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Numerical investigation of the effect of DBD plasma actuator on performance

enhancement of an air-solid particle cyclone separator
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ABSTRACT: In this paper, the effect of secondary flow induced by the DBD plasma actuators on the
flow and separation performance of solid particles in a cyclone is numerically investigated. The effect
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of the effective parameters such as the applied voltage of the DBD plasma actuator, the arrangement of =~ Revised: Oct. 05, 2023

plasma actuators, the velocity of the incoming flow of the cyclone, and the size of solid particles are
evaluated. The results show that the separation performance of the cyclone in the presence of the DBD
plasma actuators increases in all particles with different diameters between 1 and 2 mm, compared
to the cyclone without the presence of plasma actuator, and the performance enhancement is higher
in the particles with a larger diameter (2 mm). The arrangement of plasma actuators has a significant
effect on the particle separation performance of the cyclone, and the uniform installation of plasma
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actuators in the entire height of the cylindrical part of the cyclone (type one arrangement) improves the

particle separation performance compared to other arrangements. The results show that the use of the
DBD plasma actuators inside the cyclone can increase the cyclone separation performance by 26.5%

compared to the cyclone without the DBD plasma actuator.
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1- Introduction

Several studies have been conducted on flow control to
improve the performance of cyclones. Flow control methods
are divided into active and passive categories. The most
important studies conducted on passive methods to improve
the performance of cyclones have focused on cyclones’
geometry. In this field, studies have been carried out on the
general changes in the geometry [1], the inlet section [2], and
also the conical section [3]. On the other hand, the use of
active methods to flow control and improve the separation
performance in cyclones has attracted the attention of many
researchers [4]. Among all of the active flow control devices,
the DBD plasma actuator is of interest due to its advantages
for flow control [5]. Hence, this article studies the impact of
DBD plasma on the flow inside cyclones and improves their
performance. For this purpose, the effect of the velocity of
incoming flow to the cyclone, the size of the particles, the
applied voltage to the plasma actuator, the number, and the
arrangement of the plasma actuators on the flow field, and the
performance of the cyclone were comprehensively analyzed.

2- Methodology

Fig. 1 represents a schematic view of the computational
domain used for the present study. It should be noted that the
DBD plasma location is shown in red boxes. The dimensions
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of the cyclone geometry are listed in Table 1.
The governing equations of the flow inside the cyclone
including continuity, and momentum equations are as follows

[1]:
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Furthermore, the Reynolds stress turbulence model is used
for turbulent flow simulation. Also, F in Eq. (2) indicates the
electric body force. It is assumed to be a sinusoidal function
and is defined as follows [5]:
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Fig. 1. Schematic view of the computational domain.

Table 1. Dimensions of the cyclone geometry
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Fig. 2. Cyclone separation performance in various
particle diameters (a) at the inlet velocity of 7 m/s, (b)
at the inlet velocity of 10 m/s
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This study employs a unique UDF code for plasma body
force (from Eq. (3)) in C++ in the ANSYS Fluent software.
The Navier-Stokes equations are calculated in this method
using the SIMPLE-C algorithm to define the flow pressure
and velocity fields.

3- Results and Discussion

To express the effect of the DBD plasma actuator on the
flow field and separation performance of solid particles in a
cyclone, cyclone separation performance in various particle
diameters for different inlet velocities is shown in Fig. 2. It is
clear that applying the plasma actuator has a favorable effect
on the cyclone flow field and cyclone separation performance.
Also, it is obvious that by increasing the velocity of incoming
flow to the cyclone, the performance of applying the plasma
actuator decreases.

According to Fig. 3, the results indicated that increasing
the applied voltage enhances the cyclone separation
performance. It can be seen that at V=10 kV, 301 particles
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Fig. 3. Cyclone separation performance for different
applied voltages

are separated in the cyclone, and by increasing the voltage
applied to the plasma actuators to 25 kV, the number of
collected particles has increased significantly and the cyclone
has been able to separate 358 particles.

