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Abstract: In order to improve the asymmetry of flow field and the separation efficiency of cyclone separator, a
method to set necking angle on upper side of the inlet of the cyclone separator was proposed. The Reynolds stress
model (RSM) provided by Fluent software was employed to simulate the cyclone separator with the necking angle
on the upper side of the inlet. The results indicate that, the necking angle on upper side of the inlet makes the static
pressure in the near wall area of the cyclone separator increase obviously, the static pressure fluctuation on the axis
decrease gradually, and the negative pressure value near the dust exhaust port become larger, which is beneficial to
improving the phenomenon of particle back-mixing. The inlet necking angle makes the inlet cross section gradually
be smaller, so the inlet airflow gradually accelerates, and the pressure drop is roughly proportional to the square of
the inlet velocity, resulting in a gradual increase in pressure drop. The inlet necking angle does not change the area
where the short circuit flow occurs, and the integrated cross-section is 15 mm below the end of the vortex finder,
but the improved cyclone separator has a reduced short circuit flow and a larger tangential velocity, which is
conducive to particle separation.
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Tab.1 Structural parameters of the cyclone separator

TiH HiE
B HE®Z D 200
ACEE a 100
AH%EE b 50
ANHKEEL 300
HAE HAE De 100
Hih OB B 50
HA BRI s 140
FEB = h 400
Iy H 800
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Fig.1 Schematic diagram of a cyclone separator

1.2 i+ E#EE

K H ICEM X Jie K73 B 28 1EAT S5 46 I A &l 45
HXF AN, 12 MK ERE 0.55 mm, 1§
FIRZY 3.5510° /N IFE T pi o PIRE RN 3 o LT, W]
DL A2 TR K

T e X0 25 2 A BB 37 & = 4EsR e i i sl
B AZEAE A Fluent 1A% FUR R IR 1 % A R4k
REVERA I 75 5 M/ (reynolds stress model, RSM)D




54

XUBGVE S e B 3 N I IO f o6 i S i 5t 175

FEAII1T i X0 B 28 N SR A EE N (velocity
Inlet), AN 16 mis, SHMAENFHIRTR, BE
N 1.225 kg/m®, ZhJ1REEEN 1.789 4x10°° kg/(m ),
IKFTEZEN 6.67X<102m, miissE N 3.946%. A A
H O FA TR ke, WENE B A Coutflow) .
BE W BTGB 5, U BETH R T AR AL BE T
PRECACER . TR TR A 0k A SIMPLEC, [ 77
I #h ¥ ik H PRESTO!, 3h & B #is =ik H
QUICK, 51 . 7 B ks =ik FH — il X, sl
FH I FE T B ks e F B ad K
2 A] 4 IGE
2.1 P& o K AR TE

97 HER PR BOE T Fluent 348477 B.45 5 (1 5%
W, K Lapple BEMX 7B 28 884K 40 1.5%10°,
2.0x105, 2.5x105. 3.0x105. 3.5x105 Fll 4.0<10°5 iX
6 FhAS[F (1 AR 1T . B 2 XFLL T 6 FiAS[R] A%
W EUBE Y=0 #1f0 b Z=—0.2 m Kb AAT) 1) E 4 A
HHE 2 0T LA, DI s 7 B2 SR R UL 4L A
WS, FLBEAE AT R R ) v T R A
#aTHasE, 3.5%10°5 Fl 4.0<10°5 1% 2 i s i i s &
NHIDIFEERAE A, TR RIET B 45 R
PE ) SR b SR B D I R E DA AT
TEUR, B S E S T s R 3.510°,

B 2 FIA&T5 £ 2 X 7] o) iR E B 2 0
Fig.2 Effect of the number of grid node on tangential velocity
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Fig.3 Comparison of tangential velocity between simulation
and experiment
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Fig.4 The effect of inlet necking height on pressure drop
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Fig.5 Contours of static pressure of cyclone separator in
Y=0 section
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Fig.6 Static pressure distribution of the cyclone separator in
Z=-0.2 m (Y=0 section)
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Fig.7 Static pressure distribution on axis of the cyclone separator
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Fig.8 Contours of tangential velocity of the cyclone
separator in Y=0 section
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Fig.9 Distribution of tangential velocity of the cyclone
separator in Z=-0.2 m (Y=0 section)
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Fig.10 The effect of inlet necking height on downward mass
flow in the axial position
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Fig.11 The effect of inlet necking height on short circuit flow

