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Abstract 24 

This study improved collection efficiency of the mist eliminator used for wet flue gas 25 

desulfurization facilities. The commonly used wave-plate mist eliminator with a drainage 26 

channel was chosen as a reference model and its performance was compared with the 27 

performance of a wave-plate mist eliminator with perforated plates attached to the front of 28 

each drainage channel. Simulations were performed to compare the dust collection 29 

performance of the mist eliminators. We could confirm that the addition of perforated plates 30 

to the mist eliminator changed the particle behavior in front of the drainage channel and 31 

induced the passage of particles through the mist eliminator and into the drainage channel. 32 

Subsequent experiments confirmed that dust collection performance was improved with the 33 

use of the perforated plates. The use of the mist eliminator designed in this study is expected 34 

to greatly reduce the amount of air pollutants emitted from various industrial facilities.  35 

36 
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1. Introduction 37 

Recently, as the number of days with high concentration of fine dust particles, defined 38 

as particulate matter (PM) that is less than 10 µm, in the air has increased, there has been 39 

greater interest in the study of fine dust. Studies worldwide have reported that fine dust may 40 

adversely affect human health. It has also been found that fine dust can cause lung cancer 41 

(Pope et al., 2002), and death due to respiratory diseases have been shown to be closely 42 

related to atmospheric PM2.5 concentrations (Guaita et al., 2011; Kim et al., 2018; Perez et al. 43 

2012). In addition, exposure to fine dust can lead to a variety of diseases, including 44 

cardiovascular disease, bronchial asthma, atherosclerosis, premature death, and birth defects 45 

(Basu et al., 2014; Kang and Kim, 2014; Lung et al., 2016); therefore, it is essential to 46 

investigate ways to reduce the atmospheric concentration of fine dust. Atmospheric fine dust 47 

is emitted from various industrial and living environments. In particular, various studies show 48 

that particulate matter is generated during power generation processes that use fossil fuels, 49 

such as coal-fired power plants. Consequently, it was confirmed that a large amount of fine 50 

dust of PM10 and PM2.5 is released (Din et al., 2013; Goodarzi, 2006; Lu et al., 2019; 51 

Manousakas et al., 2013; Zhang et al., 2005). In order to reduce the emissions of fine dust and 52 

SOx, a thermal power plant is generally equipped with a selective catalytic reduction system, 53 

an electrostatic precipitator, and a flue gas desulfurization (FGD) facility. A mist eliminator 54 

is installed in the FGD to remove droplets used for absorbing SOx (Kim et al., 2019).  55 

If the collection efficiency of the mist eliminator, which is involved in the collection 56 

of fine dust, can be improved, it can greatly contribute to the reduction of particulate matter 57 

emissions from thermal power plants. Therefore, various studies on mist eliminators have 58 

been conducted. An electrostatic mist eliminator, that has a low differential pressure and can 59 
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improve the collection efficiency of fine dust, was developed by Kim et al. (2019), and the 60 

collection efficiency was compared based on the structure of the drainage channel of the mist 61 

eliminator. A study by James et al. (2003) showed that higher collection efficiencies were 62 

observed for the same flow rate, when drainage channels were included. The collection 63 

efficiencies of horizontal and vertical arrays of wire mesh, in mist eliminators, were 64 

compared in a study by Brunazzi and Paglianti (1998). The collection efficiencies, according 65 

to vane spacing and vane turning angle of the mist eliminator, were compared in a study by 66 

Narimani and Shahhoseini (2011), and collection efficiency was highest at a vane spacing of 67 

20 mm, flow rate of 5 m/s, and vane angle of 60°. Three types of vertical mist eliminators, 68 

knitted wire mesh, crushed aluminum turnings, and multiple pass louvers, were compared 69 

under the same differential pressure or at the same flow rate by Bell and Strauss (1973). This 70 

study showed that under the same differential pressure, the collection efficiency was highest 71 

in the knitted wire mesh; and at the same flow rate, it was highest in the louver eliminator. 72 

Three different models of axial cyclone mist eliminators were designed and compared 73 

experimentally by Brunazzi et al. (2003). The collection efficiencies of five drift mist 74 

eliminators, bent into different models, were compared by Zamora and Kaiser (2011). Wave-75 

plate mist eliminators with two different widths and channel numbers were compared by 76 

