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ABSTRACT
Swirling fluidized bed machining (FBM) is a non- 
traditional method of abrasive machining which is a 
variant of FBM and finds its application in the polishing 
of surfaces with complex geometry with passages and 
grooves. Current research focus up on computational 
fluid dynamics (CFD) analysis by varying design pa-
rameters to identify their effect on velocity distribution 
and pressure drop across the air distributer. Various 
design parameters considered for CFD analysis using 
SOLID WORKS software are distributer hole diameter, 
distributer hole inclination, plenum chamber depth 
and air-inlet velocity. The simulation results in the form 
of charts, tables, graphs, images and animations em-
phasize that the optimized values of design parame-
ters chosen for CFD have shown almost the same value 
of maximum velocity and same pattern in the velocity 
distribution across the cylindrical container. An exper-
iment was also conducted to validate the optimized 
design parameters. Both the experimental as well as 
theoretical analysis results confirmed that maximum 
value of jet velocity with uniform pattern, encompass a 
region 10–170 mm from the distributer position across 
the cylindrical container. This region is identified as the 
region of maximum abrasive – metal interaction during 
SFM, which will result in fastest and effective surface 
modification.
Keywords: Swirling fluidized bed machining, CFD ve-
locity distribution, Distributor hole inclination, Plenum 
chamber depth optimization, Abrasive surface finishing

Introduction
In Swirling fluidized bed machining (SFBM), the com-
pressed air empowered by a centrifugal blower emerg-
es out through a porous distributer with inclined holes 
(150) with the plane containing the plate. The air 
emerging out of the inclined holes possess jet velocity 
which has three components at any point in any plane 
within the cylindrical container (Figures 1 and 2). Ra-
dial component is responsible mixing of air, tangential 
component empowers swirling of the air and the axial 
component supports fluidization within the cylindrical 
container. The combined effect of these three compo-
nents defines swirling fluidized bed (SFB) activity. Now 
if abrasive grains of various grades of silicon carbide /
Alumina are made to accumulate over the distributer 
plate, they will be forced to attain the transportational 
properties of air and will vigorously agitate within the 
cylindrical column in a swirling fluidized state. The flu-
idized air and particle mixture now can be accessible 
to any grooves and passages of any component with 
complex geometry. Any metallic specimen with poor 

surface finish if placed property within the contain-
er and subjected to SFBM, the abrasive particles will 
impinge on the surface and cause metal removal and 
surface finish. The velocity of abrasive particles and air 
mixture can be controlled by adjusting the air flow rate.
Main components of an SFBM setup as in Figure 2 are 
(a) Centrifugal blower which supplies compressed air 
(b) A pipe connecting to plenum chamber facilitating 
tangential entry of the air to plenum chamber (c) Dis-
tributer plate, which is the most vital component with 
inclined holes, facilitating swirling and fluidized mo-
tion (d) Plenum chamber, a cylindrical column fitted 
below the distributer in which the air column builds 
up a steady swirling pattern to facilitate smooth entry 
in to the inclined distributer holes (e) Cylindrical con-
tainer fitted above the distributer through which the air 
emerges out of the inclined holes and swirl with fluid-
ized motion vigorously, powered by three components 
of velocity in tangential, axial and radial directions. 
The distributer is fastened between the upper flange 
and lower flange attached to cylindrical and plenum 
chamber respectively (f) A work piece holder, which 
is conveniently clamped within the cylinder so that 
the work piece can be fitted at the suitable angle and 
height and (g) A cone or cylinder which is provided at 
the centre of cylindrical container to prevent accumu-
lation of abrasive grains at the centre due to the cen-
trifugal action. 

