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1. Introduction 

Drying also is defined as moisture/water removal process through evaporation from a solid/ semi-solid/ liquid [1-4]. 

The purpose of drying process is to reduce the cost for transportation and storage capacity while preserving the freshness 

of the products [5]. Hence, natural drying such as open sun drying has some limitations which is not suited and effective 

to all regions due to the condition is not conducive and limited caused adverse weather [6]. This is caused low quality of 

product. Therefore, there are a few types of industrial dryers introduced in drying industries. The most famous application 

in drying is developed drying chamber [7, 8]. The main problem in applied this application is non-uniformity of end 

product [9–11]. This non-uniformity contributed to the low quality of products. Uniform air flow distribution in the 

chamber is a benchmark of a good drying chamber to ensure uniform drying effect on the product [12, 13]. Uniform air 

flow distribution is an important factor in improving the homogeneity of the product while increasing the efficiency of a 

drying chamber. Alternate arrangement of tray is a method used by many researchers to serve this purpose as the all the 

trays could be exposed directly to the drying air.   

Basically, the parameters that most affected drying air are temperature and velocity [14, 15]. In order to predict the 

temperature and velocity distribution in the chamber, CFD is utilized. CFD simulation is used in order to cut the budgets, 

difficult and took a long period of time consuming. CFD simulation also abled to calculate and solve the equations such 

as conservation of energy, momentum, and mass to predict the distribution of temperature and homogeneity of end dried 

products [11]. Generally, air velocity for drying process is in the range of 1.5 m/s to 3 m/s. However, factors of moisture 
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content of the product also affect the air velocity range. When the air temperature is raised, the evaporation rate from the 

product will also be increased. Hence, the capacity of water vapor become larger. 

Misha et al., [12] has developed a novel arrangement of dryer tray for application of agricultural product to predict 

drying uniformity by using CFD simulation. Temperature, velocity profile, and streamline profile on each tray are the 

main factors for analyzing the uniformity. From the simulation result, it is found that the upper tray has the highest 

average air velocity due to its position which is closest to the inlet and outlet.  

The objective of this study is to utilize CFD to; (i) analyze the best temperature distribution in the drying chamber 

(ii) to investigate the best velocity distribution, and (iii) to propose the best configuration of trays using CFD simulation.  

 

1.1 CFD Modelling 

The drying chamber is designed by consists of three trays that arranged at the different level as a flow domain. This 

flow domain was in symmetrical 2D. 2D approach is chosen rather than the three dimensions due to the high requirement 

of computer resource. The model of chamber has been model by Ansys Fluent 16.1.  

 
Fig. 1 - Drying chamber 

The chamber geometry is measured at 1.15 m (W) x 0.625 m (H) while the thickness of the tray is 0.025 m. Fig. 1 

shows the drying chamber geometry. There are five designs of drying chamber with different configurations of trays as 

shown in Fig. 2. The purpose of these designs is to find out the effect between configurations of trays on the performance 

of velocity and temperature distribution in the chamber. The best velocity and temperature distribution are determined 

among these five designs as the best design for drying. 

 

1.2 Basic Governing Equations for CFD Simulation 

The conservation of energy, momentum, and mass for drying air results in the energy, Navier-Stokes, and continuity 

equation respectively [16]. Turbulent flow model is used in this study. Following equations are solved in CFD: 

 

Continuity equation:  
𝜕𝜌

𝜕𝑡
 + ∇. (𝜌𝑣⃗) = 0             (1) 

 

Momentum conservation equations: 
𝜕

𝜕𝑡
 (𝜌𝑣⃗) +  ∇. (𝜌𝑣⃗𝑣⃗) =  −∇p +  ∇. (𝜏)⃗⃗⃗⃗ + 𝑝𝑔⃗ + 𝐹⃗        (2) 

 

Energy conservation equation: 
𝜕

𝜕𝑡
 (𝜌𝐸) + ∇. (𝑣⃗ (𝜌𝐸 + 𝑝)) =  ∇. (𝑘𝑒𝑓𝑓 ∇𝑇) + 𝑆ℎ        (3) 
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(a) Design A (b) Design B 
  

(c) Design C (d) Design D 
 

(e) Design E 

Fig. 2 - Various designs (Design A – E) of drying chamber with different configurations of trays 
 

1.3 Simulation 

In this study, ANSYS Fluent 16 was used as a simulation tool to simulate and predict the air flow velocity and 

temperature distribution in the chamber. This software is able to solve those governing equations (1), (2) and (3) in 

unstructured tetrahedral grid with number of nodes is 3630 whiles number of elements is 7008. This ANSYS Fluent 16.1 

was functionally used method of numerical finite volume [3] for solving all the equations. Standard k-e turbulence model 

was applied in steady state conditions. At the inlet, a heater was installed as a heat source for the chamber with 

temperature at 40 °C. Air velocity inlet was set up as 3 m/s into the drying chamber for all the cases. At the exhaust, the 

gauge pressure was assumed to be 0. The density, specific heat, and thermal conductivity of the drying chamber are 1.225 

kg/m3, 1006.43 J/kg.K and 0.0242 W/mK respectively. 
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2. Results and Discussion 

2.1 Result Validation 

In order to validate the simulation result, a comparison between result and experiment data obtained from the 

literature study was performed. The purpose of this validation to ensure that the steps and properties used for the drying 

is corrected. By fitting both experimental and simulation drying curves in the graph as shown in Fig. 3, the variation 

between these results could be analyzed. Fig. 4 shows the correlations between the experimental data from the literature 

and simulation data obtained.  

