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Abstract

This study was conducted to provide basic data for the design of shading facility of greenhouse. The
proper distance between external shading screen and roof surface, transmissivity of shading materi-
als, temperature difference between 85% and 55% shading greenhouscs, variation of soil tempera-
ture, and shading effects of external and internal shadings were analyzed. About a distance of 10cm
between inclined external shading screen and roof surtace was enough to guaraniee the external shad-
ing effect in the greenhouse without roof vent. The inside temperature of greenhouse installed with
85% internal shading screen was lower the maximum of 4°C and mean of 2°C than that with 55%
internal shading screen in both natural ventilation and no ventilation condition. The difference of soil
temperature between shading and no shading greenhouse was great, but the difference by shading
rate or shading method was small. The performance of external shading for controlling inside temper-
ature down was superior to that of the internal shading. The externally inclined shading screen paral-
lel to the roof surface of greenhouse was more effective than the externally horizontal shading screen
in controlling inside temperature of greenhouse without roof vent.
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Fig. 1. Photograph and cross section of greenhouse model with external screen.

—81 -



Fig. 2. Schematic diagram of experimental greenhouse.
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Fig. 3. Location of sensors in experimental greenhouse.
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without external shading greenhouses as a function of dis-
tance between screen and roof.
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Table 1. Transmissivity of solar radiation of shading mate-
rials in greenhouse. (Unit: %)

Shading grecnhouse

Date No shading ln‘Lema] ‘ Exllemal_
grecnhouse  shading ratio  shading ratio
55% 85% 50%
Mar. 31 72.8 - - -
Apr. 1 - - 10.8 -
Apr. 6 72.1 - 79 -
Apr. 8 - - 10.2 -
Apr. 17 70.0 - - -
Apr. 20 70.6 - - -
May 7 714 - - -
May 9 - - 8.5 -
May 29 - 23.0 8.3 -
Jun. 4 - 233 8.5 -
Jun. 5 - 24.4 - -
Jun. 7 - - 8.3 -
Aug. 8 - 23.2 9.5 -
Aug. 10 - 23.9 - 326
Aug. 11 - 24.0 - 32.1
Aug. 12 - 23.0 - -
Aug. 14 70.5 - - 313
Aug. 15 70.0 “ - 316
Aug. 22 70.2 - - 331
Aug. 23 - - - 32.0
Aug. 28 - - - 312
Aug. 30 - - - 33.0
Average 70.9 23.6 9.0 321
Standard® 70.9 319 106 355
Difference” 0.0 8.3 1.6 34

‘Standard = (No shading) x

100 — (Shading ralio))
*Difference = Standard-Average.
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Table 2. Difference(TD) of inside ternperature between 85% and 55% shading greenhiouses. (Unit: °C)
No ventilation Natural ventilation
Date Qutside Ternp. ™D Outside Temp. D
Max. Min. Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. Ave.
Apr. 8 205 132 17.5 3.1 13 2.6 193 101 12.3 3.6 0.8 22
May 28 283 242 26.7 3.0 0.9 2.4 30,5 268 293 3.0 L1 22
Jun. 4 354 285 354 42 1.2 24 295 240 274 39 1.1 2.6
Jun. 5 325 30.1 314 2.5 1.0 2.2 34.1 29.2 32.3 39 13 23
Average 32 1.1 2.4 36 1.1 23
Table 3. Difference between the maximum and mininuum soil temperatures, (Unit: °C)
] . Extemnal shading
No shading Internal shading - -
Date Horizontal Inclined
0% 80% 50% 50%
Qut” In’ Out In Out In Out In
Jul. 19 53(29.4 6.6 (30.4) - - - - - -
Jul. 20 46(28.1) 6.5(28.2) - - - - - -
Jul. 22 - - 5.0(32.9) 21(30.5) - - - -
Tul. 26 - - 5.8(27.3)  2.6(28.4) - - - -
Jul. 27 - - 56277 22(284) - - - -
Aug. 5 4.6(28.2) 5.7(284) - - - - - -
Aug. 8 - - 5.6(279) 25(284) - - - -
Aug. 9 43(29.3)  5.5(28.4) - - - - - -
Aug. 10 - - - - 56(31.8) 2.8(29.9) - -
Aug. 11 - - - - - - 6.0(322) 2900
Aug. 12 - - - - 53(331) 253304 - -
Aug. 13 - - - - - - 5.8(33.0) 23(30.1)
Aug. 14 - - - - 5.8(329) 2.8(29.5) - -
Aug. 15 - - - - - - 59(33.83) 2.7(30.1)
Aug. 22 - - - - 49(286) 2.1(29.3) - -
Aug. 28 - - - - - - 52(27.8) 2.8(28.8)
Average 4.7 6.1 5.5 2.4 54 2.6 5.7 2.7
*Difference of soil temperature at the outside of greenhouse
‘Difference of soil temperature at the inside of greenhouse
*Soil temperature at the beginning of shading.
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Fig. 5. Comparison ol inside temperatures under horizontal external shading and internal shading (Aug. 10).
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