%314 E5H
2014 48 10 A

it 5o R i

Chinese Journal of Computational Mechanics

Vol. 31, No. 5
October 2014

XEHS1007-4708(2014)05-0634-06

1 FEAE R 37 B M Y KR AR R 31

AER, K

#, AL

(PG T KA K B 27 BE L VU 710048)
B OERAAREASCAMAMRAE Y TR, HAEt AARRRFE NN EHATT HEEN, A&
K 8 48 # . VOF(Volume of Fluid) #% , /| Simplec 77 % K fE =4 7 2, BB R B T /B A A 4 09 3R e
HAEN HRTHRBNRELZMFENAR W REN A AE, B ARENS RNG c-e it HER,
BumRREARENE AT AR RO ARE AT R BN AERT T AR AN REEA RS
TR MEMRERE R KRR AEAANE NSl HAREFERT R, KWIEMR T A AHE

WARAT L AE P im TR IL A BRI S A A T
KRR A B EME D S

B935S :0351.3;0242. 1 XEkPRERD A

1 51 7

i LR T 4R A N R Al A R AR
FH o R TR B2 AN IR g B i A% i 3l RO A ke i
TR YR B TR G HR Y B D I 32
SR R S R M | BEATL P TR R s AR R A R
TR . BARBEFERE N R B A B e TR
W T VT TR G bW A% 1 60 FE AR L B ST
FIRE A B i I B 5 K D 5 R A A T TR 24
I 7K Ak 2 25 45 AT+ 03 T B
e 3 25 IS R v 22 AT R AR )
27 (CFD) B AU FH A8 9 38 5 e 1 AR 20 HOME A 2
A B PERE 55 . Eggles™ B 588 IR 5] A
T REAE , A Lattice-Boltzmann 77 ¥ B 8{ Navier-
Stokes J5 8 , AAGILLHF $4 4 10 FH A P 04 T O I B0
AR T BEAEL AT 35 T 0 28 AN 2 1 A oA ] A
(452 2= 30 20 5 KRG 21 A5 SR A 108 it A 4SS 0 %o A Y
Hf9 Rushton 208 F 48 BEAT T BUE AL IO 5T, 1T
SLEE R SCHRE W) & A ARGE s 42 o 55 ) e i
DAY AL HH 7 B 303 0 10 1 R A XU B3 )
R 2P T Rushton M I FE 28 N 1Y
s B H#7:2013-04-27;: & B s e 2 B 3 : 2013-07-10.
E&TIH:FKARREIE4 (51178391 BEPGA i IL 7 X
A 25 KR AR B S 5 T Tl 42 (106-221223)
r gt b B S A L T R R R R T B 4 R A T R
281 (106-00X101) ¥BHI H.

EEB A X EF " (1969 . Lo, i+, #UR

(E-mail: Liuyuling@ xaut. edu. cn).

doi:10. 7511/}s1x201405015

SR AR O 5 IR A5 R8T L ER L R A
T P A 1] 38R OO (B T P ) 40 7T T A
T A A 1) 3 3 06 A ) A0 % 2B T ST 8% 5 Avinash 45
T AR E ) e BRI TSP AT B oy
S AR N R A AR O S e, IR
F18 T30 445 SR o7 FH F JH b 19 1 2 L O R R Y
MERERC & HE A T 25 E . Ducci % H XGE i
LDA Xf Rushton 345 #4884 1937 37 #E47 1 I &+
FH 22 2557 X5 0 Ff B foge M W9 3 % it 97 3 8 14 A=
JRIRL A BRI A I AT T bR O T A R
P FE I TSR AL T AT S AR . Kilander 55740
FAXGEE LDA J5 % Lighnin 33 M A310 3%
(7 TP HERE AT T 30 3 R R TR B B T L TR
RAFIAE R 5 S0 AR — B, FE R X
PR P B S HEAT 1AL A5 30 I b R R SR 14
FRATH000 43 A B AR o 1 i R PR A 400 L ) B T AR B
Plh i 2y 3 Wl 3 s U0 % F) 5 B IX
ol It 3 1) A FE I 2l o 43 AT S i I R EE i 30 20 e
FEH Y 23 A0 B, 388 3 D 3 I R O R RE 15
SR AR FETCR . A 2 g R I AL
GE T HEE NI I S R L (F B R A N T O K
9 4SS 0L 1 O B M A T S — P R AR SR
Fluent6. 3. 26 X 4 &% #4718 420, 23 501 F ] RNG
- I AL 4L 1l 25 O S TR ASE UL 450 A PN 19 Ui
TARFE , I X B2, R AT T LB AN



