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Abstract

The Korean facility horticulture industry is on the rise. However, climate change and warming
are making it more difficult to produce crops in the summer. Therefore, it is necessary
to input a technology capable of reducing the cooling load. This study is a technology
development that combines an air airflow fan and a fog spray device. This technology can
effectively lower greenhouse temperatures. In addition, farmers can reduce installation costs.
There are 126 farms using airflow fans in 426 farms in the facility horticultural greenhouse,
accounting for 30%. A typical fan size is 30 cm. Up to 10 fog nozzles can be attached here.
Dry-bulb, Wet-bulb, Controller, Inverter type pump, Water reservoir, and Fognozzles are
required to operate the airflow fan and fog combined system. The control system allows
the step and range to be set and the operation time to be input. As a result of wind
velocity, it was confirmed that the left point was measured low and the distance decreased.
Considering the wind distance, arrangement, orientation, and installation intervals should
be adjusted so as not to affect the crop. The particle size increases as the distance increases.
The attachment of less than 10 fog nozzles and the use of high pressure nozzles should
be considered. It is necessary to find out the actual efficiency of the airflow fan and fog
combined system through further research.
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Introduction

E3} TEIPIE FE5to] WAE R 0 2 171k K son et al., 2019). 0] 2|5

o 5 S A L%*L B2 A5
A ol|7} 2f 2Bk B2 A Yokl o] 40% o)/ o = E H|5S i}x]-a}i 9,131(Nam 2003; Ko etal., 2013; MAFRA,
2014; MAFRA, 2015), Z}E§}0ﬂ e = A7, EY sibE S S TP FEolRte o2 w4

£ 0 2 Z7}sh= FA|0|th(Jeoung and Park, 2003; MAFRA, 2017).

Al el 2FE A atol] o %ﬁoFﬂﬂx A28, 25, 55, 8 HIE, G A, B2 59 thddt aqlo] jlom,
A2 §71291 5281} 2 710] Bglsjjof obg A 0 2 Qo A-E-S AYAFEE 4= Q1 THKang et al., 2016).

QejuEke] SRS AIAE S ASE S} o 4 SA7HEAYSHH, o]of whe Al ol 2ol i, 271, 7hE, Al
T o] o771 3k A% o] th(Kang et al., 2016). B0 A Aol w2t dAto] D2t 7] wize] ofof] BH= oAl
of &3} Az eo] B ast e 7|eFUS 275 UT(Son, etal, 2018). ©0|2{3F o]-F-= Al ool A AREE =
ol|qz]9] ek 40% H g 2=ykejol| ARgE T 7P S 8% HR O 7 o AR o, A4 A 2] TR o] oF 10°
C oI5kt 30°C o wf 7k 2k rto] 3k 21 0 2 A A AUTHNicolas, 2013).
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e QIR A Aot 24 W 258 Hoh G840 = A & 4 9le ok dopR AL sholc) £ A
oA AAISHE PIERHET) B 2 52 A 7ol 285 f5 el F7H o 2 x| & RSt
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o2 |5 xS F7-E 70 7 fEEES %.}010]'03](Goeljenbler 1986; Fernandez and Bailey, 1994) 7-53#2] &
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Cucumber Complex — Cheonan, Chungnam Tomato Complex — Damyang, Jeonnam

Fig. 1. The photography of study sites

Z8 g RSHo| 4 EYE 5

U S 2P 5 Al 24 ZAHETHE SA 0 2 Throl| M AR B = Rl tel] B4 =2 A9 & 54
SIIch Aldof] AFESH 85 £ 620 2 Y7 Z) 7 (Wings Size ) S 71522 250 mm (250A~B, 27H), 300 mm (300A~B, 2
7H), 350 mm (350A~B, 27H) & T} 54 AP Fig 2.9+ o] 953 2Aof|A o F wgto] gl= AJElE fAlste] Al
sttt AHH 2 35-85 WE et BAE = Q10 2 4 =g Az|ote] A iAIE B stz ZAFHILE

E4& 272 AP471S2(DELTAOHM, PD Italy) E45 AIME- 0.5m(E}), 0EY), +0.5m(L), +1.0m($)0]| Fig 22] B2} 7¢o] Z}
il

Z} 4 %]5}31.2, 4,6, 8, 10mOl| A Fig29] A} Zro] 243513 ct .

