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- The study on the evaluation of thermal conductivity of clothing materials
Kaneko TakaHasHt™ and Etsuro Yamapa™”

(Abstract)

This report is the review on the studies of the effective thermal conductivity of clothing
materials, which have been investigated by the authors over about fifteen years.

The clothing materials have been used to protect human body from cold (or hot) sur-
roundings. These are made of various materials such as cotton, wool, polyester, etc.. How-
ever, there are a few studies on the thermal conductivity of cloths from the viewpoint of
heat transfer.

Firstly, the authors investigated the phenomena of heat —flows through the cloths by
conduction. The measurement method employed in this experiment was based upon the
steady —state comparison method. It has been clarified that the effective thermal conduc-
tivity increases slightly with increasing temperature and is dependent on materials of fiber.

Secondaly, the authors developed the apparatus with a water tank. In this apparatus,
heat flowed throgh the cloths accompanied with moisture diffusion. The effectiveness of
vaporizing rate as well as the temperature difference between the heater (simulated skin—
temperature of the human body) and room are studied.

Lastly, the interesting various phenomena are pointed out for the future investigation.
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1:Heater
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5:Hygro thermometer
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4:Cooler 8:Acrylic plate

Fig.1 Schematic diagram of steady state
comparison apparatus.
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Table 1l Details of testing cloths.

N ame Material D Pe 0
{om] |(g/cn3] | [num/cm)
Softdeninm Cotton 100 0.512 ] 0. 559 19x 27
B roadcloth ” 0.236 | 0.515 52x28
” ” 0.218 | 0.588 26% 14
B leached Cott, ” 0.3470.329 24X 24
” ” 0.291]0. 242 12x12
G auze ” 0.182{0.191 13%x13
S harkskin ” 0.292 | 0. 548 23x15
” ” 0.294 } 0. 477 23%x10
” ” 0.301 0. 428 16x 15
T etoron Polyester 100 0.376 ] 0.339 20x 26
Y ohryu ” 0.354(0.279
B roadcloth Poly. 65,Cott.35 0.226 | 0.511 —_—
G abardine Poly. 65,Rayon 35 | 0.330 | 0. 567
Net Polypropyilene 0.541 | 0.191 = 7
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Fig. 2 Effective thermal conductivity (2e) of
cloths vs. temperature (T) diagram.
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Fig.4 Relation between Ae and volume
fraction of fiber (v¢) of various cloths.
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Fig.5 Comparison of experimental data of
cloths with predicting formulae.
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(b) Advanced apparatus

Fig.6 Schematic diagram of experimental
apparatus, where heat flows accompany
with moisture transfer.
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Table 2 Details of testing cloths, where heat
flows accompany with moisture trans-
fer.

(a) Various cloths

N ame Material D Pe Pg Vf
(on) | [g/co® 1] [e/co® ]
B roadcloth Cotton 0.229 0. 5890 1.52 0.6121
Softdenim Cotton 0. 556 0. 5396 1. 17 0. 5406
T etoron Polyester 0. 411 0. 3250 1.23 0. 7361
F lannel Wool 0. 508 0. 5383 1.31 0. 5891
Nylontaffeta[ Nylon 0.118 0.5735 1.41 0. 4969

(b) Polyester cloths which can absorb

moisture
D -COONa polym.
Material Mw(%) 6 N [mn] (g equiv. /g fiber)
Polyester (L 1] 0.4 4.25 _—
C[L) 2.0 | 422 0.8 x1073
[L3] 5.0 | 2.30 1.28 x1073
(L4 8.0 | 4.70 1.86 x107°
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Fig. 7 Temperature difference between heater
and room (AT) vs. elapse time (7 ) dia-
gram.
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Fig.11 Mean vaporizing rate (7°) vs. diagram.
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cloth (1,) vs. 7 diagram.



