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Introduction

Cyclone separators use the centrifugal force generated by the gas flow stream to separate the particles from
their carrier gas. Simple design, low capital, and easy maintenance make them ideal for use as a valuable pre-
refining or sedimentation device. The cause of the particles moving towards the wall and separating from the
fluid phase is the centrifugal force created by the rotational flow in a cyclone.
Computational fluid dynamics (CFD) is one of the most well-known and widely used advanced modeling
methods used for a variety of applications, including separation processes, thermal processes such as dryers, as
well as a wide range of engineering and agricultural applications. The numerical solution of Navier-Stokes
equations is the basis of all CFD techniques, which is the result of the rapid progress of computers and a deep
understanding of the numerical solution of turbulence phenomena.

Materials and Methods

The measurement system of experimental data includes a cyclone separator, feeder, piping, and fan.
Measurements of velocity and pressure were carried out using a hot wire air flow rate, (Model 8465-TSI with a
resolution of 0.07 m.s™ and a working range of 0.125 to 150 m.s™), as well as a differential pressure gauge
(CPE310s- KIMO, with an accuracy of 0.1 Pa), respectively. To investigate the effect of the output flow
regulator plate on the cyclone performance, five different positions in addition to the base position (zero degree
angle or fully open) including angles of 15, 30, 45, 60, and 75 degrees were evaluated.
The conservation laws governing the various flows and geometries in the CFD include the conservation law of
mass, conservation law of momentum, and conservation law of energy.
According to the Mach number value, the pressure base solver was selected. Also, the Reynolds stress model
(RSM) was applied to model the flow turbulence. In the discrete phase model (DPM), the fluid phase is solved
continuously by solving averaged time equations, while the dispersed phase is calculated by tracing a large
number of particles through the flow field.
The boundary conditions used in this study include the inlet velocity boundary condition at the inlet of the
cyclone, the outlet pressure boundary condition in the upper and lower outlet sections, and the non-slip wall
boundary condition for other surfaces. The particle collision to the wall was also defined as reflective. In the
mesh section of the cyclone simulation, five mesh levels were used to check the mesh independence test. The
numbers of mesh cells in the five levels were 196810, 283120, 427890, 634940, and 1045290. The selected
mesh was 427890 level regarding time consideration.

Results and Discussion

In the first section, the validation of simulation results with experimental results is discussed. The value of
the velocity magnitude decreased with increasing the angle of the plate, which is probably due to the reduction of
the inlet level as well as the reduction of the exhaust airflow in the cyclone air outlet.
The maximum value of velocity magnitude occurred according to the direction of the air inlet in the cyclone
inlet, which is gradually reduced due to the rotational motion inside the cyclone.

The collection efficiency in the cyclone at different levels of regulating plate has values of 85.1% to 95.3%,
with maximum collection efficiency at 30° which was 95.3%. The turbulent intensity contours show that
turbulence intensity decreases to an angle of 30 °, and then reaches an almost constant value for the 30, 45, and
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60 ° angles.

Conclusion

As the angle of the output current regulator plate increased, the magnitude of velocity decreased significantly.
The separation efficiency showed an increasing-decreasing trend for different values of the regulator plate

such that up to a 30° angle of the plate had a positive effect on the separation efficiency.

In general, considering the compromise between separation efficiency and pressure drop as two key parameters

affecting the performance of the cyclone, an angle of 30 degrees was selected as the best angle among the

studied angles for application.

