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Abstract

An attempt was made to determine individual thermal resistances of 2-lining fabrics ad
4-outer fabrics for Korean-styled clothes, and 4-lining fabrics ad S-outer fabrics for Western-
styled clothes at 19°C and 24°C, The thermal insulation effects for different lining fabrics
in Korean and Western-styled clothes were deduced in determining heart rate, rectal tempe-
rature, mean skin temperature and microclimates of subjects. The subjects were dressed
experimental clothing which were made of lining and outer fabrics in question, and seated
in an environmental chamber during the experiment.

1. Thermal resistances of lining fabrics: For Korean-styled clothes, nylon sheer is larger
than unzosa. For Western-styled clothes, rayon, acetate, nylon(taffeta) and kalkali in that
order.

2. Thermal resistances of lining fabrics combined : with outer fabrics: For Korean-styled
clothes, the measured value is larger than the one of simple aggregate value. But in the
case of Western-styled clothes, the measured value is smaller than simple aggregate value.

3. The effects of lining on the thermal insulation of the whole clothing: In case when
subjects wore unlimited number of underwear, no matter what lining fabrics were used in
Korean and Western-styled clothes less thermal insulation effects were indicated. For the
case, however, if subjects wore only limited underwear, there are significant differences of

thermal insulation between experimental clothings.
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Table 1. Specifications of samples

Thickn-| Fabric count |, . .
Sample Fiber weave (;??n , (en%s5 Z( II1:2():ks/ A(Icrnlfse/rlnrnl?/gnhzt)y Co;gﬁgn Use
A polyester/polyamide! satin| 0.20 439 % 238 2,950 vangdan | outer fabrics
B polyester twill | 0.26 325200 | 17,236 coolan (Korean-styled
c polyester plain| 0.21 235X175 | 2,540 mulsilk clothes)
D polyester/polyamide| satin| 0.25 395 %X 205 1,170 gondan
E polyamide plain| 0.19 195X 115 24,000 over | nylon sheer| lining fabrics
F polyamide plain| 0.12 60X 55 24, 000 over unzosa (korean-styled
clothes)
G polyester plain| 0.12 310X155 | 24,000 over | coolan outer fabrics
H wool twill| 0.46 145% 130 998 gaberdine | (western-styled
I polyester plain| 0.22 250185 | 2,355 mulsilk clothes)
J cotton pile | 1.25 105X 100 1,512 corduroy
K viscose rayon/wool | twill | 0.35 105X 105 1,008 rasa
L polyester plain| 0.16 185%170 | 24,000 over | kalkali lining fabrics
M viscose rayon plain| 0.11 220X 135 2,883 rayon (western-styled
N polyamide plain| 0.12 255X 185 | 1,431 nylon taffeta| Clothes)
O acetate plain| 0.18 205X 145 1,104 acetate
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Table 2. Physical characteristics of subjects
Subject ‘ Sex ] Age(years) [ Height(kg) ‘ Weight(kg) 1 Surface area(m?)
Yw Female 24 162 50 1,528
YO Female 25 160 51 1,527
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Fig. 9-a. Fxperimental clothes(Korean-styled clothes)
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Lining of blouse and skirt

Fig. 2-b. Experimental clothes(Western-styled clothes)
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Table 8, Thermal resistance of samples
Thermal resistance at 24°C (%) Thermal resistance at 19°C(%)
Sample
‘ 1 ’ 2 [ 3 ‘ 4 ‘ mean 1 ! 2 | 3 l 4 ’ meau

A 5.5 5.9 5.3 5.6 5.6b 7.5 7.6 7.8 7.7 7.7
B 4.5 4.6 4.4 4.3 4,5¢ 6.3 6.4 6.1 6.2 6.3
C 4.7 4.6 4.6 4.8 4,7¢ 6.8 6.5 6.6 6.7 6.7a
D 6.1 6.9 6.0 6.4 6.4a 9.1 9.3 9.0 9.1 9.1
E 0.3 0.1 0.1 0.2 0.2d 0.5 0.6 0.4 0.5 0.5
F 0.1 0.0 0.1 0.0 0.1d 0.4 0.3 0.2 0.2 0.3
G l 45| 50 | 46| a8 4.7¢ 6.5 | 64 | 66 | 67 6.6ab
H 8.2 8.3 8.3 8.5 8.3 11.4 11.7 11.6 1.5 11.6
I 4,5 4.6 4.4 4.7 4.6¢ 6.5 6.4 6.4 6.3 6.4¢
J 10.8 9.7 9.9 10.0 10.1 14.2 14.0 14.1 14.0 14.1
K 6.0 6.3 6.2 6.4 6.2a 8.4 8.5 8.7 8.7 8.6
L 3.0 3.4 3.3 3.1 3.2 4,6 4,4 4.5 4.4 4.5
M 5.4 6.0 5.5 5.9 5.7b 8.2 8.1 8.0 8.1 8.1
N 4,5 4.3 4.6 4,8 4.6¢C 6.3 6.3 6.4 6.6 6.4b
0 5.0 4.9 5.5 5.8 5.2 7.4 7.5 7.3 7.4 7.4

