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Thermal Comfort of the Sports/Leisure Clothing with the Heat Storage/Reflection Function
- Wearing Evaluation under the Condition of 0+1°C and 50+5% RH -

Tae-Gyou Kim', Min Kyu Songl), Chang Min Lee”, and Oh Kyung Kwon?

Dept. of K-Fashion Design, Daegu Arts University, Daegu, Korea
)Korea Textile Development Institute; Daegu, Korea
IBS.G Co., Lid R&D Center; Daegu, Korea

Abstract: For this study, we developed clothing in which textile materials that were excellent weather control function
for the cold environment and we performed the human subject test with developed clothing to determine the thermal
comfort. We used 2 clothing samples developed (A and B, hollow yarn+moisture absorption/quick drying yarn, 3 layers,
high stretchable, heat reflection film and lamination treated) and a control sample (Ctrl.) for the human subject test and
8 adult males were used as a human subjects and environmental conditions of chamber were 0+1°C. 50+5%RH, 0.3m/
sec. The results were as follows: The average skin temperature and hand, thigh temperature of B were higher than B
and Ctrl. (p<.05). The micro-climates of B were near to thermal comfort range which is 32+1°C and 50+10% RH. The
chest temperature of B was significantly higher than others (»<.05). The relative humidity of B was lower than others
and kept stable rather than others. The thermal sensation of B was near the “neutral” and was significantly different from
Ctrl. (p<.01) and the weight loss of B was lower than Ctrl. (<.05). The counting task and hand temperature was pos-
itively related and the counting task value of B and A is bigger than Ctrl. and that of A was bigger than Ctrl. (p<.05).

Key words: thermal comfort (<& #24]), wearing evaluation (2+2]%7}), sports wear (Z=3=%]9]), leisure clothing (&

&), clod environment (3 33%73)
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Table 1. Physical properties of samples

4EF 188l st &AEA, HeE(co) & 2AKSize
100, 2+ 159 32k] H#)g A4S Table 19 LERNATH

olufe] B28.e MHrRYZI(MTNW-Huey, MTNW)S ©]&
sle] oo AR (H2E)E 43It

=249 A3 AvRdE S A7 305~1,113g, A=7}
193~395g, HEA7} 265~633gS] BRI E HPoH, HeH clo=
A 0.85~2.22, =7} 0.68~0.82, BHAI7} 0.67~0.892] *H ol
AT

oESH B o& B2 7ho] JAAAE M A3 A
A22A (Y=0.254894x0.000172y, R2—0.729, p<00D)E Holm,
SESFo] =5FE &Y BeHo
Kwon(2008)¢] d7-d#et 548 2& & + U3tk

if

ol Bx
o} v BT B

Z¥ell ol Ajzlel oy

He BxE 7K

= & Ao=Z AEth(Lee et al., 2008).

J7~J102] 7S He#o] 135-222 clo

FFOZ e B

. .. .. Fabric count ,CIOthl.ng Clothing  Thickness Air permeability
Sample No Model design Composition (lining) warp x weft insulation . 2, .
. weight (mm) (cm/cm”/min)
(number/in) (clo)
J1 Nylon 100% (-) 156 X 104 0.845 0.305 0.48 14.50
2 PET100% (-) 138 X 112 0.864 0.384 0.62 18.82
Nylon 100%
184 X 1 .9 412 . .
I3 (Pet 100% mash) 8 70 0.950 0 0.86 33.66
PET100%
4 179 X 103 0.791 0.481 1.57 16.30
. (Nylon100%)
J5 . PET 100% 141 X 102 0.882 0.542 0.92 9.35
) i1 |
Jackets —_—
J6 ;% PET 91% PU 9% 162 X 76 0.847 0.542 1.83 19.13
[ Nylon 100%
17 (Nylon 100%, PET 100% 167 X 138 1.393 0.573 3823 19.84
i i Filler)
; polyester 100%
J8 m (PET 100% Polapolis inner) 238 X 126 1.371 1.307 32.00 24.00
PET 100%
J9 * (PET 100%, PET 100% 249 X 91 1.985 0.875 42.01 20.87
At s | Filler)
PET 100%
0,
110 (PET 100%, Dock Down 5, o 2224 1113 67.03 22,04

