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Abstract

Numerical analysis was conducted to optimize the cleaning performance and economic design of pulse air jet bag filter
systems. Using the commercial computational fluid dynamics software ANSYS Fluent, flow behavior inside bag filter was
simulated to investigate the effects of key design parameters, including filtration velocity, pulsing pressure, and air supply per
unit area of the filter media. The results showed that under the same pulsing pressure, inlet dust concentration, and filtration
velocity conditions, when the air supply per unit area was increased from 4 L to 8 L, the reach of compressed air within the
filter bag increased by 13.6-31.6% at a low concentration (0.5 g/m?) and by 18.5-51.5% at a high concentration (2.0 g/m>).
For every 0.25 m/min increase from 1 m/min in filtration velocity, the reach of compressed air within the filter bag decreased
by 1.2-5.6% at low concentration (0.5 g/m?) and 2.4-8.1% at high concentration (2.0 g/m’). The reduction was more
pronounced when the air supply per unit area was smaller and the pulsing pressure lower. For every 1 bar decrease in pulsing
pressure from 7 bar, the reach of compressed air within the filter bag decreased by 1.8-11.4% at low concentration (0.5 g/m’)
and 3-18.8% at high concentration (2.0 g/m?), with the difference increasing when the air supply per unit area was smaller
and the filtration velocity higher. The results suggest that filtration velocity exerts a greater influence on compressed air
when the air supply and pulsing pressure are low. Under low concentration (0.5 g/m?) conditions, it is recommended to design
using a @ 10 nozzle with an air supply range of 5-7 L/m? where as under high concentration (2.0 g/m’) conditions, it is
advisable to design using a @ 12 nozzle with an air supply range of 6-8 L/m?.
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Fig. 1. Schematic diagram of the experimental filtration system.
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Table 1. Chemical composition of coke dust
Chemical composition (%)
C SiO; ALO; CaO T-Fe S MgO Others
78.6 6.56 2.74 1.45 0.95 0.84 0.32 8.54
Table 2. Characteristics of filter bag
Characteristics Value
Material Polyester
Type Cylinder
Size (mm) 0 140 x 850 L
Dust concentration (g/m>) 05/1/2

Filtration Velocity (m/min)

1/125/15/1.75/2

100 o

80

60

mmH20

40 |

20

—=— 0.5g/m"3
—e— 2.0g/m"3

1.4

1.6

Filtration velocity (m/min)

Fig. 2. Pressure drop of bag filter based on filtration velocity and dust concentration.
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Fig. 3. Structure of filter bag with its surrounding geometry.
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Table 3. Pulsing conditions for Computational Fluid
Dynamics simulation

AR e 23

Parameters Conditions
Filtration velocity (m/min) 1/1.25/15/1.75/2
Dust concentration (g/m>) 05/2
Pulsing pressure (bar) 4/5/6/7
Injection distance (mm) 99
Nozzle diameter (mm) 10/ 12
Pulsing air supply (L/m?) 4/5/6/7/8

Table 4. Filter conditions for Computational Fluid
Dynamics simulation

Parameters Conditions
Filter type Cylinder
Filtration area 1.4137 m*
Filter diameter (mm) 0 150
Filter length (mm) 3,000
Aspect ratio 20

Table 5. Numerical simulation conditions for the pulse air
jet bag filter

Parameters Conditions

2D Axisymmetric
SST k-w
Velocity inlet

Modeling type
Viscous model
Inlet conditions
Outlet conditions Pressure outlet
Pressure-density coupling method Density based model
Convergence residual (le-6

Grid quality > 0.87
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