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Investigation of optimized body tilt angle and acoustic excitation affecting

performance of hydro cyclone particles separator based on genetic algorithm
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ARTICLE INFORMATION ABSTRACT

Original Research Paper At the core of the conventional hydro cyclone, the secondary flow is created in the opposite direction of

Received 30 December 2016 the primary flow which is adjacent the wall and causes sink pressure on the central axis of the hydro
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- ‘ cyclone. This low pressure zone may drag fine particles to the core and enable them to escape from the
Available Online 27 February 2017

upper section of hydro cyclone. In this research, by adding a sound source at the core of the hydro

Keywords: cyclone the separation performance of an acoustic hydro cyclone is studied. Then the effects of the

Hydro cyclone hydro cyclone’s body tilt angle with the horizon are reviewed in the next step. To this end, the flow
Sound source simulation is carried out by the appropriate turbulent and two-phase fluid flow model and consequently
Particle diameter the results are validated with experimental data. The result shows the optimum strength and frequency
(S)e‘z?r;aitz'g{i‘on of acoustic stimulation and the performance of conventional hydro cyclone in different tilt angles,
P particle diameters and inlet velocities. In addition, in this study, the optimum injection velocity for any
diameters which has a considerable impact on separation efficiency of the acoustic cyclone, is
introduced. Finally, by applying a genetic algorithm with two objective functions, among all the states,

the model that has the highest efficiency and lowest pressure drop is selected.
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! Grid independency
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Table 5 Pressure drop for some different slope angles in two inlet
velocities
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Fig. 5 Contour of pressure in a plane section of the hydro cyclone
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Fig. 7 Some particles’ trajectory in a slope hydro cyclone
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Fig. 8 Separation efficiency for some slope angles in different particles
diameter

o dygly dw gl g OIS Calie sla,lad o S gLl 0oL 8 S
SIb oelSn

3 oolads 17 0995 1396 s 3 (jurde Suille Swise

5l el o0 polie Jo sl Jols (o0 polas

‘ (kg/s) Liales] (kg/s) e e

ollas- (m/ s54,9
e e
SO . $95,5 & s)
ST &z

4.3 1.894 1.937 1.813 1.838 5.91
0.55 2.563 2.604 2.549 2.581 8.25
0.39 3.325 3.378 3.312 3.341 10.70
0.86 3.850 3.868 3.817 3.844 12.35

100 F

[=1e] ;

80 ;

7O b

&0 ;
g S0 f =—— = k-e-standard
= E RSM

40

E EY expriment

30 F

20 ;

10 ;

o . . ‘ .
8] 10 20 30 40 50 60 TFO

dfjm)
Fig. 6 Separation efficiency of some different particles diameter for
5.91(m/s) injection velocity

2 5591 il e gl Gliee gl yhad o ol)S (gilulaz 0ol 6 JSCB

asls

ol atlige g ol Slalazl 1 5L il dao g b s 3,55
i &S Lz e Slao 4 GelSn 0515 50 it Jele jlad il
S g0 o5 |y o 95z 4 D3 Rl e ps gy bag oS Sl
950 Jlesl b a5 (gysb 4y ol ogetie S5, lyS 5 jLad S8l Gl S
ghio 5l 0ls (g 1eS chuiz (g5, a5 5, DS 9 e el Vb a4y g,
Gllae 2955 oo (elSemg it (BO5L Bl e i Nsd ) VL
(a5l 6 10.70 4 5.91) Jlw 3 &I, (69,9 sy 90 ;0 5 Jgo

42



Oblsed 9 3135 gubi 5009 g

ety Piﬂ),:-“ 9wl e S SiglKung ) 3ud 0 34STAa 3 Shac )3 Hige ding SaiwgS T K )i 9 A3y b dsgl) kil

% 0%

Fig. 10 The performance of slope hydro cyclone(1.feeding particles
2.separation of coarse particles 3.separation of fine particles)

Sy DS gilulaz -2 @ld 5g,5-1) ot elSig oup o Slos 10 S5l
(Ol ghio jl ) S5 (s3lula—3

o oy pib-2-4
Ot 5 OlSmg ot 0o (Jeo detzr SIS Gk asbl e
on (Sye g b GRlPl a4 ol cepe giluag
» Slog JLad fhue Sjgon Jeo aniaz I slaie (ul 4y 09,5 o0
95 Om Sllie Liol) (nl )3 058 oo @S A 0 (e 5 ey plags
1L S Gllae oS ead plowl g gde 3l eoliiul (30 5 b Cundg

