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NUMERICAL INVESTIGATION ON CAPTURE OF NANOPARTICLES
IN ELECTROSTATIC PRECIPITATOR WITHOUT CORONA DISCHARGER

JW. Lee, 1S. Jang2 and SH. Lec”

This article presents computational fluid dynamics (CFD) simulations of nanoparticle movements and flow
characteristics in laboratory-scale electrostatic precipitator (ESP) without corona discharge, and for simulation, it
uses the commercial CFD program(CFD-ACE) including electrostatic theory and Lagrangian-based equation for
nanoparticle movement. For validation of CFD results, a simple cylindrical type of ESP is simulated and numerical
prediction shows fairly good agreement with the analytical solution. In particular, the present study investigates the
effect of particle diameter, inlet flow rate, and applied electric potential on particle collection efficiency and
compares the numerical prediction with the experimental data, showing good agreement. It is found that the particle
collection efficiency decreases with increasing inlet flow rate because the particle detention time becomes shorter,
whereas it decreases with the increase in nanoparticle diameter and with the decrease of applied electric voltage
resulting from smaller terminal electrostatic velocity.

Key Words : 717]3717|(Electrostatic Precipitator, ESP), 77|42 8K(Electro-Hydrodynamics, EHD), $}AH%(Nanoparticle
Collection), 171 &-E(Collection Efficiency), &<+5=(Terminal Electrostatic Velocity)
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Fig. 1 Schematic of cylindrical electrostatic precipitator (a)
and variation of electric potential in cylindrical ESP
along line OA (b)
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Table 1 Material properties of air and nanoparticle[9]

Air density, p (kg/m’) 1.225
Air viscosity, /& (kg/m's) 1.789x10°
Air relative permittivity, & 1
Particle density, g, (kg/m3) 1050
Particle relative permittivity, & 2.6
Particle diameter, d, (um) 90 100 110
Cunningham slip correction

273 | 292 | 3.16
factor, C.
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Fig. 3 Boundary conditions and simulation results of inlet
flow rate in electrostatic precipitator (case for
electrode A)
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Fig. 4 Effect of inlet flow rate on the collection efficiency
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Fig. 5 Behavior of the nanoparticle inside an ESP with
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voltage 1.0 kV)
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