COMPUTER SIMULATION AND INTERFACE OF HUMAN THERMORE{:ULATORY
AND CIRCULATORY SYSTEMS WITH EXERCISE FORCING

by

WILLIAM HENRY EEARN

B. 8., Carnegic-Mellon University, 1973

A MASTER'S RLPORT

subrvitted din partial fulfillment cf the

requirements for the Jegree

MASTER OF SCIENCE

Department of Electrical Ingineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1977

Approved by:




Do et et

L
20,7
£y
; Ry
iy TABLE OF COHNTENTS
&7 141,‘9
e
JEDICATION _ Page
L.  INTRODUCTTION -cvrmewm s o s o s s e e oo e e e e e e e e e 1
2. LITERATURE SEARCH e im o oo —mmmmmmee 3
2.1 Sodtim Tar LEEE e s o e o 3
2.7 'Potaoscium Lon LpGE e a5 7
3. SALT LOSS FORMULATIONS —mmmmmmmmemmm oo oo oo 8
Yo IMPLEMENTATTION s oo o e o o e e e 10
4,1 Guyton's Circulatory System Model =m———m———wcmecmme .. 10
4.2 KSU-Stolwijk Thermoregulatory System Model —--——-——w-- 14
4.3 Computational Interface —=——=——-- et i 16
4.3.1 Drinking Interface =—————r—m—mrmme— e ——— 16
4.,3.2 Q10 Metabolic Effect —==mm—smsmmmcm e 18
4.3.3 Sweating Interface —=———r=——m———r—r——— e 19
5. RESULTS AND DISCUSSTON =mmmm—mmmm oo e e 22
dxl Bagal DERdLICIONE ——r—r— oo o s i 22
5.2 Heat and Exercise Forcing —=——mm—mmoomammm i s o 23
5.3 Variable Changes for Implementation ~———we——mmomm—— e 25
5.4 Discussion —=wmemm sm———————— s e e 26
5.5 Areas for Further Uindy -—-—--r——m——rm—mmm e e 20
). SPECIAL CONSIDERATIONS FOI' USERS —-—mmmm e e e 3
7o CONCLUSTONS =i e ot i e i it o e i i ek i e e 33
3. REFERENCES s o e i o e ot e e e e 34
WPPENDICES

.

e

Sample Results Output
Stolwijk Model Variable Listing
Guyten Model Variable Listing

Program Listing and Input Datasets

ii



DEDICATTON

This report is dedicated to my wife, Janice, for her support during

the long hours.

iii



1. INTRODUCTION

The goal of this study was the design and implementation of a sweationg
interface between the KSU-Stolwijk Thermoregulatory Svstem Model (1,2) and the
Guyton Circulatory System Medel (3,4). Implementation of this interface re-—
sulted in a more flexible research vehicle which is capable of simulating
response to a variety of envirommental conditions.

Guyton's longy term circulation program does not account for electrolyte
and body fluid changes due to thermoregulatory activity. An interface is
proposed to simulate this activity. Such an interface is necessary since
evaporation is a major thermoregulatory mechanism. Heat stress can be
caused by any combination of metabolic heat production, environmental temper-
ature, and humidity. Regardless of thermal conditions, the average human
loses 350milliliters of water per day through skin diffusion and another 350
milliliters por day by eveporation through the lungs,

At 68°F, only 100 milliliters of water per day is lost as sweat (5).

The sodium conteni{ of this excreted water is very low d.e to active reabsorp-
vion of sodium dions by the sweat durts. Potassium concentration in the

sweat reaches 1.2 times the plasma concentration but total potassium loss is
lvy due to the low sweat rate.

Under high heaf stress, reabsorption in the sweat ducts becomes less
effective and large quantities of body salts are excreted. The salt and
water losses during profuse sweating are important factors in the body fluid
balance. Sweat is hypotonic; therefore, plasma salt concentrations increase
at high sweat rates. Drinking water replaces the lost fluid but supplemental
intake of salts, such as tablets or food, is necessary under tropical con-

ditions in order to replace lost electrolytes and maintain tonicity. Maximal



sweat rates of 1.5 liters per hour in unacclimatized subjects which increase
to 3.5 liters per hour after acclimatization are possible (5). Sweating can
require a significant fraction of the body fluid under prolonged heat
forcing. These fluid and electrolyte losses must be included in the loug
term circulatory model. 1In the original model (3), only excretion due to
renal function was considered. Maximal sweating in acclimatized subjects
can amount to ten times the maximum renal output.

This project was undertaken to improve the original Guyton Circulatory
System Model (3) by providing significant thermal sweating data to the
model. The interface is designed to force thermal response in the Circula-

tory System Simulation thereby increasing the scope of the model.



2. LITERATURE SEARCH

Implementation of a sweating interface between the circulatory and
thermoregulatory models required information on the chemical composition of
the sweat solution excreted during the thermoregulatory process. Loss of
sodium and potassium ions during sweating is wel! documented in the litera-~
ture (7,8,9). The concentration of chloride ici:-» in sweat has been a subject
of much research interest (6,10,12). Indeed, most of the water soluble
substances found in the plasma are excreted in sweat, some in greater and
some in lesser concentrations than they appear in the plasma (13). Sodium
and potassium are the only significant sweat solutes in the Guyton Circulatory
System Model; therefore, discussion of previous research efforts is limited to
these electrolytes.

2.1 Sodium Ion Loss

The most concentrated solute in sweat is sodium chloride (13)}. Sodium
ion clearance increases with increasing sweat rate. Normal sodium concentration
in sweat is much lower than the plasma concentration due to the filtratiom
action of the eccrine sweat glands. Plasma concentrations of sodium ion in-
crease during sweating since maximum ion concentration in the secreted fluid
is limited to that of the plasma concentration (5).

Guyton (5) indicates by an example that exercise and extreme sweating
will result in a body sodium concentration considerably below normal. He
further states that the rate of aldosterone secretion increases under these
conditions and that the appetite for salt increases because of extreme
sweating. A drop in the extracellular sodium concentration is not an ex-
pected result of sweating since the solution secreted by the eccrine sweat
gland is lower in sodium ion concentration than the plasma. During profuse

sweating the hypotonic exeretory fluid will effectively increase the ratio
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of total sodium ion to total body water.

Cage and Dobson (14) developed an idealized relationship between the
sweat rate and the raté of sodium ion clearance, as shown in Figure 1. The
postulated relation is curve ACD. The line AB represents the sodium clear-
ance rate with no active transport mechanism. The curve has an initial non-
linear portion AC and then becomes linear on CD. The initial nonlinearity
corresponds to the breakdown of the active transport mechanism that filters
secretions from the eccrine sweat gland. This mechanism conserves sodium
ions by actively transporting them out of the sweat solution before the
solution leaves the duct at the skin surface. Sodium reabsorption reaches a
maximum at peint C. Any increase in the sweat rate after this point causes
the solute to pass unaltered through the duct; therefore the curve becomes
linear and parallel to the line AD. According tc Cage and Dobson (14) the
sodium reabsorption mechanism is rate limited. A maximum rate of sodium
reabsorption in milliequivalents per square meter of surface area is reached
at point C and reabsorption continues at this same rate for all sweat rates
greater than point G.

Elizondo, Banerjee and Bullard (9) found a direct relationship between
the sodium concentration of sweat and the swest rate. This finding is also
in accord with a breakdown of the sodium ion transport mechanism. The scdium
concentration of sweat increases with increasiag sweat rate due to the high
flow rate of the excretory fluid. The low exposure time of the solution
within the ducts cripples the transport mechanism. Under this regime a
high sweat rate can be readily associated with a sodium concentration at
essentially the plasma level.

The sodium control model of Cage and Dobson differs from the model of
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Figure 1. RELATIONSHIP OF RATE OF SODIUM EXCRETION TO SWEAT RATE



Elizondo et al. in that Cage's model assumes a linear relationship betweeﬁ
sodium clearance rate and sweat rate whereas Elizondo assumes a linear
relationship between sodium concentration and sweat rate. In both cases
the sodium ion clearance rate (Naloss) can be expressed in terms of the

sweat rate (SR) as
Naloss (meg/min)= Y + Naconc (meq/1l) * SR (1/min) (2-1)

where Naconc is the sodium ion concentration in the excretory f£iuid and
Y is the y-intercept of the linear relatiomnship. Elizondo states that

sodium conceatration is a funetion of the sweat rate

Naconc (meq/1l)= Y. + A % SR (1/min) (2-2)

1

Here A is the slope of the relationship and Y, is the y-intexcept. The

1
sodium ion clearsznce rate as a function of the sweat rate alone is ex~

pressed as

Naloss {meq/min)= Y + Y. * SR (1/min) 4 A * SR2 (lzlmiuz) (2-3)

1

Sodium fon :learancé is shown to be a general nonlimear function of the

sweat rate. Data given by Cage (14) supports Elizondo's linear relationship
between concentration and sweat rate. Simultaneous experimental determination
of a subject's sweat rate and sweat electrolyte concentrations is very dif-
ficult. Sweat must be collected immediately upon excretion to determine
electrolyte concentrations or evaporation will degrade results. If sweat

is not allowed to evaporate on the skin, local heating will imcrease the

sweat rate, again degrading the ex?erimental data. Because of these prob-
lems, data is available in the literature {7, 15, 16) to support each of

the sodium loss models presented.



Sodium concentration in thermal sweat is extremely variable between
subjects sweating at the same rate. Acclimatization, dietary habits and
sex (13) account for some variation but individual sweat concentrations
are markedly variable even within these categories (14).
2.2 Potassium Ton Loss

It is generally agreed that potassium concentration in the sweat de-
creases with increasing sweat rate. Elizondo et al. (9) developed a relation-
ship between the logarithm of the potassium concentration and the sweat rate.
Though potassium concentration decreased with increased sweat rate, the
actual potassium clearance as measured in milliequivalents per minute was
found to increase with increasing sweat rate. This increase is due to the
increased flow rate which more than offsets the decrease in concentration.
Guyton (5) lists 1.2 times the plasma concentration as the maximum potassium

ion concentration in sweat.



3. SALT LOSS FORMULATIONS

In this study, the sodium loss in sweating is calculated using the method
of Elizondo (9). Data for the linear approximation te the sodium ion concen-
tration was taken from Cage and Dobson (14). This data was presented as
graphs of sodium ion concentration plotted against sweat rute for six subjects,
The subject designated FP was not considered in thig study because of his low
maximum sweat rate. In all other cases . straight line was drawvn to fit the
graphically presented sweat data. The sl..» and y-intercept of each line was
determined and an 2 -erage of the slopes i y-intercepts calculated. An
equation of the form

Naconc (meq/l)= Y + A * SR (ml/mz/min) (3~1)
where Y=10.8
A=2,.565
was constructed using this data. This equation determines sodium ion con-
centration in sweat water.

Potassium ion concentration in sweat is calculated using the data and
method of Elizondo (9). These tables listed the slope of the base ten
logarithm of the potassium idn concentration as plotted against sweat rate.
The slopes for the three subjects were averaged to yield ~0.6327. Sweat
rate was expressed in units of milligrams/centimeter squared/minute. There~
fore, a factor of 0.1 was included with the computer formulation to account
for slope as expressed in the thermal subroutine.

The y-intercept used in the egquation is that of subject RF as derived
from the grapﬁ presented in the forementiloned publication (9). Intercepts
were not listed ip the tables for the other two subjects. The equation for

the base ten logarithm of the potassium ion concentration 1s



Kfac = ¥ 4+ 0.1 # A * SR (ml/m2min) (3.2)

il

where Y 1.0

A = -0.6237

n

The potassium concentration is computed as the antilogarithm of Kfac.

Sweat salt losses are calculated as the product of the ion concentra-
tion and the total sweat water loss over a single time increment. These
losses are expressed In milliequivalents. The mass of salt lost is computed
with the aésumption that all sodium and potassium is lost as chloride, since
chloride is the most commeon anion in the plasma.

The total sweat water loss is computed as the integral of the sweat
rate over the iteration timestep in the thermal subroutine. Salt and water

losses are modelled as being directly removed from the extracellular fluids.



4. IMPLEMENTATION

4.1 Guyton's Circulatory System

This section Is an overview of the variables and feedback loops directly
connected with the operation of the sweating intefface. Guyton provides a
complete description of the circulatory system (3).

The thermoregulatory program calculates the hody water loss rates due Lo
sweating and due to evaporation in the respiratory tract. Using the rela-
tionships defined in Chapter 3, the sodium and potassium ion losses are com-—
puted from the sweat rate. The sodium and potassium losses are entered in
the Cuyton circulatory program as incremental changes in the total extracellu-
lar ion levels. The sweat water loss is entered as an incremental change in
the interstitial fluid velume.

A diagram of the circulatory system model is presented in Figure 2, The
symbols used are defined In Appendix 3. This is an interactive model in
which one or more mathematical expressions simulate a single aspect of a
physioclogical mechanism. Groupings of expressions simulate glandular functions,
organs or physiological regulatory mechanisms. The model used in this study
is as shown in Figure 2 with two exceptions:

1. The continuous drinking section of the Thirst and Drinking

block was changed to a periodic input with a definite drinking

interval.

2, The expressions for total sodium, total extracellular

potassium and for changes for the plasma volume have been

altered to account for terms from the sweating interface

and the periodic drinking mechanism.
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These modifications will be fully discussed in Section 4.3 of this chapter.
Changes in the interstitial fluid volume directly affect the plasma
volume., Changes in the plasma volume affect the size of the variable inte-
gration step used in the program. A large change in the plasma volume, VPD,
gives rise to a shorter length for the integration step. A short integra-
tion step results during high heat stress when the sweating causes signifi-

cent water loss from the plasma.

I1 = ABRS(VPL/VPD/I) (4-1)

1f (I1.1T.I) I=I1

Decreases in the plasma volume give rise to equivalent decreases in the values
for extracellular fluid volume, VEC, and blood volume, VB. Ixtracellular
fluid velume is a factor in the expression for the extracellular sodium, CRA,

and potassium, CKE, concentrations.

VEC = VIS + VP + VPT ‘ (4-2)
CNA = NAE/VEC
CKE = KE/VEC

The amounts of extracellular sodium and potassium are the other factors in the
concentration expressions.

Changes in the blood volume are the cause for changes in the levels of
the main blood reservoirs. The volumes of the left and right atria, the
pulmonary arteries, the systemic arteries and the venous vascular volume are
all directly effected by sweat water loss. The left atrial volume is directly
related to the pressure in the left atrium. Left atrial pressure is the con-

treolling variable in the functional expression for the basic left ventricular

12



output. The basic left ventricular output governs the total cardiac ocutput
of the model. Increased blood volume in the left atrium causes increased
pressure. This increased left atrial pressure increases the efficiency

of the left ventricle so the result 1s a higher cardiac output.

The extracellular sodium concentration controls the body levels of the
antidiuretic hormone, AHM, and the angiotensin, ANM. The antidiuretic
hormone directly affects the volume of urinary discharge while angiotensin
is a factor in the rate of aldosteronc production, AM1, and in vascular
~stress relaxation. Aldosterone production is also influenced by the ratio
of the extracellular sodium and potassium lavels, Low plasma sodiuvin con-
centrations, high plasma potassium concentrations and high angiotensin

levels all cause increases in the aldosterone level.

z

CRE/CNA/0.00352-9.0 (4-3)

5

(ANM*AMP*AMR~AM1) /Z

Increased aldosterone causes increased reabsorption in the kidney, thus re=-
sulting 1n conservation of sodium and water, in addition teo a lower urinary
output. Reabsorption of sodium by the kidney produces an electric field
gradient which results in Increased loss of potassium in the urine as the
potassium jons diffuse outward to replace the sodium ions that are reabsorbed.
The drinking mechanism has the opposite effect as that of sweating. 1In
drinking, the plasma volume is increased. Extracellular sodium and potassium
levels are increased when solutioms containing these salts ave ingested. The
final effect of drinking on the body salt concentrations will depend on the
drink composition and the plasma concentrations when drinking occurs. A
pure water drinking input will raise the plasma volume and thereby lower the

extracellular salt concentrations. A drinking solution high in salts may

13



increase these concentrations. Drinking inputs affect the same variables
and feedback loops as described above for sweating.
4,2 KSU-Stolwijk Therm;regulatory Model

The KSU-Stolwijk model of thermoregulation is basically a heat balance
of specified body segments. The body is divided into compartments con-
sisting of separate core, fat, muscle and skin compartments for the head,
torso, arms, legs, hands and feet. The blood is considered a separste
single compartment for a total of 25 segments. Each segment is assigned a
thermal capacitance and is assumed to have a uniform temperature. The con-
troller of the model contains set point temperatures for each compartment.
The difference between each compartment’'s temperature and its set point
temperature 1s calculated as the driving force for thermal regulation. In
the case of body temperatures above the set points, an offerent sweating
command is calculated as the difference between the head core temperature and
its set point times a sensitivity factor, the central sweating coefficient,
This command is modified by the sum of the differences between the skin seg-
ment temperatures and thelr respective set point temperatures times another
sensitivity factoer, the skin sweating coefficient. 1In the formulaiion under
study the central and skin comrands add to produce the total sweating drive.
The central sweating coefficient is weighted approximately 11 fimes greater
than the peripharal coef{ficient to model the sensitivity of core temperature
regulation. |

The efferent sweating command controls evaporative heat loss (watts)
from the skin. The sweat rate is determined by the heat of vaporization of

sweat which is calculated for the specific environmental conditions which

14



are input to the program. The calculation is done in subroutine SWVP. The
rate of resplratory water loss is calculated as the basic rate of respiratory
heat loss divided by thé evaporative specific heat, which is computed for a
100% wet respiratory tract.

Changes in the body temperature directly affect the metabolic rate.
Chemical reactions increase the rate of reaction approximately 130% for each
10°C rise in temperature (5). Increased metabolic rate due to high body
temperature is refered to as the '"Q10 Effect". Q10 Effect in each body com—
partment is determined as the difference between the actual compartment
temperature and the set point temperature multiplied by the factor 0.126/°C
to account for increased chemical activity. This product multiplied by the
compartments basal metabolic rate yields the Q10 Effect for that compartment.
The total Q10 Effect for the body is determined as the sum of the effects
for each body compartment. The QlO Effect for any compartment can be
negative, due to beleow normzl temperature in the compartment.

Drinking inputs affect the trunk core compartment of the heat balance
model. The drinking solution is considered to be pure water. The mass
and temperature of the water causes a change in the average temperature cf
the segment. Heat is considered to flow into a cool drink solution from
the trunk core. The rate of heat transfer is determined by the heat trans-
fer period, the mass of the drink and the difference between the drink
temperature and the core temperature.

The KSU-Stolwijk program used here 1s the version of July 22, 1975 with

modifications. to enhapce 1ts use asgs a subroutine within the Guyton model.
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4.3 Computational Interface
4.3.1 Drinking Interface

The mechanism of the drinking interface is diagrammed by the flow chart,
Figure 3. The appetite factor for drinking (STH) is continuously computed
in subroutine MISC2. 1In the original program (3), and further detailed by
Figure 2, STH was tied directly to the rate of drinking (TVD) computation
in subroutine MISCl1l. This relationship resulted in a continuous drinking
cycle. A continuous fluid and salt input is not physiologically sound
since drinking is a discrete process witlh inputs on the order of a half
liter with significant time intervals between these inputs. Many test and
exercise schemes regulate the subject's drinking habits (17,8) or forbid
drinking entirely during the experimental period,

In this study continuous drinking was replaced with a periodic drinking
mechanism to allow simulation of realistic experimental regimes. The bond
between the appetite mechanism and the drinking cycle was broken. STH is
computed as before; however, after computation the value of STl is summed
into a variable called THIRST. Then STH is reset to zerc. At drinking
intervals specified by TIMEDR in minutes, the appetite factor is set equal
to THIRST, which will represcnt the summed appetite for water during the last
drinking interval. When STH is set equal to THIRST, THIRST is rcset to zero
to prepare for a new interval and the integer flag IDRINK is set to one to
alert subroutine MISC1 that drinking is in progress.

In subroutine MISCl the variable CALC siures the amount of the water
drunk in liters. CALC is first assigned the value in AMOUNT, which is a
read—in-value éo allow specified drink amounts in exercise regimes. IFLAG
is an integer flag which is read into the program as zero if a standard

drinking volume AMOUNT is specifiled and as one if the drink amounts are to

16



SUBROUTINE
MISC2 STH=(Z210-POT)*Z11

THIRST=THIRST+STH |

 SUBROUTINE
F CAPMBD
| VED=VPD+CALC*Z3/1 |
SUBROUTINE __
____________ e, TONS NAE=NAE+CALC*NID |
SUBROUTINE ; | KE=KE+CALC*KID |
MISC1 VD= (0, O1*AHM-0, 09)*STH |
| cALC=AMOUNT]
| SUBROUTINE r
THERMO CALO=CALC*1000. 0
F , \
[BWT=BWT+CALC
‘l’

[RETURY]

- Figure 3., DRINKING INTERFACE CALCULATIONS
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be calculated from the appetite factor. For IFLAG equal to onec, CALC is
assigned the value of the intepral of TVD, the computed drinking rate.

CALC now contains the amount of the drink input. This value is added
to the change 1n plasma volume, VPD, to simulate water entering the blood
upon ingestion. CALC is multiplied with NID, the sodium ion concentration
of the drinking solution, to give the mass of sodium input to the system
in the drink. This amount is added to the total sodium, NAL, in subroutine
IONS. The amount of potassium in the drink solution is calculated as CALC
times KID, the potassium ion concentration in the drinking solution. This
amount is added to the total extracellular potassium in subroutine IONS.
This completes the drinking cycle within the circulatory model and the
variable HOLD is set equal to CALC for transfer to the thermal model,.

The values of CALC and IDRINK are passed to the thermal model via the
subroutine call. Since the value of CALC is in liters, another variable,
CALO, is assigned this value in milliliters for use in the Stolwijk Model.
CALO holds this value for the calculation of the heat flow from the trunk
core segment into the drink volume. The total body weight is updated to
include the mass of the drink input. The entire drinking cycle is now
complete and the value of IDRINK is reset to zero.

4.3.2 QL0 Metabolic Effect

QUAT is the total body QL0 Effect expressed in watts as determined in
subroutine THERMO. This wvalue 1s passed to the controller as an argument
in the subroutine call statement. The variable EXQ is assigned the value of
QUAT as expressed in units of exercise. EXQ is treated as an additional
exercilse input in the same manner as EXC., Negative values of QUAT are not

considered and will give rise to a default EXQ value of zero.
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4.3.3 Sweating Interface

A diagram of the sweating Interface 1s presented in Figure 3. The
calculations for sweat rate and ion concentration are contained within the
thermal subroutine. Sweating data are computed during each integration
step of the subroutine THERMO and are summed over the transfer interval.
The data transfer interval for data transfer from the thermal section to the
clrculatory section is the thermal printing interval or five minutes
(subjective time), whichever is shorter. After dataare transferred, the
circulatory program operates far the next time interval on this average
data until it catches up to the exit time (TIME) from the thermal section.
When the circulatory system's internal time equals the thermal time, gub-
routine THERMO is recalled to compute sweating data for another interval.

The sweat rate for each integration step, SR, is computed as the sum
of the skin segment water loss rates, EG(J+3), divided by 60 and divided
by the total body surface area, 5A. This calculation yields SR in units of
milliliters per minute per square meter of surface area. The total sur-
face water loss for each integrzvion siep is WATER, WATER is computed as
the sum of the integrals of tha skin segment wster loss rates divided be
1000 to yield a value in liters. Both SR and WATER are restricted to
values greater than or equal to zero since the thermal program treats some
conditions as a negative lheat loss, and consequently a negative water loss
from the skin. This would cause a negative sweat rate if uncontrolled.

The sodium ion concentration, NACONC, and the potassium ion concen-
tration, KCONC, of the secreted sweat are computed as described in Chapter
2. The maximum value of NACONC is limited to the plasma sodium concentration,

CNA, and the maximum value of KCONC is limited to 1,2 times the extracellular
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potassium concentration, CKE. NACONC and KCONC are expressed in milli-
equivalents per liter.

The sodium ion loss in each integration cycle is expressed as NAMEQ and is
computed as the product of NACONC and WATER which vields units of milliequiv-
alents. The potassium loss 1s computed using KCONC and KMEQ and is also ex-
pressed in milliequivalents. HNACIMG and KCLMG are the masses of the equivalent
weights of sodium chloride and potassium chloride lost in each integration
step. These masses are expressed in milligrams and are computed as the product
of the milliequivalent loss and the atomic weight of the salt.

The actual thermal water loss over an integration cycle Includes skin
losses and respiratory loss. WATER1 is the total thermal water loss expressed
in liters and is computed for each integration cvecle as WATER plus the integral
of the respiratory water loss rate, EG(5). The terms SUBNA, SUDK and SUBH20
are the transfer period summations of NACLMG, KCLMG, and WATERL respectively.
These SUB- variables have the same units as the integration step wvariables,

The variable FLO stores the length of the transfer interval in minutes.

At the time of transfer, TERMWA will contain the value of the thermal water
loss rate as averaged over the last transfer period and expressed in liters
per minute. TERMNA and TERMK hold the values of the sodium jon and potassium
ion loss rates expressed in milliequivalents per minute. The TERM- variables
are used for data transfer into the circulatory model as explained below.

For a nonprinting transfer to the circulatory program, the values of the

SUB- variables are summed and stored as SIB-~ variables, with the same units,
The SUB~ variables are destroyed upon reentry to the thermal model and store
data for one transfer period. The SIB- variables store data for one print

cycle.
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When printing occurs the values stored in the SIB- variables are added
to the SUB- values to yield the thermal losses for the last printing dinterval,
The values contained in the SUB- variables at this time are also added to
the TOT- variables, which contain the total system losses since the simulation
was initialized. Since these are systemic totals, the variables GUYNA, GUYK
and GUYH20 are included to provide for renal losses in the circulatory program.
Sample outputs of the simulation are provided in Appendix 1.

Within the circulatory model, the TERM- variables are considered as
additional, undamped avenues for loss from the plasma., TERMNA is integrated
and subtracted from NAE, the total body scdium level. TERMK is integrated
and subtracted from the total extracellular potassium level, KE. TERMLA

is integrated and subtracted directly from the interstiiial fluid volume, VIS.
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5. RESULTS AND DISCUSSION

The interface was tesfed under a heat and exercise forcing condition
to demonstrate overall regponse. Initially the simulation was run under
basal conditions to establish a data base for comparison of the heat and
exercise simulation.

5.1 Basal Conditions

Input conditions for the basal values are as listed in Appendix 4.

To summarize the important subject conditions, the simulation used a subject
25 years of age, weighing 70 kilograms and standing 173 centimeters. The
environmental conditions were air with a radiant temperature of 24°C, air
velocity of 0.45 meters per second, relative humidity of 40%, and barometric
pressure of 736 millimeters of mercury. Basal metabolic rate was associated
with EXC equal to one. For the subject as described above, the thermal sub-
routine calculuted a basal metabolic rate of 86 watts.

The sample output of the simulsation at basal cenditions shows that the
extracellular sodium concentration falls. Kidney action removes sodium ions
in the urine at a higher molar concentration than is present in the drinking
fluid. This net loss results in a decrease In the extracellular sodium
concentration as the circulatory systeir model provides no buffer to changes
in sodium level. Potassium level is woll regulated., Cardiac output vemains
at approximately 5 liters per minute, the normal value. 7The drinking data
printed at 20 minutes in the thermal routine show that the appetite section
computed an input in excess of the system loss. This printout also demon-~
strates that é drinking sclution of 24 milliequivalents of sodium per liter
is not adequate for replacement of basal urinary losses. This sodium
deficit would eventuslly affect appetite through the antidiuretic hormone
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and would cause an 1ncreased input. Lower extracellular sodium conceatraticn
would affect the aldosterone level tu conserve sodium in the urine so the

s stem would eventually veturu to norwal with a higher urinary water output.

Under basal con” tions minimal sweating occurs with all significant

water and sali: loss oc rrirz through vrination,
5.2 Heat and Fxercis: Forcing

Input cosnditions for heat and exercise forcing were identical to those
of the basal simulation for the first three minutes of simulation., This

time allowed the simulation to reach an initial steady state condition aud

provided a meaningful basis for comparison with the basal results.

After three minutes heat forcing was supplied by raising the air and
radiant temperatures from 24°C to 43.3°C while simultaneously incfeasing
the relative bhumidity from 40% to 55%. Exercise was imposed at a work rate
of EXC equal to 100, which converts to a metatolic rate of 279 watts as
compared to 86 watts basal, Other changes in input variables were as listed
in Appendix 1 and will be discussed in Section 5.3.

Program control passes from the clrculatory system model to the thermo-
regulatory system model at five minute intervals as determined by the
variable FLO in the thermal subroutine, unless a shorter print interval for
thermal data is specified. When control is passed to the thermal subroutine,
the Stolwijk model uses the data available at that time and simulates thermal
activity for the next FLO interval, usually five minutes. When control is
returned to the cireculatory system routine, this thermal data is used until
the thermal routine is reentered. Changes in environmental conditions and
work rate will not act on the thermal state until the thermal routine is called
for at the next normal jteration cycle. Changes in work rate will have an
immediate effect on the circulatory system sectlon through increased oxygen

consumption and autonomic stimulation.
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During heat and exercise forczing the cardiac output initially increazes
287 during the first two minutes due to increased autonomic stimulation. At
the onset of exercise autonomic stimulation increased to 800% of normal.
Increased oxygen consumption is not an immediate factor in increased cardiac
output due to transportation delays in blood flow. Two mlnutes after the
onset of exercise the cardiac output increases to 200% of normal as the effect
of lower oxygen pressure in the venous blood becomes apparent. At this time
the cardiac output is 12.5 liters per minute. This increase is a response to
exercise activity in the circulatory system routine before the thermal rrutine
is entered at 5 minutes. With thermal forecing cordiac output reaches a
steady state value of 13.5 liters per minute a' 25 minutes of subjective time.
This one liter per minute increase is caused ' thermal influence. These
thermal effects have a much longer time constant than 'he initial circulatory
system effects. Autonomic system changes experience almost no time delay.
Reaction to oxygen deficit is delayed on the order of the circulation delay
time. Here the delay is the time for blood to move from the muscles under
exercise to the carotid and aortic bodies. Since the blood volume dis 5
liters and the initial cardiac output is 5 liters per minute, the delay is
on the order of one minute. Thermal effects are governed principally by the
heat capacitance of the body. The thermal routine. does not reach steady
state after 35 minutes, so thermal effeects on the circulatory system model
sre still developing 30 minuteg after the onset‘of exercise.

In this formulation thermal influence on the cardiac output is trans-
mitted through the antidiuretic hormone concentratieon as a factor in wvascular
resistance. Changes in the body electrolyte concentrations and fluid volumes
also affect the cardiac output; however, these effects may be macked by

disease conditions or exotic drinking regimes imposed by the user.

24



5.3 Variable Changes for Implementation

In additlion to the basic controller variables mentioned in Section 5.2,
sensitivity values in the controlled system of the Guyton routine were
changed to better simulate exercise activity. The most basic change re-
quired was the change in the varialble Z, the damping factor for nineteen
processes in the circulatory simulation. The value of ¥ was changed from
1.0 to 5.0. This modification slows system reaction to 20¥% of normal.
At the same time, the damping factor for wuscle venous onygen saturation, 786,
was increased from 5.0 to 10,0 and the time constant for autonomic response,
28, was inereased froin 1.0 to 3.0. These modifications were introduced to
alternate the system's response to exercise inputs. Without these changes
the circulatory system simulation exhibits excessive response to low level
exercise forcing. These same modifications make the svstem less sensitive
to thermal stimulation during exercise,

These changes of c. .atrolled system variables were recommended by Dr.

Ronald White (11}, who :’ :0 sucrested the following modifications as used
during NASA operation ¢’ rhe simulation. The time constant for local
muscle vascular rospor o, A4l was decreased from 1.0 to 0.025. This forty

fold decrease in the time constant provid:as much more rapid locz: vascular
resistance changes to offset the change in Z6, which slowed reacticn to
overall muscle venous oxygen saturation. A change in Z5, the time constant
tc calculate oxygen ceontent in the muscle cells, was recommended to de-
crease the lag time in response to oxygen utilization. The change cf Z5
from 10.0 to 1.0 resulted in system instability Zn the oxygen transport
subroutine. The rate of oxygen transport to the tissues, RMO, became

negative for exercise levels of EXC equal to 5U.0 or above with Z5 equal

-25



to 7.0 or belnw. A negative value of RMO implies oxvgen transfer out of the
muscle cells to the venous bloct which 1s clearly not the case during
exercise forcing. Therefore, the level of Z5 was left unchanged for this
study.

After implementation of the thermal ‘nterface, further parameter modifi-
cation within the circulatory system model was required. The sensitivity
of the appetite section for drinking was markedly reduced, from 4.0 to 0.1,
to account for the increased forcing received from the thermal cubroutire,
This change resultedin a simulated response within 10% of water loss data in
the literature (5).

Neural sensitivities were also markedly reduced atter implementation
of the interface. The values of AUQ, AUV, and AUS were modified to reduce
cardiac output during exercise to a more justifiable level. Prior to modi-
fication cardiac outputs of 3% liters per minute were calculated for LXC
levels of 100. As this is the work level of a brisk walk, a 550% increase in
heart function is clearly inappropriste. Variables AUQ, AUV, and AUS ave the
sensitivities for sympathetic control of peripheral circulation, hesart
fupction, and hea:rt rate, res cotivelv. Each vardable was reduced to approx-—
Inately 107% of Its preinterfs o value. This corvection brought cardiac out-
put within reasonable bounds [»r the overcise conditions under observation.
5.4 Discussion

The change in cardizac output attributable to interface activity is
approximately 7.6% under the heat and exercise foreing conditions simulated.
More heat effects arc expected under these conditions, demonstrating that
the present simulation does not adequately reflect thermal respouse. No

neural component for heat stress is included in the circulatory simulation
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though such a component may be physiologically sound. Changes in the blood
flow occur during heat stress, most notably increased skin blood flow, which
cannot be modelled using the present parameters of the circulatory routine.
A separate skin layer in the circulatory model te handle these changes may
be required.

