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Abstract

The purpose of the study was to determine the effect of air velocity on the thermal
resistance of wool ensembles. Three suits for men with different weaving structure and
density were made with the same design and size for the study. In addition, Y-shirt,
underwear, and socks were prepared for constructing the ensembles. Thermal insulation of
air layver and 3 ensembles were measured by using thermal manikin in environmental
chamber controlled at 20C and 65% RH with various air velocity. The results were as
follows:

1. Thermal resistance of air layer was 0.079 m? « 'C /W with no air velocity(less than 0.2m/
sec).

2. Thermal resistance of air layer decreased with increasing the air velocity rapidly, When
the air velocity was 0.25 and 2.89 m/sec, the decreasing rate was 15% and 61%, respectively
compared with no air velocity.

3. While there was little difference among the effective thermal insulation of 3 ensembles
having different weaving structure and density with no air velocity, there was sharp
difference among them when the air velocity increased. That is, the decreasing rate of
effective thermal insulation of the ensemble which has higher air permeability was higher.

4, The decreasing rates of the effective thermal resistances of plain, twill and satin
ensemble were 61, 54, and 49%, respectively when the air velocity was 2.89 m/sec which was
a maximum air velocity in this study. -
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Table 1. Specifications of the wool fabrics.

Sample Woven Density Denier Weight Thickness
No Structure (picks/in) _(Nm) (mg/cm?) (mm)
1 Plain 62x49 1/30 16.29 0.55
2 Twill 80X72 1/30 19.70 0.60
3 Satin 105 86 1/30 23.76 0.59
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Table 2. Physical properties of fabrics for ensembles,

Sample Drape Cover Bulk Density KWR WVTR Air MFD
. . Permeability,

No Coefficient Factor (g/m?) (%) (g/m®h) | (cm®/min/cmd) (pm)

1 0.3373 11.6 296.2 15.8 432.6 90 59.2

2 0.3711 17.1 328.3 13.2 308.3 29 25.2

3 0.3964 17.9 402.7 7.1 208.5 12 15.9

KWR=Keeping Warmth Ratio

2 %938 372 AZdqc)y, 2AFH AL ofay
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Table 3. Garment for ensembles.

Items Materials Size Remarks
Suit Jacket 100% Wool | 105 -
Trousers 100% Wool 105 -
0, 0,
Y-Shirt 60%6/40% 105 Short Sleeve
Cotton/Polyester

Underwear Shirt | 100% Cotton | 105 No Sleeve
1009 Cotton | 105

100%, Cotton | 105 -

Underwear Panty Triangle Shape

Socks
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WVTR=Water Vapor Transmission Rate

MPD=Mean Pore Diameter

Table 4. Manikin specifications.

Thermal Manikin Specifications Size
Height 175 cm
Weight 40kg
Surface area 1.78m?
Circumference of Neck 39.3cm
Length of Arm 66 cmm
Circumference of Torso 94cm
Circumference of Waist 82cm
Circumference of Hip 94cm
Length of Leg 84 cm

Table 5. Surface area and set surface temperature of

manikin.

Parts | Section name Surfs(xgt;,z)Area Teagrgl:t?.tre,
1 |Head 0.1484 34.6
2 | Upper Torso 0.3341 34.2
3 |Lower Torso 0.2740 35.1
4 | Right Upperarm 0.0867 4.1
5 |Right Forearm 0.0631 3.1
6 |Right Hand 0.0367 33.3
7 | Left Upperarm 0.0895 3.1
§ | Left Forearm 0.0631 34.1
9 | Left Hand 0.0367 33.3
10 |Right Thigh 0.1324 32.7
11 | Right Calf 0.1143 32.3
12 |Right Foot 0.0710 32.7
13 | Left Thigh 0.1346 32.7
14 | Left Calf 0.1184 323
15 | Left Foot 0.0774 32.7

Total 1.7804 Mean 33.72
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Fig. 1. Location of 15 temperature sensors.
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Fig. 2. Schematic representation of thermal manikin.
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Table 6. Results for air velocity in environmental

15

Table 7. Thermal resistance of air layer in nude mani-
kin(m?-'C/W).

chamber.
Air Velocity| Front Back Mean
Fan Speed (m/sec) | (m/sec) | (m/sec)
0 0.205 0,188 0.19
20 0.254 0.250 0.25
30 0.804 0.371 0.58
40 0.646 | 0.939 | 0.79
50 1,329 1.220 1.27
60 3.008 2.778 2.89
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Fig. 3. Thermal resistance of air layer for 15 sections
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Section name air layer
Head 0.005485
_ Upper Torso 0.013549
Lower Torso 0.012620
Right Upper arm 0.003613
Right Forearm 0.002630
Right Hand 0.001868
Left Upper arm 0.003268
Left Forearm 0.002545
Left Hand 0.002329
Right Thigh 0.006276
Right Calf 0.005008
Right Foot 0.003238
Left Thigh 0.006744
Left Calf 0.005466
Left Foot 0.004026
Standard Deviation 0.0054
Mean R,, 0.0786(0.51clo)
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Table 8. Thermal resistance of clothing consisted
ofensemble.
Items Rim* | I |Ras(m®| Iu [Weight
2'C/W) | (clo) |- 'C/W)| (clo) | (g)
Y-Shirt 0.1162 | 0.75 | 0.0376 | 0.24 | 127
Underwear Shirt| 0.0953 | 0.61 | 0.0167 | 0.10 96
Underwear Panty | 0.0905 | 0.58 | 0.0119 | 0,07 | 60
Socks 0.0879 | 0.57 | 0.0093 | 0.06 54
Suit 1 0.1737 | 1.12 | 0.0951 | 0.61 | 998
Suit 2 0.1836 | 1.19 | 0.1050 | 0.68 | 1,186
Suit 3 0.1815 | 1.17 | 0.1029 | 0.66 | 1,267
Ry L AFALAYA  Rae, Lue | FrEFFALAGH
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Table 9. Thermal resistance of 3 ensembles with no
air velocity (m?-C/W).

