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Improvement of Cooling Efficiency in Greenhouse
Fog System Using the Dehumidifier
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Abstract. In order to provide fundamental data on utilization of dehumidifier in greenhouses, a condens-
ing type dehumidifier using ground water as a coolant was developed and tested dehumidification perfor-
mance. The developed dehumidifier was applied to greenhouse with fog cooling system and effect of
dehumidification on improvement of evaporative cooling efficiency was analyzed. Results of the dehumidi-
fier performance test showed that dehumidification using ground water as a coolant was sufficiently possi-
ble in fog cooling greenhouse. When the set point temperature of greenhouse cooling was 32°C and as
temperatures of ground water rose from 15°C to 18°C, 21°C and 24°C, dehumidification rates decreased by
17.7%, 35.4% and 52.8%, respectively. As flow rates of ground water reduced to 75% and 50%, dehumidi-
fication rates decreased by 12.1% and 30.5%, respectively. Cooling efficiency of greenhouse equipped with
fog system was distinctly improved by artificial dehumidification. When the ventilation rate was 0.7 air
exchanges per minute, dehumidification rates of the fog cooling greenhouse caused by natural ventilation
were 53.9%~74.4% and they rose up to 75.4%~95.9% by operating the dehumidifier. In case of using the
ground water of 18°C and flow rate of design condition, it was analyzed that whole fog spraying water can
be dehumidified even if the ventilation rate is 0.36 exchanges per minute. As a utilization of dehumidifier, it
is p0551b1e to 1mprove coohng efﬁmency of fog system in naturally ventilated greenhouses.
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Table 1. Specification of an experimental dehumidifier
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Fan capacity 50 m* - min™ Air and water temp. difference 14°C

Fan pressure 16 mmAq Overall heat transfer coefficient 1,028 W-m=2.°C!
Pipe diameter 9.5 mm Maximum heat exchange rate 12 kW

Pipe thickness 0.6 mm Heat transfer area 1.3 m?
Longitude pitch 20 mm Maximum water flow rate 207+ min™
Horizontal pitch 20 mm Maximum condensation rate 0.3 kg - min™
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Fig. 1. Structure of dehumidifier (unit : mm).

(a) Air inlet

Fig. 2. Pictures of experimental dehumidifier.
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(b) Top view

Fig. 3. Dimension of experimental greenhouse and layout of sensors (unit : m).
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Fig. 4. Dew point temperatures according to dry bulb tem-
perature and relative humidity.
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Fig. 5, Change of dehumidification rate according to water
flow rate and temperature difference between air and
ground water.

Table 2. Comparison of the predicted and measured dehumidification rate

Mo fa L A, £of heat exchanger mgy (kg + min™") Remark
W-ChH (0O 0 O predicted® measured® predicted® measured emar
1,400 32.0 18.0 8.6 0.954 0.615 - 0.298 - design
1,050 314 21.7 6.1 1.272 0.720 0.629 0.181 0.158 87.3%
1,050 32.1 219 6.4 1.272 0.720 0.627 0.191 0.166 86.9%
700 299 22.6 5.0 1.909 0.852 0.685 0.108 0.086 79.6%
700 313 230 5.8 1.909 0.852 0.699 0.122 0.099 81.1%

note) a : equation (6), b : equation (7), ¢ : equation (5)
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Fig. 6. Change of temperature and humidity in the fog cool-
ing greenhouse with dehumidification.
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Fig. 7. Change of temperature and humidity in the fog cool-
ing greenhouse without dehumidification.

Table 3. Summary of experimental results on greenhouse fogging with dehumidification

Shading Yes
Fogging 45 seconds ON - 45 seconds OFF 25 seconds ON - 45 seconds OFF
Dehumidification Yes No Yes No
Solar radiation (W * m™) 706 758 700 758
Wind speed (m - s™) 0.8 1.0 04 0.8
Outside 31.2 30.2 313 312
Average Cooling(a) 30.3 31.0 311 31.5
temperature
©C) Control(b) 35.2 335 344 359
(b)-(a) 49 25 33 44
Average Outside(c) 60.5 62.7 62.5 54.7
humidity Cooling(d) 61.9 73.4 63.1 59.6
(%) (d-(0) 1.4 107 0.6 49
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