10

11

12

13

14

15

16

17

18

19

20

21

22

23

Performanceinvestigation of a vertical wave-plate

mist eliminator with perforated plates

SeungYoon NoH, Moon-Won Kin?, SeJin Yook?

1School of Mechanical Engineering, Hanyang University, Seoul, Republic of Korea

2 Department of Convergence Defenslanyang University, Seoul, Republic of Korea

Keywords Aerosol,Mist Eliminator,Inertial SeparatiCollection Efficiency

“Corresponding author. Tel.:+8222200422; fax:+822-2220-2299.

E-mail addressysjnuri@hanyang.ac.KS -J. Yook)



mailto:ysjnuri@hanyang.ac.kr

24

25

26

27

28

29

30

31

32

33

34

35

36

Abstract

This study improved collection efficiency of the mist eliminator used for wet flue gas
desulfurization facilitiesThe commonly used waygate mist eliminator with a drainage
channel was choseas a eference modebnd its performance wasompared with the
performance of a wavplate mist eliminator with perforated platattached to the front of
each drainage channel. Simulations were performed to compare the dust collection
performance of the mistislinators.We could confirm that the addition of perforated ate

to the mist eliminator changed the particle behavior in front of the drainage channel and
induced the passage pérticlesthrough the mist eliminator and into the drainage channel.
Subsegant experiments confirmed that dust collection performance was improved with the
use of the perforated platelhe use of the mist eliminator designed in this study is expected

to greatlyreduce the amount of air pollutants emitted from various indufdidities.



37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

1. Introduction

Recently, as the number of days with hggimcentration ofine dustparticles defined
as particulate mattglPM) that is less than 10 ynn the air has increased, there has been
greaterinterest inthe study offine dust. Sudiesworldwide have reported that fine dust may
adversely affect human healtlh.has also been found that fine dgsin causdung cancer
(Pope et al., 2002)|and deathdue to respiratory diseases have been shown to be closely
related to atmospheric Pi¥lconcentrationgGuaitaet al., 2011Kim et al., 2018Perez et al.

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

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

(Baau et al.,, 2014; Kang and Kim, 201#ung et al., 2018 therefore, it is essential to
investigate ways to reduce the atmospheric concentration of fine dust. Atmospheric fine dust
is emitted from various industrial and living environments. In particulaigws studies show
that particulate matter is generated during power generation peeciteguse fossil fuels
such ascoalfired power plants. Consequently, it was confirmed that a large amount of fine
dust of PMo and PMs is releasedDin et al., 20B; Goodarzi, 2006Lu et al., 2019;
Manousakas et al., 2018hang et al., 2005)n order to reduce the emissions of fine dust and
SOx,a thermal power plant generallyequipped witha sekctive catalytic reduction system
an electrostatic precipitatoanda flue gas desulfurization (FGOacility. A mist eliminator
is installedin the FGD to removdroplets used for absorbing SQ«m et al., 2019)

If the collection efficiency of the mist eliminator, which is involved in the collection
of fine dust,can be improved, it can greatly contribute to the reduction of particulate matter
emissiors from thermal power plants. Therefore, various studies on mist elimsnladme

been conducted. An electrostatic mist eliminatioat has a low differential pressuand can
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improve the collection efficiencgf fine dust,was developethy Kim et al.(2019) and he
collection efficiency was comparéxhsed orthe structure of the drainage channel of the mist
eliminator. A study by James et.al2003) showed that igher collection efficiencies were
observed for the same flow rate, when drainage channels were incllidgedcollection
efficiencies of horizontal and vertical arrays of wire mesh mist eliminators,were
comparedn a study by Brunazzi and Paglia(t©98) The collection efficiencies, according
to vane spacing and vane turning angle of the mist eliminagre compareth a study by
Narimani and Shahhosei(2011) andcollection efficiency was highest at a vane spacing of
20 mm, flow rateof 5 m/s, and &ne angle of 60°. Three types of vertical mist eliminators,
knitted wire mesh, crushed aluminum turnings, and multiple pass louvers, were compared
under the same differential pressure or at the same flovbya@ell and Straus§l973) This

