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Abstract

The purpose of this study was to compare the effect of clothing materials and the opening
of the garment on the microclimate of the skin simulating system during the coupled heat and
moisture transfer. To determine the effect of size and location of openness of the garment,
openness was simulated by removing parts of the spacer ring of the modelling system. To
evaluate the changes of humidity and temperature of air layer in the system, buffering indice,
Ka and fr, and efficiency of openness were determined. When the openness was imparted to
the system, the transport rate of heat and moisture increased abruptly; at the total openness
of 26.4%, which simulated the openness of neck, armhole and waist, K4 increased at least
more than three times of the closed system. As the openness increased, the effect of clothing
materials decreased gradually to lose its effect at the 60% openness and approached the value
of nude. Temperatdre regulating index showed, however, higher value than nude which was

apparently due to the still air layer.
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Fig. 1. Parameters affecting microclimate within clothing.
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Table 1. Characteristics of Samples.

S | Fiber Type Knit Yarn Thickness* Weight Gauge
ampie (%) Costruction Number (mm) (g/m? (WXC/5cm)
CI30 Cotton 100 Interlock 30's 0.77 214.2 72X78
Cl60 Cotton 100 Interlock 60’s 0.68 169.0 92 %106
CI80 Cotton 100 Interlock 80’s 0.50 107.2 100 X 96
CS30 Cotton 100 Single Jersey 30’s 0.44 122.2 80x90

. Polyvinylchlorde
PVCF . - - 0.15 128 -0 -
Film
* KS K 0506
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Fig. 3. Modelmg of clothed body and garment openness.
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Ring |Openness| Ring |Openness| Ring |Openness
No. (%) No. (%) No. (%)
1 6.4 9 5.0 17 2.5
2 2.3 10 5.2 18 2.6
3 4.2 1 2.5 19 5.0
4 2.5 12 5.0 20 2.5
5 5.0 13 2.5 21 4.2
6 | 26 | M | 52 | 22 | 23
1
7 | 25 15 5.0
L 8 12.5 [ 16 12.5

To 2R 5-6mm "ol XM +5794n &
=2 3k
Ka=C/ (apX AP max X tmax) (1)

K4 buffering index
C : constant coefficient (10*mbar?)

ap * tan a=AP,ciomn(mbar) /10 min.  (2)
ap | increase of water vapor during the 10 min.
after starting the sweat pulse

AP max (mbar) =P pge (mbar)
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Table 2. Determination of Openness.

B V*Effect : Openne;s { No. of I Ventil;gion Ring NoivRemoved o
(%) Opening | Direction** } . from Spacer
 Clothing Material 2.4 4 ‘ L 1, 5, 11-13 & 19
. - . - -
10 4 + 1, 5, 12, 19)*
Total B 20 4 N '%: (1), 5, 12 & 19
Openness 40 4 + 2-22, (4-6), 11-13 & (18-20)
60 4 + (3-21), (4-8), (10-14) & (20-16)

*( ) : Additional spacer rings were used to adjust the openness.
** Location of the opening . neck, armhole, waist

—Ptooma (mbar) (3) Br=tan B(C / min.) (4)
AP nax - maximum water vapor pressure differ- Br . temperature regulating index
ence AT nax=Tr—Tun {5)
fmox . time lapse after which the maximum AT nax . difference of temperature during the
water vapor pressure is reached first 2-10 min. and

minimum teperature

Tn . mean temperature during 2-10 min. (°C)

SH-Autol wtE At 4 vlwsls] HAs A T nx - minimum temperature(°C)
LAz &g EAFAF fr W 27z

I1-5-3. 7= 84

Z 5
2rlent ol poigro i wolt 28YH 104 ATHs} Holn A Base Boss] 94
Abolel EFEER Bk, Blal7)Folale] 43715k WakE Azle] wE 4%
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TIME (min.)

TIME (min.)
AREA= [** Qc(f?—dt 6)

Efficiency of openness(%)=B/A X100
where A [ area occupied by water vapor-time curve of water and heat impermeable material
B : area occupied by water vapor-time curve of sample

Fig. 5. Determination for the efficiency of openness.
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Fig. 6. Vapor pressure changes of microclimate of cot-
ton knit fabrics at the openness 0% (c) and
26.4% (o).
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Fig. 7. Temperature changes of microclimate of cotton
knit fabrics at the openness 0% (c) and 26.4%
(o).
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Table 3. Buffering Indice and Efficiency of Openness of Samples at the
Openness 0/ and 26.4% (No. of Opening : 4).

