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Abstract This study confirmed that combining a low-pressure fog system and an airflow fan led to a
cooling effect. The feasibility of using this combined system was examined through actual greenhouse
growth experiments to improve the cooling efficiency. Approximately 37.600 L/min (800 fog nozzles) and
42.488 L/min (904 fog nozzles) were required to decrease the temperature by 3T in an interlocking
greenhouse and a glass greenhouse with an area of >2,000 m% When the external temperature was 32T,
the control with only an airflow fan was at 0.27C. On the other hand, when the fan with mist spray
fog nozzles was operated, a reduction of 1.52C was confirmed using the derived regression equation.
The growth experiment found no significant differences in plant height, plant weight, leaf length, and
leaf width depending on whether an airflow fan was used, but the net yield rate of tomatoes increased
depending on whether the fan was used. This study confirmed the increase in cooling effect and

efficiency. Moreover, the utilization value of this system on farms is high.
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Fig. 1. Wind velocity distance reading experiment
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Formula 1 @Qr= Qr— @y~ vy~ @p o))

Qr=Cooling load in greenhouse(W), Qs=Solar radiation,
Qw=Amount of heat transmission, Qu=Amount of heat ventilation,
Qp=Amount of heat evapotranspiration

Qr

Formula 2 E}og = W)\uﬁf (2)

Eiog=Amount of fog spray quantity(L/min),

Ao=Latent Heat of Water Evaporation(kJ/kg), — &=Evaporation Efficiency
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Fig. 3. The temperature censors location and
experimental greenhouse size

Table 1. Greenhouse type and specifications used in the cooling load test

Greenhouse Types

Classification Single vinyl Multi vinyl Multi glass
(10-single-2) (07-multi-1, 1-2W) (Venro, 8m span)
Maximum Height (m) 3.3 4.7 7.0
Side Height (m) 1.4 2.8 6.0
Width (m) 7.0 7.0 4.0
Length (m) 97.2 97.0 96.0
Roof radius length (m) 5.0 6.0 -
Greenhouse numbers (No.) 1.0 3.0 6.0
Roof Size (m?) 778.8 2467.5 2576.0
Side Size (m? 278.3 543.2 1152.0
Bottom Heading Size (m?) 39.0 184.1 312.0
Bottom Size (As, m?) 680.4 2037.0 2304.0
Covering Size (Ag, m?) 1096.2 3194.8 4040.0
Warming Ratio (As / Ag) 0.621 0.638 0.570
Ag / As, (A ratio) 1.611 1.568 1.753
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Table 2. Analysis of number of nozzles based on
cooling load test of standard greenhouse type

Reduction Greenhouse Types
Effect Single vinyl Multi vinyl Multi glass
© Nn Mw Nn Mw Nn Mw
Al 255 11.985 720 33.840 814 38.258
A2 283 13301 760 35720 859  40.373
A3 311 14.617 800 37.600 904  42.488
N 339 15933 840 39.480 949  44.603
A5 367 17.249 881 41.407 994  46.718
* Nn : Number of nozzle (Unit : numbers), Mw : Mount of water
(Unit : L/min)
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Table 3. The regression of reduction temperature by
untreated and experimental zone

Regression
Classification
Formula R2

Up y=-0.3530x+9.7485 0.5074
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Zone

Down y=-0.4752x+13.0370 0.6179

Up y=-0.4162x+11.7998 0.5924

Experimental = | y=-0.4400x+11.9910 0.5873
Zone

Down y=-0.4847x+13.2740 0.6486
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Table 4. The effect of reduction temperature using
regression in up section of untreated and
experimental zone

Experimental Zone

Untreated Zone (Uz) E2)