study showedhat under the same differential pressure, the collection efficiency was highest
in the knitted wire meshandat the same flow rate, it was highest in the louver eliminator.
Three different models of axial cyclone mist eliminators were designed and cdmpare
experimentallyby Brunazzi et al.(2003) The collection efficiencies of five drift mist
eliminators bent into different modelsvere comparetdy Zamora and Kais€011) Wave

plate mist eliminators with two different widths and channel numbers wenparedby
Galletti et al.(2008)through a simulationandthe collection efficiency wakigherin large

and wide modelst the same inlet flow rat&he effects of the wire diameter and the packing
density on the collection efficiency in the wire meshmelator were analyzetty Al-
Daughaither et al(2010) andthe collection efficiency increaseghen wire diameter was
decreased and the packing density increaRedently, double pocket vane mist eliminator

was developed and commercialized by many congsadue to its large capacity and good
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separation efficiencyGhandranegara, 20;lBries andHoffmann 2019).

Previous studies have focused improvingdust collection efficiency by changing
the designmodel of existing mist eliminator8ecause the mistliminator with drainage
channels has been proven to be efficient in increasing separation efficiency for small droplets
(Chandranegara, 20).6his study aimed at improving the performance of the mist eliminator
with drainage channel$herefore as shownn Fig. 1a, the wawplate mist eliminator model,
which is one of the basic models of the mist eliminator, was set as a referetiee design
of a new model This reference mist eliminator model was also used in various previous
studies(Galletti et al, 2008;James et al., 2003yarimani and Shahhoseini2011;Zamora
andKaiser 201]). The newly designed mist eliminator model in this study is shown in Fig.
1b, in which an additional plat&ith rectangular perforatiowas installed in front of the
drainaye channel of the reference model. The dimensions of the reference and the new mist
eliminator are shown in Table The optimized model of thgerforatedplate used in this
study was derived through the simulation meth@dnsequently, a mist eliminatoras
createdto place the perforatedplate structure in front of each drainage channel and the

collection efficiency was measured and compared through experiments.

2. Numerical method

In order to analyze the characteristidghe flow;, according to the ieit flow rates of
the mist eliminatagrand to predict the collection efficiencgccording to thehanges in the
characteristics of the flowa numerical analysis was performed using ANSYS FLUENT
Release 17.0Since the mist eliminator model used in thaiactvet flue gas desulfurization

system has the same crasstional model that is repeated many tinteg-dimensional
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(2D) analysis conditions were used to predict the performance of the mist eliminator. For
referenceprevious studies analyzing the duastlection efficiency of mist eliminatoysising
numerical analysijhave performed 2D analysis on only one of the six channels shown in Fig.
la (Galletti et al., 2008; James et al., 2003; James et al., 2605y was set taun from
bottom to top. Theldéw in the mist eliminator is assumed to steady,ncompressibleand
turbulent. The Reynolds Stress Method (RSM) model was used for turbulent flow analysis
(Estakhrsarand Rafee, 2013; Rafee et al., 201The SIMPLE algorithm was used for
pressurevelocity coupling.
The seconarder upwind scheme was selected to solve the mammegquation, and
to calculate the turbulent kinetic energy and turbulent dissipation Taie. boundary
conditions for flow analysis at the flow inlet and outlet of the comjmrtat domain were,
respectively, the velocity inlet and pressure outlet conditiotngle the neslip conditions
were set at the wall of the absorption tower chamber and the surface of the mist eliminator.
The flow rate of air flowing into the mist elimita, through the inlet of the computational
zone was setto Z15 m/s, which is the flow rate of the commonly used wet flue gas
desulfuriation absorption towe(James et al., 200&avousiet al., 2013 Structured grids
were generated, and y+ vatugereset to bdower than 1 (Galletti et al., 2008}\s a result
of the gridindependenetest,about 85,00@rids were selectedBased on the approaches of
previousliterature (Zamorand Kaiser2011; Estakhrsar and Rafee 201Bg convergence
criteria of the flow analysis were set so that all equations converged'taat@ all relative
errorsfell below 10°i n t he present studyods simulations.
After the flow analysis was completed, particle behavior was analyzed using Discrete

