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Thermal and Water Transport Properties of Clothing Systems
in a Very Cold Environment

~—In a Case of Sudden Ambient Temperature Change—
Harumi Morooka and Hideo Morooka*
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Three common skiing clothing systems (in three layers of underwear, ski undershirt, and ski-
wear) were studied using three kinds of underwear to make clear the effect of clothing systems
on human body. In this study simulation tests using THERMO LABO II were conducted under
conditions approximated to actual wearing. The measurements were carried out at alternate
ambient temperatures of —6 and 25°C.

The test results are summarized below:

(1) No difference in dry heat loss among three clothing systems was found. In insensible
perspiration simulation tests, however, differences in heat loss among the systems were found and
particularly the W-clothing system (comprising wool underwear) showed a larger thermal insula-
tion effect at the low temperature.

(2) The C-clothing system (comprising cotton underwear) and the P-clothing system (com-
prising polypropylene underwear) after sweating showed a larger fall of temperature within the
clothing than that of the W-clothing system.

(3) The tendency described above was strengthened with increasing perspiration, and in the
C- and P-clothing systems increased dullness of the thermal sensation was found in the wearing
tests.

(4) The test results show that the W-clothing system is the most suitable for wear at very low
ambient temperatures.

(Received September 7, 1990)

Keywords: thermal and water transport properties 34 . K> BEB)¥#E, clothing system KRR,
cold environment SEE&PE, sweating F&FF, insensible perspiration RERZK, heat loss #hiF

XE.

1. ¥ ® FERERETAAY, ILESBMETCRS VR
KRTERD L) eERBER BT, B LRE RZAKXEETHS. 20X REDETIE, &
LcBAE DM 30C H#EOKELREELIELS FBEELBKYIOBRER LG EZRI L, ThiKR
TELERTIRAV. bz, £FORECARORE  ROM - APBRRKHCE+OMEY LTI AT
B, FA- PR R —~ADOHA D L EPEELBEKL Bxhs.
Te¥¥, BETHE, RAMETRETHHEKRBD ¥ EABMETOKROM - K BEKECHRRIL YT

(849) 13

NI | -El ectronic Library Service



Japan soci ety of Home Economics

BARK¥SE Vol.42 No. 10 (1991)

BEEOHRTIE, RODDONHF S %. Farnworth?
3, BFEIEE LTALERB TV SHAKERY) ey
VILEDOZBNEMAT 21T 5 e B AROKILE & it
BLTWAY, BFYIalb—va vERICI 28RE
BEORELCRIXHEHEOHBE R VWIETZ LixTEid
. REALY 3, BLAOAIBBHRTIV I v—
v a YERETV, ABEHAKHOELREICAVOHh
HUECIRBEOE O (W, BB, v—r) 2H
LTWBELTWA, i, BIUBY X, AF—v=7
OHRICETIHEARRET, AF—KHLLEXMR
(R&K) gz, Qv—r0Xk, QU HMTE KRR
#, Alcy —roA8RCEVHESAEBORELT
Wwa.

APRTIE, B, v, AV TrEL O 3HEDOYL
HErBAWT, FOLECMOARF—T v/ E—v vV, AF
— =7 EB L 3SKEROKRRIOWVT, BER
DEBCERLIHE, IERHKOKIHELKRRE
L TOBRBEERICLD L 5 hEBYRIETON,
FLEBARE - BE~OERILE I McE, RITRE
ORI IVTHLMA LD THRET 5.

2. RMAE

A =#

AuvicAB oML Table 1 773 JL#E, #8100 %
DAF—TV/HF—V 3D, AF—0=T703HENRTE
BETotk. EIRCRTIORC, EKLLAVLR
TWAHHM, AEAF—-ANEEL LTREIRT5H£)
Frtrry, BXU0Y—AD3HEC, JLEDAREEXLI
SEHOKMRICOVTERET o, LR, MILELD
HELOPEECEMR, K 7oV V/LELDOBE

ok, IEZVThIFBRSTHS. MEEY) Fer
VILBCOWTREIDRIFE LV DR BN LA,
U= VB COWTIRERY AL A LR TETHE
dDEir5TW5B. LizhioT, Table 2 pg#uiRk
B (r—=5 AT LA, #iE36C, RFEE 20C T
WE) 1X, v—APLEMNI02W/m? LEL, fEEY
e v /ILEFXERER 151 W/m?, 140 W/m? C3
5 BRRBTCOKGE, RE»» 7RI 5H8E
B, S5%DY 4 % v /EI%Y Table 2 RL T
5. BNERRBEVRLS V4 v F VIR ER, £
e v ULEIIBKETCHDY 4 o F VRS LKL
EBEE ML BERBETHS. v—-ILEL REB
HAE L BB DO 2 WTHERTARECRY 4 » F v
V4 : - ARRPAREY -7 T 7R B0