S5 SeiasST  pane ool n ) e 51 Lals S ol
Ll 00 o0ls
SBds,5 45 el yasa oSy e & by o s S
Whd 4 Speb 4 o)l plSemgyan o Sles n (Aie 5 SzS
i G551 S, OIS 0sdiee el g WS e 9ls Y g, (25
@5k Gl e g Wed B YU ghaie I Wb 658
O (55 0w plod o JLad Sl (nl 005 oo (9lSs 000

5.006+02 }
450002 |
4.00e+02

3.506+02 ﬂ

[]

3.006+02 ‘
2.506+02

2.008+02
1.508+02
1.006+02

5.00e+01

0.00e+00

Fig. 11 Comparison of vorticity magnitude(1/s) in a conventional
(left) and an acoustic (right) hydro cyclone

Srore HelSmgyaun 10 (a8l 5 ) laals 5 ojlail w598 anslio 11 S
(ol y o) SeiansST 4 glSing joud § (e o)

43

2 ot sllsy pled sln g 039 asly 5l Jites (pO3L aniey &S 55k
SRS el 3T by wesee ) fegySee 100 03 SlE gesgusme
B 4 bl wdps Dld (gm nl 0gd e 2l s 55 (aeil )3
510 lSmig it (VL haie 5l

100§ 5oz Sly3 b csodgions 55 Eonl 55 4 Y riman
Ll ol (55t S35 (53l o35k (sI3 o5 (lSms it £ y2e3,Snn
03ik 4z ST jloced GelSamg e yiog See 100 51 seudys s ol
Gilolaz Jb jo @ly o Ll el 568 1 (17) el 5l Jool> (55lulaz
el ppS bl i b oplSew VU ahie 3l iy oy
gy b oolSm fagySee 100 5] jaey )3 5l edgame slp cnlple
e yse Sl Al 420 10 BBIL ot

AL ol oSy 6l az e 10 angy ol agly Sl b
S 5o oy ilelaz 0ajl p ilisee slaylad b b il cepe

P Gl S g ) oS Sgice Sl s Sl 5 3980 syn 1O
100 5l jaw Shd-cu,e O3 Gl bl el jgan glulas ool
I 50 O3 Ll el S (17) abal, 5l Jeol> o3k ax 51 - jag o
5.91 e pus jo pu Hlad il aS ol s aiis YU adaie 1 ol 5
Sailge &S ol 119 38 Sla S2" 5 Jol> gams 9o cde Ll
Sy Jlade (elSen SoS cud slaagly J8 (139 o (swsenS
adgl slaals F ol jor a4 (505 (gl (g i il DS pmy cpl g o)l
50 Olyd ol pls 4y g9bg0 (pl a5 Wils olg b oye> A o g
G331 L35 o g 1y 5l e S o e 5 sty o
Slp seS (el g el o5 (9 e Bl sallse ot sl
S 6yslaez 00jb alS Cage 45 3 jls dgg ol b lyd 5,95
G5 amdg ol 0 s e dle (17) sadal, 51 a5 098 0
@Yk e 5l gt 4 bles IS (S 09l e (o sl e
E3050 ol 0,8 Wl gagae iy yai sl (805l (sl g Wil (elSusg e
Lol samlie b "10 K& o
5 0B HelSemgyaup oy DS (gly cdS gt e gon pez Sy 0
O3 gl bl ssis (alSawg o i o, Slee Caely jiion il Cepu
ogdle oS Al Saew 5 3 L oS ot gy b elSmg e it ys
S8 polSemg e (VL ghaile 5l O3 il 4 eS jLad 8l

100 |
0%
60% -
40% .
......... F=5.51m's
20%
F=10.7m's
g Eseee 4t x >
1 10 100 1000 10000
d(pm)

Fig. 9 Separation efficiency for different particles diameter in 6=10
4,0 10 s gl 5 b caliss loyhad o )3 (5 jslaez 005L 9SS

