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Abstract
We have studied the rate of evaporation of sweat for the body of human of two different surface
areas at different temperatures. We have also studied the rate of evaporation of sweat at different
values of heat produced by chemical metabolism. It is found that a thin man perspires at lower
temperature than a fat man when they both produce the same heat by chemical metabolism.
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1. Introduction

Most biological processes are temperature dependent. So the body temperature must be
kept within a narrow range. The chemical metabolism of food is the source of body heat.
Depending on the air temperature and clothing worn, the heat generated may be needed to
overcome convective and radiative loss and radiation from the skin and by the evaporation of
sweat from the skin and of water from the lungs [1, 2].

The evaporation of sweat is primary cooling mechanism used by the body. The
temperature — control mechanisms of many warm blooded animals make use of heat of
vaporization, removing heat from the body using it to evaporate from the tongue (Panting)
or from the skin (sweating). Evaporation by perspiration is an important mechanism for
temperature control of warm blooded animals- evaporating cooling enables humans to maintain
normal body temperature in hot, dry desert climates where the air temperature may reach 55°C
(about 130°F). The skin temperature may be as much as 30°C cooler than the surrounding air.
Under these conditions a normal person may perspire several liters per day, and this lost water
must be replaced [3].

If the interior temperature begins to increase, the body first increases blood flow near the
skin surface to increase convective and radiative losses and then if necessary, uses evaporative
loss mechanism. Human sweats from glands located over much of the body and thus benefits
from evaporation over a large surface area. As much as 1.5 kg sweat per hour can be evaporated
from the human body under many conditions. Evaporation by perspiration is primary cooling
mechanism for temperature control of human body. This mechanism can also be observed in
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other warm-blooded animals. In this paper we intend to study about the rate of sweat from human
body in different conditions in light of physics.

2. Theory

The various contributions to the rate of heat loss and production of heat for a typical
human adult are approximately as follows [4]:

If the area a is given in square meter, the skin temperature T, and air temperature T, are
given in degree Celsius, and the rate r of sweating is in units of kilogram per hour, then

H_, = Rate of heat generated by metabolism ( 80 to 1600 W ; average H,,, = 300 W)
H, = Rate of heat lost by radiation
=D, A(T,-T,)
H. = Rate of heat lost by convection
=D_A(T,-T,) (stillair)
H, = Rate of heat lost by evaporation from the lungs
=D
H, = Rate ofl heat lost by evaporation of sweat
=D,r

The D’s are constants whose values are given by
D ,=7.1Wm~> K™
D, =65Wm~> K™
D, =674Whkg™'
D, =10.5W for normal breathing.

The value of H, is given for normal breathing; it increases to the proportion of rate of
breathing. As the variation is very small, we neglect the variation.
For the body temperature to be held constant, the heat loss are related as

H,=H;+ H+ H + H,
Hs =Hm _Hc _Hr _Hl

3. Results and discussion

For a given value of heat produced by chemical metabolism in a man, the rate of
sweating has been found to increase with increase in air temperature. Evaporation begins at
different temperature depending upon the amount of heat produced by metabolism.

With a given surface area, as heat produced by metabolism is increased, sweating is
found to begin at lower temperature and the rate of sweat production is higher for larger value of
heat of metabolism, H,. For a typical human of A=1.0 m’, sweating begins around air
temperature of 32°C (r =0.0022 kgh™), 16°C (r =0.0057 kgh™"), 2°C(r = 0.0200 kgh™) and below
0°C for H,=80W, H,,=300W, H,,= 500W and H,, = 1000W respectively.

For a human of A=1.2m’, sweating begins around 33°C (r=0.0063 kgh™), 20°C (r=0.0179
kgh’l), 8°C (r=0.02406 kgh'l) and far below for H,=80W, 300W, 5S00W and 1000W respectively.
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Figure 1, 2 and 3: Rate of evaporation of sweat (r) verses temperature;— ) for a human of
surface area 1.0 square metre and (........ ) for human of surface area 1.2 square metre.

Thus rate of perspiration varies with the heat produced by the chemical metabolism and with the
temperature of air. The evaporation of sweat forms an important mechanism for the temperature
control of human body. The constant body temperature of other warm blooded animals can also
be explained on the principle of evaporation by perspiration.
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4. Conclusions

A thin man perspires at lower temperature than a fat man when they both produce the
same heat by chemical metabolism. At higher temperature rates of sweating are nearly the same
for fat and thin man.
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