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Abstract. In order to develop the cooling load estimation method in the greenhouse, the cooling load calculation for-
mula based on the heat balance method was constructed and verified by the actual cooling load measured in the fog
cooling greenhouse. To examine the ventilation heat transfer in the cooling load calculation formula, we measured
ventilation rates in the experimental greenhouse which a cooling system was not operated. The ventilation heat trans-
fer by a heat balance method showed a relatively good agreement. Evaporation efficiencies of the two-fluid fogging
system were a range of 0.3 to 0.94, average 0.67, and it showed that they increased as the ventilation rate increased.
We measured thermal environments in a fog cooling greenhouse, and calculated cooling load by heat balance equa-
tion. Also we calculated evaporative cooling energy by measuring the sprayed amount in the fogging system. And by
comparing those two results, we could verify that the calculated and the measured cooling load showed a relatively
similar trend. When the cooling load was low, the measured value was slightly larger than calculated, when the cool-
ing load was high, it has been found to be smaller than calculated. In designing the greenhouse cooling system, the
capacity of cooling equipment is determined by the maximum cooling load. We have to consider the safety factor
when installed capacity is estimated, so a cooling load calculation method presented in this study could be applied to

the greenhouse environmental design.

Additional key words : cooling efficiency, design factor, greenhouse cooling, spray rate, ventilation rate

MOE

A5 A HES Alsl] fside Wike] 3
o} 53] 53l dF ZERegAoly felek
o] Haste Ut o= FExEee] A|are}
APGAS ESER AFZQ o] Fasirt. Ayl
O = ARREHIL ' 249 125 HoREE 3,
Apg, gzt Sol glen, 40°Cel 7R L stell
AMe FEzAzEe] aARl Ao HarEe] itk
(Sethi®} Sharma, 2007; Kim %, 2015). Sy zir)2E)
oM AAZHCE 7Pg el AMEI Qe ZloEe
AN EA 2R EaA 2] ], HIPEALFS
SR Brdst ©do] Qlo] FHTdle deE 24
S FHoE XaAzEo] 1 §o] AREEI e FA

mx

=1

*Corresponding author: swnam@cnu.ac.kr
Received June 26, 2015; Revised July 9, 2015;
Accepted July 22, 2015

A0 - A2SH, 242 X35 20154

o|th(Kittas 5, 2003; Abdel?} Kozai, 2006; Lee9}
Kim, 2011; Nam &, 2012).

Aotk A5H AulE slar A= 13457F] 248
oz WIHE FARE Zzf(Nam, 2000)] <Jshd
TR 2AoAME Wikl si: §lu, fEled
9k 2357H17.2%)0lA SEZAIAES TEEskal IS
o 2y ddigt 248 updez 3 FHITe AL
(Nam 5, 2014)0l <3P &8 Zekag 249 4%,
FElae] 48%elA] Wiks AAjslal flow, 53]
g2 40%elMe AEIEFZE ol8slal Y= A
o7 yepgtl Suhgzte] gyt QAHmA A3 &
AS FHO0E FOAAES o] 5al Jlown, A E3
Egrza Biks drshes w7l 5Ys AlxElem
WiE 7Fs3ly] wiitel] SJEdEE ko] Tlx Solu}

AN

147



P - AFS - AES

= FAIE FFEtH(Lee 5, 2006; Kang 5, 2013).
YA oy SEFE While] wRls fleiMe

240 WAAIE B3 Aulgsre] FA o] Fasitt

Anjge] HE5e A7)l =9 s e

T Rom, Aulgake] HjdAle AXHIY AR Es

=

=

A AnlgS 2498 J9U) Utk viEe] & Wi

Al 7 AR e ARl R FAdE] Q)

om IFAAE o83l Ve & WAE Fele

ksl

Al 71Ee FEY7PHe R FdEo] 1™ VETH A%
Z o]g3le] AAZHIGHA, 2007). m]=e] HPHe 7}
Al 7 A=ET SSeA|2Ee] Al Hestar,
o] WhHe XA|He] Aol Helsltt. v §-
Zuehe HWakl A7A171Ee] A AA LTHNam,
2013). B3 FH2ol| NG| EFHEZE o]&3F Wilo] By
Hi e FHE ARk 249 yhlsl AP S
E3sle Al A7 Aol Bast Axgeldt
E =Foxe 4] Wisl 2R s fls)

:
)
oy
O
i)
=2
)
B
o
=
o

P
ok
X
ox
>
i
K>
oL
QL
K

WS ASS 9% Al 47 AlA eiA =
£ Fig. 13} a1, 87374200 AR Axe] FR79 £
aAzED 9 A 3|9 ALY Table 13 2t A
Heae thd fAdoll XS ZeknE 247 vEA)=
0.1 mm PEZEo]|31, X&of 52 m’ - min! &2 S|4l
3ti7E A= o, AHE 1 me] B S3o] &
Zol| AX|=O] Qo). AR EREGES: theo)E
EEARRE Sk glem 2014 59 1926 A5kt
W2 olfAl EaAAEE ARk, AWk 30°C
opgolr IS 7lsslal, XAIAE JMEe 2
L& 32°Co1, AUIFT 90%elstR Agate] 187 B
5, 3% AR A-SITE wel A3 20144 6
4 195E 20143 89 31971A] =351 Th.

