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CFD Simulation Of The Flow Field In A Uniflow
Cyclone Separator

I. Mokni, H. Dhaouadi, H. Mhiri and G. Lepalec

Abstract— A numerical analysis of the turbulent and strongy
swirling flow field of a uniflow cyclone and its p&formances is
described. The gas flow is obtained by the use dig Reynolds
stress model while, the determination of particleléw is ensured
by the use of a Stochastic Lagrangian model. The flofeatures
are examined in terms of tangential, axial and radil velocities,
pressure drop and separation efficiency. The validjt of the
proposed approach is verified in terms of cyclone eparator
performances by the good agreement between the measd
and the predicted results.

Index Term — CFD, cyclone, uniflow, separation.

I. INTRODUCTION

The separation processes are crucial to indusky i
and

petrochemical, chemical, mining, pharmaceutical
agro-alimentary processing. Generally, it is a pials
separation of two phases (Gas/Liquid,
Liquid/Solid), i.e. a continuous phase (carryinggd), and a
dispersed phase (particles). Cyclones are the mimkly

used separator devices which are based on theclparti

centrifugal force created by vortex in the cyclong.
difference is generally made between two typesyofane:
unifow and reverse flow. They differ essentially the
configuration of their outlet pipe with respecthe entrance.
They can be also classified according to the fbaidying the
dispersed phase: cyclones gas-solid and the hydmws
(liquid-solids). In the past, extensive researcls leen
focused on traditional reverse flow cyclones wiitlde was

body. This model was validated by six sets of expents
carried out under various conditions. Generally,
improvement of cyclone performances requires corple
structure and additional exploitation cost. Thatley best
comprehension of the flow field in the cyclone écassary in
order to make other design improvements. Compuialkio
fluid dynamics (CFD) can provide information abdbe
flow field and particle trajectory in this type e&paration
apparatus. This paper reports our recent efforhdnleling
the anisotropic turbulence flow in a uniflow cyctonwWe
used RSM and Stochastic Lagrangian model available
Fluent to describe the fluid flow field in this tyf gas-solid
cyclone and also to study its performances. Presdtops
and separation efficiency are compared with expemial
results available in the literature.

Il. CYCLONE DESCRIPTION

Gas/Solid, The studied device, invented by Gauthier [3], im#low

cyclone which is used for the ultra-rapid fluidiz€dRF)
reactor. The cyclone is characterized by an asymnet
configuration because of an only one tangentiatiof fluid
charged with particles. Fig. 1 shows a general vidwhe
studied cyclone and its dimensions notations.

The particles granulometric distribution can betahly
described by the Rosin-Rammler equation:

R(d) = ex;{— (d/a)“}

)

on the uniflow Cyclones. Experimental and theomsdtic R(d) is the mass fraction of partides having anditer

researches were carried out to improve their sépara
performances. An experimental study was made byhgau
et al. [1] on a uniflow cyclone. They noted that ttollection
efficiency depends on the length of the separatione
whose optimal value varies between 1 and 10.5 tithes
diameter of the cyclone. It increases with thetin@docity of
the cyclone. Recently, Zhongchao Tan [2] studiechilow
cyclone with a tangential inlet and developed aaldital
model to predict the fractional efficiency whichagunction
of particles Stokes number and the geometry ottiodone
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greater than d. n and are respectively the spread parameter
and the mean diameter of the distribution. To deitee
theses parameters, it is necessary to fit theghagize data to
the Rosin-Rammler exponential equation. In our cse

mean diameted is equal to 43um and the distribution
parameter n is equal to 2.57. The particle denisit2500
kg/m3.

The computational domain, constituted of 219443 CFD
cells, was carried out by using the preprocessaniit”.
Everywhere in the computational domain and whets it
possible, the hexahedron cells were more preferttzda
tetrahedral cells, to have a grid which adapts uelthe
geometry considered. Fig. 2 shows an overall viévthe
grid generated and zooms on inlet and outlets effiind
and particles. It is delicate to choose a grid Whigves
results that can predict the studied flow field.

