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Abstract

This study was performed for the purpose of getting fundamental information requisite to wear velvet
clothes that is more comfortable for the human body and also the environment. It was carried out in a
human wearing test and thermal manikin test at the same time in a controlled—condition chamber. The
experimental environment had a ambient temperature of 15+05C, with the relative humidity at 50+5%
and with air velocity at less than 0.2m/sec.

Velvet differ from common plain weaves in thermal properties, because it's constructed in two parts,
one is ground part and the other part is pile part, In order to investigate the thermal resistance of velvet,
eight different combination of 4 velvet kinds and 2 lining kinds as experimental clothes, ((4 velvet kinds:
Acetate, cuprammoium Rayon, Cotton, Wool), (2 lining kinds: acetate, viscose rayon)— 8 combination:
Aa, Av, Ra, Rv, Ca, Cv, Wa, Wv: the simplified character] The results of this study can be summarized
as follows;

1. For the regional thermal resistance, the differences in eight clothes as well as the differences in each
part were significant. As a whole, the breast part showed the highest thermal resistance, and the leg part
was higher than the shank part. The rank of the total thermal resistance was put at
Wa>Wy>Ca>Cv>Aa>Av>Ra>Rv in this order.

2. Considered clothing microclimate, microclimate temperature has a similar tendency to the total
thermal resistance. It showed a significance in the differences of eight clothes and each parts. The belly
part was highest in every combination. On the other hand, for clothing humidity there was a significance
between back and breast part only in the human wearing test.

3. It was indicated that CLO value was highly positively correlated with the clothings weight and
showed a high negative correlation with the air permeability.

Key words: velvet, heat transfer, thermal manikin test, human wearing test, regional thermal
resistance, clothing climate, CLO value;
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Fig, 1. Division of thermal manikin and sites for
measuring skin temperature
No. 1: Head, No. 2: Breast, No. 3: Back, No.
4: Belly, No. 5: Loin, No, 6: Upperarm, No. 7:
Forearm, No. 8: Hand, No. 9: Thigh, No. 10:
Shank, No. 11: Foot
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Table 1, Characteristics of nude thermal manikin in ambient temperature 15°C

Inner Surface Supply Surface Area
No. Part Temperature | Temperature Heat Arga Ratio
C) (C) (W/m’) (m?)
1 Head 36,00 3268 158,13 0.124 0.090
2 Breast 36,05 33.73 176.10 0.125 0.091
3 Back 36.05 3166 180.58 0.128 0.093
4 Belly 36.08 31,24 18447 0.079 0.058
5 Loin 36.05 3285 184.20 0,130 0.094
6 Upper arm 36.02 3146 183.28 0.007 0,084
7 Fore arm 36.05 30.82 208,52 0,067 0.048
8 Hand 36.08 29,72 194,13 0.060 0.043
9 Thigh 36,05 © 3278 188.70 0.240 0.174
10 Shank 36.08 3047 231.89 0.211 0.153
11 Foot 36.06 32.22 24101 0,103 0.074
(F)lA Az RE AME3ch Fig 190 veld
I AY 9 Qe A Pol AME 17 RYT B¥=o] oH,

1. UYHUN o HTA

APL AU dFE A, 19973 7H5E 89 Ao
of AWisty oFsta B FEAEANM AA
e, FAZAL 25 15205C, AiEE 50+
5%, 71% 02m/s ©|3t2 ZHs3ch

2. 4 R AdEoS

o4 &e] ¥ # thermal mankin 4¥-& By
o AAIEt4 2.0 thermal manking A3tz 2
Fett AR R71 ¥ AdE d¥ Matsumoto