#54 X E R E WA RS K RENTR 635

2 HEiEE

2.1 EHFE

T PERE N 00O B AT S TR S RIS
[CAB bR 28 T il Oy ot
ao  Aew)
L+ =0 (D
dou, | douu;,  Ip Pu, a9z,
TR R R P T PR

A T, =—0eCuu; — wuwy) R WA T i REE N T
LT KI5 /N 2Z [ 0 VR 32 B0 Rl P A5 78 3

rE . TEPRRPE B AL b A% 7 i v 5B
IVEES S PSS
T[zj —%Bi]?m :—Zﬁrgi]» (3)

TEbzHfE Smagorinsky-Lilly #r, 1 =pLi[ S|,
Hrh [S|=./2S, S, L, MK T RERAKE,
L= min(kd, V") ke HRITRE, d N5 R i
B, ¢, ¥ Smagorinsky &%, V Ry W% BT IR FL
1E Smagorinsky-Lilly 3 J BL &I b ¢ AN GE T 5’69/\
SE S A AT B 15 B s g at

K H RNG «-e ZE i 5 BB, Hodiii 3l 3 g «
Hliits 2l ShREFE B < 19 5 By

I(ok) 9(pkﬁ,-)
r?z‘ r?xi

J [( o ‘”Z]Hﬁ—pe
D

d(pe) | Ipeu,) a[ A ﬁ}
at i dx, _(71] (#Jrcg)r?x} *

€
G Ge (5)
- r?u 7ﬂj 2
—(Ouu—;t, Ix; 91,»]_3
KRB FRBEA N
2 7 l_N jpve
m—0C K, C—0.085. =1, 42— 1110
S 1487
C,=1.68, ,=06.=0.7179, )= Sk/e
S=1(2S,,;S.)"*. 1,=4.38, 3=0.015
I QTL,J
dx; | Iz,

G

u;

I u
[k+/m =

0, (6)

)

- 1
5z.j:7

2.2 VOF %

VOF #:% f S A AR, 5 SR B R ok 8K
F=F(x,y, 2 0) FoniT 8 XN REER S TE
[P TR N AN S Bl R 1 G i e S i TS
Flaxyys o) =1, W3R 1% 5070 0 W AR 78 0 5 24
Flx,y.zot) = 0, W LRERE— DT PO &

Flx,y, 2. ) € (0,1), MR Z 55058 7 72 5 |
. WK, AMRMAFTE T =F T, F R
FERT LA RB & H i s &y, 5 5
JCH) FBUE KM 2 05 . B AT 8 5 45 5o H i
A ITAUALE . FERA T KRR RS
Bz A1, SEEMPBMRMHEL, 524 0K
D B s &, R e, RoRK B R
B M AR B AR TR 3B a, PTRIR R
a,=1—a, 7
HEE I v 4% Ak K R R PR B B
ﬁﬁﬁf@ﬂiﬂm/\ﬁEﬁﬂii‘ﬂi%ﬂﬁﬁﬁ%?&iﬁjﬁﬁ
PRAR I B A SR R os o Fir DUAE AT ] 43
BT X SR i RV IE SR 4 ﬁ%ﬁiﬂijma
WK -HEWREG. 52 . E—18Th, K
IR B =AML, B a, =0, 180 T 0 5

1 2Z 18], 7350 55 58 L 38 1 7K RAD 5 K <5 T =
T 15 8 ARSI
IR T A SR 3 e R = (8) R S
2y 4 g 28y (8)
o oL

K e B, w A, G Sk Ay
HGi=1.2.3),

5IA VOF Y - BRI 5 ARG Y e BEARL Y
BRI, HOZ% R o fl ¢ 9 HAARB A
ANTR] BT 2 38 3 A R A O ASCOF Y 45 1 i, B
0 FT g2 AR A3 B0 RS S AN S — > R OB K
H

LY

P=a,P.+ (1—a.)p €D)

p=qa, te+ (1 —a,) ta (10)
A a, FAKBIRFR T HL, 0. o, 7390 378 K R
B2 o pee T g 3 00 R K FVACRY 93 1 R 1R R B
i 3 % K AR R AR a,, BRI . o R 1 fH 47T
L a9, 1003k H .

