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Evaluation of Thermal and Heat-Moisture Comfort
Performance of Knit Sportswear Fabric

YAO Fanggin', FANG Liying **
(1. School of Fashion Design and Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China;2. School of
International Education, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract ; In order to provide a selection basis of knit sportswear fabrics, 20 kinds of sportwear fabrics were selected, the
basic structural parameters and the main indicators of thermal and moisture comfort performance were tested, and the gray
cluster analysis method and principal component analysis method were used to explore the affecting factors. A comprehen-
sive evaluation formula was established to obtain factor weights and comparison rankings. The research results show that,
thickness, areal density, and total fabric density have significant effects on the thermal and moisture comfort. The 10
physical indicators can be summarized into 3 main components, namely: moisture transfer, heat transfer and permeability.

Among them, wicking height, moisture permeability and air permeability have a greater impact on the thermal and moisture

comfort under high temperature conditions.

Discussing the pros and cons of thermal and wet comfort of fabrics can provide

a theoretical basis for design and consumers to purchase sportswear products.

Key words : sportswear fabric , knitting, heat-moisture comfort, grey clustering, principal components analysis
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Tab.1 Specifications of fabrics

T/ P&/ MR TR/

o S /em)  (R/em)  (B/ad)  (gat) mm AZEH
1* il 24 9 216 218 0.65 WA 8L
2" m(Kez):m( i) =60:40 23 11 253 184 0.48 L £
go MR MBI m()im(BIE) = 1 176 319 0.63  WBL

38:37:18:7
4* m( ) :m (L) =81:19 13 5 65 349 1.39 253
5" m(HR) :m (L) =74:26 22 176 161 0.40 5
6" m(TA%) m(FhE) =60:40 26 9 234 149 0.39 45
7* m(Je ) :m(Z4) =88:12 30 12 360 160 0.33 W 8L
8" m(Jek):m(BL) =85:15 29 12 348 178 0.38  MERAE
9* m(JeJ) :m(&E4) =80:20 40 12 480 90 0.27 7 -
10" m(Jek) :m(BL) =77:23 30 14 420 220 0.64 W 2L
11" m (&%) m(FE) =65:35 19 7 133 179 0.45 7 -
127 Bg 21 10 210 140 0.37 W &
13* B 18 9 162 163 0.60 Ty PIHR
14* TN 21 9 189 174 0.57  MEHigHL
15" woy 17 8 136 167 0.46  HLMIEAE
16 COOLDRY 21 10 210 149 0.54  MEHAHL
17" TOPCOOL 22 8 176 175 0.57  FRHuMHR
18* COOLPASS 23 8 184 152 0.56  WEEiZH
19* COOLMAX 19 9 171 138 0.59  BRHLMHR
20*  m(COOLMAX):m( COOLPASS) =50:50 17 9 153 126 0.54  TRHuMHR

Fa17,57,6%,77 107 117,127 137 147 157 28 3o W 15 ok S B T R
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B A B FE bR A [ IR EE (25 £2) °C L, AH
XTHERE (65 £3) % | HIRIEIR % N E 24 h,
1.2.1 @HREEENK 208 GB 1048—1989
(G IR EREIR I T ) " R A R IR
S, B AR TR 3 AN URE , TH 3 AR R AL A
1.2.2  @m#t 4w &gl X R GB/T
35263—2017( 25 2 i 42 fish 15 1) ¢ J2% 1 g g A 000 0
PO T SR P i v 1R SR A S 3 3 R A
TR AEIRRE A R IR AE 2 S5 AN B, B 1
18, A UR R 2L
1.2.3 @##F AKX S GB/T 5453—1997
(Giglh B  B SAEI I E ) Y SR B S I ik
AR A3 AR Rl — R AN [R]85 2 42

FE 10 R, BCFIE

1.2.4 @#twe#mfaX  MRYPs GB/T 9995—1997
CHi 8L RE & K 2R [ml ) 22 0 I ML 48 T+ %
PRV SR P XU A TR, I R i Jal
1.2.5 @m#-FEEK S FZ/T 01071—2008
(Gig S BN IR T ) 1, SR A Bk
JEE TS AT LI R P Y A e g B P TR 3
ANRRE 28 (2) R AT I s B BT M8
1.2.6 @AtEEEMNK S GB/T 12704—1991
(BRI E I vk EmAEY T R Y 5
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Tab.2 Testing results of fabrics heat-moisture comfort performances

