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Greenhouse Cooling hy Fog System
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Abstract

This study was performed to improve undesirable warm greenhouse environment by fog
cooling system in summer season. The results of droplet size analysis and cooling effects
for fog cooling system are summarized as follows:

1. At the pump pressure of 70kgf/cif, the mean(SMD) drop size was 22.6um and the
maximum and minimum drop size was 45,68m and 1,73, respectively. and almost all of
the drop size was less than 40m,

2. The temperature of fog cooling greenhouse with 60% shading was dropped more than
2C below the ambient temperature, while the greenhouse temperature without shading
was 1C higher than the ambient temperature.

3. It was found that fog spraying intervals were significantly influential on cooling
effect.

4. When the greenhouse was ventilated sufficiently by natural vent system, greenhouse
temperature could be maintained by 2.5C lower than the ambient temperature. while it
was difficult to drop the greenhouse temperature below ambient temperature without
sufficient ventilation.

5. It was found that the temperature of experimental greenhouse could be maintained
3T to 14°C lower than that of control greenhouse, though there were variations depending
on experimental and weather conditions.
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Table 1. Experimental design for fog cooling system

Items Shading(%) |Roof vent. | Side vent. Fog operation(min) Salar radi?tion Wind velocity
Case On Off (MJ/ni) (m/s)
Cage- 1 - close close 0.5 1.0 16.93 3.3
Case- 2 - close close 1.0 2.0 18.79 1.0
Case- 3 - close open 0.5 1.0 16.93 3.3
Case- 4 - close open 1.0 15 12.75 1.9
Case- 0 - close close 1.0 2.0 21.77 1.0
Case- 6 - close 1/4 open 1.0 2.0 1991 0.7
Case- 7 - cloge open 0.5 1.0 16.93 3.3
Case- 8 60 close 1/3 open 10 2.0 17.90 1.3
Case- 9 60 close open 05 1.0 2401 1.3
Case-10 60 close open 0.5 2.0 24.01 1.8
Case-11 60 close open 1.0 2.0 18.36 15
Case-12 60 close open 1.0 15 14.46 31
Case-13 60 open opern 0.5 3.0 2401 1.8
Case-14 60 open open 05 4.0 24,01 1.8
Case-15 60 open open 0.5 5.0 24,01 1.3
Case-~16 60 open opert 1.0 2.0 21,94 12
Case-17 60 open oper 1.0 3.0 21.94 12
Casze-13 60 opern oper 1.0 2.0 17.83 12
Case-19 60 open opern 1.0 1.5 20.83 2.0
Cage-20 60 oDen open 1.0 1.5 17.73 1.0
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Table 2. Variations of water amount sprayed according to pumping pressure

Pumping pressure Spary water amount{ [ /min) Spary water amount | Increment of spary
(kgf/cdt) first test [second test| third test | average per nozzel{ ml /min) water amount(m )
30 221 221 217 2.20 50,00 -
40 2.97 297 298 2.97 67.50 17.50
50 378 378 386 381 86.59 19.09
60 469 490 482 4.80 109.09 22.50
70 538 545 5.50 5.44 12364 14,55
80 5.98 6.12 6.11 6.07 137.95 14.31
90 6.54 6.65 6.72 6.64 15091 12,96
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Table 3, Variations of drop size according to pumping pressure

(unit » # m)

Drop size 30kgf/ cnt 4A0kgt/ af 50kgf/ o 60kgf/ o 70kgt/ cit 80kgf/ et 90kgt/ent

MINImum 251 2.22 1.73 251 1.73 1.73 2.18

maximurn 60.33 60.42 56.71 43.97 45,68 59.94 4758
mean 38.19 28.44 27.27 25.22 22.63 23.72 23.52
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Table 4. Cooling effect of fog system according to shading conditions

(Unit ; C)

Conditions | (TD)amb |(TW)amb.|(TD)exp.|(TW)exp.| (TD)con. | (TD)amb.-(TD)exp. | (TD)con.-(TD)exp.
No shading 31.0 27.0 320 275 35.0 -1.0 3.0

60% shading 32.0 23.0 30.0 24.0 37.0 2.0 7.0
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Fig. 11. Temperature drop pattern of fully ventilated
and 60% shaded greenhouse with fog system
operation of 1 minute on and L5 minute off
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Fig. 12, Temperature drop pattern of fully ventilated

and 60% shaded greenhouse with foz system
operation of 1 minute on and 1.5 minute off
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according to spraying conditions

(Unit : C)
Fog spraying| (TD)amb. | (TW)amb.|(TD)exp.|(TW)exp.| (TD)con. | {TD)amb.-(TD}exp. | (TD)con.~(TD)exp.
Lmin on | g0 250 32,0 25.0 42.0 30 10.0
Jmin off
Lmin on 35.0 27.0 310 27.0 370 40 6.0
1.5min off
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Table 6. Cooling effect of fog system according to ventilation conditions

(Unit : C)
. TD)Yamb. | (TD)con.
Ventilation | (TD)amb. | (TW)amb. | (TD)exp. | (TW)exp. | (TD)con. | 1 2D/2™ on
-(Td)exp. | -(TD)exp.
Side vent only 30.0 23.0 29.0 25.0 36.0 1.0 7.0
Roof vent only 31.0 240 31.0 270 370 0.0 6.0
Side vent 173 open| ) | 24.0 32.0 25.0 37.0 0.0 50
Roof vent open
All vent open 340 26.5 315 26.5 36.0 2.5 45
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