80%+Dock feather 20%

" o Filler)
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Table 1. Physical properties of samples (continued)

PET 90%
S1 ! PU 10% - 0.691 0.193 0.66 5430.00
0,
S2 i P[l::g 910//0 - 0.685 0.252 0.71 2658.00
o
Shirts
; PET 90%
S3 m PU 10% - 0.825 0.375 0.82 1741.60
] »
PET 94%
4 - .82 . .94 2.
S i PU 6% 0.826 0.395 0.9: 562.88
PET 88%
P1 94 X 95 0.667 0.265 0.51 178.80
? PU 12%
PET 90%
P2 118 X 11 72! 392 .64 285.
' PU 5% 8 8 0.729 0.39 0.6: 85.00
Pants
PET 95%
P3 138 X 50 0.893 0.492 0.82 83.40
r PU 5%
Nylon 85%
P4 PU 15% 124 X 91 0.882 0.633 0.88 87.60
PET 100%(Back)

X5 7L o] = S EPlo R o wehgcl BloR
T} )7, 19, J102 ABle] EE A7 Alolol] FXIAY
(polyester staple fiber =& $-R)7} E0j7F AlFolH, 18 U
72 FeHEE] X (polapolis)E 285t WHaHAE U AF
o2 P UATE. olof] B AFelM= TEIA el dl
gk GES 2] 9% Ao 2 HaAIEe R J8 AFleR M3}

zte]l 20 FZAME 71E HAE AZQ] Table 19] I8(Cul.)
7l A, BEA F 3502 PRI, 1

2o 223 hFig. 1).
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Table 2. Multi layer structure of jacket

Middle layer
(polapolis)

Polyester 100% Warp - Weft 75D(DTY)

Inner layer
(laminate coating)

Outer layer

Jacket .
acke (function yarn)

Ctrl. -

(polapolis) Normal polyester
Warp : 50D(DTY)
A Reflection Polyester 100% Heat storage polyester
coating (polapolis)  Weft : 50D(DTY)
Normal polyester
B Reflection Polyester 100% Warp - Weft S0D(DTY)
coating (polapolis) Heat storage polyester

o} AjZL Abole] & &%), counting task(counters/15sec),
A7, 28, F84, ATHEeE 55 AAsITh
FH-2%= £79717] LT-8A(Gram Corporation, Japan)S A}
£3t9oH, 17 7H402 A& 7IS39 o, Hady &
Dubois®] 78 =AW o]&3}9] o]vl(forehead), 2
(forearm), <=%-(hand), &-7-2](trunk), THE (thigh), 315 (leg), &
S(footys SN, FHHF-2=(Ty )= thael 2oz
T3tk T, =0.07 Thead+0.35 Ttrunk+0.14 Tarms+0.05

Ensemble weight(g) 1,607 1,681 1,570
Ensemble clo 2.08 1.98 1.92

Fig. 1. Clothing cronditions.
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Thand+0.19 Tthigh+0.13 Tleg+0.07 Tfoot

AE W 71¥= 71 T FRlolA FFeh M=o Aolg}
Mzs} Azl AtolE AElH AAAAS E7] f8 SAsAS
w, 48 717] Thermo Recorder(Gram Corporation, Japan)
£ olg3le 2FEE 1E AL E 7|E3IG

a3tEe o1zl A Mettler Toledo ID3(H: OOOlkg,
Germany)S AR&-3te] 9|zte] A3 Heo ATvistds &
Al 2 xpo|2HE AF A FH(Body weight lossyS A
om o]RAE & WslEko 2 )

