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PROGRAM DESCRIPTION

IDENT IF ICATION

Program Name - Thermoregulatory Model of Stolwijk (Transient
Version)

D. J. Grounds

Biocengineer Contact
Programmer - V. J. Marks

Date of Issue - June 30, 197k

GENERAL DESCRIPTION

This user's guide and program description updates and replaces

TIR 7L1-MED-3011. The model is designed to simulate the transient
response of the human thermoregulatory system to thermal inputs. The
model consists of Ll compartments over which the terms of the heat
balance are computed. The control mechanisms which are identified arc
sweating, shivering, vasoconstriction and vasodilation.

USAGE AND RESTRICTIONS

Machine and Compiler Required - Univac 1110 TSS and FORTRAN V

Peripheral Equipment Required - Time Sharing Terminal
- Tektronix 4010 Graphics Terminal

PARTICULAR DESCRIFPTION

A detailed description of the basic model is given in references 1-5.
The current modifications include an improved shivering mechanism and
the introduction of a graphics output option.

The shivering mechanism which appeared in earlier versions was des-
cribed by the following equation.

QSHIV = CCHIL*COLD (1) + SCHIL*COLDS + PCHIL*COLD (1) *COLDS.

But, since CCHIL = 0.0 and SCHIL = 0.0, the expanded equation becomes
QSHIV = 12.22 ('Icore set - Tcore) head* (X K(1)*(Tset(1) - T(1)
where 1 equals all skin compartments and K(1's) are constants based on
the weighted mass of each skin compartment. This e?uation was based on

the widely accepted data of Benzinger and Kitzinger(6). However, the
data are presented with average skin temperature as an independent
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variable. This does not allow verification of the model equation
because of the introduction of set point temperatures for each skin
compartment. The improved modeling of this mechanism is complicated

by several factors. First, although the role of hypothalmic tempera-
ture signal and skin temperature signal has each been established as
necessary for shivering, the functional relationship for the combined
effect of skin receptor signal with hypothalmic signal is unknown for
conditions other than uniform skin temperature. Further, the heat that
is generated by chemical reactions as a response to cold, chemical
thermogenesis 1is initiated by the same control signals and is therefore
extremely difficult to separate from shivering thermogenesis. Shivering
can also be initiated through the higher centers as a general sympathetic
response. Also, there is considerable variation in the shivering res-
ponses between male and female subjects. These factors have contributed
to the lack of an accepted control system model of the shivering mech-
anism,

In order to make the best use of available data without making assump-
tions which seriously limit the accura-y of the model, the approach
chosen was to derive an empirical relationship from the experimental
data. This approach was also taken by Riggs (7), but acceptable corres-
pondence to the data could not be obtained using his equations. Although
this approach seems to fulfill the requirements of the model, it should
be reviewed whenever a more complete understanding of the mechanisms of
this process is gained.

By using a combination of linear and parabolic regression schemes based
on least squares criterion, a set of equations was found to approximate
the curves of reference 6, page 649. These equations are:

XTC = TC - (.1 ((37.0 - 7¢) 1.7)2 ) / 10) (1)

RM = 22221. -61L.2 (XTC) + TS (-1933.2 + 53.66 (XTC) ) (2)

+ 782 (46.45 - 1.289 (xTC) )

QSHIV = RMS-QBASAL 2 0.0 (3)
where

QSHIV = Rate of heat produced by shivering BTU/HR

QBASAL = Basal Metabolic Rate BTU/HR

RM = Metabolic Rate CAL/SEC
RMX = Metabolic Rate BTU/HR
TC = Intercranial Temp. °c
TS = Average Ski» Temp. °%

The fitted curves are shown in Figure 1 with corresponding experimental
data.
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DESCRIPTION OF INPUT

The user must specify if the graphics output capability is required.

If graphics is required, then a list of variables to plot is solicited.
Upon completion of the list a name list input is requésted. This
request is answered as shown in the example of Appendix 2 by supplying
the following values:

Col. 2
RM Total Metabolic Rate BTU/HR
QBs Basal Metabolic Rate BTU/HR
VEFF Efficiency of useful work
AC Surface Area for Convection FT2
AR Surface Area for Radiation FT2
7 Temperature of the Cabin °p
™™ Temperature of the Walls Op
TDIWC Dew Point Temp. in Cabin °p
VCAB Cabin Free Stream Velocity FT3/8EC
VEFF Ventilation Efficiency
PCAB Atmospheric Pressure in Cabin PSIA
G Gravity Normal to Earth
cLov Clothing Thickness/Conductivity FT°HR °F/BTU
EUG Emissivity of Undergarment
CPG Specific Heat of Gas BTU/1b°F
DT Integration Step Size (.05) MIN
PRINTI Print Interval MIN
SETI Max Time/Run MIN
MCASES Number of Imposed Case

MCASES = 0 Initial Conditions (Not plotted)
MCASES > 0 Imposed Case Using Final Values for Starting Point

To complete the namelist, input a $ END is entered beginning in column 2.

DESCRIPT'ION OF QUTPUT

See Appendix for example output. The graphics output option which has
been added to the program is demonstrated in the example run shown.