Phase Models (DPM), a partlate behavior analysis code embedded in FLUENT. For
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particulate behavior analysis, it was assumed that the panigesspherical and tha
density of 1 g/crh Stokes' drag force, operated by the relative flow of particles in the fluid
was takennto consideration, and the drag force wasrectedusing the slip correction factor
according to the particle siZ&im et al., 2005) The number of particleseleased fronthe
inlet of themist eliminator channel was set to be 25D@e to the mist eliminatobeing
modeled verticallya downward gravitational force weeken into consideratiomn order to
account for the effects of theirbulent dispersionof particles this study employed the
discrete random walk (DRW) modeVhichcalculates particle trajemties in a stochastic way
by consideing the fluctuations of turbulent flow velociy ANSYS FLUENT User 0 s
15.0, 2013)In addition, itwas assumed that all walls in the mist eliminat@reapplied with
trap conditions and therefoitewasassumed tht the particles were trapped on the wall when

they hit the wall.

3. Experimental method

Fig. 2 shows a photograph of a mist eliminator vpérforatedplates asdesigned in
this study. The mist eliminatavas made of acrylic and consstof six channeal. The total
height of the mist eliminator was 0.25 m, the width of each channel was 0.025 m, and the
total width of the six channels was 0.15Whenno perforatedplate was installed in front of
the drainage channel, the model looked like Fig. lavamsh it was installed it looked like
Fig. 1b.

To verify the effect of removing particulate matter by the constructed mist eliminator,
we used two types of experiment setups shown in Fig. 3 and Fig. 4. The height of the lab

scale chamberwhich simulaes the absorption tower of the wet flue gas desulfurization



152  facility wherethe mist eliminator is installedvas 1.2 m, and the gas flow rate inside the
153  absorption tower was set to 2.5 m/s. In adahle chamber equipped with a mist eliminator,
154  the flow was seto run vertically from bottom to togsince the purpose of this stueyes to

155  test the particle removal characteristics of peeforatedplate equippedmist eliminator used

156 in wet flue gas desulfurization, the chemical reaction to remove sulfur compoasdsotv

157  considered. That is, instead of flue gas containing the sulfur compound, clean air that has
158  passed through the High Efficiency Particulate Air (HEPA) filter was injected into the
159  absorption tower.

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

161 instead of spraying limestone slurry to measure the collection efficiency of the mist
162  eliminator, the Solid Aerosol Generator (SAG 410, TOPAS, Germany) was used to
163  aerosolizeArizona Test Dust (ISO 12103, A4 type).The dustaerosolwas injected into the

164  absorption tower with clean air. Arizona Test Dust, before and after the flow containing
165  particles passed through the mist eliminateas sampled at an aerosolized state and was
166 used to measure theumberconcentration distoution usingan Optical Particle Counter

167  (OPC, Model 1.109, GRIMM, Germany). The following equation was useéterminethe

168  collection efficiency ¢) of the mist eliminator.

{':!'ﬁe'.l'

n=I1- .
169 hefore (1)

170  Here, Coefore and Carter arg respectrely, the aerosohumberconcentrations before and after
171 the flow containing the particles passed through the mist eliminator. In addition, the density
172 and dynamicshapefactor of the Arizona Test Dust were set to 2.65 §/@nd 1.6

173  respectively,and the particle size measured by OPC was converted into aerodynamic
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diameter using the following equati@RletcherandBright, 2000)

S
poCox

Ef'l':: = ffl’J:'J C
I{}l.u e (2)

Here,jois 1 g/cm, Jpis 2.65 g/cm for the density of Arizona Test Du&ae andCve are slip
correction factors for aerodynamic diameter and volume equivalent diameterisah@, the
dynamicshapdactor for Arizona Test DugPeters et al., 2006)

