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IDENTIFICATION
Program Name - Ll-Node Thermoregulatory Model (Stead, State
Version)
Programmer and
Bioengineer Contact - J. I. Leonard, GE/TSS, Houston
Date of Issue - July 15, 1974

GENERAL DESCRIPTION

A mathematical model of the hunan thermoregulatory system, previously
developed (References 1-9), has been further modified (Reference 10)

to give it greater user flexibility and 4o provide a more

accurate description of evaporative water losses due to respiration,
skin diffusion and sweating. This is a steady state version of the

more general transient model (Reference 11) and is capable of giving
rapid predictions of the behavior of the human thermostat at equilibrium
(i.e., a zero heat storage rate) in response to a wide range of environ-
mental conditions, postures and metabolic expenditures.

The version presented here has been modified to operate in conversational
mode using a remote terminal. Values for input parameters are entered
prior to execution ani the user has the capability of chocsing among a
large number of variabl=s for output. An emphasis has been placed on
printing ouc those variua..cs directly concerned with evaporative loss
rate. An additional flexivility has been incorporated to provide for
ease of performing parameter estimation studies. These and other modi-
fications which have been made to the previous steady state version have
been documented in Reference 10.

USAGE AND RESTKRICTIONS

Machine, Operating System, and

Compiler Required - Univac 1106, EXEC 8, FORTRAN V
)
P. 7 heral Equipment Required - Time-Sharing Terminal

PARTICULAR DESCRIPTION

The model in its present form is the result of many years of develop-
ment, modifications, and revisicns by several institutions including
the John B. Pierce Foundation, Lockheed Electronics Division, General
Electric/Houston, and NASA-JSC. The equations used, their derivations
and assumptions can be found in the following documents (listed in
chronological order):



Reference 1 and 2: Descriptive papers by Dr. Stolwijk on the basic
formuiation of the model. Includes comparison of
model behavior with some experimental data.

Reference 3: A complete computer program documentation of the
Lockheed version of the Stolwijk model modified for
use with space suits and liquid cooled garments.
This version contains improved equations for convec-
tion, radiation and evaporation.

References L-7: Brief documentations of the General Electric modi-
fications to the Lockheed version. This version
excludes all logic and data not pertaining to the
shirtsleeve mode. Includes improved equations for
the convective heat transfer coefficient and evap-
orative loss coefficient through clothing. A brief
description of the steady state algoritba is found
in Reference 7.

Reference 8 and 9: User's instructions for the General Electric version
of both the steady state and transient models for
use on the Xerox Sigma 3 and Univac 1110. Includes
complete program listings and sample runs.

Reference 10: Detailed descriptions of modifications to the steady
state version. A companion report to the present
document. Includes validation of the respiratory
and diffusion water loss segments.

A software block diagram of the updated steady state version is given

in Figure 1. The transient version is similar with the exclusion of
Subroutine CONVRG.

DESCRIPTION OF INPUT

1) The program prompts the user to specify the output lists and values
for the input parameters. Sample runs are shown in Appendix 2.
The program will first prompt the user to designate the output lists
desired. The user can choose from one or more of six output lists
(see Section F) and designates the choice by typing a "Y" under the
numbers 1, 2, 3, 4, 5, or 6. This prompt occurs only on the first
run of a series of runs. If the user wishes to modify the output list
after this,the run must be aborted either normally (Section G) or
with "@@X TIO" and re-executed with "@XQT".

2) The second prompt will be a question asking if a listing of input
parameters is desired. User responds "Y" or "N". This list will
contain the parameter name, the index number (1-13) and the inter-
nally stored value. This prompt only occurs during the first run of
a series.



3) The third prompt will be instruction to change any of the 20 input
parameters. Each parameter is designated by an index number and a
variable name as shown in Table I. The pre-set internally stored
values are given in parenthesis. Parameters can be modified by
typing the index number of the parameter followed by the value.
After all changes are made,the user types "-1" and this will be
followed by a printout of the first 13 parameters. Parameters
14-20 will not be printed unless one of them has been changed from
its internally stored value. This prompt will occur after each run.
Any changes in input data will be carried over to subsequent runs
automatically.

If certain data is needed frequently to initialize any of the twenty
input parameters they can be entered rapidly by placing them in file
element "SSDATA" according to the format shown in Appendix 1. The
user then simply types "@ADD SSDATA" following the prompt for input
data.

L) TIf the model does not converge a message 'CONVERGENCE NOT OBTAINED"
will be printed. This will occur very infrequently. If it does,
refer to Reference 10, Section 3 for instructions to obtain a satis-
factory solution.

DESCRIPTION OF OUTPUT
The uscr can choose from one or more of six output lists. These are
given in Table II where the FORTRAN name for each variable is given in

place of a numeric value. Samples of actual runs are given in Appendix
2.

INTERNAL CHECKS AND EXTITS

Program echoes back each input parameter value after it is typed. Pro-
gram checks for invalid input and prompts user to re-enter the value if
format is incorrect. On occasion a "READ ERROR" message will be printed
even though data was entered c¢orrectly. The user should merely repeat
the entry. Entry does not heve to conform to numerical order of index
number.

Program insures that values for VCAB must be greater than 0.0 and that
values of POS are either 1.0, 2.0, or 3.0.

A normal exit is obtained after any run by typing "N" following the
question "DO YOU WISH TO START NEW RUN?"



H, INDEPENDENT SUBROUTINES

All subroutines for this program (including source and relocatable
elements) are stored in the file "THERM".

ELEMENT NAME SUBROUTINE NAME DESCRIPTION
THERMAL Main program containing I/0
commands
SHIRTS SHIRT Calculation of insensible

heat losses

MANS MAN Thermoregulatory control sec-
tion, calculation of evapora-
tive water loss, blood flows,
heat flows and temperatures

VPPSS VPPS Algorithm to compute water
vapor pressure from saturation
temperature

CONVRG CONVRG Convergence algorithm consisting

of successive substitution and
half-interval methods

SSDATA Initialization data

I. COMPUTER PROGRAM LISTING AND EXAMPLE OUTPUT

Appendix 1 - Listing of main program, subroutines and data files

Appendix 2 - Sample runs
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TABLE I
INPUT PARAMETERS

INDEX NO, PARAMETER NAME D"SCRIPTION

1 RM Metabolic rate, BTJ/hr

2 QBASAL Basal metaboli-~ rate, BTU/hr

3 UEFF Useful work efficiency, percent

L POS* *Position of subject

(Standing = 1.0, Sitting = 2.0, Prone = 3.0)

5 TCAB Cabin temperature, op

6 ™ Temperature of walls, °F

T TDEWC Cabin dewpoint temperature, OF

8 VCAB Cabin Free-stream velocity, ft/pim

9 PCAB Cabin pressure, psi

10 G Gravity (Earth = 1.0, Moon = .167, Space = 0.0)
11 cLov Clothing resistance (clo units)

12 EUG Emissivity of undergarment

13 CPG Specific heat of gas, BTU/lb-oF

14 EPSI **¥Error criteria for convergence, BTU/hr (0.25)
15 NMAX **Maximum number of iterations allowed (500)

16 DEBUG **Switch for debugging routine (Off = 0.0, On = 1.0)

(Normally off)

17 R1 **Syeat reabsorption parameter, BTU/hr (0.0)

18 R2 *¥Multiplier of sweat control parameters (1.Q)
19 Pl **Multiplier of convection coefficients (1.0)
20 P2 *¥Multiplier of radiation coefficient (1.0)

* The body surface areas for convection and radiation are internally set
to the following values according to the input value of POS:

POS CONVECTIVE AREA(ft®)  RADIATIVE AREA(£t°)
1.0 19.5 15.5
2.0 15.5 11.5
3; 12.5 9.5

** Normal values for these parameters are given in parenthesis. Printout
of these parameters cccurs only when their values are changed from normal