Table 1. Airflow fan of major used in greenhouse farm for wind velocity distance reaching test

Classification Wings Size (mm) Power Consumption (W)
250A 250 65
250B 250 35
300A 300 75
300B 300 60
350A 350 85
350B 350 80

o

Fig. 2. Photo of wind velocity distance reading experiment (A : Airflow fan installation, B : wind velocity
sensor installation)
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U 23 2 S Aol 242 FHCE AR f-5 W S 2712 W G714 300m] 5o b
S = 9ol Zegt s FAsIgleH, 82

. =
X2 Fste] B Al B 57k ALl wet MY 4 SLEE A S Akl

A PN R =5 A3 37 25 A= S5

A Fa= BEEUAZEA 7] (Malvern spraytec, UK) S AF2519] Fig, 33} Zo] 1A% 35S 7H55H Jefjol| A =4
AUCH S A AP 212 252233 °C, 55 64 %, S 8 kgfem @] S EHE 5L 5HA| -A12H ol A 21385}
A 4 Y dakE Hhgsto] §-5 32 300AR 52 A7 oto] 285t

LE2 d7A 5 22|54 217 001 mmAlE-S F2eH oM, §-53Ho] Z3to] &olole g o5 WEko 2 Adtel3
(Fig. 3A),2 m, 3 m (Fig. 3B) = 33] A AJsto] 75519 o H, 2+ Al A4 T 33 2] o]l & FSoto] Hatot

oo

¥

oz
ol
rlo
8

Fig. 3. Spray particle diameter measurement test (A : 1m distance, B : 3m distance)

Results and Discussion

A0 37t F8 YIYX U {3 24

B o10] 4 ZARSE Aol 7o) 2 Q WHkREE A 7F Ax| 2 Table 17} 7240] 2} (Shielding), 47N (Roof vent,
Roll-up), 271 (Side vent, Roll-up), 57 1-7-5(Airflow fan), 74127 | H(Forced ventilation fan), QI (Fog) 2 2311
o}

E0HE (Tomato) FAMHA| Q1 Z Fof A= 715]2] 9] 1577] 2ol A AR At 24 ef= THa (Single-span)©]
115742 73%, 95 (Multi-span)©] 42742 27%2 F-2E| i, THg-2-4 0] .2 A2 214 91.3%, S 7 96.5%, &
718 19.1%2 THEE LA 5715 3740 ZARF A E AP0 R 285U A0 ZAEHIT.

T} 2] 7 (Paprika) FAFHA| Q) e Z1FA] th H 2] 5371 242 THE0] 6714x(11.4%), 5] 47714(88.6%) = T+
TE U AEE 2AAA AREERA T2 Y A2 47704 F A1 93.6%(44 74, 3712 36 2%(17714), A1
7130 27.7%(13 7HA)E ZAFE ATt
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2.0](Cucumber) FAFFA| Q1 F HQHA] ST F3Z 582 Lo 24 Fel= B50] 77.5%(83 7HA)olH, F2. 1Y
2 AV S7N T 98.8%0(82 7H4), 3712 9.6%(8 7H4), A7 13 3.6%(3 74 = FAFE T, e 24 24714
& Z37ME 100%2 AP AT -5 282 2300l 2513l
L7 (Strawberry) FAFTHA] Q1 Z Hefat ~EH 52 Aol Ax]H 10971 2412 FEl= TE0] 107 7144(98.1%)
o] o, 2.2 Y Al X135 60.7%(65 704, 870 100%(107 7H4), 37148k 52.3%(56 7042 RAFEI{ct,
A 4267] 571l A 5-530 AFE- 57H= & 1267142 30%01 ST = o] R-5oll Aot QIER A|9] 428 Bt
+ 320 FRETH 2 4 ik

