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Abstract

Transient thermal response of five types of underwear(cotton jersey, wool jersey, nylon jersey, cotton
mesh and polyester mesh) for a protective coverall is evaluated using a sweating thermal manikin.
Experimental protocol for transient thermal response of the sweating thermal manikin was also proposed.
As results, it was found that steady state thermal response from sweating thermal manikin was not
sensitive enough to evaluate thermal comfort of the experimental garments. However, when half time is
used as an index of the heat flux change in transient thermal response, difference was found among
underwear materials. Half time of cotton was the shortest and heat transfer of cotton was the fastest
followed by polyester mesh, cotton jersey, nylon jersey and wool jersey. Dynamic thermal response of
wool underwear was quite different from that of cotton underwear. Wool shows quite less heat flow at the
initial stage, however, moisture permeability of wool was higher than cotton at the later stage. It was
difficult to distinguish surface temperature difference visually using thermogram taken right before the
completion of dry and wet test in steady state thermal response.
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Table 1. Physical characteristics of the experimental under garments

C Cotton (100) 208.4 9.18 Interlock 0.72

w Wool (100) 176.4 6.18 Interlock 0.52
Nylon (92.2)

N Polyester (7.8) 1574 291 Interlock 0.33

Cm Cotton (100) 186.3 6.84 Mesh 0.98

Pm Polyester (100) 110.8 1.28 Mesh 0.65
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(a) under garment (b) protective clothing

Fig. 1. Experimental garments.
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Fig. 2. Sweating thermal manikin's skin temperature
setting.
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Fig. 3. Average heat flux and skin temperature of manikin.
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Ry resistance to dry heat transfer provided by clothing system
and air layer(m °C/W), R.: total resistance to evaporative
heat transfer provided by clothing system and outer air layer
(m® kPa/W), A: area of the manikin’s surface(m?), Py water
vapor pressure at the manikin surface(kPa), P.: water vapor
pressure in the air flowing over the clothing(kPa), T.: tem-
perature at the manikin surface(°C), T,: temperature in the air
flowing over the clothing(°’C), H: power required to heat
manikin(W)
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(m’kPa/W), R': the thermal resistance of thin air ﬁrrn(rn2 °c/
W), RE: the evaporative resistance for the same air ﬁnn(m kPa/
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Table 2. Results of the dry & wet test

N 0.203 35.11 0.059 93.35 0.163
W 0.205 34.25 0.060 94.50 0.179
Cm 0.206 34.77 0.059 94.01 0.174
Pm 0.193 38.29 0.056 98.43 0.184

#p<.01
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Table 3. Regression equation to calculate a half time

C y=-20.241log(x) + 154.7 y=-14.03og(x) + 146.27 y=-18.906log.(x) + 142.3
N y=-15.332log(x) + 150.19 y=-13.075log.(x) + 1424 y=-15.57%1oge(x) + 124.87
w y=-13.568log.(x) + 139.34 y=-17.361log.(x) + 144.47 - y=-1435log(x) + 128.64
Cm y=-18.568log(x) + 157.13 y=-18.553log.(x) + 142.65 | y=-14.75%10g.(x) + 144.25
Pm y=-15.677log.(x) + 146.16 y=-17.625log.(x) + 165.74 y=-13.452loge(x) + 141.74
61 p<.05

5.38

Half time(min)

[o] N w Cm

Fiber types of experimental garment

Pm

Fig. 6. Half time of heat flux in transient thermal
response.
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Dry test

Fig. 7. Thermogram of steady state thermal response.
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