TABLE II 4

OUTRUT LISTS
EVAPORATIVE LOSS RATE T ° _ADY STATE
LBMEHR )
( FESPIRATIONS WRESP
IKIN DIFFUSIOMS WDIFF DIFF mAX: DMAX
WEAT®  WSWEAT
TOTAL INSENSIBLE LNSS:  WINSEN
LIST /1 < TOTAL SKIN LOSS: WSKIN SKIN EVAP. MAXD  EMAXTL
TUTAL EVAP. LOSS:  WEVAF
UETTED AREACX) FOR
SKIN DIFFs DIFWET
SWEAT: EWIWET
SWEAT ¢ DIFF: WET
b DRIP: DRIP
TEMPERATURES - DEG F ELODD FLOW - L-MINM
HERD CORE: T(1) IEING TEBF
LIST #2 TRUNK CORE t T(5) MUSCLE ¢ TMEF
CENTRAL ELOOD?@ T(L1) TOTHL ¢ co
AVG MUSCLES T(L3)
AYG SKINM® T(42)
HERT BALANCE (BTU/HR)
LI8T #3 OBASALS  QBASAL GSENS:  SQUC GSTORCBTU)>:  QSTOR
- OWORK 3 WORK CEVAP 3 QEVAP
DEHIVE QSHIV STORAT STORAT
CONTROLLER SIGMNALS
SWERAT? SWEAT WARMCL) 8 wm(lg
LIST #4 E3HIV: QSHIV cOoLDC1) COLD(1
DILRAT: DILAT WRARMS 3 WARMS
STRIC: STRIC COLDS s COLDS
BODY SURFACE TEMPERATURES - DEG F
HERD TRUNK ARMS LEGS HANDS FEET
LIST #5 IKIND (L) (8) T(16) 7(20) T(32) T(40)
CLOTHINGT  TUG(L) TUG(2) TUG(4) TUG(6) TUG(8) TUG(10)
4 HERT TRANSFER COEFFICIENTS
CONDUCTION1
TOTAL BODY(BTU/HR) 1 SQUGW
FORCED CONVECTION CODEF . HC1 HC
MATURAL CONVECTION COEF . HC1t HC1
RADIATION:
TOTAL BODYC(BTU/MR)> 1 SQUGA
LIST #6 < RADIATION COEF . MRt HR
MAX IMUM EVAPORAT ION
TOTAL BODY(BYU/HR) 1 QMAXTL
FORCFD CONVECTION COEF yME HE
NATURAL CONVECTION COEF . HE!L! HE1
CLOTHING COEF . »HECL ¢ HECL
\ COMBINED COEF . »HEVRP ! HEVAP




TABLE III
GLOSSARY OF NEW TERMS

The following is a list of definitions of output terms that have been added
to the original program. All definitions refer to total body effects rather
than individual elements or segments.

co

DIFWET
DMAX

DRIP

QMAXTL

SWTWET

WEVAP

WINSEN

WRESP

WSKIN

WSWEAT

Cardiac output, liters/min
TBF*0.454 /60.6

Wetted skin area due to skin diffusion, percent WDIFF/EMAXTL*100.

Maximum rate of water loss allowed for skin diffusion, gm/hr
0.06*EMAXTL

Rate of water secretion due to sweating + diffusion that is greater
than the maximum evaporation rate, gm/hr
(WET/100.0 - 1.0)*EMAXTL

Maximum evaporation possible from body surface, gm/hr
GMAXTL*LsL ,0/1040.0

Maximum evaporation possible from body surface, BTU/hr
10

3 EMAX(T)

I=1

Wetted skin area due to sweating, percent
WSWEAT /EMAXTL*100.0

Rate of water loss due to skin diffusion, gm/hr
QD*L5L . 0/1040.0

Wetted skin area due to sweating and skin diffusion, percent
(WDIFF + WSWEAT)/EMAXTL¥*100.0

Total evaporative loss due to respiration, diffusion and sweating,
gm/hr
WRESP + WDIFF + WSWEAT

Total insensible water loss (respiration + diffusion), gm/hr
WRESP + WDIFF

Water loss due to respiration, gm/hr
QR*45L ,0/1040.0

Evaporative loss rate from skin surface, gm/hr
WDIFF + WSWEAT

Evaporative loss rate due to sweating, gm/hr
QSWEAT*LSL ‘'0/1040.0
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APPENDIX 1

FORTRAN PROGRAM LISTING OF MAIN PROGRAM

AND ALL SUBROUTINES
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NN
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ﬂﬂﬂﬂﬂiﬂﬂﬂﬁﬂﬂ‘ﬂﬂﬂﬂﬂﬁ (a]

COMMON  TU43) ,Tygl10) yACE(L1D) ,AQE(10) ,PCAB+TCAB,RMIyPPCAB,
CQSHIVIDILAT ySTRICY»TOTLQLCGsCULYL) o TSETI493) +sERRORI4] ) »
SQEVAP yWORK sQBASAL +TBF yQRSTOL s TSBF s THMBFQDIF(10) sGSHEAT
eQRLEON)VRESP yHUM [N ,HUMEXP ;DEBUG ,EPS | ynMAX,
eTWIEVGICLOWCPGrGoSQUGIQSTORyTUGAV yUVCABSTORAT,

_SEMAX(]10) +QRSENI ,QRSEN2 1 QRSENI ,QRSENS 1 QRZENS e
*QSEN(IOD) yQRAD( IO} yHEVAP yHE 9 HE | 1 HECL sHROHC s HC I,
OWARMS yCOLDS ) SWEAT y Ry QD yQMAXTL 'HCSAVE ,HESAVE
CQVAPL)QVAPZ  QVAP s WARMIY]1) o COLDIY L) oNCOUNT s TOTALWTSTePsFLAGY
eTN(40) ,SQUGA+SQUGW ,R1yR24P1,4P2

DIMENSION PCACLL1Q)

NAMELIST/0PTION/DEBUGLEPSIaNMAX . - .

NAMELIST/PARAM/RIR24PI,P2

DATA RI R2)P14P2/0,04)4031400140

DATA DEBUGIEPSI yNMAX/0+s04+0,25,500

DATA PCA/ 407 ,43602,,06705,,067054,1587,,1587,,025,,025+2%,03421/

DATA TSET/98,53,95,13,94,66,%94,24, 98, ,40,97+30+194,15:%2:52,

m— . 95,495,993 ,42,92.46,91485, 95,95,93:¢42:92,44,71.85,
96 ,46,95,5%,95,56,93438, 96,46,95:54195,54,934218,
95 ,74,95,48,95,54,95,40, 95,74,95:608195,54,95,440,
95,25,95,05,95,20,95,07, 95,25,95+¢05195.,20+95+07,
98,420,0,0,0/

DATA C/4489,0e727404485,0,529, 26:59135¢57,9,236,2,67,

O 1a56,3435,0,635,0,47%, 1.56,3,35,0:625,0.474,

b 4,67, 10410015801 419, 4467,10,10,1¢58,1,419,

e 0,154,0,066,0,099,0,187 0s154,0,066,0,099,0,187,

. 0s254,0,0660,00143,0e243, 0,25490,0660,00143,0¢243,

. 4e96/
DEFINITION OF BODY SEGMENT TEMPERATURE SyuBSCRIPTS o
T(1) = HEAD (ORE T(2) = HEAD MyScLE Tt3) ™ HEAD fFAT
T(4) = HEAD SKIN T(5) = TRUNK CORE Tié) = TRUNK MUSC
TE7) = TRUNK FAT T(B) = TRUNK SKIN TI(9) ™= RIGHT ARM
TG10) = RIGHT ARM MUSCLE T(11)  RIGHT ARM FAT T(12) = RIGHT ARM
T(13) = LEFT ARM CORE TO149) = LEFT ARM MUSCLE T(15) = LEFT aAfFmM F
TU16) = LEFT ARM SK|N T(17) = RIGHT LEG CORE_ T(la) ™ RIGHT LEG
T(19) = RIGHT LEG FAT T(20) = RIGHT LEG SKIN T(21) = LEFT EG C
T(22) = LEFT LEG MUSCLE T(23) u LEFT LEG FAT Ti24) = LEFT (Eg ¢
T(25) = RIGHT HAND CORE T126) = RIGHT WAND MUSCLET(27) ® RIGHT HANC
T(28) = RIGHT HAND SK|N T(29) = _EFT HAND CORE T(3p) = LEFT nAND
T(31) = LEFT HAND FAT T(32) = LEFT HAND SKIN T(33) = RJGHYT FOOY
T(34) = RIGHT FOOT MUSCLE T(35) « RIiGHT FOOT FAT  T(3s) = RIGHT FOO!
TU37) = LEFT FOOT CORE T(38) = LEFT FOOT MUSCLE T(39) ® LEFT g0OT
T(40) = LEFT FOOT SKIN T(41) = CENTRAL BLOOD T(42) = AyERAGE Sk

T(43) = AVERAGE MUSCLE

DATA RH.GBASQELQEFFnPOS.fC{PpJILTDElC,VCABI
@PCAB)GICLOV,EUG,CPG/
.2‘3'00.2.3.00'22.0g2.0|75.0|75c0l52l0.30.00
.lqo.’.I.OO'OOJDIOQ’SUOOZZD,

DATA KY KX/ 1HNsJHY/

DATA K| )K29)KIsKY4 K5 K&/ IHNo LHNo IHNy IHNo L HNy LHN/

WRITE (6440)

" 40 FORMAT (//777V " 41-N0oDE THERMOREGULATQRY STEADY STAYE MODEL'/
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e REFER TO GE=AGS USER GUIDE TIR 741=MED=4015"//)