Cardiac cutput as calculated in the thermal subtroutine is uniformly
lower than that of the circulatory system model. In experiments by Konz,
Hwang, et al. (2), the KSU-Stolwijk Thermoregulatory System Model cardiac
output oredictions were compared to measure! data for exercising subjects.
The thermal routine produced a 79% rise in cardiac output as compared to a
327 measured increase in the experimental subjects. In the present study
correction for this lower calculated cardiac output yields a finsl cardiac
output value of 13.2 liters per minute in the thermal subroutine which is
4 good agreement with the 13.5 liters per minute steady state value cal-
culated in the circulatory routine with interface forecing.

The only direct thermal effect on the cardiac output is transmitted
through the variable ANM, the angiotensin multiplier, which reacts to changes
in the sodium ion concentration. This variable is a factor in computing
vascular stress relaxation. The thermal effect of the angiotension multi-
plier can be masked by changes in kidney functicn or high user imposed
drinking levels., Overall, pathological changes in the body fluid and electro-
lyte balances can completely mask thermal stress reaction at low stimulation
levels., 1In order to completely simulate heat stress activity the circulatory
routine must be modified to include a distinct heat sensitive subroutine to
implement skin blood flow and neurologicel changes to cardiac output.

The present interface does transfer important information to the
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circulatory model. Sweating during heat and exercise foreing 1s an Important
factor in the fluid balance. During 25 minutes of simulation, basal fludid
losses were 14.3 milliliters while in the same period there was loss of

45.9 milliliters under heat and exercise forcing. Without the interface in
operation a lower fluld loss would be calculated under exercise since urina-
tion, the major fluid loss mechanilism under basal conditions, is inhibited
during exercise, This additional information is vital in any exercise study.

The results of this study show that the plasma concentration of sodium
ions increases during sweating, a result in disagreement with one of Guyton's
assertions (5).

Without the thermal Iinformation from the interface, the circulatory
system model would calculate sodium ion concentration dependent only on
urinary output. This could lead teo a calculated decrease in the sodiun
concentration.

The results of drinking calculations in this study are in complete agree-
ment with Guyton's data (5). The drinking input calculated for the first 15
minutes of the basal condition simulation was 24,15 milliliters or approxi-
mately 2,3 liters per day. This compares to 2.4 liters per day in other
research (5). The calculated drink volume for the same time period during
heat and exercise fdrcing was 64.14 milliliters for a rate of 6.15 liters
per day. Again this compares well with Guyton's wvalue of 6.7 liters per day
for prolonged heavy exercise forcing.

The water and electrolyte totals printed during the thermal subroutine
output cyecle show the updated system status. This data may be misleading
as the cumulative totals are computed from the circulatory Information at

the time of entry into the thermal subroutine plus the thermal-generated
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information current at the time of exit from the thermal subroutine. To
compute the system status as of the THERMO call, the data given for heat
generated losses duriné the current print cyecle must be subtracted from the
cumulative totals printed in that cycle.

5.5 Areas for Further Study

In its present form the simulation does not satisfactorily respond to
thermal stimuli. A skin block within the circulatory system model is sug-
gested. This block should be contrelled by the inputs from the thermal
subroutine as well as information from the circulatory system. A separate
block is necessary to simulate changes in the skin blood flow and cardiuc
output during stress.

The output section cof the KSU-S5tolwijk thermoregulatory system moJol
should be modified to allow data selection for the printout section. Print-
out now includes shivering data during heat forcing, etc.

The combined circulatory and thermoregulatory system model should be
combined with the Grodin respiratory system model. This combination would
improve response within the Muscle Oxygen Utilization Block of the circula-
tory system simulation. This three-model combination would allow long term
gimulation of additional forcing conditions.

The most important area for research is the experimental validation of
the interface calculations by direct measurement of human subjects. The
acclimatization state is the most important variable in physiological heat
stress response. The subjects degree of acclimatization was not addressed

in this study.
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6. SPECIAL CONSIDERATIONS FOR USERS

When using the combined circulatory system-thermoregulatory system
simulation, the user should be aware of certaln special requirements im-
posed by the construction of the interface. These peculiarities are listed
here to aid independent users of the simulation.

The drinking section of the thermal subroutine computes heat transfer
from the water input to the trunk core using a drinking interval of 30 minutes
for complete heat transfer. If a second drink imnput is allowed within this
30 minute interval, the heat transfer information from the first input will
be destroyed at that time. Changes in the thermal subroutine body weight
are made immediately upon drinking so no mass information will be lost. If
the specified temperature of the drinking solution is much different from
the subject's core temperature, reaction to the drinking input will include
significant heat flux. 1In this case the drinking interval should be specified
as preater than thirty minutes, allowing time to achieve thermal equilibrium
between the drinking input mass and the trunk core before the next input.
The drinking interval should also be specified as an integral multiple of
FLO so that a drinking input will be processed by the thermal subroutine as
soon as it is input to the circulatory system.

The thermal subroutine operates separately from the circulatory system
model, using a separate time step. In terms of simulation time, the thermal
subroutine is five minutes ahead of the circulatory system routine. Con-
sider the following example: T 1s time as measured in the circulatory system
simulation, and TIME is time as measured in the thermoregulatory system

simulation. Both times are in units of minutes.
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At T=10.1 the circulatory system routine calls the thermal routine,
since TIME=10.0. The thermal routine will then operate for cone FLO interval,
five minutes in this study, using the Input data available in the sub-
routine call. When TIME=1l5 data is prepared and converted for transfer to
the circulatory system routine through the subroutine call. When the thermal
subroutine releases control back to the circulatory system model, internal
time in the thermal subroutine is five minutes advanced. On return T=10.1
as previously determined. The circulatory system routine will iterate using
the data from the Stolwijk model until T is again greater than TIME to cause
another control transfer. Any change in input conditicns during the cir-
culatory routine will immediately affect the Guyton routine., The Stolwijk
routine will not be affected until the next control transfer, so a radient
temperature change at T=11,0 will cause ne change in thermal data until the
Stolwijk subroutine is entered at T=15.1, when T is greater than TIME. Data
changes, including drinking inputs, should be timed to affect both routines
within a short time interval.

Any change in the metabolic level EXC in the combined system simulation
is interpreted as a change in the work rate within the thermal subroutine,
Immediately after the run time/print interval card for the circulatory
simulation controller, the user must insert a job identification card to be
read by the thermal subroutine when a change in work rate i1s detected. Since
both routines use variable time steps, care must be taken in imposing exer-
cise changes close to the circulatory-thermal control transfer. If a job
identification card is read by the PUTOUT subroutine in the circulatory
simulation it will be interpreted as a blank field which is the input for termi-

nation of the combined simulation. The duration of an exercise level should

31



be at least as long as the transfer time FLO. Then the job data card must
be read by the thermal subroutine,

The Guyton model e%hibits an initial transient response due to the
approximate values of the initial input wvariables. In this study thirty
seconds of subjective time is allowed for damping of the initial transients.
After the stabilization period, time in the cilirculatory simulation is reset
to zero. Subroutine THERMO is called and initial thermal data is read

after the circulatory system routine is stabilized.
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7. CONCLUSIONS

The sweating interface developed for this study provides significant
data on the body fluid and electrolyte balances. These data are transmitted -
to the circulatory system model and displayed for the user. Sweating and
drinking phenomena are adequately simulated by the proposed interface.
Additional modification of the circulatory system model is required for
complete thermal reaction within the circulatory system.

The combined thermoregulatory and circulatory system model provides
a means to develop long term heat and exercise training regimes and to deal
with water and electrolyte requirements under heat stress. The simulation
program as listed in Appendix 4 will provide a subjective to real time ratio

of more than 100 to 1 using FORTRAN H.
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FEET CYLINMNDER 408,269 487.058 €51,742 855.271

QUTSIGCE SURFACE APREA,AFEAIN) SQ CM
CARE FUSCLE FaT SKIN
+EAD 0.2 0.0 Q.0 1327.9¢3
TRUNK Qa9 0.9 Q.0 6587, 8¢€3
ARWS Vel Q.0 0.0 26¢1.,535
FAMNRS Jed 0.0 v | $69.948
LEGS P! Q.0 d.0 6157.547
FLET Ged [ 1Y) 0.0 1330.837
LTHIN], LEYSTH OF PARTS CF THE BCDY,CM.
CCRE FUSCLE FAT SKIM
FERD 0.0 Ced g.0 0.9
TRUMK 188309 1084367 108, 359 1GF. 359
ARNMS  L2) 8l.U2L 31.021 41.021 8l.021
FANTS (2) 1214461 121,461 121,461 121. 441
LEGS () 153.9u2 153.992 153,932 153,902
FEET (2} 157429 157,429 157,444 157,429
PATIND, RAQIUL CF PARTS (F THE BTCY, CM.
CI%F MUSTLE FatT SKIN
+EAD T«h9¢8 8.158 B.4%34% B. 760
TRLAK 5.9%2 G248 10,074 10.263
At VS 2.718% 4,025 44529 5.110
HANDS U311 Ue7l9 1.062 1.271
LEGS 3.77¢ 5e261 6.176 5.3¢8
FEET 0.909 0,292 L.1413 1.34%
CFNTER CF MASS RADIUS .CMRAE(KN] (4]
LINE MLSCLE FAT SKIK
RERD 6.1C8 Ty Ba32% B. k25
TRUNK 440645 Te.%12 Q.ATY 104149
ARVE 2e31% 3.654 4e 781 5.021
FANGS Da.h4ad DLt , U.556 1.17¢
LEGS 29357 5.072C 6.023 6e273
FEET D.721 Q.952 l.C7¢ 1.254
DELXIX], NELTA X, ABCUT FAT(1),4CH.
CORE-MUSCLE MUSCLE=-FAT FAT«SKIN
HEAD 1.%2¢ 0.351 0.300
TRUMK 3767 1.7L5 0.462
ARNE l1e€41 0.827 . Q.240
FANYUS 0.223 0.127 0.130
LEGS 2+063 1.003 0.251
FEET Q.221 0.123 0.179
MITFLINT RADIUS,MPR(X) M
CCRE-MUSILE MUSCLE-FAT FAT=SKIN
FFeD T.u2l 8.127 8.474
TRLAK €.,279 84755 9.523
ARMS 2.134 4.368 4,501
FANCS B8.156 0.932 1.CE6
LEGS 3.989 5.522 6,148
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FEEY 0.337 1.014. 1.165
FFAT TRANSFEK OF SURFACE APCA,FTSALK) $Q CM
CrPC=yarLE MUSCLE-FAT FAT=-S5K 1IN
FEAC Gla.4C7 B3J,339 SC2.4179
TRUMK 4275,297 5928.570 8756.534
AZVE 1595.415 2223.,512 2%494,567
HANCS STa. 171 Til.176 324.522
LEGS 2657,083 §235.410 5945,211
FEEY 827.t46 1L23.048 1152484
CONCIK ], CONPUESTIVITY, w/CF €
LCRE-WMUSILE MUSCLE=FAT FAT-SKIN
FERL 3.00415 0.50278 0.0920%
TR 9.05419 2.L9335 0,00205
2avg Uei%19 QG225 0.00245
FASNTS De$%15 Gelld2 T4 CeiC2d3
LEGS 0.0J419 3.00325 0.90235
FETT 0. 80419 0.00278 0.90245
TCEK)y THERMAL CCNDICTANCE ReTWEEN ACJACENT ELZMENTS, WATTS/ADEG £
CORE=vUSCLE MUSOLE-FLAT FAT-SKIN
HE ar Les22 5.504 boalby
TEUNK 5,462 11,265 28,172
L2we 44975 %$.010 ila334
PANDS 19.747 15.523 8.427
LECS 2.233 17.342 45,639
FEET 15,960 22.574 13.223
TSETRSING  SCT POINT FOR RECEPTIRS FOR SEDCNTARY WARM COACITICON, DEG C
fres MUSELLE FaT SKIN
RELD 36.(H0 34,560 34,040 23,769
Yok 35,540 35.812 23,560 32.350
azvg 354240 32,540 32.¢30 31.520
FARSS 364122 34,85 34,129 13,1369
LEGS 35.529 34,870 32,1250 32.080
FEFT 14,850 34,660 33.119 22.59%0
CENTRAL BLEIC
26,410
TSETCIND, SET AOINT FOR RECEPTCRS FOR COLE CONDITION, DEG €
i wSELE EaT SKIN
LEap 3604590 34,740 34,640 33,760
TRUMK 36,599 35,813 33456C 120350
FELTS 35,240 32,640 32,080 31.520
FEADS 34127 14,850 34,120 23,350
LESS 35,52y 344870 12,350 22.060
FEET 34,230 34,660 33,110 22,950
CENTRAL 2LL3E
36.410
RETE{N}, DYNAMIC SENSITIVITY OF THERMGRECEFTORS
CORE MUSCLE FAT SKIN
PEAD 0.0 0.0 0.0 0.0



TFUMK 0.0 Q0.0 0.0 C.0
ARWS 0.0 0.0 0.0 0.0
FAACS 0.0 0.0 0.0 .0
LEGS 0.7 0.0 G.0 0.0
FEET 0.0 0.0 0.0 0.0
CENTRAL BLOCC
0.0
HEAD TRUNK ARNMS HANDS LEGS FEET 80DY UNITS
PAREAL]) T«00 36.02 13.41 5«00 3l.74 6. 86 TAGZ AREA BY SECTION
St1} Je1552 J.7178 0.2522 0.3570 0.5626 J.l164 5Q. M
FRELD 44390 44800 4.200 3.600 42200 4.000 WATTS/5Qs M/DEG C
HCSLET) 3.000 2.100 2.100 4.U0Y 2.190 4.000 2.339 WATTS5/59. M/DEG C
HCLD) 2.948 2.0631 2.063 3.520 2.(43 2.930 2.298 WATTS/5Q. M/DEG C

SKINRII} 0,210  0.420  0.100  0.040 0,200  €.030
SKINSI1)  0.0B1 Q.48  0.156  0.031  0.218  €.235
SKIEVIT) 04132 0.322 0,085  0.121  0.230  G.100
SKINCEI)  0.ul0 G050  0.199  U.200  0.200  ©0.350
CRILMET)  0.020  C.850  ©€.050  C.0 0.C70  €.0
KSTHLT) 0.0 1.000 0.0 0.0 0.0 0.0

S{I)= SURF2CT AREA % ECACH SEGMINT
Hefld= LINEAR RAD[ANT HEAT TRANSFER COZFFICIENT
HOSLEId= COMVICTIVE 205 CONDLETIVE FZAT TRANSFER CCEFFICIENT - AT SEA LEVEL
HCUI)= COMVECTIVE AMD CONDUCTIVE HEAT TRANSFIR COEFRICIENT
SKIN?TT1)= FRACTITA CF ALL 3XIM THEZI¥AL RECEPTCRS IN EACHM SIGMENT

SKINSCT= FOARTION CF SwiaTIAG CCHMAND 20PLICABLE 7O EALH SKIN SEGMENT
SeIAVEI)= FRACTION OF YASORTLATION COMMANE APPLICATICN TC ZACH SKIN SEGMENT
SKINCUL}= FRRACTION OF VASTCIASTRICTICK COMMZKNC APPLICATICN TN EACH SKIN SEGMENT
WCFA4E )= FFACTINM PF TOTAL WCRK NONE HY WUSCLE [N ZACK SEGMENT
CHILALT)= FEACTICY CF TOTAL ShIVEXING CCCULING IN EACKH SEGMENT
NSTM(L)= PROPURTICN OF NCN=SHIVERING THERMOGEAESIS FOR EACE SEGMENT

INITIAL INPUT TEMPERATURES, CEC C

CNRE MLUSCLE FAT SKIN
FEAD 36.660 34,260 34.C40 22,7¢€0
TRUAK 364,590 35.£10 33.560 32.3%0
Avpe 35.240 32.549 32.080 31.520
FANDS 36,120 332.050 34.120 33.3%0
LGS 25,520 34,870 32.350 32.0E0
FEZT 34,850 34,660 33.112 32.990
CENTPAL BLCCD
3&.410

CASAL METABILISMy WlRKB= B&.J0 WATTS

CUTPLT INTERVAL,IAT= 5 MINUTES
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TCTAL CF CHJLQLYH)= =443%9
METARLLTL KHSAT PRCOUCTICA+QUN),
ciee YUSCLE
FEAD 13.785 0.278
TRUAK 48,376 11.823
[ LA Je 788 1.574
HANDS 0.0a3 Qe281
LEGS 2.576 3.511
FEET . Del%B 0.018%8
NCh=SHIVERINS THRERMOGENSSISHNSTIN],
LORE MLSCLE
hE 8D 0.0 J.0
TRUNK 0.2 0.C
AR S Ned 9.0
HLADS Vel d.0
LEGS 3.9 0.0
FEET N.0 G0
EVAPOSATIVE hWEAT LCSS.E(ND,
C2E MLSCLE
HEAL d.9 0.0
TRYUK 545927 J.9
Laws 2a%) 0.0
FANDS J.4 0.0
L{GS U.0 0.G
ZET 0.4 J.0
EVAPORATIVE  FEAT LO3S, EGUW),
CamE PLSCLE
FEAD 0. 2.0
TFURK 12.302 0.0
LRYS 0.0 0.0
FANDS 0.9 0.0
LERT 0,9 0.0
FEET 0.0 0.0

FILM CN SKIn FIRMEL BY NVEF-SWEATING,FILNIMN),

FEAD
TP UMK
ARNMS
FANCS
LEGS
FEET

DRIPAEXCESS

FEAD
TK UAK
PEMS
HANDS
LEGS

CORE
0.9
0.0
0.0
0.0
0.9
0.2

SKEAT~F [LM=CLOWAT,DF IP{N]

CIORE
0.0
J.9
0.0
Q.0
0.0

MLSCLE
0.0
J.0
Q.0
0.0
0.0
Q.0

MLSCLE
0.0
Q.0

DOoOO
QO

FAaT SKIN
d.133 0.061
2.564% Je925
Q.2C7 Q.1£0
0.023 0.C7Y
G542 C.413
O0.£25% C.085%
WATTS

FAT SKIN
Q0.9 0.2
¢.C 3.2
0.0 0.0
0.0 0.0
C.C €.0
Q.C 0.0

FAT SKEIN
0.0 G.310
€. 3.7€0
0.0 1. 400
0.4 G.52)
d.C 3.320
0.0 g.720

FAT SKIN
G.C 1.1%4
0.0 5.103
g.C 2.012
.0 Ca 763
0.9 4,535
0.0 1.043

MICRENS

FaT SKIM
0.4 g.0
0.0 0.0
Q0.0 C.C
0.C .0
0.0 0.0
G.C ()

CN/HR

FAT SKIN
0.0 0.0
Vel 0.0
Q.0 C.0
0.0 0.0
0.0 Q.
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FEEY 0.0 0.0 0.0 0.0

SHEAT THAT SDAKS INTO CLATHES,CLCHAT(N], GM/HR
CIRE MUSCLE FAT SKIN
HE AC 0.0 Q.0 0.0 0.0
TRUNK Qe 0.2 0.0 C.Q
ARNS 0.0 Q.0 0.0 0.0
FANDS 00 Q.0 0.0 Ged
1L€45S 0.0 J.0 Q.0 c.0
FEET 0.0 0.0 0.0 0.2
CONVECTIVE HSAT TRANSFER BETWEEMN CENTRAL BLAUNC AND ELEMENTS,BCIN), WATTS
CIORE MUSCLE FAT SKIN
FEAD 24,114 ~).T745 =0.5%0 =5.158
TRIJNK 92,572 17.537 ~28.,282 =-1l.344%
ARVS =-0:53% -21.6%3 -6,.570 -4.333
FANNS .22 JLT7 =-Je292 ~4,.,998
LECS =)l 11 =15.942 -12.814 -1%.1€1
FELT =g.112 =215 =0.373 -&,284
CTNOUCTIVE FEAT TRANSFER BETWEEN SUCCESSIVE ELEMENTS.TCIMI, WATTS
cnes MUSCLE FAY SKIN
FEAD 1.117 Det 0.603 9.2
TRUMK DaETT 0.0 1l.441 Ga 0
AR>S 4.1T¢ Q.0 3.681 0.0
FAROS ~Jl.107 2.0 0.C486 Q.9
LEGS 2580 00 2.0523 Na0
FEET =0.075% Q. Uelfs 0.0

RATE CF HEAT FLDW INTO CR FRLM AN ELEMENT.hFIND, WATTS

CIRE MUSCLE FaT SKIN
LEAD ~lle44& 2.1430 0.521 0.371
TP UNK «53,301 =4.772 17.405 7.223
ARMS =3,45% 28.011 3.034 24555
FANDS D.l68 0.077 0. 264 C.448
LEGS -04240 22,8139 11.264 B, 766
FEST Je338 J.1C5 0.812 1.15%8
CEATRAL BLCCO
=44 206

RATF CF CFANGE OF TEMPERATURE CF AN ELEMENT,FIN)y DEG C/FR

care MUSCLE FAT SKIN
FEAD =4,5673 S.LE5 2.325 14350
TRUNK =4.037 =0.263% 4047 S5.4C3
sENS -2.209 8.2%3 5.265 5.308
FARDS 1.040 1.C34 3.102 2.326
LEGS =0.051 2.231 T. 194 Te322
FEET 1,325 1.250 6,251 4.758
CENTRAL ELCCD
=1.591

TSETWA(N} SET PGINT FCR RECEPTCRS FOR ACTIVITY WARM CCNCITICN, DEG C

CORE MLSCLE FAT SKIN
HEAD 36.660 24,360 34,040 33.7¢v
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HEAT LCSS,FIN),  WATTS

EVAPORATIVE
CORE MUSCLE FAT SKIN
FEAD 0.0 0.0 0.0 0. 810
TRUAK 6.527 0.9 G.0 3, 7E0D
13 53 0.9 9.0 0.0 1,400
HAMNDS 0.0 7.0 0.0 0.520
LEGS Je0 0.0 0.0 3.320
FEET 0.0 Q.0 0.0 Qe 120
EVAPORATIVE  HTAT LOSSy EGIN), GM/HR
ChHRE MLSCLE FAT SKIM
HEAD 0.7 041} 0.0 ) l.174
TRUAK 16, 29% 0.0 0.0 5,193
ARYS 049 0.0 0.0 2.012
HANFS 0.0 0.9 0.9 UaT63
LEGS 0.0 0.0 g.q 4,534
FEET D40 Q.0 0.0 1.043
FILM CN SXIN FORMED BY GVER-SwEATING,FILNMIN], MICRTNS
CORE MUSCLE FAT SKIN
hEAD 0.0 0.0 0.0 3.0
TAUNK 3.9 0.9 Cal C.0
ARNS 0. J.0 0.0 0.0
H.&NDS 0-\’ U-\:l 0-\’ O-\J
LEGS J.0 0.0 0.0 0.0
FEET 0.0 V.0 0.0 0.2
CRIP=EXCESS SWEAT=-FILM=CLOWATDRIP{N} GM/HA
CORE MUSCLE Far SKIN
FEAD 2.0 Q.C [+ P Q.0
TRUMK Jed 0.0 g 0.0 0.1
LETS 0.0 0.0 0.0 0.0
FANDS 9.0 u.0 0.¢ .€.0
LEGS 0.0 0.0 0.0 Q.0
FEET 3.0 0.0 0.9 L P
SWEAT THAT 5CAKS INTO CLOTHES,CLIWATINY, GM/HR
CIRE MLSCLE FAY SKIN
FE A [+ } 0.0 0.0 .0
TOLAX 0.0 0.0 0.0 0.0
ARMS (L J] 3.0 0.4 0.0
HAMNDS 0.9 0.0 C.C 0.0
LEGS 0.0 0.0 0.0 0.0
FEET 0.0 0.0 g.0 0.0
CCKVECTIVE HEAT TRANSFER BETWEEN CENTRAL BLOCEC AND ELEMENTS.BCIN), WATTS
CORE MLSCLE FAT SKIN
FEAL 16.549 0.319 -0, E22 -4,530
TRUMK 55,283 23.40U0 -19.940 =3.3¢9
ARVS =2.5%2 -13,421 ‘ -5,521 -3.077
FANDS 0,339 0.132 =-0.229 -4, 124
LEGS Dalé2 -6.568 “5,475 =14.4E3
FEET ~3.374 «0.111 -d.23] ~4,351
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LONOUCTIVE He AT TRANSFER BETWEEN SUCCESSIVE ELEMEANTS,TO(N), WATTS

CORF
FEAD B.339
TRUNK “0eh51
ARMS 1.4985
HANDS “04300
LEGS 1.A15
FEET =0.0%7

RATE CF HEAT FLOW

CNRE
HEAD -3 t“L\]
TRUNK -16.423
LELS 0,067
HAMDS 0,105
LEGS D519
FEET 0.271
CEMTRAL RLCCD

=1.602

AATE CF CHANGE OF

CIRE
KEAD =1.474
TR UAK =147
ARV -0,3453
FANDS Ues 3
LEGS Q.13?
FEzT 1.061
CENTFAL BLLCID

=-J.158

TSETWA{N)} ST PUINT FCP

€13%
FEAD 36.560
Faunsk 36.5%0
ARMS 35.249
HANDS In.1d9
LEES 35.520
FEEY 34,953
CENTRAL SLCID

36.410

CARILAC AUTRUT, L=
HZART PATE, HZA2TA

SKIN BLNZU FLTAI S

MUSCLE
De0 -
Vey
0.0
0.0
O-'J
2.0

FaT SKIn
04504 0.0
10.6259 Qe
3eERY Lo
0.307 Q.0
3.582 0.8
Q.914% 0.0

INTO DR FROCM AN ELEMENT 4 FF (N, WATTS

MUSELE
U.37C
-9.106
17.134
0.C71
12.5¢%4
0.082

FAT EKIN
B.C531 7 0.01%
11.671 3,561
2.Q54 le6%E
-0.051 =C0.0%0
Ge471 . 5.088
-0.046 =0.0¢4

TEMPEPATUPE OF AN ELEMEAT,FIN), Ci€G C/HR

MUSCLE
J.576
=-J.505
Se0DL
0.5563
1.231
1.036

MLSCLE
34.380
35,610
32.%40
34,650
14.ET8
LT

FAT SKIN
0.236 0.074
2.TR2 2.642

«5217 3.524

~0.630 =D 466
4.4172 4,241
-0.357 -0.2%3

RECEPTORS FOR ACTIVITY WARM CCNDITEON, DNEG C

FAT SEIN
344040 33, 7¢C
33.586Y 32,3%0
32.£3C 2l.520
34.125 33,359
32.350 32,082
33,110 22.9%0

460 LITERSAMINUTE

L 52,665 REATS/MINUTE

aF = 0,523 LITERS/MINUTE

HEAT PROUDUCTICHIMETABCLISF+EHIVERING) 4HP = 90.482 WATTS

TCTAL EVEIDRAATIVE

TUTAL EVAPIRATIVE LI5S, TEVG=EV/EVCP=

CUMILATIVE WATER L

hEAT LOSSEV=F#RWET= 24,404 WATTS

24.926 GM/PMR

J55+CEVGE 42558 GM

1-15



[alel Sutrd 4 8
v1l16 69SE
99001

1L80°2%1
96 "6YSE
€500°1

RER

i ¥}
RNV

)
18]
kNv

ZG6E6Y
L a2 chg VA
42501

L1566
66¢0°5L
10680°1

Ed I
2%
WHY

aud
B
RHY

FATEITHD WNISSYLID 43 5wvadliNia I6c2°Y
JCLAGTHD wWNiJaS 40 SwVell V1A 2401719
23dv NOILvlOKIS 341 INIENG S3SSTT 2AILVINAND 341
*ONILVIMS TNV NDLIvdld§Sdr Wundudl
d3ive 40 SedlINiNk viel*l
301uITHD WNESSYLId 42 SwVEDITIk 955470

JGIY0THD KATIDS 48 SavdOITHWw L2990

$1SG7T I23rENS SHL NOLILvINKIS 40 SALianIw & 18¥T IHY UNIZNG

CRO"%Z =ML*JUNL7d3dR3Ll INSITVY ANViW

o "0 =AE*ALICQIWIN SALLVISS

WA 0*9€L =06VRBYIENSSSEd JIBLSWITTE

JaS/a  &%7D =ACALITIDNSA Hiv

S1.9%  00°9% = NE0MYALIALLDY JIWCAVLIGR ViDL

J 93300 %2 =4Vl *2UNivE3dwil ¥1V BINY Aald

\ S3L0OKIk  °S1 =3dl L
L5
904219 = [Owd c*o = UX3
1521%2%1 = 9YND 0i8s=%e = DIA g6l c1 = 3ZA
Cu9bHhelZ = 3VN Ll ead o = OnA 18552 = oA
€400°1 = (3] 2LED"T = nv ZHEE Y = G
SNIa 11
54959 = DOhd [vAds] = 3I%3
Z13T"ZH1 = ¥NJD BIg5 %2 = JIA SF10~c1 =  J3A
£09C°¢€12 = 3VYN LOCOO = OhA boob*E - dh
LIGO" T = wv 9LE0"1 - ny 2608y = 210
SNid &

J 930 09Z°SE =gl 3uNlVvE3dkil AGDY NVEW
J 930 €sL°L¢ =SLtAUNLVEIINIL VINS NY34

1-16



YHIWD
S1livn

510°0
o] (e}
(10 L AR+
&Zn*n
150°0
520°0

NINS

avstL
116°L
»pete
01e*1
LA
651"E
NINS

#IHTHE
bZh °fE
Q9T ve
616°2¢
295°¢C
55Z°%E

MNINS

J 930/S11VA 01670
3IVHUNS A¥G/13M H0 OI1vy o100
SLINSWO3S NINS/ONVAWOI TYAOWIY LVSH®1vIMS 0°0 "0

$INIHI3S NINS/ONVWAHOD TVADW2Y LVIH*1YIMS ¢=0 00

Sllvm Y1e*ZL
OH WW BDE*1Y
I-W DS/M EE"EL
=W OS/¥. BL°]
J=n DS/ L¥°S

SLINA  VL0L 1333

6IT"0
95270
2020
wenen
5270
000
ivd

0e% "0
114
oue*0
960"E
151°91
9eL*0
iv4

L95°%¢E
DE5°CEE
1897 %t
IBI*EE
15e"%¢
L1%°%¢
iva

19%°¢ 838°0
610°0 6000
0=¢ [+ 2l
0*0 0"0
QCE CLT  E¥ETHS

1ES"5€E BICT1Y

2987 9=

={rnIC1060 30 VviCL

100" 0 SO0 1333
0z 0 uree $941
£€0*0 260 G- SONv4
eve=n 140 0= Sszv
BEC 0= LT rad B Whiizy
6100 Sel*1- Gv3H
379604 Za2
We133d40 2IM28ViIw CIT {NJOID:0
€9Z°C Si1°0 1334
Liv*9t [4- YA 4 231
€6Z"0 L2t SCNYH
sty Zl £Luen Sedb
[ LAY ) 032*%012 } LHE-F 8
LT4 0 4 LiEb* 9% Cv3d
270504% SULD
YH/5821]D SN 4RSMETI OCOTR
(13412
J3878 Ivmihad
BECT°SE S11°s€ 1233
GIETSE L e R4 $431
LEB"CE Zastey Sanvd
ERL®%E €YU YE Sned
0al°se E79"SE pINIESS
117°c¢ HTL°SE AL
I8 = 23UD
J 920 ${n1i*S3uNLvRESandd

€01 T C%1°E
61070 L10°0
0*0 o0

cro 0*0

046°0 {1H
Z10°0 (S FELE]
c*0 £Ins

o*¢ (11d3ans

€vE* 1L 620°022 25%%69 {1)%Xvn3

Z59°LE . E£E€8°6F

604°0Y (FININSd

=XTYMOH® TONINTVM I INTIDI 4500 ¥34SNVYE 1VSH JATLIIANDD

=1v34D44(33LvASIINITINA430D HISSNVEL IVIH JATLDSANDD

sXFAd4* (1O3XIWIINDIITI430D wI4SNVEL LVIH JAILIZANDD

5937 SONVH

SWdv WNNYL

Cvih

*SINGNI ONINNI ¥] ONv SLIN1IN0 AV3AS ONV INIBN *NILLVEIES3d SCNIINT SIVEIDL 353ML

¥ILVY 40 SHZLITVITNINW Cebs°8

1-17



METABCLIC HEAT PRCIJUCTICA,Q(AD,

CORE
FEAD 13,144
TRUNMK 45,065
ARMS B.776
FANDS 0,084
LECS 2,331
CEET 0.151

KUN=SHIVERING THERMIGENESISMSTIND,

CNRE
HEAD 0.0
TRUNK T3
ARNMS 0.0
FANDS D3
LEGE 3.0
FERT U.0

MLSCLE
0.3¢8
1.916
0.285
4365
g.0113

MUSCLE
U0
d.0
0.0
Je0
0.0
3.0

EVEPIRATIVE HEAT LISS,EINY,

CORE
FEAT Je)
TRUAK Ba%27
LEE 5 0.0
. WANDS 0.3
CLEGS 0.0
FEET 0.0

MUSCLE
d.4
Q4C
g.0
0.0
0.0
0.0

EVAPTRATIVE HEAT LGSS, EGIN),

CIRE
FET 0.
Tausx 1v.293
ANS [+ g4}
RAATDS [P
LECS JaQ
FeeT 249

MUSCLE
0.0
Va0
g.0
d.0
Ded
Qe

WATTS

FAT
0.129
2.716
0.222
Q.028
J.595
C.£3%

WAITS

FAT
0.9
G.n
0.0
0.4
0.0
0.0

WATTS

GM /HR

FILM EN SKIN FORMEC BY OVER-SWEAT INGyFILAIND,

CRE
+E AT 00
TRLAK L)
ACMS 0.0
+ENDS 0.0
LEGE 0.0
FEET 2.0

CRAPEXCESS SHSAT=FILM=CLCWAT,BRIPIN)

N
FEAD D0
TRLNK d.0
AR VS 0.0
FAND 0.0
LEGS 0.0
FEET 0.0

FLSCALE

MLSCLE
0.0
0.0
[} PR}
2.0
L
G40

FAT
0.0
0.0
b %)
ODC
Ued
.0

T

£
.
L ]
L]
L]

[~ R-R=-N-N-N-]
CoOOanDoos

1-18

GM/HR

SKIN
0.05%1
0,555
0.171
0.070
0452
0eUSO

SKIN
Qa2
Cal
Q.U
G.9
G.0
0.9

SKIN
g.310
3.780
1.400
g.520
3.320
Ca722

SkIY
el
Se 102
2.012
CaTE2
44533
1.343

MICRCAS

SKIN
g.0
Q0.0
Q.0
0.0
0.0



SWSAT THAT SUAKS TAT) CLOTRES,CLCWAT(N},

CORE
FEAL 0.2
TaLAK 0.0
ARMS 0.0
FAMIS 2.0
LEGS 0.0
FEET 0.0

MUSCLE
0.0
U
0.0
U.0
0.0
n.u

GM/HR

. B e

DOoODNMACOX
-
GwooOoLoZ

CONVECTIVE HC AT TRANSFEP BETWELEN CENTRAL BLOCC ANC ELEMENTS,8CIN),

CIRE
FEAD 15,773
TR UNK 51.50¢
ARMS -0.494
HANDS Q.47
LEcS $.320
FEEY ~0.052

CCNOUCTIVE HEAT TRANSFER METWEEN SUCCESSIVE ELEMENTS.TOIN)s

CJac
HF AC J.15%0
TF UAK =2.653
ARNMS 3577
HANLS =1.413
LEGY l.302
FEEY 0.052
PLTE CF REAT FLOW
LIRE
FELD =2.8U¢
TRULK =12.519
APMS Je591
HANDS 34450
LEGS U.34%7
FEET U.151
CENT~AL ®LCCH
16,162

PATE OF ThAYGE IF

CORF
HEAD =1.147
TR UNK =1.17¢
ARKS J.4%h2
HANGS 2.385
LFGE 04202
FEFT 0,591
CENTRAL BLCCD
Te64¢0
TSETwWALN)
CNRE
HEAC 36.660
TRUNK 34,950
ARMS 35,240

INTO CR

TEMPEFATUFE OF AN ELEMEAT.F(N},

SET-PCINT FOR

MLSCLE

0.591
25.023
-3.832

U.171
'1.75*
=0.079

MUSCLE
0.0
d.v
J.C
g.0
0.6
0.0

MLSCLE
=0 .0%3
-12.21¢6
11.327
-0e319
Ta3¢e2
Vela9

MLSCLE
-0.11%
=007

3339
-4 0302

C.719

1.825

RECEPTORS FOR ACTIVITY WARM CCNOITIAN,

MLSCLE
34.260
35.810
32,940

FAT
-0.174%
=16.365
4,523
-0,225
=1.7617
~0.219

FAT
0.532
10.513
3,654
0.131
4-344
0.t61

FROM AN ELEMENT hF(N),

FAT
-0,.,023
8.172
La451
0.121
4.119
V.194

FAT
~g.103
1500
2.4%2
le.421
2. 840
1.494

FaT
344040
33,564
32.080

1-19

SKIN
“4.217
-8.129
-3. il4
-3.558
=12.374
=4.U23

WATTS

SKIN
Q2.0
da2
G0
n‘c
c.‘l
G.0

WATTS

SKIN
-0.166
2.312
1.219
=0.423
3. c?l
=0.63%

CEG C/tR

SKIN
-0.622
1763
2.531
-20161
2.59%9
-2.528

0&G C

SKIN

23,740
32.390
31,520
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FANDS 364305 36,037
LEGS 35,546 35.424
FEFT 35.193 35.1E4
CENTRAL BLCCE
35,4972
BLECD FLCASAFy [Ny LITERS/FR
CORE MLSCLE

HEAT 46,507 2.Ri¢
ToLr K 219,240 T0.881
ARMS 0.373 12.523
FANDS 0.047 0.295
LFGS 2795 364061
FEET Q175 Qu2863

C3210(N) 010 METABOLIC EFFECTsw

CAAF MLSCLY

FEAD =147hS 0,019
Ta UMK ~bs432 “Qe0h2
ARVS ~0.045 0.27%
rAKIS =0,.Jdu1 0.033
LECS DeJUR 0.228
fFEEY QeI Q001

TCTAL OF QB910(%)= =84522

MET4BCLIC FIAT PPOCUCTION,QIN)

LOHE
HEAD t3.1n0
TRUNK 49,919
ARNMS Q.7H2
FAASS D.URY
LEGS 2.588
FEEY V.15%2

NER=SFIVERING THERMNGENESIS,NETINM),

CNRE
READ 9.9
THUNK 0.2
ARMS 0.0
FANCS 0.0
LEGS PR
FEET 3.0

MLSCLE
J.713
154t 55
l.€h%
N6t
4,347
g.G13

MUSCLE
3.0
0.0
0.0
0.0
0'0
olu

EVAPORATIVE MEAT LCSSeE(N).

