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This study was conducted to compare the characteristics of heat dissipated from LED lamps with water cooling method
and natural cooling method in a closed-type plant production system (CPPS) and to determine the optimum water temperature
and flow rate for LED lamps with water cooling method. The experiments were performed in CPPS maintained at
temperature of 24C and humidity of 70%. As compared to the LED lamps operated at water temperature of 22.5+1.2°C
and flow rate of 1,521+3.3 mL-min", air temperature under LED lamps with natural cooling was approximately increased
by 1°C and photosynthetic photon flux was decreased by 10 wmol-m™+s". PPF illuminated from LED lamps was affected
by forward voltage varied by the surface temperature of LED lamps. Forward voltage of LED lamps was decreased with
increasing surface temperature and then PPF was proportionately decreased. Five levels (14C, 17°C, 20C, 23C, 26C) of
water temperature and three levels (500 mL-min”, 1,000 mL-min”, 1,500 mL-min") of flow rate were provided to analyze
the change of surface temperature and heat exchange of LED lamps. Heat exchange was increased with decreasing water
temperature and increasing flow rate. At flow rate of 1,000-1,500 mL-min" and water temperature of 22.0-22.6°C, surface
temperature of LED lamps can be approached to 24°C that was almost same as air temperature in CPPS. The calorific value
generated from LED lamps used in the study was estimated to be 103.0 kJ-h™.
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Fig. 1 Configuration of closed plant production system.
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Table 1 Comparison of PPF illuminated from LED lamps and surface temperatures of LED lamps by cooling methods

PPF at 20 cm apart from LED Lamps

li h
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Surface temperature of LED Lamps Air temperature
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23.9+1.1 24.1+£0.9

328.1+0.3

Natural cooling

45.0£2.5 25.0+0.8
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Table 2 Comparison of power consumption of red and blue LED by cooling methods

. Red LED Blue LED Mixed Average
Cooling Number of £ p
methods LED bars Voltage Current Power Voltage Current Power power of Fower

V) (A) (W) V) (A) (W) W) W)
Water 1 30.81 0.44 13.49 31.90 0.68 21.56 35.06 3523
cooling 2 31.31 0.46 14.25 31.85 0.66 21.15 35.39 ’
Natural 1 28.81 0.45 12.85 31.23 0.68 21.14 33.99 3417
cooling 2 29.18 0.46 13.48 31.29 0.67 20.87 34.35 ’
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Fig. 3 Forward voltage of red LED chip as affected by ambient
temperature (from manufacturer’s catalog).
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Table 3 Measured water temperatures at inlet and outlet and surface temperature of LED lamps by setting values of water temperature and
flow rate of water cooling system

Setting values Measured w(a:zr) emperature Measured surface Measured Calculated heat exchange
Water temperature Flow rate temperatute. of flow r.atﬁ of a LE? bar

©0) ( mL'min'l) Inlet Outlet LED (mL-min™) (kJ-h™)
500 14.6+0.3 19.7+0.1 19.7+1.4 502.0+1.3 130.05

14 1,000 14.5+0.5 17.4+0.2 18.2+1.1 997.7x1.9 146.58
1,500 14.3+0.5 16.6+0.3 17.5+1.1 1,489.843.6 168.62
500 17.440.1 22.5+0.2 21.741.1 518.848.4 131.97

17 1,000 17.3+0.4 19.8+0.2 20.4+0.9 1,006.2+1.5 126.15
1,500 17.3+0.5 19.24+0.3 19.7+0.9 1,522.7+4.7 143.18
500 20.240.1 24.840.0 24.241.1 484.4+10.7 112.81

20 1,000 20.8+0.3 22.8+0.1 22.740.5 989.0+£2.5 101.11
1,500 20.240.2 21.7+0.1 21.840.5 1,486.4+2.2 116.89
500 23.1+0.2 27+0.0 26.4+1.0 475.549.2 94.20

23 1,000 23.440.2 25.240.1 25.1+0.4 986.8+3.0 86.01
1,500 23.140.2 24.440.1 24.4+0.4 1,494.6+2.5 98.84
500 26.24+0.2 28.740.1 28.6+0.6 504.5+2.1 64.87

26 1,000 26.24+0.3 27.740.1 27.5+0.4 935.9+4.5 68.52
1,500 26.3+0.2 27.3+0.2 27.1£0.3 1,503.5+1.8 71.87
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