79 A8 SEH0| £4 E22| SBAY 2t

S 4770 2 F) ALl 4 ZAATHE A0 oA ALSEIE S5l e 4 =2 ARE 5
STk Aol AHE T S5 WL AN 7102 250 mm, 300 mm, 350 mmZ TS}l Ak T4 A 2
HAF 12 A2 L) 05 Xl%ﬁ% B 1A 5 B A SSIIE, 2kl B 2L

Aol o, G| A A3} An|HF o] 7F 2 350A00A4 &
037 msz 59 uwl A e P T
0]x] 2] Fohs A 134 5t “XIHP%‘;—/S ok g 7l o 2 o)
3 (R, Right)2] 7% 250l H]3j H] w2 §-50] 7F5HAIRE o] 21 BER +1.0 mA| 3] o] = m]oReh F40 2 Aj7tw B
2 faHo] Ao E}E} Hi 2], JFek, 78] 52 sl ok g T 27t lohal wkE:

_o'L
1o
— offf
IN' OI' ol
_ll)l'
O_l.,

Table 2. Cooling and ventilation systems in use at the study site

Classification (SFa;nHI;}% Shielding P({Roglfl-‘lfilal)t %ﬁ%%"gg)t Airflow fan veli%él%%n Fog
Tomato Single-span 115 105 1 111 22 8 1
Multi-span 42 30 20 37 19 6 2
Mid-Total 157 135 21 148 41 14 3
Paprika Single-span 6 4 1 6 0 0 0
Multi-span 47 44 47 30 17 13 0
Mid-Total 53 48 48 36 17 13 0
Cucumber  Single-span 83 16 4 82 8 3 0
Multi-span 24 18 19 24 2 3 0
Mid-Total 107 22 23 106 10 6 0
Strawberry Single-span 107 65 0 107 56 19 0
Multi-span 2 2 2 2 2 0 0
Mid-Total 109 67 2 109 58 19 0
Total Single-span 311 190 6 306 86 30 1
Multi-span 115 94 88 93 40 22 2
Total 426 284 94 399 126 52 3

ZoPol] Z4E $48 7|20 2 WA} Au|H2i7ke] ATHIAS Regression S5 LobRgtth WA}
2 mA oA 2 H 452 Regression 1 2 R*=0.87602] 52 A7} Q1A =9 0.1, 4B 3 &= Regression 201 UERH
Hie} Zho] R=0,6402 =2 A} e A 02 2AH

Regression 1 'y =30.575x +212.81 (R>=0.8760)

Regression 2 y=10.563x + 36.544 (R?=0.6402)
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250A 250B
4 50 WO =50 m100 4 q 50 0 =50 ®100
§ 2 § 2
1 1 =
e I
. a s s . . 6 PP
Distance(m) Distance(m)
300A 300B
a4 50 m0 =50 =100 4 -50 W0 =50 m100
> %>
8 8
g2 Q2
1 1
0 -— nsog 0 +— < L ] j"mg’
2 4 6 8 10 2 4 6 .8 10
Distance(m) Distance(m)
350A 350B
4 50 m0 =50 m100 4 -50 m0 =50 =100
% 3 % 3
1 1
o DA Sl 3 o 2
4 6 8 10 2 4 6 8 10
Distance(m) Distance(m)
Fig. 4. The result of the airflow fan wind velocity distance reading test
2T WA e 247t SRl 92 nIXBE ARt 371, 224 =2 § UYRt
Hale BHS EA R SEWE AT B e} Ik B ATolH 23129 A% g5ue] A9 2%
Aojng 27 URP7L Hhgh 37|19 nhe 4+ Qe s e Hule Zlo] f2lshA|et F40] Ahao] g3 m
=2 2ol Bastoln

67HA] 58 SFE SYFM SHE T5S A= AL =S SASIITE tiF-E 10 mA el 1%
o

ZHE AR RN e o] 2R UANE 27150l nEEA7] 7] ff3iA = 30 em A =0] ‘BTN 2] 2 4

e
R} BT meb 2 QoA AL D QbR RE A Ae g S5mel YA 0.
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Table 3. The result of the airflow fan wind velocity distance reading test (m/s)

Distance (m)

