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F16. 2. The oral temperatures at the end of the last work period are plotted against
the sensible cooling capacity of the ventilating air.
[X humid air; @ dry air; A uniformity results. The points underlined
indicate experiments in which the maximum oral temperature in the last two
work periods differed by more than 0-12°C.]
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FI1G. 3. The pulse rate measured immediately after the last work period is plotted
against the cooling capacity of the ventilating air.
[X humid air; @ dry air; A uniformity results]
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FI1G. 4a. Sweat rates, obtained when the jacket was ventilated with dry air, of a
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number of different sensible cooling capacities. [ A uniformity results.]
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F1G. 4b. Sweat rates, obtained when the jacket was ventilated with humid air, of a
number of different sensible cooling capacities. [ A uniformity results.]
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134 ‘\ F16. 5. The evaporative weight losses of the dry air (@) and humid air (X ) experi-
\ ments are plotted against the sensible cooling capacity of ventilating air (A uni-
\\ formity results).
\ The equations for the best fit regression lines are given in the text.
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F16. 6. The best fit regression lines for sweat loss against sensible cooling capacity
of the ventilating air with 95%, confidence limits fitted.
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(Fig. 4a). In the humid air runs (Fig. 4b), between
cooling capacities of 9 and 3 kcal./min., values of
sweat loss are obtained similar to those in the dry
air tests. Below 2 kcal./min., however, there is a
very marked increase in sweat rate to values 2 to
3 g. higher than those found when using dry air. In
Fig. 5 the evaporative weight loss (total sweat loss
minus sweat in clothing) has been plotted against
the cooling capacity of the ventilating air. The
evaporative weight loss for both the dry and humid
air appears to be remarkably similar, in neither case
showing any marked divergence at low cooling
capacities.

The best fit regression line for sweat rate y as a
function of cooling power x is given for the dry air
experiments by y = 9-9712-0-3455x, and for the
humid air experiments by y = 12:6784-0-7505x
(Fig. 6).

The regression line for the evaporative weight
loss y against cooling power x has the form y =
9:1329-0-2727x for dry air, and though the best fit
for the humid air is a cubic curve, it is almost as well
described by a straight line of the form y = 9-5558-
0-3811x. Confidence limits (95%) have been fitted
to these lines (Fig. 6) and the sweat rates with dry
and humid air can be assumed to be the same for
cooling capacities of the ventilating air greater than
4-5 kcal. /min. with 959, confidence.

The final mean skin temperature of the unpro-
tected part of the body was very similar in both the
humid and dry air experiments, varying between
36° and 37°C. and showing no marked change with
changes in cooling capacity of the ventilating air
until it fell to 2-5 kcal./min., when values of 37-5°C.
were registered. On the other hand, the skin pro-
tected by the jacket showed marked changes in
temperature with changes in cooling capacity, the
fall in skin temperature being very consistent in the
humid air experiments though a considerable
amount of scatter was present in the dry air experi-
ments. The most likely explanation of this scatter
is that the dry air produced very rapid local evapora-
tion of sweat, resulting in areas of low skin tempera-
ture which could on some occasions coincide with
the sites of the thermocouples. The overall effect of
the ventilated jacket on the mean skin temperature
was to reduce it progressively from 37 to 38°C.
found in the uniformity tests to 34 to 36°C. as the
cooling capacity of the ventilating air increased to
9 kcal./minute.

Discussion
The environment and work rate used in these

tests were selected to simulate the hot conditions
found in the steel industry in which men are known

to work for periods of up to 40 minutes. The uni-
formity tests confirmed that these hot working con-
ditions can be tolerated only for a limited time. If
protective clothing is used to alleviate the thermal
stress it should at least enable the wearer to achieve
thermal equilibrium. The jacket does in fact enable
the wearer to come into thermal equilibrium over a
wide range of ventilating air flow conditions with
both dry and humid air. The pattern of body
temperatures in relation to the cooling capacity of
the air is very similar to that found by Lind (1963)
for men working within the prescriptive zone of
temperatures, in that the body temperature assumed
more or less the same value irrespective of the
cooling capacity of the air, provided this was greater
than 4 kcal./minute. At cooling capacities below
4 kcal./min. the oral temperature increased pro-
gressively as the cooling capacity decreased. A
statistical curve has not been fitted to the oral
temperature data as thermal equilibrium was not
always attained within the 65-minute experiment.
However, visual inspection indicates that the use of
humid ventilating air does not result in noticeably
higher oral temperatures at the lower cooling
capacities but below 4 kcal. /min. it does prevent the
subject from coming into thermal equilibrium
within 65 minutes.

Below 4 kcal. /min. and with humid air the subject
attained thermal equilibrium within the hour on
only four occasions out of 10, whereas with dry air
the subject equilibrated in 12 out of 13 experiments.
The pulse rates show a similar pattern to that of
the oral temperatures although the increase in pulse
rates does not appear until the cooling capacity has
fallen to 2 kcal./minute. Below 2 kcal./min. there is
a rise in pulse rate which is most marked in the
humid air experiments.

