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Abstract

In order to investigate the warmth retaining properties of fabrics some characteristics such
as thickness, porosity, packing density, thermal conductivity, moisture regain and air perm-
eability were measured and experimental results were analysed statistically to relate the
warmth retaining properties with those characteristics.

From the analysis, the following results were obtained.

1. When the warmth retaining properties of fabrics (Y) are dependent variable and thic-
kness (X,), porosity (X;), packing density (X,), thermal conductivity (X,), moisture regain
(%) and air pérmeability (X,) are independent variables, the regression equation of warmth
retaining properties can be represented as follows.

1) Y=1.6005+46.8174X, (R=0.9487)

2) Y=—1.4187+26.5072X,+0. 2055X, (R=0.9704) .
3) Y=—3.6908+17.4482X,+0. 1782X,+28. 3243%s (R=0.9756)

4) Y=0.9202+16.9553X,+0. 1167X>+30. 3577%,+ 1. 8884%, (R=0.9792)

5) Y=0.9353-+17.2266X,+0. 1177X,+28. 9821%; — 1. 8302X,+0. 0151 X, (R=0.9792)

6) Y=0.7583+17.2343X,+0. 1196X,+ 28. 8830%,— 1. 8336X,+ 0. 0187Xs+ 0. 0004Xs (R=0.9792)

2. The warmth retaining properties of fabrics are merely affected by adding thermal
conductivity, moisture regain and multiple regression equation which contains thickness,
porosity and packing density as variables.

Therefore the multiple regression which contains thickness, porosity and packing density
as variables Y=—3,6908+17. 4482%,+0, 1782Y,+28. 3243X, is highly practical.
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Table 1. Details of the Samples
Cloth

gt S | Bt | Yarn | count | T
ture (%) ;| (Ne) [(&54 | (mm)

1 Plain { Wool 100 | 48x48 | 64x60 | 0.52
2 ” ” 48X 48 | 67x61 | 0.61
3 ” ” 48x48 | 52x54 | 0.35
‘4 7 ” 60XG0 | 68x72 ] 0.49
5 ” ” 60X60 | 68701 0.45
6 ” ” 60X60 | 84X77 | 0.6¢
7 ” ” 60%X60 | 68%X78 | 0.54
8 ” ” 52x52 | 60X62 { 0.50
9 ” ” 52X52 | 76X72 | 0.59
10 ” ” 52X52 |1 86%X&0 | 0.76
11 ” P/C 50/50 | 3434 | 94X 60 | 0.31
12 ” ” 34X34 | 94%55 | 0.32
13 ” ” 24x24 | 96X53 1 0.37
1 ” ” 24X24 | 96x63{ 0.39
15 ” ” 24%24 | 96%58 1 0.38
16 ” ” 34X34 1 96%50 % 0.27
17 ” ” 34734 | 94%X065 ] 0.33
18 ” ’” .34X34 96 X 68 0.42
19 ” ” 24X24 | 96%48 | 0.29
20 ” ’” 24X24 | 91 %481 0.23
21 ” Cotton 100 | 16x16 | 60%50 | 0.45
22 ” ” 16%16 | 60Xx48 | 0.44
23 ” ” 16X16 | 60X56 | 0.46
2 ” ” 1616 | 60581 0.47
25 ” ” 1616 § 6G0XG60 | 0.48
2 ” ” 16X16 | 55X48 | 0.43
27 ” ” 16X16 ] 5540} 0.40
28 ” 17 16X ]6 55%50 0.45
29 ” ” 16X16 | 55x44 { 0.37
30 ” ” 16X16 | 60X54 | 0.47