Akita University

O BIRHR OB 25T 39

DL3icisd, KPCBEontBaBEoi
ER X ZBACERE~OFEEFAL P ITT B0,
n=0, B, BLOBHBTVEEOBEERDS
ARLTW3, IhE TOYEELERCBELBE %
P IEAOENERER TS 2 MY TEHNH BT
LB ohs, —h, n=0DBARFEECREL
1EERLTVWAZLEFHASHT, COMPSH T
NEFTCOFRPERINIEVZ B,

wic, BERpEBEREITRFELELTERLS
N30, ¥ERBECGT e -5 —RE T,
BREGRET., AEOHEMERE ETHE. Zof
T, ¢MPREEIICRE S EKICE VRS ERTIE
AT =T, -T. CRbEEINL I LPBbh -7k,
ZDRERE L TTable 2 )RR >V T O
R (BE S, 1994b) % Fig. 14lcRd. AT O¥EM
KE-Ty o EiNdT 32 &S LTH S, FHo
MBI k- THmMEEIELZ (EFS, 1986) »
Table 2 (a) DEEHC> VT & FEREDOMEE %R L
7z,
BABBPELET 256, BEEHITIL560
Qe (W] EARDOERBECLE LY ¥~k
QW o-Fitk-TRERALONE LEELZTRERL,
TOREVEL QREALL2ARDEAEQ =Q
+ Q. b#EToT, 1.08HEN 1-D XDQ 2 Q
KEBXMAZEAL OB McE-THKRT S C
EMFEEINS. Fig. 153 Table 2 (a) Dalklic
e BEREKR (FBES, 19860 LicdboT, R
B & » CHIMENEDRETLE, 60
DBHEBHAZEWIERBEBRON DN, LEOWESE
BRETELLDEVZ S, 5T, Fig. 131 2RL

0.03 L~
0.025 .
T 0.02 TR :
=] At
50.015 Jo |7 [sample:)
= 0.01 —re, oLl oL
0.005 |——* + L2 o 147
0
0 10 99 30 40
ATIC)

Fig.14 7 vs. AT diagram.

— 0I5 T
£ O Broodcloth
=
é ® Tetoron —lms I
= & Softdenim -
=
g 4 Wool Flonnel .
fi) 1 o
Q.l
@ ! o ®els e ~
~ 88 s . . 1010
& . a
éA 2‘ £ A
o
oos—— 4 & 2
a o8 ° —0os
8 o
o
000 00

o 002 004 006
7 [g/min]

Fig. 15 Relation between A.and 7.
X BBAIBBOREDOBZED L. DEALE
AL EpoBEfRELTEKRD (EES, 1987, n o
FHELEBRMICHS it TE .

—7%, EBRORIOHWDO—D>DFHPY ELT,
BABEE S ERIREBICB VT, BEROBEZE
M oRD 5 B BEMEQ LTV RO BRER
LEEEBLURRES» B LN RHEHE
Qe, 1HOELNBTVIVE-BERQETH
Fhky, Q-+ Q) LQEokERDTRL R
=F (BfES, 1990) % Fig. 16 lc/RLTW3, £
BRUREFRETTONATWADT, BRI IZERE
ZAT WWERRICI00ICEZRETHSB. LLA

— L]
i
o 200 —
=
— »
e
=3
<
g o
A .
élw g —
4]
o (-]
" ?
(o] (’o
100 A — 5
| a
|
:Tetron Tr=207(25%
:Broadcloth Tr=20T(251
:Wool Flannel Tr=20T{257
:Softdenim Tr=20T(25¢
50 | L]
‘0 5 10 15 20
AT [°’C]

Fig.16 (Q.+ Q¢)./Qvs. AT diagram.



Akita University

40 =B h 2T« ILHEBAR

255, COMDERIEASLICAT B/ASVIEFE
1.0& 0 bIFEICKELEY, AT=5kBVTH,
Hoo&EWRPEMNIDHIFLE~20ICEL TV S,
OB OEBRBAEEI RSN TE O, FEH
(GHED, 1990) it [EBEOBRR T, AT X
BIKESD T R T OZ=RIABET 2D TR
¢, AT O/NEVEIBH, >V EEBIDSVES
KB RBESHEC, KEKOBREEHIEL I
D, WHENIOKSP—BERINSh, BFKSELT
BHETALDEEZONE. ~] DX NEREER
NTWED, INGFREARBHBPLEZVAR WL,
Zhicfky, BEAHAOBEAREAETENIR
ORI BEEZOEH LY THUTES
DOTRE VD EEBLIHER, BEOERELT Y L 2
V—YaVvhPRE -k EWVWR b, ZOEPLH, T
ORRFEEREREZODLEL TV S,
INEFTOREOEREROBERE DV - /K

