tSUN*4.2-7.El)/DD 1.0
00116 16* IF (K.LT.I) 00 TO 9
00120 11* IF IK.OT.I,)G TO 9
00122 1* J : (VSE-Y)*DWO I.
00123 19* IF (J.LT.I) GO TO 9
00125 20* IF (J.OT.NW)OO TO 9
00127 21* K : K * (J-I)*tMI,
00130 22* S'IAJX : SOIAK)
00131 23* RflIRN 00005130
"if2 24* 9 SFIA'IX : 0.

00133 25* RETUIN OaOOqn
00134 26* -END 0000" 10

END OF UNIVAC 110 M'OATRAN V (MPIIATION%. 0 *DI. ;%.IIsTC(* W*.%.,;I.)
SItS? ) MMtC 30 JAN 10 04.44:57 0 0144t560 14 e6 EI*tIIHI
50l Ts (]E HREILK'ATAI.E 40 IJAN 70 04q : 4: I 101444444 e4 I tl*lijII)l

0 014440-4 I4 IS
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SUBPROGRAM NAME: Subroutine CHR (I, EPSLMP, ENVl)

SEGMENT NAME: SUBS8

PURPOSE: Calculate the thermal vacuum chamber Lunar Surface Thermal Simulator
(LSTS) heater element zone power settings and temperatures to match the
real environment energy absorbed by a Reference Coordinate System (RCS).

DESCRIPTION: Using a given set of environment conditions, the CHR routine
calculates the thermal environment due to solar lamps, chamber floor,
and chamber background (albedo and infrared). The CHR subprogram then
uses a least squares technique to calculate the LSTS zone power settings
and temperatures to provide the best match of the total chamber environ-
ment with the absorbed energy from a real environment (i.e., lunar plain,
crater) on the sum of the RCS nodal surfaces. Environment description
data for the solar lamps, background energy, and chamber floor are read
into the EHFR by the TVC subprogram.

CALLING PROGRAM: TVC

ARGUMENT LIST:

I Environment change update index (output)

EPSLMP Thermal emissivity of LSTS heater elements (input)

ENV1 Chamber environment name in A format (input)

All other data required by the CHR subprogram are transferred to the routine
via block common statements.

NOMENCLATURE: In addition to the dictionary of FORTRAN nomenclature listed
below, the CHR subprogram uses the variables of the MR, GEl, CH1, CH2,
CH3, and CH6 block common statements. These variables are defined
with the SUBM1 (main program) and TVC subprogram nomenclature.

A(I, J) Coefficients of LSTS heater element zone power (radiosity)
linear equations (double precision)

ALPHA, ALPHA3 Absorptivity of an RCS node to an energy source

AT(I) LSTS heater element zone temperature, OR

B(I) Constants in LSTS heater element zone power linear
equations (double precision)

BIG Equation singularity indicator

DELT(IZ) Temperature difference between two iterations for the
LSTS heater element temperature for zone IZ, OR
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ENV1, ENV2 Environment name in A format

ENV3, ENV4 Name for the real environment which is to be matched

GIR Incident infrared background energy on an RCS node,
Btu/hr-ft2

GOSOL Background albedo incident on an RCS node, Btu/hr-ft2

GOSOLD Direct so ar lamp energy incident on an RCS node,
Btu/hr-ft

IC Chamber index
=1 MSC Chamber
=2 LTV chamber

ISOLAR Solar lamp operation index
=-2 solar lamps are off
X-2 solar lamps are on

I Environment change/update index

IT LSTS heater zone tier index

IZ Number of LSTS heater zones for chamber IC

II, 12, 13, Print indices
15, 16

J, K Indices

KFIX Linear equation solution indicator

MUM(IZ) Index indicating the rows and columns which are to
be omitted in the solution of the LSTS heater element
zone power linear equations

N RCS node number

NZ Number of LSTS heater zones for Chamber IC

NIT Iteration number for LSTS heater element zone tempera-
ture calculations

QA(N) Real environment absorbed heat to be matched by the
CHR routine, Btu/hr

QAC(N) Total LSTS heater element energy absorbed by RCS node
N as matched by CHR, Btu/hr
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QALB(N) Albedo background energy absorbed by RCS node N,
Btu/hr

QB(N) Infrared background energy absorbed by RCS node N,
Btu/hr

QCALC(N) Total energy absorbed from the "matched" chamber

environment by RCS node N, Btu/hr

QF(N) Infrared floor energy absorbed by RCS node N, Btu/hr

QL(N) Total LSTS heater element energy needed to match the
real environment absorbed energy for RCS node N,
Btu/hr

QLZ(N, IZ) LSTS heater element energy from zone IZ absorbed by
RCS node N, Btu/hr

QS(N) Direct solar lamp energy absorbed by RCS node N,
Btu/hr

SUND2 Solar vector angle of the real environment to be
matched by CHR, deg.

T(IZ) LSTS heater element zone IZ temperature, OR

TCONT2 Contact temperature of RCS in real environment, OR

TESTT(IZ) LSTS heater element zone IZ temperature for previous
iteration calculation, OR

T4TH [T(IZ)] 4  OR4

X Dummy variable
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III
I 1'\i' l(. t I'I I \I IlIa -*Ol I

.t V U ' 110 IIM. ilt 2 Vi I ~ )It 'f ll IOt410I001 H tl 71 V4 I i:00':

Olin0 , t'It)l¥", 10(1t1 41O11 O I I I ti Kh. V0s11% , EN I

0001 kxx*-E 001700

0001) OUly A 4W35

0002 w IMANK 000000
0003 t 0511031
0004 II 000043

0005 Oil 035554

0006 CHi 00043h

000(17 (14 000)070
0010 t11h 000170

1rXM.l HI-iI-t2*\G.5 (214 1X, N.M'tJ

0011 11l"\H
0012 FX IT

0014 iiN
001 r "'if"

0015 I-1- Z
S001 t T( 1{''

0017 1-1-1t-Ol01)11 III M .'U

0014 NIllA
0024 %1012
002, NIOe'
002" NOi
0027 ( )S
0010 SWIN

0031 WXT
00.1 "~IX ";

0033 I-RIW-3

S'nRA. ASIGNlW' FJH ViIAILFtJ (HID , T P-E', EIATIbE ILCATION, NAt-)

0001 000421 Ill, 0001 000042 13W; 0001 000640 150L 0001 000070 1520 0001 000412 16.

ool0001 000JZ 171, 0001 000124 I L, 0001 000720 201L 0001 000155 2030 . 0001 000222 224G

0001 000223 227 0001 000237 237G 0001 000255 24f0 . 0001 00404 3140 0001 000444 1210(

0001 000451 33)0 0001 000465 341G 0001 000510 3440 0001 000545 3530 0001 0100632 31R(;

0001 000654 402G 0001 000677 412G 0001 000742 425.' 0001 000003 425L1 0001 000047 426I.

0001 000242 4291, 0001 000270 430L 0001 000765 4340 0001 001067 4510 0001 001071 454 1;

0001 001137 473G 0001 001376 4-QL 0001 000642 49t. 0001 001427 491L. 0001 001205 511.

0001 001237 527G 0001 001263 5410 0001 001274 5470 002 001313 5600 0001 001317 570.

0001 061356 577(; 0001 000400 ft. 0001 00136f5 6040 0001 001416 61(G 0001 001451 CZI(

0001 001405 633 G 0001 001517 652G 0001 001562 6670 0001 001301 674L 0001 001321 375.1,

0000 003026 902& 0000 003030 905' 0000 003032 950" 0000 003101 951F 0000 001141 95 -

0000 003231 95f" 0000 003235 9626' 0000 003274 96.F 0000 001276 966F 0000 003302 9671-

0000 001307 971" 0000 D 000000 A 0003 R 001327 AL 0003 R 001007 A[J-%,%T 0006 R 000435 AlIJ )L

0000 R 003012 AIflil 0000 t 001016 1IPKIA3 0003 R 000041 ANME 0003 R 002173 AR 0003 R 001017 *XS

0004 R 000003 A.1 0000 H 002764 AT 0000 D 000310 0 0000 D 000134 BIG 0004 R 000006 HRN
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0003 H o i001 for' V 0004 H ( 4 ) )(04 ( (000(001;1?1 D\minI i H f;r1311,lr/ c:) z : ti c1l/ g-l
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0000 I 00( 401 I 00001 I 001(01 7 K1I, (1(00 4 1 0(10000 m (1101 000tll l ll %%\ 4)111t I 1 1.-1 %I 1 '4
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000 I 000f11 %11 W111 10(300.1 1((i(021 I Cw00 00 111 4 -N IT 0I 1) I 110011,712 MA% tP OVl3lI I tf3ln u4 \N11$.
0007 I 00(0(102 'oNo l. O0(I5 I 0l0001 IN il 1(11'7 IV, 1 47 1 ( 00000 i NtI /\. 000( t I (:1I 1' MNIS u :- II 411( I to( \I
0000 I 00 1(5 1 0011 I (01Z0(2 0l 0i- (114 tH 1)(13(1 PIll f1(ll.1 H (3l(l0(t 4 1 11III I 100 4 IlH (10II 3 PI
0004 H 00111 I I' uII I 011111 H (0 ,257 ( 000 4 H 0 17 01 011111 3H DO (I 47 0 W4 10111 It UI t l I (l.Il II
0001 00Z217.1 (J1 0010 01110000 tll( 0010 H 0011(074 01(iS 01,00 H 4)(1(0 4.4) (A.I c' (1(tlf3 H 13(71 2 .1 tl-
000 H (l.021170 (4 0001 H 011257 o.? 0 1 H 01 ( N 2017 014 0111 H 11 2 4 (3 (104 It 00 lii07 1(I'
000:3 H tl000,'5 NI:1 I13(( 4 011tl15 H-Fl (I0I 4 H l30(1oh I Hi"+1 00 130R H (3(304 4 'I I I 11 1110 1 0 (111001 7 S IG
000 4 HI 03 I01 2 S I 11P 01104 H 0000(141 I SI N 00' (101 001 Io N0 I((4 H 11( .47 t N (0124 H WI:(001 .10 % \D)
0000 R 0.(030(0-) M \I)Z 0(000 H 1002714 T (0007 I 000004 T.W oo 01It H (l I3.54'I'% 11(313 H I:Xilll3( I ( IVI
0000 H 0( 400 1 10T(I)'2 0o4 It 0()0477 1I'-f 0(007 H (00000lf T1'fI( ( 0000 H 000( 'I,' TK-I t()(llh. Il (I1(0f3 I 1 l11(11
0003:i H' ( 0(2l I I vI .000 00 01 ( 00000 1 1 To 1.'1 ITIk 0(10(3 I) (00 1 4: Tf-ll4 (3333h l (1(1()t%12 'A 1lllj,1
0000 H 001002 X 0005 N 005140 NI. 0005 H (00115 Ml 0I ono) H (I 4,e 1.l 1 P 000 ( o ill I 117 \
000:4 H 00001,0 NC) 0003 H (1216(47 kH 0(004 H 0((100 XV (300- H ( (l01001001 1 SE no(.4 H 000002( /.F

