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ABSTRACT

The amount of particulate matter (PM) in the environment has been confirmed to be health risks on human
bodies[ 1, 2], and therefore removing suspended particles has become the research goal of many studies.
Electrostatic precipitator (ESP) is one of the high-efficiency particle collection technologies[3-7]. Particle
Image Velocimetry (PIV) has been an effective tool for visualizing the flow patterns in experimental fluid
mechanics, and many studies adopted this technique to study flows in ESP[8-10]. However, particles
charged by the electric field can cause deviation in measurement results since it does not follow the ionized
air flow which can be charged differently from the tracer particles. In this study, the observation of the
effects of different particle properties on flow field in a two-stage ESP is the objectives of this study. A
two-stage ESP was built and four different seeding particles, aluminum oxide (Al,O3) particle, oil droplet
particle, sodium chloride (NaCl) particle, and titanium dioxide (TiOz) particle, are tested in the current
study. In this study, the streamwise velocity of the flows ranges from 2.36 m/s to 4.18 m/s, the voltage of
the corona electrode varies from 8 kV to 12 kV with a positive polarity, and the voltage of the collector
electrode is fixed at 16 kV. To investigate the 3-D flow patterns inside the channel, data at different planes
were taken for comparison. The results show that by increasing charge voltage from 8 kV to 12 kV with a
streamwise flow velocity the 2.36 m/s, the y-component velocity for Al,Os particle, oil droplet particle,
NaCl particle and TiO; particle increased by 50.6%, 76.0%, 33.5% and 51.9%, respectively. Moreover, for
the case of the 4.18 m/s primary flow, the y-component velocity for Al,Os particle, oil droplet particle,
NaCl particle and TiO; particle increase by 52.7%, 59.2%, 59.4% and 65.9% after the voltages increase
from 8 kV to 12 kV. PIV results for oil droplet particle shows slower y-component velocities, which can
be due to the lower Archimedes number of 3.12E-06 and the mobility number that is larger than 3. On the
contrary, in most of results from TiO; particles show high y-component velocity, which is due to the highest
Archimedes number of 1.15E-03 of the seeding particles tested in this study. This result shows that the
particle is less affected by buoyancy effect. The PIV results of the middle plane also shows that the y-
component of velocity from -2.6 m/s to -0.5 m/s, in contrast to -1.0 m/s to 1.0 m/s from the near wall
observation plane. These results are consistent to simulation results of the electric field distribution, which
shows unequal electric field strengths between the middle and near wall regions of the test section. Only
half of the cage shape distribution of the electric field can be observed, and primary flow influences the
ionic wind to move to the downstream area. Based on the results, the oil droplet and TiO; particles are more
suitable for the role of tracer particles compared to aluminum oxide and sodium chloride particles.
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Figure 1  Schematic Diagram Two-stage ESP
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PIV results at 2.63 m/s primary flow with 8 kV charge and 16 kV collector: (A) velocity maps of

four different particles, and (B) velocity profiles at four different locations: (a) X/dn= 0.25, (b) X/dy = 0.5,

(¢) X/dy = 0.75 and (d) X/d=1.0
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