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Optimization of Flow Uniformity in an Electrostatic Precipitator (ESP) Duct

Junhyung Hong', Minseung Hwang Joungho Han™ Woongchul Choi ",
Jeongmo Seong  and Wontae Hwang

Abstract An electrostatic precipitator (ESP) is an industrial post processing facility for high efficiency
dust mitigation. Uniformity of the flow passing through the inlet duct leading into the main chamber
is important for efficient reduction of dust. To examine flow uniformity, this study conducted a
numerical analysis of the flow within a scale-down ESP inlet duct. Magnetic resonance velocimetry
(MRV) results from a prior study were utilized to validate the Reynolds-averaged Navier-Stokes
(RANS) numerical simulations. Both the experimental and computational results displayed a similar
recirculation zone shape and normalized velocity profile near the duct outlet for the baseline geometry.
To optimize the uniformity of the flow, the number of guide vanes was modified, and the guide vanes
were partially extended straight upward. Design evaluation is done based on the outlet velocity
distribution and mass flowrate balance between the two outlets. Simulation results indicate that the
vane extension is critical for flow optimization in curved ESP ducts.
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Fig. 1. ESP model geometry."” Reproduced by
permission from the Korean Society of Mechanical
Engineers.
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Fig. 3. Grid dependency test result
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Table 1. Guide vane designs for flow improvement

. Number of vanes (extension)
Design
Set #1 Set #2 Set #3 | Set # 4
Baseline 2 2 2 2
Case 1 2 1 (10mm) 1 1
Case 2 2 1 1 1 (10mm)
Case 3 2 1 (10mm) 2 2 (10mm)
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Table 2. Flow rate comparison
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Table 3. Outlet velocity RMS comparison

Design Left duct (%) Right duct (%)
Baseline 10.4 13.7
Case 1 12.9 13.2
Case 2 10.7 9.9
Case 3 10.7 8.1
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