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The Effect of Bellows Action on Heat Transfer in Clothing System
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ABSTRACT

Bellows action is one of the most effective mechanisms to exchange air and heat inside
clothing. The effect of bellows action on heat transfer in clothing system has been investigated
with experimental model. The effect of bellows action on heat transfer has been expected being
affected by both air permeability of clothing material and the size of air space in clothing.
Contrary to our expectation, the effect of air permeability was small. On the other hand, the
effect of size of air space was remarkable. When the size of air space "s" was set 5Smm, the
effect of bellows action on heat transfer in clothing was largest. The larger or the smaller "s"
was, the smaller the effect of bellows action was. On contrary to other size of space, when "s"

was 20mm, bellows action does not always increase heat transfer.
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1 Characteristics of clothing materials

Broad cotton cloth | Ro-chirimen
Composition cotton 100 % silk 100 %
Textile weave plain weave Fancy gauze
Yarn densn?r (pieces/em) 54 % 26 38 X 17
ends X picks
: 2
ngl?; per area (g/cm?) 112 133
X 10
Thickness (mm) 0.40 0.57
(at pressure=63Pa)
Bulk density (g/cm?) 0.28 0.23
Packing factor (%)
18.18 17.29
7= . 3>< 100 (pf=l.54) 6) (pf=1.33) 6)
Porosity (%) 81.82 82.71
Air permeability
2.37 32.03
((m/s) /Pa) X103

pr - Density of fiber
ZZibhb.
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1 Schematic diagram of apparatus which simulates skin and clothing material with bellows action
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BB  Clothing material
3 Variations of “how to wear”
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5 Effect of materials' permeability on velocity at opening '
under three different sizes of air space
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6 Effect of materials' permeability on relative change of
thermal resistance at No.1 under three different sizes of
air space
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218 Relative change of thermal resistance under s=20mm in
case of Ro-chirimen and Broad+Wrap. Symbol “3”
means the significant difference with 95 % confidence
level
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and material without permeability (Broad+Wrap)
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