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Abstract 

Computational fluid dynamics (CFD) have been playing an increasingly important role in 

designing the agriculture control environment structure in the past few years. Plant factory 

is a fully enclose control environment agriculture structure developed to create optimum 

growing conditions for the crops. Previous studies have proven that the CFD technique 

was able to analyse and predict the internal climate of the plant factory in the designing 

stage before the actual plant was built. This study was conducted to analyse the changes in 

airflow characteristics and temperature distribution in a shipping container size plant 

factory with different inlet and outlet locations. Uniformity of airflow and temperature 

distribution was important in plant factories as it is responsible to create optimum and 

uniform growing conditions for crops. The CFD model was validated by comparing 

simulation and experimental data of existing plant factory inlet and outlet location. The 

validation result shows an acceptable percentage error between simulated and measured 

data. Two alternative design of the inlet and outlet location was simulated to improve the 

uniformity of airflow and temperature distribution. The validated CFD model was then 

used to simulate the alternative design. Finally, the location of the inlet and the outlet that 

produce the most uniform airflow and temperature distribution inside the plant factory was 

identified. 

1. Introduction 

Malaysia is a tropical country with a maximum daily 

temperatures hover between the 32.2°C and 35°C range 

most of the time. This condition is not suitable for lettuce 

growing. Plant factory was developed to enable planting 

of lettuce in Malaysia’s low land area with higher 

temperature. Modifying the shipping container to 

become a plant factory is one of the option to build a 

plant factory with a minimal capital cost. The plant 

factory must be equipped with proper air conditioning 

and ventilation system to ensure it provides the required 

optimal environmental condition for lettuce to grow. 

Besides temperature, airflow is also one of the important 

factors in plant growth. A study by Kozai et al. (2015) 

proved that the air movement plays an important role in 

aerodynamics at leaf surfaces. It affects the gas, heat and 

water exchange of plants and thus affects plant 

transpiration and photosynthetic rates. The study found 

that increasing airflow speeds in both vertical and 

horizontal directions from 0.01 to 0.30 ms-1 around crops 

can significantly enhance the plant transpiration and 

photosynthetic rates. Horizontal airflow speeds above 1.0 

ms-1 were suggested to achieve the maximal plant 

transpiration and photosynthetic rates of the crop canopy. 

Understanding the internal airflow in a plant factory 

in detail is important to effectively deliver conditioned 

air to planting area to maintain climatic uniformity and 

promote adequate air movement around crops. In few 

cases, the uniformity of the temperature and airflow 

inside the plant factory can be lowered due to the 

increased number of layers of cultivation shelves, the 

increased resistance to airflow by plants and the 

excessive heat generated from the artificial lighting 

sources (Lim and Kim, 2014). Therefore, prior to 

designing the plant factory, the analysis of the airflow 

characteristics is a very important task to improve the 

uniformity of air temperature and humidity distribution. 

Locations and sizes of the inlet and outlet and 

airflow speed from the inlet are very important factors 

for the environmental control of the closed plant 

production system. Particularly, the overall airflow 

characteristics can be greatly affected by the locations of 

the inlet and the outlet. Previous studies on the airflow 
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pattern of closed space in the shape of a box, with 

different locations and sizes of the inlet and the outlet, 

have reported the obvious difference in airflow 

characteristics (Lim and Kim, 2014; Zhang et al., 2016; 

Niam et al., 2019). However, cost and time are required 

for attaining meaningful results that correspond to the 

optimal effect of the design parameters on the airflow 

and temperature pattern in greenhouses or plant factory, 

such as locations, sizes and airflow rate based on 

repeated experiments. 

Physically measure the temperature and airflow 

using sensors at the different point around the crop is 

tedious and time-consuming. It also involves a high cost. 

Therefore, computer simulation is the solution. 

Computational fluid dynamics (CFD) are a computer 

simulation technique that has been shown to be an 

effective tool in simulating complex physical phenomena 

with reasonable accuracy. CFD has been widely used to 

study the ventilation and climate uniformity in 

greenhouses (Boulard and Wang, 2002; Bartzanas et al., 

2004; Okayama, 2008; Lee et al., 2013; Tamimi et al., 

2013). CFD studies to analysed ventilation and 

temperature in the indoor plant factory are increasing 

(Lim and Kim, 2014; Moon et al., 2014; Baek et al., 

2016) but further studies for evaluating air-distribution 

system design alternatives in the indoor plant factory are 

required to improve climatic uniformity, especially for 

Malaysia’s climate. Therefore, this study is focused on 

evaluating the cold air-distribution system design 

alternatives with particular focus on uniformity of 

climate inside the shipping container size plant factory 

with respect to air temperature and airflow according to 

local climate. 