PNt 000000 00000000000 PaeNatenentantttatat

READ INPUT DATA

COeBatonilodgeaitatatiss?ygtaidtastnsittastnitisgtngtossnda~tossnes

WRITE(&6,45)
45 FORMATL//'0TQ OpTAIN QUTPUT LISTS | = & WwRITE "yu 1
® 'UNDER APPROPIATE NUMBER) THEN CR'/' | 2 3 4 6 & ")
G0 TO 49
48 WRITE(6,92)
49 READISS5S0,ERR=48) KloK2,KI KN K Kb
S0 FORMAT(4A2)
MRITE(6,58)
56 FORMATI(//,'0p0 YOU wisH A LISTING OF INPUT PARAMETERSY
e (Y/N) CR')
READIS,57) KK
S7 FORMAT(1ADY)
IF (KK +EQe KY) GO TO 85
wWRITE(&,70) RMiQRASALWUFFFopOSoTCAB, TWeTDENCoVCAB,
ePCAB1GiCLOV,EUG,CPg
70 FORMAT(//+*0INPUT pARAMETERS gET To FOLLOWING VALyESs:?/,
®// "0INDEX"y 44Xy "NAME")y SXx,y "WALUE'/
e ' V', 7X,'RHM 20, F1043/7Y 2',7X,'QRASALe" ,F
LA IV T X" UEFF e ,FlDed/ 4e274,'P0s s, F1|
& 40 B TR VTCAR =V FlOed/
o' L', 7TXW"TH ' yF10e3/7" 70 47X,"TDENC ="', F|0e3/

o' B' 7X,'"VCAB =' ,Fl0.3/

o' 9 7XW'PCAB ="' ,F104.3/' 10',6X,'6 'y Fl0.,3/
o' 11", 6X,'CLOV "t ,F1D.I/ 12' 16X, 'FUG = Fl0.d/
o' 13", 6X,'CPG =0 ,Fl10e37)

85 MRITEls,90)
90 FORMAT('OTO CHANGE INPUTIENTER INDEX NOe(1=15)s VALUE ',
o "(J2,E1545)%/
etees o wHEN LIST |5 cOMPLETED TyPE "«1", THEN CR®®ee?)
GO T0 93
89 CONTINUE
ARITE(6,95) loVALNEW
95 FORMAT(4X  ,JHe®® (4 FlOe4)
GO T0 93
91 WRITE(6,92)
92 FORMAT('eeeREAD ERROR®®ePLEASF TKY AGAINeseo')
93 READIS94,ERR=9]1) [ sVALNEW
74 FORMAT(12,E1545)
IF(L oLTe D) GO TO 96
IFCL oLTe 1 4ORe | oGTs 29) Go TO 91
GC TO (1902034445,6,7,849410,00112,13414,15,16,17,18_1%9,20),
1 RM = VALNEW
GO TO 89
2 QBASAL = VALNEW
GO TO 8¢9
3 UEFF = VALNEW
GO T0 89
4 POS = VALNEW
IF(POS «GTe 3,0 ,0Re POS «LTe 140) GO TO 91
G0 T0 B? _ o S
S TCAB = VALNEW
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114 GO T0 8%
115 6 TR = VALNENW
116 G0 T0 89
117 7 TDEWC = VALNEW
118 GO TO 89
119 8 VCAB = VALNEW
120 IFIVCAB +EQes DeD) 6O TO 3)
121 GO TO B9 i
122 31 VCAB = |,0
:33 3 lllfilt,l:)
2 FORMAT('De®eneoyCcAp NOT PERMITTED To RE ZERO®evees?)
125 GO 10 89
126 9 PCAB = VALNEW
127 GO TO 89
1286 10 G ® VALNEW
129 Go TO 89
130 11 CLOV = VALNEW
131 Go To 89
132 12 EUG = VALNEW
133 . G0 TQO 89
134 13 CPG = VALNEW
135 GO T0 89
136 14 EPS] = VALNEW
137 Gn T0 89
138 1S o X = VALNEW
12 I . =1 [0 BY BN W s
140 .o DEBUG = VALNEW
14) GO0 TO 89
142 17 RI = VALNEW
143 GO TO0 89
144 18 R2 = yALNEW
1498 GO0 TO 89
146 19 P1L = VALNEW
147 GO TO 89
148 20 P2 = yALNEW
149 GO TO 89
150 96 wRITE(6,70) RMoQRASAL WUFFFopOS»TCAB, TWiTDEWCIVCAB,
s ePCAB)GICLOV,EYG,CPg |
152 IFIDEBUGeNE«DeD+OR,EPSIeNFs0,425+0R,NMAX«NE,.S00)
153 ® WRITE(&,0PT|ON)
154 IFIRIeNELO+O s0Re RZ4NEe1l4D eORe PlLoNFoeloeO o0Re P2eNEsl0)
155 ® WRITE(&6)PARAM)
156 CONTINUE
157 (9000000000000 00000000° 3000000000 0,0000000,00000000000000000000000,0000
158 C
159 C INITIALIZATION
160 C
]‘] c..'...‘..........'OO.C‘..0.....0........O'.O..0.0000...0...............
162 DO 100 [=]14+43
1863 100 TUI)ETSET(I) — _ o o .
164 DO 110 I=1,10
165 Jeye|
166 110 TUuGl])=T ()
167 IFIP0S +EQe 140) Gop TO 120
168 GO TO 125
169 120 AC = 1945

170 AR ®= 15,5
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171 GO0 TOo |&n
12 125 JFIPOS <E@gy 240) G0 TO 130 - -
173 GO TO |25
174 130 AC = 5.5
175 AR = | ].5
176 G0 T0 150
177 135 |FIPOS +EQs 3«0) Go TO 140
—tF "ﬂlfﬁ‘i:'ﬁ* T e ———— — - — -
179 80 FORMAT('0pOSITION pARAMETER ENTERED INCORRECTLY = AgORT RyN')
180 CaLL EXIY
18] 140 AC = | 2,5
182 AR = 9,5
18) 150 CONTINUE
S | o EBEEEEE e D0 +e0 1=t y1t0 - e e e— —
185 Juye|
186 ACE(l)aPCA(] )eAC
187 ARE(l)=PCA(])eAR
188 160 CONTINUE
189 USUEFF/100e¢® (RM=QBASAL)
190 —_ WORKBRM-QBASAL=Y —
1791 VPPCAB=VPP(TDEWC)
192 CLO = 0.88 o CLOV
193 COPP et itRet tiatelitte® st iatne®egtedty,y 0000000000 0000 000000000000t
194 C
195 c MAIN LOOP FOR SHIRTSLEEVE CASE
C1 7 — 3 e et i Su  S NN
1*? CALL SHIRT
198
199 c..........C.‘I.........t...l........'...........'..........0'....'..'..
200 C
201 C COMPUTE EVAPORATIVE LOSSES IN GM/HR AND PREPARE
b o I PR SE—— FOR QUTRUT - s ; S
203 o
204 COPRPRRee® "0000a0estieetygtataittsntagtattsntgtoactataotonans
205 WRES! = QR*454,71040,
206 WDIFF = QD*454,/1040,
207 WSWEAT = QSWEAT®4544/]1040,
208 . _ MINSEN m WRESP ¢ WDIFF_ : - SR i =
209 WSKIN = WODIFF + WSWEAT
210 WEVAP = WRESP ¢ WDIFF + WSWEAT
211 EMAXTL = QMAXTL®454e¢/ 1040,
212 DMAX = D,06°EMAXTL
2113 DIFWET = WDIFF/EMAXTL®100.
p— | [ SWTWET = WSWEAT/EMAXTL®100. = i e i e
215 WET ® ((WDIFF + WSWEAT)/EMAXT, )JelDp.
216 DRIP = (WET/100s = 1,0)eEMAKTL
217 IFI(DRIP «LTe 0e0) pDRIP = 0,0
218 IF(SKEAT oNE, 0e0) PH] = SWTWET/SWEAT
219 IFISWEAT +EQs 0,00) PHI ® |+0g*05
220 €0 = TBF*0.454/60¢ — e n e S
221 : TSBF = TSBF®*0«+454/740,
222 TMBF = TMBF*0.454/40,
223 IFIK] ,NEe KX) GO TO 325
224 WRITE(6,310) _
225 310 FORMAT(///9 17X 1 'EVAPORATIVE L0SS RATE AT STEADY STAvEv sy
226 _o30Xy'(GMS/HR)Y) - _ S

227 WRITE(6,320) WRESP,WDIFFsDMAX,WSWEATswINSEN s WSKIN,



228
229
230
23]
232
233
234
235
236
237
238
219
240

291 =

242
242
244
245
246
247
248
249
250
251
252
253

254
255
256
257
258
259
260
261
262
263
264

265

266

267
268

250
271
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CEMAXTLIWEVAP'DIFWET sSWTWETIWETsDRIP,PKI

120 FORMAT (/12X *RESPIRATION:*sF 1Qe2/9Xs .
e'SKIN DIFFUSIONI*sF10e2,10X,"DIFF MAX;',FB,2/

o BNy "SWNEAT! " yFl0De2//72X0"TOTAL INSENSIBLE LOSS:',F1D,.,2/
eBX ) "TOTAL SKIN LOSS!® FlNDe244x0?'SKIN FVAPe MAXIY,
®FB,2/7X,"TOTAL EVAPe LOSS!"sF1042//5K,"NETTED AREA(S) FOR',/
SLYXy'SKIN DIFFI0 F 1042/ 18x o "SWEAT v ,F10e2/11X,"SWEAT ¢,
®' DIFF} " 2F10432//19%X4 'DRIPL " 3F10,2,5X2*WETNESS/DRIVE:"sF0a4)
325 CONTINUE

