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The most essential components in escort farming are the determination of airflow 

patterns and the distribution impact of microclimate temperature variables. The 

objective of this study is to use Computational Fluid Dynamics (CFD) models to 

ascertain the aerodynamic and thermal dynamics of protected agricultural greenhouses 

suitable for cultivation in tropical Northeastern crops of Thailand by defining 

differences in greenhouse layouts, specifically Gable Roof (GR), Curved Roof (CR), 

Saw tooth roof (SR), and Double roof (DR). The root means square error (RMSE) 

indicated that the factor determination of CFD modelling using the standard 𝑘 − 𝜀 

turbulence model was satisfactory. In addition, they found that, at a significance level 

of 0.05, the average temperature in the greenhouses was statistically distinct based on 

the form of the back of the house and the location of the air input and outflow. 
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1. INTRODUCTION

Concerns about consumer food insecurity Climate change 

has a direct impact on future food demand [1]. Food shortage 

is a huge issue affecting the whole planet. Climate also 

influences agricultural yield and quality [2]. Due to its 

controllability and high productivity, protected agriculture is 

implemented. The worldwide greenhouse area is roughly 3.64 

million hectares, based on statistical data [3]. In recent years, 

food production in greenhouses has increased rapidly [4]; 

consequently, food production in greenhouses is a promising 

strategy for future sustainability [5] growing plants in 

greenhouses that requires a comprehensive consideration of 

both design and workflow [6], as well as greenhouse heat 

transfer [7]. The ability to regulate the atmosphere within a 

house is contingent on the size of the house. Location and 

dimensions of air vents [8]. Previous research has shown that 

temperature flow model simulation Temperature, along with 

relative humidity, transpiration, photosynthesis, and CO2 

concentration [9], is one of the most influential factors [10, 11] 

influencing crop development all over the globe. region of the 

globe and may prolong the growing season year-round for 

great harvests. Consequently, the interior environment of each 

plant must be maintained at an appropriate level [12, 13]. 

Proper management of the greenhouse environment was 

closely tied to plant development to boost harvests by 

drastically lowering the difference in air temperature between 

the inside and outside [14]. Protected agriculture is used 

mostly to regulate parameters in the desert and tropical 

horticultural crops [15]. In addition, the indoor atmosphere 

must be designed. It has been discovered that airflow is the 

principal mechanism dispersing the inside environment. Using 

of CFD is a technique, it can visualize air flow to make it easier 

to understand the aerodynamics. The study has been used in a 

significant amount of greenhouse development and 

improvement research. for the distribution of parameters in a 

curved roof orientation for different climates, including 

comparisons between shapes, cladding materials, different 

orientations, thermal insulation, and heat storage utilized for 

independent cooling systems [16-23]. 

Verification of parameters the comparison of CO2 

concentrations [24]. Currently, the greenhouse system is being 

developed as a "smart home" by using environmental control 

management techniques [25]. Considering the distribution of 

solar radiation throughout the summer and winter [26], testing 

in wind tunnels to evaluate wind-driven ventilation with vents 

along the lines of solar radiation [27]. Additionally, 

parameters are monitored using greenhouse data. Experiments 

on plant growth monitoring (microclimate) [28]. In the 

agriculture sector, solar greenhouses are now the most popular 

type [29-31]. To increase agricultural production in the tropics 

and subtropics, it is necessary to utilize pad-fan cooling (PFC) 
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Optimizing energy utilization is dependent on analyzing 

crucial elements, such as fan height and wind velocity [32]. To 

improve the system for managing the greenhouse environment, 

the cooling effectiveness of the house wall and the research on 

heat movement were also conducted [33, 34]. Using a CFD 

model is used to determine the roof orientation of a home [35].  

As a result of the research review, greenhouse cropping 

systems management requires CFD modelling. Currently, 

greenhouses continue to be used for plant cultivation in 

Thailand's tropical regions. In Northeastern Thailand's tropical 

climatic zone; however, there has been no research on on-site- 

and plant-appropriate greenhouse design. Greenhouses for 

producing high-value crops that need a regulated atmosphere 

are solely employed in large-scale agricultural companies, 

which are the copyright of entrepreneurs and not published to 

farmers. The ideal greenhouse model for producing high-value 

crops as a model for indigenous agriculture that can be 

generated to compete with large-scale agro-industry operators 

must be investigated. 