P : polyester, C: cotton
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Tahle 2, Results of the samples
Sample X:arilr:‘i:hg Thickness | Porosity | Packing | Thermal | Moisture | Air Perme-
. density [conductivity] regain ability
No. ’?}yt‘;’ (mm) (%) (g/cm’) |(W-m/hr-k)| (% (cm®/min/cm?)
1 27.7 0.52 67.54 0.348 0.340 13.37 522.4
2 30.1 0.61 75.56 0.317 0.269 15.09 522.9
3 20.5 0.3% 57.51 0.297 0.716 15.59 771.1
4 26.2 0.49 68.18 0.312 ° 0.384 . 15.47 340.5
5 21.7 0.45 54.62 0.284 0.546 21.13 307.8
6 31.8 0.64 75.73 0.371 0.235 15.43 - 1002.1
7 29.5 0.54 75.43 0.364 0.330 13.59 621.7
8 26.4 0.50 68. 60 0.324 0.378 15.05 413.5
-9 30.0 0.59 75.38 0. 353 0.329 14.88 9i3.1
10 34.8 0.76 80.24 0.409 0.214 12.74 329.3
11 15.8 0.31 48.15 0.217 0.784 5.30 4593.3
12 16.3 0.32 38.78 0.232 1.737 4.47 899.1
13 16.5 0.37 45.73 0.238 . 1.192 4.71 609.1
14 16.8 0.39 47.36 0.246 1.717 5.17 676.6
15 17.3 0.38 49,84 0. 241 1.085 7.49 3358.8
16 14.5 0.27 32.68 0.219 1.073 6.35 2828.2
17 16.0 0.33 52,73 0.224 0.958 4.43 998.7
18 18.8 0.42 63.73 0.262 0.854 5.84 1498.6
19 17.9 0.29 48.96 0.213 0.810 6.14 3894.7
20 13.6 0.23 37.63 0.2n8 1.979 4.82 2350.0
21 19.4 0.45 50.37 0.263 0.917 8.96 2459. 7
22 20.9 0.44 60.17 0.258 0.536 7.24 1414.8
23 23.0 0.46 61.38 0.278 0.515 8.16 1077. 4
24 25.5 0.47 68. 54 0.251 0.427 8.67 035.2
25 25.8 0.48 65. 89 0.294 0.386 8.34 1013.4
26 22.4 0.43 52. 47 0. 255 0.624 6.68 2476.1
27 19.7 0.40 50.78 0.248 0.898 8.73 2865.7
28 24.7 0.45 63.91 0. 268 0.401 9.42 1006.3
29 16.8 0.37 41.87 0.235 0.994 5.68 . 2938.5
30 24.2 0.47 62.36 0.276 0.399 7.42 1008.3

Table 3. Correlation coefficients between warmth

retaining properties and various

characteristics
Variable Correlation coefficient
Thickness 0.9740
Porosity 0.9699
Packing density 0.9641
Thermal conductivity 0.9116
Moisture regain 0. 8384
Air permeability 0.8150
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Table 4. ANOVA table for warmth retaining properties by thickness
Source of variatio'r;“—Sum of squares gzge:l%!:n‘)f Mean sql;:;res | F-value F(0.0l)
Regression 843. 5833 1 843. 5833 252. 0004 7.64
Error 93.7313 28 3.3476 - —
Total 937. 3146 29 - | - -

‘Tahle 5, Obeervations, estimates and residuals of
warmth retaining properties by thickness

.S?\Jn;;.)le aOtli)gzrv- Estimate Residual y::ir:g}m

1 27.7 25. 9455 1.7545 0. 9589

2 30.1 30. 1591 —0.0591 -0.0323

3 20.5 17. 9866 2.5134 1.3737

4 26.2 24.5410 1. 6950 0. 9067

5 21.7 22.6680 —0.9683 -0.5292

6 31.8 31.5636 0. 2361 0.1292

7 29.5 26. 8819 2.6181 1.4310

8 26.4 25. 0092 1.3908 0. 7602

9 30.0 29,2228 0.7772 0. 4248
10 34.8 37.1817 -2.3817 -1.3017
11 15.8 16,1139 —0.3139 —-0.1716
12 16.3 16. 5821 —0.2821 —0. 1542
13 16.5 18,9229 —2.4229 —1.3243
14 16.8 19. 8593 —3.0593 —-1.6721
15 17.3 19,3011 —2.0011 —-1.1429
16 14.5 14. 2412 0.2588 0. 1415
17 16.0 17.0502 —1.0502 —0.5740
18 18.8 21.2638 —2.4638 - 1. 3466
19 17.9 15.1775 2.7225 1. 4880
20 13.6 12. 3685 1.2315 0.6731
21 19.4 22,6683 —3.2683 —1.7863
22 20.9 22,2002 —1.3002 —0.7106
23 23.0 23.1365 —0.1365 —0.0746
24 25.5 23.6047 1. 8953 1.0359
25 25.8 24.0728 1.7272 0. 9440
26 22.4 21.7320 0. 6680 0.3651
27 19.7 20,3275 0.6275 -0, 3429
28 24.7 22.6683 2.0317 1.1104
29 16.8 18.9229 —2.1229 1.1603
30 24.2 23.1365 1.0635 —0.5813
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Table 7. Observations, estimates and residuals
of warmth retaining properties by
thicknees and porosity

