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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 -
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)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).
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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,
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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)
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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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Fig. 2. Measurement protocol.
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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,
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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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* 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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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 |
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(B)

5} -=-Ctil. 8~A—=-B
4

very
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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™
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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
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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.
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Fig. 9. Change in body weight.
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