Therefore, the aims of this study were to create a greenhouse 

model suited for growing crops in a raised container. The 

simulation of the greenhouse aerodynamic environment using 

CFD technology was conducted to determine the climate 

effect in greenhouses with different roof designs with airflow 

volume air vents in-out using local weather characteristics 

such as temperature and wind patterns for each simulation time. 

Moreover, CFD model validation for indoor aerodynamics 

environment analysis was simulated to determine the optimal 

model for use in tropical climate areas of Northeastern, 

Thailand. 

2. MATERIALS AND METHODS

This research used CFD methods to predict the optimal

environment for plant growth in the greenhouses designed. In 

the simulation, four house styles are chosen. Additionally, 

monitoring data was gathered by sensing the inside 

temperature and wind speed was measured. The CFD model is 

modified based on simulation findings to ensure that 

simulation results are correct. The environment is then 

assessed based on the CFD model's flow dynamics. 

2.1 Greenhouse case study 

Udon Thani province of northeastern Thailand is the subject 

of the investigation of the indoor environment. According to 

each greenhouse model, coordinates 32°18՛23.1"N 122°36՛ 

52.5"W the target greenhouses for this research were plastic 

greenhouses with the following roof characteristics: Gable 

Roof (GR), Curved Roof (CR), Saw tooth roof (SR), and 

Double roof (DR) (Figure 1).  

2.2 Computational Fluid Dynamics (CFD) 

The use of CFD has grown widespread in engineering. 

Increasing numbers of researchers are using this method to 

analyze indoor air quality, animal husbandry and animal food 

production. Storage facilities to develop systems to manage 

interior climate [36] are a valid modelling tool for forecasting 

greenhouse climates and cheap prices. It has been shown that 

CFD is a reliable and inexpensive modelling approach for 

forecasting greenhouse climates with accurate findings [37]. 

Simulation of CFD is a technique for validating numerical 

findings. The most prevalent experimental technique consisted 

of measuring micro variables inside the examined structure. 

The most used software is Ansys Fluent, which parses and 

solves equations that describe the behaviour of airflow using a 

throttling mechanism. The most developed simulation was 

under steady-state conditions using Standard k-ε, with the 

majority of investigations calculating the home ventilation rate 

and temperature distribution [38]. CFD is a methodology that 

uses a volume approach to solve the finite volume method 

(FVM). Typically, the CFD model creation process consists of 

three parts. This comprises the phases of pre-processing, 

processing, and post-processing. Physical design to create grid 

mesh is developed in the pre-processing step. Solving 

nonlinear partial differential equations following the rule of 

conservation of mass, momentum, and energy yields the fluid 

flow and energy principles for the model. In the post-

processing phase, qualitative and quantitative analyses of 

computational data were conducted [39]. This research used 

the ANSYS FLUENT software processing as well as post-

processing. 

Figure 1. Greenhouse case study 

2.3 CFD greenhouse model 

2.3.1 Heat transfer and fluid flow equations 

The CFD simulation solves the flow control equation for 

greenhouse fluid flow. The Navier-Stokes equation is derived 

by applying the second law of Newton to the fluid element [40]. 

𝜕𝜌�⃗⃗� 

𝜕𝑥
+ �⃗⃗� 𝛻𝜌�⃗⃗� = −𝛻𝑝 + 𝜇𝛻2�⃗⃗� + 𝑆𝑈

(1) 

where, ρ is the dynamic viscosity, t the time, �⃗⃗�  the vector of

velocity, whose x-component is u, p the pressure, μ dynamical 

turbulent viscosity and SU the source of momentum. 

Considerations for heat transfer and fluid flow. For shipyard 

fog cooling and dehumidification systems using the formula in 

free convention, the 3-D conservation equation for steady flow 

[41]. 

𝜕(𝑢 ∗ 𝜑)

𝜕𝑥
+

𝜕(𝑣 ∗ 𝜑)

𝜕𝑦
+

𝜕(𝑤 ∗ 𝜑)

𝜕𝑧
= 𝛤 ∙ 𝛻2𝜑 + 𝑆𝜑 (2) 

where, φ the 3-D momentum (Navier-Stokes) equation, as well 

as the scalar mass and energy conservation equations, reflect 

the concentration of the carried quantity in a dimensional form; 

x, y and z are the coordinates in Cartesian coordinates; u* v*

and w* are the reduced forms of the velocity vector's 

components; Γ is the coefficient of diffusion; ∇2 is the operator 

Laplace; and Sφ is the original term. 
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2.3.2 Physical models and fundamental equations 

The equations used in this model are as follows: A gathering 

of models for mass Eq. (3), momentum Eq. (4) and energy Eq. 