B R 1???5&;%%5(/ Tﬁﬁﬂ{‘{i@%ﬁ/ BRI/ 1% S R/ mm Jé‘&ﬁ:i/
(W/m” + C) (W/em”) (mm/s) 251n] 2w (g/m” + h)
1" 19.38 34.69 0.130 342 5.16 159.6 142.9 561.394
2f 12.50 57.62 0.133 540 7.00 22.6 22.6 550. 602
37 12.81 56.47 0.147 87 5.06 81.8 90.5 456.476
4* 29.24 19.91 0.117 272 3.45 78.7 89.8 467.091
5* 12.41 58.09 0.143 585 3.75 144.2 114.6 534.678
6* 9.83 75.51 0.152 656 4.35 119.7 109.9 599.788
7" 11.49 63.40 0. 181 79 1.90 143.2 155.3 561.217
8" 6.23 123.90 0.210 650 1.85 87.5 106. 4 640. 481
9* 7.95 95.30 0.172 608 1.88 18.4 17.4 527.601
10* 17.32 38.21 0.116 85 1.98 151.1 143.3 541.401
1 18.02 37.43 0.114 839 2.94 149.2 135.2 674.452
12* 11.44 63.90 0.128 901 0.19 169.4 131.9 665.782
13* 16.73 40.95 0.096 1383 0.10 148.7 145.6 593.418
14* 16.32 41.07 0. 106 1523 0.27 195.0 174.2 703. 468
15* 13.15 53.69 0.122 1833 0.39 181.6 148.2 726. 822
16 17.97 37.12 0. 100 1190 0.41 164.9 158.9 541.401
17* 15.99 42.70 0.099 936 0.33 204.2 197.8 652.512
18" 16. 14 41.60 0.098 1340 0.23 210.1 197.7 734.607
19* 17.36 38. 14 0.084 971 0.14 208.0 194.6 709. 483
20* 15.38 44.28 0. 085 1280 0.24 224.6 197.2 645.081
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Tab.3 Interval of whiting of grey number

X

BR L o by (1) k(%)
Hbi

N, [1.282.2.144] [0.718,1.282] [0.453,0.718]
N, [1.326,2.3297 [0.674,1.326] [0.374,0.674]
N, [1.166.1.658] [0.834,1.166] [0.663,0.834]
N, [1.363,2.277] [0.637,1.363] [0.098,0.637]
N, [1.553.3.364] [0.447,1.553] [0.048,0.447]
N, [1.240,1.569] [0.760,1.240] [0.129,0.760]
N, [1.225,1.479] [0.775,1.225] [0.130,0.775]
Ny [1.077,1.215] [0.923,1.077] [0.755,0.923]

3) 5 LRIAR R j ARKIER) AL PR
4) s AR B, B J 3808 b T2 SHE
A SR IAUE

AL
77; =7 : L ° (2)
j;)\f

S ) HUE LRSI T @ XERR T § R
SR G REFH
ol =S e 3)
AR S T 45 ot 2R BB, o ff
B R T A AR
R P e s P Ly
i

0.382  0.434 0.299
0.301 0.185 0.660
0.295 0.129 0.775
0.136  0.225 0.784
0.169 0.605 0.373
0.225 0.657 0.183
0.076  0.597 0.326
0.058 0.610 0.270

0 0.339 0.737

o = 0.057 0.590 0.394 (4)
1710231 0.747 0 ’

0.208 0.536 0.111
0.253 0.533 0.146
0.658 0.049 0.106
0.527 0.206 0.106
0.283 0.372 0.337
0.458 0.251 0.106
0.657 0.038 0.106
0.533 0.150 0.16
0.561 0.164 0.106

