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Abstract

The purpose of this study was to investigate the thermal resistance and the liquid/vapor water
transfer characteristics of four waterproof and water vapor permeable coated fabrics with the
ground fabric called nylon taffeta. In order to establish the experimental environment, outdoor
temperature and humidity in Taegu during the last three years were examined and the
experiment was performed at @ 15T, 50% R.H., @ 20T, 60% RH, ® 25T, 65% R.H., which

were the average standards in spring and fall.
The test results were as follows ;

1. Among physical parameters, the thinner the thickness was, the higher the water vapor
permeability was. But the porosity in thickness was not proportional to water vapor

permeability linearly.

2. The thicker the thickness of specimens was and the smaller the bulk density and porosity
were, the higher the thermal resistance. And the results also shown that the larger the
temperature difference between the environmental temperature and the hot plate was, the

more the difference of CLO values was apparent.

3. Since the contact angle of all specimens are above 90° , the all specimens have a good
performance in waterproof. The more the specimens surface were rough, the higher the

thermal resistance was.

4. According to the result of performing moisture transfer test using the simulating body
skin-clothing-environment system, the humidity sensor placed in between the fabric and
the environment detected the full saturation in 10 minutes after the experiment had began
at 15T, 50% R.H. and in 15 minutes after the experiment both at 20T, 60% R.H. and at

257, 65% RH..

5. 4 values of the humidity sensors placed in between the human body and the fabric and in
between the fabric and the environment fluctuated repeatedly within the range of 20~40%

at 20C, 60% R.H., and 15~30% at 25T, 65% R.H.
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(Table. 1> Characteristics of sampies
Sample A B C D KS K
parameter
ound fib nylon nylon nylon nylon
ground fiber 100% 100% 100% 100%
coating d wet wet wet
method v
y(g“) count 70D. X70D. 70D. X 70D. 70D. X 70D, 70D. X70D. 0415
fabric density 159 104 156X 102 156X 104 154X 104 0511
(/inch)
structure plain plain plain plain .
thickness (oz) 0,312 0. 378 0.371 0. 382 0506
weight (g/m") 16. 24 17.48 17.29 17.95 0514
B AR e A2 3339 g N9 97 ANEE A7 A HAY 3" PHEEAA,
A FodAM B, /1AL JEoE 3o 87 &4 Zg)d "M 4717 FFY FFEFE

@
2, %% 15T, 50% R.H, 207C, 60% RH,
25T, 65% RH.Y A7tAz2 4Ad F, 7AF
J A7el BHe thew ol AASRA.
AR, A% Rews a9 2 543

TH o
FH4E FA%x, ANl vuEg T8 Jle
& Prheo,
A, 248 H&54E FA31, KES-FB

systeme B3 EHEANE FAHsH 1 Aolst
AL vA e L B4

AR, AAZny HAYEE Pt Z+ 87
ol Mo AEB-83NY FEe AE-¢dAAR
7tel £x9 WMEE 1A B 2HIG F
FEAAM Zo|ghe] WIE AW ol &AL A
ol & ulm, BAF}

WA, 8§38 Ao E€He 54L& Bohen.

0. d3As 2 2949y

1. 48Nz

E T A" A&E <Table 1>3 7t}
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1) HEX(bulk density),
volume), 7]% % (porosity)
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- Bulk density(g/cr) = areal weight(g/104cr) /
thickness (10-1cm) X 10-3
- Specific volume = 1 / bulk density
- Porosity (%)
= [ (Specific gravity of fiber-bulk density) / specific
gravity of fiber ] X100

2) A& ZContact angle) 2%

,qf‘;:na_q Ll gg Hl-/"_,] )\Lg}‘? z%al:z#og
otstuizl H&zb =4 7|(Japan, ERMA Co.)
g3t A ERHAA HEZRS AU
F(2012T)E vrlojlz2 Ry 05m4
=3 & ZHAM dHujF oz ST 3
o] A&CnTH wol(h)E %7‘3 &l 14°J"+ g

oo N O mo pg oy wu

n(6/2 =h/r

(Fig. 1) Measurement of contact angle

ANgHe EH EXS KES-FB4 EHubahA|

%7} (Japan, Kato Tach Co., Ltd)& A&3 &
Aatnod, FHotA 50g9 HFE HE F
lmn/secd £E2 AHFEY #, 94 Bge=
27t ZH st JF opFASMIU)SH ot A5
o FFHAHMMD)E FaAth T3 ERHY
AAZI(SMD)E 10g9 &FS& 7tg Fo 1m
/secd) £E2 ZA34rh

3. TEEY &4 4d

1) Z9 (Evaporation Method)

