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The Analysis of the Steady State Heat and Moisture Transfer
through Clothing Materials (Part 1)
A Model of Heat Transfer without Perspiration

Masae NakansHi and Masako Niwa*

Faculty of Home Economics, Kobe Women’s University, Kobe 654
* Faculty of Human Life Environment, Nara Women's University, Nara 630

The steady state heat and moisture transfer from a dry or wet heated plate is used to simu-
late the human body’s relation to the environment through clothing materials. The heat trans-
fer without perspiration was discussed by a simple model which was constructed from the radi-
ative, conductive and convective resistances for the case of air impermeable clothing materials.
The calculated value was accurately corresponded with the measured value under various wind
velocities with the temperature of the heated plate set 10C higher than that of the environment.

In the case of air permeable fabrics, an experimental equation was also derived by the modi-
fication of the model cited above using some assumptions. The effects of air resistance, thermal
resistance of fabrics, air gap and wind velocity on heat transfer can be estimated by this equa-
tion.

Moisture transfer, and simultaneous heat and moisture transfer in a state of perspiration will
be discussed in the next paper.
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Fig.1. The model of dry heat transfer
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Fig.2. The measuring method of heat transfer
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Table 1. Details of impermeable materials

. Thickness R; Sheet
Material
(mm) (m? K/W) structure*
R1 0. 445 0. 00221 Rub
R2 0.470 0. 00236 Rub/Al**
R3 0.520 0. 00268 Al/Rub/Al**

* Rub, silicone rubber sheet (density 1.17x10° g/m?);
Al, commercial aluminum foil. ** Bonded sheet consist-

ing of a rubber sheet, R1 and Al(s).

Vol. 46 No.4 (1995)
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Table 2. Details of fabrics

Weight Thickness** R*? R*? Fiber** Weave
Sample No.

(g/m?) (mm) (Pas/m) (m?K/W) type structure
1 82 0. 348 13 0. 0083 PS plain
2 92 0.238 63 0. 0069 PF plain
3 96 0. 590 21 0.0171 PS plain
4 96 0.218 329 0. 0057 PF plain
5 106 0. 145 77,100 0. 0045 PF plain
6 110 0.438 360 0.0119 PS plain
7 126 0.331 2,403 0. 0082 PF plain
8 188 0. 820 631 0.0189 PS plain
9 208 0.576 4, 560 0. 0098 PTF satin
10 249 0. 805 1,443 0.0177 PS 2/2 twill
11 272 0.395 3, 664 0. 0067 PF triaxial
12 79 0.411 7 0.0101 C plain
13 103 0.418 1,617 0.0121 C plain
14 105 0.533 156 0.0124 C plain
15 122 0. 605 57 0. 0145 C plain
16 147 0.482 4,080 0.0117 C plain
17 285 0. 995 3, 963 0. 0213 C 3/1 twill
18 391 1. 350 7,404 0.0240 C 3/1 twill
19 115 0. 456 106 0. 0107 W plain
20 117 0.491 13 0.0120 W plain
21 171 0.570 198 0.0125 W plain
22 179 0.418 872 0. 0099 W plain
23 184 0.663 1,045 0.0161 W plain
24 197 0.630 1, 800 0.0123 W plain
25 251 0.910 1, 203 0.0203 W 2/2 twill
26 310 2.120 88 0.0499 W 2/2 twill
27 374 1. 383 2,734 0.0284 w 2/2 twill
28 63 0. 288 16 0. 0086 S plain
29 81 0. 209 642 0. 0056 S plain
30 190 0.741 936 0.0177 W50/PS50  plain

*1 Thickness at pressure 49 N/m?, ** Air resistance. ** Thermal resistance at
pressure 49 N/m?*. *' PS, polyester spun; PF, polyester filament; PTF, poly-

ester textured filament; C, cotton; W, wool; S, silk.
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Fig.4. The relation between total heat transfer coefficient A and air gap
L for impermeable materials as shown in Table 1

Left: plots (&, [, O, ) show the experimental data, and the lines are calcu-
lated by Eq. (20). a: V=0.3m/s, b: V=1.4m/s. Right: measurement condition.
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Fig.5. The relation between A, calculated by Eq.
(20) and measured A,

The heated plate was covered with fabrics without
an air gap
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The heated plate was covered with fabrics with an
air gap of L=3-8 mm.
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ration parameter and the heat transfer re-
sistance of an air gap per unit length R,/L
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Fig.10. The relation between 4, calculated by Eq.
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The heated plate was covered with fabrics with an
air gap of L=3-8 mm.
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Fig.11. The effect of thermal resistance R on
total heat transfer coefficient A,

A fabric (air resistance R=200Pa s/m) covered the
heated palte with varying air gaps of L=0,3,5, and
8mm. (a)V=0.3m/s, (b)V=1.4m/s.
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Fig.12. The effect of air resistance R on total
heat transfer coefficient A,

A fabric (R=0.012m? K/W) covered the heated plate
with an air gap of L=3mm<(a) or L =8 mm(b) for
different wind velocities V'=0. 3-1.4 m/s.
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