00101 t* SI(XTI'INE 1e I Il , PpII.,I.P NVI
00101 2* C

00101 19 P,1J t MI \=", h:4 )
00104 4. (HifMN / (( 4 M,(I.'1,. IN4, ),N1 Ij N ,,\,.%, ,, ,III 4F,114 VI.
00104 5* I Ise', lC.u ), I P.X(3, I. PI, Pi11 0,SI(,TI4 1.,TI -i:, N% , Nf111 \,I PHIV,
00104 6* 2 Ht(121,N1l,5"l , 7),tlf(I5,I1,.It)I.l 0),I(N35,TITIJi4,
00104 7* 3 T TZ0 ,,1MT ,0),1),f,
00104 V4* 4 AI T ),, t ),, ' i , (l N . \X , 1 1 ,1 6 $ ,
00104 9* 5 O(1 , il ),( 11, O i, ,H ,, i 0), I . t )
00105 10* IRXA3IVAI-M:. (HkI ,HFP(1 I)), (9E4-2,RE.-F3(Z)
00106 11v PARAL11'1T . NMiD):=2*0
00107 12* IXX131J-: I'RCISION A.1,R1G,T4'11fl
00110 13* DI 1( . ),OH( X),.C X),1 tx),AENSIONICM1N),
00110 14* I
00110 1S* 2 Al0,10),i( t0),Tt(I0),L*.T(I0), tI((0) ,TE -r( I0),AT( i10I)
00111 16* (X1,'O% /(;PI / XF,¥SE', m+,,SE.oPHII.1wflfIx,HHZ,L)P.SI P,PHI,
00111 17* I FE ,HXXH TX, ,0,Ofli,
00111 1(4* I WIST, FAVIu(, l0tn It,( (., XNAD.(M A. SLN, SLND, S I.MtN, ODSIN7%00112 19* CHN / l IC,NfIhNV1'3),.riRI3, e,N P(3,6,3),D(3,30,
00112 20* I NC(3,(5), (6.3,,6),XLt3,6,3,Z5,6),1.700.6)
00113 21* WLH)'N '042 /IIiHIGSfl.,A.
00114 22* 1WON /03 / Ni,,INZ2S,7M ,N ,)R,TAV,E.PR.,T MI.,ICt50)
00115 23* EUIVL N-: (Q1,),(oH,NAR),( (2),15(AH), (UAC,AS),(L,0),
00115 24* I 4T(X)N,OA,) B
00116 25 DTA INV2 / 6t111 JI /
00120 26* Co( mN /016/ H.43,4,5),OKS(3,4,5)
00120 27* C
00121 24* IZ = NONE(IC)
00121 29 C
00122 30* 425 UN II E
00123 31- M = 0
00124 32* IF (IN(63.LT.2) O 10 426
00126 33* CALL 'TA i
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0011 i4l .1 ' II" 4 I *I l I I til0 I ll %
0013i li IF 4ll%;I:.1.l0 L"UII FI'I

001.44 .17* HI.14) n.qtf) (U)AI%) ,%-I "~NI1
00142 .10 (A) 1) 42q
00141 :19* 42b6 HI-EAl) 4 5,905) I ,T.II-,IIIt-.,\ )
001.55 40* IC-1O) : 1.111 + I1
0015t 41V IF (I.IN.0) HIITI%
00 1t0 42 HEA ) (tl) TI" u..,M,) , , l,,, ,()4 )Mr , M ),M 7 ,
00160 4.1* , 0x1:,IN4 1)Z,1 1 l,.1l1,
00160 44* I kt.l4N .p,, , N,, Mlks
00214 45* IF TI'.lT.0.0l CAI.J, EXIT
00216 4C* H)INO. = - Mx):IM)
00217 47* PHI = XO4):PII 0
00220 4 * O.)P )SC(PHI I
002 1 49r SINP SIMPHI)
00222 50* X047) : 0.
00223 51* IX) 427 1=I:,15
00226 52r* D) .27 1J=1,15
0021 51* 427 rhI,.1) : 0.0
00214 54* I1F (4M.N. I) (1) 'T) 429
002,6 ,5.* U) 42k 1:1,4
00241 56* 42A t( I) :M)( I)
00243 57* 429 (X)\I7 N;
00244 5,4 CA1J. WL2(OT()1 )
00245 59' I) 6 N=:I , \ 00001040
0025,0 60), C.1 J. 11.e.'v N )
00251 61b* I- (1o.IM.0) (M) IT) 430
00251 62* O.(N) : 0.0
00254 61 * O(N) = 0.0
00255 64* 011,1(N) : 0.0
00251f; 65 Oll(N) - 0.0
00257 (;f,* () IT) 6
00260 67* 430 NTII MNE

00261 6 * CAll. HFI-' ( N, OFI N))
00262 69* OFIN) = OF(N)*, .E
00263 70* I II. XA .I:.-Z) ()IX) 17
00265 71*s IF((X)T.JIJ.0.0)(1) 17 000012:10
00267 724 CAL. (5(1--%
00270 71* Os(N): .NXI * )$'O A TN)*ASIAII'. .O
00271 74* XYIT) I" 00001250
00272 75* 17 OS(N,:0.0 00001260
00273 76* 11 CX I MIE
00274 77W CAlL FI-IMPZ(N)
002175 71* CAIL BACK(GIR)
00276 79* D,.BN) = (O,.(N E
00277 00* CAlL. ALPHAI ( 500.0, ',)
00300 eI* UR1(N) = GIil*AJLP* ASI

00301 P2* OlN) = 04(N)-OF(N)-ON)-QO4.(N)-OH(N)
00302 3i3* J = IAN)
00303 44 OT(I,J) : OT(IJ) + 0a(N)
00304 e.5* O0T(3,) ar(3,J) + OF(N)
00305 16* OT(4,J) ( Of(4,J) + OlAN)
00306 P74 UT(5,,) OT(5,J) * OS(N)
00307 p * r(6,J) = OT(6,J) *+ OAIJ(N)
00310 1,9* 0147 ,J) 0(r( 7,J) + OB(N)
00311 90* 6 0)%TIN iE 000013t'0
00313 91* D 201 K:I,IZ

00316 92* T(K) = 500.0
00317 93* 201 IM(K)=1
00321 94* NIT = 0
00322 95r 16 NIT = NIT + I
00323 96* IF INIT.GT.21) 00 10 20
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00.110 9t l 'l %) ' ( %1

00 ,11 99* Hit% I=0.0100

003.3 i) 30 t1=1.1/
001 5 101% 10 AV. I ) -0.)IXI 0 710
00140 10?* IX) I :1.I (01/1110n|I

003143 1034, 1II) e 1 ,1. 11

00 14 104v, MIAN1 1 . ", 1., I )

00147 10 ', 111 , MA l - \l (m. 1I PIIl )

00150 loA 01A,." : , IV ,0t)

00351 107x Hi%) : 111 * 1 I ,* l'LI.( I )Fit%)'. I'ilt

00 51 01* II) le N/:l,/
001 10455 l .A19 1i %Pt Zi 

,TI/ 
, 11.1ill )

00156 110* A( %,N' * r 1I.N * A( NIZ) -1 , /I l, 1 1 'll 1 I

001457 111* I (1)mIt I.:

0046 Ib I 1* t11 I1. LMAVY(A, I, I , lil, l?

00364 113* KI X: 0

00365 114* IX) 49 N:=I.I

00170 IWO IF'I*H(%)49,i50,4q

00373 11(A 14 q kIAX=I.I

00374 11?* 150 tiON):- I I

00375 11 * 49 0YI ,I I M v

00377 1191 I(FIKFIX.1U.13)I't) II 0

00401 120* IX) 13 1=1,17. 011001 40

00404 121* T4"11 = h(,I)/(S.NI;',*PSIMP)

00405 122* T(J): =S T , I) ITI.(fl fi'4I TO )

00406 123* I* ITJ ) :TFISY' I -)) 01001 04)

00407 124-x 13 TKh,17Ol) :=(,) 0011014.1(0

00411 11 * IX) Is K=,I.IZ 010011150

00414 126* ATKI) t Tl,)
00415 127* IF (,V(rK).IT. 100(.) VAIK) 100.