3 ooladds (17 0993 1396 s ,a (e Suilke wdiie



Oblsed 9 3135 gubi 5009 g

S5 @i g8l el s D3 Sikwg ) ud 0 3T 3 ,Shes )3 g Aine SuiugS T K 9 433 h gl bl

T 93
&% 925
92
50%
215
0% =
7
= 91 2
30% <
2.05
20%
L]
10% wresesses pressure drop
£95
% . L L s 89
145 150 155 160 165 170 175

SPL(db)

Fig. 13 Separation efficiency and pressure drop for different pressure
levels

calisee ‘_gLQ)Lf.é CJG“" ‘_glﬁ )L.i;é C,é‘j Q|)S &5)51@".’ ao)‘L; 13 J&m‘:

170 Jlzd gl 5 5,05k 9 il 3 b Spo aniar (6,500 (oui
9925 50 )8 OolSemg i S 53 s ) (a0l (nde & (o
ond (g p litie slaylad )5 IS (gilulaz eajl (Al Cee s g0 50
O il g0 Luyd b glulaz eojl a5 ams o oylas "14 JSa" Lol
S Bl e s ) 3J8 s B s B
O ier 5o OlyS B ol walss i S0 Sse deia
500 ol 4 ojlal ple g olgs o a1y Loyl g 0,105 51 SaugST
Gk slacie s )3 g dedar 38 & Jdsa eajl Gl Gl
el it Yl Gl Slaie 5 3l 3 ol 4 o e
9.27 5l asl p e 5.91ce,w o jlad cdl e Ko S,k
JEalishes 27.45 1y ol 5 30 10.70 599 e o 5 JSulislS
90 ol b las il alal, gjlo Jolas by Loy ol ol bl oo
o8 Syt S0 4l p e 591 e W og (G BB 5 S e
g e SBEl Ay Sy lyie 9 9)l0 Lid Z3 e g 205k
5.91 ceym jo O3 ilolaz o0jb ol samglio 15 ISE" s
o plonil Jgare (3l jonp 5 SosS T (ylSimsg i 50 4l 2 e
3 yian a8 b gosgaome jo) &y el moli8l b ves oo olis a5 Lol
Sl 55 4y p3¥ 050 e SiaosST daiizr Jlosl ;56 (9,0 30

100%
50%
80%
70%
60%

50% [

0% |

30% L
0 10 20 30 40 50 60 70
Aumd
Fig. 14 Separation efficiency in two injection velocities and for 9(kHz)
frequency and 170(db) pressure level

5 5 2S 9 S8 (sl il Sy 99 )0 D)3 (5 lme 003 14 S
b s 170 L5 pebans

3 oolads 17 0995 1396 s 3 (jurde Suille Swise

Sas3 s @ly adgl ol jlady LS 51 o]S 0gd oo el 5 3l 3925
Ao WS 13 oYL alade 5l g wigd 0alS (g)lad ol 4 o)lens
OslSmgier (6350 yyzme 0 )i Wb b sl g aeis
2 lbals 5 el 50 08 p el wonl) oo S5 pllas «SiwoST
335 oo ol adsl by sl (6350 pome 50 Bly 96 b >

Sl (5 yaS Lis StnsST slSs o a8

G yo iz DL g Silwdne -5
sloyall plye o jlad 28l 5 (gilulaz ool bl 50 amgh cnl s
L lelaz oojl sl aS5y0b 4 wlowd QLI (giluage slp Sua
38 Lawgs (gileage jl jskate cnl 0,8 o5 ) Lad g ol 2l
Sl ool oslinul Baa @l wiz b S okyesl Gy 5 cdte JlBle
Ol @ (Sl S0 (8 5 Do et [LiS mlan gw) 2 (0l o
9 aie ) Ohd sl ool a5 wisd SLl (5 5k atly sla i
LS a1, Lid

ools I3 (el ien S 50 Sgo bl anda pwyn Ko 0
8 0,8 sl el » je 591 iy 5 cl 8k Caep 0 g S9d o
2 5 @l ebee Sl 5,05lS 12 98 A polie (W58 5 ey S
olS 5 ialEl b S e el ond ools olas "12 S8 loges
GRS g 5 00 0L Tl Jlsd il g SIS (g pslmer 0ajl Sy
O3Semgien 5o baals) S S 3 Sl o s ol 4 b
S5 Sy by wilie 35,2505 9 5 (b (2yde b gl oSS
SF3) 9 Fdter O3 358 0 Sl & atdl o BLET iS5 5l o
00,5 oo ol (gilulaz 4 e a5 Wig p oo lgso o 4

