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Abstract

This study was performed to find an efficient method to overcome extremely high
temperature in greenhouses during summer season. The actual utilization of greenhouses
during hot summer season showed that about 21.6% of the investigated greenhouse farms
were in fallow state, and most of greenhouse farms were cultivated under the very
inferior environment. Thermal environment of greenhouses according to the evaporative
cooling method and several assistant cooling methods such as ventilation, shading screen,
roof sprinkling were examined. As the each assistant cooling method was used, about
74.8%, 26.9%, and 58.2% of temperatures measured at intervals of ten minutes between
ten and seventeen o'clock were above 35C. When shading screen and evaporative cooling
system were operated, most greenhouse air temperatures were maintained below 35C, and
showed a drop of 3.8—~4.2C as compared with naturally ventilated greenhouse.

Key words : greenhouse cooling, assistant cooling, actual utilization, overcoming high
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Table 1. Investigated regions and sample

numbers.

. Plastic | Glass .
Region house | house Total | Latitude
Ryongei 1y | 7 77 l3r 17
Icheon

Chungnam | o 5 | © |% 18
Buyeo

Kyongnam -
Kimhae 29 23 52 33 15
Total % 06 171
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Table 2. Greenhouse type and area distribution.

Number of farms
Greenhouse type Ave(rage)
Total | <600 py? | 600< 1000< | 1500< | 300 | Ay
Glass | Wide span 59 4 2 19 8 4 1160
house | yeppg 16 0 3 3 6 | 4 2420
Plastic Single span 38 12 4 23 10 9 1460
house | Nt span | 3 0 16 13 8 1 1150
Total 171 16 a7 58 32 18 1370

“py.(pyong) : 3.30582 m°
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Table 3. Actual utilization of greenhouse
during hot summer season.
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Greenh ¢ Cultivation | Fallow | Fallow ratio deol 2WerHEzwew 717 R 60%
reennouse type | ene) | arms)| (%) o4& 8%7H21.6%)W H3lod, B F
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71 go] 28% 7H7B.7%)ZE 7 Eko
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n2 A& FAsAHs w7tE 5%7
Sl | B | B | %0 ] oo 57k 5e7t
(13.5%)1} = AT},
Total 14 37 216
Table 4. Actual state of fallow farms. unit : number of farms(%)
Fallow periods Cause of fallow Hereafter plan
<30days 6(16.2) | Impossible conditions 5(135) Continuous fallow 5(135)
_ . . Cultivation after
30~60days | 23(622) | Tumn of farming period|  28(75.7) equipped facilities 23(62.2)
>@0days 3(21.6) Others 4(10.8) Others 9(24.3)
Total 37(100.) Total 37(100.) Total 37(100.)
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Table 5. Actual state of equipped facilities for overcoming high temperature.

unit : farms(equipped ratio %)

Evaporative cooling
Greenhouse Ventilating fan | Shading screen | Roof sprinkling
Pad system Fog system
Glass house 57(934) 46(75.4) 20(32.8) 3(49) 20(32.8)
Plastic house 7096 29397 341 00.0) 0t 0.0)
Total 64(47.8) T5(56.0) 23(172) 3(2.2) 20149

Table 6. Actual state of ventilation in cultivating greenhouses.

unit : farms(%)

Greeﬁhouse Side vent Roof vent” | Ventilating fan” | Circulation fan" Total

Glass house 0 00) 4 66) 19(31.1) 3R(62.3) 61(100)

Plastic house 33(52.0) 28(384) 6( 82) 10 1.4) 73(100)
Total 38(28.3) 32(239) 25(18.7) 38(29.1) 134(100)

Zics
“Side and roof vent
¥'Side vent, roof vent and ventilating fan

*Side vent, roof vent, ventilating fan and air circulation fan
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Table 7. Actual state of shading in cultivating greenhouses.

unit : farms(%)
Fv Items (Glass house Plastic house Total
Black net 10 22) 23(719.3) 24(32.0)
Shading screen Palyester sheet 12(26.1) 4(138) 16(21.3)
Aluminum 33717 2069 346.7)
<30 5(109) 3(276) 13(17.3)
Shading degree 30~50 4087 4(138) 8(10.7)
) 50~70 21(456) 8(276) 2387)
> 70 16(48) 9(31.0) 25(333)
Equipped type Inside curtain 46(100.) 12(41.4) 5(71.3)
Outside cover 00 0.0) 17(386) 1127
Total 46(100.) 29(100.) 7(100.)