CIRE
FEAC C.0
TRLNK 6.727
ARNS J.0
HANDS 0.0
LEGS 4.9
FEET De)

MUSCLE
0.0
0.2
0.9
0.C
a0
J.0

EVAPIRATIVE HEAT LOUSSe EGIM),

WATTS

34,658 34,654
34,112 34,014
34,538 34.90C
FaT SKIN
Jd. 785 3.759
15.197 E.54¢8
2056 1.310
0.2C6 5429%
5.139 Ta5ll
QatdC 7548
FAT SKIN
Q.004 0.UCS
¢.247 0099
QuC29 C.029
D.002 0.099
0,119 2.C99
0.122 Ce.018
FrY SKIM
J.135 Q.91
2.763 0.5¢3
0.2217 J.175
0.C24 c.C70
Q.63 Q0.459
0.t30 0.356
WATTS
Far . SKIN
¢.0 C.0
0.C 0.0
J.0Q 042
0.0 0.0
0.0 6.0
C.0 Jetd
FaAT SKIN
0.0 C.310
0.0 3,180
0.0 1.4090
0.0 c.520
0.0 3.320
0.0 0.720

GM/HR
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FELD
TFLMR
savs
FARDS
LEES
FZET

CIPE
0.7

12.268
(1.3}
G
0.0
0.0

MLSCLE
Q0
Jeid
0.2
d.0
0.9
0.0

QOoOOOGS

FILM CK SKIN FOFMEC BY OVER-SWEAY ING,FILMIND,

rEad
TRUNK
ARNE
FAARS
LERS
FEET

CRIP=EXCESS

FERT
TALAK
V5
FAMRGS
LEGS
FEET

EWEAT THAT

rELD
Tagnux
8x¥VS
HANGS
LEGS
FEET

CrAVLCTIVE

rEAT
TE LK
ARmS
HAMLS
LEES
FEET

CONDULTIVE

FELD
TRUNK
ARNS
H&aNOS
LEGS
FEET

RATE CF HMEAT FLIw INTOD OR FRON AN ELEMENT . HFIN],

CIRE MLSCLE FAT
Je0 0.6 ¢.2
J.4 10 d.0
343 dad 8.0
De J.0 0.C
Qa8 G0 U.2
0«0 J.0 0.0
SWEAT=FILM~-CLOWZT,DATPINY

CIRE PLSCLE Fav
e d+0 Caf
dad LD 0.0
Jed Jed 4.0
[+ 8 Q.0 Qa0
0.7 Jed 0.0
Jed Q. g.cC

SOAK3 INYS CLITRES ZCLINATINY,

[ E{ MLSLLE FaT
[ 0.0 0.0
vl 0.0 L)
Ded 0.9 g.C
0.4 V.0 Jau
Qe e U.0
Jay dad 0.0

CMAHR

SKIAN
1174
54102
2.011
G.763
4,533
l.043

MICKRCNS

0.0
C.0
C.G
Q.2
.0

SKIN
L0
0.0
C.0
0.9
Ga

Q0.0

HIAT TRAMNSFER PETwWEFM CENTRAL RLCIC AHO ELEMcNTS.BLIN),

CH=E
9.574
24.456
e I
Ual45
J.112
=058

MLECLE
N,222
1. 7¢1
=6,4543
J.lb4
=-3.12%
-0.0€2

FAT
‘30555
-15.58¢
~4a 111
~Q4252
~1,157
=0«260Q

SKIN
4,722
~-T.882
-32.117%
ot 33
=11.321
-5,058

HEAT TRANSFER DETWEEN SUCCESSIVE SLEMENTS,TCIN),

CIAE
Uelad
=wah04
Je 20k
0,283
Ja94d4
-Q.1935

CMUSCLE

g.49
d.9
Qa0
0.9
0-0
0.0

FAT
Ua555
11.1548
A, £54
Da5u2
4. ED2
1,243
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HERD
TRLNK
A0S
HA KOS
LEGS
FEFT

TCTAL GF QBuldLi)=

CA%E
14134
~54312
-Q.028
=J.J91

J.Ul5
VL0067

MUSCLE
Ua01S
=3.613

0.304

JeL35

Ne 49

0.401

~b.b43

FETABCLIC $EAT PPCLUCTICNIQINY,

rEal
TRUNK
2 S
FARLS
LEGS
FEETY

NOA=SHIVERING THERNMCGGENESIS  ASTIN,

FEAD
TRUNK
aRvy
FALTS
LECGS
FEET

EVaPORATIVE

FELD
TRLAK
ARNS
FANDS
LEGS
FEET

EvaPCRAT]VE

hME 4D
TILRK
P13
FANTS
LEGS
FELT

LJaL
13.135
46.028

JeTc1
Je04%
2.357
[<F% $1]

MUSTLE
d.268
15.405
1.575
0.248
4,351
J.uls

CORE YLSCLE
al) J'\]
(VIRV} Jed
D e Jaid
Ued 1.0
Do) Ul
Ded da4
HEAT LCSS.ELN),

CI3E MLSCLE
0.0 Q.4
&.527 Jeid
Q.4 0.3
Qev Q.
ved 0.0
1 Ded

REAT EGIND,

CIE YLSCLE
U.d 0.0
13,258 de9
Jad Gald
.0 .9
Jed V.0
V.0 0.0

FAT
0.0308
0.222
0,023
0.u02
C.116
¢ 121

WATTS

Fat
0. 13%
2.4804)
d.231
Uaf28
V.18
Ge£31

WATTS

WATTS

GM/HR

FAT
0.9
Jed
Q.0
Q.d
G. 0
0.0

FLILM EN SKIN FURMED BY OVER-SWEATING.FILMIND,

RERD
TRUNK
ARMS
MARYS
LECS
FEET

CORE
.0
dad
0.0
Q.0
Do
0.0

(=]

MLSCLE

FAT
¢.0
0.0
g.0
8.0
ola
0.0

1-27

SKIN
[P A
CslC
C.032
04919
[{PRILY.]
0.01%9

SKIN

Y 362
U.579
d.178
0.C7Q
Jeabb
G.05%6

QOO 0G X
TR
oOULoOCQOF

SKIN
C.810
3. 78(
1.489
Ce.520
3.329
CeTE0

SKIN
1elig
5.1322
Z.011
0.7€63
44532
1.043

MICRCNS

SKIN
Q.9
Q.0
0.0
0.0
2.0
0.0



CRIP=EXCESS SHEAT-FILM-CLOWAT,DRIP(N} GM/HR

CORE MUSCLE FAT SKIN
FELD ) Q.G 0.0 0.2
TOUMK 049 Qa0 0.0 Q.0
ARNMS 0.0 G40 0.0 0.0
HANSS Cad 0.9 g.0 C.0
LEGS Ve 0.0 0.9 0.0
FEFT 340 0.0 0.0 0.0
SWEAT THAT SOAKS IATI CLOTEZS,CLARATIND, GM/HR
CIRE MLSCLE F2Y SKIN
HEAD b P Q0.0 2.0C 0.0
18LAK Q.0 g.0 da0 U. 0
ARVS u.0 Uad) Q.0 Ged
PA-":CS u-‘J 0-0 0-0 0.0
LEES 0.0 Je0 Q.0 0.0
FEET 0. C.0 g.0 0.0
COHVECTIVE HEAT TRANSFER BETWEEN CENTPAL HLOOD AND ELENENTS,BLIND, WATTS
CAE WMUSCLE FaT SKIN
HEAC 10.858 0.35% ~0.£47 =4 .668
TRL VK 250394 14,552 -13.801 ~T.28&8
AR 4S “dehuT ~hohlh -4 ,354 -2.978
FANTS JaB4G 0.1%4 ~0a 249 44505
LEGS 0.138 14242 -4.458 -1J.27¢
FEET “JeUhh ~0.¢42 -0.255 -4.842
CLANLLTIVE HEAT TRANS®ER BETWEEN SUCCESSIVE ELEASNTS,TO(N}, WATTS
COAE MLSCLE Fat SKIN
VEAD 0. 148 040 0,531 0.9
TEUAK D821 0.0 11.224 0.0
P -3 .565 D40 3,111 [ ]
FANDS QeTT 0.0 Cs 370 G.0
LEGS 24755 0.0 S4065 0a?d
FEET -Js2C8 0.0 1.€27 C.0

RATE CF HEAT FLOW INTL OR FROCM AN ELEMENT.FFIN), #ATTS

CrRE MUSALE FAT SKIN
FELD ‘ 2,131 04156 0.051 9. 1€1
TIUNK 7,923 0.4356 5,271 1.5C5
AR WS 1.3)3 6.C84 g.51¢ €.716
RANDS -0,022 ~0.172 =0.053% D.3%4
LEGS L6146 6.387 2.011 1.751
FEET 04405 ~0.128 -0.14% 0.557
CEATRAL ALCECED
=12 404

PATE OF CHANGE OF TEMPEPATURE OF AN ELEMENT,FIN)y DEG C/HR

cNae MUSCLE EAT SKIN
FEAD J«BTC 0.614 0.228 0.578
TRLMK Je M08 04024 1.227 1.150
AR VS 1.153 l1.724 1.573 l.528
FANLS -Q.206 24319 =14054 l.888
LEGS 0344 Q624 1.3990 1.459
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CIRe MUSCLE FAT SK1IA

HE 4D 1L3.204 V.358 G136 0.062
TRULK f5.271 14,.,¢78 2.E26 0.515
ARMS 0.3901 1.567 C.234 0. 180
RANNS JeCHE 0270 0,023 C.u%0
LECS . 2e605 4.%33 Q.622 Ces7C
FFET Na15% 0.014 0.€37 C.087
NON=SHIVERING THERMCGEMESIS NSTIND, hWATTE
ARE MLSCLE FAT SKIN
hELD 0«0 U.0 0.0 0.0
TRUKK T4 Je 0.0 C.0
ARNME 0.0 0.0 0.0 Qe1)
FAMNDS Uend V] Ce0 [ PD]
LEGS [ Q.0 0.0 C.0
FEFT Q.0 0.0 0.0 Q.4
EVAPCRATIVE HIAT LOSS.E(N), WATTS
CNRE MUSCLE FAT SKIN
HELD 0.9 d.0 0.0 G.310
TPLHK be327 Q.6 a.¢ 3,760
AeNs Q.0 0.0 4.0 i 1.400
FARDS 043 d.¢ 0.0 Q322
LECS D Je8 [+ 1] 3. 220
FEFT U0 DN 0.0 U729
EVAPORATIVE kAT LOS5S5y £GIND, GM/HR
(4273 MUSCLE Fat SKIN
FELD L) Ja2 0.0 lall4
TRLYK 10.239 g.c 0.0 5.1C2
LA Q.0 Q.0 0.9 2.011
FAMNS L ] 2.0 0.0 0.7¢3
LECS 0.3 0.0 0.0 4.5%2
FEET 0.9 [L IV ) 0.0 | PRVER:)
FILM CH SYIN FCHMIC BY OVER-SWEBTING,FILMIN), MICaCNS
CRE MLSCLE FAT SKIN
FEAD Ned 0.0 0.0 0.0
TRUNK Q.0 0.0 0.9 0,0
ARYS 0.0 0.7 0.0 C.0
FARDS 0.0 0.0 0.0 0.0
LEEGS 0.0 0.0 2.0 [+ ]
FEET 2.0 Q.0 0.C 0.0
LRIP=EXCESS SAEAT=FILM=-CLOWAT,CRIP(N]} GM/HR
CNRE MLSCLE FAT SKIN
HEAD 0.0 Q.0 0.0 G.0
TP UMK 0.0 0.2 0.3 0.0
ARMS 0.2 0.0 0.0 Q.0
HANDS 0.2 0.0 0.0 0.0
LEGS CGed 0.0 0.3 Qe
FEET Qe 0.0 0.0 0.0
SWEAT THAT SDAKS INTO CLOTHES,CLOWAT(N}, GM/HR
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CIRE MUSCLE FAT SKIN

HEAD 0.0 0.0 Q.9 Ce0
TRUAK 0.3 0.0 4.0 Ce0
ARNS Ued 0.0 Je0 Q.0
HAMNCS V.0 0.0 - 0.0 Ged
LECS 0.0 0.0 ¢.0 0.0
FEETY 0.0 0.0 Q.0 4.0
CCNVECTIVE HEAT TRANSFER BETWEEM CENTRAL BLOCC AND ELEMERTS.BCIN) . WATTS
CiRE MUSCLE FaT SKIn
HEAD 15.%4¢ G.620 TR R LA ~4.251
TRLNIK 52,259 19.444 =11.42¢ -6e41%
AP VY -U.3u43 =2.227 =4.018 -2.741
FANDS D258 Q.224 - =0.226 -3.851
LEGS Ja460 2.%02 ~5,.€11 -3.041
FEET =J.ulé ~U.ua? ~J.21% -3.4810
CCNDUCTIVE HIAT TRANSFER SETWEEN SUCCESSIVE ELEMENTS, TOINY, WATTS
g COKE FUSCLE Fat SKiN
EELD Gelbd Wl 0.278 Qe
TRUNK =213 Je0 11.427 0.0
aRKS =Q.ubl J.d) 3.13¢ 0.0
RAMCS =Je347 0.0 =0.L%¢ C.u
LEGS dafdl 0wy 5.131 0.2
FEET 1.35¢ J.0 0.310 0.0

RATE OF HMEAT FLOW INTOD OR PROM AN CLEMENTHFIN, WATTS

CoPE MLSCLE FAT SKIN
FERS =24908 ~Z.101 Ged34 ~J.263
TRUNK =13.905 =4 .6%% 24929 G756
LA L1730 34508 0.515 Qeal3
RANDS 24375 ~J.246 G.25¢C =C. 115
LEGS 1,438 2.112 l.104 0.437
FEET -1.1835 l.622 d.548 -1.224
CENTRAL 2LCCC
Is.504

2ATE CF CHANGE OF TEMPERATURE OF aN ELEMENT.F(N}, DEC C/FR

CIRE ¥USCLE FAT SKIN
RELD =1.138 -0.2¢7 0.151 ~0.985
TPUSK =1.26% ~ds261 Q.£57 C.541
AP MS 1.145 1.024 0.885 C.783
FENOS 244405 =3.,Ah9Q 4.1C8 -4,126
LEGS Je3l0 Q.206 0a.763 C.4Cé
FEET “44627 17.45% 4,296 -4,568
CENTRAL BELOZOD
174462

TSETRAINE  SET PCIAT FOR PECLPTCRS FCR ACTIVITY WARM COACITION, DEG C

COPE MLSCLE FAT SKIN
FEAD 3h 650 34,300 34.040 33.760
TPUNK 364530 33.R 33.969 32,390
ARNMS 35.240 32 .940 32.C80 3l.520
HANDS 36,120 34.850 34,120 33,350
LEGS 35,520 34.810 32.350 32.080
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FEET CYLINDER 408.265 4£7.058 651,742 895.271

CLTSICE SURFACE AREA,JAREA(MN] SQ CH
CDAE MLSCLE FAT SKIN
FESD 0.0 0.0 0.0 1357.959
TPLNK VI g.C Q.C 6987.863
ApNMS 09 0.C Cel 2EG L. 535
HANDS U2 d.0 0.0 945,598
LECS D00 C.¢C G.0 £157.547
FEEY Q.0 0.0 GO 1320.,827
LTH(N} . LENGTH CF PARTS CF THE BGOY.CV.
CORE MLSCLE FAT SKIN
READ 0.0 0.0 0.0 0.0
TRUNK 168,269 168.35% 108,369 138,369
AFNFS  (2) 8l.C21 81.921 al.021 €l. 021
B&EATS (2) 121.401 121.401 121.461 121.461
LECS (2) 152,802 153,.9C2 1£2.502 1583,9¢2
FEET 12) 157.429 157.429 157,429 157.429
PAGIND AADIUS COF PARTS CF THE BOODY, CM.
fLORe MUSCLE FAT SKIN
HEAC TabSE 8.153 8.4B4 B. 760
TRUAK 5.852 9,246 10.C74 10.2¢3
AR ¥5 2.516 4.£25 4.528 5.110
HANTS 04811 0.51% 1.C862 i.271
LESS 3.72¢ S.8€1 €. 17¢& €.348
FEET 0.790%9 0.992 1.143 1.345
CENTER COF MASS RADIUS,CMRADIN) [A,]
CANE MUSCLE FAT SKIN
HEAD 6.108 Te534 B.224 840625
TRLMK 4.6465 T«512 S.£178 10.169
ARVS 2.314 3.954 4,781 5.021
FANDS D.643 g.268 C.6¢8 1.176
LECS 2.957 5.020 6.C23 £.272
FEET 0.721 0.952 1.67¢ i.224
OELX{K], DELTA Xy ABQUT RAD(I) LM,
CCRE-4USCLE MUSCLE-FAT FAT=SKIN
FELD ’ l.R2¢ C.351 0.30Q
TRLAK 3.267 1.7€5 04492
APFS l.641 0.827 Q.240
HAKDS 0.22% Gal127 0.180
LEGS 2.063 1.0063 G.251
FEET 0.2231 0123 Q.18
FPICPQINT RADIUSMPRIK] CH
CCRE-¥JSCLE MUSCLE=-FAT FAT=SKIN
FEAC T.021 €.129 8.414
TRUAK €.279 B.T95 S.923
ARNS 3.134 4.3638 4.501
FANCS Ga 155 0.%322 1.084
LEGS 3.989 5.522 6,148
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TRLAK G.0 0.0 0.0 0.0
ARNS 0.2 n.0 0.C C.0
FANDS 0.0 0.0 0.0 0.0
LEGS 0.0 0.0 0.0 0.0
FEET 0.0 4.0 Q0.0 0.0
CENTRAL EBLCCC
0.0
HEAD TRUNK ARMS BANDS LEGS FEET BODY UNITS
PAREALT) 7.00 35,02 13.41 5.00 31.74 6.86 ZAGE AREA BY SECTION
sty 0-]552. 0.7178 Q.2522 0.CS7¢ 0.5626 G.1164 SQ. M
HRLL) 4 .890 44820 4.200 3.600 4.200 4.0300 WATTS/5Q. M/DEG C
H=CSLIT) 3.0 2,100 2.190 4.000 2,130 4.0080 2.339 WATTS/5Q. M/DEG C
HOLT) 2948 2.063 24063 3.520 2.Ct3 2.920 2.298 WATTS/SQ. M/DEG €

SKINRLT) 0210 0.420 C.l00 0.040 04200 0.030
SKINS(T G.081 C.481 0.1%4 0.C21 g.218 C.035
SKINVITY 0.132 0.322 0.0%5 G.121 0.220 ¢.100
SKINCL]) 0.%10 0.052 C.189 G.2¢C0 9.200 €.350
CHILMLT) 0.020 G.850 U.050 0.0 0.C70 .0
AST¥IL) 0.0 1.03¢ Cad 0.9 9.2 0.0

St1)= SURFACE 4REA CF EACK SECMENT
HFL(I)= LINEAZ RANTANT YEAT THANSFER CCEFFICIENT
HESL{T}= CONVECTIVE AND CUNDLCTIVE MEAT TRAMNSFER CLEFFICTIENT = AT SEA LEVEL
HEIT)=s CONVECTIVE ANL CONQUCTIVE FEAT TRANSFER COSFFICIENT
SKINIQI)= FRACTIN CF ALL SN TREAvAL RFCEFTLRS IN ZACH 3EGMENT

SKINS{I)= FRACTICY CF SWEATING CCYMMAND APPLICABLE TJ EACLHY SKIN SEGMENT
SKIAVII)= FAACTION CF VASODILATICK CCMMAND ZPPLICATICN T2 EACH SKIN SEGMENT
SKINCEI)= FRACTICH JF VASOCONSTRICTION COMMAND APOLICATICM FO ZACH SKIN SEGMENT
WCRK¥( D)= FRACTICN CF TZTAL WOAK DONE BY VMUSCLE IN SACH SEGMENT
CHILM(I}= FRACTICN CF TCTAL SHTIVEIING CCCURING IN EACK SEGMINT
NSTM{L}= PROAPCRTICN CF NCN-SHIVERING THEAMIGENESIS FCR ZACK SEGMENT

INITIAL INPUT TEMPERATUFES, CEG C

CIKE VLSCLE FAT SKIN
FEAD 3645660 34,.3€0 34.C40 23.7£0
TRUNK 36.590 35,810 33.560 32.350
APMS 35,240 32.%40 32.C28C 31.520
FANDS 36.120 35.850 344120 33.350
LECS 35.52C 34,E70 32.359 32.4ED
FEET 34.850 24,660 33.11¢C 32.950
CENTRAL BLCCE
36.410

BASAL PETARILLISM, WCRKB= E€.00 WATTS

CUTPUT INTERVAL,INT= 5 MINLIES
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FEET G.E37 1.014% l.165

FEAT TRAMSFER OF SURFRLE AREALKHTSA(K) $Q CM

CCRE~YUSCLE FUSCLE=FAT FAT=SKIN
FEAC 619.407 §2C.3€E9 9C2.479
TRLAK 4275.207 5988.57Q 6756.534
LR K5 1595,474 . 2223.512 2494.567
RANDS 5764771 T1l.176 828,522
LEGS 3E5T.CEE 533%.410 5945,251
FEET B27.646 1LGl.048 11%2.484

CEMNGIK ), COHOUCTIVITY,W/Cr C

CCRE-MUSCLE MUSCLE=F2T FAT-5KIN
HE AL 0.00418 0.Coz78 9.U0E05
TRUMNK YaULARLG T.00335 0.00205
ARMS D.CJ416 J.00335 J.uLz9s
PANDS 0.0%419 Q.00278 0.0G295
LECGS Jeudals 0.£2235 0.u2235
FEEY J.£04l16 0.03278 Q.0C285

TClrYy THERZAL CCHDULTANCE BETKEEN ACJACENT ELEMENTS, WATTS/DEG C

CCORE-MUSCLE PUSCLE=FAT FaTl-SKIN
PEAD la.472 $.5C6 €o1E4
TRUMNK S.682 11.365 28,172
_AMNMS 4.0175 $.010 él.334
rehds 10,747 16.523 S.427
LEGS 7.223 17.842 4B.639
FEEY 15300 22.5%E4 13.223

TSETWSEN}  SET POINY FCR RECEPTCARAS FCR SEOENTARY WARM CCHCITICN, DEG C

CIRE MLECLE FAT SKIN
FEAD ELTC I 34380 34,040 13,740
TR LMK 34,590 35.81¢ 33.%563 32.390
apMs 35,240 32,540 3z.(EC 21.5290
HANDS 36.120 34 ,£50 34.120 33.35u
LEGS 35,524 3460 32,359 32,30
FEET 34,350 34.660 33.110 22.%%0
CEAMTPAL €LQCC
36.410

TSETCUIN), SET PCINT FCR RECEPTORS FOR CCLC CCNDITION, OEG C

CORE MLECLE FaY SKIMN

FEAC 36.450 344360 34,C4C 33.7¢0
TRLNK 364550 35.31¢ 32.560 32.350
aewE 35.249 32.540 32.c88 3it.520
FAMNDS 364120 344L50 34.120 33,350
LEGS 35.520Q 34.370 32.350 32.080
FEET 34,850 34.660 33.100 32,550
CENTRAL PLCCD

: 3e.410

PATELMN)y CYNAMIC SEN§I7IVITY OF T+ERMURECEFTCRS

LoRe FLSCLE FAT SKIN
FEAD 0.0 0.0 c.C 0.0
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TCTAL CF CBRLO(N}=

~44399

FETABCLIC HEAT PRCUUCTICN,A{M),

HE2D |
TRULNK
AR ¥S
FAKDS
LECS
FEET

CImE

13.785
43,37¢&

0.138
UeuH3
2.376
0.148

MLECLE
v.278
11.AP8
1.576
D.261
3.611
0,018

REN=SHIVERING THERMOGENESIS.NSTIN),

KEAD
TRUNK
2PN
HANDS
LEGS
FEET

EVAPCRATIVE

FEAL
TRUNK
ARME
FANOS
LEGS
FEET

EVEPCRATIVE

HELD
TRALNK
ARVS
HANDS
LECS
FEET

FILM CN SKIN FIPMED BY OVER=SWEATING,FILMINY,

FELD
TRUMK
ARNS
FANDS
LEGS
FEET

CEIP=EXCESS

FEAD
TRUNK
ARMS
FANDS
LEGS

CORE
0.9
G.9
0.0
0.0
0.9
Q.0

MLSCLE
0.0
0.0
0.7
0.0
0.0
0.0

HEAY LOSS,EI(N),

CORE
d.d
6527
0.0
3.9
0.9
Wl

COLCOoOOOWn

FEAT LOS5y EGIND,

COxE
0.0

19.302

0.0
Q.2
0.0
2.0

CNORE
N
0.2
C.0
0.0
0.0
Je0

MUSCLE
0.8
3.0

0

0

€.C
o.o
0.0

YLECLE
G.C
0.0
0.0
0.0
Q.0
0.0

WATTS

SAEAT=FILM=CLOWAT,DRIPINI

CARE
G.9
0

[-X =R =} -
[ =N +X ]

MLSCLE
Q.0
Q.0
“lc
0.0¢
0.0

WATTS
FAT SKIN
0.133 Q.01
2.564% d.525
Q0.207 C-1£0
0.028 0.070
Q.42 C.4l3
Q.t28% C.0%5
WATTS
FAT SKIN
0.0 0.0
0.0 .0
0.0 €.0
0.¢ 0.2
GeC C.0
Q.0 G.0
FaT SKIN
Q.0 0.310
d.¢ 3.740
g.0 1l.4C3
0.0 0.529
Q.C 3,320
0.0 CeT2u
GM/HR
FAT SKIN
CaC 14174
G0 5.1C3
0.0 2.012
.0 . 783
0.0 4.525
g.0 1.043
MICRCNS
FAT SKIN
Qe 0.9
C.0 0.0
Q.0 Co 0
¢.cC C.0
Q.C G.0
Q.0 0.0
GM/HR
FatT - SKIN
C.C 0.9
0.C 0.0
0.0 0.0
o‘c a.c
0.0 Q.0
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FEET 0.0 0.0 C.0 C.0

SWEAT THAT S0AKS INTO CLOTHES,CLCWAT{N), GF/HR
CIRE MLSCLE FAT SKIN
FEAC 0.0 0.0 0.0 C.0
TRUNK 0.0 0.0 C.C 0.9
BRNS Q.0 0.0 g.C C.0
HENLGS 0.0 0.0 0.9 0.0
LEGS 0.0 0.0 G.0 [+
FEET 0.0 0.0 Q0.C C.0
CCAVECTIVE HEAT TRANSFER BETWEEN CENTRAL ALCCC AND ELEMENTS.BLIN), WATTS
CIFE MLSCLE FAT SKIN
HEAC 244114 -0,745 -£.590 ~5.138
TRUAR 92.370 17.537 ~26.282 ~11.344
ARNMS =-0.535% -2l.€58 -£.87¢ -4,323
HANDS d.022 V.C77 =J.232 -4,308
LEES =-0.171 -15,.°42 =12.E1l4 =-1S.1E1
FEET -0.112 ~2.166 -0.272 -8, 284
CCNDUCTIVE HEAT TRAANSFER BETWEEN SUCCESSIVE ELEMENTS,TCIND, WATTS
CIkE MLSCLE - FAT SKIN
hHE AD 1117 [+ ] 0.60%3 0.0
TEUNK 0.977 0.0 11.441 6.0
ARMS G4aTT6 0.0 3.£53 Ca0
HAKIS =0.108 Jed 0.G46 CaV
LECS 2.53¢ 0.0 2.€53 €. 0
FEET =0.079 0.0 D.18¢ 0.0

FATE CF HEAT FLCW IANTC CR FRCM AN ELEMEANT+FFIN), WATTS

COPE MLUSCLE FAT SKIN
HELD =11.446 2.140 0.521 0.37
TELMK =53,0J1 44772 17. 4035 T.262
ARMS ~3454 28,011 3.089 24585
FANDS 0.168 0.311 0.2064 0.448
LEGS -0.240 22.E39 1l.264 8,756
FEET 0.338 C.1C5 U.812 1.158
CERTFRAL BLOCC :
-4 209

RLTE CF CHANGE OF TEMPERATURE CF AN ELENEAT,F(N)y, LEC C/kR

CORE MUSCLE FAT SKIN
RERD -4 .673 S.0665 2.325 1.350
TRUNK -4,837 =0a.265 4,547 5.403
ARNS =2.209 8.258 54295 &, 308
HAKES 1.0390 1.234 3.102 2.326
LECS =G.351 24231 1.784 Te322
FEET 1.325 1.290 G251 4,758
CEMTRAL PLOCD
=1.921

TSETwA(N) SET PUIMT FCR RECEPTCRS FOR ACTIVITY WARM CCNDITION, DEG C

CORE MLSCLE FAY SKIN
REAC 36.684Q 344369 34.040 33. 760
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TRUNK
ARMS
FANCS
LEGS
FEET

CBQLOIN)

FELL
TRUNK
AR HS
FANDS
LEGS
FEET

TITAL CF CRALOIN)=

219,260
0.R73
Q.087
2.795
Jel?h

Q1O METABCLIC CFFECT W

CORE
~l.361
-44321
-0.439%
=302

Jedil
Dail43

G8.512
15.35¢%
G.262
138.618
4.716

MLSCLE
f.022
0.065
J.218
0.021
Deh53
0.CI6

~4.49%

FETABCLIC REAT PRODUCTICK,Q(N),

HELD
TRUAK
ARNS
HANDS
LGS
FEET

NCA=-SHIVEPING THERMLGENESIS JNSTIND,

CIRE
13.508
47.520

Q.77E
Veil4
7.592
d.139

MLSCLE
L+840
42,686
4,800
0.2¢e4
1C6.%848
15.270

CDRE MLSCLE
FEAD 0.9 D0
TEULMK Jed UG
AF NS 0.0 U0
FALDS 0.0 0.0
LESS 0.0 0.0
FEET Q.0 0.0

EVAPCRATIVE HEAT LNSS,EIND,

CORE MUSCLE
FEAD 0.9 Ce0
T1RL MK 4,927 0.9
ARNS 0.0 0.0
FANDS 0.0 Ue0
LEGS J.0 [V}
FEET 0.0 .0
EVAPORATIVE FEAT L0OSSy EGIMN),

