Japan soci ety of Home Economics

HERB¥&% Vol43 No. 12 1217~1222 (1992)

BB s & URBAOBEXEINOBEREHES, >OTH

B EOIE B T R K T

FERETFRFAMLBREED)
FR4£1A31 8RE

The Prediction of the Air Resistance of Woven Fabrics and
Multilayers of Fabric Based on Fabric Structure

Masae NakaNisHI and Masako Niwa

Graduate School of Human Culture, Nara Women’s University, Nara 630

In our previous paper, a theoretical equation predicting the air resistance of woven fabrics using
basic fabric structural parameters was obtained based on a simple model of a fabric air flow mech-
anism in which the effects of both the intra-yarn and inter-yarn interstices were taken into con-

sideration.

In this paper, the adequacy of the equation was verified by comparison between
the predicted and measured air resistance of various kinds of woven fabrics.

In addition, the

air resistance of multilayers of fabric was measured simulating actual clothing assemblies and
these data were compared with the sum of resistance of each fabric layer. As a result, it was found
that the addition law could be applied to the air resistance of multilayers.
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Fig. 3. The effect of fiber diameter on air resistance of
fabrics

Circles (O) show experimental data of 16 twill fabrics
whose structural parameters are almost the same except
for the wool fiber diameter. The line shows the calcula-
tion by Equation (2, 2’) using the following fabric para-
meters. N,;=2900, N;=2260 m-!, d,=48, dy=50 tex,
T1=7.1x10~4m, p=1.31 x 106 g/m?.
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Table 1. Details of samples

Sal\x}:)}?lc (kPI:::‘/1 m) (i;,z) V(\:;ingf;)t tP;'i;t::L Fabric construction End-uses
A 0.121 0.835 151 C rib stitch underwear
B 0.011 0.324 95 P plain stitch lingerie
C 0. 070 0.348 165 P/C plain weave summer dress shirt
D 1. 588 0. 405 104 C plain weave winter dress shirt
E 0.016 0. 365 62 S plain weave blouse, one-piece
F 0. 485 0.137 44 S plain weave blouse, one-piece
G 0. 043 0. 142 72 Cu plain weave lining
H 0. 486 0.103 69 Cu twill weave lining
I 0.188 0. 505 179 w plain weave summer suit
J 1. 065 0.783 284 w twill weave winter suit
K 0.126 0.155 327 w interlock stitch suit, one-piece
L 0. 589 2. 238 353 w twill weave overcoat
M 1. 454 0. 509 159 C twill weave overcoat
N 0.110 2. 550 215 w plain stitch vest, sweater
o 0. 208 0.348 165 W/P  plain weave summer suit
P 0. 054 0. 901 227 w mock-leno summer jacket

*1 Air resistance, *2 Thickness at pressure 0.5 gf/cm?2, *3 C: cotton, P: polyester, S: silk, Cu: cupra, W: wool.
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Table 2. The air resistance of each specimen
of samples D and P

. R . R
Specimen (kPas/m) Specimen (kPas/m)
D, 1. 588 P, 0. 054
D, 1. 650 9% 0. 047
Dy 1. 463 P; 0. 044
D, 1.577 P, 0. 054
D; 1. 604 Py 0. 052
R,*! 1.576 Ry 0. 050
C.V.»2 4.4% C.V. 9.0%

*1 Mean value of 5 specimens, *2 Coefficient of vari-
ance.

TH7 = — F GRED) &, BEEHHP S VAREO
K&y 7V /YO (AMP) 2RV, £58D
RBHYERE L. Table 23, £RBH SHOBRE
RExoPHlER LCERHELRT. REOHNLILS
REAOEEE L ESMOMEYRALERIIZ, B
D,P &L, BEEHROKEVEHA-VH(]), PEE
DL LTHEADA—-Y#(0), MEVWHELTERHD
FUAY o VH(C)D S5 EEY AV, ¥, EEOR
FARErEEL, Table 1 12 58%, REOHSEYE
7, e L EERLCEY, RRAOEKEY Y NE

Table 3. The ratio of the air resistance R of multilayers of fabric to the sum of resistance
of each specimen, R,;, when the same kinds of fabrics (sample D and P) are
assembled together with varying air gap lengths (0-15mm) between the specimens