3 WX MBFEG

3.1 RERST SRS

PEPERS P A, N 1 R . — B iA
LB R N 0. 24 m W EA N 0.2 m, N
BB PR BB AR A 5 4= AN B R 4 o P 2R
2L 0B 22 AR 205 . AR SR F S B TR 4
R, EHM B4R R 0.0295 m, T8 0. 013 m.Z N
i 40 i 1 35 A S A RS A 0. 07 m A R T i
WE 2 i) . FENBE 4 BPH, %68 0. 02 m,
B4 1.5 mm,



636 it & o ¥ R %31%
0.02 0.30F Mesh 1
K —e—Mesh 2
0.25} —a— Mesh 3
5 0.20F
E
- S oast
> g »
« S 2
z 2 010
= -
| — | 0.05F
- 0.0295
S 0.00) . , \ .
S 002 004 006 008 0.10
R r/m

| 02 |

1 AR HE
Fig. 1 Model size

X 40 1 R A SR FH 485 /) AL I A, 8 = 24 IX S 4ol
A3 WA T 17 B B, SR U 1 D99 A A o AR ) 35 T
M B S A AR T A R G . 5 Ik 2 B
VEFEATJRER AN . T 2 Ca) Ay $0 4 Al % 4 O 465 3]
PR T T B b S s PN DA L B 2 (b F B R
TR BEFER W ROAS . T S B I KR e Ay
PR B 2 B 0 R BT 45 T ) YR SE B T
Rk ) 1/2,
3.2 MRS EIERY

K3 Z A% X0 P 14T R AL, 0 A £
HIAFR 1,

F1 ZHTRAEHBERE

Tab.1 Three different numbers of finite elements

Mesh 3
562202

Mesh 1 Mesh 2
60126 454016

B3k Z=0.03 m #0428 w19 3 9 45
A3 24 WA 2% B — o B B I, AR PR Mesh 1
Mesh 2 M4 3L 2 43 705 , W 4% 2% 2 6Pz 9 3 5 i i AR
L BA KB 5 i Xt Mash 2 il Mesh 3 31
SRZE T L 6 A DR 2 A BN T 3 LA A [, 16 B
IV A 50 B ik ) — 5 AR R A X T B 6 SR A S i T LA

(@) =R
B2 TSI BRI

Fig. 2 Grid of the computational domain

(b) ¥4

&3 = Rb A% BT A5 R IR K
Fig. 3 Comparison of calculation results with
3 different mesh densities

WG, AR B BE IR B Mesh 2 (14 190 K& B0, 8 05 1
& LES By ZoR
3.3 nREH

PPk 3 5 O % B AR 2 B R £ 5% R
AR TR A 5 R A7 O O X R A RS L
BEFERRFE N 350 rpm. SR RNG k-e 2K i #55 Al
Ko LES A5 7Y, 5t 38 700 R FH — B 30 XU =X 5, 6
5 B (4 R JH SIMPLEC B, WA &k N
VBN 0. 18 m, AR H#E N 0 m/s,

4 HZRESH

4.1 BEFRHSW

K 4Ca,b) 20 31K RNG k- 55 KI5 45 10 A5
PP B3 1 A8 B PR A R 25 . 1 P R B AL 3T
SRR S FOR B R, T R A BT DDA
MR, )8 TR A& e XA i T
Tt Al ) 1) 7 A v R AR ) I HE RO 7 4 #
PAMR G 53 B RE T AR 43 SV BE T ) 1) R BN
Tie 2 0 7 0 A A Tl ) i, T LR ) XY
A TEZEH

PP AL AR AUL 25 SRAFAE A BT DX 53], BT 4. ()
H RNG k-¢ THR 5 2 0 450t 38 50, A7
FE B S 0 NI B A5 A . IR TR 2 R T i T I
T A 33T RE DX I8, 114 FE HBC R RN TR A% o R
PR TIHANS . RNG - BRI 5 ARUE ©- R
AH LY o BE T G i i 3 5 30 286 45 gl L 0 i R E e 45 K
FIEG, IR IE ik ] RNG - B 301458 £ 48 P9 19 1R
HrI2 Sl RE S 5 I o B 0L TR I 5 R . (R
PN R RUBE I O 4% ) S5 o O Bl 1 O & A g
17 - AT J2 5 5k 5 ) () P ) 3 30 G 8 R T 53 i
TN 7 PR 5 5 B IR A 2k B A T A 5 A A A D
%,