Values with in a column not sharing a common subscript letter differ significantly (p<0. 05)
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Table 4. Thermal resistance of each combination of fabrics at 19°C

Thermal resistance(%)
Combination of fabrics

1 2 3 4 mean

Korean-styled A 7.5 7.6 7.8 7.7 7.7
clothes A+E 9.9 10.1 10.5 10.0 10.1¢
A+F+E 12.5 13.0 12.7 12.6 12.7b
B 6.5 6.4 6.1 6.2 6.3f

B+E . 8.3 8.2 8.0 8.1
B+F+E 9.5 9.9 9.7 9.5 9.7d
Western-styled G 6.5 6.4 6.6 6.7 6.6f
clothes G+L 8.5 8.6 . .8 8.6¢
G+M 10.0 9.8 9.6 9.8 9.8d

H 11.4 11.7 11.6 11.5 11.6
H+L 13.9 14.0 13.8 14.1 14.0a

H+M 15.5 15.3 15.2 15.4 15.4
I 6.5 6.4 6.4 6.3 6.4f

I+1L .9 9.0 8.7 8.9 8.9
I+M 10.3 10.5 10.2 10.0 10.3¢
J 14.2 14.0 14.1 14.0 14.1a

J+L 16.2 16.2 16.3 16.0 16.2

J+M 19.0 19.1 18.8 19.0 19.0
K 8.4 8.5 8.7 8.7 8.6¢€

K+ L 10.5 11.0 10.9 10.9 10.8
K+M 12,9 12.5 12.8 13.0 12.8b

Values within a column not sharing a common subscript letter differ significantly. (p<0.05)
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Table 5. Heart rate, rectal temperature, mean skin temperature and difference between microclimates
of the subjects wearing Korean-styled clothes

‘ i Difference beween Difference between
| Heart | Rectal Meant microclimates at thigh(°C) microclimates at chest(°C)
Clothes | rate ' tempe- skin . underwear skin . underwear skin
type . (No. ; rature tgﬁgz- Slflan rter;};.- surface temp.- iﬁil%r?rgg; | surface temp.-
! /min) | (°C) | T ¢C u e |temp.-skirt skirt \rfa temp.- blouse
| ) Sltlr € surface surface St m € blouse sur- surface
emp. temp. temp. emp. face temp. temp.
A/ 83 37.1 33.4 5.8 0.9 6.1 4.3 4.6 8.7
(+0.2)
A/E 85 | 37.2 | 83.5 4.6 1.9 6.3 4.8 4.9 9.6
(+0.1)
A/FE 86 37.2 ( 33. ?) 4.5 2.0 6.5 4.4 5.4 9.8
—0.
B/ 87 | 87.1 | 33.4 5.5 1.4 6.8 4.2 4.1 8.3
‘ (+0.2)
B/E 84 37.1 33.1 4.6 1.4 6.0 5.5 3.6 9.1
(+0.0)
B/FE 86 37.0 33.2 3.3 3.7 6.9 4.8 4.9 9.6
(+0.0)

Environmental condition: 24.C, 60% R.H., no wind, winter
(_): Falling degree of mean skin temperature, ~Heat gain, +Heat loss. .
There are no significant differences of thermal insulationamong clothes types in this experiment(p<0.05)
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Table 6. Heart rate, rectal temperature, mean skin temperature and difference between microclimates
of the subjects wearing Western-styled clothes

