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Abstract 
 

 In industry, variety of hot air ovens has been utilized and trays usually have been installed in order to 

handle a large amount of specimens or raw products. The pattern of trays installation; however, could cause the 

non-uniform hot air circulation and temperature distribution which in turn degrade the quality of final products. By 

using a computational approach, this research investigated the flow behavior of hot air within the adopted design 

oven in which the blower rotated at normal speed of 1,155 rpm to induce desire air circulation. From the simulation 

results, the tray installation influenced flow field and decreased flow speed in the space among trays. Pressure drop 

was also higher with trays installed as compared to that of the oven without tray. The simulation results have been 

served as a guideline in improvement of the industrial oven design.  
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1. Introduction  

 

Nowadays, hot air circulation ovens have been widely adopted in heating rubber pipe and metal, surface 

coating, food production etc. and, within the ovens, trays need to be installed for placing specimens. Patterns of tray 

installation could induce the non-uniform flow and temperature distributions of hot air within and trend to affect the 

final quality of products [1-3]. Generally and limitedly, flow and temperature measurement devices have been used 

to measure point-wise the velocity and temperature of hot air [4]. Later on, an alternative like computational 

approach has gained popularity in predicting two-dimensional flow behavior of hot air in circulation [5-7]. 

However, recent studies have shown that the three-dimensional simulation could offer more accurate and detailed 

information of hot air circulation [8,9]. [10] reported that the corners of oven accumulate heat because of low air 

circulation. In the present study, one of the oven designs proposed by the industry was investigated through the 

Computational Fluid Dynamics (CFD) in order to comprehend the behavior of hot air circulation within in both 

cases of with and without trays.    

2.  Simulation Approach  

 2.1 Oven Geometry and Computational Domain  

In three-dimensional simulation, the air circulation within the oven without and with trays installed were 

simulated by Finite Element Scheme (COMSOL MULTIPHYSICS 3.5a). The oven structure had a rectangular 

volume i.e. 8,000 mm wide, 3,410.5 mm long and 1,000 mm high. On the far end, there were left and right exits 

where actually air could flow out and recirculate within the oven. The exits were 660 mm wide and 1,000 mm high 

as shown in Figure 1.     
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    (a)         (b) 

Figure 1 Geometry of oven and control boundaries (a) without trays (b) with 4-row trays; velocity arrows 

indicating flow circulation.   
 

2.2 Governing Equations   
Air movement within the designed oven was induced by a rotation of the blower propeller at 1,155 rpm 

which was simulated by Moving Mesh technique and Incompressible Navier-Stokes equations as follow: 

 

𝒹𝓍; cos −2 × 𝑝𝑖 × 𝑟𝑝𝑚 × 𝑡 × 𝑋 − sin −2 × 𝑝𝑖 × 𝑟𝑝𝑚 × 𝑡 × Y − X 
 

𝒹𝑦; sin −2 × 𝑝𝑖 × 𝑟𝑝𝑚 × 𝑡 × 𝑋 − 𝑐𝑜𝑠 −2 × 𝑝𝑖 × 𝑟𝑝𝑚 × 𝑡 × Y − Y  
 

𝑑𝑧 ; 𝑧 − 𝑧 
 

𝜌
𝜕𝑢

𝜕𝑡
− ∇ ∙ η ∇u +  ∇u 𝑇 + 𝜌 𝑢 ∙ ∇ 𝑢 + ∇𝑝 = 𝐹 

 

In the above equations, 𝜌  (kg/m
3
) denotes the density, u is the dynamic viscosity (m/s), t equal time (s), T is the 

temperature (°C), 𝑝 is the pressure (Pa), 𝜂 denotes the viscosity (Pa∙ 𝑠) and surface tension force components, denoted 

by F (N/m
3
). 

  

The air flow speed was controlled by the angular speed of the propeller.  

 

3. Simulation Results 

  

3.1 Flow Circulation 

 Three dimensional flow fields of hot air in cases of without tray and with 4-row trays were illustrated in 

Figure 2. From flow contour, air speed was high in the vicinity of propeller tip due to the angular momentum 

transport. Air was drawn by propeller from the sides (location 1) as indicated by velocity vectors (arrows) and 

forced out through the front (location 2). Afterwards, the high speed bulk flow continued to the outlets (location 3) 

where swirl air flow became discernible. Obviously, air speed close to the outlets decreased due to flow diversion 

and increase in flow area.  
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a) Without trays     b) With 4-row trays  

 
Figure 2 Hot air circulation i.e. velocity vectors and contours  

 

Without trays, flow of air nearly became fully-developed at the straight end of the oven and air flew 

uniformly through the exit as shown in Figure 2a and 3a. However, the installation of trays introduced flow 

obstacles and prolonged flow development. From side view of Figure 3, since the bottom three trays were closer 

together as compared to that between the first and second trays, the flow resistances were higher in those vicinities 

and so the averaged velocities were lower. The air flow could not circulate downward through the impermeable 

walls of trays so it flew straight and split up at the side exits. However, from Figure 4, the existence of trays 

introduced the higher pressure drop and the air pressure distributions were rather uniform in both cases. 
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a) Without trays     b) With 4-row trays  

 
Figure 3 Contour of air velocity in various planes  

 

a) Without trays     b) With 4-row trays  

 
Figure 4 Distribution of air pressure  

 

Conclusion  

 The installation of trays within the oven affected the flow orientation and also reduced the flow speed 

between adjacent tray rows. A corresponding pressure drop was therefore larger than that in case of no trays. The 

simulation results provided essential information serving a better industrial oven design.            
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