Sy by 35 ,m5liS 9 il 8 (sl "18 Sy 5 antar ©jd il
150 wgo jLad mha )3 g ftag;Soe 8 05 Jla el e 5.91 2l
LGl 00l oy p DS gilolaz 085 gmsy b b (oo 170 4 160
S Lz e pRIP1 LS 28l silulaz o3jl wge Lad mhaw o8l
Sep25 3l o gl als )5 LSS o gmgie gae L8 RIBIL
5 d3dhise Jiiie pYL olaie 4 "11 JS8" Blhe SiwgST eaiss
oRIFl S 168 slaanly JSis (D3 s o0 4 Sl
@Yk ahaie 513 8 wile 5 e lelazr 4 o a0 5 Sy
e

£0% 2.03
1002
5085
2.0
40%
1@
B
= 30% {5
e
1 ses
208
1 597
10%
1 896
0% 595
0 2 4 s 8 10 12 14
SkHz)

Fig. 12 Separation efficiency and pressure drop for different acoustic

frequencies

Gilisee o205 slo il )3 50 Lad Sl 5 S (s glaem o33L 12 S5

44



Oblsed 9 3135 gubi 5009 g

S5 @i g8l el s D3 Sikwg ) ud 0 3T 3 ,Shes )3 g Aine SuiugS T K 9 433 h gl bl

gboe ety il 035l (2l 5 GelSmgun

ble Dypo a GelSg o STl 5 D3 (6355 Sy 55 5
O5Smg you o Lad il il arsls aygly 381L T Aoy i 0,5
Sydiss oS JSubshS 2 590>

Slr g @B OolSemg s g Koo 100 51 yes Jl8 L oS ol
e folin e slSig in g San 100 51 555 b5 L 8
S lad cal L 1y seds,e @ld ax 0 10 4l b slSing jaun aS 5 sb
e 4l 2 e 591 0955 Cae s izren WS (0 )l VU chaiie
9 00d 05 (39 o (Bl age ot susly GRIBIL S e g5
003l LialS Cge 4 0,10 0429 05l b I3 5555 5 (6l (6 eS il
P oofSemnid S endy (al 58 g LY Ssleer
55 5l e W alaia Sl athar & LS 018 ims 03 s

SFr e o i Gl b glabl go gaeds dnn
(&35 yo aml s laasls F codlad (o) o0 el SitassST 5lSg o
gl by 5l s Gl g cans 490 bl 4 byl el e colon
L S 95,5 Boys ol ol sanl & S5 e o By
..\j)b 6):“’5

iy el Lt S8l 5 S 5 gla 33k oSy olS 5 2l L
5 bals 3 uls 3 wSlhas oS Jdo ol 4 b oo (2alS s 5 00
by wle 3,5kS 9 5l (oxenlo (ipao b g ol o SitwgST (p3lSmg yo0
Sy 0gd oo el a5 widl oo BT s (WS L8l s e S eu
55,5 o o] (ilulaz 4 e a5 Wig s oo led Cooms 4 (5530, g i

Al oo plidl jlad cdl g gilulaz 03l (go Hlid mlaw oli8l L
IS5 S8 e b & el i e L8 Al 8 Ly
Silelazr & e 4l )0 g e RIS 685 slassls
Oliee eVl 09500 HelSems 0ep (VL whaite 5 )3 18wl g e
B2 0y o oo 170 jLasd mlass o (2050

oS slaces w0 S il o3il p (e aniz 3L (e
30 Gt oloy Dow 0)d eSSy jo &S |z conl i (sl
JB SosST lage Sl com 2y 5 ol (2352 Sl 50 (5lSumg yoe
SpS s

RSl S 50 (Jyems 5 SmgST el e o anlis
8 31 L g So 30 51 e 5 1 5l (ol amoism ol e
& SesST (635 85 g ol s (g3l 0330 RT3 olie 3
s, 30 5l ity Jlad b s sl Lol o ls (gt 15555 o

Aot Gl dae 90 @l L S w6 xS b cale o
Dl Camwdy Ay Joe lzd Cdl oS aneS g gilelaz sojb 0,8
35 (6 pian 003k a0 17 Lol ol (6 pin Jlad il voy0 3 ax 145

Sl eles

&lp-T

[1] RC Flagan, J. H Seinfeld, Fundamental of air pollution engineering(Eds),
Chapter7: Removal of particle from gas stream, pp. 391-392, California:
Courier Corporation , 2013.