Width (m) Fan type

2 4 6 8 10
0.5 (L) 250A 0.30 0.49 0.38 0.45 0.09
250B 0.60 0.98 0.77 0.62 0.50
300A 0.42 0.87 0.60 0.52 0.47
300B 0.83 1.38 1.03 0.57 0.73
350A 0.37 0.37 0.29 0.28 0.13
350B 1.41 1.59 1.24 111 1.01
0(0 250A 112 0.83 0.43 0.50 0.12
250B 1.15 1.64 111 0.45 0.40
300A 3.72 2.77 1.24 1.22 1.06
300B 3.12 2.23 1.45 0.52 0.60
350A 4.08 2.41 1.77 0.97 0.55
350B 3.92 2.17 1.84 111 0.98
+0.5 (R) 250A 1.37 0.84 0.44 0.29 0.08
250B 1.33 0.84 1.02 0.33 0.52
300A 1.48 1.60 1.04 1.04 0.93
300B 1.09 3.04 1.88 1.20 0.43
350A 0.39 0.86 0.79 0.34 0.35
350B 0.51 0.88 0.58 0.61 0.51
+1.0 (R) 250A 0.66 0.62 0.63 0.13 0.05
250B 0.25 0.35 0.50 0.44 0.42
300A 0.48 0.75 0.90 0.82 0.68
300B 0.23 0.31 0.35 0.32 0.29
350A 0.25 1.07 1.26 1.18 0.78
350B 0.51 0.89 0.91 0.83 0.71

'L : left, C : Center, R : Right

Wind velocity and Regression

y =-0.3470x + 4.0860
R?=0.8642 oo,

y=-0.1340x + 1.7525
R® = 06621

y =-0.0996x + 1.2300
R® = 0.8767 i

® 250A = 250B ¢ 300A X 300B e350A

Fig. 5. Wind velocity and regression of center (0) by airflow fan types according to distance
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U $74R] £ $ A4 242 FAOR ZAGH G5 BHS TAR Fig 6920 T1wZE 37]454

o Agake WS AN 712 H 02 AT B9 5MS 24 Yol Lot SEo] 7| 2510] Alojsln} 2715
S, B3 A2 HER $AY 4 9lof 57h SRl 9k =33} B7| 85 UL Befsiel Ax|siele ue] )
Bopgx] vl 83 A7) B2 5 4 9o B8 BT A7 ZFERA Ho] Wl A5 3le] A7k 24 Yol uv' 2
Bl £ SN s 543740 ol Boloh 280l /1s34ch 8 ) 271 0em) el e
22 AY N =5 AR 92 502 =2 Ho) W RH 7K A om 2AE

Fig. 6. Combination method of fog spray device of airflow fan for farm use (A: schematic diagram; B:
combination photo)

HIEA Rl L2 Fig, 73+ ZHo] Al Uj9] 2452 245}7] 93t 24 & AlA|(Dry-bulb, Wet-bulb), 24& Arje] Azt

Zroll 71z8to] 27} BAbe = S A|ofsh= A|oJ Al A8 (Controller), =& 2 £ Al 3-0k= 7FE Z(Inverter type pump)
E oM AMRE = B2 Ao ® 3 (Water reservoir), 215 A 7] = AU e (Fog nozzes)dt BAFH E19] 4%+

715& 771 -5 3(Airflow fan) 02 T/ HTh AR 2 2ok £ 5 AFA] Z74d51al s 2= J 9 ETt =7
SAEH ZEZ S 55l o] desto] 29k {530l AH5sh= Yol

Fog nozzles+Airflow fan

- Dry-bulb
e = R —
- YA, "
- =
-
Wet-bulb

Inverter type

pump
Gﬁjo |
el s
s N | -
Contreller+Algeorithm
—

Water reservior

Fig. 7. Airflow fan and fog combined system material and operation diagram
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7)20) 19 E = ZL o §3 T AT 1259] 9hlo] Bl ol ofat mA] BAvt AP Rate], m1
Q1) 71 % ATAo] ek 8 5] p49o] 9Loend Kim, 2010 2T, 19, B 5 S0 gl
o] WhAgal7] whol] Aok o2 S BRI Aol ATE 24 BolA AAZEo R WstsHs S 270l 7V Mt
28R U 2ol U A NS, S5 FUIL LR LRSS sich Aol 2
BT A B0l 2= B o) §191) S g ek Ao thAlE Fistel 7R
WA A F 37195 E0) 7MEol s Al SfE oM AN 25 B S of
457152