The oral temperature and pulse rate recordings
indicate that possibly at a cooling capacity of
2 kcal./min., and certainly at 4 kcal./min., the
ventilated jacket provides adequate protection in
that a man is able to achieve thermal equilibrium.
The data do not show a clear distinction between
the protection afforded by dry and humid ventilating
air, the only indication of the inferiority of humid
air being provided by its failure to produce a clear
indication of thermal equilibrium at cooling capaci-
ties of 4 kcal./min. and below.

The sweat rate is probably the most sensitive
indicator of the thermal stress on the subject and
the physiological parameter most likely to distinguish
between dry and humid air. The sweat rates were,
therefore, analysed statistically to determine if the
humid air provided inferior protection.

Two quite different regression lines were obtained
for the sweat losses in the humid and dry air experi-
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ments (Fig. 6). It should be noted that the regres-
sion line for humid air crosses that for dry air at
6-7 kcal./minute. This, however, is an artifact due
to the lack of results for humid air at cooling
capacities greater than 6-6 kcal. /minute. This region
was deliberately not investigated since, at the low
temperatures required for such cooling capacities,
humidity would have very little effect on the pro-
tection provided by the jacket. The regression line
for humid air is in all probability a curve, the right-
hand section of which runs parallel to the dry air
regression line, and then, as the cooling capacity
decreases, the humidity becomes more important
and the line steepens, the two regression lines be-
coming significantly different at 4-5 kcal. /min. (95%
confidence), until at a cooling capacity of 1 kcal./min.
or less no relief is provided by the humid air. The
humidity of the ventilating air therefore appears to
be of no importance unless the sensible cooling
capacity is below 45 kcal. /minute. Below this value
protection is still provided, but at a value of
4 kcal./min. thermal equilibrium is no longer
achieved and at 1 kcal./min. the oral temperature
reaches values obtained in the uniformity tests.
With dry air, thermal equilibrium is attained with
cooling capacities as low as 1 kcal. /minute.

The results of this investigation therefore indicate
that the humid air produced by an evaporative
cooler is just as suitable as dry air for ventilating
jackets provided the sensible cooling capacity of the
air does not fall below 4-5 kcal./minute. When
supplied with air of 4-5 kcal./min. cooling capacity,
or above, the jacket enabled a heat-acclimatized
subject, working at about 4 kcal./min., to achieve
thermal equilibrium in the hot environment used
for the experiments.

The significance of the very similar evaporation
losses with dry and humid air is not clear. However,
the most likely explanation is that the degree of pro-
tection provided by the jacket depends on the
sensible thermal capacity of the air flowing through
it. At the same time the ease with which the body
can dissipate the heat load by evaporation is de-
pendent on the water vapour pressure gradient
between the ventilating air and the skin. This
gradient depends not only on the vapour pressure
of the air but on the speed with which it is flowing
from the jacket. When low air flow rates are com-
bined with high vapour pressures difficulty is ex-
perienced in evaporating the required quantity of
sweat and the wetted surface area is increased ; con-
sequently the quantity of unevaporated sweat present
in the clothing increases.
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Appendix

If an assessment of a working environment
indicates that the use of a ventilated jacket would
alleviate the thermal stress on the operatives the
minimum air flow required to achieve a cooling
capacity of 4'5 kcal./min. (17-5 Btu/min.) can be
determined as follows.

The maximum water content of the compressed
or ambient air, whichever is to be used for venti-
lating the jacket, is first determined using, for
example, the wet and dry bulb temperatures of the
air. The maximum dry bulb temperature of the air
at the point at which it is to be used is also deter-
mined. Considering the air main as a source of
ventilating air, investigation showed that it had a
maximum water content of 6o gr./Ib. (8:57 g./kg.)
and that the maximum dry bulb temperature was
43-3°C. (110°F.). The wet bulb temperature of this
air is therefore 22-5°C. (72-75°F.) and an evaporative
cooler would be expected to produce air at a relative
humidity of at least 859, probably higher, giving a
cooled air temperature of between 23-3°C. and
24-4°C. (74° and 76°F.). These figures are deter-
mined with the aid of a psychrometric chart.

From an examination of the type of work the
operative was performing it was estimated that
2:4 m. (8 ft.) of air hose would be required between
the cooler and the operative. An allowance there-
fore has to be made for the rise in temperature along
this hose and 0-36°C. /30cm. (0-5°F. /ft.) is suggested.
The maximum temperature of the ventilating air
now stands at 26-7°C. (80°F.) and, using this figure,
the volume of air required can be calculated using
equation (ii) as follows :—

17'5 Btu/min. = V X 00763 X 0240 X 15

V = 64 cfm.
The air flow required in this theoretical situation is
therefore 64 c.f.m.
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