Barletta et al.1 experimentally analysed the influence 
of various process variables on the effectiveness of flu-
idized bed machining (FBM). As part of their research, 
they identified the machining variables as machining 
time, air inlet velocity, abrasive grain size, material 
hardness, abrasive type and shape factor to analyse 
their effect on metal removal rate (MRR) and surface 
roughness. Srinivasan et al. and Jun et al.2–4 experi-
mentally analysed the hydrodynamic features of SFB. 
The experimental set up involved a centrifugal blow-
er, plenum chamber distributer with inclined vanes at 
120, and a cylindrical container. It was observed that 
the particles on the bottom layer move in circular path 
mainly confined to the bottom portion. They possess 
much more velocity and increased concentration when 
compared to fluidized bed (FB). The horizontal compo-
nent of velocity (V cos α) supports swirling motion and 
vertical component (V sin α) facilitates the fluidization. 
They employed the design parameters such as plenum 
chamber (height 600 mm, dia 300 mm), tangential pipe 
(120 ϕ) distributer (300 mm diameter) with vane angle 
120, and cylindrical container (300 mm diameter and 
height 600 mm) after the optimization experimentally. 
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It was observed that in the case of SFB, a uniform flu-
idization can be achieved even with lower distributor 
pressure drop which is a distinct advantage of SFBs.

Paulose et al.5 while studying the hydrodynamic be-
haviour of SFB with different type of distributers on the 
SFB setup, designed and developed inclined hole type 
of distributers by embedding copper tubes in araldite. 
It was observed that distributors with 150 inclined 
holes possess more useful area (94%) when compared 
to single row vane type distributer with 150 inclina-
tion (64%). The design parameters included were di-
ameter (300 mm), inclination of hole to the horizontal 
(150 and 200), diameter of hole (3 mm), radial pitch 
(10 mm), thickness of distributer (10 mm), centre cone 
diameter (75 mm) and total number of holes (285 & 
480).

Barletta et al.6 observed the limitations of FBM in 
which the top portion of the work piece (specimen) is 
not able to machine effectively due to the screening ef-
fect. The surface closer to bottom portion of the cylin-
der is subjected to better surface modification. Faizal et 
al.7 conducted CFD simulation studies on velocity dis-
tribution of air in a SFB by using distributer with 10°, 
15°, 20° inclination and observed that the distributer 
with 45 blades and 150 inclination is the best consid-
ering the better flow unity and low pressure drop.

Francis et al.8,9 developed SFBM as a novel variant of 
FBM using SFBM set up with the same design param-
eters but with the distributer with inclined holes. The 
investigations focused on analysis the effect of process 
parameters such as abrasive grain size, velocity of 
impact, machining time, materials properties etc. on 
machining performance in terms of MRR and surface 
finish. While investigating the effectiveness of SFBM 
process It was tested a straight spur gear for surface 
finishing and the results showed that a difference in 
roughness value (Ra) 1.5 µ between various locations 
could be brought down to 0.24 µ within 2 hours of pro-
cessing.

Further conducted the research to study the role of 
various metal cutting mechanisms during the metal – 
abrasive interaction. It was observed through SEM and 
optical microscopy that micro – cutting mechanisms 
like ploughing, fatigue, cutting, sliding and rolling 
impact play significant roles in varying levels owing to 
the change in impact speed of abrasives and materi-
als properties. An attempt to machine brass specimen 
with various grades of abrasive progressively (from 20, 
40, 60, 80, 100 and 120) proved that Ra value from 
1.3 µ could be brought down to 0.18 µ after 7 hours 
of processing. A comparative study further revealed 
that SFBM can perform better machining than FBM 
owing mainly to two reasons (a) Chain like movement 
of abrasive particles in the former case causing faster 
machining and (b) The drawback of screening effect 
is completely eliminated in SFBM. Jun et al.4 observed 
that abrasives with high impact speed result in faster 
surface modification but prolonged machining tend to 
damage the surface in softer materials. Zhang et al.10 
shows that optimizing cyclone efficiency and reducing 
coal particle size in CFB boilers improves bed materi-
al quality and alters gas–solid flow, thereby reducing 