F

=2
=

-1Lt

Fig 8 Ao1A| 252 21 '@%34%—%&@3}6}@@ 2.5 Zoll Jfl AZEEl = Aol A AR ARSIl S WY
o] wh2 7 4 Step) azang@amml %l—l Soh e & ghe AR Ate] Y ol mrek i 9l7t A4

1 25 Operation) £ Al7HTimey & Y& 4 =2 519ck

Cooling Temp.
25 ¢
v
S0k BO% %
L v -
Step 3
l Step 1 ] [ S“D 2 ]
Pump | | Pump | Pump | ] Pump a
Circulation Fan B Circulation Fan B Cirgulation Fan 1 Circulation Fan W
Exhaust Fan O Exhaust Fan o Exhaust Fan [ | Exhaust Fan n
Operation 3 Water Temp. | 26 | °C Water Temgp. C Water Temp, @ C ‘Water Temp. <

Tima T Tira T
on (o3 on E] EC on 20 (=4 on E] EC
aff s off @ see off 30 see woff E] sE

Fig. 8. Airflow fan and fog combined system operation diagram

AAE AT 4 Y= HY (Stepy= 3THAIR TLESIL, ZH A S= ZH2 50, 60, 70%2 A (MG AHE ©AS)
shlom, Al Ul 57t 25 EA| 2hR1 70% o1 2ap e 02 AdAsto] th 22 o] Ik ARl B e 49l
=5 QR (Pump)= A3k R-5 M (Airlow ) B 7| B Exhaust Fan)& 25417 S5 92 wjEt 1A} 59
o

She A 3F 5 571 28 skl meh A 4 e Siint B 8l Soll o) A2 E ol ke 1T
Al 29§02 ol R o)X PR ARG ARE o) | AdH|E A 85to] 7k AAQIA] o et 53], 2 F7
Ao A 25772 4 g FRARKOn)H FAARKOME Aste] 7R thed] 2F5eto =M -8Rl Y
g #7}7ks stk

Mt OUHER(H) L F 2E 27|95 22U NS 2a

94 A 977 30 om 5O ELAER) eE2 ATl A 2R 4B 2o = ES AR
23 9254 17 001 A ES FHB O], § 50 Aol GolstES A% WO 1048 A}
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Fig. 9} Table 41| A|A| S B}e} Zo] A AT} | mA| oA Hat 62.6910.27 ime] 27| 2 B H ] Bl 2 mA] -2 69.65
+049 m, 3 m A2 79.03+1.82 ym & A7} Hold 42 °1x}7} AR = S FR1g 4 Qltt o] 22 BE a7}
M= AgE o] Uehtes d4 02 QWIET F-5W 28 Al B5eh 3 akol A= ]2 oAl & B /o] k= A
2 g% 4 9l Aijolct

% 1500 1500 |SDO%-
2M | o wl| o] | 2 oo §
{ §
g | 4 15.00| 1500 wmi
! g
3M =§ & 0| =0 1000] | 5o ww%’
Fig. 9. Results of spray particle diameter measurement (3 repeated tests)
Table 4. Analyses result of spray particle diameter measurement
Classification 1m 2m 3m
135] 62.91 70.20 77.34
VMD (um) 23] 62.76 69.26 78.79
33 62.39 69.49 80.96
Mean 62.69 69.65 79.03
S.D 0.27 0.49 1.82