IFIK2 «NEe KX) GO TO 335

WRITE(6,330) TOLI)yTSBFaT(6) yTUBFaTI41)0C0aTI%2) ,T(42)

330 FORMAT(//7Xs"TEMPERATURES = pEG F's8x1'BLOOD FLOW = L/MIN',
®/Sxs"HEAD CORE!" 4 Sy F7e20 10K "SKINI " 15X Fbe2s/9%s' TRUNK COREZ s
®5XsF722,8Xs"MUSCLE:" 35X ,Fb,2/" CENTRAL BLOOD ! 48X, F7,209X,
CYTOTALI " o5SX Fbe2/9 0 "AVG MUSCLE: " 45X 1F70276X30AVG SKINI " 485X F742)

335 CONTINUE

IF(KI oNEs KX) GO TO 345
WRITE(6,340) QBASAL +SQUGSTORIWORK & VAP, QSHIY+STORAT

340 FORMAT(//22X,"HEAT BAIANCE (BTU/HR)'/5X,'QBASAL ' ,FB42
®bX ) 'QSENSI*"sFBs2:5x,"QSTOR(BTY) " 2FBa2/6X,"ANORKS s I
CFBe218X, "QEVAPIY s FBe2/6X 1 "QSHIVEI ' yFBs215X'STORAT! ' ,FB8s2)

345 CONTINUE

LFIKY ¢NEe KX) GO TO 355
WRITE(6,350) SWEAT ,WARM(1)yQSHIVICOLDI1)sDILATY
* WARMS»STRIC,COLDS
350 FQRMAT(//23Xs»*'CONTROLLER SIGNALS'/10X, 'SWEATI " F9a2,12X,
S'WARMUL) I yF9e¢2/10X,"QSHIVE" yFPe2,12X, 'COLDI)NEY,
CF9¢2/10X0 " DILAT " yF942014X3"WARMS: Y ,F9e2/10X,
SYSTRIC: " )FTe2) 14X COLDS: " 9F9.2)
355 CONTINUE
IF(KS o NEe KX) GO 70 365
_ WRITE(6,360) T(4),7(8)9T(12),7024),7032),T04%Q)s
eTUGII) o TUGL2) ,TUGIY) yTUGILSE) ,TUGI(B) ,TUGIL1D0)

360 FORMATI(//17xs"BODY SYURFACE TEMPERATURES = DEG F',/
12X "HEAD* 45Xy "TRUNK® ,5X ) *ARMS" ;49X ,"LEGS® ,5X
®'HANDS® (4X g '"FEET'/SX s *SKINI? yF742,5F9,2//

o' CLOTHING: " 1F74215F%42)
365 CQNTINVE
IFIK6 (NEe KX) GO TO 375
WRITE(6,370) SQUGA,HCSAVE ,HC] ,SQUGN:HR1QMAXTL sHESAVe 1 HE i
*HECLWHEVAP

370 FORMAT(//20xs*"HEAT TRANSFER CoEFFICIENTS*/10X,"CONDyUCTION; "/

*13X,"TOTAL BODY(BTYU/HRII* 311X, F742/13Xs"FORCED ',

®'CONVECTION COEF o HC:" 93X, F742/13X " NATURAL CONVECTION®'

272
2713
274
275
276
277

o' COEF o HCI "yl xsF7e2/710Ks"RADIATION; /13X,
¢'TOTAL BODY(BTU/HR)S "yl IX,F742/13X,"RADIATION COEFs,"
CYHR!Y y 11X F742//710X,"MAXIMUM EVAPORATION: /13X

®'TOTAL BODY(BTU/HR)§*,11X,F7,2/13X,'FORCED CONVECTION *,
®t COEFWHE:*yIXIF702/ 13Xy *"NATURAL CONVECTION COEFe,HELI:",
'11|F7OZII3I|'CLOTﬂ]NG COEF» yHECL " s 10x9F702/

278
279
280
28]
282
283

285

13X, "COMBINED COEF,,HEVAP:® 49X ¢F7¢2)
375 CONTINUE
WRITE(4,300)
300 FORMAT(////7°0p0 YOy WISH TO START NEW RUN? (Y/N) CRY)
READ(5457) KKK
IF(KKK eNEs KY) GO TO 85
CALL EXIT

END
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034320TPFS.SHIRTS
.. SUBROUTINE SHIRT
COMMON T(MJ).YuG(lcioAccllo).AatlIOJ.P(AB.YCAB.RH.VPPCAH.
eQSHIV,DILAT,STRIC, TOTLIQLEG,C(4]) ), TSET(43) ERROR(41)
.chap.uonu-ua.snL.rar.unsTOL-TSBf.rnbr-nolr¢10).05NEA7-
¢QRLEON ) VRESP s HUMINyHUME XP s DEBUG,EPST o NMAKX,
eThIEUG CLOICPGGISQUGIWSTOR,TUGAV U, VCABISTORAT,
eEMAX(10) s QRSEN]L 2 WRSENZIQRSENI ZJURSENSIQRSENG _—
CQUSEN(IU) »QRAD(1D) yHEVAP ,HE'HE ] yHECL yHRoHC 4 HC 1y
eWARMS ,COLDSySWEAT s QR WD yQMAXTL ' HCSAVE yHESAVE Y
CUVAP] ,QVAP2 VAP sWARM(4] ) +COLDI4T1) s NCOUNT TOTAL,TSTEPFLAG?
eTNIHD) SQUGAISQUGWIR]I1R24P1,pP2
DIMENSION HUID)
DATA ﬁ/LQ_.}J,.02&,12‘.l)-‘b,z'_nQJ_}_._ZO_.OH v2*.038/
FLAG = 0,0
NCOUNT=0
] NCOUNTsNCOUNT#+]
TWReTweu4s0.

N-.-‘-I-—_-—-—
OlOtI‘JO'W-thJN-C)G NV E WN—-

SQUGA=(0
 SQUGWEU. _ _
C..l.......0.......‘................l.....l..O..........................
2 ] C
€ CALCULAT]ON OF w=RADIATED(QRAD) ANy Q=SENSIBLE(GSEN)
C

‘(Q0.0QC‘.C...D.OCo-.Q000..ol...00¢!0..ool..t.l-..D0.00COQIQQIOOOOOOHOOQQ
. bo 60 I=),'0
JEye |
TUGRSTUG|1)+460.
HC=H(])®ACE(1)eSQRT(PCAReVCAB)®*pP]
HCSAVE = HC
HCl®=(0,06*ACEL])®(PCAE®e20GeABS(TUGII)=TCAB))®*®*e25)0P])
IF({ HCLl +GTe HC) HC=HCI I
HR=0,17]3E~ B'ARE(Il'LUGOlTUGR"J‘TUGROTUGROTwR'tUGR'TﬁR-T“RO
«TWRee3)ep2
IF(CLO LT U.Ol] GO Tu 20
IF(] «LTe & «O0Re 1] eGTe 6) 60 To 20
TUG(])={HR®TH+HC®*TCAB*ACE(I)/CLO®T ) )/(HR+HC*ACE(])/CLO)
GO0 YO O — _ T o
20 TUG(L)=sT(J)
40 QUGWSHR®(TUGIL ] ) =TW)
QUGASHC®(TUGL T )=TCARB)
SOUGW=SQUGHW+QUGW
SOUGA=SQUGA+WUGA
GSEN(])=QUGA_
WRAD(])=GWUGW
60 CONTINUE

™~
r

-~
~

L= e
F —

+*< &\ & & £ lw Wi W Ww W W w N v - v ~N N
vEwN c:atnrao-m w N oo ® o v w N

r
—

4 & C.QO.Q‘..‘.....OC'.I.....0..loﬂ....'....-..‘.‘..."...".'.....‘......C.
47 C

48 C CALCULATION OF RESPIRATORY SENSIBLE

& S, B N ———ET—— — =
50 c.oooo"ooo..oaooo-o.oc'uca'tooOtooaooootooooono.ootooo'oo.o.o.o.ooooto.
51 QRSEN1=0.5%D. U“la‘PCABO1%“001(“803‘(TCAB+459.693I'RH.CPG.((D 385e
52 eT(1)+0.,086¢T(2)+0+028727(3)+0.238eT(5)+0.,2615°T(6))=TCAB!