It includes some conversational input to specify the variables to plot
and their ranges. There are 55 variables which can be used with the
graphics option:

1-43 Temperatures of the T Array F
(See TIR 741-MED-3011)
L TUGAV Average Temperature of Undergarment Op
45 sSQUG Sum of Sensible Heat Transfer Rate BTU/HR
L6 QEVAP Heat Transfer Rate of Evaporation from Surface BTU/HR
L7 TOTL Total Latent Heat Transfer Rate BTU/HR
L8 TDEWC Dew Point Temp. in Cabin BTU/HR
Lo WORK The Metabolic Work Performed Op
50 QSHIV Heat Produced by Shivering BTU/HR

51 STORAT The Rate of Heat Accumulation BTU/HR



G.

I.

J.

52 QSTOR Total Heat Accumulated BTU/HR
53 TCAB Temperature of the Cabin BTU
54 VPDEW Vapor Pressure at Cabin Dew Point Op
55 U Useful Work Performed BTU/HR

INTERNAL CHECKS AND EXITS

The model will proceed until a steady-state condition is met (Storat -
Oldstor/Storat) <£.01 or until maximum time is exceeded whenever
MCASES = 0. The model is then initialized with the steady-state values
and thermal transients are then simulated for MCASES >0.

INDEPENDENT SUEROUTINES

The Independent Subroutines are MANT, OHRT, VPT, CQSH, TCF, GVAR, and
the Tektronix Plot Package. The Subroutines are listed in Appendix 1.

SYSTEM SUBROUTINES

No special system routines are required.

COMPLETION DATE
June 25, 197k
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EN
s'ngtJn METABOLIC MaAN TRANSTENT MODEL . — -
COMMON/NSHIV/TAVG, TC,RMX
COMMON  TI43) ,TUGAVSQUGIQEVAP,TOTL ,TDEWC 0K sQSKIV,
& STORATIQSTOR,TCAByVPDEWIUITUGIID) 4ACE(LO)+ARE(ID)»
& PCaAR RM,QLCG,CU41) ,TSETI(4)) s TWLEUG,CLOWC G, yEFF , G
& VCAR,DTIME»WBASAL
COMMON/DIAG/QCONVIND) ,CONDIYT ) BF N0 sOMET LGOI s TESTIYT ) yWARNMTNT )
DIMENSION SAVTUG(ID) +SAVT(43)4PCA(10)PLT(55),N1(B)
EQUIVALENCE (PLTHLL) T 1))
DATA PCA/407443602,406705,,06705,41587,¢15087,.025,,02502¢,0343/
DATA(TSET(I) 0 1®1943)/9806,97,6,97:¢0,96.6,9048,98,3,95¢%,94,4,9441,
’5'1.9~o|.’Jo’.".'|’§O‘.9“.[;’3.7.’7.‘.".5.
S e P S P78 76,5950 124, 519807 98,7 9546,
’g.5|’5.‘|’5".’5|‘|’5.s'950.D’SOSQ'B.’.'s.s.
’5-9.95.5.9507.95.5.!005.95..95,/
DATA C/6,67414438,0,496,04535,20,9,34.9,9,42,2,69,1,382
13035,0,644,0,49849,1,382,3,35,0006494,004084,4,4,10,2
11058, 1 ,19244,4,10e2)1¢5891,192,0,1568,0,07238,
D+0992,0,1849,0,15868,0+0738,0,0992,0.185,0,24645,
0'07350”.lqa|0.ZQ7|U.2645|0007JG|0.143.0.247'
. Yea747
DATA WY RQ/1IHY0eB2/

® s &

FINITIoNM OF BODY SEGMENT TEMPERATURE SUBSCRIPYTS

11 = WEAD COKE Tt2) = HEAD MUSCLE TU3)r = KEAD FAT
4) = HEAD SKIN T() = TRUNK CORE Tié) = TRUNK MUSC
7) = TRUNK FAT Tt8) = TRUNK SKIN T(9) = RIGKT ARM
10) = RIGHT ARM MUSCLE T(l11l) = RIGHT ARM gAT TE12) ®= RIGHT ARM
13) = LEFT ARM CORF VO14) » LEFT ARM MyUSC E T(18) ® LEFT ARM F
14) = | EFT ARM SK | TLI7) = RIGHT LEG ¢NRg T(l8) = RIGHT LEG
19) » 21GHY LEG FAT TH20) = RIGHT LEG sKiy T(21) = LEFT LEG C
22) = | FFT LEG MUSCLE T(23) = LEFT LEG FAT Ti24) = LEFT LEG S
25) = RIGHT HAND CURE T(26) ®» RIGHT HAND MUSCLET(27) ® RIGAT HAND
28) = RIGHT HAND SKIN T(29) = LEFT HAND (ORg T(30) = LEFT WAND
31) = LEFT HAND FAT T(32) » LEFY HAND gKly T{33) = RIGHT FOOT
34) = RIGHT FOOT MUSCLF T(35) = RIGHT FOOT FAy T(34) = RIGHT FOOT
37) = LEFT FOOT CORE T138) = LEFT FOOT LUSCLE T(39) = LEFT FnOT
40) = LEFT FOOT SKIN T(41) = CENTRAL BLgOVD T(42) = AVERAGE SK
43) = AVERAGE MUSCLE

NAMELIST/INPUT/RM1QaS ) HEFFsAC AR TCAByTWsyDE CoyCAB,VEFF,PCAB
[ 11 CLOVIEUGICPGWOTyPRINTISET | MCASES
COMMNMZPLTRUF /NBUF vy ABUF LA yYBUF {18198 ) snAl ) yKSTOPPYSET ] W NN B
WRITE (6410)