() viav—vavER

-7 AAXA, #MiFE 36C F{EL . Fig. 1
Rt X 5K, #RO Ficitnhic A (KR 200 %)
YBEEX, oL Y II =Ny —}F, IHRITT
Ty 2 ARBE, Th¥BERERELEC. ¥=1rv—1}
DIz, b PORERRBRICHYT 2 KEI R BT
X501, BB wEISZY—= 7 KN OMRO LKA
WD 2 2% B4 T2 (0.6cmg DA TEBKTH
BT HIO8M) k. Thek 2EED
AERLIBBEx 0.244g/(100 cm?-hr) TH - 1e.
NBERLIVOAF—-T7 V- ¥ V%, 0C OBBT
HHL, HREBRERE L. ILERMAL, SARBC
HEP XD DTB/AOEERELEY & ZULE DO KWE
DS, BRMOMRELARICALDLIK2—AF
Mcth EhiBllE 10.8%, v —LILE17.1%, £V
7r v VLA 26.6 %K X8, AR~ 115X

* P KRB, v-AIEEOBAEY WEIRFRLETA. IL5cm DR lE T — 7 CEE IR THW . ¥,
Table 1. Samples
Stitch density
. -1 Thick Weight P it
Sample End use Structure Material (%) (cm™1) (;::mx:)ess (mgc/lcgm2) (ZI;ZS)' Y
Wale Course
C Underwear Interlock  Cotton 100 17.0 15.9 0.90 21. 52 84. 41
P Underwear 1x1 rib Polypropylene 100 14. 5 9.8 0.90 17.72 78. 32
w Underwear Plain Wool/nylon 90/10 6.0 8.0 1. 24 19. 34 88. 02
Su Ski undershirt Interlock Cotton 100 16.0 15. 5 0.78 20. 53 82. 90
S Ski wear
Face Nylon 100 1.42 28. 81
Wadding Polyester 100
Lining Polyester 100
Yearn type: spun.
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Table 2.

Thermal and moisture properties of samples

Water vapor Wicking height*

Sample Dr’Ev};?:ltz)l 088 R(%/ga)in transmisson rate (cm)
’ (g/(m?-hr)) Wale Course
C 151. 2 7.02 19. 95 7.05 6.00
P 140.0 0.15 20. 81 0.38 1. 50
w 102. 0 11.01 25. 92 0 0.35
Su 158.0 6.75 21.35 5. 40 4. 45
S 78. 4
* After 5 min.
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Fig. 1. Principle of the experimental apparatus
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Fig. 2. Positions of water-injected hot plate
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Fig. 3. Results of simulation tests (in the case of Fig. 5. Results of simulation tests (in the case of
perspiration of 0.125 mlx4) perspiration of 0.500 ml x 4)
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Fig. 4. Results of simulation tests (in the case of Fig. 6. Results of simulation tests (in the case of
perspiration of 0.250 ml x 4) perspiration of 1.000 ml x4)
16 (852)

NI | -El ectronic Library Service



Japan soci ety of Home Economics

HARET R AME-KBF 0K - Ko BEEHE

Dry heat loss ]

[
o

Heat loss(w/m2)

A 1 ]
3
Ambient temperature(°C)

1 ! L

1
20 30

Time (min)

40 S0 60 70

Fig. 7. Dry heat loss of three clothing systems
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Fig. 8. Results of wearing tests (on subject N)
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Tadle 3. Water content of each clothing and quantity of sweat remaining

on skin
Clothing Water content (g)
system Underwear Ski undershirt Skin Total
C 2.82 3.33 0. 64 6.79
P 0.07 1. 54 0. 42 2.03
w 4.40 2.28 0.16 6. 84
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