Openness (% CI30 CI60 CI80 CS30
ap(°C /min) 2.82 2.84 2.60 2.55
AP pax(mbar) 28.93 28.12 26.08 26.18

Buffer tmax(min.) 22.5 22.5 15.5 24.0
0 Index Ky 5.45 5.57 9.51 6.24

AT max(C) 3.32 2.00 1.12 1.34
Br(°C/min) 0.30 0.18 0.16 0.12
EO.P.* (%) 36.27 33.60 27.44 32.04

a,('C/min) 2.25 2.44 2.00 1.80

AP max (mbar) 22.55 24.83 21.43 18.21

Buffer tmax (Min.) 11.0 7.0 7.5 9.0

26.4 Index Kq 17.92 23.58 31.11 33.94

AT nax (C) 1.44 2.38 1.29 1.07

Br(C/min) 0.21 0.29 0.26 0.28

EOP.‘(%) 20.12 18.46 18.07 17.37

EOP.*: Eff1c1ency of Openness

N
N
ha
r p
g
e
(o
>
o
£
fo,
e
02‘_
ol
o
rlo

143 255 Jehlgieh
F59EA42 vepiui(Table 3)
3% api= 28 Ee 71~86% =,
AP pax = 70~88% ol sled=li= FF7iqke2 3H4-313
3, FF719be) 7as7) A 2bsle AZ8) tmax 7} e}
2 2% 792 31~48% = A Fhasle] Koot 27
ZFoysielch whebd ARt dejnl 4 Azl
Bl 7] Foll X FRH = 4370 W] o ol
2o FHuiEd s F7IE £F7)8e] ke AR
%,}Wl =dlofl ] Z F&g vlAct & F ek AT
Fioll w2 T A4 vlzsed, AT 2
717} 0% uﬂ% CI80>CS30>ClI60>>CI30 & <=o]%)
ou 26.4% 1 w)i= CS30>CI80>CI60>CI30 o] <2
2 A2 v £4F FAseh 2 At e
A A A egkont ZeloaH 2o} oku g AYE 7
Aol s e kel AnE Jehigden] o[ Az
5 Fgol ol bR E oA o],
w3l A gbel mbE F7)qf wEE
g 71el Anfoll A 5 AHr) odefad A 2kak 5579k
5= W= o] zhasled AlFaEA] Fhel Feld F
Auko] whepa] & oF 4 gleh, &3], TR 2
ol 1 gg v 27~36% 5 vehdol 9% o W
E}\H%w} AFRo) Al 17~20% & 54

URCE e R

[
r]'

2 o
-u1r4 ao -{m
Al

o,

B Folx) Algzke] atelrt ZradE A%
Z Aot dejwd o S uld 7] Fell v
A & Qlé—xﬂfu EAo] hadl Zojck =g AFHrt
ofg|m Ero] ofe]-g CI30 S 7% 185% A=l 7+
T84 =712 Ve o gl A Hdo g 48
CI80 2] 7A-9oll = 152% A& 5713 Aoz L}EM 7
TR} elAE e o ixﬂioﬂ upe} ch2d, F4F
Aol gl BANEdFE AT e AAoR
714 Zlez slefHc)

ﬂﬁ'—»ﬂ ezt Hog AAE Y dTha s,

Rg-o] H9 A Ao whel & Aelrf A %
stot i 30479 gl AL deld FeEs
7} AaA Frpsted x7) A4 SR 272t @A
el #2A sl Hew »}E}“ﬁ} 74°é¢*‘?%

M4 el it% 4{— H

AT Asol Wi ol2i@ An 5 g soka ww A

A, AT} AN A AT Qe Aol 5
ol MRl 443 odo] w5 o BARE Falx
ab 932 uj%¥l = (Fig 8(a) %ol o3 A

—1090—



Vol. 20. No. 6, (1996) 147

1% AN E FAA oS8 dgeie] Hase

A 27 ol ma} spgich oluh, vlAFRe 22|

heat flow 2 2olalA Zr1A1A shui A n)Al 7] shE Abs] B ok

};:;)atte samp ambient air owy, 2z #4492 (Fig. 9) 3 %5714 L&) A4+
I moisture flow (Fig. 10) ol 4] 2% 7475 27]7} 10%, 20% 4wt

! "

sweat pulse

(a) Closed System

moisture flow

o~

3

.2

— 4 :

N 5

heat flow =

n

hot . . N
ambient air

plate >

A

[

o

-4

<<

-

sweat pulse
(b) Open System

Fig. 8. Heat and moisture flow through closed vs. open

. [y 0 9 18 27 36 45
system (— : ventilation)

TIME (min.)

Fig. 9. Effect of total openneés on the vapor pressure
AAH xwt ApFHRE doF ApE-Fe) o Hay changes of a cotton interlock fabric(30’s) (no
= &3 3 Aol “HEQ—D——%(FIK- 8(b)) 2&=j of opening - 4)
Tl Ak wlEd wol wjel F-2F AT L2}
shAl ek 24, A7t °éf‘4“4 o5 252 o
FolEo] Alashel Aelr} zhrsiA Hel el
3 At AL o5 o] 4579} Ale]
o} . zpo]oju A-pir} /3] A9 FUd 44
elot Bzl o Bxlg o] 'r”ﬂﬂ 71 mEe
é}a]?d ___xJo] o]oﬂ 0161:9- D X% éb’~% tﬂi}-
4 bz TS %a}{ 94719Jr«1 Furd
4‘715@}0! of Fofxlctnl oj Bl goll ofs) s vl
P1e) EEsh £F719 BE0] alE o} oA 8
A7) o1 BB dehe vl A A% Aol vl A FE
shs Zoleh, webal ol 8alw el odapo) haH Aol
2 g Ste) 2 71zke] Ik ERAlel R ]ld &
Zh dHnhe] Aldte] Algate] afel ZashA ek

e
o4

fu oo
i m\o

o

R

=y
)

3

oot
r{x i ﬂd m‘,ru m

&

VAPOR PRESSURE (mbar)

=]
L

o

I -2. 775 37(2} 2582l &8ka] vl TIME (min.)