FORMAT(/'0D0 YOU WANT GRAPHIC INSTEAD CF TABULAR OUTPUT? (Y/N)t)
READ (5415) KYY

FORMAT(1AL)

IF (KYYSEQeKY) KPLTm|

I (WPLToGToU) CALL GVARENT yNA NN — ——— e
IF (KPLTJEQel «ANDs NBUF4GTe0) KSTOPPm! GRIGINAL *

IF(ICONDVEQe NINKPLTaKPLT OF POOR QUAL

IF (XSTOPP4LTe1) GO TO 25

CALL PLOTX

KSTOPP=0

'NBUF-U e e - — = . : =
ARITE(6430)
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30 FORMAT(/'0DINPUT DATA uslua unwcLlsr ilNPuv'I,l

READ (54 INPUT)
QEASAL=QBS
IF(QaASAL«LT«N.01)
IF(QBRASALGT4RM)
WRITE(&INPUT)
IF (MCASES,EW«D)
&0 FORMAT
IF (MCASES.NE«N)
BN FORMAT
DTIMFanT /60
SETXaSFT/40.

nRITE

«RITE

GRASAL=29].
WBASAL®RM

L6460

(MOl 7X o LBMINITIAL CONDITIONSAA) —— E— .
(6,80)

(IHOW 17X s LBHIMPOSED CcONDITIONS/ /)

IF INKPLTWEQel e ANDeMCASESGTe UIK’LTII

SETTesETX
PRINTePRINTI /640«

CPetuat®otetofatotesctiitersenofatonnnitons®easte 00,0000 ,000%00000000000

C
C INITYIALLZATION

C

C‘.0.00'....0.400000.0ooatooo.ooo004900000.0000.'O'QQA§‘0000000.00000000

PHNO»=PRINT
Ir(MCASESeGT
IF (1CONDEQs |
FORMAT( ' NOT
KPLT=0
[ConpeO
KOUNTs=(
QLCG=D,
SWUG=(Q,
QEVAP=(
TOTL=(Q.
QSHIvV=N.
ASTOR=(N+
STORAT=O,
DO 100 Im],42
106 T )=mTSET(])
TUGAVETI(42)
-0 20 lml,lo0 -
JRy4e|
120 TUGL[)aT(J)

«0)GU TO 140
s AND
654

MCASES«EQ.D)
INITIALI7ED AT STEADY STATE®)

WRITE(&,654)

C'.OO..'.0..0000....00000.-o.iot-0...O.o.....l..CC..QQO.QOQOOOQQOOOOQOQQ

140 DO 60 lmlalU
JE4e|
ACE(]l)mPCAll)leAC
ARE(])=mPCAll)eAR
16C CONTINUE
STIMEmSTIME*TIME
TIME®Q,
UBUEFF /100 (RM=URASAL)
WORKmRM=QBASAL=U _
VPDEwsyPT(TDEWC)
CLO=,BB8eCLOV
1AC CONMTINUE
200 FORMAT(I25H] TIME
10 EVAP G LATENT
2 . s/ 125H MIN
ABRTU/HR BTU/HR STORAGE

HEAT

ORfGIN.la. PACE .
OF POOR QUAu.
TEMP Ay TEWP TEMP Q
SHIVER TYOT,L CABIN DEW
-~ -HEAD -~ SkIN, UNDER= -  SEnSIBLE
RATE HEAT TEMP POINT
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n / 125H CORE F GARMENT BTU/HR
o HATE BT /MR STOphGy F . F -
A /  9EM F F

7 BTUZVR ByU/ /)

LC=7
CPenee®00,,0p® 0000000000 etat ot vantenstgat®egtigtgenesen®edagerepptee

WRITE(44789)

78y FUNMATOIN s 3X*THINS* 11X, *HEADCORE AVG:KIN  TUGAV — SLODOD QE
CVAP  INSENS STORAT @SHIv  GSTOR  tCAB  TDEWCY)
¢ MAIN LOOP FON SHIRTSLEFVFE CASF

(0..000000.000000‘0000000o.ooooooo.o.o...o.oo’o.00.0000.0000000000000000
220 PTIM aTIME®SD.
IF (LC.GT«58) GO TO 18N
LCuLrCe)
IF(MCASFESEQsD)IGO To 547
NBUF s UF +|
.
IF (NBUF.GT+181) NHUF®)8) PAGE \S

XBUF (NRUF )=PTIM owm\- m
00 230 e 4NN of POOR Q

NltmnI(])
23 YBUF(INBUF,1)®PLT(4]I])
IF (KkPLT4GT+0D) CALL PLOTX
IF (rPLT4GTeQ0) GO T 240
567 CONTINUE
C WRITE(692)TAVGWRMY yTC,QSHIY
2 FORMATOIM 15 Ay 'SKINTO®Y yF ) | (SyG5x *MFT RATEG spt e -
E5X V[ =C TEMP®Y 3 F 11l .5,5%X,"QSH]IVa?,F11,5)
C VOBB7 ILwl+33,48
(-1} leTE(h-OBBlIQ(ONVIlL-I’lLLI.lLL-|.!l
BAE FORMAT( BF9+2)
WRITE(62240)PTIMaTO]) ,T42) 3 TUGAV,T(41)sQprVARsTOTL ySTORAT,
6 WSHIVIQASTORYTCABYyTDEWE
240 FORMATIFBel s9X311F%:2)
2610 OLDSTR = STORAT

