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A Study on Cooling Effects of Spray Mist or Sprinkler
on Single Span Plastic Greenhouses

Jeong-Yun Kang®, Hong-Sung Im**, Dong-Ho Choi*** and Jong-Chul Huh****

ABSTRACT

As crops recently can be cultivated all the year in greenhouses. we need to improve the environment in which
crops are able to grow in the summer. Therefore. in this study. we quantitatively got the cooling effects of 4
single span plastic greenhouses in the following ways: by spraying mist or sprinkler. or by opening the side
window. and with those variables. we simultaneously did experiments at 4 greenhouses under equivalent
conditions to reduce the temperature of the greenhouses in the summer. The results of the experiments are as
following: 1) The temperatures of the greenhouses were effectively reduced by both spraying mist and sprinkler.
2) When the mist is intermittently sprayed. the indoor temperature has decreased by 4 degrees centigrade.
meanwhile. in the greenhouse to make experiments using sprinkler. the temperature of that has been reduced by
9 degrees centigrade. Therefore. we can see the cooling effects of smaller mist in size as more effective than
those of sprinkler. 3) When the greenhouse is naturally ventilated by opening the side window. we have to
apply another cooling system because the indoor temperature is higher than the outdoor one.

Key words : Mist, Sprinkler. Evaporative cooling. Indoor thermal environment
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(b) Elevation views

{c) Vertical-section views

(unit @ m)
Temperature
O Two measuring point.
(0.8 and 2.0m above the ground.)
% Five measuring point. (0.4, 08, 1.2, 20 and
2.8m above the ground)
® Six measuring point (0.4, 0.8, 1.2, 2.0, 2.8 and
4.0m above the ground.)
© Measurement of outdoor air-temp.
A Measurement of globe temp.
{(1.0m above the ground.)
Solar radiation
¥ Indoor solar radiation,
# QOutdoor solar radiation.
Relative humidity
» Indoor relative humidity
¥ Outdoor relative humidity

Fig. 1 Shapes and measuring points of green house
models
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Fig. 2 Location of mist in greenhouse
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Fig. 3 Location of sprinkler in greenhouse

Table 1. Mist particle size
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. Mist nozzie

Sorlnkler nozzle

Particle size Number Ratio( %)
0~ 15 um 4 2.5
15~ 30 um 22 14.0
30~ 45 um 43 274
45~ 60 um 40 255
60~75 um 27 17.2
75~90 um 16 10.2
90 um o] 5 3.2
Sum 157 100
Table 2. Sprinkler particle size
Particle size Number Ratio( %)
0~ 300 um 1 0.7
300~ 600 um 78 53.8
600~ 900 wm 43 29.7
900~1200 wn 15 10.3
1200~ 1500 wm 1 0.7
1500 ~ 1800 um 6 4.1
1800 ~2100 wm 1 0.7
Sum 145 100
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Table 3. Temperture comparison of each greenhouse by pre-test (August. 1. 1999)
House’I‘lme 0:00~3:00 3:00~6:00 | 6:00~9:00 {9:00~12:00] 12:00~15:00 |15:00~18:00( 18:00~21:00]21:00~0:00
Model A 0.1 -0.1 1.6 4.0 31 1.9 0.2 -0.2
Model B 0.4 0.4 21 43 4.2 33 1.0 0.3
Model C 0.1 0.1 1.9 42 4.0 34 0.6 0.1
Model D -0.2 0.2 0.9 32 32 26 0.3 -0.3

~—— Model A —— Mode! 8 — Model C —— Model D ——QAT

Temperature [C)
BRYBESRBEES

800

1200
Time

16:00

Fig. 4 Comparison of JAT and QAT with time
(IAT : Indoor air-temp.. OAT : Outdoor
air-temp.)
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Table 4. Experimental conditions
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Condition Working time | Pause time | Working time|Pause time
Item Roof | Side . . of sprinkler { of sprinkler| of mist of mistr
vent | vent | FaD Sprinkler | Mist {min] [min] {min] [min]
Model A| x X X X x - - - _
Case | Model B| x 0 X X 0 - - 15 5
Model C| x 0 X o X 15 5 - -
Model D| x o} X X X - - - _
Mode] A| X X X X X - - - -
Model B| X 0 X X o - - 1.5 5
Case 2 \odel | x | o0 | x o x 30 - - -
Model D| x 0 X X X - - - -
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Table 5. Relative comparison of experimental results
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Indoor QOutdoor
Tte 0.8m* 2.0m* Outdoor air | Globe temp. | Relative Relative
m [c) [c temp. ['C] [c humidity | humidity
(%] (%)
WB' 393 399 18.7 541 60.2 200
Model A i T 412 123 197 579 546 180
WB' 229 23,2 187 372 609 200
Model B
Cas | 0 WAY | 187 183 197 344 832 180
vodel ¢ | VB! %1 235 187 371 506 200
WA 197 196 197 23 100 180
WB' 23 240 187 371 508 200
1D
Model D - i T 351 %23 197 161 491 18.0
WB" 311 313 201 365 77 394
Model Ay | 315 318 202 %1 750 3338
vodel B LWE 23 23 201 71 745 304
Case 2 WaA" 187 186 202 216 873 338
vodel ¢ LB’ 216 220 201 %7 707 394
CE Twar 18.2 18.0 202 196 100 338
WB' 21 219 201 276 716 394
Mod
odel D I 225 221 202 300 65.7 338

“0.8(or 2.0)m : Indoor air temp. at 0.8(or 2.0)m height on the ground

YWB : Working Before

XWA : Working After
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Fig. 5 Variations of indoor air temp
at each models(Case 1)
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distributions in plastic greenhouse (Case 1. 1999. 10. 3)

Fig. 7 Temp.
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Fig. 7 Temp. distributions in plastic greenhouse (Case 2. 1999. 10. 4)
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