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Abstract: A new and effective Lagrangian-l.agrangian model based on the coupling of discrete
vortex method (DVM) and the particle collision model was proposed to study the interaction be-
tween large eddies and particle cloud in turbulent flow across circular cylinders. To achieve the
compatibility in the discrete vortex method, sub time-step was used to adjust the calculation time
step of the particle motion to couple the two-phase simulation in our model. The present method
was validated by the particle trajectory in Rankine vortex and was applied to simulate the horizon-
tal particle transport process in high Reynolds number turbulent flow across circular cylinders for
the particle sedimentation, entrainment and concentration process. The particle distributions
were investigated with different Stokes number when the mean velocity was in the direction of
gravity. For vertical gas-solid two phase flow, when the Stokes number is smaller than 1, parti-
cles are entrapped easily by vortex and finally is concentrated near the outer edges of vortex struc-
ture due to their quick response to the flow field. With the increase of Stokes number, particles
respond more and more slowly to the flow field, and thus the influence of gravity is stronger. As
Stokes number is far larger than 1, vortex structure has little influence on the particle distribu-
tion, which is similar to the distribution of free sedimentation.

Keywords: flow across cylinder; particle collision; discrete vortex method; gas-solid two phase

flow; Lagrangian-lagrangian model

Wk H . 2008-03-18.  fEF {4 FHE1982—) Wil b s O GR RO L F L 2. FEGIH . R ARRAREE ¥
B3 H (50676079) s BB EBH 220055 AA TR %E BY15 H (NCET-07-0661) ; 2 SRl F R BFSE = 5 P B3 H (107101).



78 WoE R

B

N Eitd ERRES

%

TE AR A R R S5 00K ] A AR ELAE
ZAFAE AE R Z5 4G 5 ORLAH B4 AT RO PILBE Ak
ANGEATERE. AL GE 0 2 — Fh AR SR A R R g
P N T A FRR 9 A 5 6 31 BIF 5 = I A 0 A
TR FATA L AR BN WAL KR ke I AH B
AR It , HAT 20 H A 27 R SRR (L

G EI A PAR IR A St Rl i 20T 8 1A
D TTAES AL AR AR AR PR IZ 3l B 4
LR PR )R AR L b A7 AR 7 B eI 2 BLE BT 5T
BT SR AIFTE AA5 AT LD 2 e 169 45 K RS
Kz 3y B GRS EALL T vk, BUEREA% [ H J7 3k n] X ik g
ALY BT VIR BEA TR AN L RE RS S P B Y D) 3K
Ui ORI S5 AR B9 A B E X 3 I LU i 55 R ]
(AH BV PSR i sl A Rl A SC LR
VU PR 22 R AE S 1R R B FE Xt G R SR T
P AT R AR i 3 ) XL A B3 H AR 40 20 4 7s
HHE A T 4548 5 ORI Sh AR ELAE A L.

L XUREAS ) H A

BRIRTT A
XTI TR T HA O B TR B A AR Al R4
Bl R TR B I R BEA TR 207 1 ORI 45
¥ N-S R i i 5 7

Do _ Jdw . _ o
Dz‘,_(?t_'_(v Vo = vViw

Ko FoRE Y FORMIRMN BN FIPEREL 5%
TEF S R A Dl A A R H 19 i, IR
PRERIELL A ()30 £ 38 A0 38 Bl ) 2% 7 12438 B i 4
JHE ity PTG B S 18] (14328 2y o DT 3138 B8 500 e 1) B
e A B R 1 52 2% Tk 3 R [ 2 Ak 1 1
7R IR B EOR T ok sR il a7 . e AR B b
VEIURLAZ 2h 5 A E 112 3h B B R ok,
1.2 FRIAfiER s

X T B O WUk iz 31 DL K Rl 4 2 % Wang FlI
Mason" (A8 A, [ A= 1525 —, = A K sl i
B BRI TRl HEEARA N

(D UKL A BRI » HERIE 5

() TE- 1 N 4Eiz 3l I BARG Q2R B0k &
Al HA — 2

() TEREAY R FH P R O 2R B5ORT BE 458 2R 8 (F
RO X R AT R TR A R R R FE AT I IR

(D) B UL Rl 2 R s 22 A Y S 7 R 2
BhI[A] ;

(5) TRl A3 2o o v S 2% SRR AOR ] B VR FH .