Effect

Outside

Temp. Effect Temp.  Effect (E2-U2)
28 28.98 0.98 28.15 0.15 -0.84
29 29.67 0.67 28.73 -0.27 -0.94
30 30.36 0.36 29.31 -0.69 -1.04
31 31.05 0.05 29.90 -1.10 -1.15
32 31.73 -0.27 30.48 -1.52 -1.25
33 32.42 -0.58 31.07 -1.93 -1.35
34 33.11 -0.89 31.65 -2.35 -1.46
35 33.79 -1.21 32.23 -2.77 -1.56
36 34.48 -1.52 32.82 -3.18 -1.66
37 35.17 -1.83 33.40 -3.60 -1.77
38 35.85 -2.15 33.98 -4.02 -1.87
39 36.54 -2.46 34.57 -4.43 -1.97
40 37.23 -2.77 35.15 -4.85 -2.08
41 37.92 -3.08 35.74 -5.26 -2.18
42 38.60 -3.40 36.32 -5.68 -2.28
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AZ(Leaf width, cm)2 630l tlAlsHA] 7REF
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], JE4FHLeaf chlorophyll, SPAD)L 854} o
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SNER -5 AME f5Fol IE ErtE $85F &
o]& AHE ZIKTable 6), A7} thxFollA 582.30
+50.44, AETNA 613.53+23.18g/sectiono & F
e Aol 7 IRIFHIOY FAFCE BAEXR
AUt SHAEE 9FA o FHolEE W tRTolA
106.00+ 2.43, AI@ollA] 141.30+8.61g/section
2 AP ABakgo] e AE SARCE g5
Ht=-5.579*, Uz { Ez). AR A LA A
AbE 2 dimF7 81.04kg QHl wHbe| AlE=
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v EAS AR EntE &FE P16t Table
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Table 5. The result of tomato cultivation of untreated and experimental zone

. Untreated Zone (Uz) Experimental Zone (Bz) Significance
Classification
Ist 2nd 3rd Mean SD 1st 2nd 3rd Mean SD t-Value  Post Hoc
Seeding 3.65 3.58 3.38 3.54 0.14 3.24 3.42 3.66 3.44 0.21
Stem 6 Weeks 924 908 824 885 054 889 901 945 912 029  -0.548 NS
diameter 7 Weeks 10.72  10.24 9.40 10.12 0.67 11.15 10.03 9.77 10.32 0.73 -0.964 N.S
(mm) 8 Weeks 12.17  11.01 11.29 11.49 0.60 12.55 12.10 11.54 12.07 0.50 -2.196 N.S
9 Weeks 14.65 14.13 13.72 14.17 047 14.18 15.38 13.45 1434 0.98 -0.313 N.S
Seeding 38.88 39.64 37.45 38.66 1.11 35.87 40.06 38.88 38.27 2.16
. 6 Weeks 89.88 108.24 103.58 100.57 9.54 98.88 101.24 102.85 100.99 2.00 -0.091 N.S
Pla“(tcr}r‘lilght 7 Weeks 10569 122.14 12322 117.02 9.82 11378 11930 117.50 11686 2.82  0.037 N.S
8 Weeks  225.67 234.63 231.89 230.73 4.59 22556 226.33 236.22 229.37 5.95 0.368 N.S
9 Weeks  285.89 313.05 324.11 307.68 19.67 346.33 352.11 369.44 35596 12.03 -7.608* Uz { Bz
Seeding 4.23 4.36 4.48 4.36 0.13 4.63 4.28 4.12 4.34 0.26
6 Weeks 5.39 6.02 5.36 5.59 0.37 5.89 6.46 5.84 6.06 0.34 -26.835"* Uz ( Ez
Leaicii;lgth 7 Weeks 6.66 7.34 7.61 7.20 0.49 7.19 8.76 7.26 7.73 0.89 -1.044 N.S
8 Weeks 12.14 1253 1229 12.32 0.19 11.94 1313 1231 12.46 0.61 -0.587 N.S
9 Weeks 9.21 9.28 10.03 9.51 0.46 11.52 10.68 10.76 10.99 0.47 -3.232 N.S
Seeding 3.12 3.36 3.04 3.17 0.17 3.23 3.1 3.08 3.14 0.08
6 Weeks 3.84 4.02 3.88 3.91 0.09 3.98 4.28 4.03 4.10 0.16 -4.769 Uz ( Ez
Lea(fcnvzi)dth 7 Weeks 4.73 4.93 4.28 4.65 0.33 4.11 5.08 4.49 4.56 0.49 0.324 N.S
8 Weeks 5.46 5.98 5.29 5.57 0.36 5.44 5.00 5.08 5.17 0.24 1.374 N.S
9 Weeks 5.23 5.35 5.71 5.43 0.25 5.51 6.12 6.00 5.88 0.32 -2.762 N.S
Seeding 20.24 21.33 20.44 20.67 0.58 18.56 21.37 19.88 19.94 1.41
6 Weeks 33.18 35.89 2845 32.51 3.77 31.24 30.78 29.57 30.53 0.86 1.099 N.S
I‘(Il‘jfu;fbi‘;f 7 Weeks 3811 4325 3544 3894 397 3867 3822 3822 3837 026 0242 NS
8 Weeks 25.890 27.00 24.89 2593 1.06 27.67 23.78 24.89 25.44 2.00 0.328 N.S
9 Weeks 24.44 2525 2022 2331 2.70 2244 2256 22.11 2237 023 0.655 N.S
Seeding 54.24 5524 54.88 54.79 0.51 55.58 54.85 56.45 55.63 0.80
Leaf 6 Weeks 57.42 50.12 58.88 5847 092 5845 5613 5812 5757 126 0780 N.S
chlorophyll 7 Weeks 58.32 57.50 56.41 57.41 0.96 5441 55.07 5498 5482 0.36 3.595 N.S
(SPAD) 8 Weeks 58.32 5820 58.17 5823 0.08 61.12 60.46 61.88 61.15 0.71 -6.909* Uz { Bz
9 Weeks 59.59 58.65 59.96 5940 0.67 60.02 59.63 61.16 60.27 0.79 -3.799 N.S

