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A Study on the Thermal Resistance of Wool Fabric Constructions
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Abstract : The purpose of this study was to determine the thermal characteristics of men's suits ensembles and their
fabrics. For the study, 100% wool fabrics were woven with various fabric structure, fabric density and yarn count and with
the use of these, 12 men's suits were made with the same design. Physical characteristicsthat affect thermal transport
properties, including drapery, cover factor, bulk density, keeping warmth ratio, vapor permeability, air permeability and
porosity of the fabrics were measured. In addition, thermal resistance of men's suit ensembles, in¢cluding Y-shirts, inner
wear and socks was measured on the thermal manikin in the environmental chamber. The result of the study was as fol-
lows: 1. In terms of fabric structure, keeping warmth ratio of plain woven fabrics was higher than those of twill and satin
woven fabrics and also, vapor and air permeability and porosity of plain woven fabrics were higher than those of twill and
satin woven fabrics. 2. The result showed that thermal resistance of 12 ensembles were in the range of 0.77¢lo~0.97¢lo. 3,
There was little correlation between woven condition such as, including structure, fabric density and yarn count and thermal

resistance of ensembles.
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Table 1. specification of the wool fabrics

Table 4. Surface area and set surface temperature of manikin

Sample Woven Waljp Weft . Weight Thick-
No  Structure density density Denier ( g/mz) ness
(picks/in) (picks/in) (mm)

1  Plain 62 49 1/30 16.29 0.55
2 Plain 62 67 1740 14.82 0.39
3 Plain 62 49 2/60 15.56 0.50
4  Plain 62 67 2/80 15.94 0.39
5 Twill 80 72 1730 19.70 0.60
6  Twill 80 86 1/40 19.64 0.63
7 Twill 80 72 2/60 22.11 0.70

8  Twill 80 86 2/80 19.72 0.57
9  Satin 105 72 1/30 25.61 0.65
10 Satin 105 86 1/40 23.07 0.62
11 Satin 105 72 2/60 25.14 0.63
12 Satin 105 86 2/80 23.76 0.59

Table 2. Garment for ensembles

Items Materials Size Remarks
Suit Jacket 100% Wool 105 -
Trousers 100% Wool 105
. Cotton60%
Y-Shirt Polyester 40% 105 Short Sleeve
Underwear Shirt 100% Cotton 105 No Sleeve
Underwear Panty 100% Cotton 105 Triangle Shape

Socks 100% Cotton 105
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Table 3. Manikin specifications

Thermal Manikin Specifications Size
Height T 175em
Weight 40 kg
Surface area 1.78 m®
Circumference of Neck 393cm
Length of Arm 6f cm
Circumference of Torso 94 cm
Circumference of Waist 82 cm
Circumference of Hip 94 cm
Length of Leg 84 cm

xms Section name Surfac:e2 Area Surface
No (m%) Temperature, °C

1 Head 0.1484 34.6

2 Upper Torso 0.3341 34.2

3 Lower Torso 0.2740 35.1

4 Right Upper arm 0.0867 34.1

5 Right Forearm 0.0631 34.1

[ Right Hand 0.0367 333

7 Left Upper arm 0.0895 34.1

8 Left Forearm 0.0631 341

9 Left Hand 0.0367 333

10 Right Thigh 0.1324 32.7

11 Right Calf 0.1143 323

12 Right Foot 0.0710 327

13 Left Thigh 0.1346 327

14 Left Calf 0.1184 323

15 Left Foot 0.0774 32.7

Total 1.7804 Mean 33.72
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where,

Tug = Weighted averaged temperature, °C

T, =Zone temperature, °C

Tamy =Ambijent temperature, °C

(Q/A; xXA))

Q/ A= Z————{;::*—L @
where,

Q/A;= Zone heat flux, W/m?



A; =Zone surface area, m?

