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Assessment of Clothing Ventilation through Openings
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Abstract

Clothing ventilation was investigated using a manikin wearing an impermeable overall under an isothermal
condition, in which the ventilation occurred only through the openings. The ventilation volume was estimated by
both microenvironment volurte and ventilation rate, where, the microenvironment volume was measvred by an air
substitution method and the ventilation rate by a (race gas method. Microenvironment volume of the experimental
garment was about 21.0 liters. Even though it was certainly affected by the distance from the opening, the
ventilation rate was more significantly influenced by the opening area and the shape of air layer in the clothing.
The volume of air exchange in the clothing microenvironment was affected greatly by the microenvironment
volume and the opening area, and it was different for each part of the body with bigger air exchange volume

in the microenvironment of the leg as compared to that of the arm,
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<Fig. 1>, Schematic iHustration of the apparatus for
measuring the clothing ventilation.
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<Fig. 2>. Measuring points of oxygen concentration.
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<Table 1>. Microenvironment volume in the experi-
merdal garment

Part of ganment Volume ( £)
Bodice 10.7
Sleeves 25
Trousers 7.8

Total 210
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<Fig. 3> Oxygeﬁ concentration profile for the micro-
environment of the arm when only right
wrist- opening was released; o : Wrist, ®
: Forearm, A :Elow, @ : Upper arm, O
Shoulder.
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<Fig. 4>. Oxygen concentration porfile for the micro-
environment of the arm when both wrist- op-
enings were released; o : Wrist, w : For-
earm, A ;Elbow, ® :Upper arm, O :Sh-
oulder.
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<Fig. 5>. Oxygen concentration profile for the microen-
vitonment of the leg when both ankle-openings
were released. [ ]: Ankie, lll: Lower leg, A :
Knee, @: Thigh, O: Groin.

1.7 % A8 1.5 %@tk A7 Az BE i TE
wste Bors} nlANAE ATREREH AL
7t S E 37 4271 w2 A el 20844
WE 104 %, 515 64 %, & 29 % HE 23 %, A
& 1.8 %] 44 FEF Vehifith ol 2 A
2R S g7 NFLE BT @717 2
o A%el @7 £Ev ATHEREY Azjo) 9
Fg ete e WAE 4 Ao

AR s} viA R 2 8E 47 vxd Az
Qe #9932 £5(5 o)} BE(7 om), LEA)(22 cm)
o} HE(18 om), FH36 cm)3} FF(33.5 cm)oll A <]
A2 FEERE U3 oEie} o8 nj@pe 30
g vlshd tiele] o8 V@6 B2 &
27 wE AL 33 & Itk AFHo) & tl9
2B njPReA 232 BE Br) FEE o
Ae REATEEZRYH FLT 3 F0 7=
& A%dE HRo) IV ¥ £87} ZAAHAP”
43 oo AP BH 9 gEY F7F
ol AFVL ojRHA 2R FjrdHe)
B} vpAiR-2 e R FE o] o Wl e £4
.

o]} 2o FAEZRE ATHE F3 AR #
Zie AFRERH Y ARy ol AT ¥
A B Fr12e) Ao 93 A FgE ¢
e 2 ¢ Y5

3. 28 Q)83 E#”

9y @AY A4 BTE FYE Fig v
229 327 ZRHE Ao o8 FrlpRE P
B AZHE wgel 43 2 AldalAe] R
uni@Re $71%e FHY & Ak A5We F
£ 248 A@sn 2719 42 FE GE SHT
o2 ATEE AWEA 93 AL Feje §7l
R A& %S A4 AL A FEI FAG
. AT 3ol A BEE G, Ea, B ¢
NE WY Ak FEE C. 2 T oEY) o8B
o) o) VR A ¥ FAF Qi

C,—‘ CO

Q=VXx Ceo - C, H




A8A A

304 3

<Table 2> Clothing microenvironment volume on each body segment

Right arm Right leg

Body segment Volume { £) Body segment Volume ( £)
Shoulder 0.29 Groin 0.59
Upper arm 057 Thigh L17
Elbow 020 Knee 1.02
Forearm 0.09 Lower leg 045
Wrist 0.10 Ankle 0.67

Total 125 Total 390
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<Fig. 6> Volume of the air exchange between thea-
mbient and the microenvironment air of the
arm when only right wrist-pening was rele-
ased. Time(min)= W : 10,820, =: 30, B
140, @: 30, E: 60,
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