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 The application of tray dryer is widely used for various commodity dryers due 
to its simple construction. However, one of the drawbacks of tray dryer is the 

uneven airflow distribution in the drying chamber which results in the drying 

rate in the tray position being unequal. As a result, the degree of dryness of 

the product also varies. This study investigated the effect of fan blade angle on 
airflow distribution in the dryer cabin through numerical simulations. The 

axial fan diameter was 350 mm with a thickness of 20 mm. The variations of 

axial fan blades used were 10o, 20o, 30o and 45o. The number of blades used 

was 4, and the allowable airflow limit was 2 m x 1 m x 1 m, with an axial fan 
rotation of 500 rpm. Based on the simulation results, the 45o fan angle had 

good air distribution results compared to the 10o, 20o, and 30o fan angles. 

Likewise, the distribution of air produced by the fan was evenly distributed, 

because the greater the angle of the fan used for the dryer, the better the results 
would be obtained. 
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1. INTRODUCTION 

Drying is the process of removing moisture from a material [1]. The drying process applies when the 

material loses partial or complete its water content [2]. In the drying process, a heat transfer process occurs 

from a material used as a dryer medium to material to be dried. At high humidity, the rate of water evaporation 

is slower than drying at low humidity [3]. There are several methods used in the drying process. One of them 

is the traditional method by utilizing solar power directly as a drying medium which known as conventional 

drying [4]. Another drying method is by using fan media by utilizing the fluid flow of hot air which will be 

conveyed to the material to be dried, and this method is usually known as artificial drying (mechanical) [5]. 

This method is more profitable than natural drying, because it does not require solar energy as a heating 

medium in the dryer so that it can be used at any time, day or night. 

In a mechanical dryer, the fan is used as a spreading heat medium, so it has a different function from the 

compressor. Fan work can produce fluid with a high flow rate but low working pressure, while the compressor 

produces a low flow rate but high working pressure [6]. There are two types of fans that are usually applied in 

the drying process, namely axial fans and centrifugal fans. Centrifugal fans are able to replicate the dominant 

characteristics of airflow [7]. 
  Axial fans can produce high airflow rates with low pressure and own a simple construction [8]. The fan 

is usually combined with a heater, which is used as a heating medium so that the airflow can be generated. The 

fan performing the process is influenced by speed which creates airflow with a high flow rate but low pressure 

[9]. Axial fan will create airflow in parallel to its axis and produce air out in the same direction. The axial fan 

working system utilizes the lift force generated by the fan blade so that it can flow fluid. However, in the axial 

fan experiment, it is very difficult to determine the distribution system in the drying process, the velocity of 

the air flow and the pressure present during the drying process. The use of Computational Fluid Dynamics 

(CFD) software could help to determine the value of the dispersion flow velocity in the axial fan, the 
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temperature that can be delivered by the axial fan evenly in the drying process and the pressure generated by 

the axial fan. 

 

2. METHODS 

The Computational Fluid Dynamics (CFD) method used research variables by varying the fan angle that 

was used as a comparison in this simulation with angles of 10˚, 20˚, 30˚ and 45˚. If the slope of the fan angle 

is small, the fluid flow movement will be small too, and if the slope of the fan angle is greater, the movement 

of fluid flow in the fan will also be greater [10]. The type of fan used as a reference in the design used for 

simulation is axial fan type which has the advantage of a centrifugal fan, which is to produce a high airflow 

rate but low pressure [11]. With the same dimensions of 350 mm and the number of fan blades 4, then testing 

will be carried out using computer simulations. The initial stage begins with the constraction of a fan model 

and then analyzed using computer simulations. To get the results of the spread of air flow from each variation 

of the fan used, and observe the size of the air flow that is delivered. The fan model was created using Solidwork 

2019 software and for computer simulation, using Ansys Student 2019 software. 

 

2.1. Making Geometry System in 3-Dimensional Field 

 

2.1.1 Preprocessing  

Making the geometry of the axial fan 3D plane system, as the initial step the researher first prepared the 

axial fan design which was carried out by using Solidwork 2019 Software. The design dimensions used for 

axial fans were 350 mm and the thickness was 20 mm. The CFD simulation was carried out using the Ansys 

Student 2019 Software with Transient conditions to determine and design so that heat and air flow delivered 

by the axial fan can spread evenly. Making a CAD (Computer Aided Design) model and making a mesh that 

suits your needs [12]. In the CFD simulation stages, preprocessing is carried out. 

