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Flowing gas in fluidized bed through selected inlet distributor may imparts a drag effect 
on the particles, would cause an increase in gas flow, that maybe sufficient to rearrange 
the particles movement. Thus, study on the airflow in a fluidization system through 
numerical analysis has been conducted to investigate the airflow distribution affected 
by new model distributor of twist blade distributor configuration. The present study 
would emphasis on computational procedure and parametric study via ANSYS Fluent 
before a detailed study on selected twist blade distributor are conducted. The selected 
parametric study on the twist blade distributor configuration whereby the twist blade 
angle (100°), horizontal inclination angle (15°), radial inclination angle (10°) and number 
of blades (60) was carried out. Therefore, the results of the studies that have been 
carried out meet the expected standards based on previous studies. 
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1. Introduction 
 

Fluidization systems have widely been used in various industrial sectors such as power 
generation, chemical industry, material production, drying processes, chemical processing, etc. One 
of the famous designs among researchers in fluidization systems is a Swirling Fluidized Bed (SFB) [1]. 
The current of SFB systems would tend to generate swirling motion inside the bed. By comparing to 
the conventional fluidization systems, present SFB systems possess an annular blade distributor 
(horizontal and radial inclination) as shown in Figure 1 [2]. According to the previous researchers 
involved in fluidization systems study has found that a higher number of blade distributors through 
high blade distributor horizontal inclination would results in higher swirling velocity (tangential 
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velocity) and provide a uniform velocity on the bed [2,3]. The fluidization systems create produces a 
sufficient in swirling motion within the bed, that encourages lateral mixing and very important in a 
fluidized bed [3]. Additionally, it can fluidize Geldart Type-D particles efficiently. Moreover, it has the 
capacity to fluidize Geldart Type-D particles, which are often large and difficult to fluidize [4]. As a 
result of these advantages, SFB has become the most effective technology for several applications, 
including as heat transfer and bed dynamics, drying process, new modern application and many other 
[5-11]. 

Figure 1 shows the annular twist blade distributor used in the current investigation, which is 
composed of a number of blades that are inclined horizontally and radially. For the blade inclination, 
the horizontal blade inclination produces swirling-fluidization while the radial blade inclination 
provides inward momentum, hence enhancing the fluidization systems hydrodynamics. However, to 
the author knowledge, none of these studies tried to explore the relation between twist blade 
configuration and the air flow distribution. Prior to this, the examination of the influence on the 
opening of the blade gap relative to the previous SFB's concentration of blades was conducted. 
 

 
Fig. 1. Annular twist blade distributor with a conical center body 

 
2. Methodology 
2.1 Numerical Simulation Process 
 

A flow chart of the research procedures is illustrated in Figure 2. The final step in this study is 
referred to as the post-processing step using several of graphical methods such as grid, contour, 
vector, and line plots which will present in next discussion in Part 2. 
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Fig. 2. Flow chart of the research methodology 

 
2.2 Description of the SFB 
 

The airflow distribution, computation domain and grid generation in current fluidization systems 
model was investigated using ANSYS Fluent commercial Computational Fluid Dynamics (CFD) 
software. Figure 3 shows how the number of blades distributor 60 is employed in this study. The air 
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inlet was modelled with a 2.25 m/s (0.22 kg/s mass flow rate) velocity boundary condition and the 
pressure outlet was set at atmospheric pressure (101,325 Pa). As a result, the flow in the present 
investigation is both constant and incompressible. Thus, as the air flow passes through the geometric 
volume, the fluid element's density and duration remain constant. In addition, the no-slip shear 
condition presupposes that the fluid velocity relative to the geometric boundary is zero. In addition, 
the wall motion was configured to be stationary. 
 

 
Fig. 3. Fluidization systems via twist blade distributor configuration 

 
Three types of angles were used: radial inclination, horizontal inclination, and twist angle. In this 

study, a constant horizontal inclination angle of 15°, radial inclination angle of 10°, and twist blade 
angle of 100° were used. The horizontal inclination and radial inclination were chosen based on 
previous studies [1-3]. As a result of the prior research, a full-scale model was developed where the 
blade model was changed to a twist-angle blade distributor that resembled a turbine blade. The blade 
has been positioned in the plenum chamber area. The plenum chamber has a diameter of 300 mm 
[1-4]. Each blade is 2 mm thick and is arranged clockwise with horizontal inclination of 15° and radial 
inclination of 10° [2,3]. Based on past researches by Batcha and Raghavan [2] and Batcha et al., [3], 
the angle degree of the blade distributor, 15° angle results in a high tangential velocity and a high 
uniformity in velocity magnitude. To learn more particular about the impact of the present design 
research centered on the twist angle of blade arrangement, the value ratio of the chamber diameter 
to the radius blade distributor (50 mm) was chosen. The reference of the data extraction was located 
15 mm above the twist blade distributor. 
 
