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Abstract

Ultrafine dust, which is emitted from industrial factories or all kinds of vehicles, threatens the human’s respiratory
system and our environment. In this regard, separating airborne particles is essential to mitigate the severe problem.
In this work, an axial cyclone for the effective technology of eliminating harmful dust is investigated by numerical
simulation using Ansys 2020, Fluent R2. In addition, the optimized structure of the cyclone is constructed by means
of multi objective optimization based on the response surface method which is a representative method to analyze the
effect of design parameter on response variables. Among several design parameters, the modified length of the vortex
finder and dust collector is a main point in promoting the performance of the axial cyclone. As a result, the optimized
cyclone exhibits remarkable performance when compared to the original model, resulting in pressure drop of 307 Pa

and separator efficiency of 98.5%.
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Aol et FEARQD AR UM ZpdelA
o] FoyA 1 gt} B MW X (Particulate Matter)
SFfete 1Al e AA9 nyEAR, 1
A= F vpolAR JEZ ulg- uAstth o2t
v AHA = A3 EBRE ofdEr AT ok
FE A A, 7BAYE T EFNAE 55 &
P& THChoi and Kyu, 2020). =3, 155 wA=A
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Th(Dockery et al.,, 1993; Park et al., 2021). ©]o] w}
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2. Methodology

2.1 Numerical Models

frAeles 2AE Qe A2 AW (Finite
volume method) 7]¥F CFD ZZ 71391 Ansys 2020,
Fluent R2E5 AF&-3F5ith 1% 1(@)9 Z°] Ansys
design modeler X Z1W-& o] &3Fe] Alo]ZEF}
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5 Ag W (Pressure-velocity coupling method)
719ES] SIMPLEC  (Semi-implicit method pressure
linked equations consistency) ¥ E|EFS ARE-SFS]
o, ¥ ZFo dldlA+ PRESTO! (Pressure
o]g-3to] o]Akglstglitt.
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Table 1. The grid independence test

Mesh Pressure drop Error
8,214,621 1,011.1 -
4,001,421 1,013.3 0.215
2,014,561 1,072.5 6.068
1,354,621 1.097.8 8.57

" 1b)y= AelEE fed A ﬁx}

(Mesh)7]- A A 3k 517]-4 o} Al (polyhedral) F.

2 AAENSES dERdATh gdA AR % ]
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Table 2. Boundary conditions applied in numerical

simulation.
. DPM
Boundary Condition .
Condition
Inlet Velocity inlet (4 m/s) Escape
Outlet-1 Pressure outlet (0 Pa) Escape
Outlet-2 0 Pa Trap
Wall No-slip condition Reflection

2.2, Turbulent model

ESHFFU2 Alo]FE2 H] 5 (anisotropic) W
FollA =2 3|4 (swirl number)2} 73t 4~8E0]
L(vorticity) 5] Wi 5 540 ez, #o
=Z $8 9 (Reynolds stress model, RSM); =+
2 o] EAKLarge eddy simulation; LES) £}
F E9(Turbulent model) ZIAFH S o] &3 4= 3l

reorfu

Outlet-1

Outlet-2

Figure 1. (a) Configuration and (b) grid system of an axial cyclone.
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ThH(Hoekstra et al.,, 1999). RSM> H| WA W7
A T A A frsAlatel oy el UAIRE
LESK U} AlAkeFo] Zrol Alal Alzko] Zth(Slack et
al, 2000). 3¥HA, LES= & <8 Tulf(Pressure
gradient)ol] W& QD& A5 Sh(stratified) S L8 1A
%onvnZ  AAZS(boundary layer)ol A2 oF5A
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A= RSM WA A S 7[ESE Ffo] £X|3
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2.3. Discrete Phase Modeling (DPM)

Aol 229 YA g uF R
YA AAE FAEH] A8 edel ST W
2](Eulerian Lagrange equation) 7|WFe] o] -5
9 (discrete phase modeling; DPM)S A3t}
o] Al 2 WA wet -5 (Fluid field)ell 23
AA7F wEE (Force) oFdle] A1) & yERd
= Sl th(Fluent, 2006).
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2.4, Evaluating Performance
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2.5. Optimization Processing
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Table 3. Design of points from Latin hypercube sampling.

