Journal of the Ergonomics
Society of Korea
Vol. 15, No. 2, 1996 71

7 @771 estolNe] Helukat TEge) Bat AT

A Study on the variation of Skin Temperature on the
adult male at Environment Temperature

A% A

ABSTRACT

For understanding skin temperature based on clothing design from a viewpoint
of comfortable wearing, the skin temperature, physiological reactions(body
temperature, blood pressure and pulse) and physiological response(thermal
sensation, comfort sensation and perceptive sweaty sensation) were measured on
condition that 5 naked healthy male exposed to serveral environmental
temperatures, (20:1.0TC, 28+1.0C and 32+1.07C).

As the results of this testing, the regional skin temperature was varied for
90min just after expose to those the environment but was generally stabilized for
the next 90min.

It was proved the difference of the regional skin temperature at low
temperature environmental(20C+1.0) was larger than at high temperature
environmental(32:1.0C) and under serveral environmental temperature, the degree
of the regional skin temperature was not equal. Except in case of the thigh, the
front of all regional skin temperature turned out higher than the back of them.

According to change of environmental temperature, body temperature and pulse
were altered. In the pshycological response, ‘thermal sensation-comfort sensation’
was felt to ‘slightly warm - comfortable’ at 28:1.0°C of the environmental
temperature, and ‘perceptive sweaty sensation’, when it was said ‘sweat’ at only
32:1.0C of it.
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Table 1. Physical characteristics of the subjects
Item  Age Height Weight Chest  Skinfold Body  Rohrer Vervaeck Metabolic
(yr)  (m)  (kg) circum- thickness(mm) suface  index”  index”  rate”
ference ~ area(m)”

Subject (cm) Upperarm  Infrascapula  Loin
A » 1715 630 91.0 05 85 90 176 125 89.80 60.26
B 26 1708 640 05 40 6.0 70 1.77 125 8.73 60.55
C 24 1742 615 0.0 30 55 50 1.73 1.15 86.68 62.27
D A} 170.3 685 840 50 6.0 70 171 1.21 8455 61.60
E 5 176.0 665 880 35 85 55 1.83 1.20 8753 63.59

a) calculated by Takahira's equation: W™ x H*™ %72 46/10°

b) calculated by Rohrer's equation: W/H*<H’

c) calculated by Vervaeck's equation: (W+C.C)/H X100

d) calculated by Nakagawa's equation: {(591.620+3.815W+2.434H-1.689A)/24) x1.2

W : weight(kg) H : height(cm) A : age(yr)

NPASe) AAH S48 Table 19,
e} 2 E4e Table 201 Yeh Ak

AT FAR TG, 1987)
oz AAY%e] FAFW, AR, 23
oA 243t

Table 2. Physiological characteristics of the

subjects
Body  Blood pressurelmmbg) Pyise(beat/min)
subject temperature(*C)  Systolic  Diastolic
A ¥6=01 109-1 73=2 9=1
B 36702 106£2 82 =2
C ¥5%01 13141 =2 732
D 366701 11471 692 74=3
E 365301 161 682 8=2

Table 3. Environmental condition in laboratory

CC.

chest circumference(cm)

20 MEHUAN W BAZ

dge Folgen MEPuT A
Aol duAFEES AR F 19959 5
4 15¢Y ~59 25 HA A} AF
del BAzAY AW GAA P

2 ZAEYH FEA 93 ¥NHH
£f, 1983)0ll A A3 H 2.7 Table 37
Fig=y
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TG 7Hsd uiAE ) Hste (@At
v 3FFT TYAIZH09:00~13:00/ 14:00~
17:30) o) A3-e HAAERen, 2+ 93y

z}o] ABAAF = Table 49 2}

item  Environmental Relative Air movement Effective radiant
Laboratory temp.(C) humidity(%6) (m/sec) temp.(C)
Control room 28110 50+10 0.1 0£05
. 2010
Experimental 28+1.0 50+10 0.1 0+05
room

33x1.0
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Table 4. Experimental schedule of subject
Day | 515 5/16 517 5/18 5/19 5/20 521 5/23 5/25
Subject MIAIM|A|M| A
A
B
C
D
E
23 AEHTM 24 &HE=
241 ¥
APEHE Fig 1% 2o N
@D HFRE ouzAANA A (HE]) HH22 Thermistor data HFEEREEE

1A]7F ZoF oS

Z sk} oF

JHE-o] sensorZ

FE =

94 94 Qe Ale, Wt Wl

euuz, AAPL, A4H BRYAL

Bele] AYH HE G,
@ 5349 9d A8 0En gy

A
"

, 8¢, WukS checkdl 308wt 4
3131 S BHATHIARA] AME 9
x}Oﬂ %2 e 33 Le upgelx e

EALE S HA38H] A3 20emszo]
\«‘rn"—‘?_’r gl &3 Feoh.

