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The Effect of Bellows Action on Heat Transfer in Clothing System
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Bellows action is one of the most effective mechanisms to exchange air and heat inside clothing. To study the effect of bellows
action on heat transfer in clothing system, experiments were done by using a simulated skin (hot plate) and a clothing material
plate which was shuttled up and down over a hot plate to simulate a bellows action of clothing. The effect of bellows action on
heat transfer has been expected being affected by air permeability of clothing material and the number of openings. The
number of opening were three patterns,[0],[1],[2]. Unexpectedly, the effect of air permeability was small. In comparison
model[1] with model[2], the effect of bellows action from opening position to middle position of model[1] was larger than
that of model{2]. A simple theoretical analysis was made to explain the heat transfer phenomena in clothing during bellows
action. It was found that the nearer the distance from opening was, the larger the magnitude of velocity and thus effect of
bellows action was. The velocity near entrance of model [1] was about twice as fast as that of model [2]. It was the reason that
the effect of bellows action of model[1] was larger than that of model [2] around the opening position.
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Fig.1 which
simulates clothing system with bellows action.
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Fig.2 Three models which have different openings.
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Fig.3 Time-table of experiment.
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Fig. 4 Efficiency of ventilation
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Fig.5 Model of theoretical analysis.
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Fig.6 Distribution of air velocity in micro space of
clothing during period of bellows action.

MokHiz, BBEBIF LR TIHAIC, HEuwAL
Y, HROZEIFEBACKLAL, —F, BB
BATRTAHAICHEUIEL 2 Y, HBROZEEAL
Aicihld, 2L T, @FuldxIiCHA L THOIC
HEWIRE, REuDEEIIKELL kB, Lo T, FO
HMEDEBEHINENVITIE, ZOMEBIZBITE5WITEA
DYEBIDKEVWI EDFbhrol, T2, R (I

Y2k, MBsHREIVIZE, HAIEK -ggmﬁmﬁ

BAEL D, Thbb, HROEE (KB)LDL, K
W MR OBE DI A5, xFEICE o 22 iEud
ZAEDHFII/NEL 25 (H6ER), LoT, HABsH
KEWwizE, WA (bellows action) DEIRDT
IohEnEEZLNRE, ABRATHRAISAEL 2 HBR
5mmBPl E TR EEROERTHBEIND, ThHoDHERE
MICL2EHWNLERIEBERE I -HLTWS,

Me&X(7T) &y, KERTHEBAZROEZENFKTD &
FIDHFLTWAEEFRENE, Hbbeb L) I,
BOMISESCICONTEENNEL %D, x=LONME
WETHE, EDFBERYCARECHYT S, 72,
BHEBESLAETA2HEA413. MBROREIFAKAE L
NELS 22 7-0ZEFA L VBEEN VD, 4
KRIHAOFOA>LBBARCHELAL, —H. BEIE
EXNTRTIHACIIEBRNORENRAEL Y &<
BRAODEENEELELZY), BBRROZRKIHONR» S
HR~THRE T,

5.2 FAONKDLE

— 103 —

NI | -El ectronic Library Service



Japanese Soci ety of Human- Environnent System

AORBEZEETLE, 2 2DFFNVidNo. 1~No. 4
KBWTHOR»2L0EENFELVWICOELLT., v
THOEBIZBNTH, AOSIEFTVOREBERD S
PRROF2EFVEIDOIEEERLE. COBRKIZD
WTKG), (MNEANT., BEEEZEOSMH LY BHHET
%,

+ . . o
A +— Direction of air flow
AP
T l Direction of material's movement
+ out ds d’s
—_—— d_r <0, ;tT l—eo «p 4oo
Opening
/L x
S
—
- — ds d’s
: —>0,—— 400 — —co
n dt dr?
J— ——

difference
inside of clothing and environment
during period of bellows action.

521 RESHOELE
8B, DEEFLIIBIL2EMEMNBETD
MEDDHHERT o

Fig.7 Distribution of pressure
between

Ops,
u+
<ith & ds/dt <0)
¢ US>
No.1 q, No.8
No.d = -
i = x __” ;
i3> ov““\‘: = P P=")
=z - N
: Z A L4 - = H
i ov"&i’f -~ & ds/dt <0)
B - - u-

( Opening 1)

PR Direction of air flow
= Direotion of ai :

= Direction of air flow ( Opening 2)
*4 Direction of movement

Fig.8 Comparison of opening number in relative
to rate of air flow inside of clothing .
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Fig.9 Schematic diagram of heat flux inside of
clothing.
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Fig.10 Comparison of opening number in relative

to rate of pressure difference inside of clothing.
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