Galletti et al. (2008) through a simulation, and the collection efficiency was higher in large 77 

and wide models at the same inlet flow rate. The effects of the wire diameter and the packing 78 

density on the collection efficiency in the wire mesh eliminator were analyzed by Al-79 

Daughaither et al. (2010), and the collection efficiency increased when wire diameter was 80 

decreased and the packing density increased. Recently, double pocket vane mist eliminator 81 

was developed and commercialized by many companies due to its large capacity and good 82 



5 

 

separation efficiency (Chandranegara, 2016; Dries and Hoffmann, 2019). 83 

Previous studies have focused on improving dust collection efficiency by changing 84 

the design model of existing mist eliminators. Because the mist eliminator with drainage 85 

channels has been proven to be efficient in increasing separation efficiency for small droplets 86 

(Chandranegara, 2016), this study aimed at improving the performance of the mist eliminator 87 

with drainage channels. Therefore, as shown in Fig. 1a, the wave-plate mist eliminator model, 88 

which is one of the basic models of the mist eliminator, was set as a reference for the design 89 

of a new model. This reference mist eliminator model was also used in various previous 90 

studies (Galletti et al., 2008; James et al., 2003; Narimani and Shahhoseini, 2011; Zamora 91 

and Kaiser, 2011). The newly designed mist eliminator model in this study is shown in Fig. 92 

1b, in which an additional plate with rectangular perforation was installed in front of the 93 

drainage channel of the reference model. The dimensions of the reference and the new mist 94 

eliminator are shown in Table 1. The optimized model of the perforated plate used in this 95 

study was derived through the simulation method. Consequently, a mist eliminator was 96 

created to place the perforated plate structure in front of each drainage channel and the 97 

collection efficiency was measured and compared through experiments. 98 

 99 

2. Numerical method 100 

In order to analyze the characteristics of the flow, according to the inlet flow rates of 101 

the mist eliminator, and to predict the collection efficiency, according to the changes in the 102 

characteristics of the flow, a numerical analysis was performed using ANSYS FLUENT 103 

Release 17.0. Since the mist eliminator model used in the actual wet flue gas desulfurization 104 

system has the same cross-sectional model that is repeated many times, two-dimensional 105 
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(2D) analysis conditions were used to predict the performance of the mist eliminator. For 106 

reference, previous studies analyzing the dust collection efficiency of mist eliminators, using 107 

numerical analysis, have performed 2D analysis on only one of the six channels shown in Fig. 108 

1a (Galletti et al., 2008; James et al., 2003; James et al., 2005). Flow was set to run from 109 

bottom to top. The flow in the mist eliminator is assumed to be steady, incompressible, and 110 

turbulent. The Reynolds Stress Method (RSM) model was used for turbulent flow analysis 111 

(Estakhrsar and Rafee, 2013; Rafee et al., 2010). The SIMPLE algorithm was used for 112 

pressure-velocity coupling.  113 

The second-order upwind scheme was selected to solve the momentum equation, and 114 

to calculate the turbulent kinetic energy and turbulent dissipation rate. The boundary 115 

conditions for flow analysis at the flow inlet and outlet of the computational domain were, 116 

respectively, the velocity inlet and pressure outlet conditions, while the no-slip conditions 117 

were set at the wall of the absorption tower chamber and the surface of the mist eliminator. 118 

The flow rate of air flowing into the mist eliminator, through the inlet of the computational 119 

zone, was set to 2ī5 m/s, which is the flow rate of the commonly used wet flue gas 120 

desulfurization absorption tower (James et al., 2003; Kavousi et al., 2013). Structured grids 121 

were generated, and y+ values were set to be lower than 1 (Galletti et al., 2008). As a result 122 

of the grid independence test, about 85,000 grids were selected. Based on the approaches of 123 

previous literature (Zamora and Kaiser, 2011; Estakhrsar and Rafee 2013), the convergence 124 

criteria of the flow analysis were set so that all equations converged to 10ï5 and all relative 125 

errors fell below 10ï5 in the present studyôs simulations.  126 

After the flow analysis was completed, particle behavior was analyzed using Discrete 127 