~KS K 05940] 2]A3s} —IT:—’K""’_‘4 60.8cr'Q!
zugo 2548 EWA lom Foid 27
A AL F AEE FEHHY BY Ao nA3
I 2 EdE LHE. ol 10522TE
FA&e FeARvd Yo NG BE5
od AWM w2 FA a(mg)e ZHsn oA
Fgauazzld ol 1A Feo] Ao 2w
2 A amg)E 3T F 0 A3 gl
=g AE3HT

o

-

1

WVT =10 X ( (aa) /A)

olm], WVT : rate of water vapor transport
(¢4 : g/m' - h)

A exposed area of specimen (X9 : m)

2) 4 Ao 2y .

AA 2 AA-JE-gH e FAE
2y oz wso AHar] 93t Keeping
Warmth Tester®] g##lel 712 30cm, A2 30
e FZE 91 2 $e Hole Metalic
Plate(hole A7 : 7.8mmn, volume of air : 66.19
a)E golA AYsdth(Fig. 2) 489 d=
Azt LEEE FF7IE 1AL B¢ AEH
o] AZFRF 3 ulAF HEd FZAME FH
g 1&8vttt FEdoleEg VEIZE 319
. olg JE e HRELFE FAHVY
Thermistor(Japan, Takara Industry, Model :
D226-1)& A&3t At
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@ Keeping Warath Tester

@ Hot Plate

@ The schemetic diagram
of Acrylic Water Bath

@ The schemetic diagram
of Hole Metalic Plate

® Humidity Sensor- (IN)

® Sample

@ Humidity Sensor (OUT)

® Thermistor

Sheet of lron

f e » s 2 -

{(Thickness 3a/m, Hole dia 7.8m/o)

(Fig. 2) Simulating body skin-clothing-environment system for moisture transfer test

4. A¥E §Y 4H

HEARgY dAg EAE SAH}E Yye
2e g2xy, ¥4y, Eo1%5AY F9 98
74A] "ido] glon} s HEH o R AlLHE
Zol g2 Hy Az olt}, wM B AF
dAe A¥x FL FPIAZHE o] &3
od ol KS K 046691 2 A8] Keeping
Warmth Tester(Japan, Yasuda Seiki Co.,
Model : Yss-461)& AM&-3Hoh

gdAG EAle 24 Ao AFAEL EFLH
stollA] 2442 oldg WA Fo] AU F
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BYPEA F Fo APE Pk T
el AL FAF 6TE FAFEE 3}
o 712 25em, AZ 25eme AlPHAE FHel

HED 0BT o AT Fol 08 S
o 27 AgHe LHIHALASLE ZAs o
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Ubp =Pbp / (A X (Tbp-Ta) ]
Ul =P/ (A X (Thp-Ta) )
U2 = (UbpxUt) / ( Ubp-Ul)

olm], Ubp : Thermal transmittance of the
plate without fabric cover(&¢ : W/m' - C)

Ul : Combined thermal transmittance of test sample and
air (&) : W/ - T)
U2 ! Thermal transmittance of fabric only
©9 W T)
Pbp : Power loss test plate without fabric cover
©9 W

P Power loss test plate with fabric cover
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@9 w

A ¢ Area of test plate &9 @ )

Thp ' Temperature of the plate without fabric cover
@9 )

T : Temperature of the plate with fabric cover (&}
9 )

Ta : Environmental temperature (T4$] @ C)
7t NgHe HgALAF U2l 1CLO

=1/ (01548 x U2)9 #APLE o] &3
Fatg ),

m. 23 2 23
1. BN SNI SAT (SUH0| it 48
g 54)

% ANgd 94 4% Fg 5
ANad HRE T3 7Is4E H7istna dd
th. <Table 2>& Z A8 & 5 5
FEE F4849 vegd Aol

frEste 7|¥E7t 245 FEEE F7s,
5 FEES F/HEG T gt

S} e
Re=L/ 8
©}, Re : Moisture Resistance
L ! Thickness
B : Porosity

FedrEe Afdz 9 HEed n@dst
A& FAL gFeFE FFEEAL A UEHe
U, 718 E/FA gel 24% FEEY gl
A dehde dgdte 2379 e As
of A dAsAE FYH. ol VIFEE
ddFoz TAHHAY A IAEAR A
de FAg A & dFH=E HHAY
Ao 42 AEE JeEAY, S5 EE 3
2¢ 71E2 39 Zgde A8 2N