#58 X E A E WA K REDAR 637

Bl 4 (b) Ry RIBE R TR R S 454, o LR
L R B Y R 08 455 400 1 O R A A1 A2 % 0 3 3 4
F o BRT AR 1 B AN X R SUIR BESE K A L e
A 3 A v R R 32 T 4 4R N I S R I A B
WA S NEETR R SR e T T 2 3,
BRI A% T ) P o R AR 4L Ty vk g L 9 4 B
RRUBE /N IRUBE W5 35 43328 2y R RO e B3 B4
JINRUBE 8 5 R R 183 114 5% 1) SR D S A 455 78 Sfe A
k. KRR 05 T g b AR 0L R TR ) i AR
fiE

Bl 5 R R AN TR 4 22 A B 5 i e e R
HRIX I (2 =0. 04 m) AT A9 I k&= B, B’ 5(b)
FU P 5 Ca) T RE S B 1 458 i) AR B4 A7 AE B 3R T RDE
Ao A, PR 5 Ca) S B HE A O A A o AR 5 B
FEA AR — 2, MR 5 (b) v RE B 02 3 34 A
PR T RANR— IR . MG SCERC18 T B kAl
DAY i T L A 11 2 O 3 I AR 0 R — UK E G T 43 0
e 1) Al 1) 3 A B BB Bl . R RRCRE B PR R N TR
TR AT 5% 32 sh ool 30 B2 3h BRI T i iy 2
T S8 R, 398 01T el ) R AR ) o R 43 o o A5 i 1)
SHIEIZL ., E O e AT P R T R TR A U B B i)

(a) RNG k-¢

T RO AT A SE PR, 428 ) P AR AR AE 4 T T
F B TR A AR
4.2 MHEMERMEREWM

JRE A R B FEAE N i U B 3 b LR B B
AR R I R 6 S KRR AR A F
4 S - DX — I 200 A ) 2 RS 9 Jm) 38 e ) O 2k
Bl TR 2 7 A R i 1 B B R/ NS 5 A
6 AT LAY WA BI85 O e i i 7 A LR T DL
MRS, M A5 A 0o, AT LA
FEN AR WA W KNI B, BRI 2 2 i i B
W) =5y 2 — . MAHA AR R 3076, B iR T in BE A2
R - L W L Ol P - ) = B P e B B
TIXBUR AT 18 . YA A S0°H L BEEE T
BB A i 45 48 T 4f 32 AR L 1 BH R 1 3 A A R AR
PR, SRR e Y I AR T RE R R T AR Y i YRS
BE R BRI T & I BE AN DLk S & e L BILIK g
PRI A4S 1 T 5 28728 Ry B /)N i 2 T

F I ™ A e RO A R b I O
VA TP T BERE R P 23 7 A KNI 2 Bl . AR
5 i B 760 B A% B0 o 4 b ASE 400 H 3 o R/
UiEits (14 1z 21y . 68 % 52 i Y 5 I8 3 AR Y 2 A F e

(b) LES

P4 T 2k

Fig.4 Streamlines on the axial section

(b) LES

Pl 5 4RI Ok e A

Fig.5 Velocity vectors on the cross section



638 it &

2

F M %31%

P B 3 4 PR D TR B S A e R
4.3 WESH

P FH R P I Tl 1] 43 L 7 TR L B 7 ()
9 RNG k-e BRI 45 5, K 7 (b) g KR4 )
MRS R . W LU Y 37 48 o4 A% 30 30 T Al o 1) 43
A7 U MR — 0, B i TR T B AR T A R B 3, Al
B It AR A rh AR RIS Bl R AR AL (Z=0. 07 m) R
B VN 2 [ g e RS N N B T e 2 A |

6=30°

BRI /L Tl S 5 R L B8 /N . A2 1] R
A HLEES il 1] — 2 TR s R RO S
DX I 20 370 3 A o S AU 30 B DX 3 3 /N Y 3 A R
B 7Ca) v B EE SR B R H R BOR ] (HR KT
AU BRI 2k PR s 8 AL HE R 2 T RNG re-e AR
U PR AN KB P LF B B sh e fe . &l 7
AR, RIS TR R Y IR 24 3 AL RNG re-e 5
RUTHT S NAT A 2B

K6 Rt E

Fig. 6 Trailing vortex in the local regions

0.20r

0.05F

(a) RNG k-¢

2 03 04 05 06 0.7
v/(m-s™T)
(b) LES

7 I KR O3 A
Fig. 7 Velocity distribution along the water depth

5 % &

530 I A RNG - 5l i 37 46 80 ke i
SULEE R 5 350 45y 5 B 3 A S L A TN
I 368 58 10 00 0 1 KL TR 454 L s B 3
(92 I 6 g 3 O R 4 S A T L L A5 DL 4
it