00417 12* IF (AM 1X.ITI.3T /ATI .. 01 ) 16) 11

00421 129zq* IS) (.)VTI' IE (110001 '110

00423' 130+ 20 (1CT'I Et

00424 1314 IX) 76 N-1 KlX

00427 13, HIVIIN = MiI.IN)

00430 133* A.F: : )I(,.N,6)

0043.1 134,V J IAtN)

004:12 135 U.( CIN)=0.0
00433 1I: 16* IX) 75 NZ/I,IZ
00436 137* CAll. AI.I'tItAI (T /), AIJI.)
00437 13b* OA.7(N,NZ : AS.>AI)..,1..(N,N/)-IINZ)

00440 13q* K = * NZ

00441 140* OTIK,J) = TI'(K,I) + OI.Z N,NZ)

00442 141* 7 O-( N) --OAC N) 4OLZ( N,NZ)

00444 142* f($,J) = CI'f(,J) + QAC(IN)

00445 14:13* Cl,(N)= Q.C(N)OF(N)OS(.N)4+QN))+O-LH(N)

00446 144* 76 UT 42,JI U1,J),4uCALCIN)

00450 145* IX) 555 J=2,NA"E

00453 146* X) 555 ]I ,K

00456 147* 555 OT(I,I) = 1(1,i,I) + OT(I,J)

00456 14A* C

00461 149* NZ = NE(IC)

00462 1 50* 11 = 1

00463 151 12 = 10-NZ
00464 152* 13 = 45

00465 153* 15 = NZ

00466 154* I1 I2.OT.MX) 12 = X

00470 155Ir IPAG = IP GF + I
00471 15 G* H1AWI 46,950) TITIElPE IP ,TI W,R.Y(),RI(Z), X3DI(M),.'NVI,I %V2
00471 157* IFNV3, .NV4

00510 15 * WITE (6,955) St.%DTAV.FPSFIR
00515 159* O 490 IZ:I,lZ
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0052 lb's I : ITI' i')bt,O0izz I I, e 44 T F. ( "(,,4 {-b) i
00'\2 l1. 

=  
490I HI'T' to ,94ts) I7,Hiy),Ttit,tIX|0I0., /,tT,ti,: ),I I ts'I

0014 ItA- I F (I HFF.M". 2 1 1t) "1A) 14

00 36 1I,4h HI' (I , . 117 11 HiiIi t\ i ,I :1 ,4). M 
) '

r.I
F  Z

.i %( 
l :

00553 J (1) 'X) 675
00514 t-b 674 %ITF 96,959 HI.H II-.2,I\( I II:1,4 ,'4.1 Txl

0059 141 471 (11 M I9
00 hb It*-w NIwT1: ITI hI.9(I/.I I7-,%Z
00574 1964' If IN,.:.lIJ. (9I) 'I1T) .-4

0057, 11 s 1) 4m7 J: , .*% '

00:it 171- 4W7 9lIT; (6,9 0) .1.t-I.99,l,1 l .I I,1( 9 I,1 5)

00611 172& 4q 4rTl' g.,'I'i

006113 173* w19IT" (6,q9~6) AlElI ),(UT I .I ),:l,5)

00622 1 74: I~!T (i6,4q651
fO(24 l75* 491 HIIT lt,962)(I,l:,NZ)

00632 176- 494 IX) 495 = 11,12
00635 177 4'95 1 HITf((i,q(,7) %,IC'FMF(%), Ulf%), C.-C(%), JI%),I.S(%9 ,

I%
) ,owm

(%
) ,

00635 I I 014()9.O1%), .(O97, I),I=,'7)
00656 1714= 49i IF (I2.WU.PMX) () 10) 425

00660 -01 0* : 12+1

00661i le t* 12 = I?+1
00662 I i IF (12.(1".'L\) I2 = MiX
00664 1i IP.1I-: = IP-; * I

00665 1e-@ HIE (6,Q50) TInlE,IPI.(E,TINI,WIi( ),H2F9),[N*:(M),, ,I:%
\

2

00665 1 9* 1, FNV3,F%V4
00704 1h

-  (1) 1") 491
00704 17* C

00704 I r C .SIL'IO91N 900, IMILMI' STl'-7I- -'is

00704 IMQ* C
00705 190A q02 MINMT (IOI-..I
0(0706 11* 

0 0 '(5 HI(ALMIT (214,1'19.39

00707 1I " qS0 .X :L'W 1(9119 II~t,:.2 ,I. ,9,.',';MI , 4 /911 list), /-Io .1/ 0 000 1990

00707 9qi9L I 30X,ZAr, 19 IN% A ,AI,ZSIM 9IM: I,~ 1-if-DI 1A

00707 194* Z.2A6, 15 5 :NVI((NI':VI'. I// t r(ix, 9dlEAT I: .i M( . A 0 T F I.T I . t.

00707 19 -* 31 All 1IPlM.AIAK|19 )11) SI~lT' A , Ai.0 I.9 VIH(9 1 %T. //I)

00710 19:* 959 91itMIT (2190 .. 15 .6%, 91.. II,.'9%. 2'HZ AMI1,'II (IVI'.T /

00710 197* I 1011 IXI'TIOT',, ix, 4 ,IT) (IT) (I-T) -lII T-

00710 19!* 2MP / 20%, -I0.2.2IO I ///

00710 1qq4 * 3 40H SL , M1 ()1" 11T: '1i1-0li. NVII0',f.%. / )
00711 200 955 IFTXMRT (1319 VIH(NI-rNT , 17X,1I t'N AI: (ID;) = , I'7.2 //

00711 201* 1 30%, 37HAI-R]H; I'lLfIl TIPtVIt)ATi (1'1- 9. :,

00711 202 1 F7.2, 20X,1PH0-1fX HfISSIVITY =
00711 203* I V6.3 //25X, 67H 6bIP PO4,-3 LAw Il*tP INLINATI

00711 204* 10\ A;I)-ES, (IU) /30X.551- WVE PO) IA iP Tw ,P TIM!

00711 205* ITIIM TIF / 30X,55H %O. B/H/IT**2 Diu F I

00711 ZOE* I 2 3 9

00712 207* 956 RFin1Yr (30X,14,FI1.1,.I-0.I)

00713 zo
-* 96 IO R41TN (9X,35*H ARSM -D ICEATS. GIVEN IN TWI/HR. /

00713 209* 109H NM)W,7(SX,3IQ ),mX,31 ,6(2X,6H) 2%E 9 /

00713 210* 2 77H PO. ME DF' RHD MIVTI IXCOR LP RED SOXAH ALUIX)

00713 211* 3 IR HU ILW ACi . 15,51t I
00714 212 965 i-tIl" (11 ///)

00715 213* 966 PM'-.,T (5X,A5,7F4.I,3X,79F$.I)
00716 214* 967 9PTHRT (14,1X,A,7Fb.M.I,3X,7F#.)
00717 215* 971 WIAMT (412H0 IX'TION ,16X,IHX,9X, ItfY,9X,2HZ, AZIMLV"! ODQ)NT

00717 Zlu IACT /26X,45.-9H(Pr) IT) (.T) (DI-U) Tn', R

00797 217* 2 IZX,45,3X,5FI0.Z / I2X,4,3X,4FI0.2 ///

00717 21** 3 40H SM43VJY (P 11OF - 'I1It4.41L LVIROt*Nr. 2)

00720 2 END

ID OF LN IVAC I10 . R4R U N% V OPIIATION. 0 *DIAGNDTIOC WNSX-E(S)

stwo 5,3II LIC 20 APR 71 09:11:44 0 02155266 14 219 IDI-M.1-:9I)

l*. LI : HI-I(X.3"- tJ 2- -PH k W"i (19 4t- : .1. 1: cell lI; I II l- oI't
0 ( I t I 1" 14 it'
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SUBPROGRAM NAME: Subroutine TC2(XO, TCON)

SEGMENT NAME: SUBS9

PURPOSE: Calculate the Reference Coordinate System (RCS) chamber floor
contact temperature.

DESCRIPTION: The TC2 subprogram determines the node on which the RCS is
located and uses that node temperature as the chamber floor contact
temperature. In the event that the contact temperature is input
(TCONT on Card B2), the routine sets the contact temperature to that
specified by the user. If the RCS is positioned off of the chamber
floor, the closest floor node temperature is used for the contact
temperature.

CALLING PROGRAMS: CHB, CHR

ARGUMENT LIST:

XO Current timepoint RCS location as defined in the MR
block common (input)

TCON RCS floor contact temperature (output), OR

NOMENCLATURE: A dictionary of FORTRAN nomenclature used by the TC2 sub-
program is listed below.

BETA Angular width of a floor node division, radians

DR Radial length of a floor node division, ft.

I Contact node number

NB Number of angular floor node divisions

NUMZNS Number of radial floor node divisions

NZONE Radial floor node index of RCS location

PHI2 Azimuth location of RCS on floor from chamber origin,
radians

RMAN Radius of RCS on floor from chamber origin, ft.

TCON RCS floor contact temperature, OR

TEMP(I) Floor node temperature, OR

XO(1) RCS X position in chamber, ft.

XO(2) RCS Y position in chamber, ft.