 

2. Materials and methods 

2.1 Experimental data collection 

Malaysia Agriculture Research Institute (MARDI) 

has successfully developed a shipping container size 

plant factory with a size of 2.6 m width x 4.6 m length x 

2.5 m height. The container size plant factory was 

occupied with 2 units of 3 tier planting racks. The 

structure was enclosed. The climate inside the plant 

factory was controlled by an air-conditioner and outlet 

vent. The plant factory was equipped with two units of 

an air conditioner as the cold air inlet and one unit of 

exhaust fan as the outlet. Two units of air conditioner 

were required as the air need to be cooled 24 hours, 

therefore each unit will be switched on alternatively 

every 12 hours. Current location of the inlet and outlet is 

as shown in Figure 1. One of the air conditioners was 

located parallel to left rack and the other one is parallel 

to the right rack Temperature and airflow value at the 

inlet was measured to be the input value of the inlet 

properties in the CFD simulation. Temperature and 

airflow data from 12 locations in the plant factory was 

measured using Sper Direct mini-environment quality 

meter 850070 to validate the CFD simulation result. The 

locations are as shown in Figure 2. The point was located 

in the middle of both left and right rack with three 

different height which is low, middle and top. Validation 

was carried out by calculating the percentage error 

between the measured and simulated results. Percentage 

error was calculated by using the equation (1) 

2.2 CFD simulation 

In this study, the fluid flow in the plant factory was 

assumed to be a steady-state, incompressible and three-

dimensional turbulent flow. The numerical calculation of 

the temperature and airflow is generally based on the 

conservation equations of aerodynamics on (3) mass, (4) 

momentum and (5) energy. By enforcing these 

conservation laws over discrete spatial volumes in a fluid 

domain, it is possible to achieve a systematic account of 

the changes in mass, momentum and energy as the flow 

crosses the volume boundaries. In Ansys fluent the 

resulting equations can be written as below (ANSYS, 

Inc., 2011): 

Continuity equation: 

Momentum equation: 

Energy equation: 

The first three terms on the right-hand side of 

Equation (5) represent an energy transfer due to 

conduction, species diffusion and viscous dissipation, 

respectively. 

The turbulent kinetic energy, k and its rate of 

dissipation, ɛ, are obtained from the following transport 

equations: 
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Figure 1. Shipping container size plant factory 3D drawing 

showing Inlet and outlet location 
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3-dimensional (3D) model of the plant factory was 

created using the solid works software. The 3D model 

was then imported to the ANSYS Fluent software for the 

simulation process of the airflow and temperature 

distribution. The configurations for CFD simulation is as 

shown in Table 1. 

 

3. Results and discussion 

The simulation was carried out with only one air 

conditioner turn on which is parallel to the left rack 

because in the real situation at any time only one air 

conditioner was turned on to save the energy cost. The 

validation process was carried out by calculating the 

percentage error between the measured and simulated 

data at 12 locations as shown in Figure 2. The maximum 

percentage error between the measured and simulated 

data was 3.8%. As the maximum percentage error was 

below 10%, it can be concluded that the CFD simulation 

was able to represent the actual condition and can be 

used for further analysis.  

In the current plant factory layout, the air conditioner 

was located parallel with the rack and this caused the 

cold air from the air conditioner flow directly in between 

the rack shelves. Figure 3 shows the CFD simulation 

results of temperature and airflow distribution of the 

current location of the inlet and the outlet. Figure 3 

clearly shows an uneven distribution of temperature and 

airflow inside the plant factory. The airflow is high at the 
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Parameter Setting 

Cell zone condition  

Wall Solid - polyurethane  

Roof Solid – polyurethane 

Rack Solid – steel 

Internal domain Fluid – incompressible air 

Analysis type Steady state 

Gravity  -9.81 ms-1 

Turbulence model standard k-ɛ 

Boundary condition  

Air condioner inlet type velocity-inlet 

Air condioner velocity 10.0 ms-1 

Air cond inlet temperature 25oC 

Floor  no slip wall, fix temperature  

Wall 
No slip wall, thermal-mix 
(convection and radiation) 

Solution methods 
SIMPLE (semi-implicit pressure 
linked equation) 

Momentum 2nd order Upwind 

Table 1. CFD simulation configurations 

Figure 2. 12 data collection locations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature distribution at the left rack 

Airflow distribution at the right rack Temperature distribution at the right rack 