A% puiEe] AEl SHF AMA B 2ol us F4F BASNA Au ol
EE2 8= A2 #AL== Table 834 Folxlzm IMdTh Table 9= 249 3
Shoh. frEl el e A wuel 508%  2AA FUE UAY LEEAS ogs
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Table 8. Control target of greenhouse air temperature during hot summer season.
unit : farms(%6)

Greenhouse No answer <30T <325T <3HT <375T Total )

Glass house 113480 5 82) 31(50.8) 12197 2033 61(100)

Plastic house 32438) 13(17.8) 18(24.6) 5 69) 5 69) 73(100)

Total 43321 18(134) 49(36.6) 170127 7(52) 134(100)

Table 9. Temperature and humidity differences between inside and outside of cultivating

greenhouse.
Measured Temperature(C) Hurnidity Measuring
time Max. Avg, (%) numbers
10:00~12:00 60 38 -11~13 18 |
12:00~14:00 90 42 -7~13 16
14:00~16:00 6.0 33 -12~17 31
16:00~18:00 50 21 -19~ 9 25
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Table 10. Weather conditions during the
experimental period.

oo Ny

Item Mean Range
Dally o056 | :37~289
mean
Temperature(C) | Daily max.| 318 | 287~34.1
F
Dally min.| 225 |201~254
Daily 12161 619~889
mean
Humidity(%) |Daily max.| N8 | 746~%.2
Daily min. | 475 {401~633
Radiation Daily - e
Mym2) | integrated | 120 |637~235
Rainfall 40.1 mm in 5 rained days

7
287~341C9 wWeol #HT 318CAL,
HAAFEE 401~653%(Hd 475%)9 W
A& 24t FEHEAAFL
(F ¢ 1596) MJ/m*/day®] #9192, 7}
W g 599 FA¢FS
A AAfHoz wroedo] W .

Wi 9 R xEld 24 E37F
£ "l £A4% ARE EAM3le Table
11 % Table 1249 YeElGl e #EGE
Fig. 1ol Yeldch Table 112 # ¥
2 7] div] W ERE YJebd Aoz
A 2 A 2 BEE 97)& n)
stod A2 59~63T(HWI07C) 45
e Aoz veudow, aAHE ¥y
Bgolle AAZ7IN AAEtE ASo] H
sto] &F 3CHESY &% SFEHE Y
3, 2 S zbe] dEQl oojE a9
FOR 38~42T9 WWEHZ RolE
Ao R Yedt gy A e W
2de Ao Jldgd 5 gl og g
Pre=g

Table 12+ H2d d&4& vjuwg A
o2A AFIINES FEAE
2 104 %Y &% °
dolg & #4438 Ao
2= HI 4247
3 A HEE 3BCE z2dste 2

@3 Aoz eyt A3&
g AL 269%(dHT 1977

Xk

Lol ok X

a3
lo
X
olf
9_,!

d
r

Y7o o

z oy

rof
£z
LA
N
rio
a

=
po A
lo

Xl
£
iul

2 3
=
©
Sy
ikl ‘o,
rlo
i

2 4
r £
o K

R A A

~
]

o
2 o ox
2

;

Ir
o,
X



2y

Mo

Table 11. Cooling effect of several cooling methods as compared with natural ventilation.

Item 9% confidence limits Max.

Difference between inside and outside temperature in 59 ~ 63 107
naturally ventilated greenhouse

Shading screen -29 ~ 31 258

Cooling clfect Roof sprinkling 10 ~ -12 -34

Evaporative cooling -38 ~ -4.2 -83

Table 12. Thermal environment of greenhouse according to the evaporative cooling
method or the other assistant cooling methods.

Outside Greenhouse air temperature( C)
Item - . )
5 Humidity Natural Shading Roof Evaporative
Temperature(C) (%) ventilation screen sprinkling cooling
Mean 305 5.1 366 36 355 326
Standard deviation 18 89 2.7 25 26 19
Maximum 341 08 424 301 414 371
Mininmum 26.3 401 219 26.3 215 215
Daily average(hour) 52 19 41 06
Time above 35T
Excess ratio(%) 7483 2.9 382 81
45
40
§ 35
o)
5 30
©
g 25
=
2 20
15
10 :
17/07/99 18/07/99 19/07/99 20/07/99
o - Date - ] o
— Qutside — Natural ventilation - Shading screen
___Roof sprinkling — Evaporative cooling

Fig. 1. Examples of greenhouse air temperature according to the evaporative cooling
method or the other assistant cooling methods.
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