R B2 g — 371 ) i A {1 DR TR RO T A P g T
M BT IE (R 2%

Mt (4) 7T LLAE W, G867 18 Pk 68 0 b T
“ChpT R T RN A 14%,15%,17%,18%,19%,20%; b F
o R TERNG 17,57 6%, 77,87 107,117,127 13",
16" 4b T 25" B LR A 27,37 ,47 9" A dr Rk
SER AT, PRETE P BEAL T A A TR A
W R HETT 2T e TR, 76 167 ~ 207 R HE VT 27 4 1 b
H, 177,187 197,20 Ay IR &7 36 Pk AE -, 1M 167 A3
EREPEREA XA 22, X 2 i T 16" THDRLAY B A
(210 PE/em®) | JEE AR (0. 54 mm) | X 86N &
SR T TR AL o 1 R DT B T A 1 B
B TR PIRETE PEREAL T 227 R4 0% T BE 3 1R
MR tERE, Hrp 2,37 47 i} A SRR | T 2 AR AR
Ko BULATUAE BB 0% B S5 S
B, X DR PO AT 3 R R R K
2.2 ERHHH

IR R R I, RaE e &5
Br, LU BB AE 45 18 b5 T B RAE & A ], AR
SMERR S 24 11 B — TG AR AR H R R A A7 35 M R
LEATEMY, DR B2 30 2 32 o o T vk X S A T
CEATEMY , ARA5 52 PR 22 19 PR AR R A% T R A
EFEVERERIE S HEFE "

221 2&2¥wmBEEIoN  HKEORESE
T, TR ) 5 K 2 B0 PG AT A8 T E B R IR AR K,
PRI S P TR R B | TR L R S AR IR
F A R R B B R R AR PR AT A M AR S B R 1
FIFEARIEAT 43T, 42 KMO BEA I BE 4G 56,
5%] KMO {Ei>4 0.730, KF 0. 5, IR A RS &
YERF4387. 1€ SPSS # A4 rh Al FH 2 543 o B i 4
BUA T, 05 22 5imkoR L BT 2 iR R IEAE
FIERE J5 19 1843 6 B, 9 3 2o 153045 B RR A 1] o,
iR E 4~ %6,
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Tab.4 Total variance interpretation

— N
fﬁiﬁ RRAEGE 972 BEIRR/ % jg;f
Z, 4. 671 46. 708 46.708
Z, 2.997 29. 965 76. 673
Z, 0.772 7.724 84. 397
Z, 0. 580 5.796 90. 193
Z, 0. 502 5.022 95.216
Z, 0.224 2.242 97.457
Z, 0. 104 1. 041 98. 498
Z 0.073 0.734 99.232
Zy 0. 059 0. 594 99. 826
Zy 0.017 0.174 100. 000
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Tab.5 Components after orthogonal rotated

B B 5
18 tr 1 5 3
PN e s 0.924  -0.181  0.189
25 [a) S v 0.903  -0.165  0.300
[7] ] -0.742  -0.164 -0.374
JELRE -0.051  -0.878 =-0.219
TR FEL -0.419 0.815  0.019
%y -0.087 0.770 -0.503
THI % -0.326  -0.723 -0.443
e U R B -0.551 0.608 -0.352
HERR 0.352  -0.008  0.893
BT 0.523 0.200  0.703
Fx6 HERE
Tab.6 Eigenvectors
. B 5
18 | 5 3

Za ] B (X)) 0. 426 0.015 0.328
g s B (X)) 0.407 -0.010 0. 438
U RE(X,)  -0.364 0.242 0. 042

BRR(X,) 0. 361 0.164 —0.549
i (X5) 0. 349 0.258 -0.224
IR (X ) -0.348 -0.198 -0.212
JERE(X,) 0.029 -0.522 -0.003
TH BE (Xy) -0.148 -0.491 0. 034
IR E(X,) -0.245 0.425 -0.157
B (X)) -0.254 0.336 0.527

34 D7 MR, F5 Z,,2,,2, 1)
T L TR R4 46. 708% ,29. 965% ,7. 724% ,
H BRI 2 TR A F] 84.397% |, HUEEEL 3 A
gye WS ATLUE L, 10 AN ERFE AR 0T LUE YA 3
A FERGT: FRST 1 IRAG R R T, AL 2 )t
JE 8 e B R FE A 2 VR R T
ALFG IR AL IR B R R i R R
B B 3 MBS RN, USRI,
FLr WAL PR 0 PO B A 1 R S A R R, LK
JEPE IR RE AR N . ARYEER 6 RE RS
R RA