1.1

(D

UKL — HE R ) R AR P 1 s L A A
TR = S RLE B T R

ma(vaiva,O) :7771])("[,7‘/'[),0) - J (2)
I, I
Ri(w“ —.0) = ﬁ;(wb — o) =—nXJ (3)

y
n - r
C
b
Bl 1 2 URR A ) A AR R G

AP ARFURL A4 5 Bt v AU BURE s AR a 1 b
o3 AERBURL a FIMURL bs i T AR 0 Rosfilf 4 % 2
PARGZAS & A {EL JC N AR O Fon Rl fi o 28 e s J AR

e = | Fodes R LRI

713 1=(2/5mR* RFH N0 FRGH A &
B0 9 S TS s 37 BT 1 1] 43 i

TE T YR A8 A= 22 [) e B ] B I 50K Y 32 3
T A e A T OB AT SOR 9 9% JE HUAR
K. Magnus Jj.Saffman J7 .Basset JJZE 0] L) Z Mg A
ics IR 2 3 7 B v L3RRl

dv, Fo Vy
dt _g+inp Ve

AP g RE IRV, = (1/6) nd) R R 14
od, RWREAS; p R E S Fy 2T

(4)

F, = %ndi Coog lu—v, | (u—vy) (5)
24 0. 687
55— (1+0.15Rey*™)  Re, <1 000
Cd — €p (6)
Io. 14 Re, =1 000
1.3 A& AR

K B B 7 R ARG 3h 7 BEAH 25 & I
A% B3 FL R0 [ PR AR AL B EA T ULy T ORE 2
H % . B2 B OR8] fA) AR T iR L (H AN 0L )
PR/ IN BRI B4 S A FRALAR /N ol 33 DI
BUNT 0. 1960 IRIASCHE T b 25 08 1 R0 i
RLEGVE T A% R AR B9/ T 0. D540 i T
TOURL A4 ELAR AR T 168 0 RUBEB /DN 2R FUR A B4 A 2
A AR SRS & e — R LR AR — I )25
R AT — AR L 5 » MR UKL A A2 - 27 3



414

TR A« XURLAR ] H A AU ASE LS [ 1 AH XS AL S8 79

VR RURL (138 311 7375 T 22 R e » R ZOREAEFA 14 1
AR AT AL 68 /) 3l R LA 2 AL B8 PR R

TOAE SR FHAS SCAYBUREAS B H AR 2L F) ] P A
XUBIFEGE R R A A R an T

(DR BSHGR T AR AR E H AT E AT
Gy dEAT AR v 1 mT LA 20 %60 i 220 3 37 vh Y
Jreim 4 F A At R B 15 B

(2) B — 5 I 8] 7537 320 P 9 [T 7 3 B AL R
— 21 L.

COAETHA B vh R I 1) 28 53 BE L 72 R AR
P rp 7 HTAORLRIE AR SR A A0RE A Rk B H 32 3 07
2 [0 2 EFER.

