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Abstract

The purpose of this study is to experimentally analyze the relationship between structural
characteristics of cotton fabrics and their cool-and-warm felling in order to develop more
comfortable fabrics.

Comfort in textile products has been emphasized as consumers preferred performance to
fashion of clothing.

Thermal comfort of clothing is a-basic parameter of the comfort sensation which is usually
represented by the cool-and-warm feeling felt by human skin.

Cloo-and-warm feeling is perceived by the heat flux which transfers heat energy stored in an
object to skin. We feel warm (cool) if the temperature of nerve extremity in skin ascends
(descends).

"As cool-and-warm feeling determines the comfort sensation of clothing, it is important to
develop new comfort fabrics. Although considerable works have been made on the body,
clothing, and environment, there has been no research study on the structural characteristics of
fabrics and their cool-and warm feeling. Cool-and-warm feeling is closely related to the
transient heat transfer property.

This research study used the cotton fabrics manufactured in Korea as sample and measured
Qmax value with thermal property measuring instrument (Thermo-Labo II type).
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Qmax values estimated by polynomial regression equation were compared with those observed

in this study. This study also identified the structural parameters of cotton fabrics for a specific

range of qmax values.

The findings of this study can be summarized as follows:

1) As the thickness, porosity and air permeability of cotton fabrics increase, qma. value

decreases.

2) As the fabric count and over factor of cotton fabrics increase, qnax value also increases.

3) gmax values have been estimated by simple and polynomial regression equations developed

in this study. Regression curves which have been plotted by polynomial regresson equations

also provided with the range of structural parameters for a specific range of qmax values of

cotton fabrics.

This study would be significant in that it has identified the structural parameters for the

cool-and-warm feeling of cotton fabric at 65% relative humidity.
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Table 1. Measurement Methods of Fabric Characteristics
Characteristic Method
Yarn KS K 0415
Thickness KS K 0506
Fabric Count | ASTM D123—74a
Weight KS K 0514
Air Permeabil-| KS K 0570
ity
Cover factor n n
K= =2 K,= 2.
IN, IN,
K, XK
Kt= K, +K, — —* 7 "%
KO
Where, K : Cover factor (K,=28)
n : Yarns Per Inch
N : Yran Size
Subscript 1 Stands for Warp
2 Stands for Weft
t Stands for Cloth
Porosity i fabric bulk density
Porosity=1—
(%) fiber bulk density
. . Weight
Where, fabric bulk density=
Thickness
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Fig. 1. A typical heat flux under the constant hot plate
temperature.
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Table 2, Characteristics of the Specimen

85

Sample W Yarn Count Thickness| Weight Eabnc ::“r bili Cover factor Porosity
Corg Weave (Ne) (mm) | (g/m?) (T"/‘;Q:h) (fr;'?;’é‘m‘!‘_‘rym ol Wel wi| cloth! (%)
1 Plain 60 X 60 0.136 86.8 | 129 X 96 1228.5 16.7] 12.4 21.7 59.6
2 Plain 76 X 94 0.183 92.9 | 144 X 107 2431.8 16.6] 11.0 211 67.9
3 Plain 30 X 30 0.213 128.7 87 X 74 53.6 15.9] 13.5 22,7 61.8
4 Plain 60 X 60 0.191 207.3 | 135 X 95 4319.6 17.4] 123 221 31.3
5 Plain 40 X 40 0.202 129.0 | 129 X 107 338.6 204} 16.9 25.0 59.6
6 Plain 35X 36 0.246 121.7 { 100 X 65 3385.7 16.9| 10.9 21.2 68.7
7 Plain 40 X 40 0.241 125.8 | 148X 70 991.7 23.4] 111 25.2 67.0
8 Plain 40 X 40 0.245 129.3 | 128 X 96 1062.9 20,21 15.2 244 66.6
9 Plain 40 X 40 0.239 132,31 145 X 82 715.3 2291 13.0 25.3 65.0
10 Plain 40 X 40 0.244 151.0 | 148 X 82 2,23 23,41 13.0 25.5 60.8
11 Plain 30 X 30 0.269 133.0 94 X 73 2601.5 17.2} 133 223 68.7
12 Plain 30 X 30 0.268 132.3 |1 102 X 64 2718.3 18.61 11.7 22.5 68.8
i3 Plain 48 X 41 0.266 116.1 | 145X 72 983.7 21.0] 11.3 23.8 72.4
14 Plain 37 X 30 0.293 13.2 15X 14 28224.0 251 2.5 4.8 97.1
15 Plain 30 X 30 0.287 118.6 84 X 64 4814.6 15.3] 11.7 20.6 73.8
16 Plain 32 X 30 0.301 148.3 [ 130 X 63 105.3 23,0] 11.5 25.0 68.8
17 Plain 20 X 20 0.328 1837 90 X 63 1228.5 20.1| 14.1 24,1 64.6
18 Plain 23X 19 0.356 143.1 63 X 59 3066.3 13.3| 13.5 20.4 74.6
19 Plain 25 X 27 0.381 66.0 35 X29 269321 69 5.6 11.2 89.0
20 Plain 25 X 25 0.407 82.4 44 X 39 16916.4 861 7.7 141 87.2
21 Plain 20/2 X 10 0.410 217.8 57 X 38 1344.3 18.01 12,0 22.3 66.4
22 Plain 14 X 14 0.393 206.2 66 X 55 1493,5 17.6] 14,7 23.1 66.8
23 Plain 20 X 20 0.395 164.8 74 X 54 1623.0 16.5] 12.1 21.5 73.6
24 Plain 10X10 0.406 219.1 | 112 X 39 1025.0 3541123 26.3 65.9
25 Plain 21/2 X 21/2 0.443 246.0 68 X 38 774.1 20.9; 11.6 23.8 64.9
26 Plain 20/2 X 23/2 0.500 288.2 68 X 50 97.7 21.0] 14.8 24.7 63.5
27 Plain 11 X12 0.555 301.4 78 X 54 2759 23,64 158 26.1 65.6
28 twill 45 X 50 0.266 141.1 | 148 X 97 1172.3 22.0{ 13.7 24.9 66.4
29 twill 40 X 34 0.320 132.6 | 104 X 69 2738.2 16.5] 11.8 214 73.8
30 twill 23X 25 0.422 212.2 | 119 X 65 839.0 24,71 131 26,2 68.2
31 twilf 16 X 16 0.498 270.1 [ 103 X 65 417.9 25.81 16.3 27.1 65.7
32 twill 20/2 X 20/2 0.561 302.6 81 X 45 365.8 2564 142 26.8 65.9
33 twill 12X 11 0.584 255.6 71 X 42 1149.8 20.8| 12.8 241 72,3
34 twill 14X 16 0.602 250.7 96 X 52 662.0 25,71 13.2 26.8 65.9
35 twill 11 X 10 0.744 319.1 83 X 49 328.3 25.51 15.5 26.9 72.9
36 twill 6X 7 0.958 454.2 70 X 47 447.1 281|176 28.0 70.0
37 sateen 60 X 60 0.230 108.9 { 198 X 92 1918.6 2561119 26.6 70.0
38 sateen 40 X 40 0.288 142,2 | 165 X 80 1318.3 26,11 12.6 27.0 68.7
39 sateen 16 X 16 0.448 225.5 95 X 66 484.5 23.8| 16.5 26.3 68.1
Mean — - - 0.367 176.9 165.7 3069.4 2011 127 23.2 69.4
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Fig. 2. Block diagram of Thermo-Labo II.