XO(7) RCS contact temperature input, OR
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TC2 SUBPROGRAM FLOW CHART

Start

Is
Contact Temp es
Input to EHF

Calculate Radius
of RCS 

S j

TCON = TEMP (1)
No

alculate
, NZONE

rReturn

Is
N ZONE > Yes
NUMZNS

Ys [N ZONE =NUMZNS

Calculate RCS Floor
Node Location, I

TCON = .TEMP (I)

C Return
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III
*l I" 4* SUIL9,NtIII 31 MAN 71 14: 14:
UNIVAC 110 -IORTtHAN V It.IV 206t 0010 50tslH
THIS O(MPIiATI()N vAS IX)W ON 31 MAH 71 AT 14:19:,0

SLwmROTlN. TC2 INTR¥ POINT 0001d4

STOI AGE USID 4PIX'k, NW.E, LENGTH)

0001 *.XlD 000134
0000 *DATA 000020
0002 *H1ANK 000000
0003 CH3 005141

EWIXR INAL .REEINCLS I XK, NA* M-)

0004 SOhT
0005 ATA2Z
0006 NKllR3S

STORAGE ASSIGN *ENT IUR VARIAILES (RIDOCK, TYPE, IEIATI,'E t(ICATIO%, N44E)

0001 000012 11. 0001 000034 St. 0003 R 005140 IIETA 0003 R 002514 P 0003 R 000003 OR
0003 R 000005 EP.FIR 0000 I 000003 I 0003 I 000000 hNi 0003 I 000002 M1)D 0003 I 000001 14ZNFS
0000 I 000001 N/,NE 0000 R 000002 PHI2 0000 R 000000 RMAN 0003 R 000004 TAV 0003 R 003716 TIMIP
0003 IR 000006 TIMIC 0003 R 000070 XF 0003 R 001302 VF

00101 1* SUIIfITINE TC21XO.T(X)N)
00101 2* C
00103 3* DI*NSION XUol)
00104 4* PARAITI NFILR:650
00105 6* CLM0N I/CH3 / H,NUMZNS,.WNOWDRTAV.EPSI"J1,TINTCI50)
00105 6* 1, INIFLR).INLR),V I"I),T P R),IhTA
00105 7* C
00106 is II (XOITI.LE.0.0) 00 TO I
00110 9 0* ITCON XO()
00111 10* RETLIRN
00a11 11* I RM4N = SORT(XO(I)**2 * XO(2)**2)
00113 12* IP (RMAN.OT.0.0) 00 TO 5
00115S 13* TCON = TID4P(I)
00116 14* REIURN
00117 15s* 5 CONTINUE
00120 16* NZONE = RMAN/DR * I.
00121 17* IF INONE.OT.NLZNS) NZ)VE = NLUMZNS
00123 t1* PHI2 z ATAN24XO(2),XO(I))
00124 19* IF (PHI2.LT.0.0) PH12 a PHI2 * 6.20316
00126 20* 1 a PHI2 /BETA * 1.
00121 21* I : (NONE-I)*NB * I
00130 22* TON = TIFP4I)
00131 23* REtIRN
00132 24* END 00004800

END OF UNIVAC 1106 IORTRAN V C(XMPIIATION. 0 *DIAGNOSTIC* WSSA40E45)
SM9 SMtN.IC t10 MAR TO 10:17:44 0 0145TT0 14 24 IDEIETFlDI
sUOR9 CO REILICATAII. 10 M14AR TO 10:17:44 I 01460510 24 I IDEILETIED)
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SUBPROGRAM NAME: Subroutine SOLVE (A, B, N, BIG, MUM)

SEGMENT NAME: SUBS11

PURPOSE: Solve a set of linear equations to find the thermal vacuum chamber
LSTS zone heater radiosity.

DESCRIPTION: The LSTS zone power settings and heater element temperatures
calculations using a least squares match of real versus simulated absorbed
heat environment results in a set of linear equations relating zone heater
element radiosities, chamber configuration, and RCS thermal properties.
The solution of these linear equations is determined by SOLVE using the
Gauss-Jordan reduction technique. Rows and columns of the linear equations
may be omitted to assure positive values of heater radiosity. All variables
used in this subprogram require double precision accuracy.

CALLING PROGRAM: CHR (SUBS8)

ARGUMENT LIST AND NOMENCLATURE:

A(I, J) Coefficients of the LSTS heater zone radiosity terms
in linear equations (input)

B(I) Constants in linear radiosity equations (input). LSTS
heater zone radiosity (output)

N Number of linear equations

BIG Equation singularity indicator (output).
If zero, a singular set of equations exists.

MUM(I) Index indicating the rows and columns which are to
be omitted in the solution process (input)

AIK, AKJ Intermediate terms used during solution of equations
DIV, BK

155



SOLVE SUBPROGRAM FLOW CHART

Start

For eanh cnlimn in

Determine largest radiosity coeffi-

cient (BIG) in column K
BIG is located in row L

BIG >0
<.Retu

\fYes

Transpose row K and row L to get
largest radiosity coefficient in
row K

Perform Gauss-Jordan reduction on
A and B for rows and columns with
MUM> 0

Set radiosity B(I) to zero for
MUM (I) = 0

Return
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III
i FO,* sU IIsU1iI 1 31 14N 71 14
IJNIVAC 1I01 PRITHAN V LEVEL 2206 0010 F5010H

THIS COMPILATIIN SAS IX)NE ON 31 M4Rlt 71 AT 14:19:34

SUtlROtfflh SOLVE ENTRN POINT 000301

STORAGE USED (MIA)CK, NW.'.DMTH

0001 *0()- 000337
0000 *D)ATA 000070
0002 *RHLtANK 000000

EXTIerNAL REFI4NCES (HIMDCk, N4I:)

0003 NFH1113S

STOIAGE ASSIGNM.NT 14M VARIAHUL.S (BLUCK, TVPE, RELATIVE LX ATION, N&ASiM

0001 000253 IL 0001 000211 O10L 0001 000023 4060 0001 000222 Ill. 0001 000061 Ill(;
0001 000227 12L 0001 000250 13L 0001 000132 136G 0001 000155 Iso1500 0001 000200 IbIU
0001 000242 176G 0001 000077 51, 0000 D 000006 AIK 0000 D 000002 AKJ 0000 0 000004 Hk
0000 D 000000 DIV 0000 I 000012 I 0000 I 000013 J 0000 I 000010 K 0000 I 000011 I

00101 1* SLURRi)TrINE SO(,V(A,RN.BIGMP.lM) 06020
00103 a* DIMIEN ION A(10,I0),B(I0),MLM(I 101 0630
00104 3* DOU1LXX PREClISION A.RBIO.DIV,AKJ.HK,AIK 06040
00105 4* D00 12 K=:I.,N 06050
00110 5* IFIM(K).I.T.0) (R 12 06860
00112 6* BIG=DAHS(A(K.,K)) 06870
00113 7* L=K 06140
00114 0* 00 5 I:K.N 06090
00117 9* IF(LN(I).LT.01 G(OI) 5 06900
00121 10* IP(BIG-DAHS(A(IK))) 4,5,5 06910
00124 I1* 4 BI: DAd(I,K)1 06920
00125 12* L:I 06930
00126 13* 5 CONTINIUE 06940
00130 14* IF(RIG) 1.1,2 06950
00133 15* 2 CONTINIJE 06980
00134 16* DIV:A(I,,K) 06970
00135 17* DO 6 J=K,N 06980
00140 1@* AKJ:A(L,J) 06990
00141 19* A(I.,J)=A(K,J) 07000
00142 20* 6 A(K,J=:AKI/DIV 07010
00144 21* BK=8:IL) 07020
00145 22* B(L):=(K) 07010
00146 23* B(K):=FK/DIV 07040
00147 24* 00 If I:1,N 07050
00152 25* IF(WM(I).LT.0 (Om II 07060
00154 26* IF (K-1) 9,11,9 07070
00157 27* 9 AIK:A(I,KI 07080
00160 264* 00 10 J:K,N 07090
00163 29* IF(M14W(J).LT.000I'O 10 07100
00165 30* A(I.J)=A(I,JI-AIK*A(K,J) 07110
00166 31* 10 CONTINIJK 07120
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1 0 32* II11:11I -Al.Ehl 071 to)
00171 3.1* It 11NTINtI: 0710
00173 34* 12 (tVTNIt 07i0

00MS 3i* IX) 13 IZt.% 071 En
00200 36* (IXMt4 IA.GT.0I 4Xfl3 I:. 07170
00202 37* Hl):0.0 070
00203 3p* 13 xwrINTNt 071qo
00205 39* 1 RIM41% 0000cet/
00206 40* END 00 d 40

END OF UNI'.C I IOPMI N4AN V (XV4I LAT1I0%. 0 *D0 it'4) s !.*Sa;t*V.%)
MUMI Sb4N.MIIC t. APR t64 12:57:4'? 0 0141.#,70 1t 40anVI)

SURtSII INW REI CATAWJ 2F. APR Eq I:17:07 I 014 47750 24 1 4S*1 VI1+01

0 0140000 14 24
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SUBPROGRAM NAME: Subroutine INPUT1

SEGMENT NAME: SUBIl

PURPOSE: Select Reference Coordinate System (RCS) desired, read RCS data
change/update cards, and print the RCS stored data used for this run.

DESCRIPTION: The INPUT1 subprogram selects the user specified RCS by
calling the appropriate block data subprogram which transfers the datato INPUT1 via a high speed drum (logical unit 4). The routine then readsRCS data change/update cards specifying: node addition/change; individual
node geometric data changes; node-material composition change; and/ormaterial absorptivity-temperature curve data modification. The subprogram
prints out the user specified RCS data.

CALLING PROGRAM: SUBM1 (Main Program)

ARGUMENT LIST: None, all data required/generated by the INPUT1 subprogram
is transferred into and out of the routine via block common statements
and high speed drum (logical unit 4).

NOMENCLATURE: Listed below is a dictionary of FORTRAN nomenclature used by
the INPUT1 subprogram. Also used by the INPUTI routine are the variables
of the MR and GEl block common statements. The MR and GEl variables are
defined with the SUBMI (main program) nomenclature.

