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Abstract

Effects of the ambient air temperature and the opening position on the pattern of the
clothing ventilation of a thermal manikin wearing an impermeable blouse were investigated
by the trace gas method. Under an isothermal condition, the ventilation was governed by
diffusion, and the ventilation rate through the wrist-openings was greatly affected by the
distance from the openings. Under non-isothermal conditions, however, the ventilation was
accelerated by the convection driven by the temperature gradient between the clothing
microclimate and the surrounding air; the greater the temperature gradient, the greater the
ventilation. Even though it was certainly affected by the ambient air temperature, the
ventilation rate was more significantly influenced by the position of openings. The ventilation
patterns at the arm and the body were distinctive.
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Fig. 1. Schematic illustration of the apparatus for
measuring the clothing microclimate.
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Fig. 2. Measuring points of the trace gas concentration.
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Fig. 3. Change in oxygen concentration within the
clothing microenvironment of the arm under an
isothermal condition when the wrist-openings
were released: ©, Wrist; A, Forearm; X, Elbow;
©, Upper arm; 4, Shoulder.
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Fig. 4. Change in oxygen concentration within the
clothing microenvironment of the arm under
non-isothermal conditions when the wrist-
openings were released: u, Wrist; A, Forea
-m; X, Elbow; O, Upper arm; +, Shoulder.
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Fig. 5. Effect of ambient air temperature on change in
mean oxygen concentration within the micro-
environment of the arm when the wrist-openings
were released.
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Fig. 6. Change in oxygen concentration within the
microenvironment of the arm under a non-iso-
thermal condition when both wrist- and neck-

openings were released: ——, Wrist; ------, Fore- -
arm; —-—, Elbow; -----, Upper arm; ---—-,
Shoulder.

— 1391 —



134

of, o] B vl o] o4l K9lel gloiA Akk F
=2 AA g 2R Aol Ak: ¥EE A7
7 3}et vjEo] BE Rox FriEieh. Lol e]s}
BA B899 ATFHE FA A=z 215}
A8 YA A Hol, ZE F9o4 2% 202 oue]
20% ©) Aol @] dir| el wA e, S0y
2uk-& A -+ (Fig. 49 (o) o 2= 44 AL
A £ 4 gA Hodch ol A At e A
FEE Eao Atz o B n|8AdA 2%
&7} (chimney effect) 7} viehu}, wlE 7] F58 2
oA 875 A7 dFell, E el
¢ desA 4 AXNH 4uE FA s Frle A
FRch AR o] Fo} ztele] ¥ o] Fr EkA|RL
o)8} e FH dvle] WAL oJEue 7] FFE
ZojA) A Auakg E31A 20,

Fig. 72 #73.20] 30C, 25C, 20C4 A%, &%
gle} E5-99] AFHE Nidte] Bl o5 o|fA
2] o 28jellxe] B Ak FEe] 74 WEE
e}, A Rejabg A Hfele @) £x271
Ayen Brgate] Aol o 2A JgE dAN
(Fig. 5), 4ulvalel 2398 AFRE FAo| At
ol whet 2=zt ofgke] ol A= AL 4 &
e}, sl feiubs Aukgh 99} vlas] 2ul, 37|

25
20°C
o
Q 20 ‘fi..___ o8
N 30°C
[ =]
8 15
g
=]
4@
g 10
[=}
o
S

0 2 4 6 8 10
Time(min)

Fig. 7. Effect of ambient air temperature on change in

mean oxygen concentration within the micro-

environment of the arm when both wrist- and
neck-openings were released.
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Fig. 8. Positional effect of openings on change in mean
oxygen concentration within the
environment of the arm: —0—, wrist-openings
released; —A—, neck-opening released; —O—,
wrist- and neck-openings released.
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Fig. 9. Change in oxygen concentration within the
clothing microenvironment of the body when
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back; ----- , Lower back.
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Fig. 10. Positional effect of openings on change in
mean oxygen concentration within the micro-
environment of the body: —o—, wrist-openings
released; —A—, neck-opening released; —0O—,
wrist- and neck-openings released.
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Fig. 11. A comparison of change in mean oxygen con-
centration within the microenvironment of the
arm with that of the body when both wrist-
and neck-openings were released: —#—, Arm;
—O—~—, Body.
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