Z, =0.426X, +0.407X, —0. 364X, +0. 361X, +
0.349X, —0. 348X, +0. 029X, —0. 148X,
—0.245X, —0.254X,, ;

Z, =0.015X, —0. 010X, +0. 242X, +0. 164X, +
0.258X, —0. 198X, —0. 522X, 0. 491X, +
0.452X, +0.336X,, ;

Z, =0.328X, +0.438X, +0. 042X, —0. 549X, —
0.224X, 0. 212X, —0. 003X, +0. 034X, —

0. 157X, +0.527X,, .
MR Z,, 72, , Zy 43 87 225 DTk R 09 L g mT

DU
46.708% . 29.965% .  7.724%
2 =84.397% 71 *84.397% 2> T 84.397% % °

XFFEAR RBOHEAT 0 — A AL PRAT B FE PR A, B
w7,
x7 EENE
Tab.7 Index weight

& W OE
ANy E= 0.178
e HRN T 0.175
el U R AL 0.059
B 0.158
BT 0.175
] ] 0.006
JEERE 0.041
A% 0.015
TEIMFREL 0.094

SRR 0.102

FER 7 AT LU Y, 52 0 TR R PR & 5 7 e Y B
FACE KB AMEIR Ny - S a0 0 = B > B R & =
i B > ERR > DR > IR E > 12
fi PR R B > JRIE > R > [l
2.2.2 @AtEeEHEs  RIETE A XIS F T
BHPGRETIEPERE /M, 255 - H A 1 R | TR
&3k 5B AL S AN 2 Fs .

& 1 AT LA 3] TR RO 57 38 1 e A 45 43 HE
F.18% >20" > 19 > 15" > 14* > 17" > 12 > 13" > 16"
>11">7">8" >6" >5" >10" > 1 > 9" > 2" > 3% >
4", GERG IR RIS AN — B, B IR IE T % &
AT VA AR 1) A Pk

| Tl

Iﬂmmﬂglﬂ

'
w

F o 3456 F & FIFIFIZIFIFIFI617 819720
Tk 2w
E1 EMESEEEEEES
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Fig.1 Score of thermal wet comfort of the fabric
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Fig.2 Principal component score chart of 20 fabrics

HIE L AT DL Y, W I T 2F 4 1k (167 ~
20%) [ FAE BT 48 T BB AS A3 Foe L YR TEDRF (117 ~
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MR IEPEBE R AL R O T HERR R | R LB
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A 2,85 20 FHDRHE BRI AL 3 | P L 3 g
TR 328 AT R E
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W HETT2F 4E TR, 20 214548 35 S IR 20 21, 1R A%
EBRE AR R, B 3 BE ) AR, BEAT RO AR
KAEIE 3l 5 77 A8 B B I A% 3 3 TR} 9 41 3
T, DR B2 JER 3 T A DR T 3, 3 T T 8 AR5
s s 35 7 2 K T i, TR R i A
MR T . Hoh, 187,197, 207 WG Y Hk v £ 4 1h
RER I ML, & W E iz S IR Ay & AR

2)11%,12% 137 16"l 17" ¥4 45 TR AN 1 41
TFEF TR, B I 15 3 BE T AR A, RE TR §5
AN RAF R3O 38, 0 5 il s s ik,
1,117,137, 16% 17" G b PERBEON T, 1340 16
0 2o, 12" (B PERE AT S Haii 1, W AR T3
e TR, HLE Y JE R | T B AR %2R ) v AT 2
/N o PRI, AT LA T Ao o R v IR T R Y

3)1%,5%,6%, 7K1 10" o ffi AR IR 25 N 48/ b i
RIS/ B R D5 R, WAL 14 B8 ) — i, Puf%e

SN A B T8 0 R 7 A b o LA R e £
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2) 4 R H 5 5 BN AT I8 M RE B 4
HEAT WA 4007 10 AR B T 48 3
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3) 3k 20 FZ S AU 0 H 4718 1 Al
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