Counting taske= e SHgollA T2A74¢] wist 5l &
i HAEE HHoz wds| Q8 AaEglen,
£ 3 &0 % A4 (handtally counter, FH-101, Togoshi,
Japan counter)& ARME-3lS] 15% &<t 7Fes & wiEA 97
&71e 2 71eE ] HES EXITH(Tanaka et al,, 1983).
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Fig. 2. Measurement protocol.
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0~ Rest | Excise | Recovery |

10 15 ZU 25 30 35 40 45 50 55 60 65 70 75 80

A Mean Skin temperature(°C)

4.5 9 =e=Ctrl. =S=A —2=8

Time(min)

Fig. 3. Change in A mean skin temperature.
* Ctrl. significantly (p<.05) different from B, n=8

2 458 (LE 152)M Cul. 25.8£1.3°C, A 25.6+1.5°C, B
26.1£14°CE Ctrl. 3t B7} 598 (p<05)22 2}olE Homn,
A A7 508, 605, 7050lE B3 Fo)37t et A
Y A 37l SloiA B7E 7P ESkem, A>Cul. o2 Ay
FTEANONE Culd BAlole] zlels FRH R ARE He F
I 1°C A& 2=A7}F VERTE

W] R FATE-20] QHEH|E9] Hto| wE Ao
22 w4 7ke] ZolE A Ey] 98, Fig. 4AE S55-919]

IHLES Fig 4Bye e F9)9] IRem] g FAw
8= A sk

% 9 30.2+0.1°C oM AIZHEE x|&2F o= 512
= P_O# A FRAFANE 15°CHRE7HA] "ojxlon, the
Lol HWERS ) B 2% dlgke] i) spg vhe 2
= —‘?—ié THRE AR YEoH, &5 g 2% 45
T 3A JERA Tt
2EOF Qg FF9 Wl 4lRAR0] FEEoR <l
el uﬁ'—@w%bl F7ht sl Aoz dElA oy
(Rowell, 1993), gt Fox &5 Uz F9of sd=ar
2z =Y A «l%_faﬁ gEEo] QIR ¢dot, RTFe 5E

35 9(A

=S=Ctrl, =H=A =d=B

Hand Skin temperature(°C)

10 [

Rest I Excise | Recovery |

0 s 101520253035404550555055 107530
Time(min)

Fig. 4. Changes in hand (A) and thigh (B) local skin temperature.
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3, 98 A, Ctl. 202 FFHp<0DeE A9 A gl
AJo|& B} o8 7o) glojA 7hd & )7t et R&
P71 102 (HE Al 60)CE o5 B9 Cul2 719] 5°C
ol AfolE Hol7]%= I3ATHp<.01).

o Fele] wRe-S AW EH(Fig. 4B)), 37K o1& =7
o] Ae] FUslA 30.1£0.1°ColA A Zste] A3 AJZ}F 45-~50
(e 152V 6~7°Ce] sFE Holal o] 20 21
1.5-2°C s & A% T8 A7 Aoz eyt

o8 27 71 AFE AuEd AY AFs A A9 F
gk TPz g Ho|i glot, AY 20%5E o8 7he] Az}
7 YRt 9o, Cul3 BE AF A 208004 4087t

A, Cul#} AXtel= 55ETE A T2 AT 1214 (p<.05)

9l 2JolE HAFT glom, A9} B APojdls FRIE HolA|
2ok

ot VR mEA BE AL w2 AEEMX 79
2 Ae] A7l Algd 1

8ol B Sl slow
e} B sl 2919l Fokel RS wF Relolre o
7r9) FroIRRe WA sk
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Fig. 5= 98 W 7|5 dist 245 vepd F0= 7%
3o el Mz Atole] 2w A(A), 715 F919 A
zo} AZL Afole] LE(B), 7K F-9lo] FHe} M= Afo]9]
FE(C), T 919 M=} A Alele] FE(D)0] 7+ & =
Ao gk zefazolr}.