c-.-n---.------.-.-----.---------n-..---.------

C

CALL SHRT
C
C-----------.----------------.------------------_
TiME=TIME+DTINE
IF (ABRS(STORAT)«GTe2¢) GO TO 280D
IF (AaS((OLOSTR=STORAT)/STORAT)eLT4e001) 50 v0 300
28U IF (TIMELGFE*SETT) GO TOo 3nn
IFA{MCASES+EQei)) GO TO-260
IF (PRNOWeGTTIME) GO TO 260
PRNOY=PRNOW*PRINT
GO 10 220
IoN PTIMsTIME*60,
PRNON=TIME+DT | ME
— HFAMCASES+EQ.0)1GO TH S48 ———— e - -— - -
NBUFeNRUF + |
IF (NMBUF 4GT+ 181 ) NBUF® 8}
XBUF (NRUF )=PT M
DO 310 le) NN
NIiTen](l)
- YBUFINBU Ry S PLE T ——— — — - ————
IF (KPLT«GTe0) CALL PLOTX
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IF (xPLT4GTe0) G~ TO );S
566 CONTIMUE -
WRITE (6,240)1P1 M, tlnl.!lﬂzi.'ucavotlnll.Qtv.r.rotL.sfonnroasnlv-
eUSTOR,TCAB,TLENC

31 KOUNTeKOUNT*]

IF (JCONDsEQol s ANDSKOQUMNT JLE«MCASES) Gn TO 38,
C SAVE INITIAL CONDITION RESULTS ToO START InPOs!D CONDITION CASES

32000 340 l=}.42 ——
SAVT(L)=TI(])

34l CONTINUE
D0 340 Im],10
SAVTUG(I)=TUGL )

361 CONTINUVE
KTuGAveTUGAY ;
XSQUGeSQUG
XCEVAP=QEVAP
XTOTL=TOTL
KSTRATeSTORAT
XUSHIVEQSHIV
XNSTOReQSTOR
ICONDE= |
60 TN 20

(allal

RESTARE INITIAL CANALITION RES| TS FOR NEXy CaSE

Jan DO 4np Im) 423 : i I
Tlr)eSAVTLD)
400 CONTINUE
DO 420 Iwi,yl0
TUG( )=SAVTUG(T)
4200 CONTINUE
TUGAVeXTUGAV
SWUG=XSQUG
QEVAP=XREVAP
TOTL=exTOTL
STORATEXSTRAT
QSHIv=XQSHIV
QSTOR=XQSTOR
G0 10 20
END
SUBROUTINE SHRT
COMMNN  T(43)4aTUGAV,SQUGIGEVAP s TOTL s TDEWC ,WOLK+qSHIV,
& STORATnQSTOR.TCA&-VPDEW.U-TUG(IOI|ACE!ID;0AREGIDl|
& RCAB.RH.“LCG.CIHI).TS[rlﬂll+73+€UG¢CLOonﬁcvlfFoG' _—
& VCAR ,DTIMF+GBASAL
COMMON/SHRTMN/EMAX(10) sQRSEN] yQRSEN2,QRSENIsgRSENS s QRSENG,
. GSEN(10) yQRADLLIN)
DIMENSION HILD)
DATA H/¢03314026,2°,036,2°,032,20,04,20:036/
THRmTA+Y460, - i I .
SGUGA=0.D
SQUGW=(0.0
SWUW=n+0
TAVSKN®(Da4460T(B)*n,0826°T(12)*%0408260T116),0,194507(20)40.19450¢
ETI24)) /749902

._CO.!&DCQOAQlJQQQQOin.-lnlAJJOnla;n;ala&;l;n;la.“;‘;n.lnn;“to“"_ ——

C
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€ CALCULATION CF J=RADIATED(GRAD) #ND G=SENSIBLE(QSEN)
c
(0 0er e 00t 000®0csergettesntocet®gtotenategtl ssttanseteta,
CO &n 1%]1,10
J¥4e |
TUGReTUG([)1*440
MCmH ([ )PACEL] ) oSuRT(PCrBeyCAB)
IFIG.LFeD«0)GO0 TO 10
HCI®NenNbeACE( IO (PCARee2eGoABRSITUGII)=TCAR))ae .25
IFIMHC] 46T eHCIHCEmHC )
10 HHKED 171 3E=BoARE( ] ) o UG* (TUGR®e3+TUGRO®e 2o TWR4TUGReTWR®® 2+
§TrVRes})
IF(loLTo2¢0R41eGTeb)G0 TO 20
IFI(CLOLLTesOeO))IGU TO 2N
TUG(T )@ (HROTU*HCOTCAKSACE(T)/CLOOT(J))/(HReHC*+ACE(T)/CLO)
GO Ton 40
20 TUGIL])=T(J)
40 QUGWEHRO(TUGI][)=Tn)
QUGAmHCO® (TUGIT)=TCARK)
SUUGWESQUGH+LUGWH
SQUGA®SQUGA*LUGA
QSEN(1)*"QUGA
QRAD( ] imQuUGH
40 CONTINUT
Coecespn®anen . 400000 a0ssse®esaticntasntone®e 00 sp00stns®etane
C
C (ALCULATION OF RESPITURY SENSIBLE
C
(00t eeteenee®ere®enstnestegis®enetncstonatent®eettosototonctoss
ARSEN w0 ,600.N418ePCARCI Uy, 0/ (4B, 30 (TCAB+y59 ,49))0RMeCPGe((srpbeT
1) *n.nReeT(2)40,0207eT(3)*0N,238eT(5)+Ne2,415eT(6))=TCAB)
QRSENZ ® Pl 72 & GRSEM)
ARSEN3 = Q,U574 e QRSENI
QRSENS ® (4523 * (RSEN]
AKSENG = 0,478 ® WRSEN)
ARSEN|®wD,7710GRSENI

