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Numerical Simulation of Structure and Separation Characteristics
of Axial Flow Cyclone Separator

CHEN Si-min' ,SUN Shi-rong” , LIU Zhen-feng’ , XIONG Gui-long'
(1. School of Resources, Environmental and Chemical Engineering, Nanchang University , Nanchang, China,
Post Code ;330031 ; 2. School of Mechanical Engineering, Hebei University of Technology , Tianjin, China,
Post Code:300130; 3. Yichun Wanshen Pharmaceutical Machinery Co. Ltd. , Yichun, China, Post Code :336000)

Abstract: The analysis model was established according to the basic structure of the axial flow cyclone
separator , the main parameters and particle distribution of the internal flow field during operation were ob-
tained through the CFD-DEM coupling calculation,the main structural parameters affecting the separation
performance were extracted ,the relationships among them with the separation efficiency and pressure drop
under different particle sizes and inlet velocities were studied,and the fitting equations of separation effi-
ciency and various parameters were given. The results show that the blade outlet angle and exhaust pipe
diameter have significant influence on the separation efficiency of the axial cyclone separator. With the de-
crease of blade outlet angle,the static pressure gradually increases,the tangential velocity increases, and
the separation efficiency increases. With the increase of the diameter of the exhaust pipe,the static pres-

sure decreases,so the separation effect is the best when it is 0.6 to 0.7 times of the diameter of the sepa-
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rator cylinder. When the flow rate is 20 m/s, the particle separation efficiency of 4 um can reach 92.3% ,

and the particle separation efficiency of 10 wm and above can reach 100% . The calculation model of sep-

aration efficiency under the conditions of particle size d of no less than 4 pm and inlet wind speed of 4 to

20 m/s is given by the weighting method.

Key words: axial flow cyclone separator, separation efficiency , orthogonal experimental method , numeri-

cal simulation
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Fig. 1 Structural diagram of axial flow cyclone separator

T il i e K43 B A Y A M
TP NP 2 BR, B S OB NS 1 TR, 4
B R E R, D =200 mm, D, R H 5 E D, AHE
SEHR,B M, N it 8, SR P
RIS AT R 43, PIAS BB R 80 J7 . BEM v 4K
{EYEREIAE 10 ~ 140 Z W], 25245 56 Do R% B50i X155 3%
AR

- Ll ke LZ LS LS ol
_Lﬁ g ) L4
::r‘t', 2 r =)
#EK FHREK HERE FESBX HKK

2 ghimsmE XS B B LB R M A%
Fig. 2 Geometric model and grid diagram of axial

flow cyclone separator
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Tab. 1 Design parameter table of main structure

of axial flow cyclone separator
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Tab. 2 The values of the influence factors

A BUE T R AR RS Bk I ERR 1, T2
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TEAIBURDRAS d=4 wm i, BG4 R 5 50045
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Fig. 3 Comparison of numerical and experimental data
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Tab. 3 Orthogonal design table

% # 1 ) 3 4 5

FALIEES e R O e 30 40 45 50 60

L,/D ) HAE EHAE D, 0.5D0 0.6D 0.7D 0.8D  0.9D

L,/D 1.5 HOHE o/m-s™" 4 8 12 16 20

Ly/D 4.5 MPEDRLEE d/ pm 4 6 8 10 15

Ly/D 0.6

Ls/D 5 8 R Z A3 TAR T, 0 S Rk, Bt

D,/D 0.5 TIEZCSER a1 i U Ko i a8 55 4 A4

Lg/D 0.6 HE 5 Bk R IEAZ S0 5 38, W2 3 Fim .

N 6 £3 Ex@its

F3 B/(°) D,/D v, /m s d,/pm 1/ %
1 30 0.5 -+ 4 82.8
2 40 0.6 4 6 96.4
3 45 0.7 4 8 96.7
4 50 0.8 4 10 98.1
5 60 0.9 4 15 75.9
6 60 0.6 8 8 90.3
i 50 0.7 8 6 91.0
8 45 0.8 8 4 71.4
9 40 0.9 8 15 99,9
10 30 0.9 8 10 99.9
11 30 0.8 12 6 99.8
12 40 0.7 12 -+ 92.3
13 45 0.9 16 6 96.8
14 50 0.5 12 8 98.4
15 60 0.6 12 10 99.8
16 60 0.5 20 6 99,99
17 50 0.6 20 15 99.9
18 45 0.8 2 15 99.99
19 40 0.9 20 8 99.99
20 30 0.7 16 15 99.99
21 30 0.6 16 8 99.9
22 40 0.8 16 10 99.9
23 45 05 20 10 99.99
24 50 0.9 16 -+ 82.8
25 60 0.7 20 4 78.0
26 60 0.8 20 7.7
27 60 7 16 10 99.9
28 30 0:9 20 10 99.99
29 60 0.9 2 10 73.4
30 60 0.5 16 10 99.9




511 1]

WA, 45 - il e o B A 4 A S 2 B AR BB R A = 1035

2 ERGSH

2.1 SIS EEREKR

JiE AL 185 8 1) A = A A 5 1 1
0 B R A0 5 AR S AR A A TR R 3 3
iro B4 il EA R 3 Bl it T R
Fr FEIAT T4 U0 T DA B HER PRI R A 0 5 L A B
TR RS B A

