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Effect of Wind Speed on Thermal Insulation Values of Clothing and Convective Heat
Transfer Coefficients of the Human Body under Various Wind Directions

Shin-ichi WATANABE Y, Tetsumi HORIKOSHI ¥, Yoshimasa YONEDA P, Tomoya KANEKO Y,
Yuji UNO Y, Jin ISHII ?, Akemi TOMITA ¥
D Nagoya Institute of Technology, ? Kure National College of Technology, ® Sugiyama Jogakuen University

To predict the thermal comfort and to estimate the heat loss from the human body to its environment, the thermal insulation
values of clothing and the convective heat transfer coefficients of the human body are essential parameters. These two
parameters are included in the calculation of most thermal environmental indices. The objective of this paper is to clarify
the effect of wind speed on the thermal insulation values of clothing and convective heat transfer coefficients of the human
body under various wind directions. A series of experiments using a thermal mannequin was carried out under the follow-
ing combination of conditions; wind speed conditions ( still air, 0.5 m/s, 1.5 m/s, 3 m/s, 4 m/s, 5 m/s ) and wind directions
(0°,45°,90°, 135°, 180° ). Air temperature in the chamber was 20 °C, and surface temperature of the thermal mannequin
was maintained at 33 °C. Unclothed and five kinds of clothed conditions were tested. The thermal mannequin was de-
signed on the basis of an averageisized Japanese male body. It is divided into 13 parts, the temperatures of which can be
individually controlled. The result of the experiment shows that the thermal insulation value of clothing decreased with on
increase in wind speed. Regression equations for estimating convective heat transfer coefficients of the‘standing manne-
quin were obtained. '
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Fig. 1 Plan of Artificial Climatic Chamber
Table 1 Experimental Condition

2. ERIME Air Temperature 20 ©
%ﬁoi 2000 E 7 H 4 E ~ 7 ﬁ 15 E ‘:’ %EEI% Air Velocity still air, 0.5,1.5, 3, 4,5 m/s
N . Wind Direction 0° ,45° ,90°,135°,180°
KFEVBL ATRERAHIEEICTERL -, Nude
21 ;ﬁgi Light Clothing-YO (underwear, socks, shirt-YO, trousers-Y0)

Clothing Ensemble  Light Clothing-Y3 (underwear, socks, shirt-Y3, trousers-Y3)
Light Clothing-Y6 (underwear, socks, shirt-Y6, trousers-Y6)
Suit (Light Clothing-Y3 + jacket)

Coat ( Suit + coat )
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Fig. 2 Clothing Conditions
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Icl=It-1a/fcl (1)
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Icl: BEREEREH clo,
Ta: BEROBIEH do,
ts: ExFREBE C,
Q: EXRBORRE W/,
ton: BEROERRE T,

It: 2FERBEH clo,

fcl: ZEXKEMEL nd,

to: ERBE <TC,
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Qn: BAERORRE W/ o
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Table 2 Measured Clothing Area Factor

Clothing Ensemble Seppanen's Method Pattern Area
Nude 1.00 1.00
Light Clothing-YO 1.19 1.13
Light Clothing-Y3 1.25 1.25
Light Clothing-Y6 1.29 1.36
Suit 1.28 -
Coat 1.44
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Fig. 3 Distribution of Air Velocity
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Fig. 4-1 Relation between Wind Direction and Icl (Y3)
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Fig. 8 Relation between Average Air Velocity and
Forced Convective Heat Transfer Coefficients
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