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Abstract - A climate controlled greenhouse system is a best choice in planting because it has many advantages such as 
reducing the risk of contamination with pathogens, insect pests and also control the climate to suit the growth of plants. The 
purpose of this research was to study the mathematical model for use in the controlling of fogging climate control 
greenhouse and the cooling efficiency of fogging system was evaluated in terms of numerical calculation. The location in 
this study is Nakhon Ratchasima, North-East of Thailand. The results showed that the fogging system was able to reduce the 
inside temperature of greenhouse to lower than the outside temperature by 9.63oC and the increasing of intake air flow rate 
of greenhouse influences on the rising of cooling efficiency and the fogging rate in greenhouse. 
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I. INTRODUCTION 
 
A weather-controlled greenhouse system is the best 
opportunity for growing crops because it has many 
advantages, such as reducing the risk of 
contamination with pathogens, insect pests and also 
control the weather to suit the growth of plants. The 
weather inside greenhouse are influenced by the solar 
radiation, temperature and humidity of air that 
affected on the growing rate, yield and quality of 
plants production. Many plants are growing well in 
suit climate but they need enough sunlight too. 
Therefore, the solving of high temperature problem 
inside the greenhouse by shade the sunlight is not 
always necessary. Evaporative cooling greenhouse 
system was developed for use in tropical. The 
advantage of this system are it can reduced the inside 
greenhouse air temperatures by the water evaporation 
process, reduced the level of inside air energy and 
especially made the higher air humidity in the 
greenhouse. Possibly, it has a high cooling efficiency 
more than mechanical cooling systems [1]. 
The operation of the fogging cooling greenhouse 
system is based on the water spraying through the 
nozzle. The fog droplet was sprayed by a diameter 
around 2 μm - 60 μm for increase the contact area 
with air [2]. In the fogging process, it necessary to 
spray the fog over the plants bedding in the 
greenhouse because the fog should free-fall slowly 
and easily merge with the air inside the greenhouse. 
The fog droplets can be produced in several ways. A 
fog that have a diameter less than 30 μm usually 
produces by using a high pressure pump and a fog 
nozzle [3]. 
In the past, many researchers reported about the 
fogging system, Arbel et al. [2] found that the 
fogging cooling system was more effective in 
uniformly distributing the temperature and humidity 
in the greenhouse than the cooling pad-fan system. 

AM Abdel-Ghany et.al [4] tested the cooling 
efficiency of the water fogging system in a closed 
system. The water were sprayed by a flow rate of 10 
gs-1 at 32-35oC with five difference fogging 
duration. They found that the system have a cooling 
efficiency around 30%. Kittas et al. [5] tested the 
indoor temperature and humidity control systems. 
Found the highest cooling efficiency is 80% and the 
system can reduces the indoor temperatures by 10oC 
of the difference compared to outside temperatures. 
Hasan [9] investigate the efficiency of fogging 
system, found that the fogging efficiency increased 
linearly with evaporative flow rate and absolute 
humidity difference between the inside and outside 
air. 
However, the achieving of desired temperature and 
humidity of air in climate greenhouse system 
necessary to control a two important variables such as 
intake Air Flow Rate (AFR) and the water 
Evaporative Flow Rate (EFR) in the fogging process. 
In the present, the fogging time period control (open 
looped control type) was commonly used in 
commercial greenhouse because it is easy and 
practical operation but its weakness is a lack of 
precision and excessive in water consumption. 
The purpose of this research is to apply a 
mathematical model of energy and mass balances in 
fogging greenhouse system for control the fogging 
process in the system. The model were tested and 
evaluated in term of numerical to determine the 
cooling efficiency of the system and to study the 
feasibility of the applying with the prototype in the 
future. 
 
II. MATERIALS AND METHODS 
 
a. Mathematical Models of the System 
The schematic of fogging greenhouse system in this 
study was shown in figure 1. It consists of 
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greenhouse, measuring system, ventilation fan and 
fogging system. The size of greenhouse is 2 m x 2 m 
x 2 m (L x H x W) and it was covered by the 
translucent type of polyethylene plastic sheet. A 
temperature and humidity of air outside and inside a 
greenhouse, mass flow rate of air through the 
greenhouse, mass flow of water in fogging process 
and solar radiation heat on the greenhouse were 
investigated as a variables in mathematical model. 
 