Table 2. Physical characteristics of the subject and

thiermal manikin

height(cm)| weight(kg) |BSA®(m?){ R
HBod“m‘;‘,“ 1585 486 1499 | 1221
Thermal | 1600 500 1527 | 1280

a) BSA : Body Surface Area
=54/ w(g)>xH(cm) x 10000
b) RI: Rohrer Index={(W x 1000)/H*x 100
W : weight(kg), H : height(cm)
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Table 3. Characteristics of experimental clothes
Pile Lining
cuprammonium viscose
Acetate yon Cotton Wool acetate rayon
%‘;%‘l,’i‘(‘? Polyester Polyester Polyester Polyester
. G.wp 121.0(D.) 121.0(D.) 146.3(D.) 187.1(D.) 80.3(D.) 799(D.)
coumt | Gwt | 1210(D) 1210(D.) 146.3(D.) 2008(D.) 799(D.) 796(D.)
Pwp 121.0(D.) 121.0(D.) 36.34(’s) 36.34('s) . .
geround .
nsit 62X 98 62 % 98 50% 68 62x68 159 x 84 110X 72
(/inch
Thickness 189 191 220 015 0.14
(We' ght, 2373 2352 U2 8.69 873
Air
permeability 5340 652.2 476.4 11076 14214
(cm¥min/cm?)

ojuf, 7} Acetate '™ + 97 acetate — Aa

A7} Acetate '™ + <7} viscose rayon — Av 222 & 8ZFo] AYJR S

o]3 Aa, Av, Ra, Rv, Ca, Cv, Wa, WvZ =73
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Fig. 2. Regional thermal resistance of nude manikin
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Table 4. Regional thermal resistance of experimental clothes
Part Aa Ra Ca Wa Av Rv Cv Wv
Head 0.106 0.095 0.107 0.108 0.101 0.095 0.107 0.108
Breask 0.266 0.246 0.272 0.276 0.251 0.240 0.267 0.274
Back 0.220 0.203 0.220 0.227 0.207 0.200 0.220 0.225
Belly 0.209 0.202 0.229 0.241 0.202 0.196 0.213 0.230
Loin 0.211 0.205 0.222 0.235 0.206 0,191 0.221 0.226
U.arm 0.175 0.158 0.184 0.204 0.166 0,148 0.178 0.187
F.arm 0.145 0.125 0.161 0.169 0.141 0.118 0.145 0.165
Hand 0.077 0.064 0.084 0.090 0.065 0.064 0.080 0.088
Thigh 0.149 0.130 0.161 0.176 0.141 0.127 0.151 0.164
Shank 0.062 0.057 0.068 0.070 0.060 0.057 0.066 0.069
Foot 0.065 0.056 0.066 0.067 0.059 0.055 0,065 0,067
Table 5—1, Results of ANOVA and Duncan test
Part Aa Av Ra Rv Ca Cv Wa Wv F value
Head b b c c ab ab a 21.04*
Breask a b b b a a a a 4291*
Back b c cd d ab ab a ab 33.30*
Belly be be be c a b a a 35.08"
Loin c c c d b b a b 92.22°
U.arm d e e f be cd a b 7541°
F.arm c c d e b c a b 22295
Hand c d d d b c a a 277.80"
Thigh c d e f c c a b 519.95"
Shank c d de e ab b a a 87.86"
Foot b c d d ab b a a 121.78"
Table 5—2, Results of ANOVA and Duncan test
Part | Head |Breask | Back | Belly | Loin | UPPer 1;0:13 Hand | Thigh | Shank | Foot | F value
Aa f a b c c d e g e h h 1481.33"
Av e a b b b c d f d f f 2503.22"
Ra f a b b b c e g d h h 329885
Rv g a b b c d f h e i i 3437.50"
Ca e a b b b c d h g g g 1690.47"
Cv g a b c b d f h e i i 6655.83"
Wa f a b c be d e f e g h 2059.61*
Wv e a b b b c d f d g g 2487.70°
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Table 6, Total thermal resistance of experimental clothes

— Aa Av Ra Ca Cv Wa Wv
Itotal 0.153 0.145 0.140 0.136 0.161 0.156 0.169 0.164
Icle 0.065 0.057 0.052 0.048 0,073 0.068 0,081 0.076
Iclo 0.419 0.368 0.335 0.310 0.471 0.439 0.522 0.490
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Table 7. Physical properties of experimental clothes

Aa Av Ra Rv Ca Cv Wa Wv
Weight(g) 56366 | 54278 553,54 53267 | 61573 | 59647 696,82 675.34
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