L Hllllllll IHIJ

l

subject seated

control room experimental room

1]

LI

7]

£ % 0 0
Fay

LY

fay

with sensors

attached Fay

*  skin temperature, hody temperature,
blood pressure, pulse
A Psychological response

Fig. 1. The procedure of the experiment
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leg)ell 3l FA313 o, PEuRL9
AEFALe U gt

T=(9.8F1 + 32.8F1 + 196F3 + 17.2F4
+ 20.6F5)/100
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Back
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Fig. 2 Measuring point of skin temperature
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Table 5. The scale of thermgl, comfort, 3. AAn 9 b
perceptive sweaty sensation
Thermal Comfort Perceptive 3.1 B2 wst
Scale ) . sweaty
sensation sensation sensation
- =2 ZZ1H o 5
1 very hot comfortable clammy g :T‘OAVJ(E, ZGE4(R)o] thal) B4
2 hot slightly uncomfortable  sweat A% A3E Table 69, AlIZEAT ) o
3 warm uncomfortable dripping & J5-29] w3l FAS Fig. 39 e
4 slightly warm  verv uncomfortable Ut
2 l,ngtral 1 Table 691 ©3t%, BH=22F oRR
, o B 180EEUde] Aot 7 BRvle =
8 cold FollA ZAHAIZH20+E1.0T(P=0.0001), 28
9 very cold T1.0T(p=0.0003), 32+1.0T(pP=0.0001))3}

Table 6. ANOVA table for the skin temperature at each environmental temperature

Ae ;sen;m%frf?evrggengg?r? Source Df Type Il SS Mean Square F Value Pr>F

R 4 158753 382.1883 %45 0.0001

0%1.0C T 18 210.9943 11.7219 2012 0.0001

T*R 7 %.3030 1.3375 230 0.0001

_ R 4 636.4601 159.1150 6.70 0.0014
90~180 i - —

(min) BE10T I 13 46109 0.2561 268 0.0003

T#*R 7 66720 0.0926 097 05548

R 4 380.0807 972702 354 0.0244

2E10T T 18 42,6364 2.36%6 20.17 0.0001

T*R 7 155682 02162 1.8 0.0002

R 4 1034.7389 2585947 2167 0.0001

0110T T 9 26869 0.2978 107 0.38%

T*R % 6.0374 0.1677 0.60 09641

_ R 4 361.2004 90.3023 79 0.0005

90~180 . : = =

(min) B*10T T 9 0.5588 0.0620 0.83 05449

T=*R 36 24242 00673 0% 05498

R 4 160.4278 40,1069 270 0.0601

32+10C T 9 02792 0.0310 0.8 05452

T*R 3% 0.8684 0.0241 0.68 09115
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Fig 4. Variation of the regional skin temperature with lapse of time at each envimmental temperature.
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Fig 5. Front - back comparison of skin temperature with lapse of time at each envimmental temperature.
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Table 7. ANOVA table for physiological characteristics at each environmental temperature

Item | Environment
Region temp.(C) Df Type I SS Mean Square F Value Pr>F
20+1.0T 18 10.2212 0.5678 643 0.0001
Body BE107C 18 04894 00271 273 00014
Temperature
2+10C 18 0.2475 0.0137 130 0.2120
20+1.0C 18 17153263 %.2059 832 0.0001
Pulse B+10C 18 608.9052 28,2080 212 0.0130
20+10T 18 3080210 17.1122 155 0.0976
+10° -

Blood 20+10C 18 399.2842 2.1824 075 0.7531
pressure 28+1.0T 18 1125263 6.2014 0.25 0.9991
Systolic 2+107C 18 6265263 34.8070 113 0.3465

+1.0° -

Blood 20+10C 18 992.5%63 5514035 206 0.0618
pressure 28+10T 18 560.4842 31.1380 154 0.1012
Diastolic 20+10C 18 1000.9052 55,6058 173 0.0692
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Fig 6. Variation of body temperature, blood pressure and pluse with lapse of time ate each envimmental
temperature.
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Table 8. ANOVA table for physiological characteristics at each environmental temperature