X, 4%
5 A R

R

o -372
-423
-473

4 D=200 mm,y, =8 m/s EST
Fig. 4 Static pressure distribution diagram at
D =200 mm,r; =8 m/s

B ] 4 FJR, 3 B A PN IS I A A ) Al e A
B 9 L R EE o Al 1) e i S )N, 24 I
M (A=A T, Z/D =2) A BRI R,
362 PR R O i A P G 3 1 B )
BRI i i b sh e, TEREM X B (B - B
[fi,Z/D=4) MARHEEL(C - C W, Z2/D=T) , 12
[ 7 1] i B H o ) P BE ST R

- i A A HE S AR U A3 B
B RS A 520, W S Bios . FEAHRIEE 1 BREEE T,
FERERAR: Fr H A 0 T /) s FEHE S AR
R A3 ES AR L AT /0N, L X s 7 BEL A A K, K o i
FEMTE AR, I, BARBUM I Fr ih 0 A RS
HAESTHEBAF R B RCE  H RS K, S50kt
W REER % R

mR B AC)

5 FEMSEETHRERSEHSHNXR
Fig. 5 Relationship between static pressure drop and

structural parameters at different intake velocities

2.2 HMSHXSERERMII
IR VG 2 B AR RERY T B R bR . Rl
A B (0 70 S R K

n, —n,

K — 7 EER N BIAR ny — A AL JIURLEL
B H; n, —H NALHRFREG (0, —n,) —00 8
A VL UTE TR G

5 53 A %o e =CIE AL B A8 10 23 B RE AT
TSN, PR S 2 BOR] B X A S Y
BEATIRE . PRI, B PeWE O 2 s AR PN 3 BE 5 43 A LA
SBS 2O I 1 B el KR o

T 6 JIT , T Sl e 77 1) 20 B g PN R AR A )
[ B TE AN WIS R, FE M it 1 Ab ik B R R, 29
S R ARG R BT s FERE AL IX. , 70 1) L RE ey
B B EEEA i AEATHORASR 450 0 1 B T i
Ji@ 3 DX A2 16 75 16 4] 1) SR8 DA Fr s 30 A RE S SR
Ja TN R B R TR B AR SR L e M AT IS 80
Sl 1 S A T R L 0 AR ISl R R B o AR, £
Stk DV BERY 2.2 4%, i R4 B e P & T8 AL
AR AT) 1o T 9 e e ST, 38 K By B e BT R
TAEDRFEIESS 8l 2 19 [ R PRHE B, SE Bl 8. 42
(1) ) Ly o 328 A G DXl K ) PR T
PRI H I IRTAL , 22 B e ST LA 0 DR Ay Al 1] 3l
FETRETTHT I



- 104 - #RE B

L RS 1_; ' lA ZID=2
B B B
B fmes| " | BEPE /mes! | g
20 18
l? lw
B-zip=4 P13 B-ZID=4
13 1
: 5 1o
I4 I4 1
2 2
0
C-2ID=7 -2 C-ZID=T
(a) V11 1) 2 JEE 43 AR (b) %l 1) 2 BE 43 A

6 D=200 mm, ; =8 m/sliigﬁ;ﬁ?i
Fig. 6 Velocity distribution nephogram at D =200 mm,
v, =8 m/s

7 R0, 0 R e O, B R R R A
MBS/, AESE O EREE R 4 m/s B, 0 0 i
30°48 K F 60°, Xf N ERBOR T 13% ~
20% . 43 ESRCR S ) B R EAE G . Rl =UE R
SrE R R S A F R LR A
T8 PR3 285 7 16 P A A o i AL, BRI B D A
45° S HrHES A B2 0. 5D,0. 6D,0.7D,0. 8D il
0.9D B X4 Bk B, W& 8 FifR . BRERAY B
X5 HEAC X PR i 3 v B 2 2 ke 3 S0 1) o R 49
Ko HHEE B/, HEAFRBREARE K, K
kT BEY S0 7Nl YT i <A = N 1K | 2408 2N 7 SU AN
i, 2 A A0 T B AR /DN AT B R R, HES
HHER0.6D ~0.7D B HEAHFF4r8.

—a—V=12 m/s

&8 lgg: T'—d,ﬂ* P
B 90} *-d=8 pm .
® 85k —4—d =10 pm N &
B g0t e
4.\, 75+
70 =
60
—a—V =4 m/
50: . V::ﬂmf:
- ‘=

Y1 1) B /m - s
=]

30 35 40 45 50 55 60
o w2

B 7 RAHOfAY]ERER S SRR
Fig. 7 Influence of blade outlet angle on tangential

velocity and separation efficiency

b - 2021 4F

® 100+ —

-m- - = +d'=4 pn-1 T —

= 90 - —+—d =8 pm

B 2(5) F —a—d =10 pm

@ o /.—'\‘\.
5

- 70 -

@ 60 “

5 S0- o

B 40 | —a— V=12 mls .
30+

M 20 e 2 - - -

= 10 - ““—i—n—r""#.

ﬁ 0 1 L L

05 06 07 08 09
D/D

8 HESE E 2% (o) i B A0 53 B R A B R
Fig. 8 Influence of exhaust pipe diameter on axial

velocity and separation efficiency

2.3 SERERRER
I ECR B S BNER 4 FR .

x4 SEUENEWSE

Tab. 4 Influence parameters of separation efficiency
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