 

 

Fig. 3 - Correlation of the simulation results with the experimental data on drying air temperature 

 

  
(a) (b) 

 

Fig. 4 - The contour for temperature profiles within drying chamber (a) Results of CFD simulation; (b) Results 

of CFD simulation from the literature review 

 

2.2 Air flow Simulation Predictions 

The steady state simulation was performed to solve the energy, momentum, continuity, turbulence dissipation rate, 

and turbulent kinetic energy equation. In this study, the drying air flow velocity distribution within the drying chamber 

was done in two-dimensional in symmetrical domain. Based on the Fig. 5, the simulation for vector profiles illustrate that 

Design A and D have the best uniform air flow distribution. However, design B and C are the poorest of tray 

configurations for this shape. It can be concluded based on the vector profiles of air flow from the CFD simulation.  

Based on the vector profile, it can be concluded that at area closer to the inlet and outlet zones, the air flow velocity 

is higher. Therefore, the distribution of air flow velocity distributed differently through the trays depends on it levels of 

arrangement. Basically, the trays near to the inlet and outlet zones will get higher air velocity in average. The results of 

simulation for the predicted velocity distribution on nine different points for all the designs are shown in Fig. 6. Although 

design (D) shows that at the point 3, 6 and 9 are highest values than others points caused no trays located at that placed. 

So that, there are no resistance in distribution of velocity in the chamber to the outlet. All the trays are set up in porous 

media in order to improve the uniformity of distribution. The average of velocity at the point 9 is the poorest point of 

velocity distribution. This is because that point is far from inlet and outlet. Therefore, that zone is the lowest zone that 

received air flow velocity and poor performance of drying process. 
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(a) Design A 

 

(b) Design B 

 

  

(c) Design C 

 

(d) Design D 

 

 

(e) Design E 

 

Fig. 5 - Design of drying chamber for five variation configurations of trays and vector profiles of air 

flow velocity distribution using CFD simulation 

 
Fig. 6 - Nine measured points on the trays of drying chamber 

 

 
Fig. 7 - Predicted air velocity by CFD simulation against nine points located on trays for each design 
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As shown in Fig. 7, Design A and D shows a more uniform of air velocity distributions compared to other designs. 

The lines graph on Design A and D are not fluctuating as much as like in the other design. Thus, they are able to achieve 

uniform air velocity distribution with average temperature 0.612 m/s and 0.618 m/s. 
 

   

(a) Design A (b) Design B 
  

(c) Design C (d) Design D 
 

(e) Design E 

 

Fig. 8 - Design of drying chamber for five variation configurations of trays and temperature profiles 

of air flow velocity distribution using CFD simulation 

 

2.3 Temperature Distribution 

Firstly, the hot air temperature from the inlet was set as 40 °C and operating temperature is set up as 44 °C. Based 

on the contour profile of temperature distribution for the variation of trays configuration in Fig. 8, temperature distribution 

within drying chamber for all the designs are more or less a similar trend. However, from the results CFD simulation in 

Fig. 8 of contour profile shows that the best performance of temperature distribution assessed by design A and D. This is 

because the temperature distribution profiles for both designs distributed similar evenly for each tray. Based on the results 

obtained for all the configurations, it displayed that changing either the geometrical shape of drying chamber with 

variation of tray arrangement only have a little bit influence to the temperature distribution compared to the velocity 

distribution. Fig. 9 shows the graph of temperature distribution in the drying chambers. Design A and D show a more 

uniform temperature distribution. 
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Fig. 9 - Predicted temperature by CFD simulation against nine points located on trays for each design 

 

3. Conclusion 

Drying performance can be improved by good uniformity of temperature distribution and air velocity in the drying 

chamber. CFD simulation is the best software in order to predict the velocity and air flow distribution based on the 

configurations of trays without consuming a lot of time to run the experiment and needed high cost. From the simulation 

result, it shows that Design A and D are the best performance in term uniformity air flow and temperature distribution. 

The results also have been compared and validated with experimental data from publish journal as references. Hence, 

there are correlation between configurations of trays and uniformity distribution as the uniformity distribution is 

significance in this industry in order to produce a high quality product. As future work, the CFD simulations should be 

conducted in the form of 3D to obtain a more accurate results that display the real situation of drying chamber. Besides 

that, transient simulation should be conducted to measure the drying time needed for the drying process 
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