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Introduction 
 

A greenhouse is a structure, which provides 

the most suitable microclimate for the 

maximum plant growth during the off-season 

(Sethi, 2009). The inside air temperature of a 

greenhouse directly depends upon the ambient 

air temperature, the solar radiation intensity, 

the overall heat transfer coefficient, the cover 

material and the wind velocity (Sethi and 

Sharma, 2007) and also upon the outside 

relative humidity, inside soil temperature, size 

and shape of greenhouse, location of 

greenhouse, ventilation rate and percentage of 

shading. Thermal analysis based on ventilation 

was done by Papadakis et al., (1996) to 

measure the air exchange rate inside the 

greenhouse and by Demrati et al., (2001) for 

multi-span Canarian type of plastic 

greenhouse to predict inside temperature in 

Morocco. Thermal modeling based on heat 

and mass transfer was done by Fatnassi et al., 

(2004) for a ventilated tunnel which was valid 

for the low-temperature difference.  

 

A heat transfer based model was developed by 

Singh et al., (2006) for tomato crops for zero 

inside and fixed outside wind speed conditions 

to predict the temperature of the inside air, 

canopy, and cladding material of the 

greenhouse. Temperature and solar radiation 

based dynamic model was developed by 
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The thermal analysis of greenhouse structures is required to predict the 

inside microclimate of the greenhouse. A MATLAB based program was 

developed to predict the inside temperature of a Sawtooth shape greenhouse 

in Kharagpur. The model inputs are ambient air temperature, outside and 

inside wind speed, inside soil temperature and outside air temperature. The 

model was simulated for different percentages of shadings and ventilation 

and validated with the actual inside air temperature and found NSE 0.55 for 

25% shading and 10% ventilation conditions. The model results also show 

that the variation of the temperature inside the greenhouse depends upon 

the percentage of shading and ventilation percentage of the greenhouse. 
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Kumar et al., (2009) using a genetic algorithm 

technique for Gerbera crop at Kharagpur to 

predict inside temperature, canopy 

temperature, inside vapor pressure of the 

greenhouse. The present study deals with the 

development of a thermal model for prediction 

of inside temperature of the Sawtooth type 

greenhouse for different ventilation 

percentages and different shading percentages 

for Indian sub tropic conditions. 

 

Materials and Methods 

 

Development of the thermal model 

 

This thermal model development includes the 

thermodynamic expressions and heat energy 

balance equations ventilation heat removal 

between the greenhouse to the external 

atmosphere, heat inflow and outflow between 

the greenhouse and the floor of the 

greenhouse.  

 

Energy balance of the greenhouse surface 

 

Rate of thermal energy received by the surface 

of the greenhouse = Rate of thermal energy 

loss from the surface to the air inside the 

greenhouse by convection + Rate of thermal 

energy loss from the surface to ground 

through conduction and convection process. 

 

 
…(1) 

 

Where, 

 

= Reflectivity of the greenhouse covers 

(Dimensionless) 

 

= Absorptivity of the soil inside the 

greenhouse (Dimensionless) 

 

= Convective heat transfer coefficient 

between the greenhouse floor and the air 

inside the greenhouse, (W/m
2
K) 

= Bottom heat transfer coefficient between 

the greenhouse floor and ground beneath 

(W/m
2
K) 

 

= Transmissivity of the greenhouse cover, 

(Dimensionless) 

 

= Floor area of the sawtooth shape 

greenhouse (m
2
) 

 

= Temperature of the greenhouse floor 

(
0
C) 

 

= Temperature of the inside air of the 

greenhouse (
0
C) 

 

= Temperature of the soil beneath the 

greenhouse (
0
C) 

 

= Solar radiation comes to the greenhouse 

(W) 
 

Energy balance of the inside air of the 

greenhouse 

 

Rate of energy transferred from the ground 

surface to the inside air + Rate of energy 

transmitted in the greenhouse which is unused 

by the ground and cover + Rate of energy 

reflected from the cover = Rate of total energy 

loss from the greenhouse cover + Rate of 

energy loss through the door + Rate of energy 

loss through ventilation 
 

 
…(2) 

 

 Convective heat transfer coefficient 

between the greenhouse door and the ambient 

air, (W/m
2
K) 

 

 Overall heat transfer coefficient for the 

greenhouse to the ambient air, (W/m
2
K) 

 

 = Temperature outside the greenhouse (
0
C) 

 

= Area of the door of the greenhouse (m
2
) 
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= Total area of the greenhouse cover 

surface (m
2
) 

 

Rearranging equations (1) and (2), we get 

 

…(3) 

 

Calculations for the thermal model 

 

Projected area (Singh et al., (2006)) 

calculation for Sawtooth type greenhouse (Fig. 

1). 

