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A study on the temperature inside clothing as fundamental data for development of the heat

energy harvesting clothing
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Abstract

Recently, the consciousness of energy crisis is rapidly growing and sustainable eco-friendly energy sources are
becoming issue. Therefore the portable electronic device requires new energy sources for providing continuous power
supply and the power energy harvesting system of the human body that enables the power-harvesting research requests
anytime, anywhere. One of the sources for energy harvesting is heat energy, which is the difference in temperature of
the body and the surrounding environment. We tried to analyze the temperature difference between the environmental
temperature and the temperature inside clothing according to the structure of the closed portion. And we examined the
temperature difference between the environmental temperature and the temperature inside clothing according to the
material of the clothing. The analysis showed that we have been able to get different results at parts of the body in
the temperature inside clothing according to the structure of clothing. In upper torso of the chest and back, the
temperature inside clothing of ‘closed structure’ was higher than the temperature inside clothing of ‘opened structure’.
In the section of arm and leg, it was reduced the difference of temperature inside clothing between ‘closed structure’
and ‘opened structure’. It was particularly noticeable in the section of leg. The results of analysis of the difference
between the environmental temperature and the temperature inside clothing according to the material of the clothing, in
both cases of the two materials, ‘closed structure’ was higher than the ‘opened structure’ in the difference value
between the environmental temperature and the temperature inside clothing. There was a difference according to the
material in the section of leg. In this study, we outlined the basic guidelines for developing heat energy harvesting
clothing by exploring the structure and material of clothing suitable for the heat energy harvesting.
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of experiment

Clothing

Fabric | opened/closed

Process of experiment

1) 10 minutes adaptation at indoor of
20°C environmental temperature

2) 5 minutes exposure at outdoor of
—5C environmental temperature

1. closed 3) Measurement of temperature inside
PE clothing after 10seconds upon
inserting instrument
4) Measurement of another section
after 7seconds
2. opened same as above
3. closed same as above
CT
4. opened same as above
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Table 2. The mechanical property of fabrics

Air-
Thickness | Weight | Density | Permeability
(mm) | (mg/em’) | (wp/wh) | (co’/min to

Fabric | Weave

cm2)
PE | plain 0.48 133 134/96 28
CT | plain 0.48 13.4 132/82 35




Table 3. Types of the clothing 39S &8 A3y
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Figure 2. Instruments of measurement
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Table 4. The temperature inside clothing by structures(C),

Mean+SD, n=4
Clothing Temperature inside clothing of section
Fabric | Structure | Chest Back Am Leg
Closed | 22.5£2.3 | 22.142.3 | 16.5+1.8 | 14.8+2.5
P Opened | 15.8+1.6 | 17.4+0.1 | 14.9+2.1 | 14.0£3.4
Closed | 23.3£2.0 | 22.9£1.3 | 18.5+0.7 | 14.0+0.9
“ Opened | 18.243.1 | 18.8+0.9 | 14.5+2.8 | 13.2£0.9
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Table 5. T-test of temperature inside clothing between closed
and opened structure(p<0.05), n=4

Section Between closed and opened structure
Chest 0.0001
Back 0.0003
Arm 0.0185
Leg 0.9202
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Table 6. The difference of temperature inside clothing between
closed and opened structure(C), MeantSD, n=4

Clothing Difference(closed-opened structure)
Fabric Chest Back Armm Leg
PE 6.7£13 | 4.7£2.4 1.7+2.1 0.8+3.0
Type
CT 52424 | 4104 | 4.0+22 | -0.6£04
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Figure 4. The difference of temperature inside clothing
between closed and opened structure
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Table 7. T-test of temperature inside clothing between polyester
and cotton fabric(p>0.05), n=4

Section Between closed and opened structure
Chest 0.0667

Back 0.2122

Armm 0.4036

Leg 0.1740
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