MESH AND BOUNDARY CONDITIONS
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Fig. 1: Dimensions of the studied uniflow cyclo

Thus, sufficiently fine grids give good precisiont
excessively fine grids can lead to high computatidimes.
Grid refinement tests are conducted in order toezake tha
the solution is not grid dependent. Those testawakbilso
concluding that ratively fine grids with an adaptation
walls can suitably describe the flow inside thelogye. A
“velocity inlet” boundary condition was used at the cycl
inlet, and the inlet velocity was 25m/s.elpressure at the g
exit is latm, thus the boundagondition used was tt
“pressure outlet” condition. No slip boundary cdmadi was
used in wall boundary, and neasll treatment was standa
wall function. Particles are injected from the trderface

IV. MODEL DESCRIPTIO!

For the rotating turbulent flow in cyclone, the kimythe
success of CFD lies with thaccurate description of the
turbulent behavior of the flow. A number of turbube
models are available. The commonly used in cyc
simulation are: ke mode|] RSM. The present work is bas
on the RSM which can describe anisotropic turbuge

The RSM ha been proven to be an appropriate turbul
model for cyclone flow, although it is computatitiganore
expensive. The governing equations for an incongik=
fluid can thus be written as:

Pressure outlet

Inlet : Velocity inlet

Fig. 2: CFD grid of the studied cyclone and boundaryditions
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6_,0 +i( )_ 0 V. RESULTS AND DISCUSSIONS
ot ax (1) In the following, the fluid flow field in a uniflovcyclone
and the behavior of the dispersed phase (solidcfes} are
treated in order to examine its performances atidata the
i(,aJi)+i(puiuj)=—a—P( i)+ p_roposgd model by comparing results giveq by nLFraéri
ot 0X; 0% simulation with experimental results available ihet
literature [1]. The analyzed results are velocipesfiles, the
i[ (ﬂ +aﬂﬂ +i(_ pﬁj () pressure drop and the separation efficiency.
ox; || ox;  ox; X s . .
! ! ! ! A. Fluid flow field

Where the velocity components are decomposed im0 t 1o explore the inner flow in the cyclone, tangeintiial
meanu and fluctuatingu. velocities which are related asand radial velocities are represented in differsattions.
given by: Fig.3 shows the distribution of the calculated tamtgl
' velocity, which is the most dominant componenttaf flow
_ in the cyclone. The figure describes well the carelivortex
U =u +y (3) (Rankine vortex) composed of a free vortex (outrtex)
and a forced vortex (inner vortex). Indeed, theialad
evolution of the tangential velocity (Fig.4) hasslaape of
“W” as well in the separation chamber of the cyelas in the
evacuation pipe and the annular zone (the partdinby
A. Turbulence model RSM walls of the cyclone body and walls of the evaamapipe).

The Reynolds stress ternmR; = puu; includes the
turbulence closure, which must be modeled to cf@se

Transport equations of the Reynolds stresses tdrms pe
R, = pu,u; ), are written as [4]: Ar—*l;]"" A
-4.51e+01

|
9 1
; |
i"‘cij :Pij+Dij _gij+¢u +Gij (4) L 1/
ot 3.05e+01

-
-
-
-
-
-~
-

Where C;,P;,D;,¢,.¢,etG, are respectively: the 655 i

convective transport term, the stress productiam,te¢he -
diffusion term, the dissipation term, the pressatrain term (—— o A-A
and the buoyancy production term [4]. The RSM model

requires the following empirical constants; = 0.09,C;
=1.44,C,,=1.92,0,.=1, 0, =0.82.

-245e401 gl

B. Discrete Phase model DPM

The motion of a particle is described by the stetiba
Lagrangian multiphase flow model. Its trajectorpigained _ ) S
by integrating the force balance on particle. Thaee many Fig. 3: Contour of tangential velocity distribution
forces that act on a particle in cyclone as cergaf force, 7=30 cm
drag force and gravitational force. Thus, the p@tmoton — _—____ Z=40 cm

equation can be written in the following form [4]: — — —Z=60cm
7 — - — Z=70cm

dd L Po =P 40 —
d_tp:FD(uf—u) ( Ppp fJ = (5)

F is a source term which expresses the presencan of
additional force.F_ (g, ') is the drag force per unit

particle mass andpis given by [4]:

— 18#f CD ReP

= 6
pedp? 24 ©

Tangential velocity [m/s]

Where: Re, =p,(u; —u,)d, /u; @)

0 1
Co, pr, pp Ms dp are respectively the drag coefficient, the -0025  -0.015 Rac'j?é‘?°5osmo‘l’1-0[‘é% | 0.015 0.025
density of the fluid, the density of the partidiee molecular P
viscosity of the fluid and the particle diameter.

