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Analysis of the Effect of Fog Cooling during Daytime and Heat Pump
Cooling at Night on Greenhouse Environment and Planst in Summer
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Abstract. This study was conducted to analyze the effect of fog cooling during daytime and heatpump cooling at night
in greenhouses in summer. During daytime, the average temp. and RH of the control greenhouse which had shading
screen were 32.1°C and 59.4%. and the average temp. and RH of the test greenhouse which had fog cooling were
30.0°C and 74.3%. At this time, the average outside temp. and RH were 31.4°C and 57.7%. So, the temp. of the control
was 0.7°C higher than outside temp., but the temp. of the test was 1.4°C lower than outside and 2.1°C lower than
control. The average RH was 74.3% in the test and 59.4% in control. The average temp. and RH of the control
greenhouse which had natural ventilation at night were 25.2°C and 85.1%, and the average temp. and RH of the test
greenhouse which had heat pump cooling were 23.4°C, 82.4%. The average outside temp. and RH at night were
24.4°C and 88.2%. The temp. of the control was 0.8°C higher than outside temp., but the temp. of the test was 1.0°C
lower than outside and 1.8°C lower than control. The average RH was 82.4% in test and 85.1% in control greenhouse.
There was no significant difference between the plants growth eight weeks after planting. But after the cooling
treatment, the values of stem diameter, plant height, chlorophyll in test were higher than control. The total yield was
81.3kg in test, 73.8kg in control, so yield of test was 10.2% higher than control. As a result of economic analysis,
142,166 won in profits occurred in control greenhouse, but 28,727 won in losses occurred in test greenhouse,
indicating that cooling treatment was less economical.

Additional key words : humidity, hydroponics, temperature, tomato, yield
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Fig. 1. Glass greenhouse picture (a) and floor plan (b) for experiments.
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Fig. 2. The layout of FCU, fog nozzle and measuring sensors in a greenhouse.
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Table 1. The monthly average temperature and RH in experimental greenhouses and outside(without cooling in test greenhouse).

May June July

Monthly average ) 3 )
temperature and Day Night Night Day Night
relative humidity Temp. RH Temp. RH Temp. RH Temp. RH Temp. RH Temp. RH

O O (") O (o) O (o) (O (%) O (o)
Control greenhouse  26.1 53.6 17.7 78.9 27.0 59.6 19.9 84.9 28.0 74.0 234 92.6
Test greenhouse 264 52.5 18.0 77.6 26.6 60.6 20.0 83.1 274 75.8 233 91.5
significance ns’ ns ns ns ns ns ns * ns ns ns ns
Outside 21.7 64.0 16.2 86.1 25.0 63.7 19.2 88.7 26.7 71.3 23.1 93.8

“ns, *, ** *#* Non significant or significant at p < 0.05, 0.01, 0.001, respectively.

Table 2. The monthly average temperature and RH in experimental greenhouses and outside(with cooling in test greenhouse, Jul. 16th— Aug. 18th).

. - Day Night
Monthly average temperature and relative humidity
Temp. (°C) RH (%) Temp. (°C) RH (%)
Control greenhouse 32.1 59.4 252 85.1
Test greenhouse 30.0 743 234 824
significance ok Hokok Hkk sk
Outside 314 57.7 244 88.2

“ns, *, ** **% Non significant or significant at p < 0.05, 0.01, 0.001, respectively.
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Table 3. Growth parameters of tomato plants in test and control greenhouse.

QAT s

ol

Growth parameter Green-house 8weeks later (2021.6.10.) 16weeks later (2021.8.5.)
Test 161.6 £ 11.1 , 2052 + 194
Plant height (cm) ns H
Control 160.7 = 8.2 2764 + 17.5
Test 10.2 £ 2.0 99 + 1.1
Stem diameter (cm) ns *
Control 105 £ 1.6 89 + 1.1
Test 334 £ 48 21.1 £28
Leaf length (cm) * ook
Control 373 £ 45 254 £ 37
. Test 274 £ 50 20.7 £ 3.3
Leaf width (cm) ns ns
Control 299 + 56 203 + 3.0
Test 289 = 1.7 48.8 £ 2.6
Number of leaves * ns
Control 278 £ 09 473 + 1.8
Test 62.8 + 42 57.6 £ 43
SPAD value ns ok
Control 623 + 3.6 53.8 £ 34

Note : Values are presented as the mean =+ standard deviation (n = 18).
“ns, *, ** **% Non significant or significant at p < 0.05, 0.01, 0.001, respectively.

Table 4. Growth parameters of tomato plants
greenhouse.

in test and control

Control Test Differences of sum % 0
: - = 7 =
Date D,aig < Daﬁly < (%) g8 é 508
yields um yields um (kg) (=T-C)/C) Ze é 40>
(kg) (kg) = . 30
4 >
6.16. 10.1 10.1 8.7 8.7 —-14 —13.9 é Z 20
623. 59 160 85 172 12 7.5 2 é g 7 10
7
6.30. 54 214 7.0 242 2.8 13.1 0 A7 0
6.16. 6.23. 6.30. 7.7. 7.14. 7.21. 7.28. 8.4. 8.11. 8.18.
7.7. 10.8 322 11.1 353 3.1 9.6 Date
zz1Control greenhouse mm Test greenhouse
7.14. 12.5 44.7 8.1 434 -13 -29 - -Total (Control greenhouse) —Total (Test greenhouse)
721106 333 1.6 330 03 03 Fig. 3. Daily yields and total yields in each greenhouse.
7.28. 4.0 59.3 6.0 61.0 1.7 2.9
8.4. 9.1 68.4 8.2 69.2 0.8 1.2 RS AEslo] T A A 4 Y LE20 - 3°C L
8.18. 1.6 73.8 4.7 81.3 7.5 10.2
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Table 5. A Comparison of revenue and costs in each greenhouse.
Average Monthly Price  Yields revenue energy consumption costs?) revenue-costs
(10kg/won) (kg) (won) (kWh) (won) (won)

Control greenhouse 214 36,437 - 36,437
Jun 17,027

Test greenhouse 242 41,204 - 41,204

Control greenhouse 379 72,463 - 72,463
Jul 19,119

Test greenhouse 36.8 70,359 2,491.5 86,953 —16,59%4

Control greenhouse 14.5 33,266 - 33,266
Aug 22,942

Test greenhouse 20.3 46,573 2,862.8 99,910 —53,337
Total Control greenhouse 73.8 142,166 0 0 142,166

0
Test greenhouse 81.3 158,136 5,354.3 186,863 —28,727

158,136 942 Z=¢]o] uhgsto] thzt 24T 15,9719
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