Phase Models (DPM), a particulate behavior analysis code embedded in FLUENT. For 128 
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particulate behavior analysis, it was assumed that the particles were spherical and had a 129 

density of 1 g/cm3. Stokes' drag force, operated by the relative flow of particles in the fluid, 130 

was taken into consideration, and the drag force was corrected using the slip correction factor 131 

according to the particle size (Kim et al., 2005). The number of particles released from the 132 

inlet of the mist eliminator channel was set to be 2500. Due to the mist eliminator being 133 

modeled vertically, a downward gravitational force was taken into consideration. In order to 134 

account for the effects of the turbulent dispersion of particles, this study employed the 135 

discrete random walk (DRW) model, which calculates particle trajectories in a stochastic way 136 

by considering the fluctuations of turbulent flow velocity (ANSYS FLUENT Userôs Guide 137 

15.0, 2013). In addition, it was assumed that all walls in the mist eliminator were applied with 138 

trap conditions and therefore it was assumed that the particles were trapped on the wall when 139 

they hit the wall.  140 

 141 

3. Experimental method 142 

Fig. 2 shows a photograph of a mist eliminator with perforated plates as designed in 143 

this study. The mist eliminator was made of acrylic and consisted of six channels. The total 144 

height of the mist eliminator was 0.25 m, the width of each channel was 0.025 m, and the 145 

total width of the six channels was 0.15 m. When no perforated plate was installed in front of 146 

the drainage channel, the model looked like Fig. 1a and when it was installed it looked like 147 

Fig. 1b.  148 

To verify the effect of removing particulate matter by the constructed mist eliminator, 149 

we used two types of experiment setups shown in Fig. 3 and Fig. 4. The height of the lab-150 

scale chamber, which simulates the absorption tower of the wet flue gas desulfurization 151 
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facility where the mist eliminator is installed, was 1.2 m, and the gas flow rate inside the 152 

absorption tower was set to 2.5 m/s. In a lab-scale chamber equipped with a mist eliminator, 153 

the flow was set to run vertically from bottom to top. Since the purpose of this study was to 154 

test the particle removal characteristics of the perforated plate equipped mist eliminator used 155 

in wet flue gas desulfurization, the chemical reaction to remove sulfur compounds was not 156 

considered. That is, instead of flue gas containing the sulfur compound, clean air that has 157 

passed through the High Efficiency Particulate Air (HEPA) filter was injected into the 158 

absorption tower. 159 

The experiment setup to compare the collection efficiency is shown in Fig. 3, and 160 

instead of spraying limestone slurry to measure the collection efficiency of the mist 161 

eliminator, the Solid Aerosol Generator (SAG 410, TOPAS, Germany) was used to 162 

aerosolize Arizona Test Dust (ISO 12103ï1, A4 type). The dust aerosol was injected into the 163 

absorption tower with clean air. Arizona Test Dust, before and after the flow containing 164 

particles passed through the mist eliminator, was sampled at an aerosolized state and was 165 

used to measure the number concentration distribution using an Optical Particle Counter 166 

(OPC, Model 1.109, GRIMM, Germany). The following equation was used to determine the 167 

collection efficiency (ɖ) of the mist eliminator. 168 

                                     (1) 169 

Here, Cbefore and Cafter are, respectively, the aerosol number concentrations before and after 170 

the flow containing the particles passed through the mist eliminator. In addition, the density 171 

and dynamic shape factor of the Arizona Test Dust were set to 2.65 g/cm3 and 1.6, 172 

respectively, and the particle size measured by OPC was converted into aerodynamic 173 
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diameter using the following equation (Fletcher and Bright, 2000). 174 

    (2) 175 

Here, ɟ0 is 1 g/cm3, ɟp is 2.65 g/cm3 for the density of Arizona Test Dust, Cae and Cve are slip 176 

correction factors for aerodynamic diameter and volume equivalent diameter, and ɢ is 1.6, the 177 

dynamic shape factor for Arizona Test Dust (Peters et al., 2006). 178 

Next, the limestone slurry was sprayed in the absorption tower chamber and 179 

experiment was performed to examine the efficiency with which the sprayed limestone slurry 180 

was removed by the mist eliminator. The experimental set-up for comparing the removal 181 

effect of limestone slurry in the actual reference mist eliminator model and the mist 182 

eliminator model with the perforated plate design of this study, are shown in Fig. 4. In order 183 

to generate the slurry particles used in the experiment, limestone powder (SSM-20, 184 

Seongshin Minefield, Korea) with an average particle size of 20 ɛm was mixed with water in 185 

a ratio of 2:3 to create a slurry, and placed in a 100 L tank to prevent the precipitation of 186 

limestone powder and was stirred using an agitator (BL1003D, MTOPS, Korea). As shown in 187 