Sample Observ potimate | Residual fl“:v’i';‘g}m

1) 20,7 | 262467 1. 4533 1.0208

2 | 30.1 | 30.2807 | —0.1807 | —0.1269

3 | 20.5 | 19.6790 0.8210 0.5767

4 | 262 | 255830 0.6170 0. 4334

5 { 2.7 | 217357 | —0.087 | —o.0251

6 | 3.8 | 31.1108 0. 6892 0. 4840

7 | 205 | 28.3085 1.1015 0.7737

8 | 26.4 | 250314 0. 4656 0.3270

9 | 30.0 | 29.7136 0. 2864 0.2012
10 | 31.8 | 35.2187 | -0.4187 | —0.2040
11 15.8 16. 6949 —0.8349 —0.6285
12 | 16.3 | 15.0341 1.2659 0. 8891
13 | 16.5 | 17.7879 | —1.2878 | —0.9016
1 | 168 | 18531 | 18531 | —1.3015
15 | 17.3 | 18.8977 | —1.5or7 | —ni222
16 | 14.5 | 12,4550 2. 0450 1. 4363
17 | 16.0 | 18.1664 | —2.1664 | —1.5216
18 | 18.8 | 22.8129 10120 | —2.8185
19 | 170 | 16.3312 1.5688 1.1018
20 | 136 | 12,4121 1.1879 0.8343
21 | 19.4 | 208621 | —1.4622 | —1.0270
22 | 20,9 | 26.6113 | —1.7113 | —1.2020
23 | 23.0 | =23.3002 | -0.3902 | —0.2740
24 | 25,5 | 25.1268 0.3732 0. 2621
25 | 25.8 | 24.8473 0.9527 0. 6692
26 | 22.4 | 20.7636 1.6364 1.1493
27 | 19.7 | 19.6211 0.0789 0. 0554
28 | 24.7 | 23.6451 1.0549 0.7409
29 | 16.8 | 16.9246 | —0.1946 | —0.1367
30 | 2a.2 | 23.5016 0.6084 0.4273
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Table 6. ANOVA table for Warmth retaining properties by thickness and porosity

Source of variation I Sum of squares Degree of

Ohsgeevnting

freedom I Mean squares F-value F(o0.01)

Regression 8£2.5813 . T2 441, 2907 217.6889 5.49
Error 54,7334 27 2.0272 — C—
Total | eram | 2 | - - ~
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Table 8, ANOVA table for warmth ret#ining properties by thickness, porosity and packing density
Source of variation { Sum of squares R’;ia‘;‘:nd Mean squares F-value l F(o0.01)
Regression . - 892.0929 3 297.3643 170, 9678 4.72
Error 45.2218 26 1.7353 - -
Total 937.3147 29 - - I -
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Table 9. Observations, estimates and residuals of
warmth retaining properties by thickness,
porosity and packing density

