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Numerical simulation of flow around finite-length wavy cylinders

ZHAO Guixin, GUI Hongbin, WANG Xiaocong

(School of Naval Architecture and Ocean Engineering, Harbin Institute of Technology, Weihai, Weihai 264209, Shandong, China)

Abstract; To study the drag reduction and vibration suppression effect of finite-length wavy cylinder which has a
fixed end and a free end, the finite-length wavy cylinder was calculated. First, large eddy simulation numerical
model was adopted to calculate finite-length straight cylinder and 12 finite-length wavy cylinders with different
combinations of wavelength and amplitude at Re =3 900. Then, after post-processing the results, the lift and drag
coefficients of the finite-length wavy cylinders with different combinations were compared, and corresponding drag
reduction and vibration suppression effect was analyzed. Finally, flow field analysis was carried out on the
combination forms with better drag reduction and vibration suppression effect, and the mechanism of drag reduction
and vibration suppression of finite-length wavy cylinder was studied. Results show that for the 12 kinds of wavy
cylinders, most of the wavy cylinder forms could reduce the root mean square value of the lift coefficient, which
could suppress the vibration, and the best combination form reduced the mean drag coefficient by 5.36% . The flow
characteristics around finite-length straight cylinder were similar with those around finite-length wavy cylinder.
While due to the existence of saddle and nodal surfaces of wavy cylinder, the fluid interacted in the direction of the
cylinder, weakening the development of the vortex behind the cylinder, which reduced the drag reduction and
vibration suppression effect. The research results can summarize the drag reduction and vibration suppression effect
of finite-length wavy cylinders, which is helpful to investigate the drag reduction and vibration suppression
mechanism of finite-length wavy cylinders.
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Fig.1 Schematic diagram of wavy cylinder

SR X6 B VR (B A (%) ek BEL SR, A SCaE Y .
BAE AR D, , K5 IR IE B B AR R, PRI
PEIRIEIRIAE 5 B R A A ] Y BHLZE L.

PR AE (A B A B TR B B A ) AR R i A
20D,, x10D,, x (3A +3D,,) WAl JE it 57 ok
JUAnI RS AN &l 2 Ji 7, D ol 2 JFS T8 810 Ak, o 5 o)
SN,y T3 o] AR, 2 5 1] Ay R ) [ A T
[B.CFE B3 BE A R 5D, BB R 7 0k 15D,
FETOU AT BV )l i T8 P O AR BT IRT 4 3D, , AR IE B
FE S5 7 L B B A 00t i 4 1

H HIE B BETH
NG — I\ o
o — —
| o
{ ‘
3243D | N
:@g)\[ﬂ EAHA
L g
/ L - N ny
10D T Y mzam
20D,

2 EMZERRHTE

Fig.2  Schematic diagram of flow field around cylinder
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Tab.1 Wavy cylinder calculation condition settings
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K A/D, fEa/D, A/m a/m D, /m
1 0.05 0. 005
2 0.10 0.010
2 0.2 0.1
3 0.15 0.015
4 0.20 0.020
5 0.05 0.005
6 0.10 0.010
3 0.3 0.1
7 0.15 0.015
8 0.20 0.020
9 0.05 0.005
10 0.10 0.010
4 0.4 0.1
11 0.15 0.015
12 0.20 0.020
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Tab.2 Finite-length cylinder calculation verification

Case R K& 25 Re AR Ed
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Fig. 4  Distribution curves of flow field parameters u,, C, of

finite-length cylinder
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Fig.5 Distribution curves of lift and drag coefficients of wavy
cylinder

2 HERR M

2.1 MR

K6k A/D, =234 BTRIE IR 5 M R
R (L/D,,) B E A I T BH T 2R 807 AL Re
=3 900 I pxF He £k, R B9 IR o T AB A
0,k Z L4411+ a/D,, =0.

XTI R 2R, Toi iR B AT i 2 B
REHCT g i 2R U s 52 2% 0 HLICHLAE, 3= A BRI
RIAESE S A BYPE BT X T RH i R £, 7ERH F7ik
FIREE IR (AT R ELBIAE A4 BH T 28 BT el 5 —
B BT k.

