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Abstract: Using the software Fluent on the computational fluid dynamics (CFD) platform, the three-
dimensional flow problem of the wavy cylinder at the Reynolds number Re=3900 is studied. The
wavelength ratios (1/D,=1.8~5.0) and the amplitude ratios (a/D,=0.05~0.2) are mainly consid-
ered. The influence of the two parameters on the flow characteristics of the wavy cylinders and the dis-
tribution characteristics are analyzed in the wake field and the calculation results of the unmodified cyl-
inder (UC) are introduced for comparison. The research shows that there is a strong three-dimension-
al effect in the flow field distribution between the node and the saddle. The mean streamwise velocity
distribution in the wake of wavy cylinder exhibits a semi-symmetrical U shape. The pressure and axial
mean velocity distribution of the wavy cylinder in the spanwise direction also exhibits a strong three-di-
mensional effect. The minimum values of pressure change to the middle plane, while the maximum

values are at nodal planes. With the increase of the amplitude ratio, the mean drag coefficient and the
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fluctuating lift coefficient are generally reduced, and reach minimum values at a/D,=0.2. Finally, the

reduction in the differential pressure drag of the wavy cylinder provides relevant support for the flow

control.

Keywords: wavy cylinder; wavelength ratio; amplitude ratio; fluid force coefficients; interference

mechanism

5l

T

S5 b 1 32 B I A far 2809 1 O 7 A R M
R | S G R R O I AN TR A A o
HE R BN, Ee AT S5 & AR 55 KRR, BT, &
532 A 3k R R A TR 2 B S R
SR A ok 4 )RR T A e i T A R 5 R R O aE—
CAZE o /R R T R

C.Demartino 25" B 25 T — 26 4 g ¥ i 485 it 19
SEHRAE A, F BT T B JE B Y 43 A ER R
B4R ALY 52 ) [ IF A 287 A [6] R R i g 6 A
RIS . K. Lam 85836 F 4 352 50 0y i i A
() S it 55 v 0T i VR B (B A 4 R P AR R AT
THEGE A5 AR R T (R A A R R A K
s i B B Y A RS N AR S AP S E R R o NS
5 sh W RO B AR . AR IR I A
T EL Re=3 000 T A~ [7] I W b i) 5k 18 780 (53] A Ak &%
Tt 1) A A AT RRO(E R UL, 45 R 3 B i D TR Y AT R A
14 348 G, H I Sl 4 ol s o R R e, 2R A X
L JB A R A A T (B A TR A B R AT AR, R
PP By 2.0 1 Bl ) 28 6 T (B A i 6% 3 o 39 R D
WS /N Ik sh B Bk Sl i A% . Y. F.Lin 55 (1 iF
9% 2 W TR AU AR B i K LGS 6.06 B S B BE ) &
5 Wk sl Ve T+ T F B8 D 0 BE IR B B K, 43 ik
F16% 593%. % —J7 i ,K.Zhang Z 23 B A )
W REARY B SECRI : 5oui B ML,
b R 171 s R N R W DA R A i S NI s R N TR S A
23 ] R U o AR O R A S . TOH.
New 85 HIFFE T 26 F47 BR A J3 ipk 7R 28 (81 4 14 3 20 4
P I K B /N H R D 1 A A 4 ) e L
R TET 11 % J5E % 410 T ROR B 1 3

A 3[R B2 R K B 5 R E T A S R0 i
A3 3 T Bl A A S e ek X A AR O R U IX
HY i 25 R S R A3 AT R ) RECS G 1 R BN O

1072

e, it — 20 B A T R SRS A LB

1 HEHE
11 EHARESTRFER

A SC R A I WAL, = A i A R A5 3 8 ] TR
45 B ME R B Navier-Stokes 77 #2 4 «

du,
e =0 (1)
Au, | dun,
at dr,
19p | Qu, | (du, | du 2
o 0z, + dz,;0x; {V( dx; + 81,) + TU}

2o, v BR B s u,, U R B S s p
VBN TR 75 0 R IRAK SRR BE 5 o 2 AR F 1 S o

5= W, — U (3)