2.3 Numerical Model 
 

As a result, to the current study, the similar condition setting as prior researchers was used [3,12]. 
ANSYS software was able to construct a face mesh comprised of irregular triangular mesh elements 
using the Tri: Pave Meshing Scheme, which was applied to the surface and the geometry volume [13]. 
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The meshing algorithm was given the Tet/Hybrid parameter type, which defines tetrahedral, 
hexahedral, pyramidal, and wedge elements. The turbulent flow in the fluidization systems was 
simulated using a steady-state segregated implicit solver. The Reynolds Averaged Navier Stokes 
(RANS) turbulence equation of the (Re-Normalization Group) RNG methods based on model 
transport equations for the turbulence kinetic energy (k) and its dissipation rate (ε), also known as 
the RNG k-ε model, has been chosen in the ANSYS Fluent environment [14]. 

For the discretization of the momentum equations, a second-order upwind approach was chosen 
to reduce numerical diffusion [14]. The pressure-velocity coupling algorithms were then solved using 
the SIMPLE algorithm. The meshing evaluation is the same as in the prior study, with the following 
details [3]. The mesh quality might be rated satisfactory based on this assessment. This turbulence 
model is comparable as be shown in the next sub-topic. 
 
2.4 Governing Equation 
 

The current study's governing equations are three-dimensional momentum and continuity 
equations in cylindrical coordinates that were solved for Newtonian, incompressible fluid in steady 
flow [14]. 
 
2.4.1 Continuity equation 
 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
= 0             (1) 

 
where u, v, and w are velocities in the x, y, and z axes, respectively. 
 
2.4.2 Momentum equation 
 
(x direction) 
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(y direction) 
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(z direction) 
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where ρ is density, t is time, P is pressure, η is viscosity, and 𝑔𝑥, 𝑔𝑦, 𝑔𝑧 , are gravities in the x, y, and z 

axes, respectively. 
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3. Results 
 

The findings of the numerical analysis investigation are discussed in this section. In this study, the 
system's velocity magnitude was examined. Since this was in the optimal location to examine the 
airflow characteristics, information was taken 15 mm above the distributor on a horizontal plane. 
 
3.1 Grid Independence Study 
 

A grid sensitivity study was carried out in order to find an appropriate meshing method that 
produces minimal computational errors due to truncation and round-off error while taking less time 
to compute. Logic dictates that a finer mesh will have a smaller truncation error but a greater round-
off error, resulting in a longer calculation time [7]. In ANSYS Fluent, five distinct meshing schemes 
were created, labelled A, B, C, D, and E, each with a different number of cell elements. One of the 
most crucial performance requirements in fluidization is distributor pressure drop, and this grid's 
independence from changes in distributor pressure drop is being examined [15]. Table 1 and Figure 
4 both offer an overview of the current study. As shown in Figure 4, the sensitivity study conducted 
shows that the most suitable scheme to be applied to all the case studies is scheme E (which contains 
cell elements of 530,244). Additionally, the maximum face size, minimum size, and maximum 
tetrahedral size have all been specified in the current manuscripts' relevant center. Figure 4 
illustrates how every strategy had the finest size function. 
 

Table 1 
All different scheme meshing parameter 
Meshed Region Relevance Centre Min Size Max Face Size Max Tetrahedral Size 

Scheme A Coarse (Curvature) 0.3 mm 5.0 mm 20.0 mm 
Scheme B Medium (Curvature) 
Scheme C Fine (Proximity) 
Scheme D Fine (Fixed) 
Scheme E Fine (Curvature) 

 

   
Scheme A 

Number of cells: 520,486 
Scheme B 

Number of cells: 524,009 
Scheme C 

Number of cells: 522,122 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 29, Issue 2 (2023) 1-11 

7 
 

  
Scheme D 

Number of cells: 519,288 
Scheme E 

Number of cells: 530,244 
(a) 

 
(b) 

 
(c) 

Fig. 4. (a) Meshing of fluidization system via twist blade distributor with their respective 
schemes, (b) Velocity distribution for a different number of grids, (c) Velocity distribution at 
various number of iterations 
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3.2 Turbulence Model Selection 
 

All the chosen models (six total turbulent models; five eddy viscosity models and one Reynolds 
Stress Model (RSM)) were compared in the selection of turbulent models. The eddy viscosity models 
include the standard 𝑘−𝜀, realizable 𝑘−𝜀, and RNG 𝑘–𝜀 model. Figure 5 has shown that all models 
produce the best agreement with the current and previous finding, which the velocity tend to 
deteriorate near to the plenum wall. In fact, the flow in this region exhibits forced vortex behaviour 
as a result of the vortex's centrifugal effect, which was generated by the blade distributor's inclination 
angle. This situation will be discussed in more detail (Part 2 – The Air Flow Characteristics). On the 
other hand, as indicated by Tawfik et al., [7], the RNG 𝑘–𝜀 model offers better agreement in the 
region of the annular blade distributor. 
 

