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Effect of material property and design of clothing on its heat transfer and ventilation rate

Yayoi Satsumoto”, Liu Yu®, Takuya Aoyagi®, Satoru Ueno?®
YYokohama National University, ?National Institute of Occupational Safety and Health, Japan

Abstract: This study aims to clarify the effect of material property and the design of clothing on its heat transfer coefficient
and ventilation rate by using the walking manikin and the tracer gas method. It also aims to verify the validity of the indirect
method to measure heat transfer coefficient from the ventilation rate. Under the wind condition, there were little effect of
ventilating opening on heat transfer in both rest conditions and the walking conditions. When walking the ventilating opening
was effective for the improvement of heat transfer, but it was not effective at the rest under the calm environment. As for
local heat transfer, ventilating effect was significantly seen at the abdomen and the back. It was clarified that the ventilation
rate and the heat transfer coefficient had the correlation (r=0.54).

Key words: Thermal comfort, ventilation rate, heat transfer coefficient, ventilating opening, outdoor parker
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Table 1 Characteristics of parker material.

Fig.3 Schematic diagram of tracer gas system.

IZEOHRE I v I A LT A —TEIRIET ARETT v b
R7 R SR—=IRNZEAT D, T K KT R S—INTEEIC
BAIND X 9T Inlet F=2—71% 8 DI S, —EDIFT
& (05mimin) THiL., ZFh& FEOfiE TR L& 512570
SEHFAE LT outlet F=—7CH 7Y 7L T D b

R7 o S—=7 N L BREODERIE AT A (COIREE 2 FHI L &
ZRHIL7z, EA - PRS2 HEILTZ 8 SOF 2—713
~ I ORTHUES 2 EPT, B 4 EET, SRR 2 T T

BD, V=V INT—TTHRIBOOTT- (Figd ),
s . o ; "-i'«’,_- .‘\i

=y e

Fig.4 Paosition of tracer gas tubes

7 b KT RAAN=IRNTRAT D 3 OT 2—T 1L TED
FR O B RKNERAGLE 2N K D I E R S5 TedTF = —
TORIIME 20mm, NEE 1.0mm ORFE T = —7 % v iz,
72, HOH G lom HIE T A5 50em F THRI 50 25D
EF2—TI R NVTHITTT Y b RTHAR—INTE S
\ZHHTRIB I AT H L HIZTR LIz, hL—HH R
% (EFE) Tl hL—Y T AEF2—TTERKLET Y b

RT 7 S—H NOLRRNZERI o3 K872 Inlet 20— 7T
FATTDH LI —EOFETH L, Fi & FEkOFEET
[FC & 9120 S B TRE L7z outlet F=—7TH L~
UL, B OOE L BRBEORERAT A (CO R 27 HI Lt
K[EZFT 2, BKROFEETH 5 ventilation rate (VENT) 1%
equation (1) CHLH SALD,

COzin—CO0z0ut
COz0ut—C02¢

VENT =V

ZZC. COp:inlet IZHAT 2 CO, DR (ppm), COmy: outlet (ZiiHY
J% CO, DYLEE (ppm), COZ2e: B> CO2 Y45 (ppm), V: inlet & outlet
OFiE: (min.).

Thickness Thermal Thermal Air Vapor Bending resistance (mm)
Material (mm) conductivity ~ resisitance  resisitance resistance Warp weft
(WIn/K) (K-mm?*)  (kPa - s/m) (s/m)
High permeable 0.170 0.205 3.14 © 85.72 265+09  21.0+05
Middle permeable 0.270 0.175 5.02 00 113.7 33.3F1.2 19.5+2.6
Impermeable 0.164 0.349 2.37 0 0 32.2+1.3 28.3+1.0
Simulated skin 0.574 0.130 7.90 00 70.35
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Table 2 Characteristics of manikin. (unit: cm)

Height Bust Waist Hip Shoulder  Length
girth girth Girth width  ofthe leg
169 91 75 91 40 72
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Fig5 Effect of ventilating opening on ventilation rate in rest at 1m/s
wind environment (* : p<0.05, ***:p<0.001)
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