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Development of Control Algorithm for Greenhouse Cooling
Using Two-fluid Fogging System
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Abstract. In order to develop the efficient control agorithm of the two-fluid fogging system, cooling experiments
for the many different types of fogging cycles were conducted in tomato greenhouses. It showed that the cooling
effect was 1.2 to 4.0°C and the cooling efficiency was 8.2 to 32.9% on average. The cooling efficiency with fogging
interval was highest in the case of the fogging cycle of 90 seconds. The cooling efficiency showed a tendency to
increase as the fogging time increased and the stopping time decreased. As the spray rate of fog in the two-fluid fog-
ging system increased, there was a tendency for the cooling efficiency to improve. However, as the inside air
approaches its saturation level, even though the spray rate of fog increases, it does not lead to further evaporation.
Thus, it can be inferred that increasing the spray rate of fog before the inside air reaches the saturation level could
make higher the coaling efficiency. As cooling efficiency increases, the saturation deficit of inside air decreased and
the difference between absolute humidity of inside and outside air increased. The more fog evaporated, the differ-
ence between absolute humidity of inside and outside air tended to increase and as the result, the discharge of vapor
due to ventilation occurs more easily, which again lead to an increase in the evaporation rate and ultimately increase
in the cooling efficiency. Regression analysis result on the saturation deficit of inside air showed that the fogging
time needed to change of saturation deficit of 10 g - kg™ was 120 seconds and stopping time was 60 seconds. But in
order to decrease the amplitude of temperature and to increase the cooling efficiency, the fluctuation range of satura-
tion deficit was set to 59 - kg™ and we decided that the fogging-stopping time of 60-30 seconds was more appropri-
ate. Control types of two-fluid fogging systems were classified as computer control or simple control, and their
control algorithms were derived. We recommend that if the two-fluid fogging system is controlled by manipulating
only the set point of temperature, humidity, and on-off time, it would be best to set up the on-off time at 60-
30 seconds in time control, the lower limit of air temperature a 30 to 32°C and the upper limit of relative humidity at
85 to 90%.

Additional key words: compressed air, fog generating nozzle, fogging cycle, low pressure, naturaly ventilated
greenhouse
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Table 1. Experimental conditions for cooling performance by fog-
ging cycles.
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Table 2. Average air temperature difference between the fogged
and un-fogged greenhouses by fogging cycles.

al
=

™

=

7=|jl_|. _TI_E

Table 2= 9%, WA 9 oix7 249 Havle
AoizdEZ Yepd Zlojtt, o|FAl X1 ke
718 Ae7ie g 2.9~6.3°C Aksslal, R
A tjH] 1.2~4.0°C SA FAESAC Table 32 9%,

e 9o g 249 HigEE AlojRaEE
ERd Flojt}, o]FAl X1 Wikl FhE Aog:
e -125-4.7%2] WS Ry, 2T 22 gy
4.6~17.4% =A FA= ).

Table 4= &7 47} vlwg o)FA| X1 Y
Ao Aojzzd Jitade} 7isadE vERH Zlolth
Wlavle Wi 1.2-4.0°C, Hd 3.8-8.7°CE R,
TR EIE T 4.6~17.4%, HU 9.7-34.2%= Ht}.
60% w5, 162 AXA|(S9) F7o] 7P =& Wilay
9} JREEAE Holve AoE Jeltal, 15% Y, 60
g e} Visans

tﬁm{o

oL [

2 BA(s4) 2] 1 e
Hole Ao vt
OIFAl T Y 240 L4E FAE

il

Yolr 7]

Table 3. Average relative humidity difference between the fogged
and un-fogged greenhouses by fogging cycles.

Fogging Temperature (°C) Difference (°C) Fogging Relative humidity (%) Difference (%)
cycles  Outside(A) Cooling(B) Control(C) B-A  B-C cycles  Outside(A) Cooling(B) Control(C) B-A  B-C
S1 305 34.7 371 42 24 S1 36.6 35.1 26.3 -15 88
S2 30.1 36.4 38.0 63 -16 S2 436 35.1 289 -85 6.2
S3 320 37.3 39.1 53 -18 S3 385 33.1 21.7 -55 54
S4 344 40.0 41.3 55 -13 S4 61.0 48,5 439 -125 46
S5 3.7 35.8 394 41 -36 S5 52.3 51.6 35.9 -08 157
S6 329 38.3 39.6 54 -13 S6 38.2 32.7 27.2 -56 55
S7 309 35.2 36.7 43 -15 S7 51.6 53.1 41 15 90
S8 311 37.1 385 59 -15 S8 426 35.6 29.7 -71 59
S9 343 37.3 412 29 40 S9 52.4 57.1 39.7 47 174
S10 35.8 41.1 43.3 53 22 S10 46.8 425 34.0 -44 85
S12 379 426 M7 46 -21 S12 409 37.3 318 -36 55

Table 4. Effect of cooling and humidify in the fogged greenhouse by fogging cycles.
Fogging Cooling effect (°C) Humidifying effect (%)
cycles Average Standard deviation Maximum Average Standard deviation Maximum
S1 24 0.9 5.7 8.8 29 17.3
S2 16 12 5.8 6.2 35 16.2
S3 18 18 6.7 54 3.0 135
S4 12 20 7.1 4.6 32 129
S5 36 1.0 6.1 15.7 39 29.1
S6 13 1.0 42 55 18 9.7
S7 15 0.8 38 9.0 37 20.3
S8 15 11 5.6 5.9 29 15.9
S9 40 17 8.7 174 5.6 34.2
S10 22 15 6.8 85 5.0 20.2
S12 21 0.8 4.8 55 19 11.6
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Table 5. Average difference of ar temperature and relative

OfFAl E WA AEl] Alojdarg)E s

humidity in the fogged greenhouses by fogging cycles.

) Temperature Humidity
FOQQIJI ng difference (°C) difference (%)
cles
k4 Horizontal ~ Vertica Horizontal ~ Vertical
S1 18 12 5.9 24
S2 18 15 4.4 2.7
S3 19 17 39 25
S4 18 25 45 4.7
S5 26 12 9.4 31
S6 2.2 13 5.1 19
S7 13 2.4 4.7 55
S8 2.6 19 57 3.0
S9 23 15 95 41
S10 2.7 25 7.4 4.7
S12 26 13 59 26
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Table 6. Average cooling efficiency of the two-fluid fog system
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FOOging T Tweiog Turfog Cooling efficiency (%)

cydes  (°C)  (C)  (C) Average Standard deviation
S1 347 224 371 16.2 15

S2 364 236 380 11.2 4.6

S3 373 238 391 111 8.0

S4 400 297 413 113 5.8

S5 358 269 394 294 24

S6 383 244 396 8.2 33

S7 352 268 367 152 29

S8 371 243 385 10.3 37

S9 373 204 412 329 6.2
S10 411 291 433 160 7.8
S12 426 289 447 134 13
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Fig. 1. Cooling efficiency vs. cooling effect in the fogged green-
house.
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Fig. 2. Comparison of average cooling efficiency in the fogged
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Relative Air temperature (°C)
humidity (%) 32 33 34 35 36 37 38
70 95 101 107 114 121 129 137
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