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Environmental Control of
Greenhouses
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Total Solar Energy Flux Incident on a

Surface Roof of Greenhouses
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Estimate the hourly average total solar radiation flux
incident on a gable-even-span type greenhouse
having gross dimensions of 32 m long and 9 m wide,
with 25° tilt angle of rafter and facing south
direction at latitude angle 31.05°N on 21%t of
December at 12 noon solar time. The apparent solar
radiation is 1233 W/m?, atmospheric extinction
coefficient 1s 0.142, diffuse factor of solar radiation
IS 0.057, and ground reflectance i1s 0.70. If the
maximum effective transmittance of the greenhouse
cover Is 0.90, determine also the solar energy
available inside the greenhouse
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A = apparent solar radiation = 1233W/m?

B = atmospheric extinction coefficient = 0.142
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C = diffuse factor of solar radiation = 0.057

p = ground reflectance= 0.7
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T = max. effective transmittance of the greenhouse
cover = 0.90
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Sin y = cos (D) cos(d) + sin(P) sin (J)
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Sin y = cos (D) cos(o) + sin(d) sin (0)
Sin y = cos (31.05) cos (-23.45)+ sin (31.05) sin (-23.45)
= 0.581



ID N = A exXp [smtlj]

Iy =1233 exp [==2
IDN 065.6 W/rn2




Cos 0 = cos (y) cos (y,) sin (B) + sin (y) cos ()

sin y = 0.581
v = arc sin (0.581) = 35.5°
B =25 °rafter Jl Jw )
sl 3 aas
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Cos 0 = cos (35.5) cos (0) sin (25) + sin (35.5) cos (25)

Cos9=0.8704



|, =I5 Cos O
|, = 965.6 (0.8704)
= 840.5 W/m?
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F.. =0.9532




Is =C IDN Fss
. =0.057 (965.6)(0.9532)
. =52.5W/m?
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., =965.6 (0.057+0.581)
= 616.1 W/m?
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| =616.1 (0.70) (0.0468) = 20.2 W/m?
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l. = 840.5+52.5+ 20.2 =913.2 W/m?
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T ~0.00437 [0.0936(0-30)]
O =arc cos 6 = 29.5°

1 =0.90 - 0.00437 [0.0936(29.5-30)}
t=0.8958



|, = 913.2 (0.8958) = 818 W/m?
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A =(9) (32) = 288 m?

.« = 818 (288) = 235.584 kW