(DOFEZ LA 145 0l nl A R b ks
&y JIURL 73 A1 5 e s 234 B4 I ] 5 410,

2 BEBRER S b

TR SEoT 1A IR 22 i P E B)
PABSERUL A Y H AL, (5321420 0. 025 m, i1 5

JE 180 s 1, WUORLSE EO 10° ke/m’ . UKL A2
1 pm. FHECEER 5 SCIRC 12 T4 R A% HL LA 2,
25— 20 BERSR AR SORE Y B30T AR XL B
SRV IR R R] LA B IE AR T3 45

(a)Lecuona 212 fy 45 5 (b) A 45
B 2 PRANEURIAE 22 4 iR R 932 Sl G

2.1 5EhFREENNEFESR

TS5 ) 2 B AT T A (R A
LR WO 25 R SRR E 40 m/s, 7 5 o fli 3k
AR O, BRI BB A L RIAE E42 0. 5 m, [RIEEAE T
0.5 m,Re=2.73X10°,St=177. 89,4 5 A i}a] K
SIA—LBURL, R H A28 0.7 mm, R4 15 /i
L FEIRIAE L3 3R AbRER . B i E 152 . y Jr i) b
)N SR B — R 5] 4347, ORI 4 3 5 R R
B 90 %.

MK 3 7] LLE PR AE R S b DL
JIUTRE A 32 5 218 3 [ A R 30 v iy R RUE T iR 5 4

I BRI Jig it 45 I 47 2 » T JOURE RE RS P Bl U
I R A i {ELIE: » Bl BE T 1)1 1032 31 i 19
TR Y O HLIs s - 805 W i BORL R 2
P/ T ORI o A T i 52k 2 7 [
A 222 T g DX 3 AT B e 6 T ) P PR ) B A
A MURRE e 4% o Hof T A7 30 P B2 . DR 7 A B
AN ST AT A 0 G AL R BE R T T Y
L AR JIURE A BE /DN » o T8RP AR S A SEER S 4TS
ANREAT R SRR Y 0 R 451

B3 XURAE: SR BOR R  i oT o A

2.2 5EH7E—BHNEESER

ARSI T R B 5 EE 5 ) — B AR
MBI FE L AN R St (St=>1,Sta~1,St<1) %t
WAL A R PR R Z e TR A R AN 4 R, AT LR
ISR TEME RN Se TN UL ER 23 A BIAE ) b KT b
HERR SR ) 300 i V. ORI AR DX L 32 T 1
SER S )RR LS St MG, XY Se<<1 i, fikL
W TR AR EL, (H 2 i T UK A 9 9% B2 i I
KT SLAH B %5 B BT DUSURE 32 22 53 A7 78 e 168 1) 31
% ARMESE AR 0t B St W3S K, Y Sr 4%
T 1B, HE T AR B R L R TR Y A A
FH A I AR T A50RE S50 0 32 sh B B 9K 52 ) e T

o BURL; +WIT

(a)Sr=0.123 (b)St=0. 82 (c)St=10.79 (d)St=160. 23
B4 WUARESERE E R FFSER



80 W %

B

X F ¥ 1435

TR S H 2 B 2 A BOIE s 58 245l 24 St
SFT 10079 W BORL By T2 T 0 A9V T AT LS e
Wb s T PR FHARXS T Se>>1 I 2 — 28,
PR AHe AR 2 7 T g L AU 1] il £58 R R i 445 g 1) 3 [
PEHTR AP I 22 18] 4 DI I 76 I 198 A L 36 1f
A HERR. Y St oy 160. 23 BB BRI LPAS 2 JiE
TR A v Rz 3. ax H o TR A
AR AT AHSC A SEBR TSR 1 — 20 0 AR AIE.

3 4 ik

ARSCAE BRI Y HAEZLS o LUACIET AR 5 A 48
U R B R 444 5 TURLAFE (9 A EL A ] Sz sl L
FENTFEX G AR T — P T B 10 77 1 5 ORE
R A AT & A BB AU T 2. O 24 4 R If
A1 R PR TS H A e — R L DR T BRI T 15
SRR AR 49 WURLIZ B 07 R A A PR R AL B
FIRURLAE == i h 9 iz S 3R Ik 1T A SCRY 59k . B
K% 05 N T e o v R L i 45 4 T A DR 7K
Py is i BRI ST BN T IR A R s v R B DT i
T B HEABE T 26 0 b AT SR Ay A B AT R
FOBE T A7 04 T 2 v AL S5 2 W A 1] W
18, YR IE S 07 1) — B RL A e 2
St 5. 24 St e/ 1 I UKL I3 3772 A6 R
() o i St 33 D0 JBOAE X6 3L 323 728 1 ) i o7 72 5 38 4
HI PR A/ NI 25 Se e KT 1,
RLE oA L AN 3205 T B2 10755 R TR 4 23
G 73

