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Seasonal Comparison in Thermal Comfort of the Human Body
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ABSTRACT

This study was carried out to compare human thermoregulatory responses and preferred
air temperature by feet immersion between summer and winter in terms of thermal
comfort. Five healthy female university students participated in the study as subjects. They
experienced feet immersion at 40°C of water in the climatic chamber of 24C, 50%RH
from 19:30 to 21:00 in the summer and winter, respectively. Rectal temperature gradually
decreased and maintained 0.08°C lower in winter than summer, while mean skin
temperature changed 0.4 °C greater in winter than summer(p=0.00). Air temperature selected
by each subject for their thermal comfort revealed 0.8°C higher in summer than
winter(p=0.06). The results obtained suggest an increase in human thermoregulation and be
used as preliminary data to maintain optimal indoor temperature in summer and winter.

Key words: thermal comfort, summer and winter, human thermoregulatory responses,
preferred air temperature, feet immersion
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Table 1. Physical characteristics of the subjects

Height Weight BSA  BMI
m g ()’ (kgnd)’
SI 22 1620 469 1474 180
S22 1529 40 1376 191
S3 21 1709 580 1677 200
S4 20 1694 622 1717 214
$5 20 1695 544 1622 188
D BSA(Body Surface Area) = Height">x Weight**”

Subject Age

x 0.007184
2 BMI(Body Mass Index) = Weight + (Height x
Height)
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Table 2. Physiological parameters during equilibration
period before feet immersion at 40°C in
summer and winter

Summer Winter
372+0.1 37.4%0.1
Mean skin temperature (C)  33.4%0.2 32202
Head skin temperature (C)  34.840.1 34.8+04
Chest skin temperature (C)  34.9¢03  35.0203
Forearm skin temperature (C) 31.9+0.4 30.3%03"
Hand skin temperature (C)  33.3%0.6 30.6+1.1
Thigh skin temperature (C)  33.330.3 3132027
Leg skin temperatute (C) 31.0:0.1 30,102
Foot skin temperature (C)  31.8+0.8 27.0+1.3
MAP (zuHg)" 8243 8543
Pulse rate (beats/min) 7143 7743

Innermost clothing

Rectal temperature ()

o 329+02 32.7+04
temperature (C)

Innermost clothing humidity -
3442 27+1

(%RH)

Values obtained from the last 10 min are represented

as meantSE. * p<0.1, *p<0.05, **p<0.01.

D Mean Arterial Pressure
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Fig. 1. Changes of rectal temperature(T..) and mean
skin temperature(Ty) from the baseline through
the feet immersion at 40°C(the first haif of 30
min) to the recovery(the latter half of 30 min)
in summer and winter. p=0.00 between summer
and winter in T and Ta.
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Fig. 2. Change of feet skin temperature from the
baseline through the feet immersion at 40C
(the first half of 30 min} to the recovery
(the latter half of 30 min} in summer and
winter. p=0.00 between summer and winter.
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