[2] S. Altmeyer, V. Mathieu, S. Jullemier, P. Contal, N. Midoux, S. Rode, J.-P.
Leclerc, Comparison of different models of cyclone prediction performance
for various operating conditions using a general software, Chemical
Engineering and Processing Journal, Vol. 43, No. 4, pp. 511-522, 2004.

45

oo)‘lg wl).el ().A.os)id.o 30 )| ]A.QS J.!a.é 0dgie )o) )L...S Aol JL@.C‘ L>

5 ojlene 2z iluting slagh L ol 5l & an Wiz (gjluaiee
LSS by, 4 Jo sl Jo g9 90 slils 09 0 0L 55 (s)lop
Gy % o g S e b Bua o ] Bas sz o s a5 Taes
S o o Ban i S les @ | Al o5 LSS

sodle Sszge sloosls Lululy Tabas wix Sy eieSl bawgs
Iy 95290 slaosls saig <l olgi oo Wosls 5l saas (gatws o g
[19] w8 it

g Lad il als jlaiear abas 9o ml b Sy e yssl Jlesl L
> 6 Jauz o walidee Y 5 b ste lae 5l ogluloz 003l iul3dl
SiaosS T lSmsg e sae o (gl 2ol adgl 050 b g (B yxe atege

Jlad Cdl as e 3 aigs o0 ax ST 0ed oo alaxde a5 jsbles
a5 Gl i adgl 5y00 5l ao,e 17 gilulas o3l Lol o)l (6 i
4 StosS ey paen 0,Sles Sgutr Cuz 0 55 Sl Syt

S gor -6
@ 85 L5 bl yge DS Gl one soniiSlazr dllie (nl o
Gore Lalpl ol ploxl ganaSid ey (Gob) oo (S b oS 5k
closls L Jo mli ab cwyp oSl 1 Pl cws 5 Sl
o, Slee 05 bl gy Olge asldl o e 5 IS ams Kbl

100% F

B0% |

60% |
[ conventional cyclone

=
40% [ acoustic cyclone
20%
0% L

0 10 20 50 60 70

30 2am) 40
Fig. 15 Separation efficiency for conventional and acoustic hydro
cyclone in 5.91(m/s) injection velocity

Sty 33 5 SesS | 5 (Jsore lSmg i sl D3 (6 pslaer 035 15 YK
b p 70991 il

oud g Joo b adgl (5lSmgjop anslin 6 Jgur
Table 6 Comparison of primary and optimized hydro cyclone

L o33l JLas . S
Les cél iy
J . o2 . .
(Pa) SISy s oo &
(%) (db) (m/s)
898 43 160 4 591 adyope
9.27 60 170 9 Ol ang oy

! multi objective optimization
2 Decomposition
3 Multi- Objective Genetic Algorithm(MOGA)

3 ooladds (17 0993 1396 s ,a (e Suilke wdiie


http://www.sciencedirect.com/science/journal/02552701/43/4

Obled 9 3135 gub )9 g

S5 @i g8l el s D3 Sikwg ) ud 0 3T 3 ,Shes )3 g Aine SuiugS T K 9 433 h gl bl

509-513, 2012.

[12] A. Vince, G.D. Barnettc, P.J. Barnett, How to optimize design and operation
of dense medium cyclones in coal preparation, Minerals Engineering, Vol.
62, PP.55-65, 2014.

[13] J. Liu, G. Zhang, J. Zhou, J. Wang, W. Zhao, K. Cen , Experimental study of
acoustic agglomeration of coal-fired fly ash particles at low frequencies,
Powder Technology, Vol.193, No. 1, pp. 20-25, 2009.

[14] T.L. Hoffmann, Environmental Implications of Acoustic Aerosol
Agglomeration, Ultrasonics, Vol. 38, No. 1, pp. 353- 357, 2000.