A A5 TR — R T R AR A

T

szférkké\,_,-:*ZU,S,j (4)
T, Ty W AK T I BT 5 v, 02 A N I SlORG B 5 T
Smagorinsky-Lilly # % | S 57 A48 K5k &, HL A
K

— 10w, | 4,
5'72(811 . 31,) (5)

Ay, =051, 15,|=/25,5 ;LR i F 1 iF
K,

1.2 EFIEiE

ASCR B RS T R BT E AR
Cd=Cd,+Cd=2F,/(oU’HD) (6)
Cl=Cl+ ClL=2F,/(oU’HD) (7)

A, Cd, 5 Cd oy B 2B TR ) 2688 0 5
Y I3 5%, CL CLAY 3 R T+ ) A TR T 2535845 5
BV 5y s Fo a5 B 55 0 s H D 43 5 R



(1A 2l 1) o5 B RNSF- 4 BLAR s PO R PR R 55 b
71, Po=0; 12 s V& W% . R 1 R Cp=2
(P—P.)/(oU") Wit ¥ 5% St=1D/U.

AR SCH I B U IR A (UC) Y (A% B 78k 1 47
DO s AT S (1N I TS N 5 T 1 2 2 s D |
TR — 2 W A% RSE X Y BH T FR BOR T 4
P E R 2 o Hod Mesh1 & i) 18] 25 K 9 5% M,
Mesh2 Fl Mesh3 24 55 — )22 M #& U S] # 5% 0, Meshd
Fl Mesh5 Sy 15 J&] 5 5 55 04 52 mi) 5 XF 25018 45 2 52
W& K o XF LA M 1 A [] 0 B T XA i 5 1Y) ) A A
R BUEZE R RUITE TR R AT, AR A
Mesh1 a] DLt B0 )

ARG & AR E Y A E R N T RS
e BE 2 8 AR SCIT A T 003 3% B Mesh1 [ 4 51 71
Kt ] 254 2y 0.005 s AT PSR 43 o A S0 it Jia]
L EKMAAE A (CFL)IFE AKX ER . A=
(CFL)Az/U, P o] HUmE ] 25 1 2 0.005 5. A8 3C
IR AE Ry HY/NT 1, vy =wdy /v, o w kB
TR B2 VB, Ay, o — 2 i B E AR R . AT
SRy H O FEL A Y S AN DX SR FH Otype B2, i

—_—
¥
—_—
— |L
— L x
(a) tHEHIR

x

(b) =R
T D I A T B A8 250 A 4 Sy A A s T
Fig.1 Computing domain and schematic diagram of the

meshes of unmodified cylinder

XN 3D X 3D, I 2Kk 8 )2 o X & AT R A AR
e T 55 R AL XA DA AT SR B N, 3K RE AT LR 4y
i Z1 1 4 B2 A A .

x1 HESKEMBYEXN FHBEN R FTEFTREH M

Table 1 Effect of time-step and mesh number on mean drag coefficients and Strouhal numbers

IR s A WK /s BES AR B2 RS /mm O s i Cd St
Meshl 0.005 240 0.318 2 4.24x10° 1.033 0.210
Meshl 0.010 240 0.318 2 4.24%10° 0.996 0.210
Mesh1l 0.015 240 0.318 2 4.24X10° 1.045 0.212
Mesh2 0.010 240 0.100 0 4.2410° 1.043 0.211
Mesh3 0.010 240 1.000 0 4.24<10° 1.020 0.208
Mesh4 0.010 160 0.318 2 2.73X10° 0.931 0.220
Meshb5 0.010 320 0.318 2 6.41<10° 1.085 0.209
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(1113 Bl T B 2 R AT X L e A (R 2) , DL i
2a

HEAS SCH B TH 57 v TR RS KR S S RO B

x2 ABESHETEERRIT

Table 2 Verification of numerical calculation results

Re Cd St
SCHk[11] 3.9 10° 0.991 0.216
CHik[12] 3.9%X10° 1.03 0.209
SCHk[13] 3.9x 10° 1.015 0.215
N 3.9 10° 1.034 0.213
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Fig.2 Geometry model of the wave cylinder
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