L=}

¢

Fl

7] H&d 2% Fxolmz J|ETE/FAY E
T A AgndaAs
2 Agdd,

=3
Ro|z g+ A

2. \zd HELY EUEY

AFe EHFAHALE FE A& €A o F 2 HAEZE  ZAH3xm, KES-FB4
s ed, 53 713z FA dFeE ZA system$ B3 BHEA L FAHdY 1 Zols}
D=t Yoon™el WEW Fick's law2 R E % dAG viNE Jge BAsux Aot
FEo HE WAy #FAE chHe Hem <Table 3> A&¥ HAZFZ3 KES-FB4Z =

(Table 2) Physical parameters and water vapor transmission of samples

sample A B C D
paramete
bulk density
0. 441 0.455 0. 405 0.320
(g/cr)
specific volumn 2,268 2.198 2.469 3.125
{cn/g)
"0(‘;5)‘“’ 61.316 60. 088 64. 474 71.930
porosity/thickness 162.2 154.8 150.9 142. 4
WVT
(g/nt/24h) 4950 2550 3493 1593
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(Table 3.) Contact angle and surface properties of samples

A B C D
contact angle (* ) 130 161 163 163

warp 0. 205 0.180 0. 161 0,222
MIU weft 0. 107 0.178 0.175 0,187
' mean 0.189 0.179 0.168 0. 205
warp 0.010 0.011 0.012 0.028
MMD weft 0.088 0.128 0.0%0 0.128
mean 0.049 0.070 0.051 0.078
warp 1.318 1.414 1.320 2. 481
SMD weft 12. 965 13.425 12.534 9,559
mean 7.142 7.419 6.927 6.020
MMD warp 0.008 0. 008 0.009 0.011
JSMD weft 0.007 0.010 0. 007 0.013
mean 0. 007 0. 009 0. 007 0.013
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15 Deg, 50% R.H.

WM ——15A. W

~e—15A. HO
158, HI
‘es-158. HO
-~ 15C, HI
1=~ 15C. HO
=150, HI
+==—150, HO

40 -

1 " 21 n 4t B
min

20 Deg, 60% R.H.

1 11 21 an a 3y
min

25 Deg, 65% R.H.

--25A, HO
—a—258, HI
—w-258, HO
~o—25C. HI
~+-25C. HO
——250, H1
—250, KO

(Fig. 3) Changes of moisture transport during 1 hour in samples
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(bulk density)$} 71 & =(porosity)7} 7} & Al
29 Do Agd Qo] A WA e v. 42
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2¢ Ju@TL A 97)ed GAE A

sd2 ERAHD)FH 7] §AH LY A7t &
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o ol ARTE dAE EAo| oS A
ety o= 289 ¥W AXY AFmst &
F5 F9 FN9Y vlFE FLAI 7] Aol
27 AggelA FuiE FAY F syl 4EQY
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{Fig. 5) CLO of samples in various
environments

(Table 4. Results of

42 34z o7 Ad 97 873 FAA
%, 71238 slzozse 8748, $58 1
5C, 50% RH, 20T, 60% RH, 25T, 65%
RHS A7z 448 %, 5634 249
N54e 48 2 949 54 FHoz

st Agsted Bgst e 2ES I}

S

d FaasAd 24 B4 F

duE 43, diHEd TP
2 FA}G gF&TE T4l B4
wou, FAd W 71gEe e
Az dial dYulHBAE dehd
ookt

oX, off

o
2
Fo

z A W Qoo oy M
o%

ot orlr o §

=
)

€ FEd HHxn

systeme AME5l Az W EAL

492 A% 942 4o vehdid,
EWel AW ABAFEF IAgol Wi
vhehgtet.

3 JARRY 4YS B FENY B4
& A¥E A3, 15T, 50% RH.S 7o
Mg FAEDR 4T $57 1084}
Aastn UA XA 4 o2y dy £
& A% fFAHAT 20T, 60% RH,
25T, 66% RH.9 #A3AE 158 A=
A7 olFe dA XA o=,
eI 43y % ;2 20Ty 274

thermal transmittance in various environment

A B C D

15¢C Ul (W/m' - C) 17.21 14.03 12.90 12.10
50% R'H U2 (W/n' - C) 17.58 14.27 13.11 12.28
o CLO (m' - T/W) 0. 367 0.452 0.492 0.525

20 Ul (W/m - C) 11.50 9.81 9.43 10.71
60% RyH U2 (W/m' - C) 12.05 9.9 9.55 10. 86
T CLO (m' - T/W) 0.535 0.649 0.675 0.594

% Ul (W/m' - C) 9.88 9.79 9.73 9. 68
65% R‘H Uz (W/m'- ) 10. 00 9.90 9.84 9.79
- CLO (m' - T/W) 0. 645 0. 652 0. 656 0. 659
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