Fig. 10. Effect of total openness on the vapor pressure

AT ddlol wel v sl Ee] o3t o Bx)g o) changes of microclimate of polyvigylchloride
ojgkdo] 7taxl ALE EA3}ly] §)ste] ANFH =2 film (no. of opening : 4)

=%

-1091—



148

40%, 60% o wie] A4-rF FARE WEE eblie
AR 28 A 9-9k ATEE 10% 2k Folle A
Solls & Aolg vehiel HAEY AS 457134
Zra gl Alzbe] 7o) Fulzbek whetAl RAE E 4 9l
ow BRI HEe] Aol 2aprt K] dA3ted 45
Wl el 5 719HS viebiied Zleo] ek 16.5

FE Aase 245 % 5 Uk o] F AEE 29
sted rratelel @A wrebuiRed (Fig. 11) 20% 744
T HAE] Ay d4E 2 AAE MR F55el
WAlElE 2 H g wE o B2 #2748 el
2)u} 60% ofl ol2w Aol ke F7Is g Jeh
A AeE gA @2 Fradgolde £5 79 ws)
ol EAMIIL e RS £ 4 2

o5 grwstelde W HA4E(Fig 12)9 4%
AT} 10% ets deid 27] 257} o=k 1.5C A
T ZHASER A 1 o) Fell el Y 2] Fobe

e de

of

=

al
N
o
>
ol

28} 2 F & wale FEleh 0% Axst A
vl olvl AdEA S el oA g #A
stalow, AFH arlvh FAREE o] Ak %
o
o

]
FAXE RS B 4 ok 22y W5 A9 (Fig.
13)8] 7ol Ao AHo2 AFRE ol BHus
| St E 27) 8 2Es} AFE Folel b

(¢}

e
o

/téo
50
w40 F
©
Fal
£
=
= 30}
w2
19}
)
o_<
20
o
o)
(a9
s
~ 10 % (CI30) _ g
—— () 13 o,
o, S
: 7 d
20%s —4—60% (PVCF)
0
0 9 18 27 36 45
TIME (min.)
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Fig. 14. Comparison of the temperature changs by the
total openness of a cotton knit fabric(CI30),
polyvinylchloride film(PVCF) and nude.
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Fig. 15. Efficiency of openness by total openness.
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Table 4. Buffering Indice and Efficiency of Openness by the Total Openness of a Cotton Interlock Fabric(30’s),
Poyvinylchloride Film (No. of Openmg 4) and Nude

Openness(%)
0 10 20 40 60
a»('C/min) 2.82 2.36 2.21 1.62 1.27
AP ax (mbar) 28.93 23.96 23.39 16.85 13.37
Buffer tmax(min.) 22.5 9.5 7.0 5.5 6.5
CI30 Index Ky 5.45 18.62 27.64 66.61 90.61
AT max(C) 3.32 2.03 1.74 1.16 0.76
Ar('C/min) 0.30 0 33 0.27 0.25 0.23
EO.P.* (%) 36.27 22 31 21.34 17.27 16.08
@, (°C /min) - 3.42 3.14 1.99 1.45
AP mar (mbar) - 34.11 31.66 21.23 16.38
Buffer tmax (min.) - 16.5 15.5 6.5 6.0
PVCF Index K4 - 5.20 6.49 36.42 70.16
AT max (C) - 3.60 2.80 0.91 0.31
B7(°C/min} - 0.23 0.12 0.10 0.21
EO.P* (%) 51.67 34.79 28.35 19.27 16.31
ap('C /min) 1.09
AP max (mbar) 11.89
Buffer tmax (Min.) 6.5
Nude Index Kq 118.71
AT pax(C) 0.22
Br( C/mm 0.10
EO.P.* (/) 16.12
E.O.P. : Efficiency of Openness.
A, AT sl Tl wl A dak e o] 5
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A, HuAdEg o] &3 Aojuge] nlar]Fel4] 7150 dlg) o) ¥l 5ol ojarel S sisbaE A}, AT
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A zpsli= A 2% %I%ﬂfﬁﬂoﬂ ri 71‘17*?} ne 4 4
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T, ANE 26.4% & A ST Fu

Fhep whebA = 2oz ek,
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2u), S8 ATl @ FlelAlE FAFY 2
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o whE FaeFol WAy Aoz Arslv, dal
BAlel = Qlalel Fatol o/% ¥ (pumping) F3hE
vl 4710l o] AL odare] & ZAelmz olo] g 3
o] glojo} & 7oz Azslch,

* Zhatel 12 =R dEsstniel dAAE o
F249 A Az FAFaukacie] A=k
(4w & 951-1102-012-2)
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