(5) from Navier-Stokes equations were solved with a model of

realizable turbulence. The embedded turbulence model

provides more precise airflow field distribution than the

traditional turbulence model [42].

𝜕𝜌

𝜕𝑡
+ 𝛻(𝜌𝑣 ) = 0 (3) 

where, ρ is the density, t represents the time, and 𝑣  is the 

velocity vector. 

𝜕

𝜕𝑡
(𝜌𝑣 ) + 𝛻(𝜌𝑣 𝑣 ) = −𝛻𝑃 + 𝛻 ⋅ (𝜏) + 𝜌𝑔  (4) 

where, P is the pressure, 𝜏 is the stress tensor, and 𝑔  is the 

gravity acceleration. 

2.3.3 Statistical analysis 

All supplied parameters indicate the elements impacting the 

temperature in the greenhouse using the CFD approach for 

differentiation analysis of each house. One-Way ANOVA was 

used to assess the mean temperature findings for each 

residence. To examine the differences, the data were analyzed 

using a significance level of 0.05 and created a coefficient of 

correlation to demonstrate the temperature association 

between each house type. 

2.4 CFD model validation greenhouse 

The house for CFD model validation is located in Udon 

Thani. The northeast of Thailand. It is a greenhouse equipped 

with an environmental control system so that it may be 

assessed aerodynamically to evaluate the CFD model's 

validity in different forms without greenhouse cultivation to 

minimize the impact of external environmental factors. The 

examination session is in January 2022. The desired home 

dimensions are a gable-shaped construction measuring 3 

meters broad, 4 meters long, 2 meters high eaves, and 2.5 

meters high gable ridge. There is no sunshade on the 

translucent plastic cover with a thickness of 150 microns that 

reflects 7 per cent of UV radiation. High-Density Polyethylene 

infused with ultraviolet light is used to cover the floor of the 

home to avoid heat transmission from the ground. There is an 

air vent driven by a 10-inch exhaust fan located on the home's 

upper wall. The exhaust fan is activated by opening a vent on 

the opposite side of the house from the fan. Features 

ventilation holes, 10 cm wide, 4 m length.  
By installing an air temperature sensor, the conditions for 

simultaneous monitoring of the aerodynamic environment in 

the greenhouse are created. and wind speed to collect data 

within the house. The information can be utilized to validate 

the CFD model. Points A, B, and C represent horizontal 

measurement points, whereas points 1 through 9 represent 

horizontal points. Environmental sensors were installed 

throughout the house at 27 points on three levels. Temperature, 

relative humidity, and wind speed may be determined by 

establishing a weather station at a height of 2 meters and 

sending data at 1-second intervals. The design of data storage 

is characterized in real-time (Real-Time). Microcontroller The 

smaller is the Node MCU ESP8266 V3 Temperature Humidity 

Sensor Module SHT20 with Typical accuracy (% RH) ±3 (℃) 

±0.5. (Figure 2). 

Figure 2. Sensor installation in the greenhouse for measuring air temperature and wind speed 

Figure 3. Air temperature and wind speed measurements for 

CFD mode validation 

Because of the unstable and unpredictable nature of weather, 

proper validation of the CFD model is difficult when a natural 

ventilation system is used. As a result, measurements were 

taken on a clear day from 11:00 a.m. to 4:00 p.m. using a 

mechanical ventilation system. (15 February 2022 - 24 

February 2022) using the exhaust fan opening pattern. Before 

conducting temperature and air velocity measurements, the 

vents are closed to regulate the airflow throughout the 

greenhouse, then begin monitoring when the heat from solar 

radiation inside the house begins to stabilize. To start the 

measurement, switch on the fan and open the air inlet. When 

the inside airflow is steady five minutes after ventilation 
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begins, the indoor air temperature, the wall and floor 

temperatures, and the aerodynamic environment within the 

glasshouse are measured (Figure 3). 

2.5 CFD simulation 

Greenhouses for growing plants in the Northeastern region 

of Thailand. Due to environmental factors, there are many 

problems with the external environment. This study analyzes 

the problem by defining the representative of the 

environmental factors, and aerodynamic CFD simulation as 

Table 1. 