Difference between

Difference between

oot Heart | Rectal hgﬁff mxcrochma;es at thigh(°C) m1crochma:1es at chest( 1C)
othes | rate | tempe- . underwear . . underwear | = skin
type (no/ | rature terg:lp;eez- skan tem;) - surface skui{il;e‘z:mp.- Slflg;rterél;;:' surface temp.-
min) &) rat underwear \romp, skirt S u w temp.-blouse} blouse
“C) surface surface surface surface surface | surface
temp. temp. temp. temp. temp. temp.
G/ 85 37.4 32.9 1.9 1.6 3.5 4.3 3.8 8.0
(+0.5)
G/L1 86 37.4 32.7 1.6 1.9 3.4 3.8 4,6 8.3
(+0.4)
G/L2 36 37.4 32.1 2.0 1.3 3.2 3.8 4.5 9.2
(+0.2)
G/M1 86 37.4 32.6 1.8 1.8 3.5 3.7 4.4 8.1
(+0.2) -
G/M2 82 37.4 33.0 2.1 2.7 4.8 3.4 5.1 8.5
(+0.3)
H/ 86 37.5 32.5 1.5 2.1 3.5 4.0 5.0 8.9
(+0.4)
H/L1 84 37.4 ( 32.7) 1.9 1.8 3.6 3.5 5.6 9.1
0.0
H/L2 82 37.3 32.9 1.7 2.4 4.0 3.9 5.3 9.1
(+0.3)
H/M1 86 37.3 32.5 1.4 2.6 3.9 3.7 5.3 8.9
(+0.4)
H/M2 82 37.3 32.5 1.8 2.3 4.1 3.2 5.9 9.1
(+0.4)
1/ 83 37.3 32.4 1.8 1.4 3.1 3.9 4.9 8.7
(+0.3)
1/L1 85 37.2 32.6 1.2 1.9 3.0 3.8 5,2 8.9
(+0.3)
1/L2 85 37.3 32.6 1.6 1.7 3.3 3.4 5.2 8.6
(+0.4)
1/M1 89 37.6 32.8 1.9 2.0 3.9 3.6 5.5 9.
(+0.4)
1/M2 85 37.3 32.6 1.7 2.2 3.9 3.5 5.5 9.0
(+0.2)
J/ 88 37.3 32.3 2.0 1.3 3.2 3.7 4.5 8.3
(+0.3)
J/L1 84 37.3 32.6 1.8 2.0 3.7 3.6 5.1 8.5
(+0.4)
J/Lz2 82 37.3 32.4 1.7 1.8 3.3 3.5 4.8 8.2
(+0.2)
J /M1 85 37.4 33.0 1.9 2.0 3.9 3.4 5.8 9.2
(+0.3)
J/M2 83 37.4 32.9 1.5 2.0 3.5 3.3 5.3 8.6
(+0.4)
K/ 82 37.3 32.4 1.7 2.0 3.5 4.0 5.1 9.0
(+0.4)
K/L1 82 37.3 32.6 1.6 1.9 3.4 3.7 5.5 9.1
(+0.6)
K/L2 84 37.3 32.7 1.8 2.5 4.2 3.7 5.5 9.1
(+0.4)
K/M1 87 37.4 32.6 1.7 2.2 3.7 3.3 6.3 9.6
(+0.2)
KX/M2 86 37.4 32.6 1.7 2.2 3.8 3.6 5.8 9.2
(+0.2)

Environmental condition: 24°C, 60% R.H., no wind, winter
( ): Falling degree of mean skin temperature. —Heat gain, +Heat loss.

‘There are no significant differences of thermal insulation among clothes in types experiment. (p<o0.

— 8

05)
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Table /. Physical characteristics of Subject

Subject ’ Sex ’ Age(years) ] Height(cm) I Weight(kg) Surface area(m?)
MJ female 18 156 48 1. 461
MH female 18 157 47 1. 456

Table 8. Heart rate, rectal temperature, mean skin temperature and difference between microclimates of
subjects wearing experimental clothing which were limited underwear

Difﬁerexiqe ‘between Difﬁereni:p between
Rectal Mean skin microc 1m§tes at microc 1rn°ates at
Clothes | Heart rate temperature temperature thigh(°C) chest(°C)

type (No./min) C) °

skin temp.-skirt skin temp.-blouse
surface temp. surface temp.

B/ 85 37.3 33.4(+0.3) 2.1 6.6

B/FE 86 37.3 34.0C 0.0) 3.4 7.3

G/ 84 37.2 32.8(+0.7) 1.1 6.5

G/L2 84 37.3 33.1(40.4) 1.5 7.3

G/M2 85 37.2 32.8(+0.6) 1.3 7.3

1/ 82 37.1 32.9(+40.5) 1.9 7.2

1/L2 83 37.2 33.1(+0.5) 2.1 7.5

1/M2 82 37.1 33.0(40.4) 2.1 7.3

Environmental condition: 25°C, 60% R.H., no wind, summer

( ): Falling degree of mean skin temperature —Heat gain, +Heat loss.

There are significant differences of thermal insulation among clothes types(p<(0.05). That is, the
effect of lining on the whole clothing insulation is evident.
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