Keywords: Computational Fluid Dynamics, Pressure drop, Separation efficiency, Turbulent intensity



Fl 6309 sbymiilo @yl
https://jame.um.ac.ir

FLEFR T

FYN-FFR o AF) jul ¥ oyl Y ol
jgﬁﬁﬁ QM\LAZ:J‘ C)".\S?w Jﬂgﬁﬁj}ﬁ b‘i)".' eAxSr.,\é:swﬁJlS WP P

S48 (S lwanss

TS e o " S Wy Sles, sle g’*",,g‘._-_d, Aoy sdy BT Ol

VAR A/ VE redly s o b
VEe e LNV Gl o)l

2SS

SVl Senly lodgr d g5 3,90 (5558 g St 3 0)l300 o] (Sl g by s ()05 5 Lo sladiojn 4 2295 L baglSw

>3l syt S50 S il gl S¥olae (o3as o b &S el Cilizes Laylpd )5 )18 ot sl 2l glalnl ) (G (CFD) Slule
S5y = ) Caino 5 2l 290 (19l S )3 (S0 oy il domis 55T dalllas cpl 3 m e s Gl (SEhd] bl ) g200
kit sy (1 o 5 V0 (Gt gl ] Jl38le 5 5 oS I8l 5 1l 48,5 13 cw) )90 lSew 31 3 (B sl 2
&5l sl RSM gty (slo s (Saadl Juo 5l ad S o000 iy S¥oleo o el iz o 9 550 Ll Jlosl S o] celis
dinS L6 Jao j) Jobs slgn clyr J515 53 31 0lyr 039 3y a0 b &S ol S5 4 Y S odlizal sl S5 ol (Suasl
ey 031851 (gl yel)l e D VO g £+ FO Fe VO oo dio (sblg; 1 Canl 0030,5 solitwl by ke Goyb I @y obs, <lp (DPM)
5ol sloyglS B )3 g 01,5 gl el Sl b (Sadl Gl iz en 5 e Sl (o s L Cl g )slanz 03]k «gypme oy
05l gl €8 > g 4 barpe (slayslS ol 518, Sk ax e 3 sl cal pogde Wl anlie SouSH b ey a3l L oss
Soglaor 033L o SISl VWF/Y jLid ol b dojd Vo oS ol domitn gl eyl yd polod 8,8 Jlas 1o b aS oy Lo gols .6500,8 2ol

bl (gwyp 3)90 Sl (o ) Laulpd (n e )l o) A0/Y

Seadl s o Slalre SVl Kol ¢gilobis 035l Lid cél 1 galS” gWojly

B3l 55 G g ety ol & cul S 4 (elSew
&2 oS S (Goly (g 3 g 00,8 CS e Sigsd
g oasle (Bl Jlw gl 3 55y @ chlie dadi )3 gl
olsan gdn ) plSaw (SVL (g5 1 TObal S b
5 3 pglaen ojl el 93 el S 5 Slos b5yl sy
2 U8 8l o 35 (0 B (bl g (o) 3)90 yLi
sloaaiyjn b puitne jobds & 12 ol pre sl (ol Jo1b
5 LOglSiw ()5 Camdy doie (saize) ) el bl (Slles
Gz 510 50 eg o Glidss Lot cpl 25 il3sl
lizee Oy Jloel b oullises 9 Wil oo plosil Jb 53 (Slisios
ja) e pbol iptusw cpl (Ahb oyl 5 dwsin > oS
3ySdas g 2LS  S5e Jslos Sl 63T 3es Sy e gy
ador jlad gl 45 (5yablen S oo My Cuwd baplSin
el o (o3l 03U ¢ gl < 3,Sdos 53 o sln 3ylg0

4- Vortex finder

LYRUVY

Vb Coenl lojlgan (65)5liS 9 o 3 (gilulix Clles

550 3 35 5 005 Nan loglSan sl a3 g
J=b 55l el gilwhia (gl glandy 55 b 5l ead ags
d)li{i" 9y g r‘,f L;d.g.Lo).w 3l u_sl).lo “\"‘Su" o3l Uao]
Ol i)l b oy SO laiedss ooldtwl (gl |, Lea‘_'j ‘OL“’]
Sl ecS s alol Jele il 03,8 Jlos) oS piias b Lo YL
dloul 3850 5 3355 gy e Jlw 151 o la 5 0 lesd Ceons &
S Bk adlioe e S0 )3 i 2 ol g el

cagog)| cdpog)l oIS duliupmgey (sdige 095 bl (sl azs gl il -
ol
Olnl dog)l cdgogl ol g S0 095 ) lolisl —¥
Olnl gyl gyl ol piupmign Sl 09,5 Sliasl —F