&3 . e(140 = Ds33°(14e7 = PCAB))

54 QRSEN2 = 04,172 * QRSENI

8% _ _ _SR3TN) = 0.0B7% ® GRSEN] . e e B ——

56 QRSEN6 = 0.523 o QRSENI
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57 GRSENS = De476 ® QRSENI
S8 e RQRSEN|=0,77)*QRSEN] ————— — - —— - -
59 C
60 C
61 SQUG = SQUGA + SWUGH * QRSEN] + GRSENS + GRSENZ ¢ KSEN] =
62 «GRSENG
63 c......................'...0.0.00.....0000.0.00..O".0.0C.....".00..00.
64 < » = =
65 C CALCULATE MAXxImMUM EVAPORATION RATE
b6 C
&7 c.ooo.-......-..oono.ooono.-oo.COOOO..ooo.ooo00..-000..'00.00000000.0'..
68 Do 80 I=1,10
69 JEy4e|
70 YPTUGsVPPITUG(]) ) ; ; i
71 HE=0,]26*ACE(] ) e(TCAB*4gU*)ee] sD4eVEFF/100,¢SART(VCAB/FPCAB)
72 HESAVE = HE
73 HEI®]+320ACELT)o(TCAB*460) /PCAB® (PCAB®GO(ABSI+UDSepPCABO(TUGI] )=
T4 . TCAB))+1 402 (VPTUG=yPPCAB) ) )®e,25
75 IFI(HE] «GTs HE) HE®HE!
764 I IFL] alTse 2 40Re |1 agle &) GO TOo 70 . L= -
77 IFICLO oLTe «01) GO TU 70
78 HECL®=22¢36%ACE(])e(T(J)+460.)0e0,Bl/(CLO®PCAB)
79 HEVAP = (HE®HECL)/(HE*HECL)
RO EMAX(])=HEVAPe (YPPIT(J))=VPPCAE)
81 GO T0 75
82 _ 70 EMAX(])=HE®(VPPI(T(J))=VPDEW) i - —
83 75 IF(EMAX(]) «LT. De0) EMAX(]l)=0.0
8y 80 CONTINUE
85 GMAXTL = 0.0
86 DO 90 | = 1,10
a7 GMAXTL = WQMAATL + EMaAXI(])
AR o 0. LONTINGE S . o et i S— e ==
89 c-----'------------—--------------------.----.-—---'---'O---'-'-"n-----.
[0 C
91 CALL MAN
92 C
93 c-------------h--------"--------".-------------.--"-----.---‘----—------
N [y 'L, 1 1 o S S S N — - N
95 DO 100 I=1+41
96 QSTORSQSTOR+C(I)®(T(])=TSET(1))
97 100 CONTINUE
98 (.ooo.oooo-ooo.oooooooooo-ooo.ootoc--oc-ooo-ooooooOOOOOOOO
99 C
100 ¢~ CRITER]A FOR CONVERGENCE _
0l C
:02 c........'....Q.....Q...l.'..‘.....‘l...-l....l......‘...'
103 STORAT = QBASAL + WORK + QSHIy « QEVAP = S5QUG
104 IF(DEBUG +EG. 0+0) GO TOQ 12¢C
105 WRITE(6,11C) NCOUNT, STORAT, TI(])
106 110 FORMAT(14:5Xs*'STORAT =*,F8e2)5X,"T(1) =*FRe4)
107 120 CONTINVE
108 (eoe"eecarensesr arsosn e ran " Teartansrcesaca e scasen""""ca~e
109 C
110 CALL CONVRG(T,TNsSTORAT ,NCOUNT»FLAGEPSTsNMAX)
111 C
112 = (emeeceecccscccecrcccencnrcnmcae e et st ettt n e e — -
113 IF(FLAG +EQ¢ 0.0) GO TO 1
114 IF(FLAG +EQe¢ 1,0) GO TO 1
198 . IFUFLAG ~EQs 240} GO 1O 81 o ————
116 11 RETURN

117 END
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)B6=GDIYI2°TPFSeMANS

1 .

N~ Ow9 Ord.iﬂ-lﬁlN

— -

Nth)anﬁ-— —
£ WLWN—=D 0@~ O>M £

|
£ £ P LRWWWWRWLBLWEWNN NN
~N -0 Gﬂlﬂt’U‘&thr-O-ﬂﬂ‘H&

SUBROUT INE MAN - e --
COMMON thsa.tuGGIOl.AcE||0) Aattlol PCABsTCAB,RMy ,PPCAB,

SQSHIVIDILAT ySTRICTOTLIQLCGIC (Y1) 2 TSETIND) sERROR(4]) )

CQEVAP ,WORK s QBASALTBF yQRSTOL »TSBF y TMBF+QDIF(10) s QSWEAT»

®QRLEONVRESP yHUMIN HUMEXP ;,DEBUG ,EPS ] s NMAX,

CTWIEUGICLOICPGIGISQUGIQSTORITUGAV Uy VCABISTORAT,

SEMAXLL0) s QRSEN] 4 QRGENZ +QRSENI ,QRSEND sqRSENEYy — —

eQSEN(I0) +QRAD(ID) yHEVAP yHE vHE L yHECL s HRIHC I HCI ,

eWARMSyCOLDS sSWEAT1QRIQD v QMAXTL oHCSAVE (HESAYE

CQVAPL yQVAPZ VAP s WARMIY L) 2 COLD(YL) sNCOUNT»TOTAL»TSTFPsFLAGY

eTNIY40) SQUGA»SQUGH R yR24P 4P

DIMENSION BF(40),QMET(40) ,QLAT(10) yQSwWT(I0) yWTAREA(10D)

DIMENSION FACTOR(40) i

DIMENSION BFB‘“GI.OB(*U)u.ORKnGlU).CH]LHllU)lSKlNVlIO’ISKINCIIOll
SKINS(10),QB1000(40)+SKINR(0)

DATA CSWISSWiPSWsCDILsSDIL'PDILCCONISCONIPCONICCHILISCHILYPCHIL

] /705,0963,9,0,041434,4%9,20, 0.0.1078l2.7s|000|000.n.0 25,71/

DATA BFB/9943,0,265,04287 3418y 463¢0,13,2,5,65,4,63,

069254} 42630622) ,0+550,0¢925,1,2640,22)40+5504- . -
2,97,3,79,0,575,3,15, 2¢97,3,79,0,575+3,15,
Dellls0e265,0,04492,2¢219 0sl1l, «265, e0842,24,21,
04177y ,0221, +055, 3431, <177, ,0221, ,085, 3,31/

DATA QBI1000/ 172400103491 448,14,08s 61041067429280695,37,
4e7046,49001014910,87514,70,6,4091414,,875,

— 1560419424 2.8942,15, 1500,19¢2¢2,89424156y9- - -
Ousqpl.3“.0.202.0.335|.5“.l03“|0202.¢335|
eB875,0135,426844470, «B75,413590268,,470/

DATA uonKH/O.Uv0-3.0.0“.0-0*n013n0.3u0.005-D.OOS-O.OOSoO.ODSI

DATA CHILM/0402,0+8590¢02510,02510,03590,03554%0,0/

DATA SKINR/0,0695,n0e4935,2°0,0343,2°0,07525,2¢0,09225,2°0.0167/

DATA SKINV/D4132,0,322,0,0475,0,U475,0411590611540,06130,06%,4 -

. 0.05,0+05/

DATA SKINC/D.??§OO15.0.025'0.025|0.025l000250001750001750001753

5 O /

DATA SKINS/0.08]1,0,482,2°0,077+12°0,1095,2°0+0155,2°0,0175/

DATA FACTOR/3+¢04,25,14930,43,040+3,02,10,48,43,67,0,0,

. . 1J3219.82.2°..9|D.0.l032!9!82;23.89|Q¢D.

. 9¢93,13468,70¢57,000¢9,93,13,68,70457,0,0,

¢ 6-U7g10.bﬂ.ID.9Z|0.0a6.07,ID.6“.ID.?Z.U.D.

15.‘0‘0'19.52.IS.SS.U-U.15.4“.19.52.15.55,{]-0/

e ® 8 @

L

COP00 0000000000000 00080008 0000000000000 0000,0000000000009000080% 000000000

C
43 ¢ SWEATISHIVER+CONSTRICTIONDILATION CALCULATIONS
44 C
qs c..‘l'.......O..C.'...Q..O.ll‘Cl'...'."."..!..0‘..0..‘.....‘.00....0.'
4é C
47 C ESTABLISH THERMORECEPTOR OuTpuT
48 C
49 Do 80 l=l.40 I - — e
50 ERROR(I) = T(]) = TSET(])
51 WARM(I) = D,.0
52 coLp(l) = De0
53 IF(ERROR(1)) 20,40,60
54 20 CoLD(Il) = ERROR(])
8% 40 GO TO 8p S i o ) B
56 60 WARM(]) = ERROR(1)
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57 B0 CONTINUE

S8 ol : .