___(thd = Tamp)

wid™= 3
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where,
Ry = Weighted averaged thermal resistance, m” + °C/W
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Table 5. Physical properties of fabrics for ensembles
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Parts Structure Drape Cover Bulk Dc}nsity KWR WV;[R Air Pg:rmeabili;tzy, MPD
No Coefficient Factor (g/m’) (%) (g/m” h) (cm’/minfem®) (um)
1 0.3373 11.6 206.2 15.8 432.6 90 59.2
2 Plain Weaves 0.4035 13.8 380.0 8.9 336.3 35 33.7
3 0.3699 11.6 311.2 15.3 380.7 37 36.5
4 0.4128 13.8 408.7 7.8 352.7 18 15.1
5 0.3711 17.1 3283 13.2 308.3 29 25.2
6 . 0.3857 17.7 311.7 4.6 3327 20 16.1
7 Twill Weaves 1044 17.1 3159 153 3299 17 13.8
8 0.3442 17.7 346.0 9.8 285.3 12 12.2
9 0.3788 17.1 394.0 89 3315 26 24.3
10 . 0.3881 17.7 3721 8.7 320.3 14 16.7
1 Satin Weaves 0.4431 17.1 399.0 9.3 350.3 12 15.7
12 0.3964 17.9 402.7 7.1 208.5 12 159
KWR=Keeping Warmth Ratio, WVTR=Water Vapor Transmission Rate, MPD=Mean Pore Diameter
Table 6. Thermal resistance of nude Manikin (No wind, 20, 65%)
Thermal .
resistance Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Mean Weighted
. Mean
Section name
Head 0.066 0.066 0.063 0,067 0.067 0.0658 0.005485
Upper Torso 0.073 0.071 0.072 0.071 0.074 0.0722 0.013549
Lower Torso 0.083 0.079 0.086 0.079 0.083 0.0820 0.012620
Right Upper arm 0.075 0.073 0.073 0.074 0.076 0.0742 0.003613
Right Forearm 0.074 0.074 0.074 0.074 0.075 0.0742 0.002630
Right Hand 0.091 0.09 0.093 0.091 0.088 0.0906 0.001868
Left Upper arm 0.066 0.063 0.067 0.064 0.065 0.0650 0.003268
Left Forearm 0.071 0.071 0.073 0.072 0.072 0.0718 0.002545
Left Hand 0.113 0.113 0.114 0.114 0.111 0.1130 0.002329
Right Thigh 0.087 0.082 0.088 0.081 0.084 0.0844 0.006276
Right Calf 0.081 0.077 0.078 0.077 0.077 0.0780 0.005008
Right Foot 0.082 0.081 0.082 0.08 0.081 0.0812 0.003238
Left Thigh 0.092 0.087 0.091 0.086 0.09 0.0892 0.006744
Left Calf 0.085 0.082 0.08 0.082 0.082 0.0822 0.005466
Left Foot 0.092 0.093 0.091 0.093 0.094 0.0926 0.004026
Mean R,, mw 0.07984 0.07737 0.07937 0.07744 0.07929 0.0786 0.0786
Mean [, clo 0.51 0.50 0.51 0.50 0.51 0.51 0.51
Std. Dev. 0.00357 0.00341 0.0036 0.0034 0.0036 0.0035 0.0035
Mean skin temp.(°C) 33.72 33.72 33.71 33,72 33.72 3371 3371
Air temp. 4 19.97 20.09 19.92 20.2 20.05 20.04 20.04
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Fig. 1. Thermal resistance for 15 section of nude manikin,

Table 7. Thermal resistance of 12 ensembles

Items Rt Ry, L If Weight
Ensembles\ (m¥W) (m* W)  (clo) (clo) (@

1 02192 0.1406 1.41 0.90 998
2 02079  0.1293 1.34 0.83 971
3 02076  0.1290 1.34 0.83 998
4 0.2080  0.1294 1.34 0.83 1,012
5 02297 01511 1.48 097 1,186
6
7
8

0.1983  0.1197 1.28 0.77 1,133
02209  0.1423 1.43 0.92 1,208
02261  0.1475 1.46 0.95 1,153

9 0.2181  0.1395 1.41 0.90 1,322
10 0.2264  0.1508 1.48 097 1,315
11 0.2168  0.1400 1.40 0.89 1,298
12 02098  0.1312 1,35 0.84 1,267
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Fig. 2. Thermal resistance for 15 sections of 12 ensembles.

0.06 X
z o o
D ol ts
-3 fﬂ"
% o |- S
i
2w} -
e il
E 002 b - BN
-
E (03
(Y] E J I B A i L S k. 1 '] L A
: &
PSESEESELLIEEIS
Section Name
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