SQUG = SQUGA + SQUGW + SQa + NRSENL + QRSgNS +« QRSEN2 + QRSENY +
QRSENS
TUGAV=Ne33170TUGI2) «0e 040 (TUA(I)*TUGIY))4De23015°(TUGIS)«TUGIA))
CP00r0 000000 a0 000000 0100000000000 9 00000ttt gaetetirggtttgeccrperne
C
C CALCULATE MAAIMUM EVAPARATION RATE
C
C0...0.......0....0..O.....n..o..’...'....00000..0.0..0000000!00300..0'0
DO 60 I=1,10
JER4e]
VPTUGeVPTITUG(]))
HE=Q, 1260 ACEL L) (TCap*hbOeloe ]| O4ovEFF/I0De®sARTIVCAR®PCAR)
IFI(G,LF*0eD)GO TO &5
HE|®=] «320ACE( )@ (TCAB*4460¢)/PCARe(PCAROGe (ABg(,0050pCABOTUG(]) =
eTCAR)+ 1 o020 (VPTITUG(I))=VPDEW)))ee 25
IFI(HFL *GTe HE) HE®mHEL
65 IF(T oLTe 2 «ORe | «G", &) GO TO 70
IF{CLO *LTs «01) @0-TO 70 . S _—
HECL®22¢360ACE(T)®(T(J)I*46Ns)ee0, B1/(CLO®PCAR)
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EMAX (] )®HEOHECL/ (HE*HECL)@(VPT(T(J))=VPDEW)
60 vo 76
70 EMAX(])®HE®(VPTI(T(J))=VPDEW)
78 IFIEMAXET) oLTe De0) EMAAL[)®R,0
80 CONTINUE

C""""-'""‘"'"'""‘""“"""""'."--'.'"‘-"'-“""'---;-'

C

CALL MANT - - - — — e
C
c..----.------.--O..-.---..---.-----.----‘-----------------------------.

QSTOR=O ORMINAL PaseE |8

00 100 [=l4) OF POOR QUALITY

QSTORSNSTOR+C(IVe (T(1)=TSET(I))
106 CONTINUVE — ~ . ap——-
STORAT®RM=(SQUGA+SQUGW+SGW+TOTL*QRSENI*QRSEN,+QRSENI+QRSENG*
1 QRSENB)=~U+QSHIV
SCABC = QRSEN] * QRSENS + QRSEN2 + QRSEN]I ¢ QRSENG + S5QUGA
SCAB|=sSQUGA*5QUGW
RETURN
END
SUBRAUTINE MANT
COMMON TIH42) 4 TUGAV,5SaUG+QEVARTOTL TDEWC WORK1QSHIV
& STORATIGSTOURYTCABYVPDEWIUSTUG(10) yACE(LID) vARE(LDT)
& FCAR,RM,QLCG,CI41) ,TSET(43) s TWIEUG,CLOYCPG,vEFF G,
& VCARNTIME WBASAL
GuﬂHﬂH/SﬂRTHNIENAXIIOJoQRSCNL:QRSENZOGRSENJfﬁ#S‘NSQGﬁS‘NG'~f

® GSEN(10D) ,QRADC(]10)
c0unou/DlAG/ucunvtqun.qunotanl.artﬂni.QMthuOI.TEST¢~lI.wAnntqll-
. COLD(Y ) yuwDIFLI0),QLAT(LIN)

DIMENSION SWIFAC(L1(0), FACTORI4N)

DIMENSTION BFBI40) yQB(40) yNORKM(10) yCHILM(1C) SKINVIIO)»SKINCLI0)
. SKliS(10) - S S . = s )
DATA SWTFAC/U"'-0.05.0.05.11.0‘1.0.00.0.01.0.01,0.01.0.01,00.;/
DATA CSWySSHIPSHICDILySOILWPOILICCONISCONPCANIJCCHILSCHILYWPCHIL

. 7705,096349,0.0,143439,2,0,0,2,78,2¢7840,040,040,0425,7/
DATA BFB/105:6404594,0,26443,7,510,0,14+08¢5,06:14+62,0,759+1,364,
. 04352,0,55,00759,14364,04352,0¢5512,32+4¢07,0488,3,1235,
- 2,324,407 40488 434135,0011+0,055,0+085+242¢0,141,0.+086,
o 0,055,2,2,0,165,0,033,n,0R88,3,3,n.16540,033,0,088+3,3/

DATA gnf.NU'i..0039..0018..0009..5622..091“o.OJSSooOO‘H..OO‘W.
,0089,,0023,,7n074,,0049,,0089,,0023,,0008,,0160,,0265,
,0057,,0019,,n160,,0265,,0057,,0019,,0006,40002,,0004,
.0003..0006..DﬁOZ..OUﬂH..0003..0010|.0002|.00050-0004|