%579 Aol 2E T2 A1 WAl et A

75

Input parameter Output Parameter

No- Pl [cm] P2 [cm] P3 [cm] P4 [cm] AP n

0 50 9 10 6 364.819 88.46915
1 40.46875 12.07813 16.953125 7.015625 314.761 86.30384
2 40.78125 14.82813 16.484375 6.265625 243.669 72.07218
3 41.09375 4.859375 19.765625 6.453125 559.269 95.51804
4 41.40625 5.890625 5.703125 6.359375 463.643 96.35623
5 41.71875 7.609375 13.203125 5.234375 472.662 94.76717
6 42.03125 7.953125 15.546875 5.984375 420.41 95.66938
7 42.34375 8.640625 7.109375 7.671875 312.799 94.58091
8 42.65625 13.10938 5.234375 6.171875 178.292 84.3539
9 42.96875 10.70313 18.828125 6.640625 359.497 94.07451
10 43.28125 9.671875 11.796875 5.796875 343.34 90.93714
11 43.59375 13.45313 8.046875 7.203125 232.459 77.90454
12 43.90625 11.73438 8.984375 6.078125 273.899 85.82072
13 4421875 6.921875 6.640625 5.609375 465.595 94.02794
14 44.53125 8.984375 6.171875 6.734375 313.747 91.71711
15 44.84375 5.546875 16.015625 7.953125 389.217 98.71944
16 45.15625 11.04688 17.421875 7.765625 300.899 93.33527
17 45.46875 4.515625 12.734375 7.296875 450.68 98.88824
18 45.78125 12.42188 13.671875 7.390625 261.334 85.18044
19 46.09375 14.48438 9.921875 7.484375 213.295 72.30501
20 46.40625 10.01563 7.578125 5.328125 316.558 87.81141
21 46.71875 11.39063 10.390625 5.046875 299.996 83.06752
22 47.03125 8.296875 15.078125 5.703125 394.191 94.2142
23 47.34375 7.265625 18.359375 5.890625 441.946 96.08848
24 47.65625 5.203125 10.859375 7.578125 390.106 98.45751
25 47.96875 13.79688 9.453125 6.921875 218.796 80.12224
26 48.28125 9.328125 11.328125 7.109375 303.692 93.35274
27 48.59375 10.35938 17.890625 5.140625 349.311 88.76601
28 48.90625 14.14063 19.296875 5.421875 252.752 73.08498
29 49.21875 12.76563 12.265625 7.859375 234.878 86.36787
30 49.53125 6.234375 14.140625 6.828125 433.715 95.1688
31 49.84375 4.171875 8.515625 5.515625 654.447 98.63213
32 40.15625 6.578125 14.609375 6.546875 430.482 97.81723
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Figure 2. Structural parameter of an axial cylcone cyclone,

A, WgEURNES AREste] AAWS 747t stod & 327 AAIRE =&AL TElas
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¥ 33 Zo], A A & (Central composite
design, CCD) 7IRFe] AEAEH 29 sfo]H 4t
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0 (Y} n (%)
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Figure 3. Response surface of separation efficiency and pressure drop as a function of a) and b)

Pi & Po,
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3. Results and Discussion

3.1 Response Surface
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3.2 Optimization Results
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To maximize separator efficiency ; 7 > 88.47%

To minimize pressure drop ; AP <364.82 Fa
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8%, FHAs Al A= 1.3%

Table 4. Comparison of output parameters from (C)
calculated and (S) simulated.

P1 P2 P3 P4 AP n

C 286 | 97.2
— 49 8.1 8 7.8
S 307 | 98.5

(b)

Figure 4. Contour of pressure drop of a) original model and b) optimized model, contour of tangential
velocity of ¢) original model and d) optimized model.
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3.3 Simulation Results

I9 4= HAsE 2 7E9] AtolEE
HofrEs A A8 y = 020 B fleA g
48 HAH  &E(Tangential velocity)s 54l

o)
H

Itk 29 4 (st (b=

Ao
&% FaAdolH, (a9t (o)=

A A B p, GAEAR Hol A )
aol ARl by

e U Aok AT 419 Yol
2 B3 0% B Ak 2
E%Eﬁ<1ﬂ4@mw®ﬂ%@L%7wl&ﬂ§
2l A4 SEE Al AT, QAT o

AL e SEAE e Qe olne

297 WERNE B 74 4A Are =y

F3 geigetl Ug 9@e wAson, o2

NgoR tuA fd Al olgstel AA
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) .

ZHAlel 2
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¥ A G U (A E: 2016M3ATB49096).
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