
 انرحكى في درخاخ حزارج انثيد انًحًي 



سثق ٔاٌ ذى ذحذيذ كًياخ انحزارج انري يدة 

اًْانٓا في انًحاضزج انساتقح، ٔالآٌ َرعزض 

نكًياخ انحزارج انٕاخة حساتٓا ٔانًعادلاخ 

 انري ذحكًٓا 



 

 كًيح انطاقح انشًسيح انًراحح 

Solar energy available (qi) 
qi = IT η Af ,     Watt 

Where: 

I = solar energy flux incident outside 

the greenhouse,   W/m2 

η = effective transmittance of the ٔ 

, decimal greenhouse cover 

Af = floor surface area of the 

greenhouse, m2 

 



 

 كًيح انطاقح انحزاريح انًفقٕدج تانرٕصيم

Conduction heat energy loss (qC) 
qC = Uo AC (Tai – Tao),     Watt 

Where: 

Uo=  overall heat transfer coefficient, W/m2. °C 

AC= surface area of glazing material, m2 

Tai = air temperature inside the greenhouse, °C 

Tao = air temperature outside the greenhouse, °C 

 

 

 



 

كًيح انطاقح انحزاريح انًفقٕدج تالإشعاع يٍ داخم انثيد انًحًي إني 

 انسًاء

(qt) Thermal radiation to the sky 

 (Ts 
4 - Tai 

4)ζ 𝐴𝑓     τ1 𝑞𝑡 = ε𝑖 

Where: 

ε𝑖  =  emissivity factor of indoor surfaces, decimal 

τ1 =transmittance of green house cover, long-

wave,decimal 

ζ=Stefan-Boltzman constant,  5.67x 10-8    W/m2.   K 

Tai = absolute temperature of inside air, K 

Ts = absolute temperature of the sky , K 

 

 



يًكٍ ذحذيذ ٔحساب درخح حزارج انسًاء تذلانح 

درخح انحزارج انًطهقح نهٕٓاء خارج انثيد 

 :انًحًي يٍ انًعادنح انرانيح 

Ts = 0.0552(Tao)1.5  , K 

 



 

كًيح انطاقح انحزاريح انًسرٓهكّ في عًهيح 

 َرح  -انثخز

heat energy by evapotranspiration 
(qe) 

qe = F R qi,     Watt 

Where: 

F=ratio of floor surface area covered 

by plants to the total floor area, m2 

R = ratio of evapotranspiration to 

solar radiation  



 

كًيح انطاقح انحزاريح انًفقٕدج يٍ انثيد انًحًي أثُاء عًهيح 

 انرٕٓيح 

Sensible heat energy loss by exhausted air  
 (qs) 

qs = ma  Cp (Tai – Tao),     Watt 

Where: 

ma = mass flow rate of exhausted air , kg/s 

Cp= specific heat of exhausted air, J/kg.°C 



انًعادنح انعايح لاذشاٌ انطاقح في انثيٕخ 

 :انًحًيح أثُاء ساعاخ انُٓار 

qi = qc + qt + qe+qs 

 



IT η Af  
  =  

Uo AC (Tai – Tao) + 
 

(Ts 
4 - Tai 

4)ζ 𝐴𝑓    εi  τ1        

+ 

F R qi 

+ 

ma  Cp (Tai – Tao) 

 



يًكٍ إسرغلال يعادنح إذشاٌ انطاقح انساتقح في 

ذحذيذ يعذل انرٕٓيح انلاسو لإساحح انحزارج 

انشائذج يٍ داخم انثيد انًحًي أثُاء ساعاخ 

انُٓار ٔتانراني يُع حذٔز الإحرثاص انحزاري 

Thermal trapping 
داخم انثيد انًحًي ٔانذي تذٔرِ يؤدي إني 

عهي  Thermal stressحذٔز إخٓاد حزاري 

انُثاذاخ انًٕخٕدج داخم انثيد ، ٔيًكٍ ذحذيذ 

 :ٔحساب يعذل انرٕٓيح يٍ انًعادنّ انرانيح 



qs = qi – qc – qt – qe  
 

𝑚𝑎 = 
𝑞𝑖 − 𝑞𝑐 − 𝑞𝑡 − 𝑞𝑒 

Cp (Tai – Tao)
 



يًثم قيًح انثسط في انًعادنح انساتقح إخًاني 

كًيح انحزارج انلاسو إساحرٓا يٍ داخم انثيد 

انًحًي تيًُا يًثم انًقاو كًيح انطاقح انحزاريح 

انري يًكٍ إساحرٓا يٍ انٕٓاء انذاخهي نهثيد 

 انًحًي 



يلاحظ أٌ يعذل انرٕٓيح انًرحصم عهيّ يٍ 

انًعادنح الأخيزج يكٌٕ يعذل ٔسَي ٔيدة 

ذحٕيهّ إني يعذل حدًي تانضزب في انحدى 

انُٕعي نهٕٓاء داخم انثيد انًحًي أٔ تانقسًح 

 :عهي كثافح انٕٓاء داخم انثيد كًا يهي 



 m3/ h   m= 3600 ma Vs ,     
or  

, m3/ h 
 

   m = 3600 
𝑚𝑎

ρ
 

Where: 
Vs = specific volume of inside air, m3 / kg 

ρ = density of inside air, kg/m3 
  



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.    



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 17th 

  of July is 1085 W/m2 , atmospheric 
extinction coefficient is 0.207, 
diffuse solar radiation factor is 

0.136, and ground reflectance is 0.6  



The overall heat transfer coefficient 
is 6.5 W/m2 . °C, the transmittance 

of the greenhouse cover to long-

wave solar radiation is 0.16, and the 

emissivity factor of the indoor 

surfaces is 0.60 



The indoor air temperature and 
relative humidity, respectively, is 
32°C and 45%, and the outdoor 

air temperature is 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 17th of July  



A= 1085 W/m2  
B = 0.207  
C = 0.136 
ρ = 0.60  

β = 23° 

Ф = 31.05°N 

n = 198  



 =  0.9603 = 
1+cos β

2
 𝐹𝑠𝑠  



 =  0.03975 = 
1−cos β

2
 𝐹𝑠𝑔  



( n+2840] =21.18°    δ= 23.45 sin [ 
360

365
  



Sin ψ = cos 31.05 cos 21.18 cos 15 + sin 31.05 sin 21.18 = 

0.9580 

ψ = 73.3° 



γss= arcsin[cosδ sinω / cos ψ] = 57.1° 



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

 

 

θ= 19.5° 



IT = ID + Is + Ig 
ID = 824.1 W/m2 
Is = 114.2 W/m2 
Ig = 22.8 W/m2 

IT = 824.1 + 114.2 + 22.8 = 961.1 W/m2 



Solar heat energy input (qi) = 
961.1 (1728) (0.9184) = 

1525.261 kW  



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



Thermal radiation to the sky (qt) 
= 10.161 kW 



Water vapour loss by exhausted 
air (qe) = 439.275 kW 



Ventilation rate requirement (ma) = 
91.830 kg/s 

 :ٔيٍ انخزيطح انسيكزٔيرزيح يُرح أٌ 

m = 3600 (91.830) (0.8833) = 
292008.38 m3 /h    


