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Abstract

This study aimed to compare the cooling effect of specific body parts to increase workers’ thermal comfort.
The parts to be cooled comprised the head and neck; the coolant was a phase change material. The participants
were ten men in their 20s of average size according to the 8th Size Korea. The experiment was conducted under
the following conditions: 28.0 + 0.5°C, 60.0 + 5.0% RH, and 0.2 + 0.1m/s. The exercise consisted of partic-
ipants moving for 15 min at a constant speed of 80 BPM,; later, a subjective sensation was performed, and the

clothing surface temperature was measured. In doing so, heat, wetness, and discomfort after exercise were con-

firmed to have increased without a coolant. Significant differences over time appeared only when no coolant
was used, showing that thermal comfort decreased. Despite the addition of coolant, the clothing surface temper-
ature gradually increased over time, but it decreased with coolant rather than without it. Therefore, additional

coolant areas, a lower temperature, and simultaneous cooling convection were required to improve thermal

comfort.
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Table 1. Body size of the participants and average SizeKorea males in their 20s

Participants (n=10) Size Korea
Mean (SD) Mean (SD)
Age (years) 22.6(2.4) -
Height (cm) 172.9 (2.5) 174.8 (5.6)
Chest circumference (cm) 96.5 (4.3) 97.6 (7.5)
Waist circumference (cm) 85.2(4.0) 85.7(9.0)
Hip circumference (cm) 96.7 (4.2) 97.1 (6.1)
Weight (kg) 732 (5.1) 73.3(11.2)
Body mass index (kg/m) 25.7 (2.6) -
Percent body fat (%) 22.2(4.3) -
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Fig. 1. Image of coolant and wearing coolant on the
head and neck.
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Table 2. Subjective sensation of thermal comfort according to coolant location after exercise

Exercise time Coolant Mean (SD) F-value
No coolant 5.0 (0.5)B
5 minutes Head coolant 3.8(1.DA 4.438%
Degree of feeling Neck coolant 3.8 (1.DA
hot No coolant 5.9 (0.7)B
10 minutes Head coolant 43 (1.3)A 6.494**
Neck coolant 44(1.2)A
No coolant 5.1(0.9)B
5 minutes Head coolant 3.8(1.2) A 3.586%
Degree of feeling Neck coolant 3.9 (1.4A
wetness No coolant 6.0 (0.9)B
10 minutes Head coolant 4.6 (1.6)A 3.096
Neck coolant 4.8 (1.4)AB
No coolant 4.2 (0.9)B
5 minutes Head coolant 2.8 (0.8)A 9.839%*
Degree of feeling Neck coolant 2.7 (0.8)A
discomfort No coolant 4.7(1.HB
10 minutes Head coolant 3.5(1.4)A 5.957**
Neck coolant 3.0(0.3)A
1: Disagree; 4: Neutral; 7: Agree
*p<0.05, **p<0.01
Duncan test results (A<B).
(Agree) 7.0 ’_‘9
SIO R 1i P s
40 J { } 218 2.7
I
(Disagree)1.0
No Head Neck Neck No Head Neck
coolant coolant coolant

Degree of feeling hot

Degree o

f feeling wetness  Degree of feeling discomfort

5 mimutes ™ 10 minutes

Fig. 3. Subjective sensation of thermal comfort according to coolant location and exercise time.
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(Agree) 7.0

4

=

Y 57 57 59 57 60 i i
(Disagree) 1.0 I I I I I I I I I I

Head Neck Head Neck Head Neck Head Neck Head Neck Head Neck

5 minutes 10 minutes

Would it be nice if the
coolant temperature was
colder?

5 minutes 10 minutes 5 minutes 10 minutes

Would it be good if more  Would it be better if cool air
coolant area was added?  is provided at the same time

as the coolant?

Fig. 4. Subjective sensation related to coolant condition after exercise.

(Agree) 7.0
4.0

(Disagree) 1.0
Neck Head

Isthe coolant interfering with the

operation?

- 21 : 22 20 21 22 22
B oa H = on sin sn =
Head Neck Head Neck Head Neck

5 minutes 10 minutes

5 minutes 10 minutes

Isthe coolant heavy?

Fig. 5. Subjective sensation related to ease of movement after exercise.
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Fig. 6. Coolant temperature when wearing coolant on each body part after 5 and 10 minutes of exercise.
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Table 3. Without coolant when wearing coolant on the head and neck clothing surface temperature after 5 and

10 minutes of exercise

No coolant

Head coolant

Neck coolant

Front Back Front

Unit (°C)

5 minutes
after exercise

Back Front Back

10 minutes
after exercise
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Fig. 7. Average clothing surface temperature according to cooling locations
after 5 and 10 minutes of exercise.
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Fig. 8. Average clothing surface temperature changes according to
cooling locations and time.
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