70.0 v =
s tClon g +1.0
60.0L R\ T, [Tl
O :69.5 ©:62.2
8 :52.0 @ : 40.5
®:29.3
€

S

T [*C]

30.0 —

@o— O

20.0 |

Tio Ty Ty T5 Tg

Fig. 17 Temperature distribution in the cloths.

0.2 - - 7
m | sheet ¢ 3 sheets i ‘
® 4 sheets O 4 sheets :
’% 0.15 A 5 sheets O 1 sheet “\,A -
= : ! /v‘ . !.
= : - ASER AN
0 , o B ~ AN ;
o 01 Y- E—
< R N )
. R& \.\ T ™ i H
° : J
20,05 —d e
| c

0
20 25 30 40 4 50

Fig.18 Temperature dependency of 4.of Ls
specimen.

BORREED R, BEhdb oM 2
~3ROBME N EBA L TESFROEENHER
Wi, TOREH (EIFES, 1994b) % Fig. 17 1R
. ORI, BOBEHENIBEORESMIZ
BRI & ERE E A EAR 1 ROBEBITIIL SV
ZENHL LT, HOMCEEARD/NS WER
(b5, ofn kD EEBRLKE VIS
BEAETEIEBEDOND. Ihh Fig. 8icB)
ZHEEEHOEH LIRS BV—DOEHEREBEZLS
n3, &HHMERNIEER—ETHI2 5, Fig.
17 OREAR, S BAEER L KD 5 &, Fig. 18
DEBICEE, PPHVIKLWEREHTH 22, &3
ARIE—o OEBREMHICBIT AEREHL TV 5.
Ihh s, TIRRENLTNTORERET, &
BRIOBYRER IR KL, KT, ERAOMED /N
SV EBE» LR, PSS ERZAS LD B EI
BOEZRLTVS, ZOERRMLELTVERL
FIREEDBIZER A L 3T - BB BZBRTH
y, ZORILEHEOHENBT BN EELRKRT
bdEFML TS,

5. HROBKRESR

BHES oMk Sh, I THERELY
RERICOEREFELSY 4RO OERE (GiFD,
1995, 1996a, 199%6c, 1996d) %fT->TW 3. Th b

CITHEELALILR, FhOoOFER (SES,
1996c) (o F b zhicES{ v 1 a b —
Vs V) BEEERETTHY, RBHEINLTOR
WZ itk EIAMBKREV, T, RIEED



Akita University

Tt o BEER 0 Bl i B 9 5 BF5E 41

BA (BES, 199D dTbNERSIT-TWVS
B, F—IBBRETATATHEEbHB. L
L, ThLDHAFIRVWETNS Fig. 17 % Fig. 18
ORFNRRERCERKERD, TREERB LUK
Bryiav—varya2HLuTEBELLYELTWVWS
TETHB. T0EHE, SRIEFEMNTENREZ
BRERNTAENTHOEND, ThERBRT S
12D RN RS S HETH 5 T LI HESTL
ALTELBDEZEZTRL, LhLENE, &I
bIEHL/-L i, ThEToE OEREROD
KHERBAHOTERVEROEL, Tho0FR
LESBOFEE L TITFELVLDLEEZI TV S,

6. F&d

Z OXER T IREB ORI E P I REE T
DL, &bic, DFERERTRNSNIEKDS 57—
7 BMAC—BEOMEDREHREIT->72dDTH 5.
COWEPTHL LI ENEREIFETIEET S &
UTD&L>TH 3.

(1) FithoBRERIHHOBH»/DIL L, FlZIEH—
D& WBHOBRREL P02 T om0 He
ZRBRFIE, S IBEMEI OMEIEEL
5.

