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Prediction of Water Vapor Transfer Resistance of Woven Fabrics
under a Steady State Condition Based on a Weave Structural Model

Masae NakanisHi and Masako Niwa*

Faculty of Home Economics, Kobe Women's University, Suma-ku, Kobe 654
* Faculty of Human Life and Environment, Nara Women's University, Nara 630

A prediction equation of the steady state water vapor transfer resistance of woven fabrics was
obtained based on a simple water vapor transfer model through a simplified fabric structural unit. It
was assumed that the volume fraction of air space within fabrics is larger than the fiber volume
fraction, and that the water vapor resistance through fibers, even for hygroscopic fibers such as cotton,
is much larger than that of air. Therefore, the effects of both the intra-yarn and inter-yarn interstices
were taken into consideration, but the effect of the passage through hygroscopic fibers was not
included in the transfer model.

As for the fabric structure parameters used for the calculation, the simpler parameters of fabric
thickness, weave density, yarn count, and fiber density were selected from the viewpoint of the
application of fabric performance design. The validity of the prediction equation was verified by
comparing the calculations and the experimental data of water vapor resistances measured for 40
woven fabric samples. This result also suggests that the effect of the air space within fabrics on the
water vapor resistance of fabrics under the steady state condition is much larger than that of the

passage within hygroscopic fibers.
(Received November 6, 1995)
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Fig. 1.
Ay, A, width of warp or weft yarn (m); H,, H., width of warp
or weft yarn projected from the fabric section (m); T,

Unit structural model of plain woven fabric

fabric thickness (m); Ny, N, warp or weft yarn density

(m "); By, B, =1/N,—A,, 1/N.—A.. length of inter-yarn
interstice (m); M,, water vapor transmission rate through
the inter-yarn interstice (g/s); M., water vapor transmis-
sion rate through the warp yarn lying between adjacent
weft. yarns (g/s); M, water vapor transmission rate
through the weft yarn lying between adjacent warp yarns
(8/s); M,, water vapor transmission rate through the
intersection of the weft and warp varns (g/5).
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Fig. 2. Measurement method of evaporative heat

transfer using Thermo Labo 1"

Electric power supply to keep the heated plate tempera-
ture constant at the same value as the environmental air
temperature is measured as the evaporative heat loss from
a wet sheet of filter paper on the plate. Moisture transfer
rate is estimated from the measured evaporative heat loss
and latent heat of evaporation of water.
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Relation between a wind penetration param-
eter u*(=V?/R, V, wind velocity, R, air
resistance of a fabric) and the slope 3, in the
linear relation between air gap L and water
vapor resistance W, obtained by the mea-
surement of evaporative heat transfer, as
shown in Fig. 2

Fig. 3.

This figure® was obtained from the results of 30 kinds of
woven fabric samples measured under different wind
velocity conditions ranging from 0.3 to 1.4 (m/s), and with
different air gap ranging from 3 to 8 (xnm).
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Fig. 5. Magnification of Fig.4
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Relation between air gap L and water vapor
resistance, W, for sample No. 4, which is also
used as the top fabric of the two layer
assembly shown in Fig. 8
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Fig. 8 The measurement method of water vapor
resistance of fabrics W, obtained by compar-
ing W, to W,

Left: measurement of water vapor resistance of double
layer systemi W,. Right: measurement of water vapor
resistance removing the test sample W,. Air gap lenght: L,
=3 mm, L,=2 mm; top fabric: sample No. 4 in Table 1. T,
P,, temperature and water vapor pressure of en-
vironmental air; 7,, P, temperature and water vapor
pressure at the surface of the wet filter paper: Q.

evaporative heat loss.
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Table 1. Details of fabrics
Sample Weight ™ R*- W Fiber*' Weave
No. fg/m’) mm} {Pas/m) (m°sPa/g) type structure
1 82 0.348 13 2,220 PS plain
2 92 0.238 63 4,210 PF plain
3 96 0.590 21 4,860 PS plain
4 9 0.218 329 2,220 PF plain
5 106 0.145 77, 100 7.950 PF plain
6 110 0.438 360 4,350 PS plain
7 110 0.650 32 6,360 PS plain
8 126 0.331 2,403 7,830 PF plain
9 133 0.675 219 5,750 PSS plain
10 188 0.820 631 7,350 PS plain
11 208 0.576 4, 560 5,950 PTF sateen
12 229 0.838 661 7,818 PTF 2/2 twill
13 249 0.805 1.443 10,160 PS 2/2 twill
14 79 0.411 7 1,730 C plain
15 100 0.553 260 3,500 C 3/1 twill
16 103 0.418 1,617 3,480 C plain
17 105 0.533 156 3,100 € plain
18 122 0.605 57 4,670 C plain
19 147 0.482 1,080 4,930 C plain
20 166 0.623 225 5,930 C plain
21 167 0.545 1,315 5,515 C 2/1 twill
22 189 0.594 615 5,970 C plain
23 285 0.995 3,963 9,010 C 3/1 twill
24 368 1. 200 2,165 10,510 € 3/1 twill
25 391 1. 350 7,404 10,390 C 3/1 twill
26 115 0. 456 106 4,250 W plain
27 117 0.491 13 3.80 W plain
28 171 0.570 198 5,980 W plain
29 179 0.418 872 6,610 W plain
30 184 0.663 1,045 7,870 W plain
31 197 0.630 1,800 7,540 W plain
32 251 0.910 1,203 9,640 W 2/2 twill
33 310 2.120 88 14,570 W 2/2 twill
34 374 1.383 2,734 13,720 W 2/2 twill
35 63 0.288 16 2,200 S plain
36 81 0.209 642 2,880 8 plain
37 100 0.376 23 3,200 C50/P50  plain
38 165 0.469 199 7,210  W50/P50 plain
39 190 0.741 936 8,210  W50/P50 plain
40 252 0.808 1,437 9,400 W50/P50 2/2 twill

*' Thickness at pressure 0.5 gf/cm®. *- Air resistance. *' Water vapor resist-
ance. *' PS, polyester spun; PF, polyester filament; PTF, polyerster textured
filament; C, cotton; W, wool; S, silk.
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Fig. 10. The effect of warp yarn density, N, on water
vapor resistance, W, of wool suiting fabrics
with different weft yarn density, N,
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shirts with different weft yarn density, N,
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