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The heat, moisture and air transfer through fibrous waddings of futon, thermal protective clothing,
etc., influence our thermal comfort. The objective of this study is to obtain basic experimental data
which will be useful in the theoretical analysis of this transfer phenomena.

The following is a list of the main results obtained from the measurement of the transfer properties
of various kinds of waddings.

1) Air resistance per unit thickness of wadding R/L is inversely proportional to the square of the
fiber diameter. )

2) Apparent thermal conductivity k, decreases as fiber packing density P increases within the
measurement range of P. The larger the single fiber denier of polyester waddings, the larger the &,
value. The k. values of polyester waddings tend to be larger in comparison with wool waddings of
equivalent diameters.

3) Hollow fibers tend to have higher R values and lower &, values in comparison with solid fibers of
the same denier. The effect of the difference of fiber arrangement in the wadding can also be seen in
both the R and k. values, from the results of knops and card webs of wool fiber.

4) The heat transfer that accompanies water evaporation, which is measured by placing a sheet of
wet filter paper on a heated plate simulating sweaty skin, is influenced by many fiber properties such as
the shape of the cross section, hygroscopicity, thermal conductivity etc., the packing density and the
fiber arrangement in the waddings.
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Fig. 1. The relation between air resistance R and the
length of fiber assembly L for sample P 7 in
Table 1

V; : fiber volume fraction.
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Fig. 2. The measurement method of thermal con-
ductivity of wadding by Thermo Labo II

Heat plate temperature: 7, =308 K; water box tempera-
ture: T, =293 K.
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Fig. 3. The measurement method of heat and
moisture transfer

Fabric: polyester filament plain fabric; weight = 96 g/m?
thickness at pressure 49 Pa = 0.218 mm; air resistance =
0.329 kPa-s/m. Wire: diameter = 0.5 mm, interval =5 mm,
heated plate temperature= 308.6 K.
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Table 1. Details of samples

Sample  Fiber diameter *'  Fiber length  Polyester fiber Wool crimp Remarks
code type ( pm) (mm) Denier Shape contraction (%)
P1 9.3 38 0.8 o
P2 11.4 38 1.25 o
P3 14.5 51 2 o
P4 18.2 64 3 A
P5 19.1 76 4 o
P 6 > polyester 24.4 51 6 o
P7 29.5 51 6 o*?
P8 26.6 51 6 o
P9 64 6 o3
P10 44.1 64 14 [ 3
P11 63.9 76 38 o
R 4 45.0 64 12 0
B 28.8 46 24.0 NZ Prendale
C wool 25.1 52 29.9 Australia card web
D 34.8 62 27.3 English
N 32.4 NZ knops**
R 6 cotton 25.5, 13.5*° USA
S silk 12.0 Japan
U down 4.7 Hungary

*1 The width projected from fiber side. *? Hollow fiber. ** Hydrophilic surface treatment. ** Each about 6.5 mg of fibers
are entangled in a ball. *® The longer and shorter width of a cross section of fiber.

N Fb R/ALHKRE L, EBRLKVEY TR 7 LA
sol Samp. S/ i Eh 3w,

U N Fig. 513, MHMEFTEEE P =40.7kg/m*D & XD K
8or o ! AR ZRAF NV bO#ED T = — VB & BRER
70 R/L L OEBEEMmxH 7oy PT/RLTWA, KTIE

F—y DTy b EHEOWEIR TR L TV 57,
cgﬂ MTHT A 12DV T, AEEA —1 DEBBIRA A
2 50 SN, F=—VER/LEDHLFIDOEBILL T
< V5. AZEAES RIVHTE#E T, F—7=— L0
=40 MM & ) b R BRI A & < & 2 A
S a0l BOLNE.

MHTE O R Y T A5 VEHE YL, BE RICE
20f EBMMEICOWVT, MEOER L BRIENE OBKRE
ol HBHTIzOIZ, FLVEERHSETHERL TAL. M

ARSI, BETETE P MEORE (IZi
o) REEIZBWTHRY TR 5L 1.39 g/em®, EF

T e e 50 B0 70 ‘
P (kg/m3) 1.318/cm®) TR L TRD, MBEREIEV, 75,

Fig.4. The relation between apparent packing densi- Fig. 6 3 v, =0.029 (Fig. 5 & 6] — D FEBIRAR (2 AH )
ty P and air resistance per unit thickness of DL EDOWMOER L BRIYLE DEROmE T O v

wadding R/L for several kinds of wadding NTHB. MPOESE» SHNLFREL, SRR

58 : (972)

NI | -El ectronic Library Service



Japan soci ety of Hone

Economi cs

HAAESCIEM B OB - KT -

TEROBEFE ISR T 5 EERIHE

R/ L (kPes/m?)

T T LI

|
45

TTTTY 1 I LI

PET Wadding
P:407 kg/m3

Shape of crass
section

(+ ]

Fig. 5. The effect of fiber shape on the air resistance

L Il 1
20 30 4050

Denier

of polyester waddings

0.06

! TT] | — T T 11
— B [
so—\ ( PET ]
. ol q\ 4¥Hool
- o V§=0029
30 ~1
<201 y
£
~
]
3 & 10} -
- ~ [k ~
] N :
— < sk -
. o i
i A
3.—
- o ]
v
= 1=
il | 1 L1117
7 10 20 30 50 7¢0
Diameter (pym)

Fig. 6. The relation between fiber diameter and air
resistance for circular polyester and wool

fiber samples

Fiber arrangement also influences the air resistance of

wadding, as shown in the result of knops sample (¥) and
card web samples (&) of wool fiber.
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Fig. 7. The relation between apparent thermal conductivity, k, and P for several samples

Experiment I : both surfaces of the heated plate and the water box plate (see Fig. 2) are covered with
commercial aluminum foils. k, without wadding is 0.0304 +0.00028 W/(m-K). Experiment [I : both plates
are covered with black spray (emmisivity=0.94). &, without wadding is 0.07921+0.00017 W/(m-K).
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Fig. 8. The relation between fiber diameter and the
difference of thermal coductivity Ak, be-
tween exp.l and exp.]] for wool and circular
polyester samples

Open: V;=0.015; closed: V;=0.029.
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Fig. 9. The effects of the shape of cross section of
polyester fiber on apparent thermal con-
ductivity measured in exp. II
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