Fig. 4, limestone slurry was sprayed downwards using a full cone nozzle (KJ1/2FF-SS32, 188 

Kukje Nozzle, South Korea) into clean air filtered through a HEPA filter flowing from the 189 

bottom to top. At this time, the spray operation pressure was set to 3 bar. Sprayed limestone 190 

slurry particles were collected on a Transmission Electron Microscope (TEM) grid using a 191 

Mini Particle Sampler (MPS, Domaine Technologique, France) at locations before and after 192 

the flow containing the particles passed through the mist eliminator. Then, the morphology 193 

and amount of particles collected on the TEM grid were analyzed using a Scanning Electron 194 

Microscope (S4800, HITACHI, Japan). 195 
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 196 

4. Results and discussion 197 

In order to confirm the accuracy of the predictions of the numerical analysis, 198 

experiments were conducted using Arizona Test Dust to quantitatively compare the collection 199 

efficiency. Fig. 5 is a graph comparing the collection efficiency according to aerodynamic 200 

diameter when the flow rate at the inlet of the mist eliminator is 2.5 m/s for both the reference 201 

model and the model including the perforated plate. As shown in Fig. 5, the simulation results 202 

were similar to the experimental results. The numerically predicted collection efficiencies 203 

were slightly higher than the experimental data for particle sizes in the range of about 5-12 204 

µm. This might be due to the fact that the simulation assumed the particles to be trapped on 205 

all walls including the side walls whereas in the experiment the particles which were not 206 

collected in the drainage channel could be re-suspended after they hit the side walls. The cut-207 

off size of the reference model was about 5 µm, whereas the cut-off size of the mist 208 

eliminator model with the perforated plate design of this study was around 2 µm. Therefore, 209 

the model with the perforated plate design of this study demonstrated a better dust collection 210 

performance than the reference model.  211 

 Fig. 6 is a graph comparing particle collection efficiency, according to flow rate, 212 

between the reference mist eliminator model and the model that includes the perforated plate 213 

design of this study. At all of the flow rates analyzed by simulation, 2 m/s, 3 m/s, 4 m/s and 5 214 

m/s, the collection efficiency of the perforated plate design was higher than that of the 215 

reference model. Especially at 2 m/s, a cut-size reduction of about 2 µm was observed. In 216 

other words, we could confirm that the dust collection efficiency was improved by installing 217 

the perforated plate. The reason why the collection efficiency was increased by installing a 218 
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perforated plate in front of the drainage channel of the mist eliminator, can be explained 219 

through Fig. 7.  220 

Fig. 7 is an image comparing particle behavior, near the third drainage channel of the 221 

reference mist eliminator model and the mist eliminator model with the perforated plate, 222 

through a simulation. In order to compare the two designs, the same number of particles were 223 

released at the same location in the inlet section of each mist eliminator. Because the mist 224 

eliminator with the perforated plate showed an improved collection efficiency and its cut-off 225 

size was about 2 µm as shown in Fig. 5, trajectories of 2-µm particles were displayed in Fig. 226 

7. Under the influence of the perforated plate installed mist eliminator, particles entering the 227 

drainage channel gathered in a perforated area, that is, in the center of the drainage channel, 228 

so that particles do not leave the drainage channel. Due to inertia, particles were collected in 229 

the drainage channel. On the other hand, in the reference model, the particles enter the 230 

outside of the drainage channel, which is an open area without any obstacles, and thus the 231 

particles are not collected in the drainage channel, and are easily released. Therefore, the 232 

installation of a perforated plate was found to play a significant role in the enhancement of 233 

particle collection efficiency of the mist eliminator. 234 

On the other hand, experiments using limestone slurry particles were conducted to 235 

simulate the actual environment that the mist eliminator is operated in the thermal power 236 

plant. An MPS with a TEM grid was used to sample particles before and after the mist 237 

eliminator for a qualitative comparison. Fig. 8 shows Scanning Electron Microscope (SEM) 238 

images of limestone slurry particles, sampled on the TEM grid, before and after the operation 239 

of each mist eliminator, for both the reference model and the model with the perforated plate. 240 

Figs. 8a and c are SEM images of limestone slurry particles sampled at the front of the two 241 
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models of the mist eliminator. Both show similarities in particle size and number. In contrast, 242 