Saggﬂe‘ ggzirv’ Estimate Residual SII::;::&L“

1 27.7 27.2712 0.4288 0.3251
2 30.1 29.3923 0.7077 0.5366
3 20.5 21.0737 | —0.5737 ~0.4350
4 26.2 25.8421 0.3579 0.2714
5 21.7 21.935¢ | —0.2354 —0.1785
6 31.8 31.4472 0.3528 0.2675
7 20.5 29. 4506 0.0494 0.0374
8 26.4 26.4313 | —0.0313 —0.0237
9 31.0 | 30.¢309 | —0.0309 —0.0234
10 34.8 35.4490 | —0.6190 —0.4921
1n 15.8 16.4423 | —0.6423 —0.4870
12 16.3 15.3724 0.6276 0.7033
13 16.5 17.6529 | —0.1529 —0.8742
14 16.8 18.5188 | —1.7188 —1.3033
15 17.3 18.6445 | —1.3445 —1.0195
16 14.5 13. 0451 1.4549 1.1032
17 16.0 17.8055 | —1.8055 —1.3690
18 18.8 22.4118 | —3.6118 | —2.7386
19 17.9 16. 1244 1.7756 1. 3464
20 13.6 12.9174 0. 6826 0.5176
21 19.4 20.5835 | -—1.1835 —0.8974
22 20.9 22,0132 | —1.1132 —0.8141
23 23.0 23.1442 | —0.1442 —0.1094
24 25.5 23.8295 1.6705 1.2667
25 25.8 24.7498 1. 0502 0.7963
26 22.4 20.3820 2.0180 1.5301
27 19.7 19.3592 0.3408 0.2584
28 24.7 23.1372 1.5628 1.1850
29 16.8 16.8803 | —0.0803 —0. 0609
30 24.2 23.2622 0.9378 0.7111
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Table 19, ANOVA table for warmth retaining properties by thicknees, porosity, packing density

and thermal conductivity

Source of variation l Sum of squares g:gag’:‘ff I Mean squares F-value F(0.01)
Regression 898.7212 4 224. 6803 145,5429 4,18
Error 38.5935 25 1.5437 - -
Total | 373147 ~ | - - | -
Table 11. Observations, estimates and residuals of 0
warmth retaining properties by thickness,
porosity, packing density and thermal
conductivity b .
Sa}gr(t’{)le Sggir V| Estimate | Residual yeo:ig];én Az _ _ ] ’
1 27.7 27.5422 0.1578 0.1270 5 .
2 -30. 1 29.1972 0.9028 0.7266 ',:' =h o
3 20.5 21.2309 --0.7309 —0.5882 H :'
4 | 262 | 259322 0.2678 0.2155 D,
5 21.7 22.5155 -0.8155 —0.6563 »r . )
6 | 31.8 31.3988 0.4012 0.3289 <]
7 | 29.5 | 29.2764 0.2236 0. 1800 . -tk
8 26.4 26.5264 —0.1264 —0.1018 .
9 30.0 29. 8166 0. 1834 0. 1476
10 | 34.8 | 351834 | —0.3834 | —0.3086 " - e - - -
11 15.8 16. 9032 —1.1032 —0.8879 Entimate
12 16.3 14.6349 1.6651 1. 3401 Fig. 5. Relationship between estimate and observ-
13 16.5 17.5052 —1.0052 ~0. 8090 ation of warmth rectaining propertics by
M | 16.8 17.1859 | —0.3859 —0.3106 thickness, porosity, packing density, ther-
15 17.3 18.4475 —1.1475 —0.9236 mal conductivity and moisture regain,
16 14.5 13.9344 0.5656 0. 4552
17 | 16.0 17.6608 | —1.6608 —1.3367 = WESGE o FAN 1%9) & 3.9001 22 fEkx
18 | 18.8 21.8206 | —3.0206 —-2.4311 4 1%2 1% 7% et
19 17.9 16. 4881 1.4119 1.1363 aela fRidzke] MMia R sEde Table 1344} v}
20 13.6 11.7892 1.8108 1.4574 ebigl o] T g4LE By MiEe Fie. 59 At
21 | 19.4 20.6813 | —1.2814 ~1.0313 3 oj$ T2 R} walch
22 20.9 22.2233 —1.3233 —1.0650
23 | 23.0 23.3504 | —0.3504 —0.2820 6. REHIY FH, KILK, FRBE, HBHYK,
24 25.5 23.7021 -1.7979 1.4470 Kxpm 9l E%iﬁa@ﬁigiﬂl B
25 25.8 24. 9452 0. 8548 0. 6880
26 | 22.4 20.8978 1.5022 1.2091 ape REANE EBBKE T4 ), ALK
27 19.7 19.4620 0. 23.80 0.1916 T (X)), FERUEBEE (L), EAMEMTIE (X)), A6 B B
28 | 24.7 | 23.3878 1.3122 1.0561  #AEX)S BrBNe st RERFNE T
29 | 16.8 | 17.3375 | —0.5375 | -0.4326 © g 3L A4 4 Yz o] Kol MIMHRE
30 24.2 23.6231 "0.5769 0.4643 0.95882 »}-§ = muﬂua%ﬂ, ﬂﬂ"‘-

ol 73%9] Vi Table 129} 7lstes| Flt
9. 3ol HibPE(S,24)8) F Aol whebd A1R8AM 1%

Y =0.7583+17.2343 X, +0. 1196 X,+28. 8830 X,
—1.8336 X4 +0. 0187 X5 +0.0004 X +-evoeo (13)
ol 798} SNs)hiFes Table 149F ztokesl Flt

