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Abstract.

The fan and pad evaporative cooling system is one of the main cooling methods in green-

houses. Its efficiency is very high, but it has some disadvantages as temperature gradient in greenhouse is
large. This study was conducted to reduce the internal temperature gradients in the fan and pad cooling
greenhouses. Experiments on cooling performance were carried out in a greenhouse equipped with air duct
and integrated fan and pad system as an idea of this study. It showed that the cooling efficiency of an inte-
grated fan and pad system was 75.7% in the first stage and 88.6% in the second stage. When this cooling
system was operated for an unshaded and a shaded greenhouse, there were cooling effects of 5.7~7.6°C and
7.4~9.7°C to the control greenhouse, respectively. Maximum temperature differences in a cooling green-
house, with a length of 18m, were 1.6~1.7°C for shaded conditions and 2.3~2.7°C for unshaded conditions.
This greenhouse cooling method, with air duct and integrated fan and pad system, can reduce about 40~50%
of the internal temperature gradients in the usual fan and pad cooling greenhouses.
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Fig. 1. A schematic of greenhouse cooling using air duct
and integrated fan and pad system.

Fig. 2. An integrated fan and pad system for use in experi-
ment.
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Table 1. Cooling efficiency of an integrated fan and pad system.

Stage Air flow Inflow air Relative Outflow air Cooling
of fan (m®-min™) temperature (°C) humidity (%) temperature (°C) efficiency (%)
1st 8.1 32 57 26.7 75.7
2nd 11.8 32 57 258 88.6
Table 2. Average temperature differences between the control and cooling greenhouse.
c Condition Temperature (°C) Difference (°C)
ase
Shading Stage Outside (A) Cooling (B) Contral (C) B-A B-C
N1 No 1st 317 37.1 428 54 -5.7
N2 No 2nd 314 36.7 44.3 53 -7.6
Y1 Yes 1st 30.8 333 40.7 25 -74
Y2 Yes 2nd 315 334 431 19 -9.7
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Table 3. Average relative humidity differences between the
control and cooling greenhouse.

Relative humidity (%) Difference (%)
Case Outsde Cooling Control
B-A B-C
(A) (B) ©

N1 49.7 39.1 30.6 -10.6 85
N2 49.3 41.0 30.3 -83 107
Y1 61.0 59.0 39.9 -20 191
Y2 50.3 49.4 30.2 -09 192
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Fig. 3. Variations for temperature of the control and cool-
ing greenhouse in Case N1.
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Fig. 4. Variations for temperature of the control and cool-
ing greenhouse in Case N2.
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Fig. 5. Variations for temperature of the control and cool-
ing greenhouse in Case Y 1.

------- Control ----Outside —Cooling

Temperature (C)
»
o

7/10 ‘ 7/19 7/23 ‘ 727
Date

Fig. 6. Variations for temperature of the control and cool-
ing greenhouse in Case Y 2.
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Table 4. Maximum differences of temperature and relative
humidity at duct and middle height in the cooling green-
house.

c Temperature (°C) Relative humidity (%)
ase
H_ duct H_middle H_duct H_middle
N1 29 23 6.9 38
N2 2.7 2.7 51 3.6
Y1 24 16 5.2 4.7
Y2 22 17 9.2 3.6
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Fig. 7. Variations for average temperature along the green-
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