OB )0 YAp= Al F7|mpo] =848 ZHG 80| =11 (Nam et al,, 2005; 2012), EF A7} 50 ym 1| T
2 BALE= 19k Zo] §-80| £2710 & B7}E o] 2h(Abdel-Ghany and Kozai, 2006). £ @0l 4] 3218 2|} e 73
3 Mla-sHe) B Yk MYATOIM AT TEE| A7 ool ARt B7|ufHelg ol f5u A
slglon e YEES Zitke 4 glrkn ek kAl § 57127 Lol AR AR E AFE 1)
QJet e Z A S 107]0M 2 ueke & Sh= F7HA Q1 A7} @ stal x| u| et fAH] RO 2 FX06kA] 2 1
oheZI YIS 4 8% 37t A7 We sk Hekg,
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Conclusion
Sk A o] AFY2 |42 0 2 Z716h= A|oH | ThFot SRS 772 02 Hesle 2 We 7|&o] 7t B
1 ek SRt o84 BA7IE el 277k Bast S0l Atk ouix] o] REto 2 B
+ 57PHgEon, 7| EHstet 25t o 4 2FEH] S oS o] 1A shal ik upeka YHHEeE £ U= TE
FYe ol el Aol BaHel @42 S EHT XY, 71, $-5H, QMR So| YA 57l 2 7E W
A7|1A] Foh= Zlo] dAlolt), 1% QR x| = 57 Bo] BFE|R] g2 Wi 7|&o|n, f-5 32 24 7] 2 9
ol B4l uiuwwhu} webA] 2 oAl =
9 4] F 37195 QAR A S Astel 24 u1 g 117&’5*# o1 Hloke otopr 112t sheitt S 7loll A
A o= %

sl

Aol 2AoIA AHEER] ] dRte 2AFSH| flsto] Bf2|7H(Paprika), EVHE(Tomato), £.°](Cucumber),
7 (Srawbery) FAFEAE S22 4267) 578 ZAtellct, ARlel 5710) F2 Yuel 47 B2 E A%
(Shielding), Z3°47HH|(Roof vent, Roll-up), =4 7]H|(Side vent, Roll-up), 37 |-3-5H(Airflow fan), A2 |20 (Forced ventilation
fan), QPN (Fog) 2 T-2EQ T, A 426 57104 S5 AR BTk £ 126704 R 30%0] 3= o] S-SuHo) Atst
© N A9 2 57k Fw6] FEEUH S 4 Sl

C=o] AMEEY faH A2 —37‘l§”ﬁ 27l 3271 30em2] -5l SN EF =52 "?—ﬁ]"— W AAlsk e H,
W7 27] 30em] -5 ol SNET eSS A Al kS YRS A2 527 32 Fd 107071A] B2 7Fsgt
7102 ZAE QT AlEA Q1 A2 25 = AlA|(Dry-bulb, Wet-bulb), #| oAl /\E“(Controller) 71 Z(Inverter type pump),
B 3 (Water reservoir), A =2 (Fog nozzles), -5 H(Airflow fan) 2.2 4 HTh, A|ojA| A8 Q] 7HASH 2112 &8 T A 5ts)

. oH, A (Step) T-7HRange)ye 7HA1 2L AREARS] 4 Fol| wheh #1917} A =] 3 A1 (Operation) =)= AlZHTime)
A 5 A =E SIStk A= AT = Ue ‘%H(Step)— 3TA|Z FEHL, 7 HAME S gt 2abrele st

AT £ AR UL NY £ 95 RO S

=2 T 9)\

ol 5 LS B S L ARSI &
A AIZHOf)E A sto] FHE R thaA| 2ot 24 G849l Wi w27} 7kssith

Ul 27370 2 F Aol 2 ZAEE F 'E_E Thpol| A AREE]= -5 o] sl B4 =2 72 & 5%

2L

0.

S 55 A 20 S 71 25 A2 Sl Hisl 255] $&0] @A SAHH B R o]zl aefsto] X3k
2 Melalop 2o 2 Bl ZY0l ST B2 A2l Boldas 325 B4ol AL HE Yoz 5
7o o o] whe} = 28 A| 2L P A2 S 15| 2=l 93] O-IEEHH;(] ik Ag) 52 Ao}

A3t 9
=2d T
2B e} glrkn BekEch & AT0IM AHgSHA B VR R(EI R 2TS 913 5 5MY BAH L 30em Al

slo] 472 Sstsict
A HEE A7 30 em 5O ELGVIER) =22 AFslel A2)d 20 A%S ZHslgich 4B AT A7
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