4% it

1) BE A4 B84 PN B I US4 F JE N
BN TEMFIA D E T, N DR FE L Lapple
TRy B as K, R EREI . (22, NI4E
ALENGEE T ST PVC BL%, KT YA
HIE, AR B AR e SN
Wi KT 0.20D USRS PVC LA K
HOAWGE, TMEREERSE A, FTLCA IR
B I B AR A = FE D 0.20D

2) NI Fa e A7 2% 5 Lapple 2YJig
A B2 AH L, I RE TR DX I R R e 5, HE
VBRI PR A R AR 0, 5 20 A R AR MRS 31 i
I H AL ER RS AN, R T SCE R
RIBILG

3D N SR 1A S5O e s I 2 A R X 3, AR
S AEHE R A R 5 15 mm &b, I E NI
Y R R T DL 3 PR R . IR B e R 4y
BRI BCR B B L, N IS 0 kL
I B R MR IE 7 B — D I A

(& % 3¢ #k]

(1] EB%, k77, #IRM, 5 XS EHNDTEAX A

WA RS R [J]. 4k 2% 4k, 2018, 69(8):
3488-3501.
WANG Lu, ZHANG Xingfang, DONG Zhenzhou, et al.
Effect of inlet structure on transient properties of gas flow
in cyclone separator[J]. CIESC Journal, 2018, 69(8):
3488-3501.

(2] ERZ. BRI B a8 AR BRI IR SR E 5 T B L R

WEFE[D]. 22 =MK%, 2020: 13-14.
WANG Chenwen. A study on the characteristics and
mechanism of short-circuit flow in a gas cyclone[D].
Lanzhou: Lanzhou University, 2020: 13-14.

[3] fharmg, i, RAEIE, 5 BRI EEHA LKA




178

#A%E 2

2022 4

[4]

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

A 37 30 2 R RS2 R [J]. A6 L4k, 2019, 70(6):
2202-2210.

SUN Ligiang, WANG Di, SONG Jianpei, et al. Effect of
ashless separator on dynamic characteristics of gas phase
flow field in cyclone separator[J]. CIESC Journal, 2019,
70(6): 2202-2210.

ZHAO B T, SHEN H G, KANG Y M. Development of a
symmetrical spiral inlet to improve cyclone separator
performance[J]. Powder Technology, 2004, 145(1): 47-50.
LIM K S, KWON S B, LEE K W. Characteristics of the
collection efficiency for a double inlet cyclone with clean
air[J]. Journal of Aerosol Science, 2003, 34(8): 1085-1095.
AL, AR, RN E e B8 FL e X 43 B 28 A I 3h
PIBUERAILT]. 3077 TR, 2010, 30(8): 567-572
LI Hong, XIONG Bin. Numerical simulation on gas-solid
flow in cyclone separators with different inlet height-
width ratios[J]. Journal of Chinese Society of Power
Engineering, 2010, 30(8): 567-572.

TR, B, N R BURE K3 85 4% 43 B R P PR
R[], kel 54K, 2010, 16(6): 531-536.

HE Hongzhou, HUANG Junbin. Numerical simulations of
gas-solid flow in a ramped entrance cyclone separator[J].
Journal of Combustion Science and Technology, 2010,
16(6): 531-536.

EVINE 9= X INE Py = S A
(3], #ABEsh AL, 2018, 33(4): 91-97.

LAN Jiang. Analysis of the influence of the inlet structure
of a multi-layer tube bank on the performance of a cyclone
separator[J]. Journal of Engineering for Thermal Energy
and Power, 2018, 33(4): 91-97.

QIAN F P, ZHANG M Y. Effects of the inlet section angle
on the flow field of a cyclone[J]. Chemical Engineering &
Technology, 2007, 30(11): 1564-1570.

FER, ENIMR, DR, S ON EWCEE AR T ALY
B B ERE R[], #h I k H, 2019, 48(11): 43-48.
DU Huijuan, WANG Chuanbao, MA Honghe, et al.
Influence of inlet necking angle on separation
performance of cyclone separator[J]. Thermal Power
Generation, 2019, 48(11): 43-48.