BLANK 6 blank characters in A format

Bl, B2 Not currently used
CX,CY,CZ,
FF,FFN,FT

I,J,K,L Indices

IEMIT Number of individual nodes for which data changes are to
be input

IMAX Constant

IMODE Number of modes to be input as mode additions and/or
complete changes

IN(5) Node-material data change index

IN(6) Number of nodes for which new material composition data
is to be input

IN(7) Node-material composition print index

IN(8) Number of absorptivity curves to be added or changed

IN(9) Absorptivity - temperature data print index
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IPl Print index for RCS geometric data

ITOT,IQQ, Not used
NEW

11,12,13 Print indices

MAT(I) Material I name in A format

N RCS node number

PHI2, THT2, Not Used
R2

REFN(I). Name of new Reference Coordinate System and A format

TOTAL Word TOTAL in A format
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III
* FO'* SUIti,stlu 3 NH II 14:3Q: 17
UNIVAC 110t I RTHAN V IiV.ELI 2206 001 F50I0H

THIS COMPILATION *AS 1O)Nl ON A MAN 71 AT 14:19:37

SUtOl.RIN I NPLtII ENTIHY POINT 002421I

STORAME USED (ttHItK, NAM., LEJNTH)

0001 *CODE 002436

0000 *DATA 001126
0002 *tIANK 000000
0003 m4 05z1203
0004 GE 000043

EXTEMNAL REFERENCES 4HIAXCK, NA1W)

0005 SUM312
0006 SIVIS
0001 SUB I4
0010 SUBI6
0011 ALPHAI
0012 TRANS
0013 HUXICK
0014 SUR13
0015 EXIT
0016 NREWS
0017 NRDUS
0020 NIOIS
002 NIO2S
0022 PREJS
0023 NIMJS
0024 CS
0025 SIN
0026 NHIR3S

STORAOGE ASSIGN14NT FOR VARIA.LES (RICK, TYPE, RELATIVE WDCATION, NAW:)

0001 000131 104L 0001 002022 10420 0001 000134 1051. 0001 002013 10670 0001 000143 107L
0001 000146 100L 0001 000150 I3O0 0001 000252 IIIL 0001 000301 1121. 0001 000341 116L
0001 000464 1301, 0001 000025 1320 0001 000037 1400 0001 000631 154L 0001 00061 1560
0001 000644 158L 0001 000671 162L 0001 001007 l6eL. 0001 000125 1750 0001 001151 1001,.
0001 001216 1901 0001 001221 1911 0001 001306 1991. 0001 001306 200L 0001 001431 210L
0001 001441 212L 0001 000161 2200 0001 001535 220L 0001 000170 220 0001 000175 2310
0001 001556 232L 0001 001565 2331 0001 001561 234L 0001 000202 23.0 0001 001711 236L
0001 002012 238L 0001 002036 239L 0003 002044 240L 0001 000211 2420 0001 000216 2460
0001 000223 2520 0001 000230 2560 0001 000235 2620 0001 000242 2660 0001 000264 3010
0001 000401 3330 0001 000401 3310 0001 000424 3410 0001 000471 3650 0001 000561 4020
0001 000606 4120 0001 000641 4250 0001 000661 4330 0001 000121 4470 0001 00075.5 46A0
0001 000763 4710 0001 001026 5050 0001 001021 5100 0001 001034 SI0 0001 001041 5220
0001 001013 5360 0001 001162 5560 0001 001116 5640 0001 001252 6040 0001 001261 6110
0001 001317 6310 0001 001366 6450 0001 001314 65IG 0001 001406 6570 0001 001451 6150
0001 001461 1020 0001 001474 1060 0001 001504 13120 0001 001505 11340 0001 001541 7310
0001 001604 7620 0001 001613 7660 0001 001634 1110 0001 002051 001. 0001 002105 P021.
0001 002131 A041 0001 002204 8101 0001 002221 8121,. 0001 002262 0141. 0001 002302 161.
0001 002326 PIAL 0001 0023513 8201, 0000 000061 900 0000 000010 90gl 0000 000011 902F
0000 000013 003P 0000 0000175 910o 0000 000201 911 0000 000215 913P 0000 000313 914F
0000 000311 915F 0000 000350 9168 0000 000251 911 0000 000361 91@1? 0000 000422 920F
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Ill0000 000447 4211 0000 000466 922 0000 0005szA 9u 0000 01005h1 924 0000 010t0q' v4
0000 000646 9261 0000 000664 947 0000 000717 42.I" 0000 000144 q421 00010 no(10ot q
0003 R 001321 A41. 0003 H 001001 AI4,'AT 000(13 H 000041 A1%-" 000.4 H 002 17 1 Al 00nt 4 H 40 10 ,
0004 R 000003 ASI 0000 H 000042 Il.A%K 0004 H 00001, HX 004 H 011)0 H%% 1 0004 H 1141017 mIl
0004 R 000022 RNN 0004 H 000010 IIZ 0000 H 000056 I41 0000) H 000064 IIZ 04104 of o(nll )ti ('.11r
0004 R 000042 ('O)SSN 0004 H 0000.11 COST 0004 H 000021 COOSTI I0000 H 0000b61 C 0000 H 1('2o (t
0000 R 00006.3 c7 0003 H 00 1126 m'iN. 0004 H 004104 11% 0004 H 000025 I 0004 H 110(1l, I)/
0004 R 000032 1A"ror 0000 H 0000347 FF 0000 H 00005 5IN 0(004 H 11001014 '.-; noon000 N 100004 1
0003 R 003703 GEN(W- 0004 H 00003J3 G(;OIH 0004 H 0000:10 (OFIHP 0004 H 0000:14 (4SO1. 0004 H 00404;6
0004 R 000035 GOSOID 0000 I 000040 I 0003 I 004541 14 0001 0001 1 ICAiD 0004 I 000444 OI'

!I
0000 I 000044 IMAX 0003 I 0004441 IMEN*.' 0004 I 000442 IN 004 1 000007 lT 000 I 000014 (P 1
0003 I 000024 IPRINT 0001 1 000445 IPI 0004 I 000027 10 0000 1 000046 IU 0004 I 0000101 IH?-
0003 I 000012 ISC 0000 1 000066 ITITy 0000 I 000045 14 0000 I 000051 I1 0000 1 000054* 12
0000 I 000052 13 0000 1 000050 .1 0000 1 000054 1. 0003 14 000000 M 0000 1 00001l MtT
0003 I 000001 MIX 0003 I 000410 1KX1E 0003 I 000002 M5W*4 00. 1 000004 N I J) 000411 I 512.447 .141.'
0003 I 000023 MTHI.N 0000 I 000046 N 0003 I 000006 NAM* 0001 I 000012 N1 0(00 1 000047 Nl-
0003 I 000004 K.%KD" 0003 I 000005 K,14 0004 H 000013 PHI 0004 H 000004 Pl1 0000 H 0000517 piI
0003 R 000015 P1 00034 R 000016 P4I10 0003 H 006257 0 0003 H 020137 OR 0004 R 01I104 US
0003 R 000067 OT -0001 R 000025 R1F 0000 H 000000 HIP, 0000 R 0000645 H2 0001 H 000017 .I3
0004 R1 000012 SINP 0004 R 000041 SINSUN 0004 R 000037 StN 0004 R 000040 SINI) 0004 H 005141 1C1' 5I
0003 R 000011 TCONT 0003 R 000477 TMAT 0004 R 000005 THTIW 0000 H 000040 TlUTZ 0001 R 00002 TIME
0003 R 000020 TIMX) 0003 R 000461 TITI E 0000 H 000041 TrfiL. 0003 H 001:417 X% 0001 H 000060 XO
0003 R 021647 XR 0004 R 000000 XSF, 0004 H 000001 IS, 0404 R 000002 ZS

00101 1* STIUROUTrINE INPItTI
00101 2* C
00103 3* PARAMETI'R IAX:3 .=3,AX=:420
00104 4* CUtlOWN / MH / M.MAXMID N.MEJDK F.41h U.MI(P Ifr IV1(E.)%T.
00104 5* 1 ISC, IC4RD, IPAUF PI ,PI 1i0.S ITMI.TIW .TI-. N41M,4 18. 4 I. IPINr,
00104 6* 2 RFFI 2).ANA tIS).XO(7)oUT(is151.M(W:410).IN( 1ISTITI.Et14).
00104 7* 3 TI4AT4( 20, I0),AI4%T(20, I0),XN?).Dr I M:,
00104 0* 4 ALI N.(4AX),ARIMX ). AN I NAX ). GE.X104 I)I. I A N

T
.AX W ('ON %X,

00104 9* 5 O(12.KAX441).I(NMAX) ,OSINMX).XH(4MMAXKNM%4X, 0),04MTII.A N4AX 1)
00105 10* DIWMNSION REit I0)0.M14T120)
00100 It* CM4ON /G0' / XuSE.YVE, ZSF.ASE. PHII.THTI ,RX,.BYZ,.O[P,IP.Ip.HI
00106 12* 1 FSES).,BXX.RY.COTI.DX,D ,DZ. 10,.(XWIRP,
00106 13* I C0ST,P ATOT, GOIRCOS .o,0sGO D. S(X~ .SUN NSLD..S INSN., CO S;UN
00107 144* DIMENSION I00(t44X),F P(MAX)
00110 15* DATA (REFN(I),:=,9) SHCIX)1D, .SH SYST, 51A NEW, 5H R.VE,
00110 16* I SHRENCE, 5H WOOR, 5HDINAT, SHE SYS, 5TI1)4 /
00112 I?* MIUIVALENCE IN2).IMODe,(IN(3),IMIT),4lN(4).IPI)
00113 I8* DATA TRAL / 5KT7I1AL /, BLANKI 5H /
00116 19* DATA IT / 0.0833333 /
00116 20* C
00120 21* IMAx = 10
00121 22* NVM : 0
00122 23* SIG = 0.1713E-08
00123 24* PI z 3.14159
00124 25* Pl480 = 0.0174533
00125 26* TIMIX = 0.
00126 27* 95 IOUT z 3
00127 28 * REWIND I1UT
00130 20* 100 RAD 45.900) TITIE
00136 30* READ (5,901) IN
00144 31* ICARD = 2
00144 32* C
00145 33* IREP : IN(I)
00146 34* IF (IRE') 102,104,105
00151 35* 102 NAME = 0

