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Abstract: Airflow is important in plant factories as it is responsible for the air exchange 

inside the structure to create desired growing conditions for plants. A uniform airflow 

distribution enhances photosynthesis and the transpiration process of the plants. In this study, 

computational fluid dynamics (CFD) analysis was used to analyse the airflow distribution 

inside a commercial scale plant factory developed by MARDI. CFD plays an important role 

in designing and optimisation of control environment structure in the agriculture industry. 

Many studies have proved that the CFD technique is able to 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 airflow characteristics in a plant factory with different inlet and 

outlet locations. The study also analyses the effect of different inlet location to the overall 

temperature distribution inside the plant factory. Validation of the developed CFD model was 

carried out by comparing simulation results with experimental data. The validation result 

showed an acceptable percentage error between simulated and actual data. The validated 

CFD model was then used to analyse different inlet locations that can produce more uniform 

airflow and temperature distribution inside the plant factory. From the simulation results, it 

shows that the new inlet location was able to produce more uniform airflow and temperature 

distribution as compared to existing inlet location. 
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1. Introduction 

It is important to understand the internal airflow in an indoor plant factory in detail to 

effectively deliver conditioned air to cultivation beds in order to maintain climate uniformity 

and promote adequate air movement around crops. A study by Kozai and Takagaki (2015) 

has proved that air movement plays an important role in aerodynamics at leaf surfaces. It 

affects the gas, heat and water exchange of plants and thus affects plants transpiration and 
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photosynthetic rates. The study proved that increasing airflow speeds for both vertical and 

horizontal directions from 0.01 to 0.30 ms-1 around crops can significantly enhance the plants 

transpiration and photosynthetic rates. Horizontal airflow speeds above 1.0 ms-1 was 

suggested to achieve the maximal plants transpiration and photosynthetic rates of the crop 

canopy (Kitaya et al., 2003). 

Physically measurement of airflow using sensors at different point around the crop is 

tedious and time consuming. It is also high in cost as it involves large quantity of sensors in 

order to provide detail airflow and temperature characteristics inside the plant factory, 

especially for a large scale plant factory. Therefore, the use of computer simulation is the 

solution. In this regard, computational fluid dynamics (CFD) is a computer simulation 

technique that has been shown to be an effective tool in simulating physical complex 

phenomena with reasonable accuracy. CFD has been widely used to study ventilation and 

climate uniformity in greenhouses (Bartzanas et al., 2004; Boulard & Wang, 2002; Bournet 

& Boulard, 2010; Lee et al., 2013; Tamimi et al., 2013). CFD studies to analyse ventilation 

in indoor plant factory are increasing (Baek et al., 2016; Lim & Kim, 2014; Moon et al., 

2014) but further studies for evaluating air-distribution system design alternatives in indoor 

plant factory which are required to improve climate uniformity, especially for large-scale 

commercial indoor plant factories are still lacking. Therefore, this study was conducted with 

the focus on evaluating air-distribution system design alternatives tending to uniformity in 

respect to air temperature and airflow. 

2. Materials and Methods 

2.1. Data collection from existing plant factory for CFD validation 

MARDI has successfully developed a plant factory with a size of 14.5 m width x 16.0 

m length x 6.0 m height. The plant factory was occupied with nine unit of eight tier planting 

rack. The structure was totally enclosed. The climate inside the plant factory was controlled 

by an air-conditioner, fan, CO2 inlet and outlet vent. The location of the inlet and outlet of 

the plant factory is as shown in Figure 1. Temperature and airflow data at the air conditioner 

inlet was measured to be the input value of the inlet properties in the CFD simulation process. 

In order to validate the CFD simulation results, temperature and airflow data at eight 

locations inside the plant factory as shown in Figure 2, was measured by using Sper Direct 

mini environment quality meter 850070.  
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Figure 1. Inlet and outlet location. 

 

Figure 2. Data collection location for validation. 