R, B, EILE, 55 X & A Rz i) 1
REERF T[], LREREE 24, 2017, 38(12): 2610-2618.
GAO Zhuwei, WANG Juan, WANG Jiangyun, et al. Study
of characteristics of vortex core oscillation in cyclone
separator[J]. Journal of Engineering Thermophysics,
2017, 38(12): 2610-2618.

S, MR, #77, 55, BT CFD-DPM HJJiE X 73 2
ARERBAHRAL[]. T ERASOR, 2021, 27(2): 63-73.
PENG Li, LIU Guanging, DONG Fang, et al. Structure
optimization and design of cyclone separator based on
CFD-DPM[J]. China Powder Science and Technology,
2021, 27(2): 63-73.

REZE, BREEOG, XUFHE. T me S T 2% 5 e A 85
A RAL[I]. L TA2#k, 2019, 70(1): 154-160.
XIONG Pan, YAN Shuguang, LIU Weiyin. Structure
optimization of cyclone based on response surface
method[J]. CIESC Journal, 2019, 70(1): 154-160.
N, PN, AE. SRR E 5 XU e X

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

http://rlfd.tpri.com.cn

B ORL 4 O R[], AL T 223, 2018, 69(4):
1324-1331.

SUN Zhanpeng, SUN Guogang, DU Yan. Effects of feed
position and inlet gas velocity on particle classification
in cyclonic classifier[J]. CIESC Journal, 2018, 69(4):
1324-1331.

FiLz, BF, £, BN DXGHESE IR B8N
PRI BIRFEL]. A 2=k CA o T), 2011, 27(5):
780-786.

WANG Jiangyun, MAO Yu, WANG Juan. Flow character-
ristic in a single inlet cyclone separator with double
passage[J]. Acta Petrolei Sinica (Petroleum Processing
Section), 2011, 27(5): 780-786.

VEAR. i@ A7 25 s I 79 R AT AR AL K A RE o A
[D]. W&/RiE: WA/RIE T K2, 2007: 37-41.

WANG Lin. Numerical simulation and performance
analysis of gas-solid two phase flow in cyclone
separator[D]. Harbin: Harbin Institute of Technology,
2007: 37-41.

JEsFiE. FT CFD HIBEX ) B s ERESHEL R 7L [D].
T LRI TR, 2015: 38-39.

TANG Shougiang. CFD study of the parameters affecting
the performance of a cyclone separator[D]. Zibo:
Shandong University of Technology, 2015: 38-39.

SONG J F, WEI YD, SUN G G, et al. Experimental and
CFD study of particle deposition on the outer surface of
vortex finder of a cyclone separator[J]. Chemical
Engineering Journal, 2017, 309: 249-262.

ETL, AL, EEe, 55 SERHPRE X2
A R RE R WA ] R OK AR A4k, 2019, 52(11):
1201-1210.

WANG Weibing, SUN Yaquan, FENG Jing’an, et al.
Effect of slot vortex finder on the performance of cyclone
separator[J]. Journal of Tianjin University (Science and
Technology), 2019, 52(11): 1201-1210.

SHUKLA S K, SHUKLA P, GHOSH P. The effect of
modeling of velocity fluctuations on prediction of
collection efficiency of cyclone separators[J]. Applied
Mathematical Modelling, 2013, 37(8): 5774-5789.

fHAE, FhEEIRN, R, 25 T X 50 B8 25 A R VAT PR A B2 )
R FBUE W BT VE R W ] f TR, 2011,
62(9): 2535-2540.

FU Xuan, SUN Guogang, LIU Jia, et al. Discuss on
estimation difficulties and numerical computation
methods for short circuit flow in cyclone separators[J].
CIESC Journal, 2011, 62(9): 2535-2540.

dR T, B SR, RORRE, S — b RO R B A
B 5 B D], WA /R T B K 22244, 2020, 25(3):
116-121.

MENG Kehan, LU Yiping, DAI Jinglu, et al. The
separation characteristics of a high efficiency cyclone
separator[J]. Journal of Harbin University of Science and
Technology, 2020, 25(3): 116-121.

XUE X H, SUN G G, WANG G J, et al. Numerical
simulation of particle concentration in a gas cyclone
separator[J]. Petroleum Science, 2007, 4(3): 76-83.

(DUESH BT