(Email: V.rostampour@urmia.ac.ir
DOI: 10.22067/jam.2021.67389.1000

J}f‘wo LRV —'/.s-)


mailto:V.rostampour@urmia.ac.ir
https://dx.doi.org/10.22067/jam.2021.67389.1000
https://jame.um.ac.ir/

1) 5l oF o lod Y wle (6559l slappmilo 4 is VY'Y

plosl Lol 3 )Slae g )Lid <l (kS by e Sgi jlab
AaLS byy st Sg ylab 48 Slej 4 A 4B)F dox g A
GIMbuN ) b e Gial3dl alams 5,Shas 5 JS Ui el sl o
J(etal., 2005b

Lzl 62959 S5 gba sl 3)Shoe (6,503 adllas
8959 93 b s (gl g b duslio (63959 50 ()b olo el
Zhao et ) sel Cundas (gjlolis o35b Ll 38l ks 5, Sles yiol38l
Silwtinge docyglSew p (giluding U )5 dasi I (al., 2006
Gk 3l sl 3y Shos Gl gl 0aiSlar (gl awrin
3 oMl Ly el oils 0,V 5 )Lt 23l 35 4t
Gl a8)5 )18 alllas 3)50 (gilwand 5 Slusly slase
5 SLid W g Sled) mizen (Elsayed and Lacor, 2010)
JJB ,» (Rezvanivandefanayi and Nikbakht, 2015) couSs
bl g sy 03lsl 5 Slyes @lyd Hhas il oose adllas S
Jlasaly Jly 8wy dye0 |y saiiSls alSw G 805 4o ,Lid
(Alahmadi and Nowakowski, 2016) S_wdsSle 9 (o]
bW Jae SOl eolaiwl L (soie (gjluwdnids 3,4, S
Iy Uiy 5 00lw (slissl @l 3l as” o )8 sl (od,5 4 joSun s
(SST) sl oy 25 sl Je 3,59y (il 53 8 oo s
9 ity Oyl el odd dbre yawd )l y dae I ool b
=75 ol jledlaiwl U (e3ae (glo by b Mol ]
aolio Lo Jae plo 5l odel Cawday (claodls b g o iw lisel
Jio L awslie )0 (oolpiiy Jaw aS o L pols a8
3y Sos o Slwlre 4o (pizzen g <>, 5l g (sla i
D05 oy

3y9 30 ladlle (Mazyan et al., 2018) Ko 5 )5l
o) Loll oy sl dals @3 oilslis 5,Shas 238l
i ey (olos i Sy 3,8 LI L 5 gl i
83509 &y el 81 48 Bl 5 0ol plosil (el (g e
abaizee S0 L (b sl g w3 e Gl sjlulis 035
el Yo msTau Y msTl gy9 o ial58l  —ulos
Naimi et al., ) l)LSed g own Dgai oo (g5lolis 035L i3l
PSS il (g 5 (228 C)godr 6y adllae 53 (2019
503000 )18 oy 2590 1y YU 33L Wile yiaw! el 1 odlitwl b
A5 AF AY Oe) dlge (6399 cilitie ey & 13 &S o] anlllas
bV e o (@Y Groren g (456 5 e Ve g VA
adox 5l 5l J3I Glaseie i plosl (ab 2 pS5kS <)
5 Sl sl el ey e oLuid Cdl e gilulir 035
= e Ve 9 B B gy 3j90 Sl Opgody Ginle
Tk S >l sl (939)9 Gy e Gleis s 456

2950 dumle (V)

E -E
=1 € %100 )
n==2 )