Fig. 3-1. Photograph of Thermo-Labo II.
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1) qmax®] 5% Y3t
Table 32 2 Ado] ALR AF2 gqmadtold,
Table 4= 2 EE439] 31FA9} 65% RU.Y qmaxdt 3

o?.:

3] Mg sk FHMES sk, FAolc}, Table 5% A¥ E4A 9 quaxt 79 A4
AAE Haql Hojc,
Table 3. gmax Value at 65% Relative Humidity 2. & &
{catfem?, sec)
Table 3o AAl¥ ZA Ao}l =15 cover factor,
H, (%) R.H. %) sz S 1318 A e S o] = % £y =
ample 65 Sample 65 FILEEZ e Alghg A EF] H5led ZHMEMNS St
Cord Cord ol
1 0.218 21 0.163 g 5o, Ux, cover faotor, HILE, @EMe] ot
2 0.217 22 0.167 AA7bAl A o] 27 gmaroll BlH = G 3E o 4 U E
3 0.233 23 0.150 BiEEIHE o),
4 0.214 24 0.159 ¥o g ulx, cover factor, BILE F F-14 A4
; 0248 2 0191 A SRR EasedD, 74 T HAN) D2
6 0.202 26 0.184 T .
7 0.190 27 0.178 FAaH=zg =4 °}M‘*-
8 0.188 28 0.192 i3] A Aol Qo= g (Y)F EEEHE 3T
9 0.201 29 0.177 o F2AHQ EA £ 1x(X,), cover factor(X,), &
10 0.233 30 0.169 FUE (X5) & Murgpe glov eslan ol dleiq
1 0.188 31 0.174 L 2EA(X)S .
L FREN(X)S 24 s
12 0.182 32 0.149 5EXK)& 54 *T B b e
— O
14 0,085 34 0.126 g Y 24%—-: %‘és}l de AR F5, B
15 0.170 35 0.110 el W, cover factor, FILE, 4 % EBEH 5
16 0,181 36 0.133 o] whebr] oakg uhg. o Ealgll alAle|c) m3f
;; g;;g 2; g:jﬁ oI% A A g FREYL 7247 FY 5ol YAkl 3
. ' 7 AzEE £ g
19 0.093 39 0.167 AL AT F e
z8d] o] & 7R FREA Foll A TAE B
20 0.107 Mean 0173 o] H71st A, cover factors] &ldted A=, £
Table 4, Statistics of Characteristics and Qmax
Factor Thickness Fabric Count Air Permeability Cloth Cover Porosity gmax
Statistic ammT (T finch) {cm?/cm?.min) facter (%)
Mean 0.367 165.692 3069.382 23.152 69.377 0.173
Std. Devi, 0.167 57.987 6397.456 4,503 7.568 0.037
C.V. 45.504 34,997 208.428 19.450 10909 | 21.387
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Table 5. Correlation Coefficients between Characteristics and Qmax
Fact Thickness Fabric Count Air Permeability Cloth Cover Porosity Qmax
actor (mm) (T/inch) {cm?3/cm?_ min) facter (%)
Thickness 1.000
Fabric Count —0.091 1.000
Air Permeability ~0.542 —0.527 1.000
Cloth Cover factor 0.277 0.517 —0.919 1.000
Porosity 0.182 —0.550 0.667 -0.611 1.000
Qmax —0.606 0.748 —0.599 0.434 —-0.779 1.000
Y, = —0.325-0.843X10->X, +31.680X10°3X, +12.210 —I Y,=0.222- 133270 X 10°* X
2475 X10°X,—0.003X10° X, *~2,774X10* X, * ~0.824 1 & 2475 ! R= 0.606
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Fig. 4. Relationship between Observed Value and
Predicted Value of qumex by Fabric Count, Cover
Factor and Porosity at 65% R.H..
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