CARE MUSCLE

HEAC 0.3 C.C .
YRUNK 7.327 a0
ARKFS Qo0 0.0
FANDS 0.0 2.0
LEGS Q. Ua0
FELT DY) 0.0

15.187
24096
Q. 20¢
5,109
0.480

Fat
0.017
0.231
¢.031
C.CCS
0.103
0.174

WATTS

FAT
0.14%6
Z2.714
0.229
0.031
C.€c2
G.E50

WATTS

WATTS

GM/HR

FILM CN SKIN FORMEC BY OVER~SWEATINGsFILMIN),
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€. 546
1.310
5.284
T.511
T.948

SKIN
c.018
0.123
0.31%
C.018
0,085
G027

MICACNS



CNRE MLSCLE FAT SKIN
YEID 0s 0. 0.0 C.0
TFUMK 0.2 0.0 0.0 0.0
ARWS 0.2 0.3 Q.0 J.0431
FAADS Qed 0.0 0.0 0.0
LEGS 0.0 0.0 V.0 0.0
FEET Qa0 0.3 0.0 C.0
CRIPREXCESS SWIAT=FILM=CLCWAT ,LRIPIN) CM/HR
CURE MLSCLE FaT SKIN
FEAC 0.2 CaN G C G.0
TPLAK 0.2 C.0 0.0 0.0
ARWVS [ P 0.0 C.C 0.0
FAMNCS 0.0 0.0 G.C C.0
LEGS 0.0 0.0 0.0 0.0
FEEY 0.2 C.0 C.¢ .0
SWEAT THAT SCAKS INTS CLOTHES,CLOWATEND, CM/HR
CORE MLSCLE FAT SKIN
FEZD 0.2 Q.0 Q.C C.0
TaLkK 0.2 0.6 0.0 [V
ERRE Je3d Q.0 C.C Ceq
FARDS V.3 0.0 G.C Q.9
LEGS 0.9 0.C C.C 0.2
FEET [V I ] 0.0 Ga G [}
CCNVECTIVE HEAT TRANSFER PETWEEN CENTRAL CLCTC AND ELEMENTS,BC(NI, WATTS
CIFrE VUSCLE FAT SKIMN
FELD 9.11¢ 0a302 =Cq495 =1.314
R A HA 4 264208 15.F41 -21.57C ~beGh4
LENS =3.76L =-ld.815 -5.,083 -3,G11
HAMCS 0.01% Q.052 -0.009 0.221
LEGS =0.514 27.1590 =-8.542 =-12.169
FEET : Je250 Beadid Q.022 0.%5%3
CCNDUCTIVE HEAT TRANSFER EETWEZEN SUCCESSIVE ELEMEATS,TCIN), WATTIS
res MUSCLE Fat SKIN
+ELC Nel70 Q.0 =1.747 C.0
TR ULK -0,.223 C.C -4.112 C.d
AR¥S 1.5%34% 0.0 =1.415 0.0
HANGS -0.1:8 G =0.645% 0.0
LEGS ~2.51% 0.0 -6,218 €.0
FEET -5,401 0.0 -0,222 C.0

RATE OF HIAT FL3w INTQ DR FFCM AN ELEMENTFF{MN) WATTS

CIRE MLSCLE FAT SKIN
FEAD 4.217 1.714 2.388 2.%177
TRUNK 20.242 27.¢.2C 28.587 1C.94%
ARKS Dal10 25.11¢ 6.657 5.510
KANGS V.187 0.C%2 0.72¢ 1.504
LECGS 6.330 16.331 15.8¢€2 12.721
FEET 54341 1.429 0.590 1.740
CELTRAL ALCCO
84458 3
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TCYAL GF Q39

FETABCLIC rE

HEAD 1
TRUAK 4
AR NS

FANDS

LEGS

FEET

NCA=SHIVERIN

FEAC
TPLLK
ABMS
FANDS
LECS
FELT

EVAPCRATIVE

FELC
TPLNK
YT
FAMCS
LEGS
FEET

EVEPIPATIVE

FEAD
TELAK
ARMS
FANDS
LECS
FEET

FILM ON SKIN

FEAD
TRUNK
BRMS
hARDS
LEGS
FEET

CAIP=EXCESS
FELD

TRULAK
ARNE

0065 O.008 0.204 Q.032
La(h) = 1074

AT PRCCUCTICN.GIN), WATTS

COnE MLSCLE FAT SKIN
1.541 1.78Q J. 158 C.110
9.471 41,034 2.617 0.619
Q. 144 4,711 G.250 d.1%86
0.085 0.267 0,033 g.082
2.634 106,480 Q.651 0.500
0.211 15.273 a.120 0,109
G THERMOGEAES IS ASTINY . WATTS

CIE MUSCLE FAT SKIN
0.0 0.0 C.C 0.0
0.9 0.0 Q.40 0.0
0.0 0.0 Q.C 0.0
0.0 0.0 B.0 0.0
d.17 0.0 0.0 0.0
0.2 .9 0.0 C.0
FEZAT LDSS.E{ND, WATTS

e MLSCLE FaT SKKEN
0.9 0.0 G.C c.210
4.927 0.9 .U 3.780
8.3 0.0 C.C 1.400
Jed 0.0 G.C 0.52u
0.2 0.0 0.0 3.320
Geld 0.0 C.C G720
FEAT LESS, RGN}, GM/HR

CIE MLECLE £at SKIN
Jad 0.0 C.C €.517
7.328 0.0 0.0 S.616
0.0 c.0 0.0 1.01%1
Q4 0.3 0.6 C.523
Q.3 8.0 d.0 4.33%
0.0 0.6 CaC CeB49
FIAMEL BY CVEO-SWEATING,FILMIN), MICROCNS
CIRE MLSCLE FaT SKIN
) 0.0 c.C 0.0
Y] 0.0 G.0 C.0
0.3 3.0 G.C J.GC1
0.0 0.0 0.0 0.0
0.0 .t GeC 0.0
d.0 0.0 0.C C.0
SWEAT-FILM-CLAWAT 4OPIP{N} GM/RR

CORE MLSCLE FAT SKIN
0.0 0.0 c.c 0.0
Q.3 0.0 Q.0 0.0
Q.0 0.0 0.0 0.0
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HAKCS
LEGS
FEET

SWEAT TPHAT

HEAD
TRUNK
ERMS
FANDS
LECS
FEET

CONVECTIVE

HEAD
TILAK
souws
FANDS
LECS
FEET

CORDUCTIVE

FELD
TEUMK
ARNS
HANCS
LECS
FEET

‘0.0
Q.o
0.0

Q.0 -
d.0

alo

SOAKS INTO CLOTHES,CLOWATING,

CORE
0.0
J.0
Q.0
Jad
3.0
0.0

MUSCLE

0.0
Q.0
0.0
0.0
0.0
0.0

HIAT TRAMSFEF BETWESEN CENTPAL BLCCC AND ELEMENTS,BLIN},

CRE
hatrld
6.03%
~0.%95
=-J+A04
=1.060

0.4032

FLSCLE
J.312
~1.22%
=15.719
=v.C10
49 050
11.742

FAT
=0.204
=18.£04
=3.%24
Da082
=6a£41
Q0GB

SKIN
=0.241
~5.710
-2.410
C.5t2
~B. 517
1.3¢1

HEAT TRANSFEP BEZTWEEN SUCCESSIVE ELEMENTS,TO(NI,

CIRE
D.2%
Ga2l2

=0.471
-0-‘57
-3.742
~-2.158

FETE CF HEAT FLOW

FERD
TAUAK
ARNE
HAMLS
LEGS
FEET

CORE
§.292
41455
2.254
Oe2ne
9.2137
2.6G17

CENTRAL BLCCE

B.EET

RATE OF CHENGE CF

FEAD
TRUNK
ARMS
HANDS
LEGS
FEET

CORE
3,754
3.783
La%a2
1.576
2.00%

10.202

CEATRAL @Lace

4.205

TSETWA(N)

SET PCINT FCR RECEPTCRS FOR ACTIVITY WARM CLCNDITICN,

INTO OR FROM AN ELEMENT(HEINI,

MLECLE
1.501
42.481
16,550
Ja120
51.tA8
D738

TEMPERATURE CF AN ELEMENY,FIN)+

MUSCLE
3.974
2:356
5.481
l.621
5.050
S.021

FaAT
-1.2C8
=-5.482
=-14306
={.43%
~5.,108
[T

Fay
1+27C
264562
5.540
0.29%
12.402
Q.592

FaT
7.CC7
8.269
9,512
4,683
8.571
4.556
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SKIN
2.9
0.0
0.0
Q.q.
9.0
9432

WATTS

SKIN
1.6171
8.235
4.547
G.379
S.876
Lol 17

CEG C/FR

SKIN
6,268
64110
S 4946
4.567
8.215
4.438

HATTS

0DEG C
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KCK=SHIVERING THERMCGENESTIS,ASTIND, WATTS

CORE MLSCLE FAT SKIN
HE 2D 0.0 0.0 0.0 0.0
TRUNK 0.0 0.0 Q.90 C.0
ARKS 0.9 0.0 0.0 C.0
HAMNDS 0.0 0.0 0.0 0.0
LECS J.9 0.0 . Q.0 .0
FEET 0.0 0.0 C.0 0.0
EVAPCRAT IVE HEAT LCSS4+E(N}, WATTS
CCRrE MLSCLE FAT SKIN
HEAD Qe 0.0 0.0 £.8597
TRUMNK 454527 0.0 g.q 42.950
ARNKS 0.2 0.0 Q.G 12.€6CE
KAKNDS 0.9 C.0 0.0 3.087
LEGS 0.9 0.0 C.C 22.415
FEET 0.0 0.0 0.0 3.847
EVAPORATIVE HZAT LOSS, EGIN), GM/HR
CIRE MUSCLE FaT SKIN
HEAD 0.2 0.0 .2 © S.158
TRLRK T.331 0.0 G.C €3.8%9
F2MS 0.0 0.0 2.0 290.216
FANDS Qe 0.0 Cad 24550
LEGS Jed d.0 0.C 23,3¢¢€
FEET D Q.0 0.0 4.548
FILM CN SKIN FOPMED 3Y OVER-SWEATING.FILM{N), MICRCNS
CIRE MUSCLE FAT SKIN
FELD 0.2 V.0 g.¢C Q.9
TRUNK 0.9 0.0 C.0C 0.0
ARNS 0.0 Q.9 0.0 1.756
FANDS 0.9 0.0 0.0 C.0
LEGS | 0.9 0.0 G0 C.0
FEET 0.0 0.0 t.C 3.0
CRIP=EXCESS SWEAT=FILY=CLOWAT,CRIPIN) GM/HR
CORE FUSCLE F&T SKIN
FEAD 0.0 0.0 G.0 0.0
TRUNK 0.0 0.0 0.0 G.0
ARNMS v.0 0.0 C.0 0.0
FANDS 3.0 0.0 0.0 .0
LECS 0.0 0.0 0.0 0.0
FEET 2.0 0.0 .0 0D
SWEAT THAT 5JAKS INTO CLOTHES,CLOWATIND, GM/HR
CORE MLSCLE FaT SKIN
HEAD 0. 8.0 G.0 0.0
TRLAK 0.0 Qa0 0.0 0.0
ARNS 0.0 0.0 0.C 0.0
LAKDS 0.0 0.0 .0 C.0
LEGS 0.0 0.0 0.0 0.0
FEET Q.0 Je0 d.0 Je3d
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CONVECTIVE HEAT TRANSFER BETWEEN CENTRAL BLGOUGC AND ELEMENTS,BC(M),
CIRE ¥LSCLE FaT SKIN
FELD 6.532 F+454 -0.C510 ~0.4EY%
TRLNK 16,389 =T.857 =15.163 =-16.LEG
ARpS -1l.117 =12.8¢&0 ~2.5E2 ~6.514
FANDS =0.0L7 =0.053 0.032 G.027
LECGS -1.351 63,425 4,658 -13,346
FEET 0.472 13,448 4.C7% 1la175
CONDLCTIVE HEAT YRANSFER BETWEEN SUCCESSIVE ELEMEATS,TO(N], WATTS
CIRE MLSCLE FAY SXIN
FELL V.42 D.u C.368 ¢.0
TRUNK 0.B7€ 0.9 C. 718 0.0
APNS =1.T740 0.0 1.£24 €.
HALDS -0.2391 0.0 0.148 a.0
LECS =7.376 J.0 =0.568 9.0
FEET ~2.27% 0.0 C.788 4.0
RATE CF HEAT FLOW INTO OR FRCM AM ELEYENT FFUN],y WATTS
CARE MLECLE FAT SKIN
FELD T332 1.238 =Q. 145 -2.723
TRUMK 32.982 45.53C 17.456 =14,7d8
ARKS 3.858 15659 le€2¢€ =0.540
HALD 0.305 Q124 =0.1417 ~1.084
LECS 11.427 35.£516 5.617 ~C.853
FEET 2.031 -0.453 ~0.128 -1.180
CEMTRAL BLCLOD *
23.€13
RATE CF CHLNGE IF TEMPEFATUPL GF AN ELEMENT,FIN)y CULCG C/FR
Cnee MLSCLE FAT SKIN
FEAD 3.075 3.27E =0.€66 -10.223
TP UNK 2.55€ 24547 4.063 =-10.912
BF VS 2.34C 4.617 2.161 -1.352
FAPOS 1.955 1.672 -1.722 -5.628
LEGE 2.433 3.47) 4,038 =J.711
FEET 74545 ~5.558 -C.587 -4, 688
CEMTRAL BLCCD
S5.152
TSETwWA(M] SET PCIKY FCR KECEPTCORS FOR ACTIVITY wWaARM CONDITIGON, DEG C
CORE MLSCLE FAT SKIN
FEA&D 36,550 24,360 34.04C 23.7€60
TRULAK 36,590 35.810 33,560 32.3%0
ARVS 35,248 32.34¢ 32.0890 21.520
HANCS 356.120 344850 34.12C 33,390
LEGS 35.52Q 3% .870 32.350 32.080
FEET 34,850 34.6¢0 33.110 32.950
CENTPAL PLLCE
3€.410
CAPCIAL QUYPUT,CO= 10.135 LITERS/MINLTE
YEART RATE. HEAATHR= 97,990 EEATS/MINUTE
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EVAPORATIVE FEAT LOSS,E(H), WATTS

CORE MLSCLE FAT SKIN
FELD Q.0 G.0 C.C 14,064
TRUANK La27 0.0 0.0 45,951
AW S 0.0 0.0 0.0 L4.553
HANDS 0.0 0.0 g.0 6.823
LEGS 0.0 0.0 .0 37.5%6
FEET 2.0 0.0 G.0 B8.373
EVAPCRATIVE FEAT LCSSy EGIN), GM /HR
CORE MUSCLE FAT SKIN
FEAL 9.0 0.0 C.0 2C.9C3
TRLAK T.332 0.0 0.0 €8.2%4%
ARNS 0.0 0.0 Q.C 2l.684
FAMNDS O.0 0.¢ C.C €617
LEGS 0.0 0.0 0.0 55.882
FEET Q.0 JeG 0.6 11.383
FILM €N SKIN FZRMELC BY OVER-SWEATING,FILMIN), MICRCNS
ofa E1 3 MLSCLE FaT SKIN
FEAD 0.0 J.C 0.0 Ca0
TRLAK 3.0 0.0 0.0 105.u87
BREWVS 0.2 0.0 0.0 34.7¢4
RAMS 0.2 J.0 C.C 0.0
LEGS 0.0 0.0 0.0 29.5¢&9
FEET 2.2 3.C 0.0 0.0
CRIP=EXCESS SWEAT=FILM=CLOWAT,ORIF(N) CM/HR
CNRE MLSCLE FAT SKIN
FEZC 0.0 0.0 0.C 0.0
TRLAK 0.0 0.0 0.0 0.0
ARNMS V.0 0.0 0.¢C C.9
FAMNCS 0.0 0.0 0.0 c.0
LEGS Q.0 0.0 Q.0 0.0
FEET 0.9 0,0 C.0 ¢.0
SWEAT THAT SCAKS IANTD CLOTHES (CLOWATIN}, GM/HR
CARE MLSCLE FAT SKIN
HEAD d.0 Q.0 0.0 0.0
TRLNK G.0 0.0 0.0 0.0
ARFS 0.3 0.0 c.C 0.0
HAMDS 0.0 0.2 0.0 0.0
LECS 0.0 0.0 C.0 J.90
FEETY 0.0 0.0 0.C C.0
CONVECTIVE HELT TRANSFER BETWEEN CENTRAL £LOCC AND ELEMENTS,ACINI, WATTS
COeE MLECLE FAT SKIN
FELD B.344 [P R T -0.574 -4.,541
THUMK 20,6066 =7.547 =15.05% =-21.136
ARPS =l.114 =-10.8u0 -32.027 -10.3€8
HAMDS -0,021 -0.,068 -Q.087 ~3.96¢6
LEGS =1.350 70.132 . =5.367 -24,524
FEET 0.501 13.640 =C. 102 =4.148
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CCKOUCTIVE HEAT TRANSFER BETWEEN SUCCESSIVE ELEMENTS,TC(NI), WATTS

CORE MUSCLE FAT SKIN
HEAD 2.025 0.0 24ET0 Q.0
TRUNK d.364 0.0 B.12¢& C.0
ARNMS -2.285 - 0.0 1.222 d4.0
HANDS =3.186 G.C 0345 0.0
LEGS =T1.750 Q.0 S.884 0.0
FEET =3.385 0.0 1.134 g.9

F&TE CF HEAT FLOW INTQ CR FROM AN ELEMENT (FFIK), WATTS

CORE MUSCLE Far SKIN
HELD 6.534 1.040 -2.138 ~2.941
TRLAK 23.863 45.231 10.C3¢ 4.718
ARMS 4.221 13.069 1.779 1.754
HANDS J.25¢6 Js157 ~0.225 Ge2¢0
LEGS 11.862 2R.4%] GuL7L 1.722
FEFT Q.1L5 1.249 -0.35%6 0.1C3
CENTFAL PLDOL
~%.E0%

RATE CF CHAMGE 0F TEMPERATURE OF AN ELEMEMNT.F(NK)y CEG C/HR

CORE MUSCLE Fay EKIN
HEAC 2.708 24754 =9,541 ~11.02%
TRUNK 2.725 2.538 2.334 3.545
ARMS 2.740 3.853 3.058 3a€44
HANCS 1.8%¢& 2.124 ~2.6%1 1.351
LECS 2.525 2.TE4 g.118 1.435
FEET Q450 15.337 =2.140Q g.4C9
CENTRAL BLCCD
bbbl

TSETWAINYG  SET POINT FCR RECEPTORS FOR ACTIVITY wWa3M CONDITION, DEG C

LORE MUSCLE FaT SKIA
FEAD 36.660 34,300 34.040 22,7¢0
TRLMK 36.599 35.310 33,563 32.3%0
ARNS 35.240 32.540 32.08C 31.520
HANDS 36.120 34.P50 34.120 23.390
LECS 35,520 34,870 22.35¢0 32,080
FEET 34.850 34,660 33,110 12,950
CENTRAL BLCCC
36.412

CERCIAC CUTPUT,CC= 10.516 LITERS/MINUTE

HEART RATE, HEARTR= 101.634 BEATS/MINUTE

SKIMN BLOCD FLCWSSBF = 1.367 LITERS/MINUTE

FEAT PRUDLCTICN(FET&ECLISF+SH[VERING)'HP= 263,290 MWATTS
TOFAL EVAPCRATIVE HEAT LUSSEV=E+RWET= 137,275 hATTS
TCTAL EVAPURATIVE LOSS, TEVG=EV/EVLP= 194,091 GM/HR

CUMULATIVE WATFR LCSS,CEVG= 234399 G¥
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DRIP=EXCESS SWEAT=-FILM=CLOWAT,DRIPIN) CM/HR

CORE MLSCLE FAT SKIN
FEAD 0.0 0.0 €0 €. 0
TRUNK 0.0 0.0 0.0 0.0
AR NS 0.0 2.0 0.9 0.0
FANDS 2.2 0.0 0.0 0.0
LEGS 9.0 0.0 0.0 0.0
FEET 3.2 8.¢ 0.0 C.0
SWEAT THAT SOAKS INTO CLDTRES,CLOMATIND, GM/HR
CHRE MLSCLE FAT SKIN
FEAD 049 0.0 0.¢ €. 0
TALAK Ued 0.0 0.0 0.0
ARMS 0.3 0.9 0.¢C C.0
FANRS 0.0 0.0 : U. 0 .0
LEGS 0.0 0.0 0.0 0.0
FEET 0.3 0.0 C.0 C.0
CONVECTIVE MZAT TRANSFER BETWEEN CENTRAL BLCCEC ANC ELEFENTS,BCOMND, WATTS
C4E WLSCLE Fay SKIN
HEAD 1u.586 0.530 ~1.126 ~£451
TP UNK 30.666 =1.292 ~13.889 =37.242
BRMS ~1.313 ~3.254 -2,1726 ~12.443
HANDS -0.018 -0.C37 -0.142 ~7.535
LEGS -1.1C7 78,517 -5.516 -30.739
FEET * p.518 14,200 -3.206 -8.359
CUNDUCTIVE HMEAT TFANSFER BETWEEN SUCCESSIVE ELEMENTS,TCIND, WATTS
CORE MLSCLE FAT SKIN
FEAD 0,091 a.9 1.7¢4 0.0
TP LAK 0.818 3.0 8517 0.2
ARNS -2.519 g.0 1.201 C.0
HARDS -0.191 0.0 0.236 0.0
LEGS =7.541 0.0 3.329 0.0
FE&' -0-&94 0.0 1.0"!3 000

RATE OF KEAT FLOW INTO CR FRCHM AN ELEMENT . FF(IAD, WATTS

CORE MUSCLE FAY SKIN
HEAD 4.T66 0.75% -0,4R9 =-0.2131
TRUNK 2l.141 38.6%47 10.541 44910
acks 4.383 10.370 1.E05 1.455
HANDS 0.258 0.147 -0.061 0.321
LECS 11.481 20.2174 2.500 2610
FEET 0.411 0.381 -0.113 0.157
CENTRAL BLCCO
=2.15%

RATE CF CHANGE OF TEMPERATURE OF AN ELEMENT,S{N}y CEC C/FR

CORE MLSCLE FAT SKIN
HEAD 1.946 1.55% -241E5 =C. RES
TRUNK 1.929 2.169 2.451 2.915
ARME 2.802 3657 2. 10¢ 3.022
FANDS 1.912 1.587 ~0.721 1.6¢8
LEGS 2945 1.551 2.€34 2.416
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APFENDIX 2

Stolwijk Model Variable Listing



APPENDIX 2

List of symbols used in KSU-Stolwijk program with definitions and dimensions.

Symbol Definition Dimension
AEWET Total body wet/dry ratio N.D.*
AGE Subject age years
AVDELT Average temperature difference between skin G

and air
BARO Barometric pressure mm. g
BC (W) Convective heat transfer between central blood W

and compartment N
BF{N) Total effective blood flow to compartment N L.h_l
BFB(N) Basal effective blood flow to compartment N L.h“1
BWT Body weight (Changing during exposure) kg
c(N) Heat capacitance of compartment M W.h. °C-1
CALC Volume of drinking input L.
CARDI Cardiac index Lonin L. m 2
CCHIL Shivering coefficient from head core W. °C—1
CCON Vasoconstriction coefficient from head core W. °C -1
CDIL Vasodilation coefficient from head core L.ht . ect
CEFF Cooling efficiency of jacket N.D.*
CEVG Cumulative evaporative heat loss gm.
CHILL Total efferent shivering command W
CHIIM(T) Fraction of total shivering occuring in muscle

of segment I N.D.*
CLO(I) Clo value at segment I
CLOWAT (I) Sweat absorbed into clothes at segment I gm



Symbol Definition Dimension

CMRAD(N) Center of mass radius for compartment N cm.

CO Cardiac output L.min,

COLD (M) Qutput from cold receptors in compartment N G

COLDS Integrated output from skin cold receptors °c

COND (K) Thermal conductivity of tissues between adjacent W.Cm_l e
compartments

Csw Sweating coefficient from head core W. °C—1

CUSLAT Cummulative salt loss gm

CWw Cummulative drinking water gm

DELTAT(I) Temp. difference between skin and suit by °C
segment

DELX (K) Distance between adjacent center of mass radii cm

DILAT Total efferent skin vasodilation command L.h_1

DRIP(I) Sweat dripped from segment I (unevaporated) gm

DRY (1) Heat loss through clothing at segment I W

DT Integration step h

DTM Integration step min

DUBOIS DUBOIS Surface area i

E(N) Total évaporative heat loss from compartment N W

EB(N) Basal evaporative heat loss from compartment N W

EG(N) Rate of total evaporative water loss from gm.h—l
compartment N

EMAX(I) Calculated maximum rate of evaporative heat W
loss from segment I

ERROR (V) Output from thermoreceptors in compartment N "

EVCP (1) Heat of vaporization of sweat for segment I W.h.gm.“l

EWET (1) Ratio of wet/dry skin surface for segment I N.D.*

2-2



Symbol Definition Dimension

F(N) Rate of change of temperature in compartment N "C.h"1

FACL(T) Factor increases radiation area of body by 15%/
clo at segment T

FCL(I) Burton clothing efficiency factor at segment I N.D.

FILM(T) Thicknesgs of film formed by unevaporated sweat microns
at segment I

FIIMW(IL) Weight of unevaporated film at segment I g

GUYH20 Total water lost through urination in one ml.
iteration

GUYK Total potassium ion lost through urination in one  meq.
iteration

GUYNA Total sodium ion lost through urination in one meq
iteration

HCMIX Convective heat transfer coefficient (mixed) W.m_2.°C L

HCSFAT Convective heat transfer coefficient (seated) W.ma2.°cnl

HOWALK Convective heat transfer coefficient (Walking) W.mu2.°C_1

H{I) Total environmental heat transfer coefficient W.°C =ik
for segment I

HC(I) Convective and conductive heat transfer co- W.m_2.°C_1
efficient for segment 1

HCSL(I) Convective and conductive heat transfer W.m~2.°C—l
coefficient for segment I, at sea level

HCSLTR Convective heat transfer coeflficient at sea W.m“2.°C~1
level total body

HCTB Convective heat transfer coefficient at local W.m_2'°C_l
barometric pressure total body

HEARTR Heart rate Beats.min—l

HEATIM Time for water from stomach to body min.

HF (N) Rate of heat flow into or from compartment N W

2-3



Symbol Definition Dimension

HP Heat production (metabolism + shivering) W

HR(I) Linear radiation heat transfer coefficient for W.m. 2.°C_l
segment T

HT Helght of subject cm

HTSA(K) Heat transfer surface area cm2

HVAPS Heat of vaporizatioﬁ of sweat W.h.gnf

HVP Heat of vaporization for evaporative loss W.h.gm_l
in respiratory tract

IDRINK Flag variable for drinking N.D.*

INT Interval between outputs min.

ITIME Elapsed time (ocutput time) min.

JOB' Flag representing type of work subject is doing N.D.*

KCLMG Mass of potassium chloride lost in one iteratlon ng.

KCONC Concentration of potassium in sweat meq.L_l

KMEQ Total potassium jon lost in one iteration meq.

LR Lewis relation "Cmm.Hgm1

LTH(L) Length of segment I cm

LTIME Elapsed time (integration time) min.

MPR (K) Center of mass midpoint radius cm

NACLMG Mass of sodium chloride lost in one iteration mg.

NACONC Concentration of sodium in sweat meq.L'_l

NAMEQ Total sodium jion lost in one iteration meq.

NST Non-shivering thermogeneasis watts.

NSTM(I) Proportion of non-shivering thermogenesis for N.D.*
each segment

NWT (K) New calculated weight distribution of subject ke

2-4



Symbol Definition Dimension

P (K) Vapor pressure table from 5-50°C mm ., Hg

PAIR(I) Vapor pressure in environment (for segment 1) mm. He

PARFA(I) Percent of total skin area for segment I %

PBCO () Proportion of Basal blood flow in compartment N N.D.*

PCHIL Shivering coefficient from skin and head core W.“C_l
(multiply)

PCON Vasoconstriction coefficient from skin and head °C”2
core (multiply)

PCT(K) Percent distribution by weight of different N.D.#%
tissue types

PCTBF Percent body fat of subject %

PCTN(K) Percent distribution by weight of body segments gm
of subject

PDIL . Vasodilation coefficient from skin and head L.h L ec?
core (multiply)

PPHG PSKIN(1) mm. Hg

PQB () Proportion of basal heat production in compartment N.D.*
N

PRSALT Proportien of salt in sweat N.D.*

PS(I) Proportion of total body surface area given N.D.*
to segment I.

PSKIN(I) Saturated water vapor pressure at skin mm. Hg
temperature I for segment 1

PSW Sweating coefficient from skin and head core W.°C-2
(multiply)

PWET EWET N.D.*

Q(N) Total metabolic heat production in compartment N W

QB(N) Basal metabolic heat production in compartment N W

QBQLO(N) Q10 effect in compartment N , W

QUAT Sum of QL0 effect W



Symbol Definition Dimension
RAD (1) Radius of segment I cm
RATE(N) Dynamic sensitivity of thermoreceptors iIn h
compartment N
RELV Relative velocity m.sec
RDRX Respiratory dry loss W
RH Relative humidity in environment N.D.*
ROE Density of sweat gm.cc_
RWET Respiratory wet loss W
SAF Surface area of dry ice facing skin cm2
S(I) Surface area of segment I m2
SBF Skin blood flow L.min.h1
SCHTL Shivering coefficient from skin w.ec™t
SCON Vasoconstriction coefficient from skin W.°C_l
SDIL Vascodilation coefficient from skin L.h_1.°C“l
SEGUT (I) Weight of segment I gm
SHB Specific heat (thermal capacity) of bone w.hr.kg-l°C_1
SHF Specific heat (thermal capacity) of fat 1-3.1'11‘.kg_1"C'—1
SHS Specific heat (thermal capacity) of skin W.hr.kg_1°C_l
SHT Specific heat (thermal capacity) of tissue W.hr.kg_1°C‘1
SKINC(I) Fraction of wvasoconstriction command applicable N.D.*
to skin of segment I
SKINR(I) Fraction of all skin receptors in segment I N.D.*
SKINS(I) Fraction of sweat command applicable to N.D,*
skin segment I
SKINV(I) Fraction of vascdilation command applicable N.D.#*

to skin segment I



Symbol Definition Dimension
SPGRV Specific g%avity of subject N.D.*
SR Sweat rate mg.m' min
S8W Sweating command coefficient from the skin W.”C—l
STMLKG Stroke volume per min per kg of body wt. ml.min_l.kg."l
STRIC Total efferent skin vasodilation command N.D.*
STROV Stroke volume L.Strokenl
SUBRAT Sublimation rate gm.h_l
SVP EMAX W
SWCG (1) Sweat, heat removal command for segment g;m.h“l
I in 9/hr
SWEAT Total efferent sweat command N.D.*
SWPCP (1) Sweat, heat removal command for segment I in W W
SEX Subject's sex N.D.*
T(N) Temperature of compartment N °C
TAAR Air temperature °C
TAIR(I) Dry bulb temperature external to skin of 0
segment I
TB Mean body temperature °C
TBFYM Proportion of total body of a young male that N.D.*
is fat
TC(N) Thermal conductance between compartments N W.°C_1
and N+1
TD (N) Conductive heat transfer between compartments W
N and N+1
TEMP T(N+3) = skin temperature °C
TERMK Rate of potassium ion excretion through meq.minul
sweating
TERMNA Rate of sodium ion excretion through msaq.minml

sweating

2-7



I (walking)

Symbol Definition Dimension
TERMWA Rate of thermal water loss L.minﬂ1
TIME Elapsed time (LTIME) h
TO Operative temperature °c
TOTALH Total heat transfer coefficinet W.m.-2.~°C_l
TR Mean radiant temperature e
TS Mean skin temperature °C
TSETC (N) "Set Point" or threshold temperature °C
for cold receptors in compartment N
TSETKS (N) "Set Point" or threshold temperature for warm *C
receptors in compartment N (sedentary activity)
TSETWA(N) "Set Point" or threshold temperature for warm “C
receptors in compartment N (exercising activity)
™ Temperature of drinking water °C
URZ4 Flag variable to terminate simulation N.D.*%
URZ5 Work rate W
v Air velocity m.secul
VOL(TI) Volume of segment I cm
VWALK | Velocity of walking m.sec
WARM(T) Warm output of segment I °C
WARMS Integrated output from skin warm receptors e
WATER Volume of water lost through sxin in one L.
iteration
WATERL Volume of water lost through skin and respiration L.
in one iteratien
WEFF Mechanical efficiency of work N.D.®
WKL(I) Fraction of total work done by muscle in segment N.D.*



Symbol Definition Dimension

WK2 (1) Fraction of total work done by muscle in segment N.D.*
I (standing)

WK3(I) Fraction of total work done by muscle in segment N.D.*
I (pedaling)

WK4 (1) Fraction of total work done by muscle in segment N.D.*
I (sitting)

WORKT Total metabolic rate required W

WORKA Activity metabolism W

WORKB Basal metabolism W

WORKM (L) Fraction of total work done by muscles in N.D.*
segment T

WRATE Water in stomach '"delay rate" Min.

WT Initial weight of the subject kg.

WIPCT (N) Tissue weight distribution of standard bodyv kg,

#N,D. = Dimensionless

2=9
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Guyton Model Variable Listing



APPENDIX 3

List of symbols used in Guyton Circulatory System program with definitions.
Independent variables (never calculated by the program) are indicated by *,

Units used are: volume in liters, mass in grams, time in minutes, chemical

units in milliequivalents, pressure in millimeters of mercury, and control

factors as ratio to normal.