(1) R I B0 R 0 75 50 W B 5 454 L
7 BRI E % 0 %% RS AL A 0 L O L L R I 1935 3
TR R 32 B MR 5 T R T RNG ko€ B
P H gk B 25 5

(2) F1 KT R DL 4% SR W7 260, 354 4R 10 77 75 1 BF
T BTt A 2 il i) 97 3728 45 O B O 42
5T MR BE IR A RO

(3) 7 0 I 2 3l B2 {0 IR, O i08 BE 4Y Ae LE
RNG re-e A3 B dde ik o e X i 3 52 B B J 1) 4% 1 5
P I 34 5 B A ) R sk

2 % 3Lk (References) :

(1] Tk, A 2oaAst#[M] LR AF LB
#£,1983. (DING Xu-huai, ZHOU Li. Liquid Agita-
tion[ M]. Beijing: Chemical Industry Press, 1983. (in
Chinese))

[2] Eggels M G. Direct and large-eddy simulation of tur-

bulent fluid flow using the Lattice-Boltzmann scheme

LJ]. International Jowrnal of Heat and Fluid Flow,

1996,17(3) :307-323.

[3] k¥, by B, LEF. RHBEMBEHA T RAR



# X E A E WA RS KRENRR 639

(4]

L6]

7]

(8]

9]

[10]

[11]

# [J]. /L T 4R, 2007,58(10) :2474-2479. (ZHANG
Yan-hong, YANG Chao, MAO Zai-sha. Large eddy
simulation of turbulent flow in a stirred tank [ ]J].
Jowrnal of Chemical Industry and Engineering,
2007,58(10) :2474-2479. (in Chinese))

T,k BLERER.F.OREBERUEFBADI DK
A [J]. 4 T 4 4. 2001 (3): 241-246. (HOU
Shuan-di, ZHANG Zheng, WANG Ying-chen, et al.
Prediction of flow fields generated by rushton turbine
[J]. Journal of Chemical Industry and Enginee-
ring ,2001(3) :241-246. (in Chinese))

Z 4B, % gk, LW ¥, . Rushton 3t 3% A & &
SR B LR N EGES[T]. 4 T F IR, 2011,
62(10):2691-2698. (LI Wei, LIU Yue-jin, KONG
Li-na, et al. Simulation for gas hold-up distribution
and flow behavior in Rushton stirred tank[J]. CIESC
Journal,2011,62(10) :2691-2698. (in Chinese))
Khopkar A R, Tanguy P A. CFD simulation of gas-
liquid flows in stirred vessel equipped with dual rush-
ton turbines influence of parallel, merging and diverg-
ing flow configurations [ J]. Chemical Engineering
Science,2008,63(14) :3810-3820.

Ducci A, Yianncskis M. Direct determination of en-
ergy dissipation in stirred vessel with two point LDA
[J]. AICHE Journal ,2005,51(8) :2133-2149.
Kilander J,Rasmuson A. Energy dissipation and mac-
ro instabilities in a stirred square tank investigated
using an LE PIV approach and LDA measurements
[J]. Chemical Engineering Science, 2005, 60 (24) :
6844-6856.

FRA AP AR R, F AR R B R AR
HALKE M A o F 3 S []] A TR &K, 2012,
33(193): 14-16. ( DONG Hou-sheng, WEI Hua-
zhong,SHU An-qing, et al. Numerical simulation and
power calculation of solid-liquid two-phase flow in
stirred tank [ J]. Chemical Equipment Technology,
2012,33(193) :14-16. (in Chinese))

Wu H,Patterson G K. LDA measurements of turbu-
lent flow parameters in a stirred mixer [ ] ]. Chemical
Engineering Science,1989,44(10) :2207-2221.
Alcamo R, Micale G, Grisafi F, et al. Large-eddy si-
mulation of turbulent flow in an unbaffled stirred
tank driven by a Rushton turbine [ J]. Chemical

Engineering Science,2005,60(8-9) :2303-2316.

