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Numerical study of the effect of combining passive flow control methods to im-
prove cyclone performance

Arman Moghadaszadeh , Saeed Karimian Aliabadi

faculty of mechanical engineering in Tarbiat Modares university

Abstract

Cyclones play a crucial role in particle separation from fluid streams due to their high efficiency and low cost. In this
study, the performance enhancement of a gas cyclone was investigated through step-by-step geometric modifications.
These changes were aimed at improving flow guidance, reducing turbulence fluctuations and increasing particle-wall
interactions to improve overall cyclone performance a concept referred to in this study as flow control. Initially, the
Stairmand cyclone was selected as the baseline model, and its performance was analyzed using numerical simulations
with the Reynolds Stress Model (RSM) turbulence model and the Eulerian-Lagrangian approach in ANSYS Fluent soft-
ware. The mesh generation was structured and adhered to quality criteria to ensure accurate results. The numerical model
was validated against published experimental data, demonstrating good agreement with less than )7 error. Geometric
modifications were applied to four main sections of the cyclone: the inlet, vortex finder, body, and collection section. The
results showed that the Y7 «-degree turning inlet design, by better guiding the flow and increasing particle-wall collisions,
enhanced the separation efficiency by Y),°Y7 and reduced the cut-off diameter by Y¥,) £, though it caused a YY,+ £/
increase in pressure drop. The addition of a curved vortex finder reduced the pressure drop by V,£37 compared to the first
modification and had a positive overall effect. Introducing a cylindrical vortex stabilizing rod in the cyclone body reduced
flow oscillations and further improved separation efficiency by Y, 7 compared to the previous stage. Finally, the imple-
mentation of a reverse cone in the collection section enhanced fine particle separation, reducing the cut-off diameter to
V.Y micrometers. These findings provide a foundation for further cyclone optimizations and highlight the potential for
improving their performance in industrial applications.

Keywords: Cyclone, Numerical simulation, Flow control, Separation efficiency, Pressure drop, Particle diameter, Cut-
off diameter
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" Arc-shaped Cylinder Roof
¥ twisted inverted hybrid solid cone
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" Integrated compact-bend cyclone
" Computational Fluid Dynamics

‘ Reynolds stress model (RSM)

° Slotted Vortex Finder
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Table ' geometry of the benchmark cyclone

Quantity | Value
D Y. mm
De/D -0
B./D YV
Dd/D )
H/D Vo
H/D V.o
Ldo/D )
Lv/D -0
Li/D < AD
a/D -0
b/D -y

* Stairmand
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* Discrete phase model



Figure Y Cyclone geometry design (left), preparation of the cyclone
geometry for simulation (middle), and structured computational
mesh (right).
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Tabe Y boundary conditions in cyclone problem

Boundary A
Boundary Condition Type Description
Inlet velocity: Y1,) m/s; using
Inlet Velocity Inlet hydraulic diameter and
turbulence intensity
Natural outlet allowing flow to
Outlet Outflow exit without additional
constraints
Other Wall No-slip wall
surfaces

o J Slelass g og, ¥ Jgu

Table ¥ the adjustments in the numerical method

. Selected L.
Variable Method Description
Pressure—\_/elomty Simple-C Sul.table for steady flow
coupling with fast convergence
Pressure PRESTO Optimized for swirling

discretization flows
Momentum and Second-Order Higher accuracy for

kinetic energy Upwind other variables
Reynolds stress Flrst-Qrder Improves solver
Upwind convergence

'* SIMPLEC (Semi Implicit Method for Pressure Linked Equations Consistent)
" PRESTO (PREssure STaggering Option)

" second-order upwind

" first-order upwind
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'* Solid Works

"' Space Claim

" ICEM CFD

'" ANSYS Fluent

'* discretization scheme
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Figure ¢ Validation of numerical results against experimental
data for tangential velocity at the Z = +,V°D section
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Figure ° Validation of numerical results against experimental
data for axial velocity at the Z = +,V°D section
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Figure " the velocity and pressure contour in the nominal
condition
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Figure A validation of the numerical simulation versus
experimental data-separation efficiency
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Table ¢ result for the change in the cyclone inlet geometry
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Case Change (%))
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Figure ' Y View of a cyclone with a curved vortex-finder
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Table 7 result for the adding vortex stabilizer column

Percentage
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Figure '\ View of the cyclone with an integrated spiral inlet
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Table © result for the change in the cyclone vortex finder

section
Percentage
Performance Base Previous (Nngc:;ila“i Change vs.
Parameter Case Value Change (“/g)) Base Case
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Pressure drop . .
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efficiency (%) ( )
~ Cut-off (R y,ov 1,01 (—+,177) YLV
diameter (um)




0,55 F e Sy Salr by ol I S
[vA] (TTHSC)
Figure Y ¢ View of a twisted inverse hybrid solid cone (TIHSC)

Particle Collection Efficiency

0 1 2 3 4 5 6 7
T T L L I T
100 1= = 100
80P~ =180
g | ]
‘g",
£ 60 - 60
Z
=]
g | 1
g | ! ]
3 40 1= ; =~ 40
B ¥ = 4. Dust Bin b
i Via ———— 3.Body 1
20 b / = = = - ZVortexFinder |,
B —_— L Inlet i
L 7. e Base Model 1
7
o | 1 T T N W A
ol I
0 1 2 3 4 5 6 7

Ijiameter (Lm)

Olynss 5l o Al oy S (gilulaz 005l duglie Hloges 1O JSCB
i e 4 S

Figure ' ¢ Comparison chart of the cumulative particle
separation efficiency of each modification stage

G5 azii -V
2 Al et e coain i ez Jleel 38U ragh nl o
as ol plad s el ool pw) iyl Al el o Ses
o33k I3l o 1, 8l iy 4z 0 VP o e (53959 ()b
cal aiz o il (AVNE) (o s 2als o (AVV/OY) gjlulos
3 oolawl cpge al> oy il ools mol8l YYY/CF L sl jlas
Al gl Al e 4 Cond Hlad 28l palS Carge olisul Chals 5
9958l pgms Al o 13 Bl B Sk Sl 5T Ll (VIFR)
@ ooy ks 2l s bz solul e Sl als I oaS e
Joe & S 5Lad &1 0 TVONF aal33l b s e S VA
55l 035 sSan Shemed by b ali 5 Ak
GiplS g S VY a1y iy yhad g 2ol8lVEIAY B 1 g5lulos
=l el (Bl Jed BB eogame jo jlis cél a5 S jo wls

AR

L1 Doj\
Y
a I | S
X L2 D
L Z=90mm
j Z=180mm
¢ L3
Z=315mm
De
L4 Z=405mm
Db
G55 o el o als F oansS coni ale b alSCes 51 ol VW SCS
[v#]

Figure 'Y View of the cyclone with a vortex-stabilizing rod in
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Table Y result for the adding a conic in the dust bin section

Percentage
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Performance Base Previous Change vs.
(Percentage
Parameter Case Value o Base Case
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