Next, the limestone slurry was sprayed in the absorption toghemberand
experimenwasperformed teexamine the efficiency with which the sprayed limestone slurry
was removed by the mist eliminatofhe experimemtl setup for comparing the removal
effect of limestone slurry in the actual reference mist eliminator model and the mist
eliminator model with th@erforatedplate desigrof this study areshown in Fig. 4. In order
to generate the slurry particles used in the experim@ngstone powder(SSM-20,
Seongshin Minefield, Koreayi t h an average particle size
a ratio of 2:3 to create a slurry, and placed in a 100 L tank to prevent the precipitation of
limestone powder and was stirred usangagitator(BL1003D, MTOPS, Kora). As shown in
Fig. 4, limestone slurry was sprayed downwards usitfigllacone nozzle (KJRFFSS32,

Kukje Nozzle, South Koredhto clean air filtered through a HEPA filter flowing from the
bottomto top At this time, the spray operation pressure wad® 3 bar. Sprayed limestone
slurry particles were collected on a Transmission Electron Microscope (TEM) grid using a
Mini Particle Sampler (MPS, Domaine Technologique, France) at locations before and after
the flow containing the particles passed thitodige mist eliminator. Then, theorphology

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

Microscope (S4800, HITACHI, Japan).

of
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4. Results and discussion

In order to confirm the accuracy of the predictions of thenerical analysis,
experiments were conducted using Arizona Test Dust to quantitatively compare the collection
efficiency. Fig. 5is a graph comparing the collection efficiency according to aerodynamic
diameter when the flow rate at the inlet of the ralshinator is 2.5 m/s for both the reference
model and the model including tperforatedplate. As shown in Fig. 5, the simulation results
were similar to the experimental resulfthe numerically predictedcollection efficienees
were slightly higher thathe experimental data for particle sizes in the range of abbt 5
pum. This might be due to the fact that the simulation assumed the particles to be trapped on
all walls including theside walls whereasn the experiment the particles which were not
collected in the drainage chanmeluld be resuspendedfter they hit thesidewalls. The cut
off size of the reference model was about 5 um, whereas theffcsize of the mist
eliminator model with theerforatedplate design of this study was around 2. (iimerefore,
the model with theperforatedplate design of this study demonstrated a better dust collection
performance than the reference model.

Fig. 6 is a graph comparing particle collection efficienegcording to flow rate
between th reference nst eliminator model and the modektincludesthe perforatedplate
designof this study. At all of the flow rates analyzed by simulation, 2 m/s, 3 m/s, 4 m/s and 5
m/s, the collection efficiencyf the perforatedplate designwas higher than that of the
reference model. Especially at 2 m/s, asiaé reduction of about 2 um was observed. In
other words, we could confirm that the dust collection efficiency was improved by installing

the perforatedplate. The reason why the collection efficiency was irsgdaby installinga
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perforatedplate in front of the drainage channel of the mist eliminatan be explained
throughFig. 7.

Fig. 7 is an image comparing particle behayieear thethird drainage channedf the
reference mist eliminator model and theéstreliminator model with theerforatedplate
through a simulatiorin order to compare the two desigtise same number of particles were
released at the same location in the inlet sectiomachmist eliminator.Because the mist
eliminator withthe perforated plate showed an improved collection efficiency isdut-off
size was about 2 passhownin Fig. 5,trajectories oR-pum particles were displayed in Fig.

7. Under the influence of theerforatedplate installednist eliminator particles enteng the
drainage channel gatlestin a perforated area, that is, in the center of the drainage channel,
so that particles do not leave the drainage channel. Due to inertia, particles were collected in
the drainage channel. On the other hand, in the referemmel, the particles enter the
outside of the drainage channel, which is an open area without any obstacles, and thus the
particles are not collected in the drainage charenedl are easily released. Therefore, the
installation ofa perforatedplate wasfound to play a significant role in trenhancement of
particle collectiorefficiency of the mist eliminator.

On the other hand, experiments using limestone slurry particles were conducted to
simulate the actual environmetftat the mist eliminator is opated inthe thermal power
plant. An MPS with a TEM grid was used to sample particles before and after the mist
eliminator for a qualitative comparison. FBshowsScanning Electron Microscope (SEM)
images of limestone slurry particleampled on the TEMrid, before and after the operation
of each mist eliminatorffor both the reference model and the model withpidoratedplate.