Due to the environmental problem of excessive temperature 

in the selected agricultural region. To identify a technique to 

lower the temperature inside the glasshouse, the high-

temperature issue was resolved by leveraging the ventilation 

system in the model greenhouse to generate the CFD model. 

To determine the most effective strategy, we must compare 

performance which is to utilize 1 exhaust fan and raise it 

incrementally until 3 side-wall units of 10 inches in diameter 

and 5 meters per second in wind speed are complete and 

compare the installation of the fan at 3 levels, namely, the top 

fan mounting point, measured from the edge of the eaves down 

20 cm, the middle point of the side of the house and below 20 

cm above the floor, as well as the determination of the inlet 

opening point, the size of 10 x 400 cm, set both in the opposite 

direction of the fan and on the opposite side of the fan at all 3 

levels, with each house testing a total of 24 cases and four 

styles, there are a total of the total number of 96 cases. 

Table 1. Case studies for aerodynamic environment analysis in greenhouses using CFD simulations 

Conditions Details Cases 

Greenhouse Type 

Gable Roof 

Curved Roof 

Double Roof 

Saw tooth Roof 

4 

Natural ventilation 

Air inlet Square 10x400 cm 1 

Air outlet Circle 10 inches 1 

Enter and exit from each side 

Enter up the top area 

Out of the upper section 

Out of the middle section out of the 

bottom section 

3 

Enter out the lower box 

Out of the upper section 

Out of the middle section out of the 

bottom section 

3 

Coming in and out of the same side 
Enter up the top area Out of the bottom section 1 

Enter out the lower box Out of the upper section 1 

Mechanical ventilation 

Number of fan (outlet) 1, 2, 3 3 

Wind speed (m s−1) 5 1 

(4) x (1 × 1 × 3 + 3 + 1 + 1) x (3x1) = 96 Cases

2.6 Greenhouse mesh independence 

Figure 4. Establishing mesh independence 

Creating mesh autonomy starts with creating reference case 

studies, such as a Case study with an input air temperature of 

27 Celsius. Analyzing components into ever-smaller sizes and 

collecting the resulting number of elements allows each to 

examine the variation in the response factor's value. In the 

reference study, the output temperature was considered a 

reference factor when the reference factor was steady and the 

element division condition was used in subsequent analyses. 

The findings of the investigation indicate that the element size 

decreases until there are roughly 1.37×106 elements and the 

output temperature is steady. shown as indicated in Figure 4. 

3. RESULTS AND DISCUSSION

3.1 CFD model validation findings for investigation of the 

aerodynamic environment in the greenhouse 

Validation of the CFD model through comparison of data 

acquired in the greenhouse environment with simulation 

findings. The average absolute error (𝑣) and root mean square 

error (RMSE) can be calculated to evaluate the correctness of 

the observed data and from the simulation [43]. 

𝑉 =
1

𝑚
∑|𝑥𝑝𝑖 − 𝑥𝑚𝑖|

𝑚

𝑖=1

(5) 

𝑅𝑀𝑆𝐸 = √
∑ (𝑥𝑝𝑖

− 𝑥𝑚𝑖)
2𝑚

𝑚=1

𝑚
(6) 
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where, m is parameters’ number; 𝑥𝑝𝑖 is simulated data; 𝑥𝑚𝑖  is

measured data. 

The purpose of the research was to compare variations in 

roof ventilation patterns across four variables, regardless of 

transpiration, photosynthesis, and particularly vegetative 

patterns. Consider how airflow influences changes in the 

indoor environment. As a result, the experiment was 

conducted using a gable-roof house as the principal building 

for testing, as this is the type most farmers in the area use. 

Validation of the validity and dependability of CFD models is 

required to provide adequate data. At heights A=50 cm, B=100 

cm, and C=150 cm, temperatures were measured at 9 locations 

each layer for a total of 27 points. The values were determined 

to be RMSE=0.32℃ and 0.20℃ [44], who developed a model 

for comparable conditions and obtained an internal 

temperature of RMSE =1.6 K, and had a mean prediction error 

rate of 3.94 percent [45], indicating that the simulation values 

and actual values are comparable, so the CFD model has 

proven to be highly predictive. It may be utilized to analyze 

and explain the temperature and airflow distribution in the 

house (Figure 5). 