Figs. 8b and d show SEM images of limestone slurry particles sampled at the rear of the mist 243 

eliminator, for both the reference mist eliminator and the mist eliminator with the perforated 244 

plate, respectively. In the case of the mist eliminator with the perforated plate, both the size 245 

and number of sampled particles are smaller and lower than those of the reference model.  246 

Fig. 9 shows the comparison of the number of particles deposited on the TEM grids 247 

installed upstream and downstream of the mist eliminators with and without the perforated 248 

plate. For this quantitative comparison, several SEM images for each mist eliminator type 249 

were analyzed. The two mist eliminators showed very similar upstream conditions, however 250 

it is clearly seen that the number of particles sampled downstream of the mist eliminator with 251 

the perforated plate was much lower than that of the reference mist eliminator. These results 252 

are consistent with the results in Fig. 8, which means that the mist eliminator with the 253 

perforated plate designed in this study will be effective in the removal of particulate matter, 254 

even when applied to actual thermal power plants. 255 

 256 

6. Conclusions 257 

In this study, we investigated a method for improving dust collection efficiency, by 258 

modifying the basic wave-plate mist eliminators installed in the wet flue gas desulfurization 259 

facility of thermal power plants, to remove particulate matter. Each bent area of the wave-260 

plate mist eliminator was equipped with a drainage channel to collect particulate matter via 261 

inertia. Additionally, a perforated plate was installed at the front of each drainage channel to 262 

further enhance the inertial dust collection effect. First, a simulation was used to predict the 263 

dust collection efficiency of the mist eliminator with the perforated plate and the reference 264 
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mist eliminator, at flow rates between 2ï5 m/s. The results showed that the collection 265 

efficiency, of the model with the perforated plate, was higher for all flow rates tested. The 266 

accuracy of these simulation results was verified through experiments with Arizona Test Dust. 267 

In addition, to simulate the actual operational conditions of the mist eliminator in thermal 268 

power plants, limestone slurry particles were used to qualitatively compare the collection 269 

performance of mist eliminators. As a result, smaller and fewer limestone slurry particles 270 

exited the mist eliminator in the model with the perforated plate in comparison to the 271 

reference model. This study showed that mist eliminators actually used in real thermal power 272 

plants could be additionally equipped with perforated plates to increase the collection 273 

efficiency of the mist eliminator. A systematic parametric study needs to be conducted to 274 

characterize the performance of the suggested mist eliminator design using non-dimensional 275 

numbers. The mist eliminator model with the perforated plate proposed in this study can be 276 

applied in a simple manner to the existing wave-plate mist eliminator, and is expected to 277 

contribute greatly to the reduction of particulate matter emitted from various thermal power 278 

plants or industrial facilities. Additionally, for the mist eliminator of a shape other than wave-279 

plate, future study is needed to improve dust collection efficiency through simple shape 280 

deformation. 281 
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Table 1. Detailed dimensions of the mist eliminator 369 

Parameter Reference Mist Eliminator Mist Eliminator with Perforated Plates 

Ὧ 45° 45° 

a 8.6 mm 8.6 mm 

b 4.3 mm 4.3 mm 

c - 8.6 mm 

d 118.5 mm 118.5 mm 

g - 4.3 mm 

w 150 mm 150 mm 

370 
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 371 

Fig. 1. Geometry of mist eliminator. (a) Reference mist eliminator, (b) Mist eliminator with 372 

perforated plates. 373 

374 
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 375 

Fig. 2. Manufactured mist eliminator module. 376 

377 
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 378 

Fig. 3. Experimental setup for measuring collection efficiency. 379 

380 
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 381 

Fig. 4. Experimental setup for SEM analysis. 382 

383 
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 384 

Fig. 5. Comparison of collection efficiency of each mist eliminator with 2.5 m/s inlet flow 385 

velocity. 386 

387 
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 388 

Fig. 6. Comparison of collection efficiency of each mist eliminator by inlet flow velocity. 389 

390 
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 391 

Fig. 7. Trajectories of 2-µm particles near drainage channel in mist eliminator. (a) Reference 392 

mist eliminator, (b) Mist eliminator with perforated plate. 393 

394 
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 395 

Fig. 8. SEM image (2000x magnification) of particles deposited on the TEM grid: (a) 396 

Upstream of reference mist eliminator case; (b) Downstream of reference mist eliminator 397 

case; (c) Upstream of mist eliminator with perforated plate case; (d) Downstream of mist 398 

eliminator with perforated plate case. 399 

400 