59 c INTEGRATE pPEIPHEKAL AFFFRENTS

60 c

61 WARMS = 040

62 COLDS = Q.0

63 DO 90 I=],10

L] _ K = 4o] _ -

65 WARMS = WARMS + WARM(K)®SxINR(I)

66 COLDS = COLDS + COLD(K)eSKINR(I)

67 90 CONTINUE

68 C

69 4 DETEMINE EFFERENT QUTFLOW

70 —k ; . - . : ) a
71 SWEAT=(CSWOERROR(1)*SSWe (WARMS=COLDS) +PSWeWARMI 1) eWARMS)eR2
72 DILAT=CDIL®ERROR(1)*SDIL® (WARMS=COLDS)*PDILO®WARMI ]| )ewARNS

73 STRIC®==CCONCERROR( ] )=SCONe (WARMS~COLDS)+PCONecOLD(1)eCOLDS

74 QSHIve=CCHIL®ERROR (1) =SCHIL® (WARMS~CO L DS)+PCHILeCOLDILI)OCOLDS
75 C

76 € ENSURE EFFERENT COMMANDS ARf POSITIVE

77 C

78 IF(SWEAT) 91,92,92

79 91 SWEAT= 0.0

80 92 IF(DILAT) 93,94,94

81 93 DILAT = 0.0

B2 _ 94 IF(STRIC) 95,96,96 . N _

83 95 STRIC = 0.0

84 96 IF(QSHIV) 97,98,98

8s 97 QSHIV = (0.0

86 98 CONTINUE

B7 CPeP00000 0000000000000 ,0000000000,0000,00,00000000000000000000000g0000
88 C

a9 C CALCULATION OF RESPIRATORY EyAPORATIVE LOSS

9

9? E..‘......l.IOOO....C....O.C.......................'....'...............
92 VPIN = yPPCAB

93 HUMIN = 0eb622¢VPIN/(PCAB=VPIN)

94 TEXP ®= 8649 + 040646°TCAB + S57,4°HUMIN S .
95 VPEXP = VPP(TEXP)

96 HUMEXP = 04622°0+8eVPEXP/(PCAR=0eBeyPEXP)

97 VRESP = (0,0415¢PCAB®44,030,)7(15449,0(TCAB*460,))

98 . *(1e0 = Dep00D®( 147 = PCAB))eRM

99 QR ®= VRESP® (HUMEXP<HUMIN)®lD40 e
100 QLATI = 0.,3860°QR I . . F— _

101 QLAT2 = 0.0B840°*QR

102 QLATI = D,0287*QR .

103 v QLATS = 0,23B80°QR

104 QLATE & Ce2630°QR

[05 c'..'..0..0-..'.0.li...‘.....0!.0OC.O...O...00t'.'.....‘.....!..'...00..:
106 C B A e
107 € CALCULATION OF SwEAT FVAPORATIVE LOSS

:gg giol'00000Otoouooocoaoo-.oooooooo-c.ooo0.¢O.Cooooloooooucoooooooo.c.ooca}
11C QSWEAT = 0,0

113 BULL = |B8.0

112 DO 100 I=1s10

I D T Y |



20

114 QSWT(]) = SKINSII)e(SWEATCEXP(ERRORI(J)/ZBULL) = RI1)®},0
16 - IFLQSHT (1) obLTe 000) QSHT(]) = 0«0 — -
116 QSWEAT = QSWEAT + gSwT(])
117 WTAREA(L) ™ QSWT(I)/EMAXL])
118 IFI(NTAREA(]I) ¢GT, |+00) WTAREA(]I) = 1,000
119 100 CONTINUE
|20 c'.'....l.O...OO0.0.0.'0.00.000....00.!0..0......00...0...0.0....C....O.
€ e — e ——————— . . v
122 (4 CALCULATION OF SkIN DIFFUSION EyApORATIVE LOSS
23 ¢
:2“ c....0...00..0.0.Cl.00‘0.OO..OO..C..Q.CO.Ol..!.0.!..000..0'0'0........0.'
1256 QD = 0,0
126 DO 120 I=1,410
- 43— ~QDIFLL) ® 2.88ACEL )0 (VPPITIVGHI) ) =yPPcAB) - — -
128 . ol (VCAB/PcAB)oe0s15)el 40 = urAn:Atlni
129 IF(QDIF(]) «GTe OeDbOEMAX(I)) QDIF(]) = QeDboEMAX(I])
130 QD = QD ¢« QDIFL(])
135 sonr
1 C..... LR ] .......000000000000‘0000.0.".l.......‘..‘.....
- *a}__.__e - —— = —— = g = S ’ = . e - . " S
134 C CALCULATION OF TOTAL EVAPORATIVE LOSSES
:gz E0.00Q.00000-ooooo.oo.o'.oo.olo.ooo.oooo.oo..a.oo'ooooggo
137 Do 130 =1,10
138 QLATII) = QDIF(]) « QSWTI(])
339 JFIQLATL]) +GTe EMAX(]I) QLATHL) m EMAXLE) - R ———
140 130 CONTINVE
141 QEVAP = QR + QD ¢+ QSWEAT
]qz c........‘.'..l.............l......'........‘...........'.........Q.....
143 c
144 C BLOOD FLOW CALCULATIONS
145 C = e — e _ .
146 c‘...0.'.O.l..li..l.'.C...OOQOQOOOOQQO.OQOOQOCOl !0.00...0.0000.0....0.0
147 DO 190 I1®1+40
148 190 Q@8(1) = QBlO0OO(})/1000,0
149 DO 200 1=1+10
150 Ns4o =)
151 BF (N)=BFBIN) . i : P =
152 QHETCNIIGB!NIUQBASAL
153 QMETIN® ] )=QBIN® ] ) *QBASAL*WORKM(I)®wORK*CHILM(])OoQSH]V
154 BF(N+ | )=BFB(N*]l)+(QMET(N*])=QB(N*1)eQBASAL) /143
155 QMET(N+2)=QB(N*2)*QBASAL
156 BFIN+2)mBFB(N*2)
57 CQMETI(N®J3)=QB(N*3)*QBASAL - i P -
158 BF(N*Jl-((BFB(N*J'.SKINV(1)ODILAYI/II.DOSKINCKllosTRlcll
159 . SEXP(ERROR(N+3)/18+0)el+0
160 200 CONTINUE
161 TSBF*BF(4)+pF(B)+Bp(12)+pF(16)*pF(20)+pF(24)¢pF(28)+pF(32)*pF(36)
162 +BF(40)
163 IHlF'Qf'Z"Bf“'*BrlLO"BELJHI*BF‘lﬂlOBFIZZl_nftzhltnF‘JDl
164 e+BF(34)+BF(38)
165 (P e e e rr e N e e e s NN R R AT o RN S gy P eR, el e el oaP et yPererae s e ean, o ee
166 C CHECK FOR NEGATIVE BLOOD FLOW
]b7 C"'-"""""'-'-"'..""-'."-..-"“‘..'.-'-"""-'-"-""‘"..."."-'-"
168 DO 220 [=1440
169 220 IF(BF(1)elTe0.0)BF(I)=Q0s0 . S

170 c....!......l..C‘.C...l.......'.....'0"..'....'.......QO.'...‘...OQ.....




2l

171 C

172 - IFLFLAG «EQs 140) g0 T0 2350 : .

173 C

1;* € CALCULATE NEw TEMPERATURES FROM sSTEADy STATE HEAT BALANCE

175 C

176 CPeP0 0000000 3000000000000 0000000009000000,000000%0000 000008000000 R 00NN
1 77 T L L L L L s L L s P T L PR L P T LR L D L L

178 ¢ CALCULATE TEMP OF MEAD COREsT(l), AND TRUNK CORE.T(S5),

17' C.--.-.---.'--.--..-.----—--..-.--..-----..-...-.---.----.-..-...---.-.-
180 TNCL)®(QMET L)L) =QLATI=QRSENI*BF(1)eT(4))+FACTORIL)OT(2))/

18] ® (BF(1)*FACTORI(]))

182 TSTEP=TN(L1) = T(})

183 TN(S)®(QMET(5)=QLATS=QRSENS*Br(GS)eT(4))*FACTORIB)IOT (6))/

_ 184 e (BF(S)*FACTOR(S)) - e
l.S c---—.---.--..-----...----.--n._.--_---------.------.-.--.-.-.-----..-..
186 C CALCULATE TEMPERATURES OF REMAINING CORES ==ARMI9+)3), EGl17+2)),

187 C HAND(25¢29) 3AND FUOTI(33+37)
|58 c.--..-‘-..--.-----..-..-.-lﬁ-..-...-.--.----..----.-.-..-..-.-.--.-...-.
189 DO 260 [=9437,4

190 INCII=(QMET(I)*BF(1)eT(41)*FACTORI 1) T (I#1))/(BFLL)+FACTORCL))
191 260 CONTINUE
l’z c-------.-..---.-..U.-.-_-..--.—-.-..-.----.-..-..-...-.-p-.--ﬂqﬁ..—.-‘.
193 C CALCULATE THE TEMPERATURES OF THE MUSCLE =<HEAD(2) yTRUNK(&) sARM( 0
194 C 14) o LEG(1B+22) ,HAND(26+30) ,FOOT(34¢38)

195 c.----.--.----t-—-.-.--‘--------------...-----.-.---.-----.-..—---...---

196 TIN(2)=(QMET(2)=QLAT2~-QRSEN2*FACTOR(I)eT(L)+FACTOR(2)eT(3)s
197 . BFIE2)eT(41)) /(BF(2)+FACTORIL)*FACTOR(2))

198 TN(6) = (QMET(6)~QLATE=QRSENG*FACTORIS) e T(S)I+FACTOR(G)®T(7 )+

199 ° BFL&)eT 41 )) /(BFI&L)+FACTORIS)*FACTORI(S))