3.2 CFD simulation results of aerodynamic environment in 

greenhouse 

The results were examined using the Computational Fluid 

Dynamics (CFD) approach to determine the difference in 

average greenhouse temperatures as Table 2. Four housing 

models, GR, CR, SR, and DR were given, each with its air 

outlet/inlet design. There are 24 distinct designs. under the 

same conditions at the same temperature and humidity level, 

when the wind speed was 5 m s-1, the air temperature was 

uniformly distributed throughout the greenhouse due to 

improved air mixing [46]. It was discovered that the GR house 

characteristics had a statistically significant difference in mean 

temperature for all types of houses (CR SR DR) at the 0.05 

level [47]. The CR house style exhibited a statistically 

different mean temperature difference than the GR and DR 

house designs. Except for the SR house and the SR house, the 

mean temperature difference was statistically significantly 

different from the GR and DR home and the DR house. In 

terms of house style, the GR has the mean CFD house 

temperature, with a minimum internal temperature of 30.43℃ 

and a maximum of 30.59℃, while the CR has a minimum of 

31.11℃ and a maximum of 34.01℃. 30.88℃ and a maximum 

of 33.34°C and DR dwellings with a minimum internal 

temperature of 31.11°C and a maximum internal temperature 

of 31.97℃ The gable roof home had the lowest mean 

temperature at 30.46℃, followed by the DR house with an 

average temperature of 31.42℃, the SR house with a mean 

temperature of 31.46℃, and the CR house with a mean 

temperature of 31.48℃ (Figure 6). 

Table 2. Statistical comparative analysis to experiment with differences 

Green House Type 
Multiple Comparisons Statistical Differentiations 

GR CR SR DR Mean Min Max S.D. CV F p-Value

GR 1 -1.01483* -.99639* -.95402* 30.46 30.43 30.59 0.03 0.0010 2540.19 P< 0.05 

CR 1 .01844 .06081* 31.48 31.11 34.01 0.30 0.0095 

SR 1 .04237* 31.46 30.88 33.34 0.33 0.0105 

DR 1 31.42 31.11 31.97 0.23 0.0073 
* The mean difference is significant at the 0.05 level

Figure 5. Validation of CFD models 

Following that ventilation, wind speed, and humidity the 

majority of them are influenced by the form of the greenhouses 

and the size of the vents [48, 49].  

When testing, the coefficient of variation (CV) is the ratio 

of the standard deviation to the mean [50]. It was discovered 

that the GR model house had the least variance distribution. It 

revealed that the temperature distribution was near to the mean 

house temperature, followed by DR, CR, and SR One-Way 

ANOVA analysis was used. The mean temperature in different 

roof shape buildings was statistically different (p<0.05) at the 

95 % confidence level. Each component influences the 

temperature of the home This agrees with [51], who said that 

the air exchange rate is affected by the curvature of the roof. 

Figure 6. Temperature comparison in greenhouses 

The 24 CFDs were performed on the GR housing layout. As 

indicated in Figure 7, air circulation and interior temperature 

resulted in the lowest mean air temperature within the house, 

which was 31.25℃. The average cross-sectional temperature 
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was 31.13℃ at A, 31.15℃ at B, and 31.46℃ at C, with air 

entering at the top and exiting at the bottom. As shown in 

Figure 7, the highest temperature is 32.35°C, which is the 

mean temperature of the cross-section, which is 32.15, 32.36, 

and 32.53℃, respectively. The average temperature was 

highest based on the preceding data and the lateral cross-

section. The air with the highest temperature will rise to the 

roof of the house [52].  

 

   
(a) Front view of greenhouse (b) Top view of greenhouse (c) Broad view 

 

Figure 7. In the case of an upper air inlet air exit on top, a greenhouse-style gable roof is used (In and out of each side) 
 

   
(a) Front view of greenhouse (b) Top view of greenhouse (c) Broad view 

 

Figure 8. In the case of an upper air inlet and out below, a greenhouse-style gable roof is used (In and out of each side) 
 

   
(a) Front view of greenhouse (b) Top view of greenhouse (c) Broad view 

 

Figure 9. In the case of an upper air inlet air exit on top, a greenhouse-style curved roof is used (In and out of each side) 
 

  
 

(a) Front view of greenhouse (b) Top view of greenhouse (c) Broad view 

 

Figure 10. In the case of a lower air inlet and an air outlet below, a greenhouse-style curved roof is used (In and out of each side) 
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Figure 7(a) shows the colour scheme similarly. The high 

temperature rises to the top of the house and is then pushed to 

the exhaust fan by the natural air that enters the house. 