(12]

[13]

[14]

[15]

[16]

[17]

(18]

Hartmann H,Derksen ] J, Montavon C,et al. Assess-
ment of large eddy and RANS stirred tank simula-
tions by means of LDA [J]. Chemical Engineering
Science,2004,59(12) :2419-2432.
XA, BAE FABRARZ AR LR [M]L
e B 7 A R R A, 2006, (WET Wen-li,
DAI Hui-chao. Turbulence Model Theory and Engi-
neering Applications[ M]. Shanxi: Shanxi Science and
Technology Press,2006. (in Chinese))
ENE LR ATA . AR R RG0S
WA [T, # 5 A 5 % . 2008, 25 (5) : 671-675.
(WANG Xiao-hua, ZHU Wen-fang, HE Zhong-yi.
Three dimensional large eddy simulation of the flow
field and energy loss characterisation of a ribbed duct
trubulent flow[ J]. Chinese J ournal of Computational
Mechanics,2008,25(5) :671-675. (in Chinese))
FEERETR,GRA. TESG A BT miikeitr
KwmaEm [J]. % % 4R, 2009,26(5) . 745-750.
(PAN Hong-lu, SHI Ke-tian, MA Han-dong. An
analysis of transition coherent structuresin convective
MachNumber 01 4 compressible free shear flow [ J].
Chinese Jowrnal of Computational Mechanics, 2009,
26(5) :745-750. (in Chinese))
FWE LAY HAK L. A VOF 7 sk SR T %
BEFHHA )] HFFRCP LR .2005(4):155-
160. (YUAN Li-rong, SHEN Yong-ming, ZHENG
Yong-hong. Simulation on a slittype turbulent jet in a
cross-flow using the VOF method [J]. Acta Oceano-
logica Sinica,2005(4) :155-160. (in Chinese))
XN B RO REE . B ERIT R
# R AR 54T [T, 3 3E 7 5 5 4. 2012,29 (1)
140-145. (LIU Ya-li, ZHANG Zhao, CHEN Jin-tao,
et al. Mesh sensitivity analysis in the simulation of
frictionstir welding[ J]. Chinese Journal of Computa-
tional Mechanics, 2012, 29 (1) 140-145. (in Chi-
nese))
VLA, TR BIR TR RE, 5. MU R 85 P 44 0
st (1], BAfed T4 § 4R, 2005(2) : 162-168.
(SHEN Chun-yin, CHEN Jian-pei, ZHANG Jia-ting,
et al. Performance and design of baffles in mechani-
cally agitated gas-liquid reactor[]J]. Jowrnal of Chem-
ical Engineering of Chinese Universities, 2005 (2) ;
162-168. (in Chinese))

(#5651 W)



%54 EX A,

4

c AT RN RN B K E X o S E AR 651

Numerical investigation of freely self-propelled flexible fish

using immersed boundary method

WANG Wen-quan”, HAO Dong-wei, YAN Yan, ZHANG Li-xiang
(Department of Engineering Mechanics, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Study on the motion performance of interaction between a swimming or flying creatures and
fluid, usually applied to reveal the biological mechanism of mechanics and movement. A “C” type swim-
ming fish as the research object,a flexible model of freely self-propelled swimming fish is established.
This model can reflected truly the interaction among fish movement,internal force and the external fluid.
Using hybrid finite difference/finite element immersed boundary method combined with traditional feed-
back force method, the movement of a swimming fish is simulated. The hydrodynamic performance of
start-up and cruise process of a swimming fish is analyzed. The results reveal that the conversion of “C”
type and “S” type of fish body can improve the efficiency of the fish swimming,and the conversion of “C”

type and “S” type is mainly affected by structure of fish body and flow field.

Key words: fluid-structure interaction; immersed boundary method; freely self-propelled; numerical

simulation
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Study on flow characteristics in a stirred tank by large-eddy simulation

LIU Yu-ling", ZHENG Yan, WEI Wen-li
(Institute of Water Conservancy and Hydraulic Engineering.Xi’an University of Technology,Xi’an 710048 ,China)

Abstract: The gas-liquid two-phase flow equations were solved by the large eddy model to numerically
simulate the flow field characteristics in a stirred tank equipped with six-bladed Rushton turbine. The
free fluid surface was simulated by the VOF method. The equations were solved by the Simplec method.
The complex double vortex flow structures in the stirred tank, the trailing vortex development near the
impellers’ tips and the flow velocity distribution were obtained. The comparisons of the large eddy simu-
lation and RNG k-¢€ model calculated results show that the large eddy model is able to simulate the deve-
lopment process of instantaneous vortex flow field,and that the presence of the baffles destroys the flow
field in the round stirred tank to improve the mixing efficiency near the blades,and that the turbulence
near the blades shows significant anisotropy, and mean velocity shows obvious fluctuations. Thus the
reliability of large eddy simulation to explore turbulence phenomena and flow structures in a stirred tank

is proved.

Key words: stirred tank;numerical simulation;turbulence structure