 

Let  be the actual solar radiation incident 

upon a unit area of the greenhouse  

 

The actual solar radiation incoming to the 

greenhouse is given by, 
 

…(4) 

 

x= shading fraction 
 

Let, A is the projected area of the greenhouse, 

then 

 

…(5) 
 

Where,  and …(6) 

 

…(7) 

 

…(8) 
 

= width of the greenhouse floor (m) 

 

= height of the greenhouse from the floor to 

the bottom of the roof truss or the gutter 

height (m) 

 

= the length of the greenhouse (which is 

perpendicular to the plane of the paper) (m) 

 = east-west vertical angle (degree) 

 

…(9) 

 

= altitude angle (degree) 

 

= solar azimuth angle (degree) 

 

…(1

0) 

 

…(11) 

 

…(12) 

 

…(13) 

 

ST = Standard local time 

 

= declination, (degree) 

 

 = hour angle (degree) 

 
Day in a year, (nd=1, 2… 365/366 for 1

st
 

January to 31
st
 December, i.e. nd=1 for 1

st
 

January and 365/366 for 31
st
 December) 

 
Ventilation heat removal 

 

Ventilation heat removal is occurred due to 

the action of the wind force effect and stack 

effect (buoyancy effect).  

 
The total ventilation flow rate of wind is the 

resultant of these two effects (Ganguly and 

Ghosh, 2009) 

 

…(14) 

 

…(15) 
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….(16) 

 

Therefore the total ventilation flow rate is 

given by  

 

…(17) 

 

…(18) 

 

 = Inside air temperature (absolute 

temperature in K) 

 

 Outside air temperature (absolute 

temperature in K) 

 

u = wind speed (m/s) 

 

= effective area of ventilation (m
2
) 

 

Computational procedure for the thermal 

model development (Fig. 2) 

 

Study area description 

 

The study area is located at the Indian Institute 

of Technology Kharagpur campus which has a 

geographical location of 22.346ᵒNorth latitude 

and 87.231ᵒ East longitude and an average 

elevation of 61 m.  

 

Data collection for the thermal model 

 

The outside temperature data outside the 

greenhouse, soil temperature inside the 

greenhouse at 30 cm depth, are collected from 

the Precision Farming Development Centre, 

Agricultural and Food Engineering 

Department, Indian Institute of Technology, 

Kharagpur. From 1
st
 August to 27

th
 October 

2017. Wind speed inside the greenhouse is 

taken from NASA POWER site that is 

https://www.larc.nasa.gov/cgi-bin/agro.cgi 

and Solar radiation data outside the 

greenhouse is taken from 

https://www.meteocontrol.com. 

 
Solutions procedure for the thermal model 
 

Determination of the values of the heat 

transfer coefficients 

 
Convection heat transfer coefficient 

determination (Tiwari and Goyal, 1998) 
 

…(19) 

 

h = Convective heat transfer coefficient 

(w/m
2
)  

 
v= Wind velocity (m/s) 

 

Velocity inside the greenhouse was measured 

using an instantaneous anemometer and it is 

found that it is between 0.09 to 0.22 m/s, so 

the inside velocity of the greenhouse was 

taken as 0.15 m/s.  

 

Therefore = 3.25 W/m
2
K and hot air is also 

entering from the door, hence for door 

, where  is the outside 

wind velocity in (m/s) 

 

Overall heat transfer coefficient is estimated 

by equation (20) 

 

….(20) 
 

 = Thickness of plastic film (200 µm) 

 

k = Thermal conductivity of plastic film (0.3 

W/mK) https://www.engineeringtoolbox.com)  

 

From the sieve analysis of the dry soil sample 

taken away from the greenhouse (up to 30 cm 

https://www.larc.nasa.gov/cgi-bin/agro.cgi
https://www.meteocontrol.com/
https://www.engineeringtoolbox.com/
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depth) it is found that it consist of 14.845% of 

coarse sand (0.25 W/mK), 19.73% of medium 

sand (0.27 w/mK), 38.92% of fine sand (0.15 

W/mK), 19.147 % sandy clay (1.61 W/mK) 

and 7.357% silty clay loam (1.09 W/mK) 

(Warrick, 2001). Hence the value of bottom 

heat transfer coefficient is found as 
 

…(21) 
 

Where, z= 0.03 m soil depth and  are 

respectively the thermal conductivity and 

percentage of that particle in that soil. 
 

W/m
2
K 

 

The values of  are taken as 0.8, 

0.15, 0.65 respectively (Deshmukh, 2005) 

 

Assumptions of the thermal model 
 

The greenhouse is a Sawtooth type 

greenhouse. 
 

There is no plant inside the greenhouse. 
 

No chemical reaction inside the greenhouse air 

takes place. 
 

No temperature and moisture gradient exist in 

the air. 

 

Solar heat flux variation for a day is 

negligible. 
 

No fogger, fan and heat pump is used for heat 

removal. 

 

Steady-state condition. 
 

Heat storage term for cover, structural 

material, and floor and inside air are neglected 
 

The solution of the thermal model 
 

The thermal model developed is solved by the 

Newton Raphson Iteration technique using 

MATLAB 2017a software. The model inputs 

are outside temperature, soil temperature, 

solar radiation, wind speed. The model starts 

with an assumed initial value of inside 

temperature and gives a final value of inside 

temperature. Where  are outside 

temperature or ambient temperature, inside 

temperature, soil temperature,  is the solar 

radiation and  is the wind velocity 

respectively. The model was simulated by 

changing the shading percentage and 

ventilation percentage. 
 