00152 36* NMXD:= 0
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I3 37* ANA)( I) = "TTALt,

00154 31* MAX = IN(13)
00155 39* D00 101 I=,9
00160 40* 101 RfIF'(I) : I'N(I)

00162 41* IF (MAX.I.E.0.(UI.MAX.GT.NM AX) (XI ) 400
00164 42* IV (IW(XW.IJ.0) () T)O 00

00166 43* IF (IF IT.GT.0) (O T11) 00

00110 44* IF (IN(5).NlA.2) G; T() mOO

00172 45* IF (INO.O.I.E.0) W)M 1 $00

00174 46* DO 103.1 N=:I,MA

00177 47* 103 IA(N) : 2
00201 4A* CX) ITO Il 1
00202 49* 104 CA.I. S1t0l2
00203 50* C) 1) 110
00204 51* 105 IF (INEF-2) 106.107.10
00207 52* 10b CAL., UIIt5
00210 53* GO TO 110
00211 54* 107 CAIM SUH1I4
00212 55* 00 TO 110
00213 56* 10$ CAL.I. MU11R16
00214 57* 110 RFAD (4) WAX,NMW,KX*.. NV4,;IAF. "W,4N. A-,NANW.,H
00214 5s* I XJ.MIl'Il.,T'4AT,41. IT,IAT,%ItI,%I~
00274 59* Ill (XCONT I Nt E
00274 G60* C
00275 61* IPAGE = I
00276 62* WRITE (6,913) IPAGF,tRIF(I),I:3,q)
00305 63* IF (IMOIX.IE.0) GO TO 130
00307 64* IF (I IMDE.GT.IAX) GO TW) 02
00311 65* 112 REAL (5.903) M,I*MX7N
00316 66* ICARD : ICARD *.1
00317 67* IF M.OT. X44X) GO T) 1404
00321 68* 114 IF (M.GT.0) 00 TO 116
00323 69* M = N: "' 4 I
00324 70* IF (M.(T. MAX) M:*AX
00326 71* 116 CONTINLE.
00327 72* IMNw(I : MOIx.
00330 73* IF IM.OT.NS0ME) NNCWIf=: N
00332 74* 00 12 N:I,MAX
00335 75* READ (5,902) (XR(M.N.I),I=IIMAX)
00343 76* ICARD : ICARD + 1
00344 77* IF (XRf(MN,6).I,.0.) GO TO $10
00346 78* 00 126 1=7.10
00351 79* 126 IF (XR(M,N.I).OT.0.25.OR.XRIM,N,1)1.oT.0.0) 001W) $1
00354 PO* 12@ XCONTINIE
00356 61* IM(R) : I!'fl-I
00357 02* IF (IWIME.GT.0) 00 1TO 112
00361 63* 130 CONTINtLE
00362 04* IF (IHNIT.LE.0)G00 TO 154
00364 65* DO 150 J = I,IIMIT
00367 66* READ (5.901) M,N
00373 T7* ICARD = ICARD * I
00374 68* IF (M.0T.NfMW.OR.M.L..0) 00 TO 020
00376 89* IF

P 
(N.OT.MAX.OR.N.IE.0) 00 TO 820

00400 90* READ (5,902) (XR(.N,I),I=I,IMAX)
00406 91* ICARD = ICARD * 1
00407 92* IP (XR(M,N,6).LR.0.) GO TO 810
00411 93* 00 146 1:,10
00414 94* 146 IF (XRIMN,I).OT.0.25.CR.XR(MN,1).LT.0.0) 00 TO 016
00417 95* 5IO CONTINUIE
00421 96* 154 CONTINIE
00422 97* IF (NAMI.GT.0) 00 0T 150
00424 g9* 00 156 N:I.MAX
00427 99* 156 OFNO(M-N) RIANK
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Jl 100* 15o ()NTINtI
00432 101* U) 17 Mzl,%t *,

0043s 102* IF (IPI.I.E.0l (XI 1)1 Ibm
00437 103* IfI

00440 104* 1.1 m 4%

00441 1054 12 : 1.1
00442 1064 162 IF (12.GT.M1) 12 = M4AX
00444 1017* IPACUKE : IPAGE + I

00445 101e OHITE (6,910) TITIE, IP;F,HEF IHEFl 2,NEFII),IFF42 IM

00445 109* I M.M~X

00463 110* mHITE 46,9t1I (N,(;W:NT(IN),,iHIM,N,I),I:II4,h:0I,I 2 )
00476 111* 166 IF (l12.IU.MA~) (X) 11) 16
00500 112* II = II * 1.
00501 113* 12 : 12 * 13
00502 114* (O TO 162
00503 It-s* 16 CONTINUE

00504 116* XOf) 170 N=:I,M4X

00507 117* DX) 171 1=7,10

00512 11* 171 XR(M,N,I) : )AHIM,NI)*4.0
00514 119* 00 169 1:1,3
00511 120* 169 XH(M,N,I) = XR(M,N,I)*IFT
00521 121* DO 170 1:4,5
00524 122* 170 XRIMN,I) : XR(M,N, I)*PIIO0
00527 123* 172 C(NTINIt~
00521 124* C
00531 125* IF (IN1S)-I 190.174,100
00534 126* 174 II : IN(6S)
00535 127* DO 170 =11.11
00540 128* READ 45,901) N,NIRILIN)
00544 129* ICARD = ICARD * I
00545 130* IF (N.Li.0.R.N.CT.W%AX) T O ")20
00547 131* IF ( iL(N).IE.0.OR.MIrRLIN).GT.20I () TO 114
00551 132* I7 CONT I NLUE
00553 133* 00 TO 190
00554 134* 100 READ 15,9011 M)ITItN),N:I,1X)
00562 135* ICARD = ICARD + IMAX/20 *I
00563 136* DO IN@ N:I,MAX
00566 1317* IP (GiRlT(N).IE.0 .(+I1RI(N).GT. 0 G 'lO 114
00570 13o* 1@8 CfNTINLtE
00572 139* 190 IF (INIT).LE.0) CO) T0 200
00514 140* i1 I
00515 141* 13 = 225
00576 142* 12 : 13
0057711 143* 191 IF (12.GT.MAX) 12 : MAX
00601 144* IPAGE IPAGE + I
00602 145* WRITE (6,9171 TITlE, IPAGE, (N,GFNOIt(N),MTRLINI,N:II,1 21
00617 146* IP (12.FO.MAX) G 0 199
00621 147* II : II * 13
00622 148* 12 : 12 + 13
00623 149* 00 TO 191
00624 150* 199 CONTINUE
00624 151* C
00625 152* 200 IF (IN().LE.0l GO TO 210
00627 153* 11 IN(a)
00630 154* DO 200 I=1,11
00633 155$ READ (5,903) J,N,MAT(J)
00640 156* ICARD m ICAIRD + I1
00641 157* IF (J.LE.0.OR.J.GT.201 00 TO 816
00643 165* READ (5,902) (Ti7AT(JN),N=1,10),(ALl*AT(J,NN=I,10)
00655 159* ICARD :ICARD * 2
00656 160* DO 206 N:I,10
00661 161* IP (AI.FMATIJ,N).LT.0.0.OR.AI.IAT(J,N).IT.I.0) 00 TO 812
00663 162* 206 CONTINUE
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5 1 3 200 CONTINL0

00665 164* C

00667 165+ 210 IF 4ItNMA.Yf.0) (1) 1) 220
00671 166* II =I
00672 167* 12 =5
00673 16s 212 Z %tTIE 46,410TT IaW~tistId>
00673 169* I ag,1:11,1 1.

00673 170* I ((Tt4,t"I ,) t. tl ,M .l:llolts,1:ll l

00722 171* IF (IZ.RU.20) I) TI 20 1
00124 172* 11:11 *
0072S 173* 12=12 *

00726 174* IPA& : I P41 *.
00127 115* () T) 2It
00121 176* C
00130 171* 220 IX) 222 :4=1t1
00733 t1l* WIAth : WM31I.4%)
00134 179* CAIL ALPHAlI0t460 0,A (N))
00135 180 * 222 CONTIMt
00135 lt* C
00137 102* 230 M 2 0
00140 1N3* IF (I 1(5)) 2.2.,40,233
00143 104* 232 M : M*
00144 10S* IF (M-NaIf)' 234,234.240
00147 16* 231 M : IN(158
00750 1.7* 234 C(XTIN
00715 IP*S ISSUN : 0.
00152 189* SINSULN : 0.
00153 190* XOII) 0.
00754 191* XO() : 0.
00755 192* X(I3 1 0.
001756 193* PHI : 0.
00151 1944 SINP 2 0.
00160 195* COSP = 1.0
00761 196* DO 239 L:I.84AX
001764 191* WRITI- 46,9 5) TI11T,IPA.,,,I.L
0077116 198* CAlI. TIRASEN)
0077116 199* 00 237 N,:IM4X
01001 200* IO = 0
08002 201* FFW = 0.
08003 202* DX : XR(4M,.,I) - XS
08004 201* DY a XR(MN,2) - SE
01005 204* DZ = XR(M,N.3) - 2SV
01006 205* I = HX*DX BVY*DY * 7RZ*D07
08001 206* IF (RI.L.E.0.0) 00 TO 236
01011 207* PH12 = XRtIMN,4)
0012 200* TT2 : XR(M,N.5)
08013 209* CX 2 C0S((S1l2840 PHI2)
08014 210* CY 3 O2S(wT2T)*SIN(PHI2)
01015 211* CZ : SIN(THT2)
01016 212* 12 = -fCX*DXeCY*D+CZ*DZ)
08017 213* IF (B2.1AE.0.0) O 1TO 236
01021 214* CAlL 810ACK
01022 215* ASE = XR(MN,6)
01023 219* R2 2 DX**2 *DY**2 + DZ**2
01024 217* IF f ASE.OT.R2*0.04) CO TO 236
01026 21* FIN = RI*82*ASK/PI*R2**2)
08027 219* 236 I00(N) : 10
01030 220* 17M 1 ITO 30
08031 221* 231 PF(N) : VF
08033 222* IF (ITWOT.GT.0) G) TO 238
08035 223* WRIT (60,916)
01031 224* GO TO 239
01040 225* 23P WRITE (6,914) (N,G(NO1I)N),IO(NI,V'qN),N,MAX)
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JU1 226+ 2 19 ( )NT'I 1i053 22 C; IV t1 i1;8.1..0I C1 111) I)
01055 22* 240 (ANT I N