Rel Mz Alele] 7k F9jo] 2% WHlE) A(Fig 5(A))
< AFEW AN FE A 9] cul. & 3°C 3,
A8} BE +04°C Atololla] S| #HUT

dukdoz Uzl & Y HHm= 32+1°CEA A A
Tkl glo] 9E 27 AE 30.7+0.°C, BE 30.1£0.4, Ctrl2
29.5£1.2°CEA B>A>Chl. 08 #H2 9o 2y 2x S

o

G (B
2. 3p . ===Ctrl. =B~A =B
@
2 3046
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g 29 1
£ 28 1
o 27 -
£ 26 1
W
vl 25 4
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-
23 4
b 5 | Rest | Bxcise | Recovery |
0 5 101520253035404550556‘055?0?580
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* Ctrl. significantly (p<.05) different from B, ** Ctrl. significantly (p<.01) different from B, # Ctrl. significantly (p<.05) different from A, + A.
significantly (p<.05) different from B, ++ A. significantly (p<.01) different from B, »=8
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Mz Alole] 2RI o] BlE) 5-6°C W& BRI A9 A9
HASER Cul& 232420°C, AE 24.1x1.7°C, BE
25.540.8°CE YERH O™, Fig. 5(A)°] Ao Hlsle] %9
Hl= 1.8~5.7°C HAE 7K AUt o= =8} A3l
71571 )R8 77k fixlel o] = 7 0°ce] JIF
ol S =& S & 5 ANTh

= 52 71ELe fAHAl YER}
3o FEEL oE 27 71 Azt JehdE &
Atk AR 15EFE A T8 A7 Culd Be #2lAt
(P<058 Holx glom, Culd Arllo= H¥ 60RolA &
2J2H(p<.05)7t VreRsttt.

Mz} A7 Alol2] 71 (Fig. 5(C)F & H=(Fig. 5(D)=
AMEE RE OB z7o] 40% RHE-ZoIA AlZtsle] A3
AIZE 102714 5~15% 919 3l & AF 458(2-F 15874
A= AL S Holtrt o]F 30% RH oo =
FAHT 45 Hola k. o3 FeS 5o g

3

gl 710% ZAow dAvEH), 2FAET AR 158 A

L Rest | Exeise | Recovery |

0 5 1015202530

A Chest temperature betwe
en Skin and Shirts(°C)

-3 4 ==Ctrl. =A —=—B

70

=
8 T 60
s ®
5 < s0
2%
%‘§40
E o 30
25
*,;\.920
=
2 = 10
U wv
0

0 5 1015 20 25 30 35 40 45 50 55 60 65 70 75 80

Time(min)

el = ATHp<.05).

o) 27 7ke] Holg AWEM, AF A 1587 F
A7F YERA] @gkon), 208%E A A Pkl 9lo)
Ctrl3}+ A, A8} B 7+ F-93Hp<.05 or p<0FLRE 2o
Ho|a itk o& 27 Brh 7P 9 BEE BoH, Cul
I A9 o7 UEPgt

3.3. FXZAZE Counting task, MEZEA2

Fig. 62 2te] 27 ko] 34 ztozal 2v7hA)
A7HB)e] AFHE Ve AoF, 2y7ke oE By} T ¢
E A9 Ctrloll ¥kl A8 Antel] A FY TE wss)
o 2N, A3 Sl 257 108 A E <9
B B7} Crlol] vl F23 (p<.01) o2 FHoll ZH3I

HHZHFig. 6Bl Ao AE A)g Al ZE o8 24
oA FHZ GGelM AFEE AR oFFEAE AT FY
O A5 i, F A dish SES vEeRA doke
o, 3] 7]eol 28t Bzl Ix] gk Zow B 1
guf, A F QIEROA &3 o] Wy} B 543

o]

& WgAEe] 22 Yot

28 1
27 4
26 1@
25 1
24 4
23 1
22 1

Shirts and Jacket(°C)