 
Figure 1: Schematic of fogging climate greenhouse 

 
Air flow rate equation is considered in term of 
a steady-state condition and depended with the 
temperature and relative humidity of air. It can be 
expressed by equation 1. [6] 
 

 
 
Where q is the ventilation flow rate (kg s-1 m-2), 
I is the sunlight intensity (W m-2), τ is the coefficient 
of radiation transmittance of the greenhouse, α is the 
proportion of the solar radiation entering the 
greenhouse influences on the increasing of 
greenhouse air enthalpy, U is the overall heat loss 
coefficient of the greenhouse (W m-2 C-1), Tg is air 
temperature inside the greenhouse (oC), Ta is the air 
temperature outside the greenhouse (oC), hg is the 
enthalpy of air inside the greenhouse (J kg-1 dry air) 
and ha is the enthalpy of air outside the greenhouse (J 
kg-1 dry air). 
 
α is depended on the area ratio of glowing plants per 
bedding and its value is between 0.3 – 0.7[7]. The 
values of U for single cover plastic greenhouse is in 
the range of 6.0 – 8.0 W m-2 oC-1 [8]. In this study, 
the values of α, τ and U were specify as 0.5, 0.5 and 7 
W m-2 oC-1, respectively. Evaporation flow rate can 
be expressed as equation 2.[9] 
 

 
 

Where mw is evaporation mass flow rate (kg 
s-1 m-2), xg is the absolute humidity of the air inside 
the greenhouse (kg kg-1 dry air) and xo is the 
absolute humidity of the air outside greenhouse (kg 
kg-1 dry air). 
 
Adiabatic saturation process is a process for reducing 
the temperature and increasing the humidity of air in 
greenhouse by the fogging in greenhouse. When the 
fog was sprayed into the greenhouse, the final 
condition of the air that was depended on the amount 
of evaporation shifts from position 1 to position 2 by 
the constant wet bulb process in the Psychometric 
chart (Figure 2).[10] 

 
Figure 2: Adiabatic saturation process 

 
The thermodynamics processes of this system are 
adiabatic cooling and humidification and the 
calculation conditions are controlled by equation 3. 
and 4. 
 
hg > ha                                                        (3) 
 
The enthalpy of the air inside the greenhouse must be 
greater than the outside 
 
xg > xa                                                        (4) 
 
The absolute humidity of the air inside the 
greenhouse must be greater than that outside the 
greenhouse. 
 
b. Efficiency of the Fogging System 
Efficiency of the fogging system can be expressed as 
equation 5 [9] 
 

 
 
Where Eff is efficiency of the fogging system 
(%), Tdry,a is the dry-bulb temperature outside the 
greenhouse (oC), Tdry,afg is the dry-bulb temperature 
after fogging inside the greenhouse (oC) and Twet,afg is 
the wet-bulb temperature after fogging inside the 
greenhouse (oC) 
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Figure 3: Mathematical model flow chart 

 
c. Climate Data Measurement 
The DHT22 sensor from Aosong Electronics was 
used in dry bulb temperature (Ta) and relative 
humidity (Rha) measuring system. The sensor is 
installed at 0.6 m high from ground equal to the 
height of planting bed in greenhouse (Figure 1). The 
data is recorded every 15 minutes during August 
2017 and stores data by the data logger. The average 
sunlight intensity in Nakhon Ratchasima, Thailand, in 
August was 185 W m-2. 
 
d. Calculations Process 
The calculation of the air flow rate and evaporation 
flow rate is follow as a flow chart (Figure 3). In the 
input of the process, the value of U, τ and α was 
specified by the general properties of greenhouse 
material and planting. The all-day measured values of 
temperatures Ta and Relative humidity Rha is used in 
the time domain calculations and the desired climate 
in greenhouse (Ta, Rha) were set as the reference in 
calculations. 