2.2. CFD Simulation 

A commercial CFD software Ansys Fluent was used for the simulations. The fluid 

flow in the plant factory domain was assumed to be a steady-state, incompressible with a 

three Dimension (3D) turbulent flow. The calculation of airflow was considered as 

mathematical formulations of the fluid mechanics conservation laws. By applying the mass, 

momentum, and energy conservation, the fundamental governing equations of fluid 

dynamics of the mass, momentum and energy equation can be written as Equation (1), (2) 

and (3), respectively: 
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Energy equation:  
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Where, 𝝆 = fluid density (1.225 kgm-3) , t = time (s), x = Cartesian coordinates (m), 

i,j = Cartesian coordinates index, 𝒖 = velocity component (m s-1),  𝒈 = acceleration due to 

gravity (-9.81 m s-2), Ca = specific heat capacity (1006.43 Jkg-1 K-1), T = temperature (K) 

and ST = thermal sink or source (10000W m-3). In this study, the realisable k-ɛ model was 

used to calculate the turbulent effect of air flow inside the plant factory. This turbulence 

model was chosen as many previous studies on CFD simulation for enclosed agriculture 

structure have shown that it was more accurate and possesses superior performance (Zhang 

et al., 2016).   

In this study, the 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 

processes of the airflow and temperature distribution. The configurations for CFD simulation 

is as shown in Table 1. 

For the current plant factory layout, the rack was located in front of the air conditioner 

inlet. In this arrangement, the rack has caused the blockage of cold airflow from the inlet 

which created uneven distribution of airflow inside the plant factory. Therefore, for the new 

design, the location of the air conditioner inlet was located in between the racks as shown in 

Figure 3. CFD simulation was carried out to analyse the airflow and temperature distribution 

for the new inlet configuration and compared with the existing configuration. 

 

Figure 3. Comparison between existing and new inlet configuration of the plant factory. 

 

 

  
Spacing between existing inlets (mm) Spacing between new inlets (mm) 
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Table 1. CFD simulation configurations. 

Parameter Setting 

Cell zone condition  

Wall Solid – polyurethane and cement fibre board 

Roof Solid – polyurethane 

Rack Solid – material steel 

Internal domain Fluid – material air 

Analysis type Transient 

Gravity -9.81 ms-1 

Turbulence model standard k-ɛ 

Solar loading  

Longitude 101.97 

Latitude 4.2 

Time zone +8 

Solar direction Data from solar calculator at 13:00 hours 

Boundary condition  

Air cond inlet type velocity-inlet 

Air cond velocity 30.0 ms-1 

Air cond inlet temperature 18oC 

Fan inlet type velocity-inlet 

Fan velocity 10.0 ms-1 

Roof 

 

Opaque, no slip wall  

Heat transfer: convention + radiation 

Solar radiation at negative –y direction, 

Radiation model- DO (discreet ordinate). 

Wall  Opaque, no slip wall  

Heat transfer: convention + radiation 

Radiation model- DO (discreet ordinate). 

Floor  no slip wall, fix temperature  

Solution methods SIMPLE (semi-implicit pressure linked equation) 

Momentum 2nd order Upwind 

Transient formulation 1st order implicit 

3. Results and Discussions 

The validation process was carried out by calculating the root mean square error 

(RMSE) and the normalise root mean square error (NRMSE) between the measured data and 

simulated data at eight locations as shown in Figure 2. The RMSE and NRMSE between the 

measured and simulated data was 3.8% and 0.7%, respectively. As the NRMSE was below 



AAFRJ 2021, 2, 2; a0000242; https://doi.org/10.36877/aafrj.a0000242 6 of 12 

 

10%, it can be concluded that the CFD simulation was able to represent the actual condition 

and can be used for further analysis.  