Symbol Definition

AAR Afferent arteriolar resistance

AGK* Constant concerned with effect of renin on angiotensin formation
AH Antidiuretic hormone secretion rate

ANC | Antidiuretic hormone concentration

AHR* Constant used in calculating antidiuretic hormone concentration
AHM Antidiuretic hormone multiplier

ARY Adapted effect of right atrial pressure on antidiuretic hormone

secretion rate

AHZ Basic effect of right atrial pressure on antidiuretic hormone
secretion rate

AHS Effect of autonomic stimulation on antidiuretic hormone secretion
rate

ALO* Maximum aortic arterial oxygen saturation

AM Aldosterone multiplier

AMC Aldosterone concentration

AMM Muscle vascular constriction caused by local tissue control, ratio

to resting state
AMP Effect of arterial pressure on rate of aldosterone secretion

AMR Effect of sodium to potassium ratio on rate of aldosterone secretion



AMT*
AM1

ANC

ANT#
ANU

ANV*

ANW
ANY*
ANZ*
AN1
AOM
APD

ARF*

AR1
AR2
AR3
AU

AUB
AUC
AUH

AUJ

Time constant of aldosterone accumulation and destruction

Rate of aldosterone secretion

Angiotensin concentration

Angiotensin multiplier effect on vascular resistance, ratio to normal
Effect of renal blood flow on angiotensin formation

Effect of glomerular filtration and sodium concentration on renin
formation with consequent effect on angiotensin formation

Time constant of angiotensin accumulation and destruction
Non-renal effect of angiotensin

Constant used in calculating effect of renin formation on angictensin
formation

Partial effect of renin on angiotensin formation

Constant used to calculate angiotensin effect on venous volume
Constant used to calculate angiotensin effect on venous resistance
Rate of angiotensin formation

Autonomic effect on tissue oxygen utilization

Afferent arteriolar pressure drop

Intensity of sympathetic effects on renal function
Vasoconstrictor effect of all types of autoregulation
Vasoconstrictor effect of rapid autoregulation

Vasoconstrictor effect of intermediate autoregulation
Vasoconstrictor effect of long-term autoregulation

Overall activity of autonomic system

Effect of baroreceptors on autoregulation

Effect of chemoreceptors on autonomic stimulation

Autonomic stimulation of heart

Basic overall autonomic stimulation

3-2



AUK*
AUL*
AUM
AUN

AUO

AUP
AUQ*
AUR

AUS*
AUV

AUX*

AUY*.

AUZ*
AU4
AUb
AU8

AVE

AlK#*

A2K*

A3K*

A4K*

BFM
BFN
CALC

CcCD

Time constant of baroreceptor adaptation

Sensitivity of sympathetic control of vascular capacitance
Sympathetic vasoconstrictor effect on arteries

Effect of CNS ischemic reflex on autoregulation

Fractional departure of overall activity of autonomic system
from normal

Autonomic stimulation of peripheral circulatory sensitivity
Sensitivity of sympathetic control of peripheral circulation
Autonomic stimulation for heart rate

Sensitivity of sympathetic control of heart rate
Sensitivity of sympathetic control on heart function
Sensitivity of baroreceptors

Sensitivity of sympathetic control of veins

Overall sensitivity of autonomic control

Degree of adjustment of baroreceptor response

Adapted baroreceptor response

Rate of adaptation baroreceptors

Effect of autonomic stimulation on venous resistance
Sensitivity parameter for baroreceptor drive

Time constant of rapid autoregulation

Time constant of intermediate autoregulation

Time constant of long-term autoregulation

Time constant for muscle local vascular response to metabolic
activity

Muscle blood flow
Blood flow in non-muscle, non-renal tissues
Volume of drinking input

Concentration gradient across cell membrane
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CFC* Capillary filtration coefficient

CHY Concentration of hyaluronic acid in tissue fluids

CKE Extracellular potassium concentration

CKL Intracellular potassium concentration

CRA Extracellular sodium concentration

CNB Difference between extracellular sodium concentration and set point

used to calculate antidiuretic hormone secretion rate

CNR¥* Reference sodium concentration used in determining effect of sodium
on antidiuretic hormone secretion rate

CNE Sodium concentration abnormality causing third factor effect

CNX* Constant used in calculation of renal excretion rate of sodium

CNY#* Constant used in calculation of renal excretion rate of sodium

CNRZ#* Sensitivity of antidiuretic hermone production rate to extracellular

sodium concentration
CN2% Constant used in calculation of venous resistance

CN3 Dummy variable used in calculation of the effect of capillary
pressure on venous resistance

CN7* Constant used in calculation of venous resistance

CFE* Sensitivity of rate of transfer of fluid across pulmonary capillaries
to pressure gradient

CPG Concentration of protein in tissue gel
CPL Concentration of protein in free interstitial fluid
CPK* Rate constant used in determining loss of plasma protein through

systemic capillaries

CPN Concentration of protein in pulmonary fluids

cre Plasma protein concentration

CPR* Reference plasma protein concentration governing protein production
by liver

Cv* Venous capacitance

DAS Rate of volume increase of systemic arteries
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DAU
DFP
DHM
DLA
DLF

DLZ

DOB
DPA
DpC
DPI
DPL
DPO*
DRA
DVS
EXC*
EXE

EX1%*

EXQ

FIS*
GBL*
GFN
GFR
GF1l
GF2%*

GF3

Autonomic stimulation drive

Rate of increase in pulmonary free fluid

Rate of cardiac deterioration caused by hypoxia

Rate of volume increase in pulmonary veins and left atrium
Rate of formation of plasma protein by liver

Undamped plasma protein concentration differential causing protein
production by liver

Rate of oxygen delivery to non-muscle cells

Rate of Increase in pulmonary volume

Rate of loss of plasma protelns through systemic capillaries
Rate of change of protein in free interstitial fluid

Rate of systemic lymphatic returmnof protein

Rate of loss of plasma protein

Rate of increase in right atrial volume

Rate of increase in venous vascular volume

Exercise activity, ratio to normal at rest

Exercise effect on autonomic stimulation

Constant concerned with effect of muscle cell PO on autoncmic
stimulatlon during exercise 2

010 metabolic effect expressed as exercise activity, ratio to
normal at rest

Fistula parameter

Goldblatt hypertension parameter

Glomerular filtration rate of undamaged kidney

Glomerular filtration rate

Value of GFN on previous iteration

Constant used in calculation of glomerular filtratiom rate

Degree of autoregulatory feedback at macular densa
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GF4*
GLP
GPD
GPR

HKM*

HMK*

HPL

HPR

HSL*
HSR*

HYL*

IFP
11
I2%
I3*
KCD
KE
KED
KI
KID#*

KIE

Constant contrelling the feedback loop for GF3
Glomerular pressure

Rate of increase of protein in gel

Total protein in gel

Constant used in calculation of portion of blood viscosity caused
by red blood cells

Hematocrit
Cardiac depressant effect of hypoxia

Constant used in calculation of portion of blood viscosity caused
by red blood cells

Hypertrophy effect on left ventricle

Hypertrophy effect on right ventricle

Heart rate

Basic left ventricular strength

Basic right ventricular strength

Quantity of hyaluronic acid in tissues

Integration step size

Interstitial fluid protein

Variable integration step size utilized on stable asymptote
Normal increment on time

Maximum time increment for stable asymptote

Rate of change of intracellular potassium concentration
Total extracellular fluid potassium

Rate of change of extracellular potassium concentration
Total intracellular potassium

Concentration of potassium in drinking solution

Excess potassium concentration causing change in intracellular

potassium level
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KIR Total expected level of potassium in the intracellular fluid under
equilibrium conditions

KOD Rate of renal loss of potassium

LPK* Rate constant for plasma protein production by liver

LVM Effect of aortic pressure on left ventricular output

MMO Rate of oxygen utilization by muscle cells

M02 Rate of oxygen utilization by non-muscle cells

NAE Total extracellular sodium

NED Rate of change of sodium in extracellular fluids

NID#* Concentration of sodium ion in drinking solution

NOD Rate of renal excretion of sodium

NOZ Effect of urinary output, aldosterone, and sodium level on renal

excretion rate for sodium

OMM* Muscle oxygen utilization at rest

0SA Aortic oxygen saturation

osv Non-muscle venous oXygen saturation

OVA Oxygen volume in aortic blood

ovs Muscle venous oxygen saturation

02A* Sensitivity of the effect of autonomic stimulation on metabolism
O2M* Basic oxygen utilization in non~muscle body tissues

PA Aortic pressure

PAM Effect of arterial pressure in distending arteries, ratio to normal
PAR Renal arterial pressure

PAl Effective pressure drive on autonomic system

PA2 Effective arterial pressure on left ventricle

PC Capiliary pressure

PCD Net pressure gradient across capillary membrane
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PCE*

PCP

PDO

PFI

PFL

PGC

PGH

PGL

PGP

PGR

PGS

PGV

PGX

PIF

PK1*

PK2*

PK3#*

PLA

PLD

PLF

PMC

PMO

PMP

PMS

PM1

Capillary pressure exponent
Pulmonary caplllary pressure

Difference between muscle venous oxygen PO and normal venous oxygen

PO2 2

Rate of transfer of fluid acress pulmonary capillaries
Renal filtration pressure

Colloid osmotic pressure of tissue gel

Absorbency effect of gel caused by recoil of gel reticulum
Pressure gradient in lungs

Colloid osmotic pressure of tissue gel caused by entrapped protein

Colloid osmotlc pressure of interstitial gel caused by Donnan
equilibrium

Pressure difference between arteries and veins

Venous pressure gradient

Activity factor for protein in the interstitial fluid
Interstitial fluid pressure

Constant used in calculating muscle cell PO from total volume of
oxygen in muscle cells 2

Constant used in calculating muscle cell PO from total volume of
oxygen in muscle cells 2

Constant used in calculating rate of oxygen transport to muscle cells
Left atrial pressure

Pressure gradient to cause lymphatic flow

Pulmonary lymphatic flow

Mean circulatory pressure

Muscle cell P
)

Mean pulmonary pressure
Mean systemic pressure

Effective muscle cell P



PM3% Minimum value allowed for PM1

PM4 * Constant used in calculating rate of oxygen tramsport to muscle cells
PM5* Constant used in calculating rate of oxygen transport to muscle cells
POA ~  Rate of change of Intermediate autoregulation vasoconstrictor effect
POB Rate of change of rapid autoregulation vasoconstrictor effect

FOC Rate of change of long-term autoregulation vasoconstrictor effect

FOD Non-muscle venous P02 minus normal value

POE Sensitivity control for oxygen feedback control loop

POK* Sensitivity of rapid system of autoregulation

POM* Sensitivity of oxygen feedback control loop

PON#* Sensitivity of intermediate autoregulation

POQ Effective non-muscle cell P02

POR¥* Reference value of capillary P02 in non-muscle tissue

POS Pulmonary interstitial fluid colloid osmotic pressure

POT Non-muscle cell P02

POV Non-muscle venous P02

POY* Sensitivity of red cell production

POZ* Sensitivity of long-term auteoregulation

POL% Constant used in determining oxygen deficit factor causing red

cell production

PO2 Oxygen deficit factor causing red cell production
PPA Pulmonary arterial pressure

PPC Plasma colloid osmotlc pressure

PPD Rate of change of protein in pulmonary fluids

PPI Pulmonary interstitial fluid pressure

PPN Rate of pulmonary capillary protein loss
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PPO
PPR

PP1

PP2
PRA
PRM
PRP
PR1
PTC
PTS
PTT
PVG
PVO
PVS
P10
P20
QAO
QLN
QLO
QoM
Qo2
QPO
QRF*
QRN
QRO

QVo

Pulmonary lymph protein flow
Total protein in pulmonary fluids

Variable used to empirically relate pulmonary arterial pressure
and pulmonary arterial resistance

Effective pulmonary arterial pressure
Right atrial pressure
Pressure caused by compression of interstitial fluid gel reticulum
Total plasma protein
Effective right atrial pressure
Interstitial fluid colloid osmotic pressure
Solid tissue pressure
Total tissue pressure
Venous pressure gradient
Muscle venous P
2

Average venous pressure

Tissue PO effective in oxygen utilization
2

Muscle cell P02 effective in depressing rate of metabolism
Blood flow in the systemic arterial system

Basic left ventricular output

Qutput of left ventricle (cardiac output)

Total volume of oxygen in muscle cells

Non-muscle total cellular oxygen

Rate of blood flow into pulmonary veins and left atrium
Feedback effect of left ventricular function on right function
Bagic right ventricular output

Actual right ventricular output

Rate of blood flow from veins into right atrium
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RAM#* Basic vascular resistance of muscles

RAR# Basic resistance of non-muscular and non-renal arteries
RBF Renal blood flow

RCD Rate of change of red cell mass

RC1 Red cell production rate

RC2 Red cell destruction rate

RDO Resistance of diffusion of oxygen from capillaries to cells
REE* Fraction of normal renal function

RFN Renal blood flow if kidney is not damaged

RKC* Rate constant for red cell destruction

RMO Rate of oxygen transfer to muscle tissues

RPA Pulmonary arterial resistance

RPT Pulmonary vascular resistance

RPV Pulmonary venous resistance

RR Renal resistance

RSM Vascular resistance In muscle

RSN Vascular resistance in non-muscle, non-renal tissues

RTP Total preipheral resistance

RVG Resistance from veins to right atrium

RVM Depressing effect of pulmonary arterial pressure on right ventricle
RVS Venous resistance

SR* Intensity factor for stress relaxation

SRK* Time constant for stress relaxation

STA* Overriding value of overall activity of autonomic system
STH Effect of tissue hypoxia on salt and water intake

svVo Stroke volume output
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T

THIRST

TIMEDR

TRR

TVD

TVZ

T1

u*

VAE

VAS

VB

VED

VEC

VG

VGb

VIB

VIC

VID

VIE

VIF

VIM

VIA

VLE

VP

VPA

Total time elapsed

Summed appetite for water
Drinking interval

Tubular reabsorption rate
Rate of drinking

Combined effect of tissue ischemia and central nervous stimulation
on thirst and drinking

Total time elapsed on previous step
Damping factor for QPO

Excess volume in systemic arteries that causes stretch of arterial
walls

Volume in systemic arteries
Blood volume

Volume correction factor added to systemic circulation to alliow
for updating blood volume

Extracellular fluid volume

Volume of interstitial fluid gel

Rate of change of tissue gel volume

Blood viscosity, ratio to that of water

Cell volume

Rate of fluid transfer between interstitial fluid and cells
Portion of blood viscosity caused by red blood cells
Volume of free interstitial fluid

Blood viscosity, ratio to normal

Volume in left atrium

Excess volume in left atrium causing stretch of left atrium and
pulmonary veins

Plasma volume

Volume in pulmonary arteries
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VPD
VPE
VEF
VRA
VRC
VRE
VIC
VID
VIL
VIS

VTW

VVE
VVR
VVS
LAY
w7

vv8

Vvg#

V2D*

X*
Y&

7%

Rate of change of plasma volume

Excess volume in right atrium causing stretching of the right atrium
Pulmonary free fluid volume

Right atrial volume

Volume of red blood cells

Excess volume in right atrium causing stretching of the right atrium
Rate of fluid transfer across systemic capillary membranes

Rate of volume change in total interstitdial fluid

Rate of systemic lymph flow

Total interstitial fluid volume

Total body water

Rate of urinary output

Excess venousg vascular volume before stress relaxation cerrection
Volume of blood in veins at zero venous pressure

Venous vascular volume

Rate of change of vascular stress relazation effeﬁt

Increased vascular volume caused by stress relaxation

Excess volume of bloed in the systemic veins after stress relaxation
correcticn

Reference venous vascular volume

Resistance factor which converts pressure drop to rate of change
of tissue gel volume

Damping factor for QVO
Damping factor for DAU

Damping factor for AH, DAU, DFP, DLP, DPC, DPL, GFN, GPD, KCD, NOD,
POA, POB, PPD, TVD, VID, VIC, VIL, VUD, VV6

Damping factor for VPD

Damping factor for VP
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24%
Z5%
Zb6*
Z7%
z8*

Z10%

Z11%

Z12%

Z13%

Time constant

Time constant

used to calculate non-muscle cell total cellular oxygen

used to calculate volume of oxygen in muscle cells

Damping factoxr for OVS

Damping factor for OSV

Time constant

Constant used
intake

Constant used
intake

Constant that

Constant used

of autonomic response

to calculate effect of tissue hypoxia on salt and water

to calculate effect of tissue hypoxia on salt and water

converts exercise activity to autonomic stimulation

in calculating heart hypertrophy
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Program Listing and Input Datasets



Program Listing



INTEGER UF24

REAL LVMy I IFP LPOyKEpKEL KON KR $KICyK1 o KCNGKED 4 KNT,KN3

REAL MIEGREDJHITDHRNC o B 1 yLPHK 4R [Ty ¥T2 4 MO7 KT 2o HPL 2 1P R 124 13, MM0
DIMENSTGN FUNLCLG) ,FLR2C14) (SUNILLA) ,FUNGILA) JFURGLLA )  FUNTI LA
CCMMONZARRAY/T 3 1, VEC VS VP AL VAS, VLA, VRA, VAC,PA,PAN,LVM,

* VRE§PFA QRN GWWPZyPPAPPLCPA,RPA RV, VLE,2LA,QLN,PLL,
*» VIByRPYGRPTPOLICEPC NS 4 VVE yWVB,PVUS PGV o 2VG 4 IVG AVE
COMMCAZAPFAY/M2,CN3 yRVE PGS, ATPyBC,QRC,CLN, DV, 0P A, A5 LALNRA,
* PALSALL s ALB JAUN yALG s A2 AUS y LAY AU g £1) 5 AUC, AUH VYV S,
L] AU,y AUM AUG W IF 420 Ly PTT4PYS PIFsCPLyPTL 2P PPCLPVG
COMMON/ARPAY/PC 4PCOWVTC,PLD VT L VT VPO, LPLaCPYDPCDPTLLPNWDLP,
L DPPyCHY 4PRN ,PGRCPGIPOP,GFLPGX+PLC o POFWPLU2,VEDWVG
L EPHyGPLaGP24GPDFARWRR JRFNJAPDyGLP +PFLe G523 TR, VUD
COMMONJAFRAY/REK yhCO G NEC yNAL yVEC pCREGMID G REL X 1S KIS KC UG KERZCK I,y
* CNEZyCCCoVID o KE SKI HVIC,I1 ,VWTY,2 P VTZVUE T2, PPE,
L DFZgX 412 4PRLGVTS VP 4PRP,IFP,GFF RNT KNLy AR, AP
CQ“QGNIAFQﬁY/h*I-iNC.ANZ-AWB.A"Syl” lChElﬁGKuﬁﬁpr&HI|ANC|AN2|AN3I
» ARG ANN WY JHME =M GB] GVIEGVIB,VIM,FC2)PN2yPXCRC1,y
* REDyVRE +RSNgOVALAFNyDTAZACH, PLIC, 05V PLT,PAD, 2R AP
CUOMMIA/ARRAY/AL? PIC y ARy AR Y DB JGF N eANHT 4 AHRB g8 JAHC g AL A2y AH 4,y
* AHM g CAY pCAX Gy VY L oWV 2, VS VVE WV T, TVD VT A tiSFp HSL 4 NID,y
L4 SR pUVR SRAR (LY GINT WAUNAUK g EUL WY  GCFC,LPK4PCELCPR
COMMONZ AFRAY/LOK G PPU yHYL X IC o ANT o AT yPCK PONS ALK AZR s AR CNR G ONT,
% ArKySRY VG GW2C 421 3202 423 24 215 226 2T 413 41iNK,
¥ HKM POV PUT 4 ROC, 02488 FyMUZy PLASPLY 2 UG PIR L BF2 yHMD
COMMCNZLRRAY/DHY PTG, 13 4 yVPL,TL 46GF 3, CFa,2UPAUVTVL JALIY ,DUT
* O5F g AHZ yARY yCSAOP T C20N,PUS PLFPRCW PPN, 02, PF1,DFP,
L4 VAFyPPR JPY¥TPUS  PMPR Hn 4CPF PCP 3 DALLLLeDRY DR Z,5P2
COUMORIARRAY /M2 R LoV L2 yHPR o P Lo ST AL EXC e D2Ma PA2, PP 2,53V pAL
* VVG 020 931 gEXE 2 ARF (GIF (SN BFM P AV OVS PYL BNL,00M,
bd PMIGP2O MR, POL PO Z g AMN S4K PUM, IFM, PY 1, P43, PYY EX]
CEMMINJAFRAY/NZ N3 4PNSPKL L9 «2)00Ce 70192024213, 214+421542164PK2,
» PRIGFIS o STAWPAR ORLeANY9ANZ y AN yANV LWy ATV 3 AUQAUR
* AUS A3 T8y bL A2 4 A3y THeRE Ve TAAR BARDLTR,LEXD

COMMOK/ARRAY/OUMPY L L2 s TITLEL4CC) DLNMRY{40)

COMMONINIMEATIK G NTL2U L o NTIMEC UNLITS g Ny NTIMEP o HN o MAXN Ty NT I HE

1 JIFNEXTY .
COMMONFETCRAF/NGL W NG N3 NGA W NGS o hGE MG T NGB 809, 0T, TL2 ,TRP,AD,
*® Ty TVN G AFIRSTHZZI1S) o 2LYLR )3 CuY{G) 4 YMIRI 13D, YHMAXI10),
* NePTULB) 4 FETALLO) ¢ NGFAFRELO) +GRAPHILQ} 412 ADIL2) s NOEXP
L «DTMAX :

CCMMONSTARESTET AL

CIMMANSSTT/TERMWA,, TEQGMK , TEFFNA

CATE FUNLOL B FUNLIZ2 o FUNEO3 D pFUNTES ) 3FUNLEG) JFUNLIOY «FUNTIT)
BEWILER) o FLNLIOEFUNLILDF o FUNLEL L FUNLLL2 ), FUNLELZ D +FULTCL4)/
‘Oogl.CQvéda.l.J25.l25-..S7|16C.u.ﬁﬁpzbu-..5?.260.'0-|240..0.I

DATE FUN2ULIFUN2I2) dFUNZIZ Do FUNR2I4) FURD IS FUN2(IBEFIN20T),
FPUNZOED) 2P URZLIOY yFUNZILQ N hFUNZILIL ) o FUNZEIZ2 Y, FUNZ L2 B FN 214D/
‘WIGJ-sﬂqﬂu-ﬁ-.ﬂ-u.-!--.?5.-1-.2.&.2..9.3.8..13.5.1000.'1315/

DETA FuMNIiL)oFUN3L2) yFUNII3), FUNBLA )y FUNILE ), FUNTIIE), FUNII T
SFUNSIH) FLA309) FUNSCIG) ,FUNS(LL) ,FUNZLL2),FUNIIL3) +FUN3(L141/
FaWgl a0 21T 12601093430 arobip38a9edb145090094002004

GATE FUNS(LIZFUNG{2) 4FLNGI3) 2 FUNGLG D) g FURSAS) o FUNS(E Do FUNGLTY
RFUNSGLBE FURGI T FUNGLLO) JFUNSTLLY JFURGERZ Y, FUNGTL3) JFiinalla)/
*-IOJ..G.;-#.‘O.g-L..?.6'3.'9.%.6.'1l.b'la.,IS.S.lGUO.'iB.SI
DATA FUNELLDAFUNE(2Y oFLNAKI3) g FURSTA ) oFURNOLIB) JFUNGIO) FUNGLT ]y
SFUNGIADJFUNA{R) yFUNGLIC) FUNBILL) 4FUNELL2),FUNGIL3) (FUNGL 14D/
B=100e 9130C02s0er7Cars495a31aB813420102;1a391.64.43,107.40.7

CATA FLNT(L)FUNT(2)3FUNTI3 1 oFUNTI4) oFUNT(S) 4FUNTI61,FUNTIT),



©

laNaXaXy

SFUMTIB) FUNT(9) FURT (10D oFUNTELL) s FUNT{L2 ), FUNT(L13),FUNTI14)/
Qe p Ta 1200180251600 93091CCaplevlt0aval5:4U0e 9405¢40044.05/

1PASS =0
1STOL=1
Tivg=Q,

- GUYH20=0,0
GUYNA=(.0
GUYX=0.0
HOLD=C,0
TT=0.0
THIRST=0.0
TERvMNA=(.0
1D IAK=C
TEFN¥K=C.0
TERMAA=C. 0
CUaAT=0.0
LALL PUTIN (TFLAG.ANCUNT ¢ TIMLCR)
URlé = 1

IF{] .GT, 0.5) 1=0.5

100 CALL FUTQUTIURZ4,URLS)
IF (UR24 JEC. 3} GO TO l6%

STADLIZER: GUYTCN RUKS 30 SECS TO REACH STEADY STATE
PEFCRE SIMULATICA CF EXERCISE AND SWEATIKG BEGINS

IF [(Tu4LT. D45).ANC.(IPASS,EQ.DY) GC TO 101
IF {1PA55.EQ.1Y GO YO IC2
TT20.0
T=u.0
fraSS =]
T1=0.0
102 CrNTIALE
To=T
TIMI=TIME¥60,0
104 CONTIANUE
IF {TS.LY,.TI¥LY GO TO 101
103 CONTINLE
CALL THEPMN [CKE JCNAZTERMNAZTERMKL y TERMWA, ISTOLURZG,TW,y

L] FOLDs GUYNS, CUYR ¢ GLYHZ2 G URZSy I0RINK  TIME y TAAR y BARD
» RHyV TRy QUAT)
HOLO=C,. O

CCHNVERTS QLD METABCLIC INCREASE FALM #ATTS TO

CUNITS AF EXC EXEFCISE PARAMETER FCR GUYTCN

EXN=C.0

IF (QLAT.GE.32.2) EXJ=5.040.37175%(QUAT-32.2)

IF ((CLAT.GE.16.8) . AND. {QUAT,LT.22,2)) EXC=4.0+0.32051%(QUAT=16.5)
IF L(OUAT oGE040) «ANCL[CUAT,.LT41640)) EXQmd,24096%QUAT

101 CONTIAUE

¥3=7
180 CONTINUE
T=7T+ 12

CALL ¥EMO [FUNL,FUNZ2,FUNIFUNG)
CaLL HEMD CANM ANN ANU y 2NY ) ANZy ARMy AUH, AUM, AUY,AVE, 8FM4,BFN,
* CN24CK2,CNT LV ,0AS+DLA,CPAZCRAJDYSsFISsHMDHPL,



ananAaadho

(R B N =

CALL AUTO
*

*
-

HOR JHSL ¢ HSR, 12 SLVNPA ,PAM,PA2,PC 4PGL+PGS.PLA,
PPAJPPL 4PP2 4 FXAPRL+PYSCADLCLAN QLD RPC, JRF AN,
QRIGOVIIpRA MG HAR ¢ FHF oRPA W RPT PV, RGM L RENS RV A VM,
PVS U VAZ o WaS VAC VIN VLA VLE VP 4, VPA,VPELVRA,
VRC o VRE QVVE gy WWR ) VV Sy VV T, VVB ¢ X  +FUNL,FUN2y FUN3,
FUR4)

(AU JAUR yAUL yAUMp AU AUK 4 AUL s AUNM yAUN, AUG, AUP, AUR,y
BUP g AUS s AUV AUX yAUZ 4 AUG o AUS,AUB A LB 4DAUZEXC »EXE
EX1 412 +2A PALPOCPOT P20+STASVVR,VVI,Y ,Z,

2842124EXQ)

IF ((T3+13),LE.T) G TC A8

110 IF (ABS(CLN-2L0).GT..2162 TO 180
IF(A3SILAL=3UJ) LGTLCALIGO TC 132
IF (ABStQAN-0P0).GT..2)1GC TO lac
1F (ABSICA0-QRN).GT,.,.4)G60 TA 140

163 CALL HCRMCGN

]

*

-
E

CALL PULMCN
*

*x

CaLi BLCCOD

CaLL MUSCLE

CALL AUTCRG

CALL ADH

CaLL ¥ISCL

CALL FEART

[AM S AMC o AMP L AMR JAMT (AML , ANMCKE 4yPASZFUNT,
AGK yANC g ANP p ENR g ANT s ANV ANW 9 N1y CNACHEyGF N,y
I JREN 4AZ 4A3,114)

{FKM HY oFMKy 1 WPCT,PCY, FOL,PO2¢RCL4RC24RCDWRKC,
VB SVIBWWIE,VIM,V? ,V¥R()

(BLC AMM JADK G AUE g A44 yBF My EXCoHY 31 4MMC,0MM,054,
CVA20VE y 20y BP0 #X 1 PR2, FK3 (PMT,PNL,PMI,PMG ,PHS5,
PLEPCV PYC P20, Q0¥ RMOy VPF 15,26, PH45,EXD)

(ACH ARM AR 14 AR 24 AR 2 ALK, AZK ) AZK,AFN, 033 ,HY 41,
ME2 403V VALC2Y  HOAy PO POCYPOD,POK,PON,POR,POT,
PCVSPLZ4Pl0,302,R0C42 o2& +2T)

(LH EFC AHK y2FN ARY JAHZ AHT 3 AHB, AUP, CNAZCNBLCNRy
CNZ ol #PRALI)

(AR AU4 4,303, 1 SR QSRK|STH|YVD.7VZ'VEC|V|C.VTH;

VVEsVVE VYV T9Z s VI CALC o IDRINK yAMCUNT, IFLAGZ3)

CALL CAP¥BD

(AURGCHN yHMC, K2 T (PA (FMC,PMP,OMS,POT,PRALQAD,
QLOSRTP 4 SVC ) VAE s VLE ¢VPEy VREJVVE+HL )

{BFN,CFLLCPI,CPF,CFP,1 rTEPLPC 4PCOSPIF,PLD,.PPC,
PHP sPTIC s PTS PTTyPVIPVYS PVS TVO, VG +VIDWVIF,.VP,

CALCyVPLoVTC, VIO VTIL, VTSyVUE,Z s2L1sFUNG2Z3¢IFLAG]

I=1*] ,247-T1
I1=aRSIVPLI/VED/ 1)
IF{1L.LT.1) I=11
IF{132T=T1.LT.1) I=134T=T1

TaleTl
Ti=T
TT=TT+1

CALL

(CPFL,CPP CPN,CFF I  +PCPyFFIPLALPLFWPOS,PPAPPC,

IFLAGyPPCyPPIsPPNPPC,PPRWVP +VWPD,VPF,Z +23,CALC)

MISC2 (HPLyhPRyHSL«HSR ol sPAPPAPCT 4STH 21042114213,
TIMEDR IFLAG THIRST ¢TT7 o+ IORINK JAMCUNT VP oMAE yNID,KE

K10)



CALL PRCTEN {CHY s CPCCP I+ CPKLCHFLCPR,CPE, DL, DL 2, UPC, DPILDPL,

* OPORNPY 2GPIeGPR I +IFPsLPKIPC 4PLEsPGXoPRPLYVG
- VTL+Z +PPO)

CALL KIDNEY {AAR G ARN 4 AM JAPD JARF yAUM, CNE ¢CNX,CNYGALGFN,GFR,
* GF2.GF34GF4+GLP, ] oNAELNEDLNID,NOD,NDQZ,PA ,PAR,
» PFLAPPC oRBF (RERSFFM KR pSTHoTRRGVIN,VUD, 24 GUYNA,
= GUYR20,21423.:CALC)

CALL ICNS (AM JLCDLCKE LK ZLNALT  (KCD4KE (KEDJKI XID.KIE,
- KIRyKICoNAZ yREKGVEC,VIC s VID VP JVPF VTS 2o NID,
» +CALGC sGLYK s GUYHZ2Ou 214 23)

IF (CALC.EQLJ.0} GC TC 170

HOLO=CALC

CALC=0.0

170 CONTIMJE

€ALL GELFLD ~  {CHYSCPGCPILGPRyHYLyIFPPGCyPGH,PGPPGRPGXPIF,
L PRM¢PTCHPTSIPTT VG #VGD  VIF VRS, VTS V2D FUNS)
G7% T2 100
169 CONTIMNUE
£T0P
NN

SUAPOUTINE PUTIHN IIFLAC,AMCUNT, TIMEQR)

COMAINSNUNERD/K G NI 20D e NTIMEC, UNTITS o NZ o NTIMEP LNy MAXNG, NTIME

1 IPNEXT

CCAFPON/ARRAY/a{a2C) » TITLELSUC),LNLI20) s2LPRAL2D)
COMACK/STCRRSHGL o NG2 g NG e NGH 9 NGS yHGEWNG Ty MIG 4 NGT DT TL? , TNP 4 KD,

= TV TR AFIRST y2ZU 15D ¢ SLY IO CaY IO} y YMINILID), YHAX(1D),
* NaPTL{13),BETALLOQ) ,NGRAPHILO) yGRAPHI10) JHEACIL9) ¢yNDEXP
* $BTVAXY

DATA ALL/'ALL */,BLANK/Y */4SAME/'SAMEY Y

L1 Jele4UR

E{J)=D,
1 TITLEtJ)=8LANK

Ni=Q

NTIMEPa]

‘;NB[_

MAXMC=] ‘

2 CORTINYE
READ (3,102) VALLE,AMLMBRC,SYMAGL
100 FORMAT (E13,542X,15,4X0A%)
TRIMANNC LT 4xym3R0) MAXKNC=NUMBRC
[FEAUMIRCLIG.0) 60 T2 3
A{NUMBEZ) sVALUE
TITLE{NUMBR J)=SYMBCL
GL T 2
3 DSP=a(230)
REACE5,101) NOEXP,(HEAD{J) ¢ J=2ly19)
101 FORMATLIS,19A4)
33 READ(S4208) (2L2RALJ)wJ=1,2C)
200 FIRMAT (2044)
READ (54507) TIMEQR
402 FOPMATY LIFE. D)
READ (5,400 IFLAG,AMOUNT
400 FORMAT {12,F7.2)
201 IF{ALPHALL).EQ.S54ME) GC TO 32

bty



[aXaksafal

~

10
32
n
34
330
102
2
22
7

71
3

¥
»

IFLALPHALL}JNELALLY GO TC 4

HEARIS¢300) NTIMEC JUNTTSIPNEXT
WPITELA,1u2) NOEXP,IFEADLJ) ,421,419)
WRITELSTL) UNITS (TIVLELJ) yALS) 9 dmlMAXNC]
GO TO 21

R0 % K=l,29

IF{ALPHALK) .EQ.BLANK) GO TO &

CONT INUE

Ks2l

K¥zXel

DO 10 J=14K

L=1

IFCALPHALJ)LEQ.TITLEIL))Y GO TO 9

L=tL+1

TFILLLT MAXHO+L) GO TO 7

CCLiJI=a(L)

hCt J) =L

CEMTINUE

GU TC 34

D2 33 J=1,%

ALOHALIY=BETALS)

NILJY=KGRIPHII)

COLLJV=GRAPHIY)

PEACIS33C) SNTIMEC UNITSIPNEXT
FOEMAT TG 40121

WPITELG1C2) NNEXO L, {FELL(J) pJ5l419)
FORMATILRLZZ /20X, VEXP %, 14,15484//77)
IFIKa€Tald) G2 TC 70

WRITECE, 21} WiIlTS, (ALPHALJI] J=14K)
FOIMATI®O ', 844 L0(6X A4, 1K)

WEITEL6422) {(COLAJ)yd=L 1K) i
FORMATLY 4 3%y P07 2% ,F1C0e49511X FlOL4)) '
GC T 31

WRITELGTLY UNMITS{ALPRALIY (COLTJD,d=1,K)
FLAMATIO0Xs2R0 s34/ /504X A4 = 1,F10.444X))
RETURA

EMD

SUATOUTINE PUTDUTILURZSLUR2S)

INTEGER URZ4

COMMON/BRRAY/A(400), TITLS(1400),C0LL 200, ALPHAL20)

COMMERZNUNERTD/K REC20)

» NTI¥EC LNTTS NZoNTIMEP KAy MAXNC NTTME

L g IPNEXT

CCHMEM/STCRE/NG L ¢ NG2 WNC3 yNG4 NG5 1NGE,NGTyRGRINGI DT 4 TLE  TNP Dy

. T TMM,AFIRST ) ZZ0E5) $CLYL9) (CBYL9) o YMINILO) ,YMAX(1O),
NePTU18)42ETACLOIsNGRAPHILO) yGRAPHILG) o HEADI 151 JNDEXP
yDTYAX

CCMMON/TARE/TOTAL _

CATA SECS/PSECS*/ TMIN/TMINS '/ FCUR/VHOUR ¢/ ,DA¥S/1DAYS Y/

DATA ALL/TALL */,BLANK/S ¢/

WATEXC{13,2) 1S RELATICN BETWEEN WATTS ANC PARAMETER EXC (FROM
DRWHITE) TO ALLOW THE CCMBINING CF GRCGIN WITH GUYTON,

BIMENSICN WATEXC(13,2}
DATA WATEXC/les80910022Ce 03Ca ¢%Ce 9504 960e 97024800 ¢90a,1002¢1204

1 0091646932:.2459,148345103431232914009157091T70evl0244193.0212.7

Tsall)



laBalsl

(a X ol

C
c

1CONVT 15 FLG 1=CCAVERY EXC (A[319)) TC WATTS FOR GRODIN,
Q=C2 NJIT CINVERT EXC TO wWATTS.