4- Conclusions

In this study, the impact of the DBD plasma actuator
on the flow field and separation performance of a cyclone
was numerically investigated. The effects of effectiveness

parameters as: the applied voltage of the DBD plasma
actuator, the arrangement of plasma actuators, the velocity
of the incoming flow of the cyclone, and the size of solid
particles were studied. Results indicate that using the plasma
actuator inside the cyclone could improve its separation
performance in different conditions.
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Fig. 1. Schematic view of the cyclone geometry
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Table 1. Dimensions of the cyclone geometry
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Table 2. Coordinates of positions of DBD plasma actuators
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Fig. 2. Schematic view of a DBD plasma actuator
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Table 4. Physical properties of air and particles
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Fig. 4. The view of domain grid distribution and boundaries
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Fig. 5. Comparison of non-dimensional velocities based on the radial position at an inlet velocity of 19 m/s (a)
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Fig. 6. Comparison of the velocity profiles at x=38.1 mm downstream of the plasma actuator
(V=24 kV, =2 kHz)

11€¢



MOF LAWY dorao VYV Jlo A ojlasd DO 090 ¢ pusS yuol SOl uwins 4 puis

b ay S el ilubir 3Sles )3 adhe (St Oy
=l opl oeMe Cunl il (g8 e il dewdly S e (o
23 Vool @ gl (63909 Sy JRIEIL oS and e (s
Oiliel el bz bl o ce o o0l il p g Ve & gl
4 Cond bowdly S om0 BlLbI > aoles sy aSls > b 0
O8Saw Ay sy b Gl 0390 4l o V(6399 Cusyu oS >
b Loy (slacS o 5l oslil 51 o3b ol ) 5 35 5yt M
34 piY sl Glie (635)5 S )3 pln pliage Mg )8
S 4ol 93 51 glSm I daie 2 )3 (owlos Co iy g oS
S b oslSew 1850 5l byl il oad S5 (26
o 9 el e B anl cul o ili8l glad b aoles Cs g oS
el b )S (4 & 18 o dole o S 5l Ly oy 40
2 39390 OIS b o (il elSiw 0)led U plad 4 Cans 265
S 5l JSitze o (G5 ol g5 cal asSe S SS i
053l (b5 Gl Bgpme oo T OIS S 5 ileal oS
99 L dowdly Gl e s gty b 3 pulos sy
glad YO alols > glailgial (s )3 5 ASbi e (639)9 bawgie Cas puo
() 5 (@) V IS8 bl aSlop> a3 00 &) (gl 5550 4 g
u]yuc u)‘)JLJ ..).))fuo ‘LoquA dLm.g)Du [y uu.@ya Popy ‘)])]
2y HB b slSen ) lewdly Sy Jlael & €5 s
25 Sax8 oS Cunl S p3¥ ) (elSw (93 (ewles iy e
4 dgly (S 50 O (gyglaax 5o Slol ele plgie 4 S50 ]
LSl S e Jlae b o 3505 g (ficsm 8lso (solao S
3 8bes Sl b5 i3 3 (les Co g G315 ol 090
e d9s Gl (bl
09 g e b 93 ) el (Seelod JUiS m5e8 (e
ol odby lis A S s iz slacie po (3 LoDl slaS e
3953 oy ey Ltal3Bl L &Sl gy US ol oliol 1 o
9 opa> 5 S g3 a0 Gl (19)0 (Susliad LS (oslSw 4
S cwl o §) St @l b GRIB lwdl S el o
i wig p ey B b ol (9 lowdly S yxe Jlacl

VVgo

& o)y g con -V
4 @l (S 2,8les ey Sme by pslite &
O slalad b dale 51 > g asl g pe Ve 5V (6399 Copw 93 S]]
Oleder 93l (Jlos! 3y 15l (pizmen lons &)l pio Lea ¥ 5 ) 0
oo Gl Gilelia lesly g elSew 3Shes 2 LoDl S oxe
sy b el 53 el slSns (gilolir 3)Skes )y (gl ol 00
203 A+ Dlas (6399 Cs s 53 3 )3 5 Lawdly jpa> (gl g Ly
ol 0l 80)55 (el 4 aslilen Ve Sloj 0jl 3 )5S de (slalad
Ol Gl olee Jo a8 [)Sen I e Lewdly (g Sl 4
@ bogodd Jlos alyd 4l & Gse 4 5 0l pbosl @by 5,5
0l silalin 3 Sles (oS LS 3 00l ()glaen S olas
ol (S ooy b cls (gly iy et Gl 0l )y
028 (g bouwdly (Sl oo (gl (b2 s S (250 Sl
el bowsdly (oS jome j9a )3 (1glSw b2 (e 2l Sea B J>
Wl S Gt 55k ol g 0 pll GLY )5 e 5 Sl aiBly
(S LS 50 0u (6yglaen )3 law 4 as g b g wloads JLod il
I8 oo 3p50 Lowdly oS oo j9an 5 (5lS (gilulin 3)Skes
@S 3l 5 lid 5 Cpu laygsls ©)gon @S riren DS e