The airflow distribution plot for the existing inlet location and the new inlet location 

at the top, middle and bottom plane of the plant factory was as shown in Figure 4. Figure 5 

shows the airflow distribution at the vertical cross-sectional plane i.e. at the left, centre and 

right plane inside the plant factory. Figure 4 and 5 show that the airflow was higher at the 

area close to the fan and air conditioner inlet for both the existing and current inlet locations. 

At the top and bottom plane, the airflow distribution was equal between the two 

configurations. However, at middle plane, the airflow distribution for the new inlet location 

was more evenly distributed compared to existing inlet location. In order to further compare 

the results between the existing and new inlet locations, airflow data from 15 locations (A1 

to A3, B1 to B3, C1 to C3, D1 to D3 and E1 to E3) inside the plant factory was compared 

between the two configurations. The location of point 1 to 15 is as shown in Figure 6. Figure 

7 shows all the airflow data for these 15 points. The data shows that the maximum difference 

between minimum and maximum airflow data for the new inlet location was lower at 3.1 ms-

1 as compared to existing inlet location which was 4.2 ms-1. The airflow uniformity inside the 

plant factory was evaluated with the coefficient of variation (CV) value. The CV is defined 

as the ratio of the standard deviation over mean. The CV shows the extent of variability in 

relation to the mean of the population. Therefore, a low value indicates a lower variability of 

the data set. For the airflow data at the 15 locations, the CV for the new inlet location was 

lower compared to existing inlet location which was 60% and 87%, respectively. These 

results showed that the airflow inside the plant factory with the new inlet location was more 

uniform compared to existing inlet location. 
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Figure 4. Comparison of airflow distribution in the plant factory between existing (left) and new (right) location 

of the inlet at different horizontal plane. 

 

Top plane 

Middle plane 

Bottom plane 
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Figure 5. Comparison of airflow distribution in the plant factory between existing (top) and new (bottom) 

location of the inlet at different vertical plane. 

 

Figure 6. Location of data point A1 to E3 inside the plant factory. 

 

 

 

Left plane Center plane 

Right plane 
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Figure 7. Airflow data at 15 locations inside plant factory. 

As the inlet is the cold air inlet, the location of the inlet also effect the overall 

temperature distribution inside the plant factory. The temperature distribution plot for the 

existing inlet location and new inlet location at the top, middle and bottom plane inside the 

plant factory is as shown in Figure 8. The figure showed that at the middle plane the 

temperature distribution between existing and new inlet locations were similar but at the top 

and bottom plane, the temperature distribution with the new inlet location was more uniform. 

Figure 9 shows the temperature data for the 15 locations inside the plane factory. The data 

showed that the maximum difference between minimum and maximum temperature for the 

new inlet location was lower at 5.1oC compared to existing inlet location which was 8.3oC. 

The mean temperature values of top, middle and bottom plane were 21.9, 21.8 and 20.6oC, 

respectively. Meanwhile, for the existing inlet location, the mean temperature value of top, 

middle and bottom plane were 22.9, 21.8 and 21.7oC, respectively. The temperature at the 

left area at the bottom plane for existing setup was higher compared to other area due to very 

low airflow at this area which was less than 0.6 ms-1 compared to other area which was more 

than 1.0 ms-1. The CV for the temperature data of the new inlet location was lower compared 

to existing inlet location which was 7% and 18%, respectively. Therefore, the temperature 

distribution was found to be more uniform with the new inlet location as compared to existing 

inlet location. 
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Figure 8. Comparison of temperature distribution in the plant factory between existing (left) and new (right) 

location of the inlet at different level. 
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Figure 9. Temperature data for A1 until E3. 

4. Conclusions 

From the study, it can be concluded that the CFD simulation was able to represent 

actual condition with acceptable accuracy. Therefore, the CFD simulation can be used to 

analyse the effect of different design before the actual physical development. The study also 

concluded that changes in the inlet location affect the overall internal climate of plant factory. 

The results from the study proved that the new location of inlet was able to produce a more 

uniform airflow and temperature inside the plant factory compared to existing location.  
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