Airflow distribution at the left rack 

Figure 3. Temperature and airflow distribution contour for existing inlet and outlet location 
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rack area parallel with the air conditioner inlet. While in 

another area, especially at the bottom shelves the airflow 

is low. This was directly related to the temperature 

distribution. The area where the airflow is high showing 

lower temperature while the area with low airflow is 

showing a higher temperature. This condition of uneven 

airflow and temperature distribution may cause uneven 

growth of the lettuce. Therefore, the 2 alternatives 

location of the cold air inlet and outlet was suggested as 

shown in Figure 4. For alternative 1 the cold air inlet was 

located in between the left and right rack and the outlet 

was located below the inlet. While for alternative 2 the 

cold air inlet was located on top of the container while 

the outlet location remains the same as the current 

location. Although Figure 4 shows 2 inlets, during the 

simulation only one inlet was turned on as in the actual 

situation at any time only one inlet was turned on the 

save electricity cost. CFD simulation was carried out to 

study the results of airflow and temperature distribution 

of both alternatives and the results are compared with the 

existing configuration. 

Figure 5 shows the airflow distribution for the 

existing and alternatives inlet and outlet location. The 

Figure on the left side is the cross-section of the left rack 

while Figure at the right side is the cross-section of the 

right rack. The result shows that the airflow distributions 

for both alternative 1 and alternative 2 were more 

uniform compared to the current location. For both 

alternative 1 and 2, as the inlet was located in between 

the rack, the airflow was not being blocked by the rack, 

therefore the more uniform distribution of airflow was 

observed in between the shelves of the rack. To further 

compare the results between the existing and alternative 

inlet location, airflow data at 12 locations which are at 

the centre of every shelf for both right and left rack 
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Figure 4. Comparison between existing and alternative inlet and outlet layout of the plant factory 
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Figure 5. Comparison of airflow distribution in the plant factory between current (top), alternative 1 (middle) and alternative 2 

(bottom) for the left and right rack. 
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inside the plant factory was compared. Figure 6 shows 

the airflow data for these 12 locations. The data show 

that the maximum difference between the minimum and 

maximum airflow for the alternative location is lower 

compare to existing location, which is 5.5, 0.8 and 0.4 

ms-1 for current location, alternative 1 and alternative 2 

respectively. For current inlet location, the airflow value 

for 3Al and 3Cl was much higher because this two-point 

is directly parallel with the incoming airflow from the 

cold air inlet which is located parallel to the top area of 

the left rack. 

The temperature distribution for the existing inlet 

location and alternative inlet location was shown in 

Figure 7. As the airflow pattern has directly affected the 

temperature distribution, Figure 7 clearly shows that 

alternative 1 and 2 produce more uniform temperature 

distribution compared to the current inlet and outlet 

location. This is because the uniform airflow distribution 

will enhance the cold air distribution inside the plant 

factory. Temperature data at 12 locations at the centre of 

every shelf for both right and left rack inside the plant 

factory was compared for all design. The temperature 

data for these 12 locations are as shown in Figure 8. The 

data show that the maximum difference between 

minimum and maximum temperature data for the 

alternative location is much lower compared to current 

location, which is 1.8, 0.5 and 0.5oC for current location, 

alternative 1 and alternative 2 respectively. However, for 

the average temperature, alternative 1 showing the 

lowest value which is 26.4oC while alternative 2 shows 

the highest value, which is 27.4oC. Alternative 2 is 

producing higher average temperature because a large 

portion of the cold air from the inlet is flowing directly 

to the bottom of the container without circulating in 

between the shelves of both left and right rack as shown 

in Figure 9. 

From the airflow and temperature distribution 

simulation results, inlet and outlet location for alternative 

1 is the best configuration compared to other design. 

This is because it produces a more uniform distribution 

of airflow and temperature with lowest average 

temperature inside the container. Modification of the 

inlet and outlet location must be made following the 

alternative 1 layout to ensure uniform airflow and 

temperature that will produce more uniform growth of 

lettuce. 
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Figure 6. Comparison of airflow data for 12 points between all 

design options 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Left rack Right rack 

Figure 7. Comparison of temperature distribution in the plant factory between current (top), alternative 1 (middle) and 

alternative 2 (bottom) for the left and right rack 
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4. Conclusion 

From the study it can be concluded that the CFD 

simulation able to represent actual conditions with 

acceptable accuracy. Therefore, the CFD also can be 

used to analyse the effect of different design, especially 

the effect of different cold air inlet and outlet location 

before the actual physical development. The study also 

concludes that changes in the inlet and outlet location 

affect the overall climate of the plant factory. The results 

from the study proved that the new location of inlet able 

to produce more uniform airflow and temperature inside 

the shipping container size plant factory with lower 

average temperature value. 
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Figure 9. Comparison of airflow distribution in the plant 
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Figure 8. Comparison of temperature data for 12 points 
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