— 24 —
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Table 12. ANOVA table for warmth retaining properties by thickness, porosity, packing density,
thermal conductivity and moisture regain

Source of variation | Sum of squares ﬁii&z;of i Mean squares F-value F(o.01)
Regression 898.7714 5 179. 7543 111.9287 3.90 _
Error 38.5433 24 1. 6060 ~— -

Total 037.3147 | — ] - —
Table 13. Observations, estimates and residuals of 0

warmth retaining properties by thickness,

porosity, packing density, thermal con-

ductivity and moisture regain 35 .

S| stton | Estimate | Resiqual |Jormal -

1 | 2n.7 27.5106 0. 1894 0. 1495 5 &
2 | 30.1 | 20.2627 0.8373 0.6607  § 5| s
3 | 205 | 212864 | —0.768¢ | —0.6064 & T,
4| 26.2 | 259770 0.2230 0.1760 S
5 [ 21.7 | 22.6689 | —0.9688 | —0.7645 2 -
6 | 31.8 | 31.4030 0.3970 0.3133 e
7 | 20.5 | 29.2405 0.2595 0.2048 A
8 | 26.4 26.5511 | —0.1511 —0.1193 .
9 | 30.0 29.8274 0.1726 0.1362
10 | 34.8 35.1293 | —0.3293 —0.2598 * i ] = = - .
11 15.8 16. 8790 —1.0790 —0.8514 Entimate
12 16.3 14. 6261 1.6739 1.3209 ‘ig. 6. Relationship between estimate and observ-
13 16.5 17. 4806 —0. 9806 —0.7738 ati.on of warmth retaining prope.rties by
14 16.8 17. 1981 —0.3981 —0.3141 thxc:mess:i po.ro.sity, p:.icking den.slty, dth?_
15 17.3 18. 4616 —1.1616 —0.9166 ;r:rameiobr;“l;?t.lvxty, moisture regain and air
16 | 14.5 13.9134 0.5866 0. 4629
17 | 16.0 17.6341 | —1.6341 “L28M on e frmad e
B e | o TR e i) WO S N Tl 15al ot
20 | 13.6 11.8071 1.7929 Laig  risles o siRE FURY MR e Tie. 63k 3sk
21 | 104 | 2006971 | —1.2071 | _ilo235 L M F MRE melch
22 20.9 22. 2051 —1.3051 —1.0299
23 | 23.0 23.3235 —0.3235 —~0.2553 V. & A
24 | 25.5 23.7256 1.7744 1. 4002
25 25.8 24. 9020 0. 8980 0. 7086 el Rt ol sk Bgtel A: fiipel S,
26 | 22.4 20. 8698 1.5302 1.2075 RALE, oWy, IMEME, Ao 9 SHHERES
27 19.7 19. 4806 0.2194 0.1731 sk o o) MRS HIVBMYLZ Sha R o
28 24.7 23.3875 1.3125 1. 0357 L7 P& B d9r)
29 } 16.8 | 17.3162 | —0.5162 | —0.4074 L e RS EBRNE S (), $
0 | Mz | 586 | 0611 | 04872 o g, S WIUE R KMEEO), T

o} gkl NINIE(6,23)8) F53Aicl ohebal iRtk 1%
2 BEIgE vk FAMN 192 el .71 fabgrg

S} FILEESE FEREE F AT, FAe #AL
el FERUWIES) PIDIIE 3 K A(Xs), ol 2k SATL
22} Fetdr el sy R o} KA o TEFGHRNE (X)
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Table 14. ANOVA table for warmth retaining properties by thickness, porosity, packing density,
thermal conductivity, moisture regain and air permeability