NOx emissions. Enhanced cyclone performance cre-
ates a reducing atmosphere and increases fine char 
particles, effectively inhibiting NOx formation. Adjust-
ments in coal feeding and volatiles release patterns 
further enhance emissions control and combustion 
efficiency. Simanjuntak et al.11 explores low-rank coal 
drying in a fluidized swirl bed with varying guide vane 
angles and temperatures. The smaller angles and high-
er temperature enhanced the drying rates and energy 
efficiency. The Khazaei and Rational models best de-
scribed the drying kinetics with high accuracy (R² = 
0.9980–0.9992). Zhang et al.12 addresses heat and 
mass transfer limitations in micro-fluidized bed re-
actors for gas–solid endothermic reactions by using 
a 3D Eulerian model. Innovations such as a squid-
fin-inspired wall and corrugated vortex generator im-
proved fluid dynamics, heat transfer, and methane 
conversion by 26%. Such a new reactor design makes 
possible the determination of precise kinetic param-
eters for rapid, heat-intensive reactions. The paddy 
drying kinetics in the SFB dryer was investigated by 
Sitorus et al.13 at different capacities of 1–3 kg, a tem-
perature of 55°C, and a drying time of 45 minutes. The 
linear-plus-exponential model fitted the best to predict 
moisture content with a high R² of 0.9867 and RMSE 
of 0.0395. Drying capacity significantly affected the 
drying behavior; higher capacities influence the dry-
ing rate.

In the treatment of low concentration lead pollut-
ed groundwater, the researchers Ban et al.14 in this 
study created a novel microporous flocculation mag-
netic fluidized (MFMFB) reactor that obtained a great-
er than 98% efficiency for the removal of Pb(II) and 
turbidity using optimum dosages of flocculant and 
optimized dynamics of flow within the reactor utiliz-
ing a magnetic levitation layer that increases the rate 
of mixing as well as the adsorption within the reactor. 
Some researchers have performed computational fluid 
dynamics (CFD) simulation of a fluidized bed system. 
Pietrobono et al.15 investigated the statistical correla-
tion of the sample position and uniformity on the alu-
minum substrate that was machined using FBM. They 
proved that the sample position on the bed cts surface 
morphology of the aluminum substrate during the 
process of FBM. In very recent times, there are reports 
on an application of FBM for the finishing of metal 3D 
printing products.16

Since microcutting acts as an ineffective mechanism 
in removing metal due to rolling having the mechanism 
of impact, the surface wear rate is optimized when the 
work piece is kept perpendicular to the abrasives’ flow 
direction.17

Kim et al.18 study combined experiments on stain-
less steel 304 (SS304) with alumina particles and CFD 
simulations to analyze process parameters. Results of 
the study indicated that the MRR increases with rota-
tion speed peaking at 0.04 MPa air pressure and that 
CFD was useful in equipment design and optimization. 
The main aim of this research is to offer a new surface 
finishing method in the form of a nonconventional ma-
chining process. This new method has the potential to 
develop as an alternative surface finishing process that 
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may significantly reduce the surface roughness on the 
components with the so-called complex passages and 
the surface finish is mainly a function of the grain size 
of the abrasives like Al2O3 and SiC.

Having established the feasibility and effectiveness 
of SFBM as a surface modification process, the first 
objective of this paper is to theoretically identify the 
maximum velocity regions during SFB activity to iden-
tify best suitable values of design parameters such as 
air inlet velocity, distributer hole inclinations, hole 
diameter, plenum chamber depth etc. to optimize the 
machining process. The second objective is to analyse 
their effect on distributer pressure drop and velocity 
distribution. Experimental verification of the CFD find-
ings comes under the third objective. Both objectives 
were identified as gaps in the literatures.

Materials and Methods
CFD Modelling and Simulation
The first part deals with the CFD analysis of SFB de-
sign parameters for which the modelling of a SFB set 

up for SFB activity using SOLIDWORKS software. The 
modelling involves the designing of each component 
with the dimensions as in the experimental set up. Main 
individual components are Plenum chamber to which 
air enters tangentially (dia-300 mm and height-600 
mm), Cylindrical container in which the fluidized air 
swirl (dia-300 mm and height-600 mm), tangential 
pipe connecting the blower with plenum chamber (dia-
120 mm) and the distributer plate mounted between 
plenum chamber and the cylindrical container (thick-
ness-10 mm and dia-300 mm). The design parameters 
such as hole diameter, hole inclination and plenum 
chamber depth were varied accordingly based on the 
boundary conditions of the respective CFD as listed 
in Table 1. The assembly was subjected to simulation. 
The results were analysed based on the generated im-
ages, graphs and animations.

The CFD analysis is planned to investigate the effect 
of air – inlet velocity (CFD-1), effect of distributor-hole 
inclination (CFD-2), effect of hole diameter CFD-3) and 
the effect of plenum chamber depth (CFD-4) on the na-
ture of jet velocity distribution within the cylindrical 
container. In order to maximize the abrasive – metal 
interaction in SFBM, it is important to locate the region 
of highest velocity as well as concentrated flow pat-
tern. Table 1 enlists the boundary conditions applied 
in each case of CFD.

The conclusions are drawn from the generated 
graphs, charts and simulation images. Since the pres-
sure drop across the distributer plays a significant role 
in determining the velocity distribution and maximum 
jet velocity in the empty bed the pressure at a plane 10 
mm above and below the distributer was recorded in 
order to estimate the pressure difference.

Experimental Evaluation
In order to experimentally verify the findings from CFD 
analysis, a work piece of aluminium was subjected to 
SFBM on the experiment setup powered by Centrifu-
gal blower. The experiment was conducted under the 
operating conditions as shown in Table 2. The work 
piece surface was given an initial roughness of 1.4 µ by 
means of applying emery paper of grade 120 in order 
to generate a rough surface equivalent to a machined 
rough surface.

The work piece was clamped vertically with its 
bottom edge making a clearance of 35 mm. After 
half an hour processing the work piece was taken to 

Plenum chamber with

tangential pipe

Distributer Cylindrical 

container

Plenum chamber with

tangential pipe

Distributer Cylindrical 

container

Assembly Meshed assembly

Fig 1 | SFB components in modelling stage

Table 1 | Effect of CFD design parameters on velocity distribution in the SFB container: boundary conditions
CFD Study Fluidizing Media: Air;

No. of Distributer Holes: 285
Sl. No. Design Parameter Details Boundary Conditions

Air Inlet Velocity Distributer Hole Inclination Distributer Hole Dia. Plenum Chamber Depth
(m/s) (deg.) (mm) (mm)

1 Effect of air-inlet velocity 2, 3, 4, 6, 8 15 3 600

2 Effect of distributer hole inclination 4 13, 15, 17, 20 3 600

3 Effect of Distributer hole dia. 4 15 1, 2, 3, 4, 5, 6 600

4 Effect of plenum chamber depth 4 15 3 300, 400, 500, 600, 700, 800
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Metallurgical lab for characterization. The work piece 
was cleaned well using acetone and subjected to mi-
croscopic analysis and the surface morphology was re-
corded at different points, length wise. The roughness 
was also tested at these points using profilometer and 
roughness value recorded in terms of Ra at Measure-
ments lab.

Results and Discussion
For investigating the effect of air inlet velocity (m/s) 
on the velocity distribution within the cylindrical con-
tainer, the boundary conditions were applied as in 
Table 1. The simulation results are demonstrated in 
the form of images and graphs as shown in Figure 3 
which represents the velocity distribution in cylinder 
at different heights varying air inlet velocity. The total 
height of the cylinder is 600 mm as per the design. The 
characteristic curves in all cases (2, 3, 4, 6 and 8 m/s) 
show a uniform pattern and maximum velocity distri-
bution lies at a height of 150 mm from the distributer 
level (considered as reference). It is evident from the 
graph that at air inlet velocity of 4 m/s, highest value of 
jet velocity of 65–70 m/s was observed within 0–150 
mm limit. However, a little consideration will show 
that the high velocity region can be extended to 200 
mm height, owing to the significant velocity distribu-
tion of 30–40 m/s in this region. The velocity curves 
at different inlet velocities then shows a linear down 
ward trend up to 300 mm (middle portion of the cyl-
inder) and thereafter maintain velocity of 0–13 m/s 
in second half portion. This is mainly because of the 
gradual weakening of the three components of velocity 
(tangential, axial and radial) as the height increases.

Distributor pressure drop is an important parameter, 
which influences the energy consumption and the flu-
idization quality. In general, a higher distributor pres-
sure drop leads to higher energy consumption.

Figure 4 represents change in pressure drop across 
the distributer varying SFB design parameters. During 
the first CFD analysis, the pressure drop across the 
distributer between bottom and top portions was char-
acterized for different air-inlet velocities such as 2, 3, 
4, 6, and 8 m/s. A gradual increase in pressure drop 
(Figure 4a), is visible as the velocity increases. As the 
velocity of flow increases, the frictional force also in-
creases resulting in dip in the pressure head above the 
plane of the distributer which leads to rise in the jet 
velocity of emerging air from the inclined holes.

Although the highest value of jet velocity is in the 
range of 55–70 m/s as in the graph (Figure 3), it is 
interesting to note that the simulated images clearly 
explain the difference in the pattern of the flow of air 
(Figures 3a–c) respectively for 2, 4, and 6 m/s. In the 
case of velocity 4 m/s, the swirling fluidized air flow 
assumes uniform, concentrated and evenly pattern 
for the 1/3rd portion of the cylindrical container as 
compared to other two velocities (2 and 6 m/s). The 
air flow to the SFB set up is determined by the regu-
lating mechanism using ventury meter or pitot tube. 

Table 2 | Operating conditions for SFBM experiment set up
Velocity of Air-Intake 4.11 m/s

Abrasive type SiC Grit Size 20

Quantity of abrasive 500 g

Work piece material Aluminium 5052 (30 mm × 100 mm )

Initial roughness 1.4 µm

Number of hours 30 minutes

Distributor Inclined hole type (15°)

Fig 2 | SFBM experiment set up

Fig 3 | Velocity distribution in cylinder at different heights varying air inlet velocity.  
(a) 2 m/s, (b) 4 m/s, (c) 6 m/s
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The SFB experimental set up design is having a limited 
capacity which is capable of passing air at a velocity 
in the range of 4 m/s only. Distributor pressure drop is 
an important parameter, which influences the energy 
consumption and the fluidization quality. In general, a 
higher distributor pressure drop leads to higher energy 
consumption. Figure 4 represents change in pressure 
drop across the distributer varying SFB design param-
eters. During the first CFD analysis, the pressure drop 
across the distributer between bottom and top portions 
was characterized for different air-inlet velocities such 
as 2, 3, 4, 6, and 8 m/s.

A gradual increase in pressure drop (Figure 4a), is 
visible as the velocity increases. As the velocity of flow 
increases, the frictional force also increases resulting 
in dip in the pressure head above the plane of the dis-
tributer which leads to rise in the jet velocity of emerg-
ing air from the inclined holes.

During the second CFD analysis (Figure 4b), the 
pressure drop across the distributer between bottom 
and top portions was characterized for different dis-
tributer hole inclinations such as 13°, 15°, 17° and 
20°. The pressure difference recorded shows rise, rang-
ing from 411 KPa to 448 KPa as the hole inclination 
decreases. This can be attributed to the abrupt change 
in the flow direction at lower angles as the air from the 
plenum chamber enters the distributer. Another reason 
for the rise in the pressure drop is high frictional resis-
tance offered by hole surface as the passages are lon-
ger at lower inclinations, resulting in high distributer 
pressure drop.

Pressure drop across the distributer between bottom 
and top portions (10 mm above and 10 mm beneath) as 
observed during third CFD analysis (Figure 4c) shows 
large variation, ranging from 11 KPa to 448 KPa as the 
diameter increased from 6 mm to 1 mm. As the diam-
eter go on increasing, the pressure drop decreases, 
resulting in lower jet velocity and hence poor velocity 
distribution in the cylindrical column.

While investigating the effect of distributer angle 
inclination on the velocity distribution within the cy-
lindrical container, distributers with four different 
configurations were considered for analysis (CFD-2). 
Figures 5a–c depict hole design at 13°, 15° and 17° 
inclinations after modelling. It is evident from the fig-
ures that percentage of opening area is more in the case 
of lower angles. Following observations can be made 
from the Figure 5 representing velocity distribution in 
cylinder at different heights varying distributer hole in-
clination (a) Maximum jet velocity of 60–70 m/s in the 
range of 0–200 mm is in the case of angle inclination 
15° only when compared to all other configurations (b) 
The velocity get weakened above the first half of the 
cylindrical height (c) At 15° inclination the air column 
in the plenum chamber assumes a near cylindrical 
pattern (Figure 5b) (d) At 15° the swirling fluidized air 
attains uniform, concentrated and evenly pattern for 
the bottom 1/3rd portion of the cylindrical container 
as compared to other two hole inclinations (Figure 5b) 
which is similar to the last case of air-inlet velocity at 4 
m/s. (Figure 3b).

Fig 4 | Change in pressure drop across the distributer varying SFB design parameters. 
(a) Pressure drop varying Air-inlet velocity. (b) Pressure drop varying distributer hole 
inclination. (c) Pressure drop varying distributer hole diameter. (d) Pressure drop varying 
plenum chamber depth
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Better uniformity in the case of 15° inclination can 
be explained as follows. Since the air emerging out of 
the inclined holes possess two components (v cos α 
and v sinα) as explained in Introduction part, an in-
crease in α will weaken swirling motion and strength-
en the fluidizing motion. At lower angles the swirling 
motion will be predominant. However at 15°, both the 
components generate a uniform flow with maximum 
velocity encompassing the bottom 1/3rd portion of the 
cylinder which confirms the experimental findings as re-
ported by Paulose M. M and Sreenivasan Raghavan et al.

While investigating the effect of distributer hole 
diameter on the velocity distribution within the cy-
lindrical container, distributers with six different 
configurations were considered for analysis (CFD-3) 
as per the boundary conditions applied as in Table 1. 
Figure 6d–f represent three different configurations 
with diameters 2, 3, and 4 mm respectively after mod-
elling. The following observations are made from the 
Figure 6 representing velocity distribution in cylinder 
at different heights varying distributer hole diameter 
(a) the percentage area of opening increases with the 
diameter of the hole (Figures 6d–f). (b) Highest ve-
locity in the range of 75–80 m/s is observed within 
130 mm height as depicted in the graph in the case 
of diameter 3 mm. (c) Swirling fluidized flow pattern 

with better uniformity and concentration is observed 
for the bottom 1/4th portion when diameter of the hole 
is 3 mm (Figure 6), (d) Air jet velocity is in the range of 
0–10 m/s in the second half portion of the cylinder, 
(e) When the hole size is too small (1 and 2 mm) and 
too large (6 mm) the air circulates within the container 
with negligible speed (f) At 3 mm dia the air column 
in the plenum chamber assumes a near cylindrical 
pattern (Figure 6b) when compared to 2 and 4 mm dia 
holes (Figures 6a and c). Lower value of jet velocities 
when large diameter holes are used can be explained 
in the light of pressure drop observed across the dis-
tributer planes 10 mm below and above as shown in 
Figure 4c. As the diameter go on increasing, the pres-
sure drop decreases, resulting in lower jet velocity and 
hence poor velocity distribution in the cylindrical col-
umn. The CFD analysis results are in agreement with 
experimental findings by Paulose M. M as explained in 
the Introduction part.

The CFD-4 analysed the effect of plenum chamber 
depth on the velocity distribution within the cylindri-
cal container by applying the boundary conditions as 
shown in the Table 1. Figure 7 represents six different 
plenum chamber configurations with depths 300, 
400, 500, 600, and 700 mm. The following observa-
tion are made from the Figure 7 representing velocity 

Fig 5 | Velocity distribution in cylinder at different heights varying 
distributer hole inclination. (a) 13°, (b) 15°, (c) 17°, (d) 13°, (e) 15°, 
(f) 17°

