31 3 ,2018 5

Vol.31 No.3, May 2018 JOURNAL OF NINGBO UNIVERSITY ( NSEE )
1 2% 2 2
1. , 430212; 2. s 430205
, Re 40 550, 102 550 ,
: U661.1 tA : 1001-5132 2018 03-0104-08
. [17]
Xu [
[1-19]
3 : [17]
, Collins M Bar-Lev ¥ R R
. , .3 Boltzmann , Niu
Prandtl (20 ), 70 [19]
Coutanceau % Bouard D! , ,
Re ; , )
Sumner (¢ (Particle Image , NS ,
Velocimetry, PIV) ( ) , ,
;Lin ®1 PIV  Re=500~2 000, , ,
0.5~5
Wang (20]
, 3 :() Re 102 550
, - , [1,10-15] , Koumoutsakos !
, Re 40 550
, Re , >
-(2) NS , , ,
Rahman ['® , ,
1 2017-11-02. : http://journallg.nbu.edu.cn/
: 51509193 .
1985 N s s : . E-mail: sun-xinlei@live.cn
* : 1986

. E-mail: yangluchun@hotmail.com



1.1

1.2

; NS ,
OpenFOAM .
) Re 40 550,
10 5 )
[5,11,15] ,
d,, dd, /de,
Q( Euler ¢,0,y ), X,

x,=0Qex +d_,

cosfcosy —cosg@siny +sin@siné cosy
Q=| cosfsiny cosgcosy+singsindsiny —

—sind singcosd
singsiny + cos gsin & cosy

<« —singcosy + cos@sindsiny |.

cos¢gcosf
u, =21 0(2xx)+0u,.
dr 5
1
01 ;2
NS
Veu =0,

Ou |
1 +Ve(uu )=—Vp+—V-u — Q-
(az j (w.u,)=—Vp Ze’ ¥

(Qxx,,)—Zqur—%xxr—

T dzda

th

+ f.

NS ,

105
, U u, NS
, NS

o¢
— +Ve(Ug)-Ve (I Vp)=S5,(9),
ot —_— )
e 2 3 4
¢:1’S¢):0’ b
¢=U,

S =—Q><(Q><x)—2Q><U—£x
’ dt

,d2d,
dr?
VPa

J,HA[% J, gav+] Ugeds-

x-0

+f’

J, v.(r¢v¢)dv}dz= jA( f, S¢(¢)dV)dt .

(H) :
J-[W U¢.dSZZS ° (U¢).f ZZS ¢ U.f'¢.f’ :ZF¢/"
’ / / f

F:SOU‘,\,
Uf =fUp,+(1=fOU, +

(a;s),»‘n[n- (Vp), —M} :

|
9
)
[ Ver, v =3 Se(r,ve), =
g !
(1), Se(Ve),,
-
(A9),

(3)
LS, (9)=S,+S.4.
jV Sy AV =SV, + S,V oty .

| {[2—"’] VwZF@-—Z(ms-<V¢>.,}dt=
! t)p 7 7

t+At
[ SV +S Yt )dr

4)
Crank-Nicholson



106 2018

@) =@ ZF¢
s

At 2.1.2
1 ) ) L
52(F¢)_,»S-<v¢>f +S, ) = 2 (7204, 03, 1-0’22-(’)
SV,+— SP(V $.)" +— ZF@ ) 180° ,
7<08 (90° < 0 < 180°)
%Z(rq,)‘,.s-(w)ﬁ, : ;
! , , Bouard P!
2 3
Lin O | 4,>0.67
L, = D2 U, 12 x2=350. , ‘ ‘
Uz de 02 ) 90 180 270 360
=tD/QU.). .t
_ _ ot
: w=wD/U_, »=0u/oy—0ov/ox. !
. _ 2 ) . . . ,
+ C=2F 1 (U.D). 120 140 160 180
2.1 Re=40 oI(°)
2.1.1 2 Re=40
OpenFOAM
1 Re=40 [11]

X
3 Re=40, T=0.8
-8 . . . . )
0 4 8 12 16 20
, 4
I Re=40 (1=10) (1<10). 4 : 45°~60°
o, [11] : :
2, : ;
, , T 39 128°
. O b b



, 107

7=1,4,9 , 7=9.80, 10.02, 10.04, 10.06, 10.08
6 7 . 6 7

b 5007
, 8
9 T=18, 22 . 9

—=— 7=9.80 ——7=10.02 ——7=10.04
10 —7— I=10.06 ——T=10.08

0 45 90 135 180

—a—T=14 —e—T=16
8 -2 ——71=18 ——1T=20
——T=22 ——T=24

0 60 120 180

0.1r

8 0.0

~0.1 . . ,
0 20 40 60
oI(°)

7 Re=40
)
// - —

-0.5 0

Y =

-2 -15 -1 -05 0 05
X

5 Re=40 8 Re=40, T=15



108

9 Re=40, T=18, 22

2.2 Re=550
2.2.1
10 Re=550
. 10
, Re=40

10 Re=550

2018
222
11
7=0.5 ,
, T=0.6 12 ,
, .T=2, 3,4
13 ,  TI=3 ,
3, 14
15 =5 ,
501
—=—T7=0.4

! !

