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Solar energy available (q;)

qg=Il-tA;, Watt
Where:
| = solar energy flux incident outside
the greenhouse, W/m?
st = effective transmittance of the
greenhouse cover , decimal
A: = ftloor surface area of the
greenhouse, m?
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Conduction heat energy loss (q,)
c=U_ A (T, —T.), Watt
Where:

U.,= overall heat transfer coefficient, W/m?, °C
A= surface area of glazing material, m?

T,; = air temperature inside the greenhouse, °C
T,, = air temperature outside the greenhouse, °C
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Thermal radiation to the sky (q,)
qr =€ Ty 0 Ar (T;*-T,%)
Where:

g; = emissivity factor of indoor surfaces, decimal
T, =transmittance of green house cover, long-
wave,decimal
o=Stefan-Boltzman constant, 5.67x 10 W/m?. K
T,; = absolute temperature of inside air, K
T, = absolute temperature of the sky , K
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heat energy by evapotranspiration
(de)
d.=FRqg, Watt
Where:

F=ratio of floor surface area covered
by plants to the total floor area, m?
R = ratio of evapotranspiration to
solar radiation
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Sensible heat energy loss by exhausted air
(9;)
a;=m, C (T,;—T,), Watt
Where:

m, = mass flow rate of exhausted air , kg/s
C,= specific heat of exhausted air, J/kg.°C
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qi = qc + qt + qe+q5
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Thermal trapping
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q =qi_qc_qt_qe
S

di —4c — 4t — de

Ma = Cp (Tai o Tao)
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m=3600m,V, m3/h
or
, m3/ h

m = 3600%

Where:
V, = specific volume of inside air, m* / kg
p = density of inside air, kg/m?



A multi-gable-even-span type
greenhouse is constructed in the
University of Mansoura and having
total gross dimensions of 32 x 54 m
uses to grow up and produce
cucumber crop on 90 cm wide piles
with 140 cm equidistance between

two adjacent piles. N



The rafter tilt angle of greenhouse is
23° and covered by polycarbonate
panels with maximum effective
transmittance of 0.92

"



The apparent solar radiation for 17t

of July is 1085 W/m?, atmospheric
extinction coefficient is 0.207,
diffuse solar radiation factor is

0.136, and ground reflectance is 0.6

Y



The overall heat transfer coefficient
is 6.5 W/m? . °C, the transmittance
of the greenhouse cover to long-
wave solar radiation 1s 0.16, and the
emissivity factor of the indoor
surfaces 1s 0.60

Y



The indoor air temperature and
relative humidity, respectively, is
32°C and 45%, and the outdoor
alr temperature 1s 22 °C. If the
specific heat of indoor air at 13
pm is 1007 J/kg .°C



Solution



Firstly: calculating the solar
radiation flux incident on the
roof of the greenhouse at 13 pm
on 17t of July



A= 1085 W/m?
B=0.207
C=0.136
p =0.60

B=23°
d = 31.05°N
n=198






~1—cosf

= 0.0397/5



5=23.45sin [ = (n+2840] =21.18°



Siny = c0s 31.05 cos 21.18 cos 15 + sin 31.05 sin 21.18 =
0.9580
v =/73.3°



Y= arcsin[cosod sinw / cos y] = 57.1°



Cos O =cos 73.3 cos 57.1 sin 23 +sin 73.3 cos 23 = 0.9427

0=19.5°



lr=lp+ 1 +1,
I, =824.1 W/m?
. =114.2 W/m?
|, =22.8 W/m?
. =824.1+114.2 +22.8=961.1 W/m?



Solar heat energy input (q;) =
961.1(1728) (0.9184) =
1525.261 kW



Conduction heat energy loss (q,) =
6.5(2323.52) (10) = 151.094 kW



Thermal radiation to the sky (q,)
=10.161 kW



Water vapour loss by exhausted
air (q.) =439.275 kW



Ventilation rate requirement (m,) =
91.830 kg/s
L Ol i 4y e s Sl dday A (e
m = 3600 (91.830) (0.8833) =
292008.38 m3 /h



