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ON SOME EXPERIMENTS OF HEAT TRANSFER

By M. P. Murgai, ‘N. €. Majumdar and R. N. SMa, Defence Science
Organisation, Ministry of Defence, New Delhi.

ABSTRACT

This note describes the results of some experiments on a
the heat transfer, in an earthenware vessel, used for storing
and cooling water in the summer season, and depending
for its cooling effect on the evaporative loss. This vessel
‘makes a good approach to a human body, all covered: with ,
sweat, and lends itself to an alternative method of measure- .
ment of the parameters, in the basic “equation of the heat ‘
balance of the human body. The results obtained are
. comparable to those of Brunt, got by observations on human
beings. . ‘ N R N
The basic equation of the heat balance of the human body is given by
M+8=R+C+E - -
where M-is the metabolic rate of heat generation, § the storage of heat in the
body, R and C the radiation and convection loss or gain depending on the
environmental conditions, F is the loss of heat due to evaporation of the sweat
from the body surface. M is measured by the exchange apparatus,”S ean be
estimated from consideration of the specific heat of the human body, E gets
_ known from the loss of weight. of the body in a certain time. The
observation technique does not separate the measurement of R and C, and

in general we have

K being a constant, T, the temperature of the skin, T, that of theendironm

in°C. 'The value of K reported by Brunt! on the basis of a series of independent
experiments is given by : . o
- K=3-6+16v% K cal./mét? hr°C, v being the velocity in met./sec.
« This enables T and C to be separated ifito °
R=36 (T,—T,) o
| C=160% (T,—T,) , - BTG
.regarding the temperature of the radiating surfaces the same as that of the
surroundings. The convective and evaporative loss both together, on the
other hand are related to the total heat content of air by the relation
C+E=A (L—1) - |
A being a constant, I; and I, the total heat content of the air at the skin tem-
perature and the temperature of the ambient air respectively. Internal
energy, the diffusion of which is the convective loss of heat C may be separated
out L : A
C=4A Cp (Tr*-Té):?lG”% 1—T)
A=16v%/Cp=(200/3) o o _
In the environment conditions where the air temperature is greater than
#he skin temperature, there is always a convective-gain and an evaporative loss.
The swo will balance each other if the evaporative loss c#n be-increased.” This
) ; —
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however is not poss1b1e ina humn body and in a rapldly movmg hot air
" eurrent the evaporative loss may not be able to keep pace with the convective
gain and the skin temperature-may rise. An earthenware vessel used for
storing and cooling water in.the summer season, and depending for itscooling *
effect on the evaporative oss, makes a good approach to a human body all -
eovered with sweat, and lends tself to ag alternative method of measurement -
" of *ﬁ"&fﬁﬁm%ve gain. . This vessel placed in a uniform current of air, will
‘always come to a steady state, as opposed to the human body, when the
evaporative loss=the convective gain. The air velocity can be measured

by a Kata thermometer, and the rate of evaporative cooling by the loss of water - .

<

in a certain time. We have : E=C=av} (T,—T,), neglectmg radiation ‘ a’

1: $0 be determined. The observational data are complled in the table below -

TABLE 1 LY

"Aiz“Vgl@dity V-‘ Tem. difference bet- W
meter/sec. 'ween air and water
(Ta—Ts)°C . Ta~Ts
) gm./hr. °C
R .
1 72 . 02 .| .. 83 8
Al ol
2 102 041 89 1116
3 9-4 0-52 83 1-13
4 110 C1416 83 - 1.33
5 164 1.35 9,4 174
6 162 2.00 96 1-60
. 204 7-6 1-79
'3-20 9.4 2.28
9 200 3.50 8-8 92.97
10 | 22.8 5-00 8-6 2.65 {

. InFig 1, log W/(Ta—Ts) has been plotted aga,mst log V. The pomts are
found to Lie almost in a straight line, with a slope 2/5 instead of 4. .This is
because.the radiation correction has not been taken into account. 'The relation
between the evaporation rate and air velocity is found to be ‘ :

W=1-4V2/5 (Ta——-Ts) gm /hr

-



"

.~ .The surface area ceme_s. t to-be aboutO 041 m' consxdermg the surface

- %0 be apprommately sphencal with a mean diameter of ‘4" 5", Taking 0-58 ,
X Cal/gm as the latent heatiof evaporation of water at the bbserved tempera-
“Yure, the evaporation loss E as well as convective loss C in K Cal/met? hr., is

found to be given by the expression E=C=20 v2/5 (T (Ta—Ts) ‘K Cal/met2 hr.
For human body, we have ant’s/expre'ssmn, namely,

O=16V} (T,—T,). Obviously, it is the radiation factor Whlch is
mainly responsible for the difference between the two expressions, . - Thus, from
these preliminary obserﬁ%ﬁbns it may be concluded that for praotwal purposes,

_ an earthenware vessel is comparable to the nude human body so far as hea
exchange by convectlon i8 concerned.
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