200 Do 280 [=]10,3844

201 TNCI)S(QMET () *FACTOR(I=1)OT( =1 )¢FACTOR(J)I®T (%] )

202 00 e BFCJ)eT(4)1)) /(BF(1)*FACTOR(I=l)+FACTORCL)) =

203 280 CONTINUE

204 c------.--------.----.—-.—---------;-----—-..u-----...-.-;--.------,,--.-
205 € CALCULATE TEMPERATURES OF THE FAT LAYER «=HEAD(J)»TRUNKI(7) sARMI(}*15)
206 (4 LEG(19%23) yHAND(27+31) ,FOOT(35439) -
207 c-.-.--.-------.----.--I-.------.n-.--.-o-.--.------..-----.--.-—-.---..f
208 TN(3)=(QMET(3)=QLATI=QRSENI*FACTOR(2)eTI2)¢FACTOR(I)OTIN)s
209 . BF(3)eT(41))/(BF(3)+FACTOR(2)+FACTOR(]))

210 DO 300 [=u7,39,4

211 TNCI)=S(QMET (T ) *FACTOR(Iw1)®T( =1 )*FACTOR(])®T(]l*])e

212 . BFUI)eT(4)1)) /(BF(])*FACTORIIwl)+FACTOR(]))

213 300 CONTINUVE

- _Zﬁl_‘iu ‘ .------.tt’_r_:..---.--------...-.-_.-._---,-._:._’_..L-_’------..--.-----E_--..-f
215 € CALCULATE TEMPERATURES OF THE SKIN ==HEAD(4) ,TRUNK(B)sARMIL12¢+16), '
g}# g LEG(20+24) y4AND(28+32) ,FOOT(3b6e40) 3
218 DO 320 [=4,40,4 !
219 Jul/4 '
220 TNCI) @ (QMET (1) =QLAT(J) =QSEN(J) =QRAD(J)¢FACTOR(Imj)or(l=1)e

- 221 . BF(I)eT(41))/(BF(1)¢FACTORII=1))

222 320 CONTINUE i } ‘
223 C------.-...---------0----.-...--...-.---.------.---..-t-.--.---..-....--!
224 C CALCULATE TEMP OF CENTRAL BLOOD ==(41) _ $
225 c.-..----...-.-.-.-.-----.--.---.-.--..-,----.--.-----.--.-..--.-.--.---s
226 350 SQCONV = 0,0 <

TBF=040



ee

228 DO 340 I=14+40

22— — ?oeo~v-sae?uv¢|f14,o#+++—~nr —— e e e —

zgg BF=TBF*BF(])

231 340 CONTINVE H

232 T(41)=SQCONV/TBF

Tesegeeeteese el eeRES seewRw, e -- - - - - '.- -we- eewww!

§32 e R CULATE AVERAGE SKIN TEMPERATURE(42) BASED ON PERCENTAGE OF i
336 TOTAL SKIN-AREA FOREACH SKIN-NODE—* FTHAT NODES TEypERATURE  — —— ¢

23‘ c-.-.-..-na-...-.---..----.-..'.n...-..---. ..-.-..-..-..----..-.-.....-.

237 T(42)20+07°7(4)+03602°7(8)+0,067060T7(12)40¢067060T7(16)e0,1587° H

238 . tlzoi¢o.|5'7'T'2*'*0.02507120'00.02501(32100 oa*a-tlsb|° !

239 . 0«0343°T7(40) '

240 T(43)en,02325°T(2)+0,549°7(6)e0,0527°7(|0)*0,05270T(14)%0,1592°* .
AN e F LB 20} 89207022)20,0041507024)%0,0011507430)%0.00115e '

242 . T(34)+0,0015T(238) ¢

243 RETURN '

244 END '
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DBé~c03432°TPFS+CONVRG

1 SUBROUTINE CONYRGIT TN, ,STORAT NCOUNT ,FLAG EPSI NMAX) .
2 DIMENSION TLOWEYL) oTLOWI(HL) oTLOW2(41) o THIGHINL) s THALFI41),
k] . T(41),TN(4D)
L] c...OO.t...o......l........QOC..‘......C....O..l...........
5 C
[ C CONVERGENCE OF THERMAL MODEL 70 STEADy STATE
1€ _BY METHOD OF SJUCCESSIVE SUBSTIT]ON OF TEMP SR
B C FOLLOWED BY HALF=INTERVAL CONVERGENCE METHOD
9
10 E FLAG = 0.0 SUCCESSIVE SyBSTITUT1ON METHOD
11 C FLAG = |0 HALF=INTERVAL METHOD
12 c FLAG = 2,0 CONVERGENCE OBTAINED
B I B oo REYUERN TO0 MAIN PROGRAM
4 C
:5 CP000000000000000000000% 0000000000000 00 000000000 %000CRs0,ys
16 C
17 C INITIALIZATION
18 C
1% JFINCOUNT +GTe 1) GO TO 2 _ P ———— s
20 DO | I=]s41
21 TLOW(I) = 0,0
22 TLOWLI(]) = D40
23 TLOW2(I) = 0,0
24 THIGH(I) = 0.0
25 TJHALFUI) = 0,0 i Seee— S — i . R
26 1 CONTINVE
27 2 IF(ABSISTORAT) LT, EPSI) GO 70 110
28 IFIFLAG +EQs 140) GO TO 75
29 IFINCOUNT +EQe NMAX) GO TO 10D
30 c
3l € _ _ DETERMINE IF NCOUNT 1S 0DD OR EyEN =
32 d IF NC = 0, NCOUNT IS EVEN
33 ¢ NC = (NCOUNT/2)e2 o NCOUNT
is C
36 c DETERMINE IF STORAT HAS CHANGFD SIgGN
=3 __ . & N i e i —
8 IFINCOUNT LEQe 1) STLOW = 0.0
e IFISTLOW®*STORAT +LTe 040) GO 1O 30
40 STLOW = STORAT
4] C
42 C SAVE PREVIOUS VALUES OF T AND STORAT FOr LAST TwO ITEQATIONS
43 C o
" 44 1FINC LEQe 0) GO To 10
48 DO 5 Is=s],41
46 S TLOWIC(I) = T(])
47 STLOW] = STORAT
48 GO TO 25
49 10 DO 20 I=),4) ) I R L
S0 20 TLOW2(1) = T(])
51 STLOWZ = STORAT
52 G0 TO 25
53 C
o4 C METHOp OF SUCCESSIyE supStlITurloN
55 C

56 25 0o 28 (=i,%
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AAN

40

45

50
55

60

L . —— 1

105
106
107
108
109
110
111
112

70
75

P—

8s
90

95

98

100
105

113

" RETURN COMMANDS

2k

T(1) = TN(ID)
GO0 T0 96 - ——

INITIALIZATION OF WMALF=INTERVAL CONVERGENCE METHOD

ICOUNT = 0
DO 35 =] ,4]

THEGHEL Y = Tepd ————— —_————— -
IFINC +EQe 0O) GO To 45

DO 40 )= ,41

TLOW(]) = TLowl(]!

STLOW = STLOW]

IFCTLOW(]I) oNEs Oen) GO TO 40

TLOWEE)- = T4 — s P

STLOW = STORAT

CONTINVE

GO TO &5

DO 50 I=],4)

TLOW() = TLow2(1)

STLON = STLOWZ

IF(TLOW(I) eNEe Oen) GO To SO

TLOW(T) = TLOWL(1)

STLOW = STLOWI

CONT INVE

ITER = ALOG(ABS(ST_OW=STORAT)/EPSI)/A 0G(2.,0) * 340
HALF=INTERVAL ITERATION
ICOUNT = [COUNT + |
IFLICOUNT «GTes ITER) GO To 100

DO 65 [=1,4]

THALFLL) = (Thleulg) + TLoWl]))/2e0 S .
Do 70 =] ,41

TLI) = THALF(])

GO TO 98

IF(STLOW®*STORAT +LTe 0,0) GO 7O 85

DO 60 [=1,4]

TLOW(I) = THALFL])

STLOW = STORAT

GO TO 60

DO 90 1=} ,41

THIGH(1) = THALF(I)

GO TO 60

FLAG = 0,0
RETURN
FLAG = .0

e RETURN __ . s e s SR Tmpe—

FLAG = 2,0
WRITE(&4,105) NCOUNTs STORAT

FORMAT(*®eeeeCONVERGENCE NOT ABTAINEDe®®ee? ,4x,*NCO,NT ="',

o [4,4X2"STORAT =',r8,2)
RETURN

110 FLAG = 2,0 S —

WRITE(&6,115) NCOUNT, STORAT
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114 LIS FORMAT(//7* st tCONVERGENCE ! NeOUNT =,
145 S lMs X "STORAT 5" 4,Fie2)