S 30k

(1] BREEBEERN T2, 55, =4S MRS R L
M EZEMERULT ], WL RS 4R (20D » 2007,
41(3) . 484-488.

CHEN Yi, FAN Jianren, REN Anlu, et al. Numerical
simulation of particle dispersion in three dimensional
gas-particle circular cylinder wake [ J]. Journal of Zhe-
jiang University (Engineering Science) , 2007, 41(3):
484-488.

BEVEIR o 5% SORL. YR ] 9 A [ A 2 3 P 0L 7 T8 4
BB EEIT R[], B HECAEM I, 2006, 27
(4) . 477-483.

HUANG Yuandong, WU Wenquan. Numerical study

of particle distribution in the wake of liquid-particle

[2]

flows past a circular cylinder using discrete vortex
method [ J]. Applied Mathematics and Mechanics,
2006, 27(4) . 477-483.

(3] THEi 220K, B I, W B T SR A SR 5 &
PR EE B [T, 70223858 K¥# 4, 2007, 41
(1): 101-105.

WANG Fenghao, JIANG Gedong, LUO Xilian. Nu-
merical simulation for flow around two cylinders at
high Reynolds number by surface vorticity method
[J7. Journal of Xi'an Jiaotong University, 2007, 41
(1): 101-105.

UCHIYAMA T, YAGAMI H. Numerical analysis of
gas-particle two-phase wake flow by vortex method
[J]. Powder Technology, 2005, 149; 112-120.
ZHOU Zhiyong, Chen Airong, Xiang Haifan. Numer-

ical analysis of interactive vortex-shedding from a pair

[4]

[5]

of circular cylinders in a transverse arrangement by
random vortex method[ J]. Acta Aerodynamica Sinica,
2003, 21(1). 38-46.
[6] LAITONE J A. A numerical solution for gas-particle
flows at high Reynolds numbers [J]. Journal of Ap-
plied Mechanics, 1981, 48 465-471.
ok, FR R0 . oK PE RS, 45, A AR A SR AR i B 13T
SFOrEL ] BEEERS TRER 24T . 1999.7(1) 260
-66.
CHEN Bin, GUO Ligjin, ZHANG Ximin, et al. A re-

view on the numerical methods of the two phase flow

7]

across a tube bundle[ ] ]. Journal of Basic Science and
Engineering., 1999.7(1):60-66.

CHORIN A J. Numerical study of slightly viscous
flow[J]. J Fluid Mech, 1973, 57.785-796.

Wl , =0 20 A R L (3R A: 2 U ) 8 b (i A 40
(1. FARBRESE R, 2002, 12(9): 964-969.

CHEN Bin, GUO Liejin, YANG Xiaogang. Discrete
vortex method simulation of flow across cylinders[ ] ].
Progress in Natural Science, 2002, 12(9): 964-969.
CHEN Bin, GUO Liejin, YANG Xiaogang. Simula-

tion of flow across complicated domain between tube

L8]

[9]

[10]

bundles by discrete vortex method [ J]. Progress in
Natural Science, 2003,13(3): 213-218.
[11] WANG Y, MASON M T. Two-dimensional rigid-
body collision with friction[ J]. J Appl Mech, 1992,
59: 635-642.
LECUONA A, RUIZ-RIVAS U, NOGUEIRA ].

Simulation of particle trajectories in a vortex-induced

[12]

flow: application to seed-dependent flow measurement
techniques [ J]. Measurement Science and Technology,
2002, 13: 1020-1028.

€

B