ICANVT = O :

IFIURZ4 «EQs L )} ICCAVT = |

NTIME = T/1440.

TFIUNITS 8N, SFCS) KTIME = T = 60,
IFAUMITS FQs TMIN} ATIFE = 7T
IFLUNITS .20, HCZUR) NTIVME = T/60Q.
IFINT IME LT, NTIMEP) GC TO 65

HERE TF TN PRINT,
IF (UF24.FN.3) GC TC 900
& TFLUP T4 JhiEs L) URZIG = 2
§00 CCRTINUE
IFCALPHE(L) NE. ALL) GC TO T
WEITC (L4 T1) NTIMELULNITSo(TITLE(J)sA{J} s J=1,MAXND)
c0 10 51
T DD 201 = 14K
11 = NCUY)
CoLtIY = £(11)
20 CONTINUE
IF(K .GT. 131 GO T2 76
WRITE {5421} UNITS, (ALPFAJDJ=14K)
21 FOPMAT(OC *,24,10(6X,84,41%X) )
CWRITE(&,21) NTINEL[CCLUUY,d=1,K)
31 FORMAT(Y 7,1842X¢F10.%+G(1X,Flu.a)}
6D T £1
T wRITE(OeTLY NTIME UNITSy 1ALPRALS)ZCCLEI ) pd=14K)
TL FREMATU/A/50X 31541400 /514X554 4" = "3Fl0.444X})
51 NTIMEPR = NTIAF + [PNCXT

SEE IF VI8 YI STCP PRESENT TIME STEP,.
53 IFINTIASLTNTIVEC) GG 79 &5
8% REAC(S5.40u) MTIMEC,CUNITS, IPNEXT,SYMBOL .CVALUE
409 FORMAT(1G,34,412484,813.8)0

BLLr¥ TIME STE® CaPD ENCS RUN,
IFLSYMEOL L Z0.CUNTTS) GC T &6
IFICU ITSNILBLAKK) GO TO 59
IF(A12).6T7..5) A(2)=,5
450 NC 55 MNsl,%AXMND
FF{SYFOOLLEQ.TITLE(MNY)Y GJ TD 57
55 CCNTIALE
7 WEITFIL,58) MTIME ,UNITS,SYMBIL,A(ML)CVALLE
538 TOHMATU/19% ¢y AT "4 I541Xy24y" INTC THE SIMULATION, THE VALUE OF
* A4,'WA8S CHANGED FPCM !, Fl0.3,' TO *,FlD.3/)
ALMN) =CVALUF
SEY FLG.IMDICATIZN CHCEC.WNRK LCAL 1F EXC INPUT.
1F(%N JEQ. 319) ICCNVTY = 1
G 1C 54
9 UNITS = CUNLTS
NTIMEP = T 7 1440. + IPNEXT
IFIUNTITS .52, SECS) ATINZP = T = &), # IPNEXT
IFCUNTTS J2G. T¥IN) ATIMEP = T + [PANEXT
TFIUNITS .EQ. HOUR) NTIMEP = T / 60. + IFNEXT

HYIMEC= KTIMEP+ NTIMEC = IPNEXT

4=6



65

BOS

806 UR{S =

1

CONVERY €£XC TD wWATTS FCR GRCOIN IF HAVENT ALRFADY,

IFCICCAYT .2Q. ©)
U'P'l% = C.

IFLA(Z219] L5+ 1.

00 835 JJ = 2,13
JI2 = JJ

GU TO 659

1 60 TQ 650

IFtat3ley (LE. WATEXC{JJs1)) GO 7O 806

CONTIMUE
URZS = 2]12.
G0 T s50

INATEXC{IJ2+ 1)

WATSXC(JJ2=]42) +({{AL3]19)=WATEXC(JI2=1,41))/

= WATEXC{JJ2=1+1113) * (WATEXC(JJIZ242) =

2 WATEXC{JJ2=142)))

650 RETUHNM

C
€ HERE I® CETECTED END CF RUNIZLANK TIME STEP CARD),.
b6 URPLG = 1

OO0 AOOAN

110

120
130
1490

150
107

169

LR N N RN

»*

L

RETURY
END

SURENUT INE FUNCTNI{TH,PCL.TAB)

DIMENSICN TAS{14)
N=t4
DC L10 I=1,N.2

TFITAP(1)~TH) 1134120,110

COHTINUE

G TC 140
PAL=TEA[]41)
FETURY

Ah=N-2

PN 159 Iel,hh,2

TFITAZ{Y) LT TH JaMD. YaB(I+2) .G6T. TH) GO TO 180

CONTINUE
ARITENLL1CO) TH
FIIMATIRA " eavon>
TFETH LLT. TABR(Y)
IFLTH 5T, TAB{N~
GO 17 130

P =TLa(I+1)+(TAR
GC TC 130

£END

SUBFCUTINE HEMT |

CURVE LIMITS EXCEEDED ##%¥x ¢,G12.6//)
1 FCL=TAR{2)
1)) PIL=TABIN)

(T+3)=-TAB(I+1} (L TH-TA (I /LTAB([+2}-TARIII )

FUNTyFUNZFUN3 JFUNS )

DIMERS LN FUNLILA) yFUNZIL4) . FUNIIL41,FUNGLLS)

SURFSUTINE kEMD {

REAL I2,LVM

BMM AP Y ANU g SRY AR S AT M, AUH, AUM AUY AVE, IFM,BFN,
CNZ4CAZZONTHLV JCASCCLAZ LR, DRADVS,FISHMD  HPL,y
PRI FSLaRSR, 02 (LVN,PL W PAV,PAZ,PL ZP3LPGS.PLA,
PRAGFPLPL2,4PKA PR 4PVS QAT LN BLS 0PI DR, QRN,
CROGGVC JRAMyRAR yREF 4 TP RPT 2PV REMRSN AVGRVHM,
RVSoU  2VAEWVAS,VADVIMy VLA VLE VP VP, VPE,VRA,
VAL dVRE o WWI o WWR NS, VVT s WW3 4 X oFUNLFUN2 s FUNS,
FUN4)

DIMENSION FUNLIL14) ,FLNZ0L4) sFUNILLAY sFUNLLLS)
FEAL LWVl IFPyLPDKEsKE Lo RT Do IRy KIS M T  HED KEDKNT,KND

REAL MNAE JATDLNIC,
COMMCNZARFAY/T 1,
VRE,
AlR,
COMMCA/ARRAY/CNZ,

NCC oIl o LPRyKIDGMC2 ¢ MIT 4RO L4 HPL 4HPR (12, 13,M4D

VB o VVS g VP A VRS VLA VR A, VAL o PA DAMLLVM,
PRAyORMVPZ 4PPA, PR JCPA,RPPALPYN,VLE,PLALOLN.PLL,
ROV EPTPGLATC DS JVVE LYV, PYS 00V RV G,AVE L AVE
CNIGRVS4PBSsRTR, 040,07 3¢ 0LL yOVSIPALIASyDLADRA,



[aEaBal 2l

L] PALGAUC ALY JAUN G AUN ¢ AU? fAUA G LA ALLB AU AU, ALTH WV A,

" AUD y AUM G ALA GV LIF o PO L PTToPTSy PIFLCRILPTC,CRP,PPL PV
COMMINZARRAY/ZPC 4PED G VTC oL O VT L oVT L JVPL s CPLeCPLyDPC, NIV LPUSIILP,y
s OPP LY g PN g PG R LG g PLP yGF Ly PLL s PUX e PLH,PG2 V04V
» EPH GPLyGP24GPLyAAR 331 4AFNGAPDZGLOPFL,3FR,TRA,VUD
COMMEN/ZARRAY/REK ¢y N N G NEC yMAE Gy VECyLRE yKDD o KEL ¢y K I KISy KCOyRELSCK Iy
* CHAZCCLyVIC kP oK1 JVIC,I1 4VTY,2 WWT LW VUL TV2 PPZ,
* NFZeX w12 pPELVTSUP GPOP L [FP,GPReENI K1y AP AMP
COMMONRZARRAY/AML 4 ANC JAN2 AN T AVME AN JUMNE ¢ AGK ¢ ANP &A%N] L ANC g AN2 L AND,
* ARS ALY VT (HMLLBYM 0L GVIE, VIR, VIM,RC2,PI2,RKC,RCY,
* RCD VP 4PSN /WA J3FA G IR ACN, FLC 2S5V POT P04 POig AR
COMMON/ARRAY/AP? 4POC 4222 J AR, LN yGFN AR Ty AHA A1 4 AHC 4AR L AH2 yAHG,
¥ AHN g CRY o CAX VY L g UV 24 VY S VWO UV T o TV, VT hy SRy HSL 4N 1D,
» SR GUVR AR LV AT AUXZAUK ALZ Y +CFCCOK,PLELCPR
COMMOCN/ARRAY/LPK pLPC yRYL oK I s ANT o ANT o POKy FOUNG ALK A2K 9 A3K, LML, ENT
* AHK g SEK g VS oV2D 421 422 413 424 25 526 427 428 HYK,
] HEM POV GPIZ GROC, Q23 R3F g M2, PGAZPDY  ANU,2 14, GF 2 4HMD
CCMMONZARREY/DRM 4FOR 213 4l oVPLeTLl oGF3,CFGALP JAUVRVL AUY,DUT,
L DSPyaRZ yAHY IS4, PP T4 CPA W PUS FLF PPL PPN, PP, PRI, OFP,
»* NPF PPR G PYE,Ph S, PMB HY LCPF,PCP,0AL,DL2+27*Y,0P2,5P2
COMMCAFARRAY/NC Ty KC Ly VI yHP R P Ly ST AL EXC, 02V PA2,PP2,5V I8k,
L] VUG eH248 3L ERE JARF 4 SOF JREM  PEN JRAM OV S PYERANC, QCHM,
* PMC 27 (NN PO, PO ANM ALK  POM, M4, PM],PM3,PMA,LEXL

COMMONZARRAY/G2 402 4PM5,%K1 .49 21042114 21242134815%0215.216,PK2,
* PR2yFIS oSTALPAR yGAL ANY yANT y ANX ANV ANWANR 3 AU »AUR,y
* AUS 23T, HLpA2 443 Thyrb oV TALREBARI, TRLEXD

COMADN/ARRAY/OUMYYLL2) ,TITLEIACS ) (LMY LS Q)

COUMONZNUVER DK G NI L2001 g NTIRZCeUNIT S 9N o NT IMEP o NNy MAXNDO, NTIME

1 JIONEXT
COMATN/STURE/MNGL ¢ NG2+NG2 o NGGH)NGE Y NGE Y NG Ty NG3yNGTFDT , TLP ,TRP,ND,

- TV TUMN G NFIRST v ZZU15) 4 2LYIS),C3Y(S),YAIN(1D) , YMAX(1D),
* NePTI13):BETALLOYyNGFAFHILO) yGRAPHILO) JHEADI 190 NCEXP
- »CTHAX

CIFCULATTRY CYNAVITS BLOCK
HEMINYNAMLLS

VB =VP+ VAL~ VVS~VAS-VLA-YPA=-VRA
VVE=VYS+DVS#12+VRTT, 39486
VPAsYRALLPAF T2+ VRD7 . 158
VASaVLE+LASH]24VaDr, 261
VLA=VLA+DLAY]IZ+VAL>, 128
VRA=VSL+DF A+ [2+VEO*, (574
VEEsVAS=4455
PL=VALZ/,00255
IFIPL,LT,Cu) PA=,3001
PAVM=103,/P2

Pa2=PL7ALE

CALL SLNCTN(PAZ,LVFN,FUNIL]
VPE=VRA-,1

PrASVFF/,C5

CALL FUNCTNIPRAZCRA, FUNZ)
VPEsVYPA-,30625
PPa=VPZ/,C041
PPl=,02c-PPA
IF(PPL.LT,.0,) PRl=10.%*(=12)
FPA=PRL#m(~,5)
PP2=PPLSAUH

IF{PP2.LELD.) PP2=.0CO1
CALL FUMNCTHNIPP2,RAVMyFUNI)



C
A

VLE=ViA~.4
PLA=VLE/.O!

CALL FURCTNAPLAGLA,FUNG)

IF (CLN.LE.0.0001} QUN=C.000L
KPV=1a/(PLA423,1/.0357

RPT=FPVsCPA

PGL=PPL=PLA

QPI=RGLIRPT

ANU=AMN

IF (ANL.LT..BIANU=, R
VVE=VYS=YVR=(ANU=1. ) #ANY

WASYVE=YYT

IFIVVE.LT..0001)vVv8=,0CC1

PVSEVVE/CY

PF1=PRA

If (P22.LT.0.1PR1=0.

RVG=2 .734/9V5

OV =l PVS=Fr 1} /RVG

Cr3=ChI+ (({PC-17.15CNT 417, I%CN2-CN3 14,1
AVE=(AUM-1, ) %ALY+,

PVS=AVE <l Lo /CI3IRYIVA{ (ANU=1,)%AKZ+ 1)
PGS =PE=-PVS
FEN=RARMATINANUSAUNYPANSYIMAIRYS*1, 76
BEN=PGY /TSN

L OPSMEARLEY[MEDAVIAUNKAVNARAM

BF%=0GS /25
QAC=3IENIBFMIZBF+ (P2=PRAIFIS

QLI=L YV QL PTAUHMHSL *FMD#RPL

QP JmIKNH( [ L1a=0% F] 2 ALH&R VMEHSRIHNDEHFR ORF*CLC/ OLN)
OP0=JL 4 (CPI-ILEN /U

CVE=DSC4{CYT-ARCI /X

OV3=0LL-NVO.

OPA=TFC=CF

DAS=QLC-Q40

CLA=CP{=-CLO

DRA=QVN-CRN

RETUPN

END

SUSRNUTINE AUTC (U ¢AUE JAUC , AUF 4 BUJ ¢ ATIK s AUL s BUM AUN, AUC, AUP ,AUQ,

* AUR pALS yAUV AUX 3AUL 2 AVG s AUALAUB,ALBsDAULEXC W EXE .
¥ EXLoI2 4PA JPALsPOG,PITP204STAWVVRVVGY 41,
* IB4212,5%Q)

REAL 12

AUTUNOMIC CONTRPL BLEOCK

120 EXS={8,0-P20)+EXI+(EXC4EXA-1.0)¢212

123
124

POQ=PLT

IF (P0Q.GT«8.)P0C=8.

IF {PFQ.LT.4,1PC0R=4,
PAl=PL»2NC /3., ~FAE

AUC=d.
IF(PALLLT A0 )JAUC=,03%(R0,.=PAL)
IFIPAL.LT.40.0AUC=1.2

AU2=0,
IFCPAL.LT.1 7).} AUR=S,CL42F4* (1 TD.=PAL)
IF(Pa1.LT .40, 1AU=1,8)

Al ={AUN=-1,)*0UX+]l.

AUN=Q
IF(PAL.LT 50, )AUN=2*(5C.~PAL}

4=9



JFLPAL.LT.20.Y2UN=6.0
AUbELATF~AUY
AUB=ALK (A )6=1,.)
CAUsT AL+ CAIC eAUSHAL ¢=DAL) /2 /Y
LUJ=ALJ+ (CAU=AUS}+T246,/25
TFLASL LT, G )AL=,
IFEANS=141126,127,127
126 AUsAd r=ALY
GO TT 124
127 Mi=(iaUl-l.)78U2+1.
128 [FACT2,GT,.300010AL=5TA
AUCsAU=-1,
AUP=AUC*AUGL,
AUH=ALC~AUY+],
AUR=ANCTAUSHL .
VWResyyG«aLL*AlP
AUM=, L5+, E58AUP
RETURN
EMD
- SUIRTUTINE HOAMOCN(AM L AWC,ANPLAVR AMT AML JANMN CKEPAyZo FUNT,
- AGK ¢ ANCANP o AN G ANT s ANV s AR ANL  C A s CNE 4 GFNy
* T WREK.AZ 443,214%)
DIVENSIIN FUNTI 16}
REAL 1
[
CHUAr RNt R A NI GERBR I BN S AT AN RSP EFATTASK S TR SN YA EN R EE RGBSR KU G R FERFFFF R TR P A&
¢
LA ALNOSTERINE COMTROL BLOCK
c
Coimr e na srnr st A gk PRI AT A R TARKEARTRA KAV RS LR PN B bR e R F AN a RS B bR kg k R
aMer O JCNASL3-42 ;
IF (AMK LT, }.3) &MR=g.0
CALL FLACTN (PA,8ME,FUNT])
AMIzaM)lo{ AR MRAVDEANI~AN])}/E
AMCANC#| 2V ] =AMC )Y (L, =2XPI=1/84T))
4¥=205.036=-1G,8"EXxP(~,025]vaNl)
(A3 2R PRI ERE LRSI ES REELLRSAASLEL NRTE RIS S Lo Ll ad it taldsd et il bl
4
< ANGIONTENSIN CONYRIL 2LCCK
o

cgytuma*ﬂﬁ-hu!’nc-*wlvt!ﬂt*lttvtﬁt*t“tttt%i*‘*&**ttUt*i#i*lt#ﬁtﬂttttttt‘*&t'#*l
CHTsLE2.~0NA
IF{CANELLT .1 L PCNEST,
AMHe{ (1T, 75=GFileCNAWAGK+], Y ®REK
AMas AN [ (R0 d=] , 110, ~ANK*ANVE ]
IFLEAWLLT 4o d)ANWE0,
ANP=ANP 4+ ANW
IFC(ANELGT 103, ANPELLO,
IF1ANP LT aod1)ANP=LO1
AND=AKT#{ A P=3N1) /2
AME=ANCH+L ANL=ANC) {1 ., =EXO[-1/ANT))
AMMzL W L=F IFEXP[=,0C8TaANT)
FFLAMNYLT oo THAAM=, T

PETURN

ENN

SURRSUTINE BLOND (HKY HM ,HMX,1  PCT,PLYPD1,P024RCLRCZ4RCOWRKEy
- VB JVIB,VIEsVIM, VP 4VRC)

REAL 1

RED CELLS AND VISCISITY ELOCK

(gl o)

4=10



C
C BLCCD VISCCSITY

- ' S o -

P - S —— -
170 vH=VP4VRL
H¥=100Q,. *VRC/VA
VIF=HM/{HVNX=HY) /HKM
VIB=VIEel.5
ViM=,2333~VvI3

(e mrccnncnc e ———— — . - e v e e T

C RED BLLUD CELLS
[ ——— e e e - ———————————————
RCZ=PRCaVRL
PGZ=PCLl-PT
IFIPO2.LT.23751P02=2,2315
RCLl=PCY#FI2

RCI=RC1-FC2

VEC=VEC+RIN]

PETURM

END

SUARNUTIANE MUSCLECALC,ANN,ACNAUP AGK IFM yEXC4HM 41 ,MM0,CMM, 054,
b OVA,CVS.02APIT,PK1yPK2¢PK3,PMO,PML,P¥3,PMq,P45,

=

i PCE POV 4PVC P2, GUN JRMO VPR o 25,415, PH5, EXD)
REAL 1,MM(
C

C MUSCLE RLECCD FLOw CONTRCL ANC PO2 SLCCK
4

180  0Sa=&LC-VEFS,.5
OVA=CSASHNA5, 0
OVS=OVS s { { AFM20VA=RMO) /EM/5, /AFM=0VS) /26
PYC=57.14% VS
FYIn(EYN=FAZ) 4PME/ (DN axEKI=FNg )
COM=CCMaLFAC="MCIS (1 =EXP(=1/75))
EMI=PK2/(PKL=2CM)
FMlzpMT
IF(PHL.LT.PU3)PML=PY]
PD=ENC
1F1P25.567.8.1020=1,
ATM=( 2UP-1.)2024+1,
MHI=ACUSTYMELEXCHEXCI* (1.0~ (8.0001=P20)%*3,0/512.0)
POC=PYS-40.
PCE=PCH*POGH] .
IFIPCEaLT,.365)P0E=.C05
ENH=ANYH{FCE=AMM (1. =EXPI~1/44K))

RETURN
- END '
SUSRCUTINE AUTORGUACM,2RM ARL,ARZ2,ARIZ ALK yA2K,A3K,3FN,DOB HM 41,
L] ¥22,CSv.OVA,G2V,PCA, PCB,PCC,PCD,POK,20N,POR,POT,
- POV,POZ4P1l0,0QC2+PD0,2 124 +27)
REAL I.MC2

4
< NON-MUSCLE NXYGEN DELIVERY RLOCK

€ AND NCK-WUSCLE LCCAL "LOCD FLUN CONTROL SLOCK
C

c

AUTIREGULATICA, RAPILC

0 W T _——  —— o -

(rnrncssm et s ——— - —— - e vemsssme e ae e ————

CSY=DSVe{ (RFIMDVA-DJIB) /H¥/5. FREN-CSVY /2T
PCV=TSV«57.14

RDO=PCT*"3,

IFIRDC LT 2504 )RN0O=51,

DCY={ FIV=PCT)e2396,5/PDC

4=-11



¥(22ACMAI2Mn (1, ~(8.0001-P10)*%3,/512.)
Q32=0C24(002=4N2) ¥ (1 o=EXP(~1/74))
PRT=RN24. 0233
IF {PCT.LELQ.0001) POT=0,0031
P1I=PCTY
1F(PAT.3T.5.)PL0=8.
PIL=PCY-PCP
POA=PCl (F K30, =PRE) /L
TF(PORLLT 40 2)PDA=,2
"ARLEARLE(PCH=ARL)% (1 ~EXP{=1/ALK))
ARMzAClesARZELRY
Cmmm i o e e — ————— -
€ AUTOREGULATICN, INTESMEDIATE
(=rremmmecmmcmm———————— —— e —————
PCAZPLAS (FCA+PANEL.=PTA)/L
IF (PCALLT..5)PCA=,5
ARZEARZ+(PA-3R2I¥(L.=EXP(=1/A2K))
Comremrm——m e ——m - -
€ AUTUREGLLATICN,LONG-TERW

C=a s c——— _—— —————

1F{PD) 194,162,162
192 FPI=PRI*pON+l.
GL TN 194
164 FiC=Pr2spCiv,33+¢1,
196 IF {PCC.LT.e31P0C=.3
AR3=ARI+(PCC-ARB)IF I/ A3K
RETURY
END
SUIRTUTINE ADH  (AH SARCAEK ARNAFY4ARZ 3 AHT ; AHB AUP, CNALCNB,CNR,y
* CNZsI  4PRA,Z)
REAL 1

C
C ANTIDILRETIC HORMCNE

ChI=Cha=-C AR
AHf=, 240k A
AHY=A Y4 [ FHZ-aHY )=, 00071
AHA=ALP=]), .
IFLAH3 LT D, ) 21320,
IFLCHALT N 1CHH=0,
AH=AH+(CNT=CHA+AFB=1HZ+AHY=4H) /2
IFlAHLTa0aY2H=0.
AHCEAHCH( 233335 AR=-AHC) 2 { 1 =EXP(«1/ARK])
APMEE ¥ (] =FXP(~0. 18C8%*AHC) )
IFtAbRM LTae3)AHY=,3
FETUP N
END
SUBROUT INE MISCL (AHMeAU4eAU3,T SR oSRKeSTHaTVO e TVZ4VECIVIC +VT W,y
* VVE s VW6 VV T2 4V CALCy IDRINK ¢ AMOUNT ¢ JFLAG,Z3)
FE&L 1
c
CHERRE s ks U N s b KT LEFAN SO XA FH PRSI E VAL IR RI N UR RS AR FEFREF RS TR R G Wk
4
4 VASCULAF STARESS RELAXATIDN BLICK
2-;:-;-4¢rasr--a*n-«1¢¢n-t4u--a-vtxtttattttttttta#tnt#t;ttttsstt--:c:s-tt:#v--sv
VVEsVVEH (SR {VVE=VS }=-VVT=-VUVs)/2
YTV T+vVE 2 {1 . -EXP(=]/5RX))
CHEErdpd e vk a3 A ¥4I AL LA ATRBIN SR IRFH RN S S ER SR PEV D ST H R XA SV EPSBORED SRR WK

C
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c THIRST AND DRIMFING BLCCK
CREFERarn ey 2 Rl AN RN E R AR SN SRR R U P R R IR AR TR R G R RPr LR AR SRR TR R R R kR R RV RN
c
CALL=C.0 ;
TVZ=(,01*AHM=-,0CS]*S5TH
TVDaTvz
IFITVC.LT.0.)TVC=0.
IF (1L®INK.NE.1) G2 T3 406
CALLC=AVILAT
IF (TFLAG.EQ41) CALC=TVD=]
IDhINK=2
404 CONTINUS
Viw=VIC+VEC
c*ttk!rs&rmntvreaavt#:t:ttitttfzyQt:t*.lttittt"tltti&*t'tn*‘t;¢.t¢*¢¢g*gt¢*gt.¢
C
C AUTZNCMIC CONTROL ELCCR
C ADAPTATICN 3F BJARCRIZCEPTCRS

gﬂf!r1‘4r~@¢11ilt1ﬂ:'lf*}*za'lv#*l*ﬁf‘*“*i***!‘t!*tt*t*ltti*t*t!k‘*****'t*tt**!
AlJ4q=ALA+ALO]
RETURN
END
SURRZUTIMNE HEART {LUR,CHN,HMD,HR o1 +PA 4PMC,PMP,PM5,POT,PRA,RAD,
* GLC+RTPySVIsVAE4VLE o VPE s VRE+VVE 4HL)
REAL [
< .
[ REART HYPERTAROPHY QR DETERIORATICN BLCCK
<

[ L T - o o o - - v

C HEART VICITUS CYCLE
[ o o o e e - o v 8
CHY2(B0T-5.1%,0025 *
h¥DeHNEICEM= |
IF (MNDL.GTL1.0HVE=],
Coormrrmmr e m————— - — -———— [ ———— -
< MEAd CIRCULATZOY PRESSURES
o o o e e o o e 0 S -
PMOEVATHYVE+YERHVPTAVLE) /L 11
FMS=(VAE+VVESVRE) /. 26375
PMP=( WPE4VLE] /401525
e N S R B L A Y L P e e R e s e
[
C HEART RATZ AND STROKE VCLUME BLCCK AND TCTAL PERIPHERAL RESISTANCE

CAN R Rl A gt v RGP ER A FAA AP R P NN AR YN TEM AR AR AP T P ORI A A MR RSP RN X TR R ANR TR
HR=(32,4H] ®AUR+PRAXZ, )e[{HMD=1,)%.5+]1,)
RTP={FA-PRA)/IAC
SVD=QLI/HP

PETURN

END

SURRQUTINE CAPMBCIRFA,CFC,CPL,CPPD=P,1 LIFP,PC +PCD,PIF,PLD,PPC,
v PPy PTCPTSPTT4PVGePVSyRYS,TVYD VG JVIDVIFVP,
* CALCsVPD s VTC, VTS, VTLVTS,VUDsZ +212FUNG4Z3,IFLAG)

DIMENSICK FUNATL4)
COMMOR/HLT/TERMWE, TERMK  TERMNA
REAL I.IFP

CAPJLLARY MEMARANE DYNAMICS BLOCK

[aXaXalal

SWiAT

4-13



aonAn

C

130

200

VIS=VTS=TEAvWA4]
PTT=(NTS/12.)%e2,

VIFeyTS~v5

CALL FUNCTH (VIF,PTS,FUNS)
PIFRPTT-FTS

Cpi=tFR/VIF

PTC=,25%CP]

CPP=PFP/VP

PPC=,4+CPP

PYGEI4 571 TH=BFN

PC=PYGHPYS

PCD=PL4FTA=PPC-DIF
VIC=yTL+{LFC+2CN=-VTC) /2
PLD=T 849 [F-PTT

VTL=VTL+1 004%PLD=VTL) /2
FFAVTL LT 040V TL=0.
VTU=VIC-VTL=VID

VIS=vTS#VTOY]
VPLeVAD+(VTL=VTC-VU2=DFP-VyP2) /I
DF IR ING

VPeVPCHLALLC Y23 /]
NB=VPAIVPOXI) /22

RETUEN

END

SURRCUTINE PULMINICPF,CPPCPN NFP, T  4PCP PFI,PLALPLF,PCS,PPALPPC,
- IFLAGyPPL PPI4PPNyPPT,PPRLVP JVPD.VPF¢Z 113,CALC)
REAL 1

PULMOMAFY DYAAMICS aNC FLUIDS ELCCK

PPz, abvPOAS 554BLA
PPle2, =, 150/VPF

CP =R PS JVPE

Brecpie 4

PLE=(PRI+11.}%,CCO2

PeY=pLF=CFY

PPMe(CEF-CON) =, 000725

PPU=E P+ [ DPN-PEO=PPD ) /T
TF(PPR+PFI=1-,025.LT.0.)PPD=(,025-PPR)/I
PRI=(FLP=BP+PCS=BPC)*CPF

CFP=DF P+ [PF I-PLF-0FP )/
IFIVPF4TFD+ 1,00k 4L T40, )DFP=(,001-VPFI/1

VPF=VPF+0FP4]

PP2=PPP+RPDs]

RETUAN

END

SUARDUTINE MISC2 (hPLykPR,HSLHSRy [ 4P4,PPA,POT,STH,2104211,213,
- TIMEDR ) IFLAG, TRIRST,T7 5 J1ORINK ¢ AMOUNT o VP ¢NAZ oNIDKE
* K1D)

REAL !