95 0 SIS Ee g (63959 50 Aol SIS E; o] 3 aS

2955 9 S99 slde J5S (elul p Sluwlos s (lSiw
il e Sl il

Alosalas Yl Saalins

5 o ossaislis (S (CFDY) (bl &Vl Sislizs
F )8 elgl sl o ol iy (il Jio o) (03558
glgl asle ()l (slaailf ogilubis (sloanl b elgl dlox
9 it SLad )8l g b (- ionen g Lap S SLS
Yolao (dd e Jo 0,8 o ly B edlaiwl 3)50 (55l
4o 45 A3l oo CFD (sacSiSy plos bl " oS sl = gl
L el (Sl oone o 5l e S g aailly m e b i
e slagilwai 5l edlawl CFD g i iy opl & daawgs
03,5 k2 9340 ) (03b) dag (ol 3 Shee iy sl
2 &5 g (cS > 0jlasl) patioge opya (slis Y olao ]
S olitie b il Yol glacsle 1 Jhes sl >
Ay oo ) (lod slahgy L Ly el 457 25000 ol
aS el , S5 4 p3Y (ANSYS Fluent theory guide, 2013)
& ciSold sl Jl38lp 5 13 CFD g, 4 (gdas o plol (4l
sl 3 4 slom) Slal3ile 3 51 (S 59 oasobm] oS

slal b waiSTus sla ol 3)90 45 48,5 aloul lalllas
Lo Sy ol bl (gyglan 025 o (gl cilisee
s Gl 4 by slacon grizmen 5 (B bl
2jo=> (ol > 485 plsl o)l (gl 1 o9 e Jols 1) 5l
Se oy Sles (o33 5 (225 Gilue g990 L Slaallas Lol
asllles Sy (Griffiths and Boysan, 1996) cowl (sl
4B )8 oy dype o] 0,8kas (S Jib Sl (5
U5) colams Jsbo Lial3l b a8 o ool L5 cadllas oyl 5 sl
SrSde Cpgmod (elSw 3 Slas ((olSuw jad il 010
9 (y9=esS 4l yo (Hoffmann et al., 2001) b o yiol5-38]
aalllas i) )3 (6,500 ddlllae (Gimbun et al., 2005a) 1Ko
cnbe g S oglaer 03 2 lubre OVl Kol
AU o el riomen 50l bl (pglSims 3,Sles 4 by o

1- Computational Fluid Dynamics
2- Navier-Stokes



VYV o)l gl 0,8as 1 (2955 (b2 00T oulild Ao ;i (w2 o]y 500 9 gy BT

Ol )L g Copur Slayiall 9 03,5 bl dbg e p ol Lawgs
Ulsj 3 ey (55035l polis 5l ad (6565 05l0] Cunsg £
S Solods e pan Y Jads olyon au ¥ IS 20005 oolasiwl
slayiso sbaojlul ol yor 4 1 Lbuig'lp)’] 3 odlasiwl 5y50 ol

V-3 g u‘“’ O] i

asla a¥ulas g saas Jas

055 CFD 3 Giliseo (cladusin s byl s 1 oS oyslod
23y e Sl |y 5551 sl 9B 9 SIS sl (9B e > i
4008 o Lo (3 Ly slp & (lsd cadllas opl 5o
ol ) et (NS Cb 3 pyiege 5 p 2 (Sl SYolke
(ANSYS Fluent theory guide, 2013) s 0

%+V.(p\7) =S, v)
%+V.(p\7\7) =—Vp+V.(7)+pg+F (v)

PO Sl JLth P gy 6 4 o 6l > Sy &S

GRS el T o )5 ez g9y F ol oz (6940
2] o Cawdas (¥) abasly 34k 51 g ol

7= yL(V(/+V\7T)—§V.(/IJ (f)

2 p9> ©jlus g dnly youil | JgSgo dijoSumy 11 &5
ool pre glusl il canly G b
Rl g el

bl e o Sl CBl gjludnd S 50 e )50 )
Tl o 20 g ] 3Bl 3 Sl £ Ol
e S S Opgody Elo dde iyl Bl ) (S
ol s /¥ 5 355 Flo dde 33,5 o iy Gigo sy
Sy oaadplis IV plp b 568 e dde g pdieSs e S
slobioe ol (o ks 4 a2 bl u3leS1 b
3 R3S lalame sl g (SIS S 5l kST
Ol ey 085 a5 o L3S on odlizl T Lb aly Sl
by S by omb Ele e omen 5 (ol 4 (6399
ol 025 03 044y ;L