|

Source of variation | Sum of squares flﬁi{lzin“ Mean squares’ F.value F(0.01)
Regression 808. 7280 6 149, 7880 89. 2829 3.71
Error 33.5866 23 1.6777 - —
Total 937. 3146 29 - — —_
Table 15. Observation, estimates and residuals of 1) Y=1.6005+46.8174 X,
warm'th retaini.ng prope.rties by thickness, (R=0. 9487)
porosity, packing density, thermal con- 2) Y=—1 -
ductivity, moisture regain and air perm- =~ 1.4187+26.5072 X, +0. 2055 X,
eability (R=0.9704)
o N l 3) Y==-3.6908+17.4482 X;+0.1782 X,
serv- H H orma
sm“’ € ation Estimate | Residual | o l%0 +28.3243 X4
(R=0.9756)
1 27.7 27.4949 0.2051 0. 1583 4) Y=0.9202+16. 9553 X, +0. 1167 X
2 | 30.1 29. 2721 0.8279 0.6392 o : e :
3| 205 | 202542 | —0.7542 | —0.5823 +30.3577 %, + 1. 8884 X4
4 | 26.2 | 25.9663 0.2337 0. 1804 (R=0.9792)
5 21.7 22.6542 —0.9542 —0.7357 5) Y="0.9353+17.2266 X;+0.1177 X,
6 31.8 31.45¢52 v. 3438 0. 2654 +28.9821 X3—1.8302 %,+0.0151 X4
7 29.5 29.2426 0.2574 0.1987 (R=10.9792)
g 1 264 26.5521 | —0.1521 —0. 175 6) Y =-0.7583+ 17. 2343 X, + 0. 1196 X5+ 28. 8830 X,
9 | 30.0 | 29.8167 0.1533 0. 1181 —1.8336 X4-H0. 0187 X4+ 0. 0004 X,
10 I:: Z 35. 1236 —'(1). ?él:(l) —0. 2493 (R+0.9792)
. 0.1 -1 —0. ; -, ~ " e i
o L iea | trero | iemo | hoac o bunel TAAsk SEUE 9 RNEME BEE W
v * * M o T Zhn 'Y - B AT o] MBS
13 16.5 17. 4147 —0.9147 —0.7062 ]rui—lh'";\o“” }i‘t”n’,&’ 7’\‘-5)"6‘ ’ !;_fl:?i.ﬂlﬂ ) "] ‘o/-k-( i
14 16.8 17. 2202 —0.4202 —0.3244 méked = {REEe] plR] = RS Zekxl =LA el
15 17.3 18.4048 | —1.1048 —0.8530 wlelA] fipel T, ALY 9 ERWRE BUE
16 | 145 | 13.9249 0.5751 0.4440  3hE TGN
17 16.0 17. 6568 -—1.6557 —1.2783 . Y=—3. 6908+l7. 4482 l;+0. 1782 12"’28. 3243 xs
18 18.8 21.7668 —2.9668 —2. 2.906 o] FJiHte] zx}. -
29 17.9 16.4503 1.4497 1.1193
20 13.6 11.8404 1.7596 1.3585 B # o B
21 19.4 20. 7097 - 1.3097 ~1.0111
22 | 20.9 22.2355 | —1.3355 | —1.0311 o
23 23.0 23.3186 —0.3186 —0. 2460 1) C.H. Lees, On the thermal conductivities of
24 25.5 23,7250 1.7750 1.3704 single and mixed solids and liquids and their
25 25.8 24. 8850 0.9141 0.7057 variation with temperature, Phil. Trans. Roy.
26 | 22.4 | 20.8285 1.5715 1.2133 Soc., 191, 399~440, (1898).
27 19.7 19. 4991 0.2009 0. 1551 2) C.D. Niven and J.D.- Babbit, On the heat
28 24.7 23.3739 1.3211 1.0200 transmission of textile fabrics, J. Text. Inst.,
29 16.8 17.3257 -~0.5257 —0.4059 29, 161~172, (1938).
30 | 24.2 23.5610 0. 6390 0.4934 3) F.T. Peirce and W.H. Rees, Transmission of

E BYBee shdl 4 ) femmste ob-gsk astel

beat through textile f{abrics, J. Text. Inst., 37,
181~204, (1940).
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