


Heat 1s lost by evaporation of sweat as a result of the

positive vapour pressure gradient.

Coeffi~ients of heat transfer must be known in order to
calcu. :te the quantity of heat lost or gained through earch
mode of heat transfer., The determination of heat transfer
mwuist be consistent with the mcdel of the passive system,
che heat transfer coefficients at the periphery of each
segment of the model of the body must be mathematicaily
stated.

The heat balance equation, based on the First Law of
Tharmodynamics, can be written for each model segment,

M‘wo‘Eres-R-C-E'St (2°1)

1f the rate of heat gesneration is greater than the rate of
neat loss, storage will be positive anéd body temperatures
will rise, When storage is zer¢, the body is in a =tate
of thermal equilibrium and all tumperatures remain

constant. .

MO

Le whi.ch assume zero storage are ste. ' state models
and are not expressed in terms of eqgua't.ions which are time

iependent Models which include the calculati:on of body
@2al storage are inherently time dependent :ince they are
ressed in terms of time derivatives of tumpera .ure.

ne inclusion of storage alone does not sigativ & true
namic model A dynamic model of human thernorzcaelation
wlude the dynamics associated with
nsportation of heat within the body,

tion of sweat onto the skin,

nort term state of acclimatization and
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Figure 2,2 (a) SIMPLE SCHEME OF ’I‘HERMOREGULATION,

' (b) CONTROL WITH POSITIVE AND NEGATIVE
FEEDBACK

(c) HEAT FLOW REGULATION,

(d) CONTROL WITHOUT REFERENCE OR EXPLI-
CIT SIGNAL SUBTRACTION,

i

(from Werner 1980)
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Figure 2.3 REDULCED BLOCK DIAGRAM OF THE
HERMOREGULATORY SY SHOW:
LLED AND OLLING SYSTEMS










model so as to predict, 1in quantitative terms, the re-
sponse of men to work and rest in different environmental

cond itions.

The passive system consisted of appropriately sized cylin-
ders representing the trunk, arms, hands, legs and feet;
the head was represented by a sphere. Fach cylinder was
further subdivided into four concentric layers, core,
muscle, fat and skin. An additional central blood compart-
ment, representing the large arteries and veins, exchanges
heat with all ether compartments via the convective heat
transfer occurring as a result of blood flow to each com-
partment. For each compartment, heat balance equations
were developed to describe the heat flow via conduction
and convection as a result of metabolic heat produced in
that compartment. Radiative, convective and evaporative
heat transfer coefficients were estimated for the surface

of each segment.

The control of sweat rate was expressed in terms of inter-
nal body temperature and skin temperature. The empirical
equa ton describing sweat rate was based on short duration
"steady state" experimental results. Heat transfer
between the body core and the skin was calculated 1in terms
of peripheral conductance. "Quasi-steady state" data
(storage = constant) was used to describe the conductance
equation as a function of internal body temperature and
skin temperature. Neith* ' the s-'eat rate nor the conduct-
ance equations predicted that ti.”-e two responses would

saturate at high 1levels ov bod® temperature.

Stolwijk and Hardy's (1971) model 1is therefore an attempt
at using short term steady state control characteristics
to describe responses which are time dependent. It is not
surprising therefore that Konz et al. (1977) were able to
use Stolwijk and Hardy's model to predict body temperature

response of resting men to mild step changes in environ-

