Item | Environment
Region temp.(C) Df Type I SS Mean Square  F Value Pr>F
20x1.0TC 6 1.8857 0.3142 183 0.1348
S“e“?‘a‘ BE10T 6 2.2857 0.3309 179 0.1464
ensation
32£1.0T 6 41714 0.6952 406 0.0060
20£1.0T 6 0.6857 01142 267 0.0398
Comiort B+10T 6 0 0
Sensation
32£10T 6 15428 02571 6.00 0.0006
20+1.0T
Perceptive
sweaty 28+1.0C
Sensation
32*1.07C 6 6.6857 1.1142 26.00 0.0001




#15%, F25K, 19%. 12 7t B737128M e A HR el #F A7 85

Perceptive sweaty sensation
[p%]

Comfort sensation

|

-

Thermal sensation
- N W A DN -

(]
w
o
[~23
o

90 120 150 180
Time(min)

| @:20+£10C M:28+10C A32+10T

Fig 7. Variation of psychologicalithermal sensation, comfort sensation and perception sweaty sensation)
with lapse of time at each envirnmental temperature.



Keg AL Ee

3.8 E

A4 g 5H-E W &4 A
(20£1.0C, 28+1.0T, 32%x1.0T)el AA|
ZHI80HE) =&A1A P29 W3l As
eotste] #HHztele] FHAAM JEAA
9] 71z H{FEL29 oojg AHEINA
I A v 2

(1) Z+ 737230 A Azt

o
E
o
RS
r

RolFHE 1808 F<tl=
o] JAsA FA=HAUH

2) 7+ A7 FEE AR
IAE 1S YUehlE WHE, AR
$ols BF7Ie izl wel Ao
38 Jehgidich
a8)s 87712 202 10T E ARA|
Ho| mreute] AZo] EAHQ 3t
< YeElATE 2E10TAME AFE9)
Hako)) o]g ofzhel FE L AIE A9
3l 20+1.0CHY HHE HES Y
YAt

(3) Z+ &7 g F-29
=9, $ExE: Afdde 4 #H7L
2o AA>AJHASFESE AHA>
stE A & YERloy, 3780 =
Z8 Aeole A7 2011.0TAANE
A BSAES A X AASE A A >SHE A Y,
2811.0CHNM = HAA>ALAE>FE>T
EAE>SIE AN, 32E1.0Co e Ad>
AJAASFESSEHAASHEHALY] &
< YepAITH

(4) A-FH FJHE AHRA A
A8 Ak dEE Aol FHA vlg) oF
Z+ 228 Jehlie AES, dEPEeE ¥
Hol v S JEtiiTh

6) Agd WS AmRd A2 o

A2 FPEdd F3Hon, 84712 28
T10CoME 32 HF 9 o] IA
g 22E RAEFAY, RE10TAME
ofzte] A4g Jed ¥ diAz JAT
SE7F FAHE ¥, 20+10TeAAME
A&AHA 2Z] dan EFAY ¥WE
< YA,

ke A7 Wsid we} I
Wslste) e 2e e vEhid

#ehe S Fleu, 8371
o wet 48T ¥ws FEE dehlAs
skt

6) Ae1AQ] g5 AWRE <2z
HH7>e A7 20+10TCAME <F
oozt R, BF1L0TCAXNE <
7t mEsioh- A st 32£1.0CAME
<Ho-oRzt Bt gtk <A
24 > #7712 2010, 28+1.0
ColME PR ZF7F 9EE HepA
gton 32+1.0CAMT <go] dr>i
st

olde) ATATA, A FAe A
Ae@ATNN Heol oldm, AR
oz 229 AWE 1e, W= Fue
Aes Ued Ane dadrs A9
A e, AHsTha =2 wel A
o) HReo] MiAT ARHET R E
£ HCE U A% 4 298 Re
o &9t HAATY YXNHA e @
e e

aeeg AezAwge JPAT 7
A% BAZA olUE), AE, M
aeln A% o) A% 448, T4,
N 5o AR we =) o
2o AN ALZAERA P AT
Qe T AFHAe] FUF
me} olo] BFo] A&HoT AT oA
o & Aoz AZE Y.



#1548, $2%%, 199%. 12

Zt RIS A ) A dAt s R B A7 87

=G B ATNNE YAFH 49
A7t @A) wBE F o0Ro] A
AReo] RAZ ShyRE 7

Ful

< JF2o] MHE= AHE 9B
A3t FEsleet Qzgdct
g 24

(1] 7483 - FE2], oldz, A}
A33ETA}, 1982,

[2] X5, 49 FEX$HAHL
A% FUAY 2ARTAN, SR E
H}etAF A 1992

(3] Hel7t - He7, oEatga2eo] 9
Ao e whg @ dF FHFH Ao
e FE, I=edBAss) 23),
pp.165-178, 1995.

[4] Az7, oleE, Aag o3tz ga}
1992.