REAL NAE(NICyKE,KIC

CHBE? FRr Yy R U ard ¥R vREFB IS I INET AP S A A F I AW AV SRR TR R a R Rk wh Rk Ak E ke Nk R R

¢

c

4

HEART MYPERTRNPHY OR CETERIJRATICN BLGCK

C‘#*lttitnnn?!tt*iKQtttt‘ﬂﬁtnt#"#*i#tl#t‘U**W#it““****t*‘t‘t“.‘t“**##*tﬁ**t

HPL=HPL+{ ((PA/100L/HSL)#*Z13)~KHPL)*1/57600.
HPREHPF#{ (LPPA/15./HSR)#=Z13)=HPR)I¥1/57600.
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CrERgssa et dat 4d g ol RSt T AR LR RA 2R L0 AT PARRABEREXANNER TN RFN AR RB IR R

(4
[4 TISSUE EFFECT CN THIRST ANC SALT INTAKE
C
ctt*tl'l'l‘tl (8RR AL EAE R ELENRRS RS IR RN AN AR E i ERI R PR PSRRI R TS
400 CONTInYyE
STH=(210-PIT) 211
IF1SThaLT 1) S =1,
IF(STH.GT o8, )5 TH=3,
THIRST=THIZST+STH
SYH‘DIQ
IF (T7.LY..TIMEC?) €D TO 420
T?'O.G
STHsTHIFST
[021hx=]
THIAST=5. 0
420 CLNTINLE

RETURN
END

SUSPLYTINE PRITENICHY(CO5,LPI,LFPK,CPP.CPR,CPL,DLP.DLL,0PC,DPI,LPL,
* CCPCsCPY GPOUPRy L s [FPJLPK4PC +PCELPOXPRP, VG o
. ¥YILs2 4+PPD)

REAL I1+IFP,LP¥K

C
4 TISSUE FLUIDS,PRESSLPES AND CGEL 8LTCK
C
L4

e S - —————— - - A

(4 BLASHA AND TISSUS FLLID FeITEIN
(mremrescamam s mme e ——— S ———
135 DPL=JPL4(VTLHCPI=NEL) /L
IF (PCalTaJa)PN=C,
OPCRZECH(EPR (CPF=-CPL)=PC*PCE-CPC IS
DPI=%FI-0FL
CLZ=LPew{LP2=-CP3)
IFICPP.GT L)L 2=4.4CL2
OLe=NLP+ICLI=-DLPYSZ
PrPePFP4+{CLP=-"PC a0 =-0P(C=P?0 ) *]
(o s m s rnr e st s c s s e e e T r e S S E e - ———
[4 GEL PFLTEIN OYNAMICS
c---—---mn----------‘------- - -
141 POXeCayda w2~ ,91322¢CPCrCFG
GPN=GOT+(, 0008 ([CPI=-24)8V¥6=50D) /1
GPE=GORP*CFN =]
JIFP=1FP+(BPI=GPO)e]
RETURN
END
SURROUTINE KIONTY(ASAR, QMM AW LAPC,ARF,AUM,CNE,CNX,CNY,GRL, GFNy GFR,
GF2,CF3,GF4,GLPy I +NASE,NEDsNIDWNTD,NDZ,PA ,PAR,
PFLAPPCyRNF REKOFRFR o STHeTRR¢ VI VUD, 2, GUYNA,
L GUYM2C4Z1,23,CALC)
REAL [oMNAELZAEDNIC NCOWNC2

o i i ol 2

| X

€
C KIONEY CYNAVMICZS AND EXCHETION BLCCK
c

142 GFI={{GFA/,125=1.18GF41+1.
TFIGF 20T 415, 0GF3=13,
IFLGFIGLTLat Gz g
AART ] LV IAe[ AUV EARF 4] ,-A0F )*GF3
RR=LAR45] 66VVIN
PAR 2D A=GRL
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RFA=PAR/RR
RAF=IEX*RFN
150 APD=AAS=RFY
GLY=PAP=~£PD
PEL=GLP-FPPC-11,
GFL=GFN
GFA=GFM+ [ PFL*,NOTHL-CFN) ®GF2/2
IF (APS{GFY=GF1).CT..002)60 TO 142
GF¥=iFNe<EY
TR=, d~GFF+. 025 ¥REK= QU1 PREKSAM/AHM
VUIaVUD+ GFR=TRR=VLD) /7
CIFIVUE LT oL VU=, 0002
GUYH2C=GLYHPOeVUCH T/ 23/ 2L

- - i S - -

C A
c KICNEY SALT CUTPUT ANC SALT INTAKE

c
[

oo

c
<

{STE ALSC SLECTROLYTES ANN CELL WATER BLCCK)
NGZ=1000.VUC/AMILCAE/CAXSCAY) '
MADENCOHINIZ=NCD) S

GUY*A=CUYNA+NND2[-CALCXNID

NED==1,2"N0D

NAZ=NAE+NEN]

RETURMN

Ef

SUSTAUTIKE ICNS (4™ ,CCLCoCKELCHI,ChAyT  SKCO,KE JKEDsKI +KIC,KIE,
L] KIRyKOC NATsREKJVICLVIC yVIC VP JVPF VTS ZsNIDy
# CALC,CLYKGUYF2T,21443)

FELL [oKCN X yKED4KI yKIDKIEZKIRKCL yNAE

REAL M [D

COMHACA/RCT/TERMWA, TERNK s TER MNA
ELECTRCLYTES ANk CELL WATER BLCCK

160 VECEVTS VP +YPF

NAZsNAZ#LALCNIC=-TERNNAY

KE=VF 4L 2L aK]N=TERMKS]

CKE=LEfYES,

KOD=( o002 7CRE+4203147AMSCKE)*REK
GUYA=GUYK4K IDw ] -CALC*XID
KIFu2&39,4140,#CKE

KIF=sKIi~K]
REC=KCD4{4T1E*,013=-XC0) /2
KI=o]lex£0s]

KE==1,0* (KCO+KDOT)

KE= KT ¢KED ]

CrI=L1rVIC

CHA=MAF FYFE

COl=Crl=TNhA
VIC=VIC+#{,01=CCC~VIC)/2Z
VICaVICevID=]

RETYRN

ERR

SUSROUTINE GELFLCUCHYCPGyCPIGPRyHYLsIFP yPCL+PGH PGP 4PGRPGCXyPIF,
= PRVMyFTCPTS,PTT VG #VGOsVIFy VRS VTS, V20, FUNG]}
DIYENSICN FUMS(14)

REAL IFP

GEL FLUID DYNAMICS

140 CHY=HYL/VG
PR¥==5,52CHY#24 .2
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PGR =4 4¥(HY

CPG=GPR/VG

PGP =, 25%PGX

PGL=PGP+PMR

VIF=vT5=VG

CALL FULNCTN (VIF4PTS,FUNG}

PIF=0T1T=-FTS

Col=IFF/VIF

PTC=, 252CP

PGHY=P [F+PTS+PRM

VGO=VINE{ PIF+PGL=PTC=PGH)

VGl=0.014VG

I (VG1.LT.AHSIVGE)) GC TQ 140

V5= YGAVED

[FIVG LT .0Ga V520,

RETURN

END

SUSECUTIAE THESMO [CKE,CNA,TERMNA, TERMK, TERMWA, ISTOL,URZ &, TH,
L] CALC yGLYNASGUYK s GLYH2A4URZS ICRINK, TIME, TAAR, EARD,
L AHy VTR, UATY)

DIMENSICN CU25Y s TI25,F(25) ¢4HFI25),TCI24),T2{24)4Q08(24),3024],
LEBAL 21004331 2%) +DFTE24) oB8F124) ,0C(24)HCL6)5(8)+HRL6)HILHT,2(10),
ZEMANLEYy T TASH25) 4 ERPRDPI25) ,RATE(2G),COLDI25) pWARMI25) 4SKTINRIG) .
ASKIMGLO) s K INVIAY SEINCIEG) s WORKNIE) yCHILMID) s TI(25):PSKIN{6)y
HEAPCOLE) o TAIR(A )2 PATALEY W TSETCL25) yFCTL{T75) 4 VDL {24) yHISL S}
SEAD{2%)yRAYITULIR) G SUFA{24) yBELXTLIR) JARX(LR),CONDULT]WDELTATIS)
DIMESNSTON WT2CTI72) yPCTAITAE) ol Li0) ¢wh2 {03 9 WKILOH) WKE(OH T,
L T5FTHA2%)

LOIVENSTIY SUSRATILA) 4PS (60 SVGI25) s FILY(25)4FILMA(25),CLCWAT(25),

ITAYECY By B pTAIRVIL) 4R 241 ,PRCCL24)

DEASHSECN SHCS(6 100028y dTUART 1O ehn (L) s 2dET{AYLEVCPI H])
DIMENSICN Q90L3(241TRIP{23)43EVIE) 4 WRkHVI6) s WCRKVIO 1+ TAORXVIG]),
LYVIa) WuVLE T, TCUAN FOLLGYyCLOTS) 4FACLLA)Y, TCTALHLG) 4DRY{E] ,TCLIG)
INTEGER A,itefG,0

INTLGEF UFZ4

BEAL LTIME]

RESL 12

BEAL “AXAFC254) ,LTHI25) yAWT(T3)4MPAL18) ¢NSTLI25) +HSTMIGY

RE2ZL MACLNVG,NACCNC,NAMEQ,KCUNCsKMEQ,KCLMG

REAL KFAC

REAL LYIME, ITIMEZLR 4Kl K2

D1“ZNSICN AREA(24).535GWT(24)+CMPADL 24}, HTSA(18),PAREA(S)
SUBNA=D.0

SUaK=2.0

SURH2C=U.0

IF LISTNL,EQ.Q) GU TO 1835

ISTLL=D

10 FOFMATIIHEG,4X%,*5(1)= SURFACE AREA OF EACH SEGMENT',/,4X,'HR{I)= LI
INEAR FATIANT HEAT TRAMSFER CIEFFICIENT? /44X, "HOSLIIY= CONVECTIVE
2AND CCABLECTIVE HEAT TEANSFER CCEFFICTENT -~ AT SEA LEVEL '/ y4aXe "HCH
3= CCHVECTIVE AND CONJLCTIVE HEAT TRANSFER COEFFICIZNT' /44X, '5K1
N )= FRACTION CF ALL SKIN THERMAL RECERPTRAS IMN EACH SEGHMENT' /.4
SXs"SKIAS( )= FRACTICN CF SWEATING CCMMANE AFPLICARLE TO EACH SKIN
GSEGMENT o Fo X, "SKINVII )= FRACTICN OF VASOCILATION COMMAND APPLICAT
TION TR EACH SKIN SECGKEATY /4%, *SKINC{I)= FRACTION OF VASOCCNSTRIC
BYICH CECNMMAND APOLICATICN T) EACE SKIN SEGMENT! /4% 'W IPKM(]I)= FRA
GCTICN CF T2TAL wORK CLNE BY 4USCLE IN EACH SEGMENT' ./ 4Xa*CHILM(T)
X= FPACTICM FF TCTAL SHIVERING ZCCUPIMG 1M EACH SEGMFNT Y./, 4%, 'NSTHY
X(I[Ya PECPDRTION OF NON-SHIVERING TREPMUGENES]S FCR EACH SEGMENTY)
11 FCRMATILHO,%X, *CUMULAT IVE WATER LOSS,CEVG=Y,FI,3," GM')
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12 FURMAT{IHO,3X,?* HEART RATE, HEARTR= ',FG,3,!' HEATS/MINUTE")
52 FLRMAT(1HO.4X4*AGE OF THE SUBJECT,AGE=",F8.2," YEARSY)
103 FORMATI14FS,7)
2090 FLEMAT(I2]
201 FORPMAT(14F5.41
50% FORMATI{IHQ,4X+*SPECIFIC REAT (TRERMAL CAPRACITY) OF SKINSHS=%,14,F
16,390 WATT-HI/KG-CY)
595 FOEMAT{LIHS 4 *WEFGHT CF THE SUIJECT WT=",1X,Fbe2y* KG*)
506 FORMATLLR),4X, "SPECIFTE HEAT (THERMAL CAPACITY) OF FAT,SHF=",1X,F6
1a34t RATT=-HRA/KG=C)
SIT FOFMATY{ LG, 4K, *SPLCIFIC FEAT (THERMAL CAPACITY) CF BONESHA='41X,F
Lbedp? WATT-RE/KG-C*)
EQY FORYAT(LFO &X' 3PECLIFTIC FEAT (THERPMAL CAPACETY) DF TISSUE,SHT=',1X
LeFhede? wtTT=HP /KG=("}
539 FORMATIIFU 24X " FEIGHT CF THE SUBJECT HT=*  IX,Fhe2," LMY
513 FORMATIIHC» %Xt SURFACE AREA (OF THE SUBJECTSA=V41X,F8.2,"' S0 M)

Sl FLAVAT{IrA,444"VILIND, VCLUME OF SURJECT,CUsIC CZNTIMETERS?)
512 FURMAT(IrO,9X+*'LTH{N], LEKGTH OF PARTS OF TrE 573¥,0M. ')
815 FIRMAT(LHC 45X ' RAT(IN), QALILS JF PARTS CF THE BCOYs £M. 1)

519 FOLMAT(L=O.4Xe *SURFALE EREA OF CHY ICE FACING SKINySAF=t,1XFb,24"
1 §5Ge N0 /F7)

524 FURMAT(IRCe3X,'DELRIX),y DFLTA Xy ABCUT RADRLL),CM.*)

527 FLAMATLIFEDL 3L, 000001, CONSUCTIVITY, h/CM C'}

$31 FURMATIIHO.4X,*TC(K), THERMAL CINQUCTANCE BITWEEM ANJACENT ELEMEN
175, WiATTS/DEG C*)

553 FrarsTOLHG, 12X, " CERS=MUSCLEY ;4 X, tMUSCLE-FAT Y, 7y "FAT=SKINY
D3 "HEAD P o 316X sFGa 3] F3X"TRUNKY 43 06X sF .30, /3Ky ARMS 7,
236X EG, 31/ 3K, HANDS? , 3U6X, FS.3)/3X e "LEGS " 43[6X,F9.3)/3X,

BIFTET 1, A(5K,FGL3)

575 FOEMAT{TFLlC.2)

B8 FORMAT{LIHO 13X, "SHAPEY yGX,"CORE 10X, "MUSCLEY yIX4 'FAT?,9X, ' SKIN'
172X, 'FEAD SPHERE " 4415X,F2,.3) /73X, "TRUNK CYLINDER® 445X,
2F9,3/AX, YARMS CYLINDER * 415X sFSa2) FI30,y PHANDS CYLINDER?Y,
36{8X4FS.3173%s ' LFGS CYLINCER' s 4 (5% F9.3)1/3X4'FEET CYL INDER
4 4(CE¥,FS,3))

5§85 FORMATELHO 21Xy *CORE Xy TMUSCLEY 9N TFAT*, GX, *SKINV /X, *HEAD
1%,G6{5X,FE 3V /323X, " TREURK V(SN FIL3) /3N ARMS (2D, 4(5%,F9.3)/
23K, THAMNDS [2) 7, 4(5XsFO.3)/3%,"LEGS (20 ', 4(5X,F9.3)/3X,*FEET (2)°*
344(5%X,%5.2)1}

859G FUFMATUIPL 53Xy "BARCVETRIC PRESSUREZRARTS! o Fh, 1,7 MMY)

&10 FOSMATLIHO 12X, PCORE-MUSLILEY 44X, "MUSCLE-FAT! (72X '"FAT=-SKIN®
173X VS0 0 g 3{ONFGLS1/3X,"TRUNKY y3(6X4FI,5), /3K "ARMS 1,

23 AXeF GBI /AKXy "HANCS Y ;316X 7G5 /3K "LEGS "+316XFF.50/3X,y
JIVFCETY *L30laX4F%.511)

FB25 FORMATILHC, 3X."WTPLT(J}, KG. GF TISSUE FOR T3.4 KG. MALE —-ASSU

g H(MING 14T PADY FATY)

640 FOFMATIIHO Iy "KaT(J), KG. CF TISSUE FOR THIS MALE 8F=t,
1FS.24Y)

655 FERMAT{IHO, 2, "PCTHId), NEw CALCULATED WEIGHT PERCENTAGES')

ET9 FORMATIMG,4X, ' TCTAL OF Q9Q12(NI=*,F9,3)

680 FOPMETLIHC 4%, *QRQLGIN] Q10 METABULIC EFFECT W?)

&05 FORMATLIHO.4X,*ORIP=EXCESS SWEAT-FILM=CLOWAT,DRIP(N] GM/HRY)

&0 FPEMATELIHG4X *FILP CN SKIN FCRMEC BY GVER=SWEATING,FILMIND, M
1ICPTNS )

655 FORMAT(LHC %Xy *SWELT THAT SCAKS INTC CLOTHES,CLOWATIN], GM/HR?
1)

T15 FORMAT{1FOs4X, *TSETCUN), . SET POINT FOR RECEPTORS FOR COLD CCNDITI
1INy CEG C )

T30 FORMATILHCs Xy "WORKMLL) P oG{ LK FELD) 4" LWALKINGI')

T3l FORMAT(IHQe %X "WORKM{ ) *46( 14 ,F84309° (STANDING) ')
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T32 FORMAT(IHO» %Xy "WOPKMIT) Y460 12%4FB.3) 4 (SITTIRG) )

733 FORMAT(LHO 46Xy " WURKMIT) oGl LXsFR,3) 4" {PECALING)'}

750 FORMAT('(Q%,4Xs*TCLTAL METABLLIC ACTIVITY JWECRKT=1,F8, 2,7 WATTSY)

811 EQAMAT(L1HO.4Xy 'PRIPCETIECN 3F AASAL METABOLISY,PR2INIY)

812 FORMAT{LIHO W L7X ' CONQE s OXy P MUSCLE X PFAT P, 9%, *SKIN /23X,y "HEAD *,41
15X Fea) /XA ' TRUNKY y4{S X FG 8 ) /32X, ARMS ¢ 4 [5X4FI.4 1/ 3K "HANDS ' 4 4
25X eF94I/ 2N PLEGS "y 4{SXFI 4/ 3X VFECT *44(5Xe79.51)

Bl3 FORMATUIHG,AY,*PRCPIATICN - NF CEZRCTIAC NUTPUTPaCO(N) ")

B850 FOPMATIIHC, 4%, "PAREA[T) "6 1X FE42) 48Xs" AAGE ASEA BY SECTICN®)

865 FOFMATILFOr4X"WEIGHT PER SEGMINT SEGWTIND GMe)

Bee FOFMATILIHC 44X+ "NLTSICE SUPFACE ARTALAREA(M) 50 C4v)

867 FORAMATIIHO, 44, "CENTER AF MASS RATITUS,LHALGIN) cur)

BEA FORAMATIIHD »H4 ' FIGPTIAT RAN[USMPR (K) cAry

969 FOLMATILIHU, 4, "HEAT TRANSFER CF SURFACE ARGALHTSA(K) SQ Cu)

830 FOFHMATIIHD aX, " INITIAL INPUT TEMPFRATURES, 2EG CF)

863 FOFMATILN AX, I TINE=ged men¥rastasdydaghonasauynanarbdciinbar? )

894 FLIVATIIHC X, "AIR YLLSCITY, V=, FRa 2" M/SECY)

BSS FCAIMAT(IReBX g "RELATIVE FUMIDITY,2H=",F3,2)

BES FRRMATLIYIL4X, ICUTPUT INTIVVALINT=Y 414, MIKUTZES?)

90 FOFMATEIHC 4%, "METARCLIC PEAT PAZCUCTICN,CUNE, WATTSY)

SUl FOARMATIIAL 4%+ *BLCEC FLORS 235,10, LITERS/HEY)

992 FLOMAT{1rI 4%, 'COAVECTIVE HEAT TRANSFER BETWEEN CENTRAL SLCCC AND
XELEMERNTS, BL by WATTSY)

©03 FORMAT(IMO4X,*COMILCTIVE HEAT TRANSFER BETWEEN SUCCESSIVE ELEMENT
XS:TOUMY, WATTS ) ’

G046 FUNMATUIHO4Xy*RATE CrF HEZAT FLCa INTC 02 FROM AN ELEMENT.HF(A],
LWATTS ")

a)5 FCUMAT(1HO»4Xy "RATE OF C+ANGE OF TEMPERATUARE OF AN ELEMENT,.FINI,
IDEG C/1PY)

SCh FLENMATILIRCy4X, 'EVAPIPATIVE HEAT LCSSHEIND WATTSY )

GOT FORMATI{IHO4X ¢ 'SKIN PLRCU FLOWS,S8F = ",F5,3,' LITERS/MINUTEY}

B0 FORMATIIMG 44X *NON=SHIVERTING THERMOCENESTISHNST (N, WATTS )

Bl FIRNMAT{IHO, 44, "CONSTANT DATA simeasgrzestassvvrxcsibrkendnnindtr?)

531 FOAIMAT{IPQ«4X " TEMPEPATURES+TIN), DEG C*}

8&) FORMATIFE,4)

Qal FORHAATILRO FIL/41L)) TIMZ=",F3,0.' . MINUTES?)

G4 FNKMATIVSY a4k ' TCCLING EFFICIEMY CF JACKET+CEFF='4F3.4)

G422 FUFMATI 'O 4%, *SURLIMATICYN RATE CF [CRY=]CE FCR £ALH PERIOD CF 30 M
UINUTES«GM/HR 74X, L4IFEa242X])) .

Q4% FARMATITO? 4X, TRASAL “eETAdDLISY, WIRKH=!,F3,2,' WATTS?)

Q4% FORMATI'G 4% PYELHANILAL EFFICIENCY,y WEFF=",F8.3)

Q46 FNEMATIIHU,4X, *CLE VBALUE 2F CLOTHINGSCLY 2"4,6FB.3)

947 FOAMATIIHO,4Xy*MEAN RADISNT TEMPERATLRE ,TA=',F8,3)

Q48 FOPMAT(O0 Y, v i #ER(5),KESPIRATUAY #EAT LDSS,y IS NOT CONSTANT. SO,
11T HAS SEEN INITEIALTZES A5 ZE=D AND LATER CALCULATED BY RWET'}

953 FORMAT(LHO+ 4% *CARDTIAC DUTAUTLC=teFS.3,' LITERS/MINUTE!)

QS1 FCRMATULRO 14X, "REAT PRCCUCTICAINMETABCLISMASHIVERING) HP =1, FG 3,
IBATTS *) ’
952 FOPMAT{LHO,4X, *TCTAL EVAPIRATIVE HEAT LISS.EV=E+RWET=?Y,FG,3,% WAT

11501

953 FORMATILIMC 4AX, "MEAN SKIN TEMPERATLRE (TS=",F9,3,* DEG C')

§54 FURMATILHO»4X " MEAN PITY TEMPEPATUCRE,TO20,F4,3,° DEG C')

955 FORMATIIHC 44Xy "CEMYECTIVE HEAT TRANSFER CCEFFICIEMNT(MIXED)HCMIX=?
LelXeFéa2+' a/fS0 ¥=Ct)

§56 FURMATLIMO.4X,'CONVACTIVE REAT TRANSFER CCTFFICIENT(SEATED),HCSEAT
1=V 4 IXsFEa 2y W/SD ¥=(')

987 FORMAT(LIHL, 4%, 'CCAVECTIVE HEAT TRANSFER CCEFFICIENT(WALKING) 4HCRAL
IK=? G IXGFEL24 /SO ¥art)

S50 FMMAT{LIHO 21Xy "CORF P (224" YUSTHLE 422X PFOT? 424X, ' SKIN 713X,
DOPATY X g VIR g 2Ny "TISSUFE o UXy "FAT P p Ky "AGNE o 3X 4y P TISSUE? 4 5%y
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2OFATY G LN RNNEY p 3R, S TISSUT? s SXe 'FAT Y, 6Xy ?RONEY 3K, TISSUE* /T4,
B22U9_1)aTAL 220 1) T0A4 2201 _V)yTG5,220°_*)/3X, "HEAD "4 1203%4F 6.2}
473NV TPUNK Y g 123X s FO2) /72X PARNS 0, 243X F0L 20/ 3K Y HANDS Y,
S12{34,Fha2Y/ 3Ky "LEGS "o 121 3K, FEL2)/2X,PFERT 4 L2U3X4Fb6.201/3X,
SUCENTFAL BLTODY yLU3X 47642} 41X, P TISSURY)

959 FNRMATOIHOs 17X 'CHRTE "SGRV MLSCLE IR FATHIX, *SKIN'/3X 4" HEAD Y04 (
ISK FA ot/ IXtTHUNK® p4{SX FGa3 1/ 3N YBAMS 41 GXFSa 31 /3K ' HANDSY 441
25K FO I} /3N "LEGS g 4{GX4FO 3N/ 2N FEET " 445X, FI431)

Q60 FPRMETIIWO,LTX,y "CORE Y, Gx P MUSCLE "y Iny"FAT* 4 OX, ' SKINY/IX,YHEAD *,4(
ISXsFS ez /3L *TAUNKY g4 SX FO.31/3Xy PLRMS 1,6 (5X,Fa3)/3X, "HANDS Y 4 ¢(
25K3F 9.3 /3K LEGS o 4(SX FI.31/3X,FEET *,4(5X,F9.3)/3X,*CENTRAL B

ILACHT)
Q6L FLEMAT(IFO LSX g "FE2DT 45Xy "TRUNK * 4%, *ARMS® , 5X, 'HANDS ' 4 4X, *LEGS 'y 6
LIXp TFTFT O aX, *TOTALY 92Xy YUNETS L8 ]

CHZ FOIMATILIRU S "PSKINIL) "y LU1XyFAL3),SXKe? MM G *])

963 FOFMATILIFO9X o "EMAXIT) *&(L1X4Fa.3),9Xs" WATTSY)

964 FORMAT[1HUy 44y *SuPCRPIIYI Y, TU1X,FBL3) 4" SWEAT,HEAT REMOVAL CCTMMAND/S
LKIN SFGMEMT, wWATTS?)

905 FOFMATILIHU4Xy 'HITL VL1 XgF2a3) y9Xe" WATTS/OEG C')

96k FUORMATILIRU,4X, "SI0 PLELLXsFR.G) S SG. 4 1)

Q6T FLEMATULIHOWSX, *hR({T) Vbl LXsFA43) 49X, " WATTS5/50. M/DEG C')

G6a FOAMAT(IHC,4X,"HC(I) Py Tl 1XFRL3) 4" WATTS/S5Q. M/DEG CV)

QL5 FraMATILIFU, %4 "EWETLI) "460LXyFB43)+9Xs " RATID OF WET/URY SURFACE
1*}

GTO FURMATOLFO.AX, 'SKIMR(TIY 4,460 1K,FEL3))

GTL FOPUATILHL e 4X o' SKINSTTI 3611 X, FRLIY)

STZ FORMATLLIHQ aX ' SKTINVII)* 461 LX4F2.3))

GT3 FLAMAT(LrG . 4Xy *SKTINCIT) " ool 1X,FE,.3))

G4 FOEMATIIHD X, PNETMET) ' ,001%X,F9.3))

975 FUHRMAT(LIHDeaX,y 'CRILMIT) Yol 1X,FR,3))

G978 FORMAT (1HJ,.4X,' CRY BULB AT TEMPERATURE, TAAP=!,

b FB.2,'CLG C*)
GTH FORMAT(IhUL4X, "hESLETY * o TILXsFB.3) 4" WATTS/ASQ. M/OEG CV)
979 FREMATILIF) 4%+ "PCT{J], % CISTRISUTICN, BY WEIGHT, OF DIFFERENT

1 TISSLE Ty22Z5¢)

GRY FLPYATILHO 4%, CIN), FEAT CAPLCITANCE, waATT HR/DEG C')

Qa1 FORMATILEA4X P GAIN) ¢ BASAL METAAOLIC FEAT PRCBUCT ITN, WATTS?)

QA2 FORMAT(IHG 4% *EHINY, BASAL EZVAPDZATIVE hHEAT LOSS (DIFFUSICAD,
1 WATTS®)

§83 FORMAT(1HI,4X,*3FR{N), @ASAL SFFECTIVE BLCCC FLOW, LITRES/FR 1)

9GRS FORMAT(1rGs X, *TSETWSING  SET PCINT FOR ARECEPTORS FOR SEDENTARY WA
kM CONCETICN, DES € t)

Y66 FORMATILHO4X, *RATE(R},y DYNAMIC SENSITIVITY OF THERMIORECEPTORS *)

GET FOFMATILrO,4X " T1SFTWaIN) SET PCINT FOR RECEPTORS FOR ACTIVITY WAR
™ COHNITIoN, OFG £ V) ’

Q91 FLFMAT(LIRDs4X, 'SHCG Yy TILIX3FBa3) 4" SWEAT,HEAT REMOVAL COMMAND/S
IKIN SECMENT, GM/HR'})

452 FOPMAT{1HU X" TOTAL EVAPOPATIVE LCOSS, TEVG=EV/EVCP=' F9,3,' GM/H
1R¢ )

093 FORMATIIHC 4N, PEVAPCSATIVE  REAT LCSS, EGIM), GM/HRY)

995 FORMATUIIHGLSX) "HEAD T GX, *TRUNK %4 3X, YAAMSY ,5X, "HANDS® 44X+ LEGS" 46
IXg ' FETT* 45X, 200Y "y 2K, "UNITS )

1861 FCRMAT (1HO43X,' DURING THE LAST *,I4,' MINUTES OF°
[ ¢* STFULATICN THE SUBJECT LOST:¢)

1262 FOEMAT (LFGe3X,Fl0.4e* MILLIGRAYS CF SCOIUM CHLORIDE')

1563 FORMAT (1FQ45XoF1l0s4,* MILLIGRAVS OF PATASSIUM CHLORIDE®)

1864 FURMAT (1+0,5X,F1l044+® PILLILITERS CF WATER®)

1R65 FOPYAT (LhiUs2X,*' THE CUMULATIVE LOSSES DURING THE SIMULATICN AREs?

c
1866 FCRMAT (1+0:3X,*TFRCUGH RESPIRATICN ANC SWEATING.')
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1867 FOPMAT (1FQ,3X.'THESE TCTALS INCLUDE RESPIRATICN, URINE AND *
C o'SWEAT CUTPUTS ANC CRIMKING INPUTS.T//)
T1R6R FOPMAT {1HD,3X,"THE NEGATIVE ANCULNTS ANCVE SHCW DRINKING INPUT
c +VEXCEEDED SYSTEM L155.1%)
18R0 FORMAT (1HD,2X,' THE SUBJECT DFANKY, F3.5,% LITERS DURING THIS®Y,
- * OUTPUT CYCLEY)
1892 FCRVMAT (14)
CALLL=0.0
TCTNA=Q,.0
TOTK=0,0
TOTHZO=20. D
Ti0e=0.0
CCWEQ.0
$13K=C.0
SInNA=D .0
STRHZC=0.1
ITIMEL=0.
101 CUNTIMLE
P 3940 K=l ,25
ECtN) =D
ORIPI(N)=0,
FIL%IN) =0,
FILYA{N)=0,
CLNWATI{N) =0,
3000 CONTINUE
BC 31Y% h=1,24
LPEA(MI Q.
B15 CONTINUE
READ CONSTANTS FCR CCONTRCLLED SYSTEM
READ INITIAL CONDITICNS
FEACIS, 100)SEX
READI 54103 )AGE
RPEADIS, LU)WT
PEAN{54+10U)IHT
READTEL 2011 54F
‘RIECLS, 201058
REAGES5, 2011 3HT
FEACt 54 201) 545
REANIS,ILI)ISAF
READES,1000M(PCTIIY »J21+73)
READTIS, 201 IPORINY ¢N=14 24)
PEANISI0CTIEILN) o2k o24)
REAT( 5,201 (PRCDA(N) 4N =1424)
REANI S 100 (PS(T),Is148)
READIS875) (CCAC(®), K=1,18)
REANIS, JUQIISIT) 0m1,6)
PEARIS 1IQI(HRIT)sI=1,t0)
READ{ 51001 (HCSLIIN,1=1,6)
REAGIS,1000(PTI))d=1,101)

READ CTNSTANTS FC® THE COCNTROLLER
REALTS,1COMETSCTRSINI G A=]1,25)
READIS,INCIITSETCUIN Y ofi=s1,425)
FEADIS,1QC)(RATE(N] yN=],25)

REACE 5910010 Sh e SShePSWalDIL s SOILsPDILCCChSCON,PCON,CCHIL 4 SCHIL ,
CRPCHIL

READCS L1000V (SKINP{T) yi=1,06)

READ(S52 100 ISKINS{L)sl=1,46)

REAG(S, 100 (SKIAVITI,1=1,46)

REAU[ S LUJ(SHINCIEY o1=2],40)

READ(S, 1001 (tak1{1)eI=1,6)
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703

%G

&15

621

REAL So 100 (X2T1V4[214€)
PEAGIS LUl (WKA{T) 4=}
REAND{S41 270 Uuk4 1) I5L 01}
PEARIS o Qa0 HLATLMIL) 41=1,46)
REAT-{R 100V INSTREL) 121,00

READESLIO0CIITINI4N=] ,25)

READ(S5,100) (PAREA{I)y I=1461

AWTewT

0N 7C3 1=1,.4

Je4nl-2

K=l2*(t=-1)1+1

ClIVz LnTuSHF=PC TUR 4 b THSHARPCTIRS L) v WTRSHT=PCTIKS 2} ) FL00
ClIol )= lWTSHR*PLT{K 43 )4 AT RS RAVPLT (K44 )4 TaSHTCPCT(K+5) ) /100
ClIe2)={mTSHF*PCT{K¢E ) +hT=SmAELY (K+T)+aTESRT¥BLT (K8 ) 1/ DD
CLIe3) =l THSHFAPCTIK+F )+ nTaSHRPLT K+ 10+ nTHSHTSPCTIK+1 1)) /1030
CONTIRLE

SLONI W, &NV, PHYS!'LCGY- P.525

CLJ+& )= (WT*SHS*PLTLT2)) /100

MITCRELL, STRYDCM, yaMN GRAAN, VAN DER WALT, PFLUGERS ARCH, 325,
1115—193| 11?10

CUANSA= JUT L4 (rTwa T25)*(WTwa 425}
SA=,238+,%45¢DURCSA

B &8 I=len

StEi=p51[1=354

CrpTIsus

WRITE(hySiL)

WRLTE(&,R493)

WRAITELE4521AGE

WATTELC 505047

MEITF{E,5L08) T

WRITELE,512)3a

WRITE 14,506 )5HF

RRITE(E (ST SHA

WRITE A, 5031547

WEITe{a,534 )SHS

WPITE(&,SLFISAF

WEITELE,.573)

WRETE(LCHA)IPLT(I) 4d=1,73)

SPECIFIC LPAWVITY

SPGFY= 1624 30 (RT%® 2421/ { (AT=1000)%=,1]))
TUTeL w0y FAY
TOFYN={5,.548/SPCRV)=-5.044 ;

ADD UP TGYAL OF FAT IN PCT(I) TABLE
TaTr=C.