- .001&..DOU2¢.OQDSHQOMU—. S —— - S e

DATA QGRKH/U-U|U.3'n.04|0o04.n.J.U.3QO.UUSIU.UDS.0.005l0.005/

DATA CHILM/Q.UZJ|U.94310.00165.0.00165.0.n095.0000’5,00001150
. 0eNO1159U,00115,0201157/

DATA SKINVIU.132.0.322.0.0‘075.0-0‘175.0.11500.115-3.06110.061|
. 00540005/
_ DATA SKINC/Z0405,0015:0,02540,025,0,025404925,0417640,17540e475, ——
. 06175/
DATA SKINS/04081,0e482,290,077,290,1095+200¢0165,2°0,0176/
DATA F‘CToR/B.B‘:?.12-32|22.6U|0.0|3.09|on’CDZBUOSIDOQi:°1303-32|
E) 22.8Ul000|3l18.3.32Q22'8000'0.5l75g18070.33'500000!
L] 5.75.la-7ﬂ'33.50gﬂ.0,‘|.50,8032l9.q||0'D.‘1050t8|32.
= _. “ = 9-"1141.1.'.145.5!!.13*-3#-;1L,flhO-‘a,iéﬂ..JJ;thlI-QJa-DvBJ e
C..o|o¢-¢¢...DQQQOQQOODGQOQUoloooo.t.o.oo..to......-oono¢no‘.tool.c..ool



THANSTENT THERMAL MOLEL 1k

S SHYEAT ySHIVER ,CONSTRICTIONIDILATION CALCULATIQONS
C
000 ne e 0000000000000 00000000eretetenn®etoeeteet®l 0eonenen®eloaoteigaon®
DO gn |=],40
TEST([)®T(])=TSET(])
WARM(])®=De0
COLDII)I®D+0
IF (TESTI(I)) 20,404,640

21 COLD(])®=TEST(]) ORI,
INAY,
N 60 TH 80
60 WARM(])®TEST() oI'."OO'Q Q’I?GE 1y
80 CONTINUE ALy

TAVSKmT(42)
WARMS=0e0B827*nARMI4)*n Sa7ewARMIR)I*n ,N4lleWs M{12)e0 041 JeWARMI16)

. *0eN9I®HARMI20)+0,09300ARM(24)%0011075e*ARM(28)*0+011075¢
. WARM(32)1+0,0]1995eWARM(34)*001995*WARM(4D)
COLDS=Ns0B279COLDI4)*+N,587eCOLD(B)+0,041]1eCOLD(12)+0,0410COLDI(16)
. *D.0%3°CoLD(2ZN)en , 0930CcOLNt241°0.n11n7SeCOLDt28)*0+DTITI075?®
. COLD(32)1+0,01795eCOLDI3IAI*DeN]1995eCoLD(40)
WARMMED o4 [ TO*AARMIAG)*0eNTSeWARM(10)+0, 095 WARMI1Y4)*0, | P4SeyARM(][B)*
. Del965¢AARM(22)
COLOMEOed | 70COLO(E)*0eNTSeCOLNIIN)*0,0950c0L {14)%0,1%650CcOLD(18)+
. Del765°COLOI(22)

SHEAT=CSHONARM (| 1 +SSuewARMS*PeEyeRARMNE ) oWy RMg - -

DILATaCDILO®AMARM( 1) +*SDIL®NARMS+*PDILONARM( | )O®WARMS

STRIC=CCON®COLN(] ) +SCONTCOLDS*PCONOCOLDI(L)I®COLDS

CALL CASHITUL) yQaSHIV,TAVSK yQBASAL)
CPen 1900000 nt®e?00000000 000000000000 00000900000,00,0000g000%0000000080808¢
C
C CALCULATIAON OF RESPIRATORY LATENT
C
C00et0et00ere®etetienteceterneteseeeeatent®enste®®ornt®e®ens®edensttonsnses

QLAT = ,500,04180PCAHSI4Y,/ (4R3O (TCAB*459,69))eRMe(YPTI(N,385¢e

eT(1)ap,0860TI2)*0e0287eT(3)+0423807(5)20,261807(6))uGeBOypDEW)

eel((17.n0®104040)7(32s3ePCAB))

RLAT2=Ne | T2*GLAT L - —

QLAT 1= ,0574*0LAT]

QLATS®Neq76%GLAT]

QLATA=e5230QLAT ]

QLATI=0e771*QGLAT]

QREQLATI+QLAT2+QLATI+*QLATS+QLATS

2000008000900 9800080000088 0000000000000t 0 qeetevetetpgetooogeee —

C
C SxIN DIFFUSION
C
Cooooo.o;o.a.'o'-o.oooooooco.noo.occ.000000000Q.OO.OQOCOOQQOOOQQOOOQQooo
00 100 I=ml,ylo0
QOIF{1)Bmbebbo (VPTITUGI) ) =vPDEWIeACELT) - : s
1INy CONTINUE
120 CONTINUE
c.........'.".‘....“.Q...........l..'....I‘.......................'..'
C

C QULATENT(QLAT) CALCULATIQNS
c . - ks L

c...‘...l.l."‘.l..........".i......-.O..lIi...C..ll.'......‘..........