[5] A5AL ol¥e) FHAo) #et A7,
W7 88 A), 29(1), pp.13-25, 1991

[6] 52 =53], 47128 ¥
e AR Wil S dests)
2(3), pp.179-187, 1995.

[7] A3 - A3, QA9 247 e
ZAH) vixle A& 32§38},
17(3) pp.415-427, 1993,

[8] HFE - o]d, 3HAR B e o)
e AZAWS A, sZo)HE
3]A], 17(1), pp.77-88, 1993.

[9] #EA) K- & Fss - KT, HH
i - AKIRF R RS 28)

B A - B 2 EERE, A
K2 FEEH E, 22, ppl-7,
1954.

(10] BHREME, F iR o Zepsdh - B+
505, HARURRIESEGHES 183),
pp.175-199, 1954.

(11]) #:&: v, ERBT, KEFER Ther-
mographyic + 2 K EiSHIEE1E)-
BOERESC: 51 s BRAEBEZ T K&
M-, b FREHPeRE, 7,
pp.157-164, 1975,

[12) #&&: + - BFBRTF, v-x7357 4 -
12 & 5 PR IRRIE S0 B3, KA
Ao RGRH] - i > ©, #5200
AM-BIRE R © w2 BB E,
pp.31-34, 1978.

(13] &% s + - AFIRF, +-220r35 7 4 -
ks RMIRALE, BMEERE .
b JIERER : o Mo, KRS, 23(1,2)
pp.208-212, 1979,

(14] %% + - AT, KEERESREsG
BT 5 2 KMES: A2 B+
5 B, bicFk [15) S%1Ese
TeHIENFAZERC R HLS 25 1980.

[16] &< + - AFKF REEET, 22-
MU CEHERERME: 513 2 RAKLF»
255 & BB Wi o )
HAFKEEHE, 31(10), pp.742-746,
1980.

(17] PHEEET - foOfd T, emnEa
12 & B B RS B 2 BRFECGE1ED,
HARKEEHS  30(3)  pp.240-247,
1979.

[18) HiEFEEF, MWUPIZER: & » KEE
A BT 2 BRI, HAFEE

FZ6 30(3), 607-705, 1979.

[19] &BE - KEF - BNRF - 5%
¥, AESo BTG MR- Rz + 32
B OKIRBHEE, (2), pp.15-20,
1982.

(201 HeREHZ, ARNRZAIRSE R o HAZCHE
rRE, SERr2daEs 24
S =53, 4, pp. 13-20, 1995,

[21] ZEHi4FERZEHE COER A W AR E3T),
HAKE iAo 882 » 24



o>
4z

KA 2

TR S o S A b e BTN
B+ o HE pp.427-435, 1996.

[22] kM, RAREHEEE, 1983

(23] BitiiG, wORGrES, BAIEE, 1979,

[24] EATIRTF, FREMERRRA Lo B MRS
i, Ao KEEHEL 31(4), ppl-
241, 1983

[25] FflE—1, BMESRESHEFEAIER, H
ANE SR EEEEEE 39, pp.1-96, 1976.

(26] #gizcAT Fb AEFEASEAF- AR
IS~ o SEFERE-, FEVLE, 1993

[27] EHIE— FHEMiRo Hiic-ow T,
A, 1954,

(28] {FHEAETF &b BRRMUEERC 50 5 BN
B B 2 pgE, HAES 41(1), 1986.

[29] FULFET - ANMT, BALTFo KH
By 5o R o [EREA - (ERenIEE),
BAFREE G, 38 (7). pp5sH-592,
1987.

[30] Burton, A. C., The Pattem of
Response to cold in Animals and
the Evolution of Homeothermy. In :

Herzflde, C. M.(ed.), Temperature, 3,
Part 3, Reinhold, 363-371, 1963.

[31] Golden, F. St. C., Human thermal
response during leg-only excerise
in cold water, J. Physiol, 391
pDp.399-405, 1987.

[32] Hardy, J. D. and DuBois, E. F. :
Temperature, It's Measurement and
Control in Science and Industry

[33] ], Wemer and T Reets, A
Contribution to the Topography of
Temperature Regulation in Man,
Eur. J. Appl. Physiol.,, 45. pp.84-87,
1980.

[34] Teichner, W. H., Assessment of
mean body surface temperature. J.
Appl. Physiol,, 12, pp.167-176, 1958.

[35] Katsuura T., Comparison of ther-
mogregulatory response to heat
between Japanese Brazilians and
Japanese, ]. Therm. Biol, Vol. 18,
No. 516, pp.299-302, 1993.