Fig. 4: Tangential velocity profiles.
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This shape confirms the existence of a double xarie
these zones. Figure also shows that the maximum of 1
tangential velocity is located at a ray almost équidhe ray
of the outlet pipe and its value decreases throuthe flow

On Fig5.a, radial velocity distribution is representedisl
figure shows that the flow forms a dipalear the axis of th
cyclone where radial velocity hdlse sameabsolute values
butwith opposite signs (The value of one side is pasind
the other is negative). Thexplains the shape of the forc
vortex which is in fact two helical agiders (Fi.5.b). Fig.5.a
(A-A) shows that the fluid, entering through the indigte anc
moving towards the center of the cyadp has a negati
radial velocity thatends towards zero while apprhing the
center of the cyclone. Afterwardsbécomes ositive due to
the effect of the centrifugal forc€he distribution of the axie

AV,

I

- 346e+01 ' ;!

Y =~

1 A-A

2.12e+01

1.13e-01

-1.68e+01 ="}

. -3.58e+01

@)

Contour ofradial velocit

velocity is represented on Fegfor various sections. Fig.6.a
shows that there ,sn the annular zone, downward flow
near cyclone wallsompensated by eupward flow near the
evacuation pipérom where it will be poured o. In fact the
downward flowallows carrying awavarge particles to the
low part of the cyclonédustbin)

Thelocus of zero vertical velocity “LZVV (locus of the
dividing line between the upward flow and the doaneh
flow), represented by alack line on the Fig.6.b, is
asymmetrical andlightly large than the evacuation pipe.

It is shown also on the same figure that the foncadex
has not the same contour at all vertical sectidrss is
explained by the fact that ithe central part of thcyclone,
the vortex core is iprecessiot

P 1 s26+00

1.12e+00

= 0e+00

-1.16e+00

-1.88e+00

(b)

Forced vorte

Fig. 5: Radial velocity distribution
Z=35cm Z=40 cn Z=45 cm
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Z=55cn
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Fig. 6: Contour of axial velocity.
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B. Cyclone performances

Pressure drop and separation efficiency are thecipal
parameters which characterize the performancesyélane
separator. Fig.7 represents the distribution of risative
pressure. It is shown that the pressure is radilyreasing
from wall to the center of the cyclone where italeas a zone
of low pressure that is already quoted in the mewi
paragraph and is called the precessing vortex tdsespread
on the entire length of the separation chamber ted
evacuation pipe (zone in blue). The limits of tlepkssion
zone (lines in black) define the interface betwdwntwo free
and forced vortexes. Integrating the pressure erlet and

exit faces allows estimating the pressure drop he t

considered cyclone.

2900
269673
2394 94
2040 51
1736.71
1400
107848
T74.684
420,253
116.456
=200
541772
-645.57
-1200

Fig. 7: Contour of relative velocity.

To calculate the separation efficiency, it's neaegsto
study motion of solid particles in the cyclone. @hle | these
parameters are listed and compared with the expaetah
results available in the literature [1]. The conigpam shows

phase. However, it is essential to use anotheriphalse
74107model which could better estimate the separati
efficiency of the studied uniflow cyclone which isry
charged with particles (catalyst).
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that the developed model underestimates the séparat

efficiency. Thus, it is required to use other nphase models

such as the Euler-Euler model, which takes accotitihe
interactions between particles when the mixturénighly
loaded with particles. In general, numerical resolbtained
are in rather good agreement with the experimeasallts.

Table I: The experimental and numerical cyclone

performances.
Pressure drop Separation
[Pa] efficiency [%]
Exp.
Gauthier 2800 99.98
CFD 2849 98.5
VI. CONCLUSION

A CFD simulation, based on the turbulence modelNRS

and the stochastic multiphase model “DPM”, was @lated
in this paper. The CFD results, given by the dgvetbmodel
and compared with experimental available resultsthi&
literature, show that this model underestimates#paration
efficiency of the studied cyclone although, it dédses well
the turbulent and strongly swirling flow of the ¢imious
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