01056 229* CA.I, StLlI
01056 230A* C
01051 231* RET1 N
01057 232* C
01057 233* C sE(CTION o00, INPtr FritN IiA41 )$OSTIC M SA;ES
01057 234* C
01060 235* P00 1IT'E (6,920) ICARD

01063 236* II : IAHND - I
01064 237* WRITE (6,910) II,IN,MAX.NM

01075 231 * CAI. EXIT
01076 239* 002 %RITE (6,920) ICAHI)

01101 240* 11 = pf4A
01102 241* SHITE (6.921) IWWO ,11
01106 242* CALL EXIT

01107 243* 004 %RITE 46.920) ICAR)

01112 244* 1i MMAX
01113 245* %RITE 16,922' M.11

01117 246* CAI. EXIT
01120 247* 006 %RITE (6.920) ICARD

01123 240* It = NiAX
01124 249* WRITE (6.923) MX*(IM),MAX,II
01131 250* CALL E XIT
01132 251* 10 %RITE (6,920. ICARD
01135 252* WRITE (6,924) N,S -DNE(M)
01141 253* CAU. EXIT
01142 254* 012 %RITE (6.920) ICARD
01145 255* %RITE 46,925) J,N.A- IATfJ,N),TktAT(.I,N)
01153 256* CALL EXIT
01154 257* 014 WRITE (6.920) ICARD

01157 256* WRITE (6,926) N
01162 259* CALL. EXIT
011.63 260* 016 WRITE 46,920) ICARD
01166 261* II 2 20
01167 262* WRITE (6,928) J.II

01173 263* CALL EXIT
01174 264* 610 WRITE (6,920) ICARD
01177 265* WRITE (6,929) N.MrWO M)
01203 266* CALL EXIT
01204 267* 820 WRITE (6.920) ICARD
01207 26f* WRITE (6.927) M,NMD,N.MAX
01215 269* CALL EXIT
01215 270* C
01215 271* C SECTION 900, FORMAT STATEME4NTS

01215 272* C
01216 213* 900 FORMAT (1645)
01217 274* 901 FORMAT (2014)
01220 275* 902 FORMAT (10P.3 I
01221 276* 903 FORMAT (214.14A5)
01222 277* 910 FORMAT (tI,29X.14AS,12X,4HPACGH, 14
01222 278* 1 ///IX,2AS.30H RFERENCE COXORDINATE SYSTEN. //
01222 279* 2 IX,245,7H IN A ,AS. 25HINO MODE, IMODR N1(1tI ,
01222 280* 2 13, 3H )., 10X, 10 THERIlE ARE,I ,22H NODES OR THIS MOWDE.
01222 281* 3 // 50H NODE NODE X Y 2
01222 282* 4 60H AIhMUTH INCLN AREA VIEW VIEW VIEW
01222 283* 4 10H VIEW
01222 204* 5 / 50H NUMRIR NAME (IN) (IN) (IN)
01222 285* 6 60H 0 ) (DXi) (PFT**2) QUAD I QUAD 2 QUAD
01222 206* 7 I11H3 QUAD 4
01223 217* 911 FORMAT (110.SX,45A.SFI0O.3,FIO.4,4PI0.3)
01224 28* 913 FORMAT (IHI,.117X.4HPAGF,14 //////////
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114 2 9 1 I 4sX.wHTtI I'FNVIHOlmI'%TMI' I:.T1AT I1.1 HtTI" //

0124 290 IlIIIIt%:*~ Al~I'Il
01224 290* I 0o, 10H VERSION 4 I

01224 2914 2 4 ,61x* 0" It1.itH -41 */

01224 29 * 3 4 4X.2II*l1H "11w. 4 -1 ' I S4I' 'r'.t -li ,I/

03;24 29.* 4 5 IX,(3MAIIANT V".N2t .I1 t' N
01224 2944* 4 6ZX,6HITI1 114" // 4.X.14% I
01221 29* 917 RN-1,IMT 4tl,tq/ ,44Aj, Ijt,4lPUIW,~ t14I

/

0122? 2964* I 2H NODWI. MAFA %I4IL *MS, IW DATA. ///

01225 297* 2 54x4 20M*t,4HL 1:I U o 1
t
T I 

l I
01225 291k A 543%,6H1 MHV",2%,411%.2%,6tlINt l',

01225 299* 4 I.L 15,I .4 1 . I 2T, I 4,M I)
01226 300* 914 11I4%4AT 46 |4,thA. ,13,1".4.|1{)
01227 301* 9? X i ,AT TH//49X.S4A ,I.,4/.;,14 /,6*4INi ItT I9-5FHMil44IW Iit

01227 302* I . IIX .i I'A .AAIA. .tI, MI. ,I.I0X,I4In .I't I 0 .4 .I5 ,

0122 303* 2 620HMm' Mxw 0 FF 1
01230 304* 916 FNORMAT ( //44H THIS MAIW: INE MIT INA(RkLT) lit .1%4ib (Onl I.*. /

01231 305* 910 I)NN4T IHI,29X.4A.*IZX.4I4PMI.I4 ///

01234 306* I 40H AKORPTIVITi - TOMI4IPIAT HE Ct'l I .TA I stAlqx.hI /
01231 307* 2 51X,,H TMIP.f6X.4UT HMTHI.) / .54 Ax, 1i(1II; H, IR,2%1 /
01231 . 30#* 3 1 PIS.1,FIO.4,1I%.1.0IO.4.1I .1 10." 4,F"I'. .1 (00.4.1I-S. ,

F I O . 4
))

01232 309* 920 lRlMAT 4///4H 1.FATAL E HOlt IN DATA IP T W1 XV) (% CARi N *t u I

01232 3104 1 14 , I// 52H P ; RA tlL. CAM 1.IT AF-'D TIFN AI I 11; lMAIG F. .% F

01232 311* 2. ///I)
01233 312* 921 FNIAT (30H VARIA J E INIDE IS T(X) IAR . /14H IME INPItEr =,lI,
01233 313* 1 30X,19H IxltN AIA6lIIT) : ,13 )
01234 314* 922 FIVMATI i4H4 VATIAL.: M ttWHICH SPICIIK TH " hIDNE F Rt THE I.'.14
01234 313* IE COORDINATE ASTM AS INPtT IS GRAThl THAN NAItAIFA). /
01234 316* 2 I1t M INP T :I.15. *3OX.I0H AIIxlt ALtt.) :.I214 )
01235 317* 923 1I*4AT (3I6H NtMeIII'R OF S S SP.II.IFtI100 THE ,HI (: I%

01235 316* ITHE 1PUT OF A REFERENCET ( IDINATF I STih4 IS TOH) LANGF. /I/
01235 3190* 2 24l NtIMT ' OF (tN IhPtf" :l31.301)4 K%( MMIRARM A -I-T) , I
01236 320* 924 FIRAT,2614 NI INT AREA IhVirr 1H MaI.,1.,44 lt THE 111011: Ii

01230 321* IDINAT1 .%STF1M IN 11iF ,A, 26HMI M( WX IS NOT POSITIVE. i
01231 322* 925 FI-1MAT 4 49H TWIE AH. (IPTIVITY URHVE WIM) I NPT P111H KT1HIAI. ,14,

01237 323* I 3X,.OH HAS ARSORPTIVITV DATA EITHER NOH-ATIVF Ol GREATER TKAN ow"

01231 324* 2 //I11 DATA POINT ,I14,201X,IH A4OHOPTIVII" 2.I 0.4,20X,
01231 3251* 3 14H T1PERATtIE :.110.2 )

01240 326* 926 OIRMAT 4 74" TE M TIA IL IMIER N1 IS EITh R . 0 NGR (FlATE:R T1N4 A

01240 327* JUMn.3) 4t TME I N I ,II )

01241 32* 927 FORMAT (50H M OR N AHE EITHER 7FRO (ll GRKATFR THAN A,4NlO-).

