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Heat Losses from Greenhouses
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C)~total = Qc T C)~inf
where:

Q. = Total heat losses due to
conduction, convection and
radiation
Q, = Jrasill dagis KN 4 ) jall 28] el
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Q. =U,A(T,-T,) Watt
Where:
U, = overall heat transfer coefficient,
W/m?2.°C
E)\J;J\ Ay GJSM Calaall
A = Total surface area of greenhouse,
m?2
sanall Canll dalia



C)~c = Uo A ( Tai _Tao)
Where:
T.., T,,= indoor and outdoor
air temperatures of the
greenhouse, °C
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C)~total = O~c T Qinf
where:
Q, ;= heat losses due to
infiltration of cold air, Watt
Q, = ) sell o i dnsis Ay ) sl 60 5
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Qs =M C (T, = T,0) + m he, (W,- W
Watt
Where:
m = mass flow rate of cold air, kg/s
)Ll ¢ sed) Gl s ALS
m=MXp
M = Greenhouse volume (m3) x Air
exchange rate ( 1/h)
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m=MXp
Where:
p = Density of indoor air
= 1.20 kg/m?
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Qs =M C (T, = T,0) + m he, (W,- W
Watt
Where:
C, = Specific heat of indoor air
= 1007 J/kg.°C
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Qinf =M Cp (Tai o Tao) T m hfg (Wai- Wao)'
Watt
Where:
h;,= Latent heat of vaporization of water,

at 20° C = 2454 k/Kg
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C)~inf =M Cp (Tai o Tao) tm hfg (Wai_ Wao)'
Watt
Where:
W._.= humidity ratio of inside air, kg /kg
W, = humidity ratio of outside air, kg /kg
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Determine the total heat losses from
a multi-gable-even-span greenhouse.
Dimension of greenhouse:
Height of vertical wall (H) = 2.00 m
Width of one span (W) =9.00 m
Length of greenhouse (L) =32.00 m
Tilt angle of rafters (0) = 25°
Height of curtain wall ( E) = 0.50 m

Number of spans ( N) = 8 spans



Overall heat transfer coefficients
Curtain wall (lower wall) (U.) =4.25 W/ m2. °C
Vertical wall (upper wall) (U,) = 7.50 W/ m2. °C
Gable end wall (Ug) = 8.00 W/ m2. °C
Gable roof (Ug) = 8.50 W/ m2. °C

Perimeter (Up) = 4.50 W/ m2. °C



Greenhouse conditions:

Air exchange rate = 1.25 1/h
Indoor air temperature (T,) = 18°C
Indoor air relative humidity (RH;) = 65 %
Outdoor air temperature (T,,) =6 °C

Outdoor air relative humidity (RH,) = 80 %
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Overall
transfer
coefficients

Dimension of
greenhouse

Greenhouse
conditions
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Dimension of
greenhouse

Height of
vertical wall

Number of
spans
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Length of Tilt angle of Height of
rafters curtain wall

Width of one
cuall s sespan greenhouse
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Overall heat transfer
coefficients
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Overall heat transfer
coefficient of curtain wall

O 5lyall JEY LIS Jalaal
Adinal) Jail 5all

Overall heat transfer
coefficient of perimeter
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Overall heat transfer
coefficient of vertical wall

(e 3)\)33\ d\s.uy &ﬁ\ Jaladll
2 glad) Zaudd 1 il 4

Overall heat transfer
coefficient of gable end wall
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Overall heat transfer of
gable roof
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Greenhouse
Conditions
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Air exchange rate
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Outdoor air
temperature
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Indoor air Indoor air relative
temperature humidity
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Solution

G=4.5tan (0) =
4.5 tan (25) = R
G =2.0984 m G
P 5 _
- cos(0) - s
4.5
cos 25 om

R=4.9652 m



First step:
Calculation of the appropriate
surface areas and perimeter:



Area of curtain wall (A ) =
2E(NW-+L)
A_=2(0.5) [8(9)+32] = 104 m?



Area of vertical wall (A) =
2H (NW+L)
A, =2(2) [8(9)+32] =416 m?



Area of gable end (A;) =
NWG
A:; =8(9) (2.0984)= 151.0848 m?



Area of gable roof (Ag) =
2NRL
Az =2 (8) (4.9652) (32)=
2542.182m?



Perimeter of greenhouse (P) =
2 (NW+L)
P=2[8(9)+32] =208 m



Second step:
Calculation of the total heat losses
from the greenhouse (Q,,.|)



Total heat losses (Q,,.,) =
Qc + C)~inf



Total heat losses due to conduction,

convection and radiation (Q.)

C}C = Uo A (Tai o Tao)
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Q. (curtainwall) = U_A_AT
Q- =4.25(104) (12)
= 5304 W = 5.304 kWh



Q. (vertical wall) = U A, AT
Q- =7.5(416) (12)
= 37440W = 37.440 kWh



Q. (Gableend)=U;A; AT
Q- =8 (151.0848) (12)
= 14502.14W = 14.502 kKWh



Q. (Gable roof) = U, A; AT
Q- = 8.5 (2542.1824) (12)
= 259302.6 W = 259.303 kWh



Q. (Perimeter)=U, P AT
Q- =4.5 (208) (12)
= 11232 W = 11.232kWh



Q. (Total) =5.304 + 37.440 +
14.502 + 259.303 +11.232
Q. (Total) = 327.781 kWh



Q. (Total) =5.304 + 37.440 +
14.502 + 259.303 +11.232
Q. (Total) = 327.781 kWh



Heat losses due to cold air
infiltration (Q, ) =
m ¢, AT + m hey AW



Mass flow rate (m) = Mp
M =
Greenhouse volume (m?3) x Air
exchange rate (1/h)

Volume of greenhouse =
(NWL) [(H+E) +0.5G)]=

8 (9) (32) [(2+0.5)+0.5(2.0984)]
volume = 8177.3568 m?3



Volumetric flow rate (M) =
8177.3568 (1.25) =
10221.69 m3/h



From the psychrometric chart,
the humidity ratios of indoor and
outdoor air, and the density of
outdoor air, respectively, are:
W._. =8.35x107 kg/kg
W.__ =4.63x103 kg/kg
p=1.225 kg/m3
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Mass flow rate of air (m) =Mp
_10221.69 (1.255)

3600

m = 3.5634 kg/s



Heat losses due to cold air infiltration (Q, ) =
m ¢, AT + m hyy AW=
3.5634 (1007) (12) + 3.5634 (2454) (8.35 — 4.63)
=43060.12 + 32529.851 Watt = 75589.9/7 Watt
Qins = 75.590 kWh



Total heat losses from the
greenhouse (Q,,,. ) =
C)~total = C)~C T Qinf
=327.781 + 75.590
Q.. =403.371 kWh ~ 404 kKkWh