R T S5 TR I IR 11 388 4 R I8 i o) [
FETE BH 7 7= A s ), AR £ 245 21 A0 i A ph 2675
FNFH ) REE 5 T 1 R B RAEIFER, 3 A
PEXT G A BB AR R 45 ok €2 C3 . C4. B &
BE7(a) el LR W, TR EK A/D, =2 B H
A a/D,, =0.10 T30 F P IRIE B4 FH 7 R 5L B R

2.0r

— a/D,=0
— a/D,=0.05
L6} — a/D,=0.10
—— a/D,=0.15
¢ 12} —— a/D,=0.20
0.8}
0.4}
0 2 4 6 8 10
t/s
0.121
0.08}
0.04f
O 0
-0.04f
-0.08f
VR T 6 8 10
t/s
(@) VD, =2 FBHLARE(C,) FtHRE(C)R L%
al/D,=0
161
12}
DQ
0.8+
0.4}
0 2 4 6 8 10
t/s
a/D,=0
0.2 - a/D,=0.05
a/D,=0.10
a/D,=0.15
0.1 a/D,=0.20
Sy 0
0.1}
0.2

10
t/s
(b) VD =3 TR RH(C,) T+ 1R H(C) TR ik



56 10 BOEIR, 5+ 7 B U TR I G e S A4 . 167 -
161 ngng.os FER, Ay 3 B T 0L IR IR B AR B R B9 H AR,
a/D,=0.10 AR RE B /N, BEARZY 0. 31% ~ 0. 48% f24q;
12} a/D,=0.15 A/D, =3 W, % a/D, =0. 15 T I F Py B A
J FI ZBRAR I B, o fE a/D, =0.20 T3 F FH 7
Lz FREENR 3. 11% ;0/D,, =4 B} 4 PRI BER RS
BV INRH 7 B0, B RIAG 5. 36% . F T L, P
Ead A [ B AN 2 T A 30 T 60 A 32 ok L2 SR, AN [ 1 38
0o 2 4 6 8 10 R AR [ T Aty sl BEL S8R RS ). 7 AR Uit
s 12T H A/D, =4,a/D, =0.20 B9 T HiHE

) ngzg.os DB F

a/D,=0.10 Tt FBHIARA AN 7 (b) B, [ 32 5
0.1} Z;gng;(s) WARVER T 1, TH 18 ARME R R, 7 07 B 8 Bl
. . BEREA, SR Rk shkk R 2. DR R e] LR K 2%k
o} T U AT BRI, U VR B (R A i T 0 &R B0 5
/N, MUK A/D, =3 .4 B, T R B 7 ARE A
0.1t k)N, B = AT/ 40. 9% ~54. 1% , Be B A R
T 13 3l XU AEZ R ANE T | AR

t/s
(c) VD =4 TFFAREK(C,) FH1RH(C)H TR
E6 FHEKTEHEFAENREAEMLE

Fig. 6 Variation of lift and drag coefficients with time at
different wavelengths
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Fig. 7  Comparison of mean drag coefficient and root mean
square lift coefficient of wavy cylinder
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Tab. 3 Corresponding angle of minimum circular pressure
coefficient at different wave amplitudes and wave

wavelengths

WK PEE/EEE S 0/(°)  al/(°) a2/(°) a3/(°) ad/(°

~

Saddlel 69 67 65 63 69
A =2D Noddlel 70 70 73 75 70
Saddle2 70 68 70 64 70
Noddle2 71 73 75 77 71
Saddle3 72 69 68 66 72
Saddlel 70 69 68 66 67
A =3D Noddlel 70 71 73 74 74
Saddle2 71 68 68 67 67
Noddle2 70 72 74 73 76
Saddle3 72 70 70 69 68
Saddlel 70 69 69 69 69
A =4D Noddlel 71 72 73 73 74
Saddle2 71 70 70 68 68
Noddle2 71 71 72 74 72
Saddle3 70 69 70 69 69
1.0
08 | —— C4-Saddlel
: —— C4-Noddlel
06 L —— C4-Saddle2
: — C4-Noddle2
04t —— C4-Saddle3
@)
0.2
0 B
-0.2
0.4 n . . . . : : . :
0 20 40 60 80 100 120140 160 180
6/(°)
1.0
08 ——a4-Saddlel
’ ——a4-Noddlel
0.6 + — a4-Saddle2
— a4-Noddle2
o 0.4 ——a4-Saddle3
0.2
0 L
-0.2

-0'40 2I0 4IO 6b 8‘0 10IO 12I0 14IO 16IO léO
o)
E8 A=4D,RYEE A (C4) MR EHE (od) B
ENRMA T

Fig. 8  Comparison of circular pressure coefficient of straight
cylinder (C4) and wavy cylinder (a4) at A =4D,,
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Fig.9 Vorticity distribution map based on Q-criterion
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