Chest temperature between

21
P | S S -
0 5 1015 20 25 30 35 40 45 50 55 60 65 70 75 80
Time(min)
f 1 = &=
| A i
80
=
93‘; z 70
8
5"
=5 50
= m
e
E [ =
3 30
T i
¥ E2
m L
@ 10 —=—Ctrl. A —=8
0 I Rest l Extite l Recovery ]

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Fig. 5. Changes in A chest temperature between skin and shirts (A) chest temperature between shirts and jacket (B), chest humidity between shirts and
jacket (C), back humidity between shirts and jacket (D), microclimate within clothing.
* Ctrl. significantly (p<.05) different from B, ** Ctrl. significantly (p<.01) different from B, # Ctrl. significantly (p<.05) different from A, ## Ctrl.
significantly (p<.01) different from A, + A. significantly (p<.05) different from B, n=8
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very 2 [ —=Clhl. =-A—=B
Hot !

Rest | T | Recavery |

0 10 20 30 40 50 60 70 80

(B)

5} -=-Ctil. 8~A—=-B
4

very
uncomfortable

Rest | [ Exgise I Recovery I

0 10 20 30 40 50 60 70 80

Fig. 6. Changes in whole body thermal sensation (A) and comfortable sensation (B).

** Ctrl. significantly (p<.01) different from B

5y

D~ N O™
oo

a

Counting task value
(Counts/15sec.)

(e}
o

-=Ctil. =A =B
. Rest I excise |

o
(%}

Recovery |
0 10 20 30 40 50 60 70 80

Time(min)

a
o

Fig. 7. Changes in counting task value.
* Ctrl. significantly (p<.05) different from B, # Ctrl. significantly (p<.05)
different from A, n=8

o] glo](Spray, 1986), AHA] kol et L7tz F2 e 2
o7} 91& Ao w wetdAr)

e 7oA oy AdElel sl 7ol 2wtto] FF7
WY EN, 27 MESitPd W 238 &9 AHHS 9L
¢ e B (Gagge et al, 1967)¢} 7o) Fig. 5(A)9] ¥
o} Mz Alole] B W L% Fig. 6(A)¢ &WZ3} Fig
6(B)2] A7 5L I & uw o] 21 BE 7l
St Txte] Hgo] T o 27 A9} Culol W] A
ol Ao Fehe)

Fig. 72 ZJAds}o] w2 Counting taske] WIS EPH
Aoz sy oM et Pzt Fake] 9EgS 1+
Koz gt 4 e WH(Kim et al, 2007; Ozaki et al,
2001; Tanaka et al., 1983)°]t}.

I ARE AR, ZAEe] wE slgle] X&EE 3
& 5 olom, &5 F 2] 27 Zhl| Aoyt vepiH, A
3 AHelle A9l B7Y Culoll ¥dke] 72 f93 (p<.05)e
2 2SS Y 5 U

Fig. 82 <% #99] 9%¥-2%=9} Counting taske}e] 2734
Ql MYPYIAE Yehd FO0=Z Fo4 (p<.001)2 4 IA7F b
EROH, Fig. 4(A)Q] 7HF =& &% IF-S X8 e

i)

P

% o

(o3

35 -
(R?=0.62, p<<0.001)

% 30 Y=0.828141X - 44.0457 Qo
5 25
o
§
= 20 4
=
wv
-
g 15
T

10 T T T 1

50 60 70 80 90

Counting task(Counts/15sec)

Fig. 8. Relationships between counting value and hand skin temperature
under the three clothing conditions.

2007
1807
1407
1207
1007
60 1
40 1

Body weight loss(g)

Ctrl. A B

Fig. 9. Change in body weight.
* Ctrl. significantly (p<.05) different from B

Bl Th&t Fig. 79 At Arhe RS & & An
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R Mz Afole 9 ) Fre HAF F=
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- Mz8} AZL Afole] SJEY Tl B7F 2 (p<.05)
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