III. RESULT AND DISCUSSION 
 
The results of the mathematical model test with real 
weather data during the period of 7.00 AM - 19.00 
PM of the day, under the desired condition that the 
relative humidity within the house is not higher than 
90%, the results are as follows. 
a. Capability of Temperature Reduction 

 
Figure 4: Outside and inside greenhouse temperature 
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From figure 4, the air temperature after fogging 
inside the greenhouse are between 25.5oC – 28.5 oC. 
The averaged value is 27.03 oC, while the air 
temperature outside the greenhouse was between 26.0 
oC – 38.13 oC and the averaged value is 32.95 oC. 
The air temperature difference after fogging inside 
and outside the greenhouse are between 0.13 oC – 
9.63 oC and the averaged value is 5.92 oC. The 
difference temperature between inside and outside 
greenhouse is low in the morning and evening 
because the ambient humidity is almost saturated and 
the temperature is low. Accordingly, it result the 
efficiency of the fogging system is low too. In the 
afternoon the increasing of difference temperature 
between inside and outside greenhouse result the 
rising of efficiency of the fogging system. The 
decreasing of air temperature inside the greenhouse 
was resulted by the heat transfer from air in the form 
of sensible and latent heat to the cloud of water 
droplet, after that it was moved out from the 
greenhouse by the ventilator. Under these 
calculations, it found that the fogging system had 
capability to reduce the inside air temperature of 
greenhouse to 9.63 oC when compared to outside 
temperature. 
 
b. Evaporative Flow Rate 

 
From figure 5, it shows that when the air flow rate 
(AFR) increases, the flow rate of the mist system 
(EFR) is rising too. Due to the humidity of outside air 
is less than the air inside the greenhouse and the high 
rate of ventilation then the fogging system can be 
sprayed in the massive flow rate too. The evaporation 
flow rate is directly depended with the air flow rate 
and the difference of humidity ratio of air between 
inside and outside greenhouse. 
c. Air and Evaporative Water Consumption 

 
Figure 6: Air and evaporative water consumption during the 

day 

Figure 6 shows that the air flow rate was between 116 
kg m-2 h-1 – 572 kg m-2 h-1. The minimum of air 
flow rate was 116 kg m-2 h-1 at 9.30 AM in the 
morning and the maximum of air flow rate was 572 
kg m-2 h-1 at 14.15 AM in the afternoon that was 
resulted of the difference between inside and outside 
temperatures. The evaporation flow rate was 82 g h-1 
m-2 – 2,177 g h-1 m-2 and the minimum evaporation 
flow rate was 82 g h-1 m-2 at 7.00 AM in the 
morning. The maximum flow rate was 2,177 g h-1 m-
2 at 14.15 AM in the afternoon because the air 
temperature outside the greenhouse is height in that 
time. This results is consistence with Arbel et al. [6] 
and Hasan [9] experiments. 
d. Cooling Efficiency 
Form figure 7, the cooling efficiency of fogging 
system is high over 80% when evaporation flow rate 
was higher than 516 g h-1 m-2. The tendency of 
cooling efficiency is increased and depended by the 
rising of evaporation flow rate with an exponential 
relation curve. 

 
Figure 7. Cooling efficiency VS. Evaporative flow rate 

 
The comparison cooling efficiency of the fogging 
system and the difference humidity ratio between air 
outside and inside the greenhouse found that the 
rising of humidity ratio influence on the increasing of 
cooling. Because at high humidity ratio the air inside 
the greenhouse can absorb more water from the 
fogging process. The consistent and trend line is 
similar to Figure 8. 
 

 
Figure 8: Cooling efficiency VS. Different of humidity ratio 

between outside and inside the greenhouse 
 
CONCLUSIONS 
 
The evaluation of fogging climate greenhouse control 
by mathematical model found that the maximum 
capability of fogging cooling system in temperature 
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reduction is 9.63oC. The system cooling Efficiency 
(%) Different of Humidity ratio (g g-1dry air) 
efficiency is more than 80% and the tendency of 
cooling efficiency is increased and depended by the  
rising of evaporation flow rate. 
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