—

Ensembles
. \ 1 2 3
Section name

Head 0.006110 | 0.006218 | 0.006301
Upper Torso 0.056034 | 0.057723 | 0.053669
0.052418 | 0.057650 | 0.050171
0.015646 | 0.015792 | 0.015500

Lower Torso
Right Upper arm

Right Forearm 0.005788 | 0.005823 | 0.005564
Right Hand 0.001670 | 0.001682 | 0.001661
Left Upper arm 0.015835 | 0.016418 | 0.014478
Left Forearm 0.006117 | 0.006082 | 0.006036

Left Hand 0.002103 | 0.002136 | 0.002061
Right Thigh 0.015342 | 0.015245 | 0.013981
Right Calf 0.008924 | 0.009200 | 0.008667
Right Foot 0.005104 | 0.005288 | 0.005156
Left Thigh 0.013230 | 0.014916 | 0.011567
Left Calf 0.008911 | 0.009284 | 0.008752
Left Foot 0.005938 | 0.006199 | 0.006199
Standard Deviation 0.1135 0.0642 0.1307
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Fig. 4. Thermal resistance of 3 ensembles for 15
sections of manikin with no air velocity.
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Table 10. Mean thermal resistance of air layer and 3 ensembles with air velocity.
Air velocity 0.19 0.25 0.58 0.79 1.27 2.89
Thermal Resistance (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
Mean Ry, m?* - C/W 0.0786 0.0662 0.0468 0.0387 0.0344 0.0314
Mean I,, clo 0,51 - 0.43 0.30 0.25 0.22 0.20
Air layer Duncan Grouping® A B C D E F
Standard Deviation 0.0054 0.0115 0.0 0.0 0.0115 0.0058
Decrease rate, % - 16 41 51 57 61
Mean R;, m*-C/W 0.2192 0.2035 0.1575 0.127 0.0985 0.08587
Mean I, clo 1.41 1.31 - 1.02 0.82 0.64 0.55
Mean Rae, m*C/W 0.1406 0.1373 | 0.1107 0.0883 0.0641 0.0545
Ensemble 1 | Mean I, clo 0.9 0.8~y | 0.72 0.57 0.42 0.35
Duncan Grouping® A A "B C D D
Standrd Deviation 0.1135 0.0458 0.0208 0.0173 0.0351 0.0208
Decrease rate, % -_ 21 20 37 53 61
Mean R, m*C/W 0.2297 0.2203 0.1629 0.1456 0.1222 0.1005
Mean I, clo 1.48 1.42 1.05 0.94 0.79 0.65
Mean Roe, m*CT/W 0.1511 0.1541 0.1161 0.1069 0.0878 0.0691
Ensemble 2 | Mean Ly, clo 0.97 0.99 0.75 - 0.69 0.57 0.45
Duncan Grouping® A A B B C D
Standard Deviation 0.0642 0.0666 0.1387 0.0755 0.0854 0.0872
Decrease rate, % - -2 23 29 4T 54
Mean R;, m?-'C/W 0.2098 0.1998 0.1734 0.1490 0.1324 0.0980
Mean I, clo 1.35 1.29 1.12 0.96 0.85 0.63
Mean Ry, m?-C/W 0.1312 0.1336 0.1254 0.1103 0.098 0.0666
Ensemble 3 | Mean Iy, clo 0.84 0.86 0.82 0.71 0.63 0.43
Duncan Grouping® A A A B C D
Standard Deviation 0.1307 0.1504 0.2886 0.1193 0.1270 0.152
PDecrease rate, % - -2 2 15 25 49

*Means with the same letter are not sigﬂiﬁéantly different.

Ra, I 1 27]9) Z"‘_%Z']'SJ'%] Ry, Ii: ”éﬂ"ﬁ_céz‘]i}'jh Rae, lae | -FEH FADA 5]

Table 11. ANOVA test for air layer resistance and

Air velocity.

Source F Value R-Square
Air Layer 1249.05*** 0.99
Ensemble 1 44.92*** 0.95
Ensemble 2 18.10*** 0.88
Ensemble 3 5.64°° 0.70
*** p<0.001
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Fig. 5. Thermal resistance of air layer for 15 sections
of manikin with air velocity.
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Fig. 10, Thermal resistance of ensemble 2 of manikin
with air velocity.
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Fig. 11. Thermal resistance of ensemble 3 for 15
sections of manikin with air velocity.
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Fig. 12. Thermal resistance of ensemble 3 of manikin
with air velocity.
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