2] WhRshs Wi 249 AS HlolEE o]

148

g3te] 2] (D2 T3S
H,=H~H,~H~H, (1)

71N, H, = &40 WRsk(W), H = <4 HZ #
A== AREW), H, 2 2hee] S8 AnlEe o
FW), Ht 24 JEAE 53 A[FIHW), H, =
N2 HiEHe @FWelth Aurles erleRt
SA AP H2F His WRReE STMI7IE B
o7 A8t

H, = 114, )
H, = f,1,H, €)
H, = UA At 4)
H, = pic,V, At %)

At = t—t, (6)

A7V, 1= 249 FFHE, L= U YA
(W - m?), 4,5 249 v5d3(m?), £, 249 viet
HAo| gt 2= AAWEAHL Hl, = Y T
T, Ue 24 38349 dAFE(Wm?C), 4= 24
o] BEHZA(m?), p= AHT7IY BE(kgm?), ;= A
W7ol vldJkg'oCh), 1S S1em’s!), e A
712(°C), ty= A9)712(°C)elt.

249 YiAA A A7y U AY
W SAAAE 7PRIESY TAC 2.5% AR-S ARSI
o, 243} Mn) BExF)| wiE} TAC 1%4 TAC 5%
#HE A = k. SMSE JEY] TR A
STA 2 Qo] PR wet tEARE Wik S5
ARt 93t Fal A Al 0.5~0.63 PRI

24 U2 fYse AR 24 Uiy AEaE
RO ASS dARFS ARSI AR 2HddA=
EnfES Auietar, e St AnlEe g%
Aol FHRHAISE 062 ARSSITHNam 5,
2011). 24 IEAE 53 BFIL AFgollA TEA|L]
GAFELS 6.2 WmC'S ALE-SIATHASABE, 2008).
2 HiEse €9 WSS ASE A )= T
Sttt 371E AS Aol A vzl 7FsAo
= H7Ee] o= wjr|ulo] JFEEA] 8 wldll=
SN AST FE5S 0183t Nam 5(2011)9] WY
o7 FAsHint.

AR, WS AXSEA] oF AdEle] A A

flo

Protected Horticulture and Plant Factory, Vol. 24, No. 3, 2015



Table 1. Sepcifications of sensors, two-cluid fogging systems and
L% 17 I * o7 roof ventilation fans.
m 18 i . TO 75" * _E 5 Item Component Specifications
® o i -
Sensors Thermohygrometer MicroLogPro 11
Cooling . @ Control (Fourtec)
—— o6 — Pyranometer LP02/LI19
' (Hukeseflux)
18 30 Anemonmeter CTV100
18 @ i B (Kimo instrument)
30 Two-fluid Diameter of nozzle 0.8mm
18 fogging i
° 1 ° systems Droplet diameter 20 to 40pm
18 Water pressure 250 to 360kPa
30
5 Air pressure 190 to 240kPa
2 18 - . k=) . .
i Spraying distance 6 to 8m
18 & 30 Spraying amount 6.0L-h!
18 o — o Roof Diameter of fan 300mm
ventilation . 3.
; Airflow rate (step 1 12.3m”*min
18 30 fans ] ( P ) ]
° o Airflow rate (step 2) 15.7m* min’!
13
30
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Fig. 1. Size of the experimental greenhouse and location of fog ATt
nozzles and sensors. The symbol @ is a thermohygrometer, [X]
is an anemometer, & is a pyranometer, and @C is a fog nozzle. HA+V,
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Fig. 2. Comparison of calculated and measured ventilation heat
loss in the experimental greenhouse which was not operated any
cooling system.
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Fig. 3. An example of experiment on the evaporation efficiency
and humidity increment by fogging in the greenhouse (No. 6).

Table 2. Experimental results of the evaporation efficiency on the
closed greenhouse.

Accumulated water (L) Evaporation efficiency

No.  Exhausted Humidity Fog Equation Equation
.~ . increment sprayed 1) “)
ventilation amount
1 2.865 2.652 7.920 0.70 0.36
2 4.496 2257 9.480 0.71 0.47
3 5.574 1.403 11.138 0.63 0.50
4 2.367 3.053 9.113 0.60 0.26
5 4.528 2.998 12218 0.62 0.37
6 5.854 1.164 9.833 0.71 0.60
7 6.632 1.183 9.623 0.81 0.69
8 2.659 4.281 10.860 0.64 0.25
9 4371 1.567 8.520 0.70 0.51
10 5.460 1.730 12.570 0.57 0.43

Average  4.481 2.229 10.127 0.67 0.44
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Fig. 4. Relation between ventilation rates of greenhouse and evap-
oration efficiency of fogging system.

Table 3. Eaporation efficiency and cooling efficiency according to
the experimental conditions.

Experimental Average ventila- Evaporation Cooling

conditions  tion rate (min) efficiency efficiency
Fog only 0.34 0.50 0.19
Fog and Fan 0.56 0.83 0.21
Total 0.45 0.67 0.20

Table 4. Evaporation efficiency and cooling efficiency according
to the ventilation rates.

Ventilation rate Evaporation Cooling
(min™) efficiency efficiency
0.1 0.30 0.19
0.2 0.45 0.18
0.3 0.52 0.21
0.4 0.54 0.19
0.5 0.80 0.21
0.6 0.71 0.20
0.7 0.94 0.22
Average 0.67 0.20
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Fig. 5. Comparison of calculated and measured cooling load in
experimental greenhouse equipped with fogging system.
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