Gap length (mm) Ra:
Fabric assembly

0 0.5 1.0 3.5 5.0 8.0 15.0 kPas/m
D;+Ds 1.023 1.017 1.017 1.019  1.016 1.017 1.017 3. 254
Dy+D; 1.033 1.028 1.026  1.023 — — — 3.040
D;+Ds+D, 1.019 1.011 1.012 1.012 1.010 1. 006 - 4. 842
Dy+D+Ds 1.029 1.022 1.019 1.017 — — — 4.628
D;+D5+ Dy 4D, 1. 030 1.018 1.019 1.019 1.019 — — 6. 419
D5;+D1+Dy+Ds 1.030 1.023 1.019 1.019 — — — 6. 232
Dy +Ds+D;1+Dy+Ds 1.029 1.021 1.017 1.016 — — — 7.882
P;+P, 1.028 1.009  0.991 1.000  0.991 0.991 1.019 0.108
Py+ P 1.022 1.022 1.011 1.033 — — — 0. 091
Py+P,+Ps 1. 088 1.025 1.006 1.006 1.006 1. 006 — 0. 160
P5+P;+Py 1.063 1.049 1021 1.028 — — — 0. 143
Py+P+Ps+Py 1.174  1.082 1.014  1.010 1. 005 — — 0. 207
P, +Ps+ P+ Py 1.152 1. 051 1.020 1.010 — — — 0. 197
P +P(+Ps+Py+ Py 1. 235 1.092  1.024 1.016 — — — 0. 251

56 (1220)

NI | -El ectronic Library Service



Japan soci ety of Home Economics

H—BAk LOMBA OB RELOMERSBE, OO FH

L L L " L N . s L "
o [ 2 3 0 s [} °o 1 2 3 4 s
n:number of layers n:number of layers

Fig. 4. The relation between the number of layers, n
and air resistance of multilayers of fabric, R for
the samples D (left : Fig. 4a) and P (right : Fig.
4b) in Table 1. The lines are the calculations
by Equation (12) using the mean value of 5
specimens in Table 2.
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Table 3 ;3F—MEOH DL P) % L,=0~15
mm DREMEH T 2~ 5K CEREBAROVT,
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EDH R/Rat RLTW5. ¥, Fig. 412, BRI
Fonl, MBHOBKEN R L OBRY, Fig. 42 i1H

Table 4.

¥ D, Fig. 4b 133K PizoT, Z2ERMATRL T
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> THRBEOBREROEBXRON DI, 5HD
it 2, 3, 4 EABATERBTOARBERLYWET S
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HOFHME Rm 35 &, nERAOEIEII,
ADREXEET S L(1)RTE IS, Fig. 4 hoERK
RO2)RERL TV 5.
Rst=nRum (12)

HicAiDTIX, 258 L,=0, TobbEE L THE
LICBAD R, ZEBERTTHELLR XH 1%
whkEWV. Lhl, Li=0 3 §dREBOok & SMb
&%, Ru 3L Ri%0.3~3.3 %KV i@¥Y, +
T oOffiH, Fig 4a T (12) R0 HFEL 2 T,
(UDRBRILT B Z Erbrs.

—%, B PRE\VTIZ, 2580 | mm Ll o
&2 R L R, —1~+25%FtTH8% T,
(DRI L, ¥ L, oI ALK bbb
5. Lal, BEER L=0 L 0.5mm OBRAEII,
EhLhEp T b, ERMLA R R LD BK
L enfERs AR LR, L,=0 OB, Kk 23.5%, L,
=0.5mm DB 9.2 %OWAIrALIE. ZhiX, ik
BRT 5B, BYAMEYELERMLTERD Z LR
ATBETc o, REPO X 5 AMBROKE WEEOHR T

The ratio of the air resistance R of multilayers of fabric to the sum of resistance

of each specimen, R,;, when different kinds of fabrics are assembled together,
changing the gap length between fabrics and the combination of the fabric

assembly
Gap length (mm) R,
Fabric assembly

0 0.5 1.0 3.5 5.0 8.0 15.0 kPas/m

D+0O 1. 006 1. 002 0. 997 0.998 0.994 0.997 0. 997 1. 796

D+C 1. 003 0.999 0. 994 0.996 0.995 0. 996 0. 996 1. 658

CcC+0 1. 029 1. 007 1. 004 1. 004 1. 007 1. 007 1. 000 0. 278

D+0+C 1.014 1. 004 1. 001 0. 998 — 0.997 — 1. 866
D+C+0O 1.010 1. 004 1. 001 0.997 — 0.998 — 1. 866
C+D+0O 1. 021 1. 002 0.999 0.999 — 0. 998 — 1. 866
D+0O+C+]J 1.016 1.012 1.010 1. 008 1. 010 — — 2.931
C+D+J+0 1. 037 1.013 - — 1.010 — — 2,931
O+D+C+]J 1. 030 1.013 — — 1. 006 — - 2.931
D+O+C+J+P 1. 023 1.018 1. 012 1. 010 — — - 2.985
O+P+D+C+] 1. 040 1. 015 — 1. 007 — — - 2. 985
C+P+D+J+0 1. 065 1.015 — 1. 008 — - - 2. 985
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Fig. 5. The relation between measured resistance, R of

multilayers of fabrc simulating actual clothing
system and calculated resistance, R;; by Equa-
tion (11).
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