 
Fig. 5. Velocity distribution at various number of turbulence 
models 

 
The flow is discernible in such a region. Significantly, the most important mean flow phenomena 

occur near to the centerline (e.g., vortex, breakdown, and recirculation zone). Consequently, the RNG 
𝑘−𝜀 model is the most effective turbulent model for analysing the flow phenomena at the blade 
distributor, which is the topic of this study. 

The RNG 𝑘−𝜀 model and the standard 𝑘−𝜀 model have comparable structures. In addition, the 
inclusion of the component in its 𝜀 equation would significantly improve the accuracy for flows 
subjected to fast strain and provide an analytical formula for turbulence Prandtl numbers. It is also 
applicable to the RNG model's swirl and turbulence condition [7,10]. 

In this current study, the RNG 𝑘−𝜀 model of Reynolds Averaged Navier Stokes (RANS) turbulence 
equation model is being considered for application. The RNG 𝑘−𝜀 model was the most prominent 
turbulence model used. Its dependability, numerical strength, and systematised forecasting 
capabilities have all been shown. For general-purpose simulations, the model follows the parameters 
from the earlier turbulence model research and provides a reasonable balance between accuracy 
and resilience [3,7]. 
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3.3 Reynolds Number 
 

When the twist blade distributor is oriented at a given angle, the Reynold's Number (Re) has a 
substantial effect on the flow characteristics through it. In the present design, Sreenivasan and 
Raghavan [1], Batcha and Raghavan [2], and Tawfik et al., [7] performed a series of air flow 
investigations using a broad range of entering plenum chambers via a variety of blade numbers and 
blade inclination angles (10°, 12°, and 15°). As the flow approaches, there is a vertical component at 
the entrance of the trapezoidal space between the gap of two blade distributors. The direction of 
flow will be non-slippery. 

The effects of Reynolds number, a simulation's raw data was also performed at several speeds of 
2.25 m/s, 5.0 m/s, 6.75 m/s, 8.0 m/s, 18.0 m/s and 45.0 m/s respectively that corresponding to 14 
881.8, 33 070.6, 44 645.29, 52 912.9, 119 054 and 297 635 Reynolds number, calculated from Eq. (5). 
 
𝑅𝑒 = 𝜌𝑉𝐼𝐷𝐻/𝜇             (5) 
 
where the dynamic viscosity, μ, density of air, 𝜌, hydraulic diameter plenum chamber (DH = 2(ro - ri)) 
and velocity inlet, VI were taken in accordance with the velocity inlet above. Therefore, this value 
showed an effect of fluid turbulence (Re > 4000) for all cases in the current work. As shown in Figure 
6, the turbulence model provides a reading result that is quite similar to the RNG 𝑘−𝜀 turbulence 
model's. 
 

 
Fig. 6. Velocity distribution at various Reynold’s numbers 

 
3.4 Velocity Distribution Analysis 
 

The current investigation contained 60 blades with constant horizontal inclination of 15 degrees, 
radial inclination of 10 degrees, and twist angle of 100 degrees. The geometry of the model is seen 
in Figure 3. The air will be deflected as soon as it reaches the distributor, producing a whirling effect. 
This will have an effect on the column's outer mass created by centrifugal force. Tangential velocity, 
radial velocity, and axial velocity are the three (3) components that form the velocity magnitude. In 
the actual industrial process, the effect on axial velocity induces fluidization while tangential velocity 
results in a swirling effect and radial velocity would be explained by the centrifugal force created by 
the rotating gas. In the next manuscripts, these velocity components will be addressed in more detail 
(Part 2 – The Air Flow Characteristics). 
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Consequently, the air flows are swirling due to the twist blade distributor. Additionally, the 
swirling action generates centrifugal force, which increases the mass of the air at the wall plenum 
edge, causing the flow to be separate into its three (3) component velocities. Figure 7 illustrates the 
gathered data where the number of blades, NB, twist blade angle, TB, blade radial inclination, IR and 
blade horizontal inclination, IH. The extracted data location of the velocity components was 
standardized in accordance to the previous study by Nawi [12]. In this section, validation of numerical 
simulation is presented. The validation is necessary to get agreement between numerical results of 
previous study. The simulation results of 60 blades with 15° blade inclination by Tawfik et al., [7] were 
taken for validation. To optimize the current model of current fluidization systems the statistical 
analysis can be used in this study, the optimum configuration and parameter will be determined as 
previous study have been done [16-18]. 
 

 
Fig. 7. Velocity magnitude for blade numbers, NB = 60 with 
different twist blade angle, TB = 60° and TB = 100° via radial 
inclination, IR = 10° and IR = 12° 

 
4. Conclusions 
 

Numerical analysis is a useful tool for deciphering the complicated airflow phenomena in SFB, 
particularly in terms of velocity magnitude, which includes all three velocity components axial, 
tangential, and radial. This velocity magnitude reflects the annular blade distributor configuration's 
particular design, which allows for excellent mixing. A high air velocity magnitude will result in a high 
air tangential velocity. High tangential velocity will result in a better SFB system because it will have 
created the tornado effect, which can help speed up processes like drying. The tangential velocity of 
a distributor with a greater blade number is the highest. 
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