£ 615 I=21,5%

TRTF=TCTF+PLT(12%]=51

ConT IMNURE

PLYRF=TREYM 10

DO 621 J=1l.173
WIPLTLJI=PCT4J)+73,4/100

CINTINLF

WRITe164£75)

WAITE(S4558) (IWTPLT(U), J=1,73)

DD 630 I=1.86

NRT{122T=110=0.0
NWT{12=[=-12)=wTPLTL12%[=10)
NATC127 =61 = TPCT (120 1~5])
NWT{12¢f=-8)1=0.0

NWTEL2Y [-7)=0.0
NUTL12%1=6)=ATPCT{122]=€)
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NWT(]122]«5)=(PCTRF/TCYFI*WTPLT(12%]=-5}
NWT{12*[~4)=0. 0
NWT(L221+3)=0.0
NWTi12*#1=2)=0.9
NWFL1221I~1}=0.0
NeT{L2=T)=kTPLT(12¢]}
€30 CLMTINYE
KT (T3 =TPLT (T
WEITE {&,4L40)PCTRF
WRITE (445531 (NWT(J)y J=1,13)
PLTEX =0,
D2 LaE J=1,13
POTLK=PCTLK ¢ 44T {4}
645 CLNTIALE
DN 650 J=1,13
PETHl I =(NWT LI /P2TLKY 10D
650 CONTIMUF
C TEXFPNCK (F PHYSIOLOGY.CLYTCN,FIG4T.1
c Cartl = CAROD{AL IMCEXy LITERS/MIN-5Q.M
CAPD] 2442960=0,0286=AGE 40, QI3 LGT%»2
CO=LATNE=SA%45],
IFISEX-04093490,61
4 TAYLZR AND BYE, FCUNCATICNS OF AUTRITICEN, TABLE 2.3
90 EVPSMEsS],101~0. 7157408 40.0C6502{ACEn"2)
Wik KR FSMERDYPRSAw ], 159
Gl T g2
9L AMPSUNM=GY,385]1=0, 763 1+ACZ+0,QCEE86 L AGE®X2)
WO KFR=UMPSMMx IS+ ,159
G2 N2 81 h=l.2%
QPRIA)=PQ [N SAUEKS
AFBiNI=PANIIN)I=L]
§1 COMTIMUE
WPPRT =W0F KN
JUu =3
WAITE[¢,€655)
WHITE(&9S58) (PCTRIJ)y J=1,73)
WRITE1&,580)
WRITE (69S620ICINYN=1425)
WRITE(£4211)
WPITELGLELZIIPORLIN) W N=1,y 24)
WeITE G591
WRITECEISSSI(QBIN) (N2l ,y24)
WRITE{R,582) y
WRITELHSS59)LERIN} yN=1,26)
YRITElosC4d)
WEITE(6+813)
WRITE(G+812)[PRCCIN) pN=1,424)
WRITFIE,5F3)
WRITELE S5O {BFBIN) yA=1,42%)
DO B2 1=1,6
SEGWT (47 i-3)=({PCTNIL2*]I-101%uT2100)+{PCTA{ 12" ~0}=KWT/100})=1000
SEGKT L4~ =2) ={PLTIN(12%]-6)*kT/120} 01000
SEGUTI4tI=-1)={PCTN[12%]-5)®%WwT/1CCI*1000
SEGWT{4v1J}=PCTN{12%] I*uT2*]0
820 CONTIALE
0T s8Y =14
VCL L4 I=30e8T0nT(av1=3)
VOL(4 J=2)1=SanWT(an =3+ 5CGnT (4212
VOHL {42 =1 1=000hTI4e[=3}4SEGRTI4# =2 ) +5EGHT(4*]=11
VALEA™]  F=SSGhTI6v =3 )4 S5E0NT 4 I-2 1 +SEGWT {47 [=L1+SEGWTIGYT)
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581 CONTINYE
D0 510 I=l.h
ARZAla*])=SA%PAREA(I)*1C0
810 CCNTINUE
Ple=3.1410
DN B4% J=1,6
IF(1.EC.L) GO TC 752
LTHLAsT )= (((AREA(4u] ) )ue2) ) /(4P [E¥VOLl4*]))
LTH{GII=-3)=LTH{42T)
LYM{4r [=2)=LTH(4~1)
LTHE4 1=L)=LTHL 4]}
GD T 845
752 LTH{4v [=-3)2],
LTHl4%1=-2)=4.
LTlsj=11=2,
LYHtE4*T)=C.
845 COMT IAUE
WPITELL,BES)
WPITELE,G55) (3EGWTIN), A=l ,24)
WRITE(6,511)
WPITE(e,583) {VCLIN)} N=1,241)
WRITFLE,N¢E)
WOITE (L ,955) (AREA(N}, N=1,24)
WRITC(&,512)
WRITELE€,585) (LTHIN) pN=1,424)
Vi 14 =146
JIF{I.LE.1) G) YO 513
PALIS eI )=2VIL(4*1 )/ (AREA(SY]))
RAL(S I=1)=((RADISH¥ ] )mm2)={VILt4=])=VOL (43 I=1))/(PIESL TH{4*1=1})})
1us(,.5)
FaNlavi=2)=( (RAD(G*I~1)®%2}=(VCL{4=[~1)=VOL{4*]=2) ) /{PIERLTH{4=][~2
1IN Inx{.5)
PALLG4® I=3 1= ((RALI4*TI=2)%92)=(VUL{4¥[=2)=VCLI4*]-3)) /(PIESLTHI4%[~3
1N~ {,5)
GO TS S14
613 RLD(A41)=3-VIL(4=1)/(AREA(A*])])
REMA~I=11=((RAD(4mI}=*3)=(3x{VCL{4*[)=VOL(4*I=~1]1)}/(4=PLE)})
1ex{,332;22)
RAP (42 T=2 1= ((RAD(4¥]1=1)%43 )« (3% (VUL (4*l=1}=VOL{4®1=-2}))}/14=PlE})
1= ,3272333)
REN(49 =3 )= ({PAC(4» (=2 )2 3)=( 2o {VOL(4x]|=2)=-VCL(4*]=3}))/{4%P[E))
17 {,1233313)
514 CUNTINLE
6 516 I=1.46
C¥SADIAMT=3)=((PAN(42 -3 )23 ) /2}ex] 333333)
C¥RAC (4% I=2)al(RAND( 421 =3 )~o34RAC (4o ]1=2) *% 3)/2)we( ,333333}
CPRADIGY1=1)=((SAD(42]=21*~3+RA[(4"][=]1) &% 3)/2)%%{ ,333333)
CMUAN(4 T = {RAC(4%T=1)%~3+RA0(4* 1} »%3)/2)%%(,.333333)
516 CCMTIMUE
D 523 1=1.3
NELX( ¥ [=2)=[CMRAGIA3=2)=CMRAN (45 ]=3))
NDELX{2+1=1)=(CMRAD(%*I=1)=CMeAC (4 [=-2])
DELX{3I*])={CHRAC(4v [ )=CPRAC(4+]=1)1)
523 CONTILUE
00 A25 1=1,6
MPR[3+[=~2]=CMRAD(4*I-3)+{DELXI3=1~2)/2)
MRk (3r 1= )=CMRACI4L I=-2)4(DELX{3%]~1)/2)
MPROA~[)oCMRADI4# -1 )+ (CELX(3*1)/2)
825 CONTINLE
DN 855 1=1,6
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[aEaRaXal

IF{T.EQ.L) 6O TO 260
HTSA{3*I=21=2¥P IS+ L TE(4* ]I *MPR{3*[=2)
HTSA(3m]=]1)=24PIExL TH(4* ) xMPA(Ax]=1)
HYSA{2nT)224PICoL TR 4w J&MPR( 3> ]}
GU T €55

BOO HISAT 3% 2] 24P [EX{MPP(Ex]=2)w%x7)
HTSA(30 -1} =4%P o4& (VPR {Fa]=1}es2)
HTSA( 3+ 1) =4%PlF2(MFR(32])wr2)

£55 CCHTINUE
OC 530 x=1,12
TCIR) =COCADIRKIEHTSAIX) FBELX(K)

530 CONTIMHUR
wPITEIL,y515)
WPITE(Ly$59) [RED(K) (N=l,24}
WRITELb E6T)
WPITE(£,65%) (CVYRADIND), Nzl 24}
WRITE(EsS24)
WEITZ(64550) (CELX(K}, X=1l,18)
WRITE (A, A4}
WEITE(€,%5:0) [MPRIK], K=l,18}
WRITE (64849)
WRITE{E+550] (HTSA(K), K=2l,13)
WFITE(64527)
WRITF (&I (CINDIK)y K=l ,18)
WFITE G821
WRITFI64552) (TCUIK)y K=1,18)
WRIYELELCES)
WAITELEySAINLTSETHE{N) WN=1,25)
WALTE(E,T713)
WAITELOAGE I ITSETCLN) 4N=1425)
WEITELLS96)
WEITEIL2S00) FRATEINDY JN=1,25)
WELTELL,€55)
WRTTE(A,A53) (PAREM ), I=1y8)
WRITELE a0 ),0=1,8)
WEITEIL«SETIIHSLT)w]2],6)
oo 575 I=140
HCLT) =FCSLU )= {RARC 2 76C)*#(.55)

$79 CONTINUL
HCSLYe = CONVECTIVE FEAT TRANSFER CCEFFICIENT AT SEA LEVEL, TOTAL BODY
WATTS /50, M=
HCTH = CONVECTIEIVE FEAT TRANSFER COEFFICIENT AT LCCAL RARD PRESSURE, TOTAL
BODY  WATTS/5Q. V-C
HCSLYP=D0,0
DL 40T I=146

407 HCSLTB=NCSLTB+HOSLL[ 251}
HCSLT3=p(5LTA/SA
HLYRa(,.4
o0 4CE ls21,8

408 PCTR=HCTS4RCITITS(])
HCTE=HLTH /54
WRITELA,€78) [HCSLET ), T=146),HCSLTH
WRITE(O a8 (HCEI v T2l46},+CTH
WRITE(E+STONISKINRIT)12146)
WeITELL,STLIISKINSIE) 2=1,0)
WRETECO«ST2I(SKINVIIIsI=1lab)
WEITEC(OSTIMISKINCL LY 4l=10h)

T34 WRITE Qe pST5 HICHILYIT) s 12L,6)
WRITE(S ST INSTMUTYyI=146)
WRITE(E, 100
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4
<

c

1865

0l

WRITL{64AGD)
WHETEQGoSEQNITING N1,25)
07 102 Nal,25
ZUEED]
CGNT IhUR
REAN EXPERIMENTAL CCNDIYICNS
COMTINUE
PLALIE ¢ LACHISUBRET(IIgd=1,14) ’ !
REAV S¢S IINTIFF
PEACIS, LGCMIALT{ ) gl21,8)
BEADUS . LB I VHALK
REAU 15,1892} IATY
WRITE 4,544 10RKA
WPITE (& o858 ) INT
WEITELE,943) (3UPRATIIY 4 d=1,y14)
WRITELG D42 ILEFF
WPITC 16,8400 {CLTIT)41=1,8)
WALITE L&,576) TAAR
WRITF (L2540
WRITEL L4559 DARE
WPITEL£,898)7H
WRITELS,S4T)TR
WRATE =),
CAL.:‘O o
FEATIw=1],
IYiveE=c,
CEVG=0.0
LTTME=3.D
Cn=1le
OT4=0,
DY=4.0
L=]
CONTINGE
BrT=BhT-GLYNA®S58.4528/10CCC0.0
BAT=SnT=-GUYK 274,555/ 160C0C30,.2
AWT=2k T-GLYH2C
urzé = 0
coNT IAuS

weRREn LE= LEAIS RELATICN

L L

3

&0

30

BAFd= AAPCMETRIC PRESSUARE, MM, HG
Lew2 .21 T8)./PARC)
ESTABLISH THIRMOCRECEPTCR COLTPUT
N3 81 I=1,%
TrIFELd=ToaR

AVOEL T1=0.0

LY 40 I=14%
PELTATREI=A05(T (4]} -TALIRIT)}
AVOCLT=AYDELT+DELTATIT )51}

COATINUE :

AVLELTY=AVDELT/SA

REMIX=L o 26 - JAVDELT4 w028 )% L3, 174 LIVE2 ) FAVDELT) 40, 2))
HCSTAT=11.0*(Ve*0,5])

PFLVEVHVYWALK

HCHALMSB LY IRELY4D,53)

0n 33 I[=1,46

TOTALHCTI=FROIV4HCI L)
FCLAT=lo/41.40,155*TQTALHIT)*CLL(T )
TOCI)=CHRUT Y= TR#HECII=TAIR(L) )/ TOTALKHITL)
CCHT INUE

TEST=RCRRT-HEAKE

b=26



IF (TIMELEQ.0.0) GO TO 1890
IF (APS{URZIS=TEST).LT.0.1} GC TC 1871
1893 COMTINLF
WOPKT2UAZ5+4 KA
WRITE(6,7501WCRKTY
READLS,200) 408
J33=1 WALK,2 STANCs3 SIT.4 PEDAL
GO TN560.562,564+556],4004
560 C7 561 T=1,5
WARKF (1Y =L ( 1)
561 CONTIALE
WEFF=,05
GO TL 549
562 DO 563 Irly6
WISKM [T )=wK2(1)
So3 CONTIMNUE
WEFF=,400
GO TC 563
Gh4 D7 SLE 1=1,%
WUAKMET) =%k 3(])
§65 CONTIMUF
WEFF=,3)
GO TO Sa8
5866 0N 547 [=1,5%
WUHKML b enKA(1)
567 CLMTINUE
WEFF=,21]
548 CONTIANLE
IFtJCh.tC.1) GO TO 735
1FLJNR,50.2) GO TN T3
JFLJL9,£Q,.3) GO T0 737
IFtI0P,ZCu4) G TO T23
T35 WEITE(6TADNLWRRKY(]1),12]1,6)
G TN 193¢
736 WRPITELC 131 M IROPKNM{]),12]1,6)
G2 T2 13919
TIT WRITE (o TI21IWOPKMIT N, I2146)
G0 TD 19710
T38 WFITELA,T33HIWORKM{TI)s12]1,0)
1870 COKRTIALE
WRITELGLS45IMEFF
3871 CONTIMUE
11!5‘)1
DO AHS h=1,25
TSETWAIN)=TIETUSING
689 COHTINLE
DN 202 Irl,a
HEI)=(HR L a3, 16%RCU TV, 5)%5(1)
JETALIE(1) /5
PAICE 1I=0pw(P{I)+IPLJ+L)=PlI))s(TAIR(I)=5%4}/5.)
202 CONTVIALE
CALCULATINCY NF RESPIRATCRY »€AT LCSS.
RERY=0.0014%4 KT+ (34 ,~TAIL})
RWET=C 0023w KTe (4 4. ~FALIR(1)}
PAIR{L) ANN TAIR(1) HAS BEEN USED FCR AMBIENT ATMOS. CONDITICNS
ERIS)=3nFET
IF{WORXT=WIRKA) 1049 LG4 105
104 wWl2Kab=y,
60 TC 196
105 WORKAHF={W/I'RKT-WARKR}#( | .~WEFF]
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lalalala

1ue

451

303

304
302

305

1502
15401

1302
1562

1504
1505

CCWTINGE

AFWET=C.0

BT 451 I=1,4

Mgt ]=-3

K=TIM+31 /75

PERINIT I=P{) +{P(K+1)~PIK}II*ITINEI}=5%K )/ 5,

EMAXC T} = PSKTINT I )=PATRLTI} I LRe{RC(I)%5({]})

EWETI 1) =E2IN+I/EMAXLL)

PEVETSARWET+EWET{ ) (S{T)/84)

PPHG=CSKIN(T])

SVesEVAX( 1)

PRET=SWET(I)

TEUP=TI{N+3)

CALL SeVPIPWET  PPRGLSVE 4 TEMP,HVAPS)

EVEP{ T)=KVAPS

EGIR+2)=E£ILN+IVIEVEPLLD

CONTIRUE

Fe EYLFOOATION CUE YO RESPIRATICN,WE CCNSIDER THE RESPIRATORY
TRACT AS 100 PERCENT WET AND CALCULATE WVP=EVOP{TARUNK CORE) AS:
HYP={ 2432 ,55+2.25849%(T(5})=30,))%0,0002778

EGEBI=ERL S /P

DZ 302 N=1.25

TRECD (N =L,

WAPM N =0,

COLDINY=g,

IFiTIN) AT TSETRAINIIERRNRINI =« T (N} =TSETHA (N)+RATE(N)}=F (N}
AFITI M el T TIETCIN I IERRERIN)=TIAY=TSETCINI+RAYEIN)ISFIN)
TSETw2{NI=SET TEMPERATURE ABOVE wHICH SWEATING AND VASIDILATION
TAKD PLACE

TIETLO1)=5%T TEMPEHATURE BELOW WHICH SHIVEAING AND
VESTICLESTRICTICN TAKE PLACE

IF[E2RPSRIN) 1303,202,304

COLTDE N ==ERAIRIN)
G T 302
WamMlMy=ERRIRINY
CONTIMLE
INTEGRATE PERIPHERAL AFFERENTS
WARNMS 0,0
CWD5=8.0
DO 20% I=1.6
Kags |

WARMS=hAPNMS ¢ WARM[KI®SKINR(T)
CRLLS=COLDS+COLDIK ) =SKINR(TY
FCNTIMUE
NETERYINE EFFERENT CUTFLCHW
SHEAT=CSWrYERRRDP (L) +535n+ (WARMS~COLDS ) +PSW=EROR (11 [WARMS-CCLOS)
OILAT+COIL*ZACRLL ) ¢SOILAIWARYS=COLES ) vPDIL*WARM {1 ) 2WARMS
ST TCx=CCoy=ERRDAL L) ~-SCCNS I WARMS~CCOLDS) #PCORNC LG I*COLDS
CHILL==CCHILYERFCRIL}-SCRIL# (WARMS=COLOSI+PCHIL=ERROR( L) *»{ WARMS=CO
KLDS ) :
IFISHEAT LS00, 150041501
Sniav=0.9
CouTINUS
TRIDILATILI502,1502,1503
DILAT=C.0
COMT INUE
IF(STRILI1504.1504,1505
STFIC=0.0 -
CONT INUE
TF{CHILLILSO6,1506,1507

4-28



.!506
1567

430

665

660

42

41
152

C sav
C *w#
402

£ #4w
C ¥

45

399
403
401

CHILL=03.0
CLMNTINUE
ASSIGN EFFECTOR CUTPUT

CONT INUE

DO 665 N=1,24

NRQLOINY=t Q. 12621 TIN)=-TSETWAIK] J%QA(N]))

CUNT LAyt

QuUAT=D,

CO 680 N=l1,24

QUAT=CRQI0(NI+QUAT

COnTIRYE

NST=MNCN=SHIVERING THERMOGENESIS, WATTS

NST=.0aT~ (S4F)

DO 150 N=l,.25

IFI(M=-&)40441,40

NSTI(M)=C.

G TO 1%5C

NETLUNI=AST

COxTINUE

fO 431 1=1:6

N=4*1=3

BF( ) =EFI{N)

Qtit=0B{N)+33920(N)

ELH)=ERIN}

CLU+11=0B N+ 1) +WEPKNMIT)*WORKARFCFILNM (I I ®CHILL+ORQIO[N+1I#NSTHIT }N
187

E{N#1)=)

BFEE*#11=300(5e L140(N+1)~QB{N+1)
CIN#23= 0 IN42J40RCLAIN2)

EtH#42)=)

BFIN42]1=0FP[N+2)

0043 J=CB{N+3)+CBCLO(N+3)

E(N43 =Fa{Ne) ¢ SKIASTTInSWEATR2 2 { (TLhe3 )=TSETWAIN3) )/ 4.)
BF{He3YI={HFBINEIDI+SCINYV DI *DILATI/ L 1a+SKIRCOL}=5TRICY
K=Ti{xe3)/5,
PSRINEII=PIRKI*(PLKAL)~PIKII2(T(N+I)=-5%K} /5,
EVMAXLY)I=(PSAINLII~-PAl{T)}=LR*{F{I}=HRI]}*S5{1)}
IFIEMOXTTI-E{H+3))432,403,43

SWIAT CRIVE-ZVAPDSNATICN=EXTRA WATER(FILY{1)+DRIPLIVACLOWATIIN]
RUZ=DELSITY OF SWEAT [CM/CC.D s

RCE'III‘:
FILM{NeII=((E(N+3 ) =3MAXLLD I ZEVCRPLIIIZLLSTIII=PNEL)
THICKNESS 1F F1LM CN SKIMN TC START CRIPPING=35 MICRONS (L. BERGLAND

CCCTORATE THESIS 1571) y
TFIEWETII1.EQul o0 ANCLFILMIN+3) . GTL35) GO TQ 45
GG T 398

FILM{N+2)=35,

FILMAAN®3)}=S (1 )~135,)*RCE
DRIPINEI)={ (E(N+I)=ENAXCI))/EVCPII) 1=FILMR{N®3)
E(H+3k=EMAXL])

CCNTIANGE

CONTIALS

SKEAG=0.0

AERET =d. 0

DD 40% I=1:8

Neiywl=3
SHOCP(I)=SKINS{I}*5nEAT

EWFTE IB=EAN*3 ) 7EMAN(])Y
AENET=AEWET+ERET{II*(S(])/SA)
PPHG=PSKIN( [}
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<
5100

405

Svpalwax{l}

Put T==u"TE11)

TFYVP=T (M43}

CLlL SeVP(OUET 4PPRGSVPTEMF,HYAPS)
EVCP=EVARCPATIVE SPECIFIC MEAT, w¥nR/GM
EVCP{ i l=rVAPS .

EGUIi# ) =S (Me3 ) /EVCP L LY 4FILMWIN®3J#DRIPIN®D)
SWOGL 1Y =SwPCPLI)/EVEPLT)

SWirAGeSWE AG+SWCGLT)

CLMTIME

HYP=1 24233 ,95=2,294921T15)~30,))%0. 0002778
EGIS)=5(5)/Hvp

EGL25)=0.C

€ *% THESE C4805 ARE PLACEL FERE TO LIMIT MAXIMUM BLOOD FLOW dkdxe

C #nx
751
704

T0s

499

500

501

3t
C ®x»

02 T34 1=1,4
MAXRFLa=]-T)=3FA14%]=2)

MAXBF {4 =]-2}=BFR(4*]1=2)a18,

MAXBF 4% ]-1) =BFR{4*T-11}

IFEL.EN,1) &2 Tn 751

PAXAF (4 sl I=AFR(4=])}*7,

G T3 104

FROESE AMD RURTCM, Jo APP PRYSICLUGY,10,2, 235-241, 1957
MAXBF {4*])=3FA(4*])

CCHTINYE

0h TOh K=1,24
TFIRFINYLCT HAXBFINY JAFIN)=MAXRF(N)
CO%NT TRUE

#% THESE CAPLS wW3Re pLACET RERE TO LIMIT MaX 8LA00 FLOW #«

CALCULATE FEAT FLIWS
B2 486 I=1,¢&
FOLGY 1-3) =T InI=2 )« {T (42 =3 )=Y (4% [=2])}
TOLA*[=2)=TCU3s = L) R [ T{4%[-2)-T{a%]1=2}))
TCL4+T=10=TO(3=1) #(Ti4el=])=T(4*1))
TNE4*1)=0, :
cruTinys
DO 500 N=1,2%
ACANI=OE{A I  TIN)~T(25})
CLMTINYE
G0 581 l=1.6
Keqw]=3
FF{K)= (K )= (K)=FE{KI~-TLIK)
HEIK$T)=CIR el )=HCIK+ LI +TL(K)=TC (%4 1)
HFLU42)aQ (K2 )=nC(R22) +TO(K* L1=TO(K+2)
CPY(II=TCTALHITIYFOL{T =T (4 ) =TC LI )=S0 1)
HE (K431 20(Ke3)=AC K+ 3)=E(Ke3)+TCIK+2)=0RY(])
CUMNT TAYR
HFE{S)=kF{5)=20RY
on 2] i=1,4
FACLEIISL .40 15¥CLOCT) '
TOLED =TI eFCL(FITIT(4=])-TRLT))
HRLI1=47 L 0C0000CSSTEEITCLITI#TCIIN) /24272, V%3 . %FACLLIII*0,.72
TOTALF{LF=HAI( L1+ (L)
FCLETI=1o /{1 +0. 1554 TSTALH(T)nCLCI L))
TCALII={HR (T ) =TR4FCLIISTAIRC(ILI/TOTALALL
CLRTIMLE
HEXT FUUR CARDS ARE PLACSD TN ACCOLNT FCR VARIABLE SUBLIMATICN
RATS AMD CTOLING =FFECT IO DRY-ICE.IF MORE THAN 14 PERIODS,CHANGE
DIMENSILN AND READ STATEMENTS FOR SUBRATY ERHUREE SRS
PER=ABS{IITIME=-0.06011/30.)
JPER=PER
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K= JPGR41
HF{8)=FF(8)=(SUERAT(K)¥ ,1593CEFF)
C =swa3x NEXT CARD 1S PLACEN TC TAXE CARE CF CRINKING WATER
C *xwu¥ Ty = TEYPERATURE NF DITNKING wATER » ODEGREE C
C wowe HEATINM= FEAT TRANFES PERICO
IF (CMC.E0.0.0) GC 70 1893
CALC=CALCH100D.0
TIMDF =L TIHF 4,5
RwTelwT+CALC
TOTHZC=TOTH2C=CALC*1C00.,0
CaLClsraLCisCaLe
CALC=y.0
Ine INK=D
1893 CoNTINLE
IFILT I .GT.TIMCRY GC TQ SO
WRATC=2C0,06*CALC/HEAT IY
HF[5)=rF{5)-4RATER{ TI51=THW}
50 HF(29)=0.0
mwex BWT =300Y WEIGHT + KG
stx WT = [NITIAL 9C0Y WEIGHT 4hT
wx (Wa = CUMMULATIVE DOINKING WATER
CWu=Cah+tALC13GC,. 0
1F {3AT JLT. 0.657wT) GO TO 20
%N T 7?5
20 WRITE(£,22)
22 FURMLT (1FQ,44X,*FLUIC LCSS EXCEECS MAXINMUNM LIMIT')
LF74=?
Gd TC 803
25 CONTiIALS
DS 507 N=1,24
HE{25)=HF(25)+2C(N)
502 CONTIMNLE
c CETERMINE OPTINUM INTESRATION STEP
DT=1./h).
DU 602 A=1,7?5
FiN}=kEF(N)/ZCIN)
UsL3S(FIn) )
IF(UCT=0,11600,6C0,401
601 CT=3.1/U
600 CONTIMLE
c CALCULATE NEW TEWPERATURES
DO TUQ N=1,25
TN =TINI+F L) =0T
EVGINI=ESIN ) =0T
CEVG=CEVA+RV3IN)
700 CONTINGE
58=0.C
WATE=C.2
DN 15¢€0 Jrays24,44
SRESPATGLIN/50,0/88
WATEL=aWATES+ TG J)+*0T/1000.0
1660 CONT IMUE
1F {S2.LE.0.9) SF=0,0
IF (WATEF.LELD. D) WATER=(0.D
NACCRC=10.7+2,5€6545R
c sxx EQUATICN AJAPTED FRCM CAGE ANC CGOSCNsJe OF CLIN INVES
¢ VIL &%, N3 Ty 1685 PAGES 127C-1274
IF (NACCAC .5E. CA3) NACCNC=CNA
KFAC=1,.0-0.0532 7«5k
KCUNC=10.0%nYFAC

(s Xa¥al
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set EQUATINN ARAPTEL FACM ELINICNDO, RANERJEE, ARD BULLARD,
Je GF 8PP, PHYSIOL., VCL 32, NC 1y 1572 PAGES 1-6
CEI=CKE™"] 2
IF (KCOACHTLCKL) KCCNC=CKL
mEnMAX UM CUNCENTRATICN OF 1.2 TIMES PLASMA CONCENTRATION OF K+
FECM SJYTONYS TEXTRODK OF MEDICAL PHYSIOLOGY, 197L1.PAGE 835
NAMEO=KhACCC*WATER
KHEN=kCONCHYATER
NACL"M3E58 44928 NAMEG
KELAG=T4,5554KMEQ
ERS=EG{5)
iF (5C5.LT.2.2) €6G5=0,2
WATERAI=WATEAHEGS®DT/1CNOC.D
BuTalnT=({NACLPGHKCLYG)/1000.0+WATERL)71000.0
SURNA=SURNAFNALL MG
SULK=SUHK+KLLMG
SURH2Z=SURH2C# 100D . J*WATER]
FLOI=TINT
It (FLCGCT.5,3) FLC=5,0
TE@Mwb=SUIH2C/FLE/1039.90
TEP# A= QUANASFL/SE 44%2E
C TERM®=SURK/FLDI/T4.555
TIAZ=TIME40T
LTImF=an, =T [ME
OTM=6Q0 D
IF (LTIMS=INT=-ITIMEI) 3C&,T01,7C1
306 CONT IMLE
IF (LTIVMF=3,3=1TINEL) 301,307,307
397 CUNTINUE
ITIMEL=ITINEL 5,0
S1PH2L=SUKKR2I+S IRH20
SIANA=IYAN A4S 18MA
SIEK=SLRK+S IRK
GT T €82
TOL CCUTIRUE
SUMHPT=SURHZC+S [FH2T
SUDMA=IUINA LS IRNA
SURK=SLRK+S 13K
TOTHA=TOTRA+SUANA+CUYNASS3, 4423
TLTH=TCTR+SURK+GUYRAN 14,555
TOTH2L=TCTH2C+SUBF2C+GUYR20%1300.9
GUYYNA=G, D
GUYK=i),0
LUYHZC=),0
SIon=0.0
SIBNA=D,0
SIBH2E=0,0
1T I4F = §T I“Z 4+ INT
[TIMEL=ITIME
WFITE(E.54111TINE
WRITZ (A,574) TAaAR
WRITELL s TSUIWCRAT
WEITE(E,854)V
WPITELE,559 ) RARC
WRITEL6,E56)RH
WAITE(E,+S4TITR
HAITE {6,1961) IAT
WRAITE (6416%2) SUENA
WRITE (6,12&31 SUFK
WRITE [6+41364) SUBH2C
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WRITE (6,1866)

WRITE 161305}

WRITE (&41862) TCTNA

WRITE 16,1853) TCTX

WRITE (&6,1864) TCTHZC

IF LUTOTHALGE. 0.0 e AND (I TOTKGE 0«00 ANDL (TOTHZ0.6E40.01))
c GO 1L 1459

WPITE (&41E67)

1869 COHTINLE

IF (C2LCl.LE.J.0) GC TC 1881
WFITE (5,1880) CALC1

CALCL1=0.9

1881 COMTIAUE

WEITE {6,184T)

WRITELSL 45€1)

WFITE{E+S55)HCMTX
WAITE(5+S55)HCSERT
WRITE(6,SSTIHC ALK
WATTELG,GE¢2 M PEKINET}o1=1,46)

WA ITELC s SCIVIEMANI L) 4 I17146)
WEITE (L5641 (SWPLEUI) 4121460 ShEAT
WRITE[G9G1) (SWOGII)a1=21461,3WEAG
WRITE(G,G62) [ERET(I)y I=1,06)
WP T ey GESY(HIT) oI =L,¢)
WPITE(e,531)
WRITELE,CEIVITINIgN=1425)
WRITE(6,5C1)
WEITE{64,659 1 (BFIN)sAN=1,24)
WEITE(6,%8))

WP ITE(€E,G5G) (NACLOIN), N=l,24)
WRITE (64575 )NUAT

WRPITCLELSDD)
WEITELE,5551(QIN)N=1,24)
WRITE{6,348)

WEITelLsG59 UNSTLIIND N1 ,24)
WEITE (uyS06)

WRITE(ESEFIIEINY N=1,24)
WPITFLE,951)
WEITE(C S5V IEGIN) o N=1,424)
WETTZ1£469D)

WRITE(E,259) (FILMIN), N=l,24)}
WAITE(E4ARS)

WRITE(E,559) (DRIPIN)y N=ly24)
RELTE{64€55)

WETTELES4550) {CLCWATIN], N=1,24)
WEITF(&,9u2)

WPITE(64559113CINI ,N=1,24])
WRITE(C,5C2)
WEITE(E4S9)(TDIN) g N=],424)
WRITEL6,504)

WETITELESONIIHFIN) WN=1,25)
WRITELL yFUS)
WRITE(£,5060)(FIN)4N=1,25)

- PREPARE FCR OUTPUT

€C0=0.

.‘“"0.

EV=0.

TEVG=0.9

15"00

HFLI'W=0,
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S#f=0,
D1 Ayl M=l 24
Co=CreRFR(N]) /6D,
TE2 HE2 RGN )
EVsEVeT (N)
TEVG=TEVGHERIN)
8O0 CURTINLF
c ¥EFywaa CALCULATICN FEART RATE,FEARTR, BEAT/MIN
€ *%= STRPCY = STRIKE VILUME, LITER/STROKE
ST2KG=1e1540017[ WLPRT=AORKB]
IFISTYLKGGTalaT1ISTHMLKG=1.T1
STFOV=ATMLKS=WT /1CGC.
HEARETH=CC/STROV
EVEEVeTWET
CT=0
NG ag4s I=1,%
CT=CTeL(4*1)
BO4 CUNT IMUE
D E32 I=l4%
Toa To=Ts+T142T1*C 1A=L) /CT
Lar=SFFeRFlA=1}/€0.
832 CCHTIMLE
Chia)
Nt 833 A=1,25
CH=Ch+LINY
805 CruTinuys
07 Bul h=1,25
TR=Tx4TINIESIN) /LN
HFL o AemELCH P (MY
801 COnTIMur
WEITF L&, 5ET)
WAITE(64C43) (TSETWAIN) . N=21,25)
WRITFE L6 eS5IICT
WILTL(#,12)00200TR
WRTTE(L4S3T )SAF
WPITFLE95)) 4P
WRITC[6,%82)8Y
WEITE(6,9°2)FEVE
WEITF{&,211CEVE
WRJTEL&,4553)TS
FRTTE(6,4554)}T8
BO3 CUNTINUE
IF (TPaGT.41.0) URZG=3
RFTUFK
[ 384
SURRULTINE SHVP(PWET PPEFGSVYP,TSKHVAPS}
REAL Kl,K2
(4 SULPCUTING T2 CALCULATE ThE FEAT OF VAPORIZATION OF SWEAT
2000 PHIS=PWET+{ {1, =PuET)}*PPRGIZSVP
K1=2BCE.55-TH2.82PHIS+3G0. 2% (PH]S%%x 2}
K2=21,14354) ., 75%PH]5=0,63B86=(PHIS*#2)
HVLPSs{KLl=K2%[(TSK=20.))%0. 002778
RETURN
END
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C.CU00NCE €O
€.53003 2 U
JeQ ¥II0T QU
C.303uudE (1
G.333C00r (¢
0.850U00E LI
Qe b ICGHIF 03
CelICLUJE CO
0.254C000 (C
J. 20300 €2
0.1339070% Q1
G+ 1ICLO0UE CL
g.CO04u002Z CO
0+ CJJUIJE GY
C.5330NE (1
GeTUS0UIF-LL
Q. 13400L0E (2
CadJGCLIF €3
G.CUIITIE O
Celeiyult Cl
ColICC0DOE CL
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Input Dataset - Heat and Exercise Forcing
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ABSTRACT

A sweat centered interface is developed between the KSU-Stolwi
. Thermoregulatory System Simulation and the Guyton Long Term Circula
System Simulation. Implementation of the interface is demonstrated
the rationale for computational techniques 1s discussed. Complete
tions of sweat electrolyte loss formulations and their derivation a
vided. Appendices include a Fortran computer program listing, a 1i
of input data sets, a list of variables, and sample outputs. A sepa
chapter is included to support independent researchers using the co
computer simulation.

Resultes of the simulations indicate that the calculated sweati
drinking amounts compare favorably with published water loss data £
similar forcing conditions. Cardiac output is not adequately force:

heat inputs. Simulation results and areas for further study are di:



