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ABSTRACT
A bag filter (BF) acts as an air pollution control device that removes particulates out of the air from commercial processes. Few
industries, especially food manufacturing, is often to use BF to control the emission of air pollutants. This study aims to investigate
the pressure drop in BF by different inlet angles. The study was developed by Computational Fluid Dynamic (CFD) to perform the
result. There are five sets which are 180°, 225°, 270°, 315° and 360° of BF configurations develop which the selection flow model is
RANS (for steady-state) and the inlet opening remain constant at 45°. There is a need for this study to reduce the pressure drop as
an improvement to run exhaust fan with a lower percentage or capacity as could reduce the electric consumption for operational
cost. Therefore, the lower exhaust fan specification will be determined, which may reduce future installation costs. The turbulence
model used in this study is RNG k-ε with swirl dominated flow to resolve flow in BF with better accuracy. The filter domain in this
study was defined as porous media with some properties. The simulation shows the lowest pressure drop is achieved by
configuration 360° compared to other configurations (180°, 225°, 270°, and 315°) by 7.46%. As a conclusion, the highest pressure
drop occurs at configuration 180° (original design) where the smallest inlet angle contributes higher pressure at the inlet duct
compared to other configurations. In contrast, the lowest pressure drop occurs at configuration 360° (improvement design) where
the biggest inlet angle contributes lower pressure at the inlet duct compared to other configurations and more uniform on its
distribution. The three configurations in between original and improvement design show that the changes are directly proportional
– consistent. This evidences can help to reduce the pressure drop in BF operation where savings energy generated on exhaust fan
electric consumption.
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1. Introduction
The energy cost of operating cyclone abatement devices is directly proportional to pressure drop,
and producing electricity to power abatement devices results in air pollution, favoring lower inlet
velocities. At the same time, fine particulate emissions did not increase but decrease slightly at lower
inlet velocities.
Cyclone performance models were developed using response surface methodology. Response
surface models showed a strong correlation between cyclone pressure loss and inlet velocity. They
predicted a 46% reduction in pressure loss for a 25% reduction in inlet velocity, as well as a 29%
reduction in Euler number for s 25% reduction in Stokes number. Cyclones were tested to better
understanding the effects of inlet velocity and inlet concentration on pressure drops and emissions.
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The details explained in Figure 1. Operating below the design inlet velocity to reduce pressure losses
would require more extensive, costlier cyclones but may reduce both the financial and environmental
cost of procuring electricity [1].

Fig. 1. Plan view and elevation view on the cyclone model

Dust cyclone research leading to more efficient designs has helped the cotton ginning industry
comply with increasingly stringent air quality standards governing particulate emissions. An increase
in energy prices motivates research leading to equally effective particle collection designs and
operating strategies that use less fan power. In contrast, the possibility of future changes in
regulation drives research leading to additional improvements in particle collection. A review of the
literature was undertaken to discover recent particulate control technology developments in other
industries that may benefit the ginning industry.
This inter-disciplinary literature review summarizes dust cyclone designs, algebraic and computer
models, and recent experiments [2-8]. As computing costs have decreased and model sophistication
has increased, the use of computational fluid dynamics to model cyclone performance has grown.
There will, however, always be a need for empirical validation in the laboratory and field. Energy cost
related to cyclone pressure drop has been and will continue to be an essential consideration [9-10].
The dynamics of air ﬂow parameters were researched in a six-channel cyclone (separator with a
tangential ﬂow), as shown in Figure 2. The dependencies of dynamic pressures in cyclone's channels
and of cleaning efﬁciency on an air ﬂow inlet velocity were analyzed. Standard and upgraded semirings were used in the cyclone's internal structure. Changes in cleaning efﬁciency at different inlet
concentrations of glass and technical salt particles were analyzed. Research results were obtained at
inﬂow velocities of 10.9m/s to 21.9m/s. The highest cleaning efﬁciency was 97.3% [11].
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Fig. 2. Cyclone Cross-Section with Semi-Ring

In such a spray drying industry, the emission polluted air is existing. The process runs longer daily
as the production requirements. This emission was giving no harm, but containment should be
handled as a measure to ensure the cleanliness of the factory. This is also called as sanitation around
the premise to avoid pest attractions. At the same time, it is an important part to prevent pollution
in any way to the neighborhood. Thus, a new technology to overcome these problems is by applying
the exhaust fan (EF); aside from energy saving, it also produces less harm but more cleanliness.
Exhaust Fan (EF), which runs as a suction medium for the whole process, especially this equipment is
connected to the Bag Filter (BF). The pressure drop created in BF contributes to the factor of speed
for the EF. The EF system has an inverter to control the frequency as well as the speed. Besides, to
reduce the rate, the system faces with high-pressure drop created by the filter. The filter has jet pulse
air where it shakes or vibrates as per pressure differential triggered. However, BF is often used to
control the emission of air pollutants and required to run longers daily. Thus, it will face a highpressure drop. Therefore, there is a need for this study to reduce the pressure drop as an
improvement to run exhaust fan with a lower percentage as could reduce the electric consumption.
Therefore, the lower exhaust fan specification will be determined which reduce operational and
maintenance cost.
This study aims to obtain the velocity and pressure drop between the original design that been
used in operations with the proposed improvement design that is going to be fabricated in the new
plant. The results may contribute towards saving energy for the operational cost for upgrading
projects and may reduce the installation cost for new plant installation for spray drying systems.
2. Methodology
The analyses are based on the five configurations of inlet angle which are 180°-45° as baseline
model (original design), 225°-45°, 270°-45°, 315°-45° and 360°-45° (improvement design) as shown
in Figure 3. All the configurations will remain the inlet opening at 45°. These configurations have been
modeled in SolidWorks 2016 and converted to PARASOLID file format to be imported for CFD analysis
in Ansys Fluent 15. The FLUENT code has been used in the investigation effect of pressure drop
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towards different inlet angle of 180°, 225°, 270°, 315° and 360. The solution procedure integrates the
balance equations over each control volume, thus obtaining discrete equations that conserve primary
quantities on a control volume basis. The numerical solution defines the flow field quantities, possibly
used by routines implementing models for further flow-related quantities than, e.g., phases
transported by a given fluid phase. One of the more important features of this class of fluid dynamic
codes is the ability to simulate complex fluid flows and geometric domains, both in two- and threedimensions, also accounting for turbulence. A set of models are usually made available to the user,
differing mainly in the scale of turbulence they can evaluate. The present case study has been
performed by adopting a three-dimensional unstructured mesh for the BF, an implicit method for the
numerical solution of mass and momentum equations, and a K- ε model for the turbulence. The
mixture composition and phase velocities are defined at the inlet boundary. The system pressure is
fixed at the outlet boundary.
360-45

180-45

315-45

225-45

270-45

Fig. 3. Five configurations to be considered in CFD analysis

2.1 Mesh and Grid Independent Study (GIS) using Richardson Extrapolation
Meshing is the next component after design modeling, which mesh refinement or GIS needs to
be set up to get the suitable meshing size and meshing element numbers along the process. To
validate the meshing size, the pressure of bottom at 1.5876 kPa with 1.642 million number of
elements for this BF will become a reference. Figure 3 shows the mesh generated with a combination
of two-element types (tetrahedral and hexahedral).
Richardson [12] extrapolation is used to calculate a higher-order estimate of the flow fields from
a series of lower-order discrete values (f1, f2, …, fn). For the case of grid refinement study, the value
estimated from the Richardson extrapolation is the value that would results if the cell grid size tended
to zero, (h→0). The extrapolation is made from the results of at least two different grid solutions. A
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convergence study requires a minimum of three grid solutions [13-14]. Roache [15] generalized
Richardson extrapolation by introducing the pth- order methods:
(𝑓 −𝑓 )

2
𝑓𝑒𝑥𝑎𝑐𝑡 ≈ 𝑓1 + [ (𝑟1𝑝 −1)
]

(1)

In this study, the grid refinement ratio r, is constant:
∆

∆

𝑟 = ∆3 = ∆2 = 2.0
2

(2)

1

From Eq. (1), the extrapolated value is varied by different choice the order p. According to Stern
et al., [13] the order-of-accuracy can be estimated by using the following equation:
𝑝=

𝑙𝑛(𝜀32 ⁄𝜀21 )

(3)

𝑙𝑛(𝑟)

𝜀𝑖+1,𝑗 = 𝑓𝑖+1 − 𝑓𝑖

(4)

To evaluate the extrapolated value from these solutions, the convergence conditions of the
system must be first determined. The possible convergence conditions are:
I. Monotonic convergence; 0<R<1
II. Oscillatory convergence; R<0
III. Divergence; R>1
where R is the convergence ratio, and the equation determines it:
𝜀

𝑅 = 𝜀21

(5)

32

Table 1 summarizes the grid information and the resulting pressure at the bag bottom from the
CFD simulation. Each solution was properly converged with the convergence condition of 1x10-3. The
Grid Convergence Index (GCI) provides a uniform measure of convergence for grid refinement studies
[15]. The column indicated by "spacing" is the spacing normalized by the spacing of the finest grid.
Table 1
The grid information and the resulting pressure at bag bottom from the CFD simulation
Grid
1
2
3

Normalized grid
spacing
1
2
4

Number of
element (million)
1.642
0.606
0.069

Filter domain
element size (m)
∆1 =0.075
∆2 =0.150
∆3 =0.300

Grid refinement
ratio, r
2
2

The pressure at bag
bottom (kPa)
1.5876
1.6110
1.6642

It is based on estimated fractional error derived from the generalization of Richardson
extrapolation. The GCI value represents the resolution level and how much the solution approaches
the asymptotic value. Table 2 shows GCI calculated for grid 1 and 2; and grid 2 and 3. The GCI for the
fine grid solution can be written as:
𝐺𝐶𝐼𝑖+1,𝑗 = 𝐹𝑠

|𝜀𝑖+1,𝑗 |
𝑓𝑖 (𝑟 𝑝 −1)

(6)
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It is important that each grid level yield solutions that are in the asymptotic range of convergence
for the computed solution. This can be checked by observing two GCI values as calculated over three
grids using the following equation:
𝐺𝐶𝐼32 = 𝑟 𝑝 𝐺𝐶𝐼21

(7)

As listed in Table 2, there is a reduction GCI value for the successive grid refinements (GCI21 <
GCI32). The GCI for the finer grid (GCI21) is relatively low if compared to the coarser grid (GCI32),
indicating that the dependency of the numerical simulation on the cell size has been reduced.
Additionally, as the GCI asymptotic range of convergence is approximately one which demonstrates
that the solutions are well within the asymptotic range of convergence, hence the grid-independent
solution can be said to have been nearly achieved. Further refinement of the grid will not give much
change in the simulation results. Therefore, the finer grid (case 1) was appropriate to be used in
further analysis (as the GCIs for pressure at bag bottom being studied were less than 2%.
Table 2
Order of accuracy and grid convergence index for total torque of three-blade
ε32(mm)
53.2

ε21(mm)
23.4

R
0.4398

p
1.1849

GCI32 (%)
3.2414

GCI21 (%)
1.3802

asymptotic range of convergence
1.033 ≈ 1.0

2.2 Analysis Setup
Fluent version 15.0, with the steady-state condition (RANS) and Turbulence model was used as a
processor in this analysis. The turbulence model selected for this analysis is K- ε RNG with swirl
dominated flow to resolve flow in BF with better accuracy and economical computational time.
The filter domain in this study was defined as porous media, which can be divided into two
categories. First is viscous, and secondly is inertia. Detail porous media properties are shown in Table
3. While flow, pressure, and turbulent setting at boundary condition explained in Table 4.
Table 3
Filter porous media properties
Viscous Resistance
Direction 1 (1/m2)
Direction 2 (1/m2)
Direction 3 (1/m2)
Inertia Resistance
Direction 1 (1/m)
Direction 2 (1/m)
Direction 3 (1/m)

200000
250
20000
105
105
105

Table 4
Flow, pressure and turbulent setting at boundary condition
Boundary
Condition

Boundary Type

Velocity
Magnitude
(m/s)

Gauge
Pressure (Pa)

Target Mass
Flow Rate
(kg/s)

Inlet
Outlet

Velocity Inlet
Pressure Outlet

14.27
-

0
- 421.7

21.17

Specification Method: Intensity
and Hydraulic Diameter
Turbulent
Hydraulic
Intensity (%)
Diameter (m)
5
0.88
5
0.9159
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3. Result and Discussion
3.1 Validation Analysis
For the validation process, data recorded from plant monitoring taken in its average magnitude
to compare with CFD result at the original design (baseline) as shown in Table 5. The filter properties
were fine-tuned on the porous media rate to get parallel value. Validation analysis was performed
using the same mesh setting. Once the validation data is done, the rest of the configurations will be
applied for the next cases, as shown in Table 6.
Table 5
Reading taken from plant monitoring
Outlet Pressure, Pout (average)
Inlet Pressure, Pin (average)

mmH2O
43
164

Pascal
421.7
1608.0

Table 6
Results for pressure drop and pressure outlet velocity for all configurations
Configurations/ Cases
Original design (0° to 180)°

Pressure Drop, ΔP (Pa)
1541.36

Pressure Outlet, Pout (Pa
359.59

Increment of subsequent 45° (0° to 225°)

1511.11

376.48

Increment of subsequent 45° (0° to 270°)
Increment of subsequent 45° (0° to 315°)
Improvement design (0° to 360°)

1491.82
1486.66
1434.25

373.31
375.04
374.71

3.2 Effect of Pressure Drop Towards Different Inlet Angle
Result of pressure drop for different inlet angle which is at 180°, 225°, 270°, 315°, and 360° by
configurations/cases as shown in Table 6 and pressure contour in Figures 4 and 5 respectively. While
Figures 6 and 7 show the plot of inlet angle versus pressure drop across the cyclone. It shows that
pressure drop is decreasing as the inlet angle of BF is increased. Besides that, configuration 270° has
the lowest pressure outlet compared to all configurations.
The highest pressure drop occurs at configuration 180° (original design). The smallest inlet angle
contributes higher pressure at the inlet duct. At the same time, the lowest pressure drop is achieved
by configuration 360° (improvement design) by 7.46% compared to configuration 180° (original
design). The most significant inlet angle contributes lower pressure at the inlet duct and more
uniform on its distribution. The results presented used an entrance angle of 45°; this may not be
sufficient to determine actual performance without a study of air different entrance effect. However,
for the sake of comparative research, these simulations still useful to assess the impact. Thus, from
this study, we can rank the 0° to 360° is the best case.
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Fig. 4. Pressure contour from plan view for all configurations
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Fig. 5. Pressure contour from elevation view for all configurations
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Fig. 6. Velocity contour from plan view for all configurations
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Fig. 7. Velocity contour from elevation view for all configurations

Figure 8 shows the graph plot of pressure drop versus inlet angle. It shows that when the inlet
angle is increasing, the pressure drop is decreased. The lowest pressure drop is achieved by
configuration 360° compared to other configurations (180°, 225°, 270° and 315°). In contrast, the
pressure drop of configuration 360° is lower compared to configurations 180° (baseline) by 7.46%.
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Fig. 8. Pressure drop versus inlet angle

4. Conclusion
In this paper, pressure drop towards different inlet angle across BF has been analyzed using CFD
simulation. The highest pressure drop occurred when configuration at 180° (original design). The
smallest inlet angle contributes to the higher pressure at the inlet duct compared to other
configurations. The lowest pressure drop occurred at configuration of 360° (improvement design).
The most significant inlet angle contributes to lower pressure at the inlet duct compared to other
configurations and more uniform on its distribution. The three configurations in between original and
improvement design show that the changes are directly proportional – consistent. The results
presented used an entrance angle of 45°; this may not be sufficient to determine actual performance
without a study air different entrance effect. However, for the sake of comparative study, these
simulations still useful to assess the impact or finding of different bag filter inlet angle.
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