Fig 6 | Velocity distribution in cylinder at different heights 
varying distributer hole diameter. (a) 2 mm, (b) 3 mm,  
(c) 4 mm, (d) 6 mm, (d) 2 mm, (e) 3 mm, (f) 4 mm
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distribution in cylinder at different heights varying the  
plenum chamber depth. (a) Highest velocity in the 
range of 60–70 m/s observed within 150 mm height 
as depicted in the graph in the case plenum chamber 
depth as 600 mm (b) In the case of low plenum cham-
ber depths of 300 and 400 mm, the velocity curves 
show peak velocity of 20 m/s only (c) Velocity of the 
air become negligible in the top half portion of the 
cylinder (d) When the plenum chamber depth is 600 
mm, the air flow pattern within the plenum chamber 
assumes the shape of a near - cylindrical column as per 
simulation images as in Figures 7a–c. (e) Better unifor-
mity of air within the cylindrical column is observed in 
the case of plenum chamber depth 600 mm.

This phenomenon can be explained as follows. Air 
enters the plenum chamber from bottom tangentially, 
and attains a uniform swirling upward pattern. For a 
certain optimized depth of plenum chamber, a uniform 
and steady swirling air column enters smoothly into 
the inclined hole and emerges at high jet velocity in 
cylindrical column (above distributor). Beyond the op-
timized depth of plenum chamber, the swirling pattern 
of air in plenum chamber weakens and the jet veloc-
ity of emerging air from the distributor hole reduces. 
Uniform distribution of air velocity observed within the 
container when the plenum chamber depth is 600 mm. 
On other hand, with lower depths of plenum chamber, 
the air column does not get enough height to assume a 
cylindrical pattern within the plenum chamber.

The computational fluid dynamics (CFD) analysis of 
the preceding sections proves that velocity distribution 
as well as the maximum optimized at a height ranging 
from 0 mm to 180 mm from the distributer plate. In or-
der to experimentally verify the findings, a work piece 
of aluminium was subjected to SFBM on the experi-
ment setup powered by a centrifugal blower (Table 3).

Conclusions
In continuation with the ongoing research regarding 
the feasibility of SFBM as a surface modification pro-
cess, the current research focussed on the optimiza-
tion of various SFB design parameters for a given set 
of design dimensions of distributer plate with inclined 
holes. In the present case a distributer with diame-
ter-300 mm, thickness-10 mm, no. of holes-285, diam-
eter of plenum chamber-300 mm, diameter of plenum 
chamber-300 mm was considered. The SFB design 
parameters subjected to CFD analysis were plenum 
chamber depth, velocity of air inlet, inclination and di-
ameter of distributer holes. The aim of the CFD analy-
sis was to identify the best work piece positioning with 
maximum value of air jet velocity within the cylindrical 
container which will result in better metal removal and 
surface finish. Following conclusions are drawn from 
the investigations.

1.	 Uniform and even velocity distribution with max-
imum value (65–75 m/s) was observed when the 
distributer inclination is 15°, hole diameter is 
3 mm, plenum chamber depth is 600 mm and inlet 
velocity is 4 m/s. These values can be taken as opti-
mized design parameters

2.	 The swirling fluidizing activity gets weakened 
above 200 mm height due to the weakening of the 
three velocity components 

3.	 CFD analysis underlines that better velocity distri-
bution and maximum velocity is observed within 
1/3rd (0–200 mm) height of the cylindrical con-
tainer

4.	 CFD analysis results were further validated experi-
mentally on aluminium specimen while subjected 
to SFBM. The results demonstrate that region en-
compassing 40–115 mm can result in better surface 
modification during SFBM

Table 3 | Optimized design parameters to get best velocity distribution within the 
cylindrical container
Hole Angle of Inclination in the Distributer 15°

Hole diameter 3 mm 

Plenum chamber depth 600 mm

Velocity of air inlet to plenum chamber 4 m/s

Region of maximum velocity in the cylindrical 
container

50–170 mm height from the distributer level

Fig 7 | Velocity distribution in cylinder at different heights varying Plenum chamber depth 
(a) 500 mm, (b) 600 mm, (c) 700 mm
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5.	 Influence of pressure drop across the distributer on 
the jet velocity was investigated for different design 
parameters during CFD analysis.
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