Performance evaluation of the thermal 

model 
 

The performance evaluation of the thermal 

model was tested by the Nash-Sutcliffe 

Efficiency (NSE) and Coefficient of 

Determination (R
2
) 

 

…(22) 
 

…(23) 
 

Where,  

 

 = observed value of temperature 

= predicted value of temperature 

 

 = observed mean of temperature 

 

 = predicted mean of temperature 

 

Results and Discussion 
 

Thermal analysis for greenhouse inside 

temperature  

 

The model was simulated using a different 

percentage of shadings. The percentage of 

shadings is also known as shading fractions. 
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Table.1 The NSE values and R
2 

values of the thermal model for different shading percentages 

and different ventilation conditions 

 

Percentage Shading Percentage ventilation NSE R
2
 

0 0 -38.78 0.4 

 10 0.49 0.6 

 20 0.33 0.48 

 30 0.21 0.44 

25 0 -20.43 0.43 

 10 0.55 0.59 

 20 0.16 0.41 

 30 0.1 0.40 

50 0 -7.82 0.49 

 10 0.47 0.56 

 20 0.14 0.41 

 30 -0.02 0.37 

75 0 -0.96 0.55 

 10 0.24 0.48 

 20 -0.07 0.36 

 30 -0.24 0.32 

90 0 -0.28 0.55 

 10 0.2 0.43 

 20 -0.2 0.32 

 30 -0.27 0.31 

 

Fig.1 Line diagram of the greenhouse projected area of the greenhouse (Front View) 

 

 



Int.J.Curr.Microbiol.App.Sci (2019) 8(11): 753-763 

759 

 

Fig.2 Flow chart of the thermal model solution 
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Fig.3 Variation of actual inside temperature, outside temperature, and the model predicted inside 

temperature for no shade net condition for 0, 10, 20, 30 percent ventilation with days (1
st
 August 

to 27
th

 October 2017) 

 

 

 

Fig.4 Variation of actual inside temperature, outside temperature, and the model predicted inside 

temperature for 25 %shade net conditions for 0, 10, 20, 30 percent ventilation with days (1
st
 

August to 27
th

 October 2017) 
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Fig.5 Variation of actual inside temperature, outside temperature, and the model predicted inside 

temperature for 50 % shade net condition for 0, 10, 20, 30 percent ventilation with days (1
st
 

August to 27
th

 October 2017) 

 

 

 

Fig.6 Variation of actual inside temperature, outside temperature, and the model predicted inside 

temperature for 75 % shade net condition for 0, 10, 20, 30 percent ventilation with days (1
st
 

August to 27
th

 October 2017) 
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Fig.7 Variation of actual inside temperature, outside temperature with the model predicted inside 

temperature for 90 % shade net condition for 0, 10, 20, 30 percent ventilation with days (1
st
 

August to 27
th

 October 2017) 

 

 

 

The shadings are provided because only the 

rest of the solar radiation can able to enter into 

the greenhouses. Here the model was 

simulated by taking no shading and 25 %, 

50%, 75%, and 90% shading percentage and 

for each shading percentage, the model was 

simulated by taking zero ventilation, 10% 

ventilation, 20% ventilation, 30% ventilation. 

The percentage of ventilation is the total 

percentage of ventilation (roof and side 

ventilation) concerning the greenhouse floor 

area. Here also one assumption is taken that 

the area of both the roof and side ventilation is 

the same). From the NSE and R
2 

values of the 

thermal model for different shading 

percentages and different ventilation 

conditions (Table 1), it is clear that the model 

which is calibrated by taking 10% ventilation 

and 25% shading percentage gives NSE value 

of 0.55. Again from the graphs (Fig. 3 to 7), it 

is clear that as the percentage of shading 

increases the amount of incident solar 

radiation decreases and this leads to the 

decrease in the inside temperature of the 

greenhouse. It is also seen from the figures 

that the lowest value of temperature is 25ᵒC in 

case of 90% shade net and 20% ventilation 

condition and 30 % ventilation conditions and 

it is also almost same for 75% shading 

conditions which indicates that temperature 

decreases up to a certain percentage of natural 

ventilation and a certain shading percentage. 

The worst value of NSE found to be -38.78, 

this is due to the tremendous increase of inside 

temperature due to the combined effect of no 

ventilation and no shading condition, in this 

case, the temperature reaches 70ᵒC. 

 

Thermal modeling is necessary for a 

greenhouse to predict the inside microclimatic 

condition and to understand the cooling or 

heating requirement in the greenhouse.  

 

A MATLAB based program through 

mathematical equations was developed to 

predict the inside greenhouse temperature. The 

model was simulated for different shading and 

ventilation percentage for a Sawtooth shape 

greenhouse. Thermal analysis model 

efficiencies of the greenhouse, it is clear that 
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the model which is simulated by taking 10 % 

ventilation, and 25 % shading percentages 

give the best model efficiency. The main 

cause of the lower model efficiency is due to 

the model assumptions. Therefore there is a 

scope to further model improvement by 

refining the model assumptions. 
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