[15] H. Hamakawa, A.B.M. Arshad, M. Ohta, Effect of Acoustic Resonance
Phenomenon on Fluid Flow with Light Dust, Journal of Thermal science,
Vol. 20, No. 5, pp. 430-434, 2011.

[16] P. Bagdi, P. Bhardwaj, A. K. Sen, Analysis and Simulation of a Micro
Hydrocyclone Device for Particle Liquid Separation, Journal of Fluids
Engineering, Vol. 134, No. 2, pp. 021105, 2012.

[17] M.S. Brennan, M. Narasimha, P. N. Holtham, Multiphase modelling of
hydrocyclones—prediction of cut-size, Minerals Engineering, Vol. 20, No. 4,
pp. 395-406, 2007.

[18] M.S. Brennan, M. Narasimha, CFD modeling of cyclone separators:
Validation against plant hydrodynamic performance, In: 7th International
Conference on CFD in the Minerals and Process Industries, CSIRO,
Melbourne, Australia ,9-11 December, 2009.

[19] A. Ghasemi, M. Shams, M. M. Heyhat, Modeling Gas Liquid Cylindrical
Cyclone Separator and Optimizing Effective Geometry Parameters, Modares
Mechanical Engineering, Vol.15, No. 4, pp. 67-75, 2015. (in Persian . 4)

3 oolads 17 0995 1396 s 3 (jurde Suille Swise

[3] L. Wang, Theoritical Study of Cyclone Design, PhD Thesis Graduated
Studies of Texas A&M University, Texas, 2004.

[4] N. N. Chernov, Acoustic Methods and Means of Precipitation of Particles of
Industrial Smokes, PhD Thesis, Taganrog State Radioengineering University,
Russia, 2004.

[5] Khairy Elsayed, Analysis and Optimization of Cyclone Separators Geometry
Using RANS and LES Methodologies, PhD Thesis, Department of
Mechanical Engineering, Vrije Universiteit, Brussel, 2011.

[6] B. Wang, A. Yu, Numerical study of particle-fluid flow in hydrocyclones
with different body dimensions, Mineral Engineering, Vol. 19, No. 10, pp.
1022-1033, 2006.

[7]1 W. Chen, N. Zydek, F. Parma, Evaluation of hydrocyclone models for
practical applications, Chemical Engineering Journal, Vol. 80, No.1, pp.
295-303, 2000.

[8] M. Narasimha, R. Sripriya, P. K. Banerjee, CFD modelling of
hydrocyclone—prediction of cut size, International Journal of Mineral
Processing, Vol. 75, No. 1, pp. 53-68, 2005.

[9] L. Wang, C. B. Parnell, B. W. Shaw, R. E. Lacey, A theoretical approach
for predicting number of turns and cyclone pressure drop, Transactions of the
ASABE , Vol. 49, No. 2, pp. 491-503, 2006.

[10] M. Ghadirian, E. Hayes, J. Mmbaga, A. Afacan, Z. Xu, On the Simulation of
Hydrocyclones using CFD, The Canadian Journal of Chemical
Engineering,Vol. 91, No. 5, pp. 950-958, 2012.

[11] V.Vekteris, V. Striska, D. Ozarovskis, V. Moksin, Tribological Adhesion of
Particles in Acoustic Field, Journal of Vibroengineering, Vol. 14, No. 2, pp.

46


http://www.sciencedirect.com/science/journal/08926875/62/supp/C
http://www.sciencedirect.com/science/journal/08926875/62/supp/C
http://fluidsengineering.asmedigitalcollection.asme.org/solr/searchresults.aspx?author=P.+Bagdi&q=P.+Bagdi
http://fluidsengineering.asmedigitalcollection.asme.org/solr/searchresults.aspx?author=P.+Bhardwaj&q=P.+Bhardwaj
http://fluidsengineering.asmedigitalcollection.asme.org/solr/searchresults.aspx?author=A.+K.+Sen&q=A.+K.+Sen
http://fluidsengineering.asmedigitalcollection.asme.org/issue.aspx?journalid=122&issueid=27518
http://fluidsengineering.asmedigitalcollection.asme.org/issue.aspx?journalid=122&issueid=27518

