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Unfortunately Wyndham and Atkins (1968) did not obtain a
wide enough range of Ty, for each metabolic group and it
was therefore not possible to identify whether a metabolic

rate effect was present in their data.

Azer and Hsu (1977) developed an equation describing
physioiogical conductance in terms of core and mean skin
temperatures. Data on which they based their equation was
obtained from the literature and covered a wide range of
exposures to varying environments and work rates. Their

eguation is as follows,

6,75+42,45(Tcpr=30v,98)+8,15(Tep-35,15)0/8 (Tg-33,8)
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K - 5'3 - —
(2.19)

They specified a maximum value for K egual to 75 W/m2eC,
Equation (2.19) can predict values of K higher than 75
W/m2°C but the output is prevented from exceeding 75
W/m?°C. When using Equation (2.19) as part of an overall
thermoregulatory model, the discontinuity in K at 75
W/m2°C results in sudden sharp changes in skin and rectal
temperatures responses which do not occur during experi-

menta]l studies.

Van Rensburg and Stewart (1977) and Stewart (1981)
explored the concept of saturation levels of K pertaining
to the highly non-linear form of the relationship between
K and Tppe. The maximum level of K attained by resting men
in experiments reported by Wyndham et al. (1968, 1970) was
approximately 42 W/m2°C. Both Figures 2.5(a) and 2.6 show
that much higher levels of conductance may be achieved and
it is clear that the saturation level of conductance must
be variable and cannot be associated with a single level
of body temperature. Stewart (l198l) concluded that these
observations raised the possibility that conductance might
saturate at different levels for different metabolic
rates. He went on to show that conductance could be
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During exercise however, the single cylinder core and
shell model does not adequately reoresent the human body.
The metabolic energy over and above the basal level is
produced in the muscles actively involved in exercise. As
such regions of the core associated with these muscles
will be at a higher temperature than the rest of the core.
The average core temperature would not be equal to the
rectal temperature, but could be somewhat higher depending
on the level of exercise. The weighted body temperature
driving signal, Tpp Calculated from a weighted sum of
rectal and mean skin temperature could well be an under-
estimate of the true mean body temperature during exer-
cise. The "error" involved in calculating K as in Equa-
tion (2.21) above would therefore depend on the extent to
which regions of the core are hotter than the rectum.

During experimentation carried out in this study, exercise
consisted of block stepping involving only the legs. The
twe cylinder mode. to be descri.ed was therefore con-
structed to mathematically determine the cause of the

"error" mentioned above.

Consider the two cylinder model represented in Figure 2.7.
The upper cylinder depicts the trunk of man and has a
surface area A; and metabolic heat production egual to the
basal rate, M;. The lower cylinder represents the meta-
bolically active legs having area A; and metabolic heat
production M;. Therefore the total surface area, A is
equal to the sum A;+*A, and the total metabolic heat pro-
duction, M is equal to M;+Mj.

The shells of the two cylirders have equal thermal conduc-
tivity hy and equal thickness x. The conductances of the
shells are therefore both equal to hy/x=h;.

The core of the upper c¢ylinder is assumed to be at rectal
temperature, Tpe. The core of the lower cylinder is
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Figure 2.7 TWO CYLINDER CORE AND SHELL
MOD OF MAN
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M) *+Mp= (Tre=Tg) (hy+mpCpp) + ATyl Copta? LTnhe (2.28)

The overall physiological conductance of the two cylinder
model can be calculated from Equation (2.28) in the same
way that 1t is calculated for the single cylinder model,

e
3=

M1+M2 ' A Tm A> il Tbﬁ\bcpb -’
— = k! = (ht+mbcpb) W | seeaem—— ht — A ce—— B
(Tre“Ts) (Tre-TS) A (Tre‘Ts) )

but from Equation (2.15), ht+ﬁbcpb is equal to K, the
physiological conductance for the single cylinder core and
shell model.

The value of physiological conductance calculated for the
exercising man from a measure of rectal and mean skin
temperatures and metabolic rate could therefore be in

"error" by the guantity

———— = 4 ———— MpCpp (2.30) @8
(Tre-TS) A (Tre-Ts) ‘x

The first term represents the "error" in the conductive
component of physiological conductance and the second term
represents the “'error" in the convective component of
physiological conductance.

Saltin and Hermansen (1966) and Saltin et al. (1968)
measured intramuscular temperature during leg exercise.
Their data indicate that the magnitude of the difference
between rectal and muscle temperatures could be as much as
3,5°C from rest to heavy exercise.
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Their findings indicate that Tm is a function of the

metabolic rate,

(2.31)

Eichna et al. (1951) measured the difference between
arterial and rectal temperature in resting subjects.

Under steady state conditions, mean arterial temperature
was 0,25°C lower than rectal temperature. During exer-
cise, Salt in and Herman?en (196b) used oesophageal tempera-
ture as a measure of arterial Dblood temperature. They
found that the difference between rectal and oesophageal
temperature increased from rest to hard work by more than
0,1°C. AT” could therefore also be expressed as a func-

tion of metabolic rate,

ATb = f2 M) (2.32)

If Equations (2.31) and (2.32) are substituted back into
Equation (2.29), it can be concluded that physic logical
conductance will be subject to a metabolic rate effect.
The fact that both ATm and ATb increase with increasing
metabolic rate indicates that physiological conductance
will increase with increasing level of exercise. The pre-
ceding theoretical analysis has been confirmed experiment-
ally by Stewart (1981) (see Equation (2.20)) for unaccli-

matized men.

It is easy to explain why the metabolic rate effe t has
been missed by other researchers. Experimentation carried
out by Wyndham (1965), Wyndham et al. (1965) and Wyndham
and Atkins (1968) did not achieve a range of Tmb values
for each rate ot metabolic hea;. production. Instead, high
Tmf, values were a result of low metabolic rates and cool
environments. Their single curves of K plotted against
either Tre, Ts or a weighted sum of Tre and Ts were

therefore founded upon pockets of data at different






