Figs.8a and c are SEM images of limestone slurry particles sampled at the front of the two

11
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models of the mist eliminatoBoth show similarities in particle size and number. In contrast,
Figs.8b and d show SEM images of limestone slurry particles sampled at the rear of the mist
eliminator, for both the reference mist eliminator and the mist eliminator withettierated

plate, respectively. In the case of the mist eliminator withpdadoratedplate, both the size

and number of sampled particles are smaller and lowetthioarof the reference model.

Fig. 9 shows the comparison of the number of particles deposited orEtdegrids
installed upstream and downstream of the mist eliminatgdis and without the perforated
plate. For this quantitative comparison, several SEM images for each mist eliminator type
were analyzedThe two mist eliminators showed very similar upsime conditions, however
it is clearly seen that the number of particles sampled downstream of the mist eliminator with
the perforated plate was much lower than that of the reference mist elimirfaseresults
are consistent with the results in Fig. which means that the mist eliminator with the
perforatedplate designed in this study will be effective in the removal of particulate matter

even when applied to actual thermal power plants.

6. Conclusions

In this study, we investigated a method for imyang dust collection efficiengyby
modifying thebasicwaveplate mist eliminatainstalled in the wet flue gas desulfurization
facility of thermal power planfdo remove particulate matter. Each bent area of the wave
plate mist eliminatowas equippedwith a drainage channel to collect particulate matter via
inertia. Additionally, aperforated platevasinstalled at the front of each drainage channel to
further enhance the inertial dust collection effect. First, a simulation was used to predict the

dustcollection efficiency of the mist eliminator with theerforatedplate and the reference

12



265 mist eliminator at flow rates between2i5 m/s. The results showed that the collection
266 efficiency, of the model with theerforatedplate was higher forall flow rates testedThe

267  accuracy of these simulation results was verified through experiments with Arizona Test Dust.
268 In addition, to simulate the actuaperational conditionsf the mist eliminator in thermal
269 power plants, limestone slurry particles were usedualitatively compare the collection
270  performance of mist eliminators. As a result, smaller and féwestone slurryparticles

271  exited the mist eliminator inthe model with theperforatedplate in comparison tothe

272 reference modelThis studyshowedthat mst eliminators actually used in real thermal power
273 plants could be additionally equipped wigerforatedplates to increase the collection
274  efficiency of the mist eliminatorA systematic parametric study needs to be conducted to
275 characterize the performem of the suggested mist eliminator desiging nordimensional

276  numbers.The mist eliminator model with thgerforatedplate proposed in this study can be
277  applied in a simple manner to the existiwgveplate mist eliminator,and isexpected to

278  contributegreatly to the reduction of particulate matter emitted from varibesmal power

279  plants orindustrial facilities Additionally, for the mist eliminator of a shape other than wave
280 plate, future study is needed to improve dust collection efficiency threumgple shape
281  deformation

282
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369

370

Table 1.Detailed dimensios of the mist eliminator

Parameter ReferencéMist Eliminator Mist Eliminator with PerforatedPlates

o) 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

18



(b)

371

372  Fig. 1.Geometry of mist eliminator. (a) Retnce mist eliminator, (b) Mist eliminator with
373  perforatedlates.

374
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375

376  Fig. 2. Manufactured mist eliminator module
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382  Fig. 4. Experimentaketup for SEM analysis
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Without perforated plate (Experiment)
Without perforated plate (Simulation) |/
With perforated plate (Experiment)

Collection Efficiency (%)

— — —  With perforated plate (Simulation)

0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25

e Aerodynamic Diameter (um)

385 Fig. 5. Comparison otollection efficiency of each mist eliminator with 2.5 m/s inlet flow
386 velocity.
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389  Fig. 6. Comparison of collection efficiency of each mist eliminator by inlet flow velocity
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391

392
393

394

(2) (b)

Fig. 7. Trajectories oR-um particles near drainage channel in mist elimingm) Reference
mist eliminator, (b) Mist eliminator with perforated plate.
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395

396 Fig. 8. SEM image (2000x magnification) of particles deposited on the TEM grid: (a)
397 Upstream of reference mist eliminator case; Mmwnstream of reference mist eliminator
398 case (c) Upstream of mist eliminator witperforatedplate case; (dpownstream of mist
399 eliminator withperforatedplate case.
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