Consistent with the findings [53], Wind speed and direction 

have a considerable impact on a house's ventilation efficiency; 

the exhaust fan then exhausts the air from the dwelling. 

Furthermore, the existence of an aperture in the greenhouse's 

roof (a ridge) causes the temperature to drop and the velocity 

to increase [54]. When observing the direction of the arrow, it 

is apparent that the airflow below has a circular motion to the 

top of the house and will encourage incoming air from the 

outside to the fan's exhaust location. 

The airflow in the area between the crop bed as seen in 

Figure 7(b), is directed through the crop bed generating heat 

from the bed while flowing in the direction of an arrow and 

rising as previously mentioned. In the case of the upper air 

inlet, the house must be chosen based on the experiment 

findings of all 24 GR houses, the house should be selected in 

the case of the upper air inlet, air outlet on top: which is 

suitable for practical use.  

Due to the exhaust fan's position near the bottom of Figure 

8, the rising air cannot reach the exhaust fan. As seen in Figure 

8(a), some of them turn around and circle the house's centre 

after descending for a while. As shown in Figure 8(b), there 

are scattered, undirected motions along the sides of the crop 

bed, both downward and upward, followed by a circular 

motion in the house's centre. As previously noted, the high 

temperature cannot escape via the exhaust fan, causing the 

temperature that cannot be evacuated and receive higher 

temperature. 

Figure 9 illustrates the upper airflow and upper air exit for 

the CR house, where the lowest mean air temperature was 

determined to be 31.23℃. The average cross-sectional 

temperatures at points A, B, and C are 31,13, 31,15, and 31,41 

degrees Celsius, respectively. The C cross-section has the 

highest mean temperature, whereas Figure 9 shows the bottom 

air inlet and outlet, the highest mean temperature was 32.04℃, 

while the corresponding mean cross-sectional temperatures 

were 32.19, 32.02, and 31.92℃. Cross-section A has the 

highest temperature average.  

In shaded colour as shown in Figure 9(a) heat rises to the 

top. The exhaust fan then pulls air out of the house, and the 

arrow tracing the air flow below moves in a round movement 

up the roof of the house. Increased wind speeds generate more 

homogeneous interior conditions and decrease turbulence 

levels [55, 56] which are caused by incoming air from the 

outside to the exit area ventilation.  

As illustrated in Figure 9(b), the direction of airflow in the 

area between the crop bed is via the crop bed which generates 

heat from the crop bed. As mentioned earlier, the heat rises in 

a circle to the house's peak. Based on the experimental findings 

of the previously stated greenhouses, it is appropriate for 

future use.  

Figure 10(a) illustrates a similar air vortex to those of Figure 

10(b), with the exception that the heated shade circulates the 

walls along with the airflow, particularly the floor of the house, 

which has a higher temperature than other areas. The majority 

of temperature gradients occur close to the ground and roof 

[57, 58]. These transfers are mostly the result of radiation and 

convection transfer via walls and the ground [59]. 

(a) Front view of greenhouse (b) Top view of greenhouse (c) Broad view

Figure 11. In the case of an upper air inlet and an air outlet above, a greenhouse-style double-roofed is used 

(a) Front view of greenhouse (b) Top view of greenhouse (c) Broad view

Figure 12. In the case of the top air inlet and three top outlets, a greenhouse-style double-roofed is used 

The DR house has a natural flow between the house and the 

air inlet. In the instance of the upper air inlet and upper air 

outlet shown in Figure 11, the average temperature of the air 

inside the house was the lowest at 31.24℃, with mean cross-

sectional temperatures of 31.14, 31.16, and 31.42℃. The 

cross-section at point C had the highest average temperature. 

As shown in Figure 11, the greatest mean air temperature in 

the home was 31.68℃, with average cross-sectional 

temperatures of 32.67, 32.68, and 32.67℃ for the three higher 

air inlets and upper air outlets, respectively. The mean 

temperature is highest in cross-section B. From both situations, 

it is noticeable that the temperature in the home is highest in 

the high cross-section. Similarly, the colour scheme Figure 

11(a) illustrates how air is pushed to the opposite side of the 
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house until it is taken out and replaced with outside air 

recirculated in the direction of the arrow. Ventilation and 

outside air flow affect ventilation efficiency [60].  