TRANSIENT THERMAL MODEL 15

DO 140 1m0
JE4e - - —- — —
QLAT(1)®QDIF (1) *SKINS(])eSWHEATe2,00((TI(J)TSETIJIII/4,)
IF (QLATI(1)*GTEMAX(I)) GO TO }H40
GO 10 160

140 QLAT()®EMAXL])

16) CONTINUE \
Q0= 0 ————— —_—————— e ———— ———
TOTL=GR
DO 180 I=],10
QD=Qn+QDIF (1)

187 TOTLeToTL*QLATI(])
QEVAPaTOTL=-GR=QD

(0883000080200 008008080 0230408000280 04802883000000088,08,00000000000000%00000%00

€ BLOUD FLOW CALCULATINNS
Cta0 20000 enetata®eee®e® e ana®anintscatonatasafPant®ynatntansfiotaonttasstan
DO 200 I=],1l0
NE{el=)
BF (N)sBFR(N)
- QMET(w)ImgB(N)eQBASAL - : - N -
QHET(NOI}.QS(NOIl‘QBASALthOQKP(])owaqr¢cH|LM|])oqsulv
BF (Ne | )mBFBINS ] )+QMETI(N®]| ) =QB(N+]|)eQ@BASAL
QMET(N+2)=QB(N+2)*QRASAL
~AF (N+2T"BFB (e 2)
r‘_nﬁ{T (INGTTOOBUNSI ) QA T
r—aﬁ4ﬂ*37‘1lFBlN031'Slldvl|)oangT}Jq|,0¢5&TN¢1|;15¥Q+Q4 s e
200 CONTINUE
TSBFapF(4)+BF (B)4aF (12)*BF (16)+BF120)+BF (24)4BF(28)+BF(32)+pF(236)
s +BF (40)

c-.----------.------..n'------------.---------ﬂ---.---------.--.--------

C CHECK FNR NEGATIVE BLOOD FLO%
c.-tQ!D----.-!-Q-‘---COII----'----.‘--------n--.l-------'.--.----------.
DO 220 I=],40
22) IF(BF(1)4LTe0«NIBF(])=NeQ
c.-n--------.--n------------.-----.-.----.—------‘.---.--------.---..-.-
C QCONVI(1)eZONVECTION FROM BLOOD TO FACH NOpE
C QCOND(1)=CONDUCTION BETWEEN ADJACENT NODES
C.--.—------ﬁ-----.---------a----;---an-“---n--w---------n-- -—— - -
DO 240 Im] 40
QCONVIT)I=BF (I )e(TI4]1)=T(]))
QCONN(I)mFACTOR(I)IO(T([)=T(I+]1))
247 CONTINUE
CPe00 0000000000 eatovatet o0t 0en®0et0p0®e, ,00,00%00000%0% 00000000
C TEMPERATURE CALCULATIONS - = o - -
CRee00 000000030000 0000000300%0000000000000e900p00,0000%000%00 0000000000
c.------.-.---.-----------.---------.------------—---.-----.w----.------
C CALCULATE TEMP OF HEAD COREsT(1)y AND TRUNK CcORE,T(5),
c.-------ﬂnﬂ-.------.-.-'-'--.-----‘-----l------..---.-.--’-..------.---
TOI)=T(1)+DTIME/CLI)@(QMET (1) =QLATI+QCANV(1)aQCONDI(])=QRSEN])
T(S)eT(S)+DTIME/C!{S) e (QMET(5)mQLATS*+QCONY(5) . QCONDIE)=QRSENS)
c----.--u-------------t--------.--.------------.--.-.-------.—-.-----g--
C CALCULATE TEMPERATURES OF REMAINING CORES ==ARM(9+13), EG(17+2)]),
c HAND(25+29) 3 AND FOOT(33+37)
(-------------.----.----."------.n'-p-----..-----.-.-------..----------¢
DO 240 1m9,37,4
T(1)eT(1)+DTIME/C(I)@(QMETI1)+QCONVI])=QCoND¢IYY -
257 CONTINUE



TRANSIENT THERMAL MODEL 16

c-.-----------.-------.----..---.---..p--—---..---_.-n-.-‘-----------.---

C CALCULATE THE TEMPERATURES OF THE MUSCLE ="HEADT2) i TRUNKTS ) iARNTTOY
C 149)yLEG(1B8+22) yHAND(26+30) ,FOOT(34+38)
c-.-----..--_....---------------..-------.-------..--..,.-....------.--.
T(2)@7(2)+DTIME/C(2)@(QCOND(1)+QMET(2)=ALAT24QCONVI2)=QCONDI(2)=
. QRSEN2)
Tlel-Ytbl+DTINE/Clal-GQCON0151oﬂntt(bl-aL.Ttoocouvlsn-oconbian-
e QRSENG) e —
DO 280 I=|0,38,4
Tlr)mT el )*pTIME/ClT)otNCOND(T=1)eQMETIT I egCONVIT)aqQCcONDET )Y

28N CONTINUE
[ L P N L Ll e D e R T L e Ll L Ty ==
C cALcuLATE TEMPERATURES OF THE FAT LAYER --HEAD(JI.TRUN({?'.;nng];.lsj
C LEGEIP+23 )y HANDt27+31) ,FODTLIS*Y?) — — bt 3. Bl
c..--------_--.----------o--—-------_-------------‘---—-—------..—------

T(3)mT(3)enNTIME/CI3)@(QCONDI2)+QMET(3)=QLATI+QCONVEI)=QCONDII)~
. JRSEN))

NO 3np 1=7,39,4
T‘l)-Ttl'*DTlﬂflctllotoconni|-1ioeu£rttroqcowvcl:-qcouot:::

Jgn CONTINUE : R
[ o e e e L L L T L L L T L L L Ty
C CALCULATE TEMPERATURES OF THE SKI* «=HEAD(Y4) ,TRUMK(B)sARMI12+18),