1le ETURN

117 END

«GD3I43I2°TPFS+VPPS

1 FUNCTiOoN VPPIT)
2 CPet 0 ereoeitontettoneeoot tantte 000000000 ,00000% 0000000000000 0000gt0e
3 C
4 C FUNCTION TO CALCULATE VAPOR PRESSURE oF WATER AT 71
5 C T«TEMP DEG F
[ C VPPeyvAPOR OF WATER PSIA
e e : s
2] CPe 0000000000000 00000%,000000000,000%0,00,000000%0000 0000000 0RRRRRgtte:
9 Kegi47 ;27 =1T246045)7148
10 TEMP=X® | B/ (T*4600)%(3,244+5,868E=3%X+]1,]70E~B*x®03)/(]10e*2,]18BE=D"
il eX)
12 VPP=32074/10.*°TEMP
13- it RETURN . -
14 END
~GOIYN2°TPFS+SSDATA
1 I dép.
2 2 283,
3 3 0.0
4 4 2.0
5 S5 75.
& & 75,
7 1t B2 }
8 8 1745
9 9 14,7
10 10 1e0
11 11 9
12 12

“
l
!
I
<
|
|
|
T
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SAMPLE RUN #)

> dPREP

FURPUR 0026-07-16-09:24
SIMAF THERM

MAP 0026-0716-0912% -(0s)

START=014606, PROG SIZECI-/D)=6533-3863
SYSSeRLIBS. LEVEL &9

END OF COLLECTION - TIME 4.124 SECONDS
AT

41-NODE THERMOREGULATORY STEADY STATE MODEL
REFER TD SE-AGT UTER GUIDE TIR 741-MED-40195

TO OBTAIN OQUTPUT LISTS 1 - & WRITE “Y" UNDER AFPPROPIATE MNUMBER. THEN CR

12 34568
N YYYYY

DO vYOU WISH A LISTING OF INPUT PARAMETERS? (YN CR
»Y

INPUT PRRAMETERS CET TO FOLLOWING VALUES:

INDEX> NAME VALLUE

1 RM = 283.000
4 PBATAL= 283.000
3 UEFF = 22.000
4 POS = 2.000
- TCARER = 75.000
6 TW = 75.000
(4 TDEWC = S2.000
8 YCAR = 30.000
» PCAE = 14.700
10 5 = 1.000
11 cLovy = 300
12 EUG = .950
13 CPG = 220

- continued next page -



SAMPLE RUN #1:

SAMPLE RUN #2:
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APPENDIX 2

SAMPLE RUNS

The following features are illustrated: a) Use of the
"@PREP", "@MAP THERM", and "“X(I" commands in order to
collect compiled elements and execute prog am,

b) Internally stored input parameter values are listed
following second prompt, ¢) The response to change the
first and fourth input parameters (note the "READ ERROR"
that occurred when a value of 4, was entered which was
outside the allowable range), and d) Output lists #1-6
corresponds to those specified following first prompt.

The following features are illustrated: a) Use of the
"@ADD SSDATA" command following third prompt to enter

2 string of data from an external element, b) Input
paremeters may still be changed after the initial input, and
c) Output lists #2 and 4 correspond to those specified
following first prompt.



SAMPLE RUN #1 - continued

TO CHANGE INPUT,ENTER INDEX ND.C1-15)>¢ VALUE C(I2,E19.5)
COMPLETED TYPE "~1"s THEN CReeee

SeelHEN LIST IS
1 1200,
L dd 1 1200,
> 4 4,

0000

¢eREAD ERROReeoFLERSE TRY AGAINeee

> 4 lo
eee 4 1.
-1

INPUT PARPAMETERS

INDEX NAME
RM
QBASAL=
UEFF
POZ
TCHE
TW
TDEWC
YCRE
PCAB
5
cLov
EUG
CPG

e 0 WNOA S WY
]

—
W= o

LU LI I | T TR | I I T ™)

! ICONVERGENCE !

RESPI
SKIN DIF

TOTAL INSENSIBL
TOTAL K1
TOTAL EVAP

00no0

SET TD FOLLOWING YALUES:

YALUE
1200,000
282.000
2e.000
1.000
75.000
75.000
S2.000
20.000
14.700
1.000
300
950

D2

LI~

e NCOUNT = 73 STORAT = .24

EVYAFORATIVE LOSS RATE AT STEADY STRTE

RATION:
FUSION:
ZWERT :

E LOSS:
N LDOES:
« LOSS

WETTED AREAC*%> FOR-
SKIN DIFF:

SWERT

SWEAT 2
+ DIFF:

DRIP:

CBMZ “HR >

32.07
3.16 DIFF MAX: 31.99

199.54
40.24

207.70 SKIN EVAP. MAX: 522.20
239.78

1.53
37 .42
38.95

00 WETNEZS-DRIVE : .0317

- continued next page -

28



SAMPLE RUN #] - continued

TEMPERATURES - DEG F BELOOD FLOW - L-MIN
HERD CORE: 99,07 SKIN: .90
TRUNK CORE: 99.41 MUSCLE : 4.35
CENTRAL BLOOD: 93,08 TOTAL : 9.62
AVYG MIISCLE: 93.76
AV SKIN: 99.41
HEAT BRLANCE (BTU-/HR)
GBASAL: 2832.00 DSENS: 448,75 QETORCBTU ) ¢
QWORK: 715.26 DEVAP: 549.27
DEHIV: .00 STORAT : .29
CONTROLLER ZIGNALS
SWERT : 457 .83 WARMC 1>t .54
RAEHIV: L00 COLDCL s .00
DILAT: 22.34 WHRMS @ .70
STRIC: .00 CoLDE e -.51
BODY SURFACE TEMPERATURES - DEG F
HERD TRUNK ARME LEGS HANDE
TKIN: 94,18 91.50 94 .04 94 .99 96 .83
CLOTHING: 94,12 87.13 22.44 29.27 96,832

HERT TRANSFER COEFFICIENTS

CONDUCTION:
TOTAL BODYCBTLU/HRD>: 191.88
FORCED CONVECTION COEF.sHC: -3
NATURAL CONVECTION COEF.sHC1: 33
RADIATION:
TOTAL BODY(BTL-HRD): 23%.37
RADIATION COEF . sHR: =12
MAXIMUM EVAPORATIONT
TOTAL EODYCBTU-HR>: 1221 .42
FORCED CONVECTION COEFHE: .00
HATURAL CONVECTION COEF.sHE1: 77.01
CLOTHING COEF.sHECL: 2978.74
COMBINED COEF . HEVAP: 293.08

DO vOU WISH TO START NEW RUN? <Y N) CR
SN

307 .48

FEET
96.33

96 .33
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SAMPLE RUN #2

41-NODE THERMOREGULATORY STERDY ETATE MODEL
FPEFEF TD GE-AGS UIER GUIDE TIR 741-MED-4015

TOD OBTARIN DUTPUT LISTS 1 - & WRITE "Y" UNDER APPROPIATE NUMBER, THEN CR

122456
)NY NY NN

DO vOU WISH A LISTING OF INPUT PARAMETERS? (Y/NY CPR
>N

TO CHANGE INPUT.ENTER INDEX NO.C1-1%)>s VALUE (I24EL(% <°

®eolHEN LIST IZ COMPLETED TYPE “~-1"s THEN CReeee

»®RDD ZZDATA

e 1 30,0000
L 224 2 283.0000
*ee 3 L0000
*oe 4 2.0000
o0 S 7S.0000
eee A 7S.0000
*0e 7 S2.0000
o0 2 17.5000
*ee 9 14.7000
eee 10D 1.0000
s |1 L2000
L4 2 S ¥ L2000
*ee 13 2200
> 1 S00,
(224 1 S00.0000
> 3 2e.
o0 3 2e.0000
*11 0.5
see 11 L5000

- continued next page -



INPUT PRRAMETERS

NAME
1 oM =
2 REASAL=
3 UEFF
4 POS
s TCAB
'

rd

8

3

TW
TDEWC
YCAB
FCAB
10 (C]
11 cLov
1e EUG
13 CPi

LN LI (L R [

PIRCONVERGENCE ! !

SAMPLE RUN #2 - continued

TET TO FOLLOWINS

YALLIE
S00.000
2832.000

2e.000
c.000
7S.000
7S5.000
S2.000
17.500
14.700
1.0060
LS00
200
220

pee NCOUNT =

TEMPERATURES - DEG F

HERD CORE:
TRUNK CORE:
CENTERL ELOOD:
AYG MUSCLE:
AYG SKIN:

SWER
GIHI
DILA
STRI

o<
(1] - - (1]}

98.53
92.73
92,39
94 .06
92.73

CONTROLLER
127.03
00
20.30
.00

VALLES &
15 STORAT = =-.,232
BLOOD FLOW - L-MIN
SKIN: .38
MUZCLE : 1:17
TOTAL @ S.92
SIGNALE
WARMC1 > 2 .NE
COLDCy s 00
WHEME @ 1.17¢
COLDE: -.12

DO YOU WISH TO ZTART NHEW RUN? CYoNr CR

N
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