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Abstract

The purpose of this study was to comparativély evaluate thermal and water transmission
properties of several vapor permeable water repellent (VPWR) fabrics and synthetic battings
that became available in recent years. Five VPWR fabrics evaluated were Hipora® in three
coating variants, Gore-Tex® and Aitac®. Battings evaulated were Viwarm®, Uniwarm®,
Thinsulate®, and Airseal®. Thermal resistance and water vapor transmission were measured
for each fabric and batting and in all combinations. Thermal resistance at zero and 37 cm/sec
air velocity was determined by the Thermo Labo II technique for simultaneously measuring
conduction and radiation heat transfer. Water vapor transmission over 24 hours was measured
by a modified weight-gain method in a compact humid chamber at conditions simulating the
clothing climate under heavy exercise (40+1°C, 90+2% R.H., and 0.5m/sec air velocity).
Fabric porosity was calculated from fiber density and fabric weight, thickness, and area.

Thermal resistance results for the fabrics showed the effectiveness of coatings in inhibiting
heat transfer. Measurements taken in wind were: 31.1~37.6% for Hipora® variants; 31.0% for
Gore-Tex® and 18.4% for Aitac®. Measurements without wind were higher but in the same
order. Water vapor transmission results were in reverse order: Aitac®, 8.8 kg/m? Gore-Tex®,
6.4 kg/m? and Hipora®, 4.4~6.0 kg/m? In general thermal resistance increased with porosity.
For battings, the thermal resistance with wind results were: Viwarm®, 65.0%; Thinsulate®, 62.
0%; Uniwarm®, 61.0%; and Airseal®, 53.1%. Thermal resistance was proportional to thickness.
Thermal resistance of fabric-batting combinations were 20% higher than those of the battings
only. Water vapor transmission for combinations was mainly affected by that for the VPWR
fabric used.
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Table 1, Specifications of fabrics

Fiber Yarn

Fibric count

Fabrics content Yarn aumber (endxpicks/ Thickness  Weight Manufacturing
2

(trade name) %) type (D) inch) {mm) {g/m?) method
Hipora® nylon 100 filament 70x 70 114x96 014 99.6 Direct
Hipora-TM®  nylon 100 filament 70x 70 114x96 0.14 101 4 coating
Hipora- CR® nylon 100  filament 70x 70 114x96 0.14 1424
Gore -Tex® nylon 100  filament 75x 75 94x97 0.18 104.2 Laminating
Aitac® n/p 18/82 filament 70x130 136x88 0.17 103.0 Ultra fine fiber
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Table 2, Specifications of battings

Fiber Fiber Fiber Thickness Weight

Battings (trade name) content length fineness {mm) (g/m?)
(%) (mm) {d)

Airseai® PET/nylon 70/30 51 1.5-2.5 4.0 60.0

Thinsulate® Olefin/PET 65/35 filament 10.0 220.0

Viwarm® PET 100 3351 1.1-3.0 5.0 105.0

10.0 198.0

Uniwarm® PET 100 3351 1.1-3.0 7.0 120.0

9.0 160.0
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‘(i= 1) and with wind (i=2, air velocity =
37 cm/sec)
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Table 3. Warmth retention of fabric-batting combinations

Battings Airseal®  Thinsulate® Viwarm®  Viwarm®  Uniwarm®  Uniwarm®
Fabrics {4mm) = (10mm) {(10mm) (5mm) (9mm) (7mm)
Aitac® w/fo wind* 65.49 71.16 73.37 70.36 72.87 72.25
- with wind 59.56 65.77 70.12 66.13. 68_.41 65.90
Gore—Tex® w/o wind 71.55 74.43 76.58 73.08 75.00 73.14
with wind 66.74 70.52 74.95 69.84 72.13 69.41
Hipora® w/o wind 76.47 77.51 77.49 76.70 76.86 *76.35
) with wind 73.23 75.54 75.54 75.88 75.21 73.65
Hipom—TM® w/o wind 77.18 77.64 78.70 76.92 77.21 74.30
with wind 74.27 75.57 76.47 72.98 74.34 71.76
Hipora—CR® wjo wind 74.21 76.28 76.08 74.16 76.78 75.88
with wind 70.67 73.52 73.28 69.96 74.94 73.73

unit : % * without wind
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Table 4. Water vapor transmission of fabric-batting combinations

Battings Viwarm®  Viwarm®  Uniwarm®  Uniwarm®  Airseal® Thinsulate®
X {10mm) (5mm) (9mm) {7mm) (4mm) (10mm)

Fabrics

Aitac® 6763 8579 7725 7746 7980 7499
Gore—Tex® 5094 5357 5037 5031 4905 4724
Hipora® 4386 4543 4952 4669 5049 3837
Hipora—TM® 4443 4543 4952 4959 4877 4126
Hipora—CR® 5377 5975 5292 5629 5104 5321
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