Figure 11(b) The crop bed's airflow distributes warmth 

evenly throughout the house. Therefore, in the instance of the 

DR home model, the top air inlet and air outlet are the most 

practical structure. In the instance of three air inlets and outlets 

at the top, Figure 12(a) illustrates the structure Airflow 

direction in the area between the crop bed. The centre of the 

house is surrounded by a whirl of heated air. Under the crop 

bed, the air is flowing downward. High temperatures 

condensed below the inlet and were maintained up by the wind 

to circulate underneath the roof vents, where they are naturally 

vented by thermal floating on the two roof openings and 

maintain a constant temperature [61]. By increasing the roof 

ventilation area, the average inside temperature is reduced by 

16%. Temperature consistency and raise the ventilation rate to 

191% [62].  

Figure 12(b) The temperature has a direction of scattering. 

There is no directional indication on the pickup truck's side. 

As indicated before, each has a downward and an upward path 

before circling the house's centre. This prevents the high 

temperature from escaping via the exhaust fan, thus the 

internal temperature continues to rise. 

(a) Front view of greenhouse (b) Top view of greenhouse (c) Broad view

Figure 13. In the case of the top air inlet and single channel air outlet, a greenhouse-style saw tooth roof is used 

(a) Front view of greenhouse (b) Top view of greenhouse (c) Broad view

Figure 14. In the case of the air input below and the three air outputs, a greenhouse-style saw tooth roof is used. 

The airflow and temperature inside an SR house are defined 

by natural airflow from the home and the air inlet. In the case 

of one air inlet and one air exit, as shown in Figure 13, the 

lowest mean air temperature in the dwelling was determined 

to be 31.21℃, which was 31.13, 31.19, and 31.32℃, 

respectively. According to the information provided, the third 

cross-section has the highest mean temperature.  

In the case of the bottom air inlet shown in Figure 13 and 

the top three air outlets, the average temperature of the air 

inside the house was the highest, at 32.35℃, and the mean 

temperature of the cross-section was correspondingly 31.76, 

32.72, and 32.66℃. Based on the above-mentioned 

information and the shaded colour scheme, section A had the 

highest average temperature.  

Regarding the air turbulence shown in Figure 13(a), the 

direction of the arrow indicates that there are two groups of air 

flows, mostly upwards of the house and out via the exhaust fan 

channels. In the natural vent, weather and another group of air 

will circulate. 

The top of the roof is pushed by natural air from the outside 

to replenish the air within the house. Figure 13(b) illustrates 

air flowing through the inlet line and rotating upwards as 

described earlier. From the findings of the house in the case of 

the higher air inlet and 1 upper air outlet, it is best suited for 

the SR house structure, while in the case of the lower air inlet 

and vents on 3 of Figure 14(a), the SR house structure is 

optimal. It was clear that hot air was moving throughout the 

house, particularly in the greenhouse and under the roof. 

Observing the shaded colour, it is clear that hot air circulates 

throughout the house, especially in the house and attic, where 

the buoyancy effect generated by the increased air temperature 

and humidity causes the air loop [63]. 

As a result, a guideline has been created to examine the 

influence of various rear wall vent sizes on temperature 

reduction in the home, particularly at the crop bed level, air 

flow by arrow considerations. Figure 14 (b) depicts a 

revolving function in the front and back of the crop bed, as 

well as a high heat shade in the home's center. Consequently, 

these greenhouses are inappropriate for usage. One or more 

roof vents should be designed to drain excessive heat under 

severe circumstances [64]. 

4. CONCLUSIONS

The CFD model used in this study is an effective forecasting 

device. Consideration of airflow and heat dissipation inside the 
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house to create optimal agricultural conditions in Northeast 

Thailand. Developed a model of the environment, the most 

significant model of climate change based on airflow, 

temperature, and distribution of weather variables necessary to 

enter information into the system, which is significantly 

influenced by the design of the house. Airflow patterns and 

radiation levels were shown that a direct relationship with the 

position of inlet and outlet vents, heat dissipation, and the 

mean interior temperature values. Similarly, the average 

temperatures of four houses varied between 30,4 and 34.1 °C. 

In conclusion, the findings of the research of the difference in 

roof shape which regulates the rate of airflow from the exhaust 

fan system in the form of Gable Roof (GR) continuous air flow 

and Curved Roof (CR), Saw tooth roof (SR), and Double roof 

(DR) respectively. 
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