* Test result according to t-test significant at the p = 0.5 level (*), 0.01 level (**), and NS = nonsignificant result

Table 6. The result of tomato fruit cultivation in untreated and experimental zone

Classification Untreated Zone (Uz) Experimental Zone (Ez) Significance
1st 2nd 3rd Mean SD 1st 2nd 3rd Mean S.D t-Value  Post Hoc
6 Weeks  183.33 217.78 176.67 192.59 22.07 234.44 175.56 157.78 189.26 40.12 0.119 N.S
7 Weeks  133.33 146.67 140.85 140.28 6.67 137.78 146.67 142.22 142.22 4.45 -1.474 N.S
fgr}‘siécg:ig 8 Weeks 14880 164.44 117.78 14370 2376 131.11 14008 151.11 14077 10.02  0.161 N.S
9 Weeks 106.33 108.25 103.43 106.00 243 136.85 135.83 151.23 141.30 8.61 -5.579* Uz ( Ez
Total 571.88 637.14 537.88 582.30 50.44 640.18 598.06 602.34 613.53 23.18 -0.888 N.S

* Test result according to t-test significant

at the p = 0.5 level (*), 0.01 level (**), and NS = nonsignificant result

Table 7. The defect and pure of tomato fruit in untreated and experimental zone

Untreated Zone (Uz)

Experimental Zone (Bz)

Classification Total Defect (%) Pure (%) Total Defect (%) Pure (%)
6 Weeks 25.58 0.31 98.77 25.91 0.05 99.80
7 Weeks 19.30 0.41 97.86 18.70 0.04 99.77
%r(“gi/tpﬁilg 8 Weeks 22.04 0.49 97.80 24.86 0.06 99.75
9 Weeks 14.12 0.45 96.84 24.78 0.01 99.96
Total 81.04 1.66 97.95 94.25 0.16 99.83
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