11 Re=550

[11]

45 90 135 180
/(%)

7=0.4,0.6, 1.0

12 Re=550, 7=0.6

13 Re=550

45 90 135 180
oI(°)

7=2,3,4



109

=5 , I=5.04 120° , I=6 100°
16 . 120° , 17 T=6

>

X
14 Re=550, T=3 15 Re=550, T=5 3]
50r 201
0 0
-50F s
3 —=— 7=4.80 -20
-100f —e— T=5.04
——T=5.08 _
-150t ——T=5.12 40
——T=520
_200 L L L J _60 L L L |
0 45 90 135 180 0 45 90 135 180
oI(°) o/(°)
0.51 ) ——T=16 —— =17
0 ——T=18 ——T=19
——T=20 —— T=21
0.0 T2 —— T3
\
8-2¢ ——7=11
——T=12
——T=13
4 —v—T=14
——T=15

135 180

X X X

7=5.2 =6 =7



110

2018

X
=14
17

T=14,
3

Re 40 550,
Re=40 s
550 Re=40 ,

17  Re=550
, =7

10 5

, Re=550

, Re=

(1]

(2]

(3]

(4]

(6]

Collins W M, Dennis S C R. Flow past an impulsively
started circular cylinder[J]. Journal of Fluid Mechanics,
1973, 44(1):53-75.

Bar-Lev M, Yang H T. Initial flow field over an
impulsively started circular cylinder[J]. Journal of Fluid
Mechanics, 1975, 72(4):625-647.

Coutanceau M, Bouard R. Experimental determination of
the main features of the viscous flow in the wake of a
circular cylinder in uniform translation Part 1: Steady
flow[J]. Journal of Fluid Mechanics, 1977, 79(2):231-
256.

Coutanceau M, Bouard R. Experimental determination of
the main features of the viscous flow in the wake of a
circular cylinder in uniform translation Part 2: Unsteady
flow[J]. Journal of Fluid Mechanics, 1977, 79(2):257-272.
Bouard R, Coutanceau M. The
development of the wake behind an impulsively started
cylinder for 40<Re<104[J]. Journal of Fluid Mechanics,
1980, 101(3):583-607.

Sumner D, Price S J, Paidousis M P. Investigation of

early stage of

impulsively-started flow around side-by-side circular
cylinders: Application of particle image velocimetry[J].
Journal of Fluids and Structures, 1997, 11(6):597-615.



111

[71 Sumner D, Price S J, Paidousis M P. Tandem cylinders in
impulsively started flow[J]. Journal of Fluids and
Structures, 1999, 13(7):955-965.

[8] Sumner D, Price S J, Paidousis M P. Fluid behaviour of
side-by-side circular cylinders in steady cross-flow[J].
Journal of Fluids and Structures, 1999, 13(3):309-338.

[9] Lin C, Hsich S C, Lin W J, et al. Characteristics of
recirculation zone structure behind an impulsively started
circular cylinder[J]. Journal of Engineering Mechanics,
2012, 138(2):184-198.

[10] Loc T P. Numerical analysis of unsteady secondary
vortices generated by an impulsively started circular
cylinder[J]. Journal of Fluid Mechanics, 1980, 100(1):
111-128.

[11] Koumoutsakos P, Leonard A. High-resolution simulations
of the flow around an impulsively started cylinder using
vortex methods[J]. Journal of Fluid Mechanics, 1995,
296:1-38.

[12] Marra A, Mola A, Quartapelle L, et al. Calculation of
impulsively started incompressible viscous flows[J].
International Journal for Numerical Methods in Fluids,
2004, 46(8):877-902.

[13] Sanyasiraju 'Y V S S, Manjula V. Flow past an
impulsively started circular cylinder using a higher-order
semicompact scheme[EB/OL]. [2017-08-12]. https://doi.org/
10.1103/PhysRevE.72.016709.

[14] Kalita J C, Sen S. The biharmonic approach for unsteady

flow past an impulsively started circular cylinder[J].
Communications in Computational Physics, 2012, 12(4):
1163-1182.

[15] Kalita J C, Sen S. a-, B-phenomena in the post-symmetry
break for the flow past a circular cylinder[EB/OLY]. [2017-
08-12]. https://doi.org/10.1063/1.4979065.

[16] Rahman M M, Karim M M, Alim M A. Numerical
investigation of unsteady flow past a circular cylinder
using 2-D finite volume method[J]. Journal of Naval
Architecture and Marine Engineering, 2007, 4(1):27-42.

[17] , , .

[. ( ), 2008,
42(2):264-268.

[18] Xu D Y, Chen D X, Guo J. Least squares isogeometric
method for transient flow around an impulsively started
circular cylinder[J]. International Journal of Fluid
Dynamics, 2017, 5(3):83-90.

[19] Niu X, Chew Y, Shu C. Simulation of flows around an
impulsively started circular cylinder by Taylor series
expansion- and least squares-based lattice Boltzmann
method[J]. Journal of Computational Physics, 2003, 188(1):
176-193.

[20] Wang X, Dalton C. Numerical solutions for impulsively
started and decelerated viscous flow past a circular
cylinder[J]. International Journal for Numerical Methods
in Fluids, 2010, 12(4):383-400.

Numerical simulation of impulsively started and stopped circular cylinder

based on moving coordinate method

SUN Xin-lei', YANG Lu-chun”’, WANG Chang-ji¢?, XU Feng’
( 1.School of Information and Communication, Wuhan College, Wuhan 430212, China;
2.Wuhan 2nd Ship Design and Research Institute, Wuhan 430205, China )

Abstract: Both moving coordinated method and finite volume method are used to simulate the flow caused by

impulsively started and stopped cylinder. The evolution of vortices on the cylinder surface and the stream lines
in flow are analyzed. This method can also be applied to simulate the flow field of a single object moving in

unbounded fluid.

Key words: moving coordinated method; finite volume method; impulsively started cylinder; impulsively

stopped cylinder