% 7o, HoBRBHOBRIC >N THEYMEEZE

KRBT 5.

(2) TttoFHEEEROHENZ, BOBEH
DEVWESTH, BEEDALEER LR THE
HRED L S icBhnsh, HEDELT A, oM
Bofiic bEATE 3RIERA 50,

(3) WoHEhE LS BB EBHHR IIMBANIIET TR
MRBRAEME-TEYD, BEICVI &, EEIRE
BRI LTHE5T, BN LES SHRE2E
LTWBDEEZ S,

(4) EOBHEEIBERBOGHICBVTE, —#K
WIREREEN T 5 X OWEEE > T 51 b
5, WAMIC L D ERIS TREDERERE
KT ENB B, ZOFRRIR I OWMAIE L ER
HOKBRIO—HOEE L clcv s bELOND
DT OHEERETER T 5 12 DIC 135 ORI A3
BETH 5.

X 5

JsmZERE (1984) : OB « KA BB IR EEE
DOFRMEE T DIGH. MHEBMIEAEE, 37, 130-141

REIETF « KHESFE « FETHET (1985) : #RAE
OB IC BT ZEBTE (E1H). B
B4, 36, 241-250.

fh =B - SEMfEM (1973) - EEEAFIAT 5%
OEECEREMEZEROAIE. SHETY, 26,
34-42.

HAZMIMERES (1983) : Bt EEHE - WiEdt
fm. 1-20.

FRPIET - (1994) : AETE DI h OB, Bk, 8,
31-39.

Pelanne, C.M. (RiEBA—FR) (1982) : Wit & =
O BZEEE L OBEHIERE BEETY 2 —
/v, 11, 69-T9.

EE A AT « \LEBEAR « B 7 1 (198D) : B FEA M
DOEREERICOVWT, HRBYMHEY v &Y v A
HEHAE, no. 2, 159-162.

BB 2T « LLEGEER - BER 7 4 (1982) : Ao
B ORERICOWT (). BABWEY v R Y
v LA, no. 3, 149-152.

BB AT BT A« ZERFEZ « [LITBEE (1986)
CBABE RS IO EAGEER, BAREY
ey v RY Y AFEERE, no. 7, 73-T6.

BB 2T« W7 4« LLUEMRER « EREFRITT 1987
 EABE S HHOFHEAEER, AREY
My YR Y Y AFHERNE, no.8, 65-63.

BB % T« BaFEEARD « (UEBRER (1990) : B
Bl ) At o FEGER, BAEWIM Y v K
Uy AETREE, no. 11, 349-352.

RS & F o LLEER « AR T 4 (19%a) : D
BB, RMYIERHES, 7, 76-84.

EEART « BE - (LEBEE (1994b) : BB
Bk BREROFNME. AR Y v RV Y
LFEERSCE, no. 15, 339-342.

EEA T - FRER - LB (1995) : o
BRER EBABEICOVWT, BREWM Y v R
U LHEHRE, no. 16, 149-152.



Akita University

42 B * T o LIRS

Efg A & F o LLEIBEED « KHEBF (19%a) : BHH
A HHIOBEELRO R E T VIC L ZBE
HAEEY v £ V9 £ BERXE, no.33, 171-
172.

BiEH 2T (1996b) : BHEBEME OB ZBEER I

B 2 (R, 1-182.

Takahashi, K.,Yamada, E. and Ota, T.(1996c) :
Numerical Simulation on Effective Thermal
Conductivities of Wet Clothing Materials,
Proc. 3rd KSME-JSME Thermal Engineering
Conf., T 447-452.

=fE A AT - PEIREE « LLEBES (199%6d) : B %
Bk S O BYRER — R E FVIcET (B
BRER L RITREM S ok, BB > v K
Vo LEERXE, no. 17, 147-150.

repid 2 F (1961) : iR EHROFREICO> VT,
=5, 10, 925-930.

KA FEBEHAE (1954)  REBEOGHERE
FicBld 205 (LT, 18, 576-585.

IHETRER (1994) : [HE AWK O B ik B MR T4
FRREERES. B, 8, 179-183.



	31-36
	37-42