 

 
 

Figure 1 : Preprocessing 

 

2.1.2 Solving 

Solvers are the core program for finding CFD solutions, to calculate the conditions that are applied at the 

time of preprocessing. At this stage there are parameters or conditions that are regulated in relation to the 

determination of the boundary conditions when performing the simulation, such as: general, models, materials, 

cell Zone conditions, boundary conditions, mesh interface, reference value, and solution method. The solving 

stages are determined in Figure 2. 
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Figure 2 : Determining the conditions for performing the simulation 

 

The stages of selecting the limits of the CFD solution seeker program for simulations apply several 

methods. The first general in simulating the dialed pressure-base for velocity formulation is used in absolute 

form. Selection of models was to see how the fluid flow affects the e-realizable, scalable with two equations, 
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namely the momentum equation and the continuity equation. In using the Material used, it can be set on the 

task page material. Cell Zone Conditions is used for the selection of system conditions in the simulation. 

Boundary Conditions provide conditions for the Inlet and Wall system. Mesh Interface is used to provide mesh 

surfaces that are in contact with each other. Reference Value is used in determining the value and where the 

calculation starts from. Solution Methods used SIMPLE simulation scheme. The solution initialization used is 

Hybrid Initialization. Run Calculation in this process is calculated until it converges. 

 

2.1.3 Postprocessing 

Post processing is the final step in CFD analysis. It is done in order to organize and interpret the simulation 

results data, the data can be in the form of images, curves, and animations. From the simulation results obtained 

the pattern of the air distribution on the axial fan. 

 

 
 

Figure 3 : Result Toolbar 
 

2.2. Computational Fluid Dynamic (CFD) 

Computational Computational Fluid Dynamic or commonly known as (CFD) is a technique used to 

analyze systems involving the fluid flow, heat transfer or chemical reactions using computer simulations [13]. 

In addition, this analysis was apparently useful to simplify the process of figuring out the numerical results 

with volume control as an element of the equations integration, which consisted of equations of mass, 

momentum, and energy balance [14]. And the appropriate selection of Fan blade profile to improve the 

efficiency of CFD fan flow simulation [15]. However, there were also some shortcomings in the Computational 

Fluid Dynamics (CFD) Software because the results obtained through the simulation were caused by classiness 

of numerical data input, error in boundary conditions, and limited capabilities of computational tools. By using 

Computational Fluid Dynamics (CFD) software, it helped to find out the value of the dispersion flow velocity 

in the axial fan, the temperature distributed by the axial fan evenly in the drying process and the resulting 

pressure on the axial fan. During the process of designing the axial fan, Solidwork Software and Ansys Student 

2019 were used [16]. to obtain these data such as the continuity equation (1), the momentum equation (2-4), 

and the energy equation (5).  
𝜕
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3. RESULTS AND DISSCUSSION  

CFD simulation testing produced hot air flow rates on the axial fans with a total number of 4 blades with 

angles variations 10 ˚, 20˚, 30 and 45˚. Additionally, the air speed and temperature, was assumed to be similar 

with the angle variation 500 rpm with a dimension of 350 mm fan. 

 

 

 

 
 

Figure 4 : Proportionally distribution of fluid flow (a) 10˚, (b) 20˚, (c) 30˚ and (d) 45˚ 

 

Based on the results of the simulation, it was concluded that the bigger the angle used, the better the 

airflow will be. As a matter of fact, the smallest 10˚ angle distribution of the air flow was not categorized as 

large and the air spread was only in a small scale. This phenomenon resulted in the air flow entering the inlet 

to the fan that cannot be delivered maximally. In addition, the 20˚ angle also had a flow distribution that is 

almost the same as the 10˚ angle, but the air flow is almost flat. The angles in which the flow is most evenly 

distributed are the angles of 30˚ and 45˚. At an angle of 300, the air flow delivered by the fan began to increase 

which resulted in a well-even flow of air, then at 45 o the air flow distributed has spread evenly in every corner 

of the room which showed that the distribution in the room was evenly distributed. It was assumed that a quality 

spread that would be used in the manufacture of the drying cabin is using a fan that has an angle of 45 o, having 

an even level of distribution in the fluid flow delivered by the axial fan, and the drying process produced was 

much faster and evenly distributed during the further drying process. 
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4. CONCLUSION 

Based on the testing result on CFD, it can be concluded that the dryer used in the rack type had an axial 

fan which consisted of 4 angular comparisons that allowed air distribution to dry a material that containing 

water and a heat transfer process occurs from the drying medium. From the 4 angles, the ratio of 10º, 20º, 30º 

and 45º axial fans with a diameter of 350 mm and a thickness of 20 mm was assumed to have the same speed 

of 500 rpm. Stating that the greater the angle used in the manufacture of the axial fan, the resulting air flow is 

very important in the spread of air in the drying process. Meanwhile, the resulting small angular air distribution 

is very uneven because of the small tilt angle. In fact, the tilt from the fan angle greatly affected the length of 

time required to evenly distribute the airflow during the drying process. Therefore, if the air flow is distributed 

in a large scale, the results obtained will also quickly flatten the air streams. However, if the angle of the fan is 

small, the drying time will also take time. 
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