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Abstract

This study analyzes the efficiency of a solar cell attached to an air circulation jacket. A commercially
available silicon solar panel was selected and attached at four spots where the body angle was 40-60° and
voltage (V,, V), current (s, A), and output power (P, W) were measured to determine the efficiency. The
solar panel was applied to the outer jacket that operates with two fans to increase the convection that
lowers the body temperature. The heavy work of standing, walking, and sweeping of a street sweeper was
simulated in the field test. The microclimate within the jacket (with or without a fan) was measured and
the subjective thermal, humidity, and comfort sensations were surveyed. SPSS 12.0 statistical package was
used for a t-test and Wilcoxon signed-rank test. The results show that the highest efficiency of the solar
cell was at the incident angle of 60° in terms of voltage, current and output power distribution. The
microclimate temperature of the air circulation jacket decreased significantly with the high power of the
fan and subjects felt cooler than the jacket with a fan at the incident angle of 60°. Air circulation jackets
operated by a silicon solar panel showed a significant cooling effect on the wearers.
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Table 1. Physical characteristics of silicon solar cell

" Dimension Weight (g) Voc (V)

Isc (A) Vor (V) Ior (A)

170x122x2mm 90.7 6.9

0.25 5.7 0.24
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Fig. 1. Body angle measurement of male manikin.

Table 2. Human body angle of male body manikin

Center Front Front 1/4 line Center Back Back 1/4 line
Length (cm) Angle (°) Length (cm) Angle (©) Length (cm) Angle (°) Length (cm) Angle (°)
13 60 4 20 4 60 3 7
18 70 8 33 8 81 6 30
22 75 17 60 14 78 9 40
31 87 25 77 22 92 11 70
39 90 30 85 42 100 15 83
45 92 41 95 54 85 20 93
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Fig. 2. Commercial air circulation jacket.
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Table 3. Characteristics of commercial air circulation jacket

Fiber contents

cotton-polyester

Maximum air conditioning capacity

500kcal/hr

Air flowing

12¢/sec

Voltage

4.8V

Power consumption Current

0.52A

Power

2.5W

Weight

550

Fig. 3. Location of solar panel and incident angles.
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Fig. 5. Subjective test protocol.
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Fig. 6. Voc (V), Isc (A) and P (W) according to the incident angle of the sun.

Table 4. Voc (V), Isc (A) and P (W) according to the four spots

Length (cm) Angle () P (W) Voc (V) Isc (A)
Center front 13 60 2.68 40 0.67
Front princess line 17 60 2.32 4.0 0.58
Center back 4 60 272 4.1 0.67
Back princess line 40 242 4.1 0.59

P (W)=Voc (VxIsc (A)
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Fig. 7. Microclimate temperature at chest in the skin layer of the clothing with fan and without fan.

9 90 ;600§ 60°
standingiwalking sweeping putting ;
36.0 : : ¢
- ‘kf Uoat” ok o0
350 ’oo%'-‘co%
— )d}C
g 345 o
L L
E ok * % S
§ 340 —o- with fan
£ 335 —e— without fan
=
33.0
325 2429, 37-A0mim*_*p<.05
20 29-37mmim#* *#p< 0]

0 5 10 15 20 25 30 35 . 40
Time (min)

Fig. 8. Microclimate temperature at back in the skin layer of the clothing with fan and without fan.
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Fig. 9. Microclimate temperature at side in the skin layer of the clothing with fan and without fan.
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Fig. 10. Microclimate temperature at chest in the first layer of the clothing with fan and without fan.
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Fig. 11. Microclimate temperature at back in the first layer of the clothing with fan and without fan.

Table 5. Effect of different angle on the average microclimate temperature of the clothing

Chest Back Side 1% Chest 1™ Back
Worked at 90° 33.89 34.99 32.17 31.22 33.83
Worked at 60° 32.94 34.66 31.50 28.78 34.71
AT 0.95 0.33 0.67 2.44 -0.88
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Fig. 12. Thermal sensation of the clothing with fan and without fan.
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Fig. 13. Humidity sensation of the clothing with fan and without fan.
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Fig. 14. Comfort sensation of the clothing with fan and without fan.
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