2- Mach Number
3- Density based
4- Pressure based

So ol slaiShy » by sl Gyie ais Bl wilygly
@3 (il b g (50 Ojaody 3955 (gilwlis 8 alols
S s dlaae 51 LSL“L;‘-‘W] SiwJde sl 05 adllas
a5l Jae a8 ol LS s wyy 03,5 ookl 3, luikiwl K& Jae
5 azads] sl lwand gy oYL oUlg 5l o)kl k-¢
ol el dag cpl 5l eolaw] cunl jlayed p (M85 laosiSTas
Glo FIFY jialS o iored g dudsd 03jL (gdo)d VV/F
35 el (i (alS g i 3 jLS 2j90 lon (b
(Zobeiri et al., 2019)

o3l b yolSiun dine 43 did )5 plol Slalllas Lol S pe3
did g ($39)9 S yell 59y 2 (Slwlre SV Salis
Lo isu gl (639y9 sl 18l ¢ 05 g o alos I Galise
(> Lisy y b alalgwl Giosy y dhd glSw o itk
b il oad 35 e Hlid bl 3 S aneS gl (gilwdig
axio 15U 090y slallas e oass plosl (cla gy
J2b > enlusl él.c;‘ Y ksl s Jx8 p (29 ol oJ.‘.Sﬁ,Ja.u
5 Saadl slo el crized 5 glaer 035l oLt ol ¢ glSus
Ll 0 Pbo] 0 s

sLlgs 35U o0y9l comdass ysls imgis 5l an ol ply
05l @ 8bes glayiall 5 55 by (298 aie s
=k Ob)ﬁi Cuwddy (pisrad g d)ﬁiéﬁ? 035L ¢;lid ¢l ales
9 il 035l (2 YL Joma> jolaiods (293 dxiio ;)
bl CueS 93 (pl o dodlas Dbl cas jo ,lié cél oy S
ol 5l 3 Sas wyp 50 (6)9]6‘*? 033l 4 ;Lud i)

W y9; 9 dlge

ol ow,lael jglateds 055 (slaodly (13,9l Cowday (glp

Y USCS p ead ooy L i gjlodns I Jols gdae
Silo il oaiSTs el Jold wiuwaw oyl 33,3 03ldiu]
ED i (Slod grancie o S 5l eolatwl b s iy Hlid 5 sy
VD ()LS odgame g +/+Y M.S™T yiolysy b 8465- TSI Jus)
CPE310s- Jis) guiw lid dMis] 5 (piomods ¢ (0 M.ST L
axio Bl oy gy 08,5 plosl (JSly /) cds L KIMO
35N asllas 5 5l 3, Shos 1y (g oy oA il
agls) anl b 1 egdle Gl Cundg B (ol S5 0 (b
A2 V0 950 FO X A0 (Uilgy Jold (b WelS b 43 yino

1- Piping tubes



1P 5l o o lod Y Wl (6559l slacpitlo 4yt YYY

@zﬁaoli)?mkﬁwdlﬁc_&b'udlilgj—y—\ Jiw

Fig.1. b. Various angles for suction flow alignment

-~k

o o2l Wilo yiuol ol — N =Y JSG 2955 Cuond Ay 31 dmbo (55 )5 curdge — 0 =) JSWS
Fig.1. a. Stairmand Cyclone used Fig.1. c. Location of alignment plate inside the outlet pipe
P
I

odlizl 390 ol =Y S8

Fig.2. Cyclone used

O9lSe il sl iz (slaojlul =Y Jga

Table 1- Values of different parts of cyclone
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7P (A) B) (€) (D) (E) (F) (G) (n)
Parameters

51 75 18 34 56 12 65 48 135
Value (cm)
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