Slosss 43l ‘_,913.‘..» OLaJ.S\) o lis )I.p‘)li O|9;.c 4ol (gjlwlis

9l 3,Skos p lawsdly S oo 43T -1 =Y
Sy @595 OplSew 3Sdes p lewdly Spoe Sl oy
Syme gy sl 90 (Seelid YU @i Gized g (owles
25l el ¥ alols b el VO Jlesl 55 L L
owlos e i Canl odds odlawl elSiw (glalgiol sy (g,
wilisie glacs o )3 Loawdly (S (9 g jpa> > Sl g3
(2) o (W) V JSS o oS @S lad wcuwl oads 0ol lis vV JSS »
e SIS LSl (£lacS e s3> 93 ol s 3950 o0Lite
2 owlos sy diniin g Cawl Wliie (ed8e gla > 5 )0 slaodls p
Cunl pastie V S5 (bl amd o0 &) (olSim glad s 3 (ol
05l ol ol 2 R FHE 8T Lewdly (oS e Jlacl &S
15 pitoss 3s5 b lawdly slacS e & sl ] J) S gl )
balss @08 Jall cage (elSaw b Caa 53 g 253 SLL
oy oS e joian 53 (glow Copur V JSS (polal 253,50



V05 B 1IYD docio VF ¥ Jlo & o)lad B 053yl Sila urign &y

tangential-velocity tangential-velocity
16 (m/s) 12 (m/s)
14 11
12 10
10 9
8 8
6 T
4 6
2 5
0 4
) 3
2
1
0

tangential-velocity tangential-velocity
22 (m/s) 18 (m/s)
20 17
18 16
16 15
14 14
12 13
10 12
8 11
6 10
4 9
2 8
0 T
% 6
5
4
3
2
1
0
( (z

Gy 33 Lowdly Syone j9un 33 (a8l 2 plo ¥ (639,9 o powr )3 Loy S ooy (9 (W (owlow Cos w38 .Y JSS
Vo (8399 C pur 53 Lowsdly S om0 jgua 53 (5 adll o o Vo (63959 Sk o )3 LMy S o0 9 (39 (7 il 30 yio ¥ (62959
4l o e

Fig. 7. Tangential velocity distribution (a) Without the presence of the plasma actuator at the inlet velocity of

7 m/s (b) In the presence of the plasma actuator at the inlet velocity of 7 m/s (¢c) Without the presence of the

plasma actuator at the inlet velocity of 10 m/s (d) In the presence of the plasma actuator at the inlet velocity
of 10 m/s
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Fig. 8. Dynamic pressure distribution (a) Without the presence of the plasma actuator at the inlet velocity of

7 m/s (b) In the presence of the plasma actuator at the inlet velocity of 7 m/s (¢) Without the presence of the

plasma actuator at the inlet velocity of 10 m/s (d) In the presence of the plasma actuator at the inlet velocity
of 10 m/s
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Fig. 9. Cyclone separation performance in various particle diameters (a) at the inlet velocity of 7 m/s (b) at the
inlet velocity of 10 m/s
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Fig. 10. Installation location of the plasma actuator on
the Z=530 plane
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Fig. 12. Cyclone separation performance for different applied voltages
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Fig. 13. Installation location of the plasma actuators in arrangement of (a) type one (b) type two (c) type three
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Fig. 14. Tangential velocity distribution for arrangement of (a) type one (b) type two (c) type three
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Fig. 15. Cyclone separation performance for different arrangements of plasma actuators
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