01241 329* I //IIH M INThPIT IPN .15.0X, iTH MAXI4M All iTle1 : , 15 -/

01241 330* 2 II1H N 0hP f Ih 15,I20X, I H AXIRET AIJAI.2I3) = , N /
01241 331* 3 )
01142 332* 924 FP1MAT 4 62H MATERIAL NLM)FR INPT IN EI'TER1 ZE O OR GLORATE 1 THAN
01242 333* IAUI NVED. //24H ) N 1 ITIAL NRMO INPUCT :,lS .20X,
01242 334* 2 14H 1MAX ALI ED . 616 )
01243 335* 929 FP01MAT (SOH NODAL LUNBLCKED VIEW TO TH. FVIRONNNT OR NDF. ,IS,

01243 336* 1 46H FUR 71W REFER1.NCE CORiDINATE SYST1.l IN THE , AS, @HIN MW.

01243 337* 2// 2IX, 70H IS F1THER NEXIATIVE OR GREATI'R THAN 0.2,5 FXXI ONE OF T

01243 339* 3H GUADRANTS. 1

01244 339* 930 FURMAT (61H URROR IN SPMCIFICATION OF NEW FI1ERFNIC1 COORDINATE SYS

01244 340* ITM Ill : NBUATIVE). //22H THE I ARRAY ON CARD ,15 // 1515 I/

01244 341* 2 GH MAX =,15 , 20X, 6H NV W ,I5 )

01245 342* END

END OF UNIVAC 1108 FURTRAN V C(MPIIATION. 0 *DIAGNOSTIC* MWSRAQ(S)
SMal I SYMIOLIC 14:11:33 0 02251650 14 342 4(DEIrtDI
SUl I EXINE RFIXELOCATARL 14:17:33 1 02263134 40 I 4D.ETEDI)

0 02263214 14 I5

168



SUBPROGRAM NAME: SUBI2

SEGMENT NAME: SUBI2

PURPOSE: To store and load the EHFR with the Apollo Extravehicular Mobility
Unit (EMU) nodal data.

DESCRIPTION: The SUBI2 subprogram contains the Reference Coordinate System
(RCS) nodal data for the Apollo EMU in the Bending, Walking and Kneeling
mdoes. The routine consists of block data statements and a write state-
ment to put the EMU data on a high speed drum (logical Unit 4) for input
to the INPUT1 program. The RCS data stored in SUBI2 for the EMU is des-
cribed in Appendix A of Volume I.

CALLING PROGRAM: INPUT1

ARGUMENT LIST: None

NOMENCLATURE: The MR block common contains all the variables of the SUBI2
subprogram. The variables of the MR block common are defined with the
SUBM1 (main program) nomenclature.

PROGRAM LISTING: Since the SUBI2 subprogram contains only block data state-
ments and a write statement no listing is presented here.

FLOW CHART:

START D

RCS DATA STATEMENTS

WRITE RCS DATA ON HIGH
SPEED DRUM (LOGICAL UNIT 4)

RETURN
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SUBPROGRAM NAME: Subroutine SUBI3

SEGMENT NAME: SUBI3

PURPOSE: Change/update the EHFR stored program data for the Lunar Surface
Thermal Simulator (LSTS) Models, and print the LSTS stored data used for
this run.

DESCRIPTION: The SUBI3 subprogram stores the permanent LSTS configuration
information, reads LSTS data change/update cards, prints out the final
user specified data, and transfers the LSTS configuration data to the TVC
program via output on a high speed drum (logical unit 4). The LSTS
data stored includes: the number of power zones, the number of heater
element tier arrays for each zone, the number of heater elements in each
tier, heater element emissivity and heater element geometric data. A
description of the data stored within the SUBI3 routine is presented in
Appendix D of Volume I.

CALLING PROGRAM: SUBII

ARGUMENT LIST: None, all data required/generated by the SUBI3 subprogram
is transferred into and out of the routine via a high speed drum
(logical unit 4).

NOMENCLATURE: Listed below is a dictionary of FORTRAN nomenclature used by
SUBI3 subprogram. Also used in SUBI3 are the output description variables
and indicies of the MR block common. These variables are defined with the
SUBM1 (main program) nomenclature.

ANL The word LAMP in A format

ANT The word TIER in A format

ANZ The word ZONE in A format

ENV1, Chamber name of Chamber IC in A format
ENV2

FT Conversion constant for inches to feet

I,J,K,1 Indices

IC Chamber index = 1 MSC chamber
= 2 LTV chamber

IL Heater element index

ILC Number of individual LSTS heater elements for which
new coordinate data is to be input

ILN Number of new LSTS systems to be input

ILP LSTS system data print index
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IT Tier index

IZ Zone index

Il, 12, 14 Print indices

NC(IC,J) Stored chamber constants for Chamber IC.
J=l Number of solar screen lengths
J=2 Number of solar screen widths
J=3 Number of chamber floor, radial divisions

(for nodal breakup calculations)
J=4 Number of chamber floor angular divisions
J-5 Number of floor thermocouples

NCMB Number of chambers for which data is stored

NL,NLAMP(IC,IZ, Number of LSTS heater elements in tier IT, zone IZ,
IT) Chamber IC

NT, NTIER (IC, Number of LSTS heaterelement tiers in zone IZ,
IZ) Chamber IC

NZ,NZONE (IC) Number of LSTS heater zones in Chamber IC

XL (IC, IZ, Initial coordinate data for LSTS heater elements IL,
IT, IL, I) in tier IT, in zone IZ, in chamber IC

I=1 X position of heater element
=2 Y position of heater element
=3 Z position of heater element
=4 Azimuth angle of heater element
=5 Inclination angle of heater element
=6 Heater element area

XLO(IC,J) Stored chamber values for chamber IC
J=l LSTS heater emissivity
=2 Perpendicular distance of pivot from LSTS heater
=3 Parallel distance of pivot from LSTS heater element

center
=4 Solar screen modulation
=5 Solar screen height, ft.
=6 Solar screen width, ft
=7 Chamber floor emissivity
=8 Chamber floor radial division length, ft
=11 To 30 Absorptivity of material I (I=J-10) to solar

lamp energy

171



START SUBI3 SUBPROGRAM FLOW CHART

SC Chamber B data

LTV-VMSC Chamber data

110 
LILP

Read Card A13 for new chamber LSTS
ILN indices

Check IC, NZ, and NT indices for
proper limits

Read Card A14 for NLAMP indices

aRead Card A15e

Read Card A16 for LSTS heater
element coordinate data XL

Check heater element area for 0 or L pinegative values I-IC

for ILK
Number of +,_
times

Print Chamber LSTS indices
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.r IL A 170
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SUBPROGRAM NAME: SUBI4

SEGMENT NAME: SUBI4

PURPOSE: To store and load the EHFR with the Apollo Extravehicular Mobility
Unit/Lunar Rover Vehicle (EMU/LRV) nodal data.

DESCRIPTION: The SUBI4 subprogram contains the Reference Coordinate System
(RCS) nodal data for the EMU/LRV in the driving and 2 parking modes. The
routine consists of block data statements and a write statement to put
the EMU/LRV data on a high speed drum (logical Unit 4) for input to the
INPUT1 program. The RCS data stored in SUBI4 for the EMU/LRV is des-
cribed in Appendix B of Volume I.

CALLING PROGRAM: INPUT1

ARGUMENT LIST: None

NOMENCLATURE: The MR block common contains all the variables of the SUBI4
subprogram. The variables of the MR block common are defined with the
SUBM1 (main program) nomenclature.

PROGRAM LISTING: Since the SUBI4 subprogram contains only block data state-
ments and a write statement, no listing is presented here.

FLOW CHART:

SSTART

RCS DATA STATEMENTS

WRITE RCS DATA ON HIGH

SPEED DRUM (LOGICAL UNIT 4)

RETURN
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SUBPROGRAM NAME: SUBI5

SEGMENT NAME: SUBI5

PURPOSE: To store and load the EHFR with the Apollo Extravehicular Mobility
Unit (EMU) nodal data.

DESCRIPTION: The SUBIS subprogram contains the Reference Coordinate System(RCS) nodal data for the Apollo EMU in the standing and floating modes.The routine consists of block data statements and a write statement toput the EMU data on a high speed drum (logical Unit 4) for input to theINPUTI program. The RCS data stored in SUBI5 for the EMU is described inAppendix A of Volume I.

CALLING PROGRAM: INPUT1

ARGUMENT LIST: None

NOMENCLATURE: The MR block common contains all the variables of the SUB15subprogram. The variables of the MR block common are defined with theSUBM1 (main program) nomenclature.

PROGRAM LISTING: Since the SUBI5 subprogram contains only block data state-ments and a write statement, no listing is presented here.

FLOW CHART:

START

RCS DATA STATEMENTS

WRITE RCS DATA ON HIGH
SPEED DRUM (LOGICAL UNIT 4)

RETURN
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SUBPROGRAM NAME: SUBI6

SEGMENT NAME: SUBI6

PURPOSE: To store and load the EHFR with the Apollo Extravehicular Mobility
Unit/Scientific Instruments Module Bay (EMU/SIM) nodal data.

DESCRIPTION: The SUBI6 subprogram contains the Reference Coordinate System
(RCS) nodal data for the Apollo EMU/SIM in the eqressing and retrieving modes.
The routine consists of block data statements and a write statement to
put the EMU/SIM data on a high speed drum (logical Unit 4) for input to
the INPUT1 program. The RCS data stored in SUBI6 for the EMU/SIM is des-
cribed in Appendix C of Volume I.

CALLING PROGRAM: INPUT1

ARGUMENT LIST: None

NOMENCLATURE: The MR block common ,contains all the variables of the SUBI6
subprogram. The variables of the MR block common are defined with the
SUBM1 (main program) nomenclature.

PROGRAM LISTING: Since the SUBI6 subprogram contains only block data state-
ments and a write statement, no listing is presented here.

FLOW CHART:

START

RCS DATA STATEMENTS

WRITE RCS DATA ON HIGH
SPEED DRUM (LOGICAL UNIT 4)

RETURN
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