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Abstract

The purpose of this study was to evaluate theé mechanical thermal resistances and comfort
properties of ski wear made with vapor-permeable water repellent (VPWR) fabrics and
thermal insulation battings.

Four types of experimental clothing were made with the combination of two VPWR fabrics
(Hipora-TM®, Hipora-CR®) and two thermal insulation battings (Viwarm®, Airseal®). Thermal
resistances of ski wear were objectly evaluated by thermal manikin experiment (21+2°C, 50+
5% R.H., 0.25 m/sec air velocity) and thermographic accessment (2+2°C, 0% R.H., 0.25 m/sec
air velocity, and emissivity level =1). Garment wear tests of ski wear included the measurement
of the microclimate (inner temp. and relative humidity) of the experimental clothing by digital
thermohygrometer and subject wear sensation using McNall’s thermal comfort ratings.

Clo values of experimental clothing 4 (Hipora-CR®+ Airseal®) and 1 (Hipora-TM®+ Viwarm
®) were significantly higher than those of 2 (Hipora-TM®+ Airseal®) and 3 (Hipora-CR®+
Viwarm®). Thermal resistances in the points of breast, back, belly, and loin was significantly
higher than those of upper arm, fore arm, and shank of measuring points on the thermal
manikin. According to the color map of the thermogram, the experimental clothing 4 indicated
higher surface temperatures than the others showing more yellowish spots on the surface of
clothing. Inner temperature of experimental clothing was not significantly different among the
four types of ski wear, but relative humidities of experimental clothing were significantly
different. Relative humidities of experimental clothing 1 and 3 showed higher than those of 2
and 4. Relative humidity of experimantal clothing was affected largely by the thermal resis-
tance of thermal insulation batting materials. The sujbject wear sensation of experimental
clothing 2 and 4 showed lower humidity than the others. Subject wear sensation was affected
more by humidity sensation than by thermal sensation.
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Table 1. Characteristics of fabrics and battings

Fabrics & Fiber Contents Fiber Thickness Weight .

Battings Length (mm) (ram) (g/m?) Manufacturing Method

Hipora-TM® nylon 100% filament 0.14 101 4 DMF—Direct Coating
(aluminium coating)

Hipora-CR® nylon 100% filament 0.14 142.4 DMF—Direct Coating
(ceramics coating)

Viwarm® PET 100% 33 — 51 5.0, 105.0, Bilateral/ultra-fine fiber

10. 0 198.0 nonwoven
Airseal® PET/nylon 70%/30% 51 4,0 60,0 ultra-fine fiber/nonwoven
Rei= {Tsn—Ta)/(WNn—WCn), Si} (41

Fig. 1. Schematic of experimental clothing
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Table 2. Physical characteristics of subjects

Subject Sex Age Height Weight Body surface Mean‘Sokin Heart Recta‘! Temp.
(years) {cm) (Kg) area (m?)*  Temp. (°C)** Rate (°Cc)
S, F 23 161 52 1.53 28.9 74 371
Ss F 23 162 48 1.49 27.3 80 38.2
Ss F 23 163 48 1.50 27.3 80 36.6
Se F 23 166 53 1.58 27.0 72 363

* DuBois Surface Area
A= WOSx HO T8« 71,84

** Mean Skin Temp. (°C) = [9.8 forehead temp. + 32.8 chest temp. + 19.6 arm temp. + 10,2 thigh temp. + 20.6

feg temp.]
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Table 3. Thermal manikin’s heart resistance and clo values for 4 types of clothing
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Clothing 1 Clothing 2 Clothing 3 Clothing 4
Measuring Points {Hipora—TM® {Hipora~TM® (Hipora—CR® (Hipora—CR®
+ Viwarm®) + Airseal®) + Viwarm®) + Airseal®)
Heat Resistance °C/W/m?
Forehead 0.0233 0.0241 0.0251 0.0238
Breast 0.2694 0.2677 0.2800 0.2779
Upper Arm 0.1746 0.1970 0.1815 0.2020
Hand 0.0418 0.0173 0.0160 0.0598
Back 0.2563 0.2620 0.2796 0.2886
Belly 0.2179 0.1950 .0.2221 0.2384
Forearm 0.1960 0.2167 0.1830 0.2567
Foot ~0,0044 -0.0207 -0.0269 0.0156
Shank 0.1817 0.1342 0.1353 0.1894
Loin 0.2681 0.2230 0.2392 0.2958
Thigh 0.2180 0.1856 0.1818 0.2248
Total Clo vaiue 1.1404 1.0378 1.0468 1.2558
Table 4. Degree of warmth retention for fabrics and clo values for clothes
In Textiles In Clothing

Warmth
Retention 1% (%)

Warmth
Retention 2** (%)

Clo value™

Clothing 1 : Hipora—TM® + Viwarm® 78.70 76.47 1.1404
Clothing 2 : Hipora —TM® + Airseal® 7718 74.27 1.0378
Clothing 3 : Hipora—CR® + Viwarm® 76.08 73.28 1.0468
Clothing 4 : Hipora—CR® + Airseal® 74.21 70.67 1.2558
+ By Thermo Labo 11 without wind ++ By Thermo Labo 11 with wind (37 cm/sec)
+++ By Thermal Manikin
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Clothing 3 Clothing 4
(Hipora-CR?, Viwarm®) (Hipora-CR®, Airseal®
Fig. 2. Thermograms for experimental clothes
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@Clothing 1 (Hipora-TM®, Viwarm®)

: AClothing 2 (Hipora-TM?, Airseal®)
°c MIClothing 3 (Hipora-CR®, Viwarm?¥)
*Clothing 4 (Hipora-CRE, Airseal®)
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Fig. 3. Microclimate of clothing with the lapse of time:
temp. {chest)

@®Clothing 1 (Hipora-TM®, Viwarm®)
AClothing 2 (Hipora-TM®, Airseal®)
BClothing 3 (Hipora-CR®, Viwarm®)
*Clothing 4 (Hipora-CR®, Airseal®)
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