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Abstract

In this study the physiological significance of the upper and lower body on thermoregulation
and sensation are examined. Experiments were carried out on 4 females in a climatic chamber
conditioned at 25+1°C, 50+5% R.H.. Before the measurements, subjects were exposed to 3
types of enviromental temperature: 1) 25+1C for 60 min.(ST), 2) 25°C — 35C — 257C for about
40 min.(HT), 3) 25°C — 15°C — 257 for about 40 min.(L.T) covering the upper body (U) or lower
body (L) with garments.

1) T,, was significantly higher in L than in U only in ST condition. Ty and Temp.
under the clothing were higher in U than in L in all three conditions.

Thermal sensation was warmer in U than in L, and comfort sensation was most comfortable
in HT condition.

2) When the upper or lower body was covered or exposed, the mean skin temperature of the
upper body was higher than that of the lower body. Following covering and uncovering the
same area, the changes in skin temperature were greater in the upper body than in lower body,
and covering the upper body produced a greater difference of skin temperature between body
and lower body than covering the lower body.

3) In all environmental conditions, when the upper body was uncovered, the skin tem-
peratures of the chest, upper arms and forearms dropped to a considerable degree, and when
the lower body was uncovered, skin temperatures of the legs showed the same pattern. On the
other hand, skin temperature of the thinghs showed only little change in all cases except

forehead and back uncovered or covered in two clothing types.
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Table 1. Physical Characteristics of subjects

Subject Age (year) height (cm) Weight (kg) BSA (m?)
A 21 153 46.2 1.41
B 20 156 52.8 1.50
C 19 165 63.0 1.70
E 19 156 50.2 1.49

*BSA (Body Surface Area)=

Height®™ x Weight®?® x 72.46
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Fig. 1. Covered part of the body in each experiments

Lower clothing. over-all.

Upper clothing.

Fig. 2. Types of Experimental Garments
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Table 2. Physical Properties of Clothings
Physical | fiber content density weight thickness air moisture thermal
Prol_). (%) (thread/5 cm) (g/m?) {mm) permeability regain resistance
Clothing wale |course (em®/sec/cm?) (%) (%)
upper & p; 72 ‘
10Wfbl‘ C; 28 58.7 | 80.3 261.7 0.764 80 1.67 26.2
clothing
over-all P; 67 75.9 | 95.4 183.7 0.488 114 1.85 21.2
clothing C; 33
*testing KS K 0210 KS K 0512 | KS K 0514 | KS K 0560 KS K 0570 KS K0220 KS K 0560
method
Table 3. Clothing ensembles in each experiments
Under Wear Garment Total Weight Estimated Thermal Resis-
of garment (g) tance of Garment (clo)*
U Panty, Brassiere Upper clothing, Gloves 345 0.970
L Panty, Brassiere Lower clothing, Socks 369 0.995
w Panty, Brassiere Over-all clothing 410 1.037
Gloves, Socks .
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(A) (B)
ST: L | ——
60 0 30(min)
(A) © (B)
HT & LT: — ! ) —
-100 -40 0 30(min)

(A): Rest in the room conditioned at 25+1°C,
50+5% R.H. for €0 min.

(B): Measurement

(C): Changing periods of environmental temp.

Fig. 3. Exoerimental Process

Table 4. Scales of subjective sensations

BEAAR AT

Table 5. Results of measurement for covering types in
three enviromental conditions

Thermal sensation Comfort sensation

7 very hot

6 hot

5 warm 5 very uncomfortable

4 not both 4 uncomfortable

3 cool 3 slightly uncomfortable
2 cold 2 neutral

1 very cold 1 comfortable
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A B U L
ST 36.96° 37.04°
Tre HT 37.03 36.96
LT 37.00 37.03
ST 32 65 32.57
T HT 33.04° 32.73°
LT 31.63° 31.20°
ST 31.42° 30.74°
CT HT 32.08° 31.19°
LT 30.86° 29.72¢
ST 4.02¢ 3.7
TS HT 3.68" 3.38°
LT 4.09 4.00
ST 1.54 1.71
cs HT 1.45 1.45
LT 1.84° 1.57

Duncan Multiple Range Test (P<0.05)
A: Environmental condition

B: Covering Type

T.e: Rectal temp. (‘C)

Ta: Mean skin temp. ('C)

CT: Temp. under the clothing ('C)

TS: Thermal sensation

CS: Comfort sensation
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Fig. 4. Rectal Temp. & Mean Skin Temp. for two covering types in three environmental conditions.
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Table 6. Weighted skin temp. ('C) in covered part & uncovered part of body

C U L
A B C ETquE Toca T T ucusk ETawE

chest 34.50 32.76
abdomen 34 .87 -33.64
back 32.07 32.33

ST upper arm 32.00 17.06 12.05 30.38 13.91 15.14
forearm 33.27 32.25
hand 33.91 33.07
thigh 31.11 32.15
leg 30.27 32.46
foot 32.41 33.34
chest 34.97 ) 33.22
abdomen 35.49 34.22
back 32.74 33.05

HT upper arm 32.73 17.33 12.17 30.79 13.98 15.20
forearm 33.70 32.25
hand 34.16 32.80
thigh 31.27 32.12
leg 30.69 32.51
foot 32.48 32.92
chest 34.52 31.87
abdomen 34.86 32.7%
back 31.13 31.48

LT upper arm 31.07 16.71 11.40 28 .55 13.24 14 .45
forearm 31.74 29.69
hand 31.65 29.87
thigh 29.75 30.70
leg 28.94 31.08
foot 28.64 30.23

A: Environmental Condition

B: Skin Temp.("C) *E E: covered part

C: Covering Type

Tee: Weighted Skin Temp. of covered upper body
Tyeus: Weighted Skin Temp. of uncovered upper body
Tuas: Weighted Skin Temp. of uncovered lower body
Tas: Weighted Skin Temp. of covered lower body
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Environmental Condition
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@ L: covering lower bodyy @ W: covering whole body

Fig. 5. Skin Temperature in each experiments
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