C LEG(2U+24) yHAND(28+32) ,FOOT(36+40)
et LR P S L et e b e L e L L T L T L L L T L D
DO 320 I=4,40,44
o174 =t — =
T‘l)cftllﬁoTlHE/Cll)-(nCO"DIl-lioonﬁrl|)-qLAT(J)¢qc°Nv(|,
. «QSEN{J)I=QRAD(J)=NLCG)
320 CONTINUE

c---------.---------—-—-----..------.----------------------------nﬂ...--

C CALCULATE TEMP OF CENTRAL BLOOD ==(41)

[ el L L ettt et e Ll Ll L L L S T T et T L T T
SWCcony = 0,0
DO 340 Im],40
SACONVaSQCONV=QCONVI(])

34n CONTINUE

T(41)aT(41)+DTIME/C(4]1)eSQCONY

[ e e e il bttt bbbttt ittt bttt T e

C CALCULATE AVERAGE SKIMN TEMPERATURE(42) BASED ON PERCENTAGE OF

C TOTAL SKIN AREA FOR EACH SKIN NONDE e THAT NOpES TEMPERATURE

L L Lt T T L T L P .
TI42)mNe070T(4)*0e3602¢T(B)+0+06705¢T(12)+0e067050T(16)+0e15870
. leoi~a.1587-rlzﬂi¢a 02507(zsl«o.uzstrc32!00.0343-7(36|o
. e D0343eT(40) - - N
T(43)mne02325°T(2)40,5490T(6)+04052707(10)*%0,0527¢T(14)%0,1592¢
. TE18)40.,1592e7(22)+040N115°T7(26)%0,00115°T7{30)*0e0N115¢
. T(34)+0.,0Ul15eT(38)
TEFenen
DO 360 Iw],40

460 FEFaTpF+pFtld - ——— — S ——— - S

PULSE=G5¢926*TBF /60,0
RETURN
END
SUBROUTINE CQSHITICQSHIVITAYSKIQBASAL)
COMMON/NSHIV/TAVG, TCyRMX

- — CAEL-TCFHTCYHIEy O —— — — o — —— pp— o
CALL TCF(TAVG,TAVSK,0)



TPANSIENT THERMAL MODFL

TCoTCa(eo]l=(((3740=TC)e)es7)0e2,.,)/10,)
RNESP2224e=biM4,20 T )oTAVGO(=}9D3 02253 3bbgdFc ) — —r —
L*TAVGee20(H4b6e45=| 289 (TC))
C CONVERTS METABOLIC RATE FROM CAL/SEC TO ARTU MR

RMXERMX®3eb%3:97

QSHIVsRMX=QBASAL

IF (QSHIVeLE«US0)WSHIVaD,D

RETUS K ; i it P = - R
END

SUBROUTINE TCF (TCaTFy1FL)

IF(IFLWNE«DIGO TO 65

TCRm(TF=d2.)%54/9,

RLTURN ORIGINAL PAGE |-

65 TFmTcese/B,+32 = -~~~ OF POOR QUALITY - ST
RETURN
END

FUNCTION VPTI(T)
C FUNCTION T0o CALCULATE VAPOR PRESSURE AT TEMp=T
K=647.27=(T*460e) /) 8
TEMPES 8}, 8/(T+460s) (3 2445 ,RbBFE=30)+|o}70E_Boxeel) —— e
& /(] ,+2¢]|BBE=301X)
VFTe3207,/10s0eTEMP
RETURN
END
SUBRNUTINE GVARINI sNAZNN)
" DIMENSION NIIB) NALA) KALBS) O — e ———— A ——
DATA (KA(I)»I=1,5)/" TO1) T(2) 7T(3) T(4) T(8)'y/
DATA (KA(I)ol®mgalD)/* Tige) T(7) TiB) T(9y TULI0)Yy,
DATA (KACI)ol®=10slS)/7 TOLIL) TC12) TU13) Tllg) TULIS)V/
DATA (KALL)s1=16,20)7" TL1e) TCL17) TLI8) Fll9) TL20) 0/
DATA (KA(D)»1=21,25)/" T(21) T(22) T(23) 1024) T(25)*/
DATA (KALL)o1B26430)/° TL26) T(27)- T(28) T(29) T(30)rL , E==
DATA (KA(]),1=3]1,35)/% T(31) T(32) T(33) 1(34) TLIS)/
DATA (KALI) 1%36,40)/" T(36) T437) T(38) ¢(39) T(40)*/
DATA (KAUI)1®H4],45)/" T(H4]) T(H42) T(43) TUGAV SQUG*/
DATA (kA(1)ol=346450)/" QEVAP TOTL TDEWC WORK QSHIye/
DATA (KA(I1)4135]1,55)/'¢TORAT GSTOR TCAB yPLEW ue/
- WRITF(6910)- - — —— - -
10 FORMATI(/'0PLEASE ENTER ITEMS To BE PLOTTEp By INDEX NDe (12)7)
DU 30 1®m],8
GU TN 15
12 WRITE(601Y)
1 FORMAT(' ®eees READ ERROK')
15 READ (5420sERR=13) Ny L) . e ——
200 FORMATI(I12)
IF (NJ(I)eLTel) GO TO 40
IF (NJ(I)eGTeS5) GO TO 13
MENI(])
NA(l)mKA(N)
— e - MRITE A28 ) _NELL) AL e ———————e = =
2% FORMAT (' eeeeer,[3,2X,A6)
3 CONTINUE — PR
40 NNm]a]
RETURN
END

END ONSITE pPRINTOUT CN JUNE 26, 1974 AT 15:580!1ln
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