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Abstract

In this study, we quantitatively compare the cooling effects of single span plastic
greenhouses by opening or shutting of roof and side vents, and operation of fan or
sprinkler. With those variables, we simultaneously made experiments at 4 greenhouses
under equivalent conditions. By the experiments, the shutting of roof and side vents
caused the high temperature difference of indoor and outdoor which the crops cannot be
cultivated. However, the opening of the windows effectively reduced the indoor
temperature and showed uniform temperature distribution in the greenhouses. The
sprinkler abruptly reduced the indoor temperature, and showed excellent cooling effects.
Finally, this paper provides the fundamental data for environmental control in greenhouses.
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(c) Vertical-section views.
(unit = m )
Temperature
5 Two measuring point.
( 0.8 and 2.0m above the ground.)
* Five measuring point. ( 04, 0.8, 1.2,
2.0 and 2.8m above the ground)
@ Six measuring point ( 0.4, 0.8, 1.2,
2.0, 2.8 and 4.0m above the ground.)
< Measurement of outdoor air-temp.
A Measurement of globe temp.
{ 1.0m above the ground.)
Solar radiation
¥ Indoor solar radiation.
@ Outdoor solar radiation.
Relative humidity
P Indoor relative humidity
vV Qutdoor relative humidity

Fig. 1. Shapes and measuring points
of greenhouse models.

Fig. 2. Location of sprinkler in greenhouse.

Table 1. Specification of fan.

Fan blades Size 450 mm
Rated Speed 1,680 rpm
Power Consumption 450 W

Maximum Airflow

125 m’/min

Maximum Pressure

26 mmAg

Table 2. Sprinkler particle size.

Particle Size Number Ratio(%6)
0~300 gm 1 0.7
300~600 (m L] 53.8
600~900 pm 43 29.7
900~1200 £m 15 10.3
1200~1500 gm 1 0.7
1500~1800 gm 6 4.1
1800~2100 gm 1 0.7
Sum 145 100
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Table 3. Temperature comparison of each greenhouse by pre-test.

(August. 1, 1999)

0:00~3:00 | 3:00~6:00 | 6:00~9:00 |9:00~12:00|12:00~15:00{15:00~18:00| 18:00~21:00| 21:00~0:00
Model A -01 -0.1 16 40 3l 19 02 -02
Model B 04 04 21 43 42 33 1.0 03
Model C 01 0.1 19 42 40 34 06 01
Model D -02 -02 09 32 32 26 0.3 -0.3
# The value in this table mean temperature difference of indoor and outdoor
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Table 4. Experimental conditions.
. Condition Sprinkling Workmg time Outdo.or.solar
tem Roof and F Sprinkh Amount [mr] of Spnnkler radiation
side vents an prinxier [min] [W-m-]
Model A Close Off Off - - 815
Model B Close On Off - - 815
Case 1 -
Model C Open On Off - - 815
Model D Open Off Off - - 315
Model A Close Off On 65 30 &2
Model B Close On On 6.5 30 &2
Case 2 =
Model C Open On On 6.0 30 &2
Model D Open Off On 65 30 &2
Table 5. Relative comparison of experimental results.
0.8m° Globe |Outdoor airl lflowfm F}ow'fout Indoor Relativel Outdgor
Item . remp. [C]) temp, [C] air temp. | air temp. humidity [6] Relative
(c] ftemp. P Ly fan [C|by fan [C] VPO midity [96)
WBY| 419 54.1 A7 - - 60 34
Model A -
L WAY | 425 54.5 26.1 - 62 31
WB 41.8 - 24.7 45.2 40.5 65 34
Model B
WA 35.8 - 26.1 217 35.7 53 31
Case 1
WB 29.7 435 24.7 32.2 30.3 43 34
Model C
WA 29.1 405 26.1 29.0 28.8 42 31
WB 27 454 247 - - 43 34
Model D
WA | 292 424 2.1 - - “ 31
WB 43.0 51.9 249 - - 72 42
Model A
WA 322 284 271 - - 100 41
WB 425 50.3 24.9 457 43.1 71 42
Model B
WA 284 27.1 271 29.4 25.8 97 41
Case 2
WB 29.2 44.4 249 30.8 284 57 42
Model C
WA 25.1 238 27.1 29.3 21.3 99 41
WB 29.7 39.2 249 - - 60 42
Model D —
WA 24.8 26.8 27.1 - - 97 41

Z_().Sm * Indoor air temp. at 0.8m height on the ground
YWB : Working Before *WA : Working After
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Fig. 6. Temp. distributions in plastic greenhouse (Case 1 : May. 30, 1999).
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(a) Model A
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IFig. 10. Temp. distributions in plastic greenhouse (Case 2 : June. 4, 1999).
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