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Numerical simulation of effect of inclined O-rings on unsteady hydrodynamic
characteristics of flow around a cylinder
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Abstract: The Transition SST turbulence model was used to simulate and analyze the influence mechanisms of O-ring with different
relative spacings and inclination angles on the mechanical characteristics of the cylinder surface, vortex shedding characteristics, and
wake flow structures at a subcritical Reynolds number. The results show that the inclined O-ring with a relative spacing of 3/4
significantly controls the unsteady hydrodynamic characteristics of flow around a cylinder by extending the shear layer, disrupting the
dominant frequency of vortex shedding, reducing the pressure difference between the front and rear of the cylinder, and decreasing the
streamwise fluctuating velocity and turbulent kinetic energy behind the cylinder. With the increase of the inclination angle, the control
effect is enhanced. Compared with the uncontrolled case, the time-averaged drag coefficient and the standard deviation of lift coefficient
are reduced by about 13% and 37%, respectively, and the Strouhal number is reduced by about 7%. The inclined O-ring with a
relative spacing of 3/4 and an inclination angle of 30° shows the best control effect, which is the optimal inclined O-ring structure.
Key words: inclined O-ring; mechanical characteristic; fluctuating velocity; turbulent kinetic energy; wake vortex; Transition SST
turbulence model

SEIRGEM AR IZAFAE T AR Mok 2 TR, 1 [P A SR Ui A i AR G i iy LB AR SR R BB 40T
I BB E BT R, FESEBR TR SRR 22 R AL I e = A 250 R ARt IR BT U] 70 8 R A5 I
G A R AE 25 K 52 BN T 160 B9 BE 7 K ) 7K G 7 1) B4 J SR P I AV S T el B A 0 14 80 o S At
VEIIILGE ) Y RIAL 2 108 0 T A% 5 1B 1 A A3 e T 5 2 5 AR TR0 9 4 1 08 YRR R , e ) o L 45 4y
RS L R, e AR S R vk U RSB R, DASE A RO BEL AN R Sl i, B
M TS ENE,

EL2TR. HEARBEIEESIH (52169017,52379014) ; [H K [ RBFEILSBAIL ST H (U23A2012) ; NEE T AIE K BH T — s
BHIFL I H ( YLXKZX-NND-010)

EE R PR (1997—) B W05, ER N E RS2 5FEE XS . E-mail : wuqingze1 106@ 163. com

BISIEE . 30822 (1970—) , %, 302 1+, FENFFE X WG R S5 IR VP12 8 11458, E-mail ; honglanji@ imau. edu. cn



144 WK AR R ) A e

SR T A 2 AR LA T Loy o s P A sh i 2, ghaa il Oy il g 5 A B
TR G R S, T B A I R i A LR T By T LA SR s kA R ik
&, Pl S Eoh AR, CHR MY RE R A, — O T SO YA T LA TR AR S 5 42 ) 2 52
R0 B GRATY = IR R RS DASC BSR4 AR I 0 B
PRI SE  E Bhs R AR A AL R BE R AE S B R A R R RS P K R R
Al AR TS, B i 7 ik ah M g B AEdP O 6 P AR AN AN R A Iz ] Tk
PRI RERD

WEiE 2% 2 B AT 5T I T T T 92 B AR B o iR sh 4 i e e 22— AR ORI AR 5 g B2 R
PEAT ST o 3 SRR AR IR R YU L, BE S A A R I I v/ S R B AR R R A
FEARBBFIEXT R 3 FRIBE AR AENS 74 T B P HE LT, A AR 555 T8 SR 20 114 s R R v
SER AR E MR RN P (RRT R S S5OIBE A 7E R AIR IR AL 22 i BEL ) O T8OR350 o Pl AT s oy vk 0 3
TR B RS (93 > 07 B 1S A AT, T8 iRy &8 (938 20 2 2 R PR IR 4R, S804l 2 0 I 7 AR, DT 410+
FEWMLTE . IR RS RIACR BB ST B R RBR A O BOR AR MR AR S g e
2 S AL e IONTTI AR S 1 i D SR 3 (SR 0 N N E R = =8 T WANE 107 N 9] 6 T2 A 1 S e 2 N SO R
g MR R RBOR S A TR SRRSOy 20 DG TR PRI A NI I, 1 i )2 Y g
S ol A SR T A T, R SRS U B A3 O I IR R TR (Y B 4 ) R T A, BRI A
PR FE 70 30, DASEBEBHAICER " o O T ERAE Sy —Fh B0 (1 Bl s 45 il 2 8, 3 3k 7 0 A 3 1 o Jom A R
S5, RRAEAT RO W 1 P2 R | O AR ) 43 B A, DA ST RO B AR s A5 6. O B 3% B A S 3 1) 45
G S @7 A R B =TT I 72 NN AN 7 1 SRR b e o IRV 112 O 2 S K & 9 N i O B 722 N3] 21
XA R A TE TR IR ECH 3.2 T IR LG B A G | B T 7 B0 3G K 8 i IO v 43 3 1%
WiTH i A S TR T RIS R B R B RTXT O TR IR WFSE 5 B4 7 57 HoAe A 484
FHTF o8 (B A XU 38 R 2R Bt R () 2 0] 303 IR Sl U S ARG b i 5 12 22 A B R

ARSCHAEAREIR R [ B S50 0 JE Al 45 —BioBr 20 [ A 28 o 45 il 2 5, Bt O TR 34, IF i@ ad el 4% O
JE R B AR X [A] BE AR FE B TR RO 11 167 (TR BAR) BIA1F T, R Transition SST i it 452 AU ASE 411
XFHAHT T 9 RMBURE O T R ol sl i) 2 10 [l AR S8 T A0 AT il OB AL ) T, B AR IR TEAN [R) AR [H]
FRFMBR A A BTRE O JE R XTI AE S 1 2= AR AIE 2 108 JI 7 R IE R R AL 254 1) 5
1 BEF=E

TERCAE A AL v ) Mg ) 63 A J] 6 2 A% At A4 3t 20 LA S T RANS BRI AL PR S 1) = 4EAN ] R R P 4 -
WL 0T ( Navier-Stokes ) 752 (N-S 52 ) SRFAET IR B0 151 A N-S 5 R A5 sh Il i i1k, (H &
BN-S HEEAFEMF, AR EEE(Re=11167) 4TI AR EHEUXH N (300 < Re<1.3x10°) , 23
IR Tt AR X BR A @R B0 (RS8BT 2 408, M B2 0 I T R A B 42 ) | WA SR
FH Transition SST Jifi AR BY SEATRLALN 3B o T2 Y 2 e i U ) B0 B Oy e e B o )RR S T ik Bos i i i 5
SST k-o Tt AL AT IS 4 A5, f LASEURRART 4 378 14 43 785 0 S 0 6 B A Ak, T s L2 4 31
N-S J7 2, W DRACIE AU 6 i m] Sk

it LAY LE 22 A RO A ESR A o 67 T 0 B 2SR A , B B SIMPLEC 530325 Ab JUE 0y 5 JU 8 O #E 5 OC
AT B EEIUE T BT /N Z3fe vk M AR T b bR d (8, T B BRI R SR, 45
SR AR JRE T B RSl R P AR R I R FH ks U IO 1 e T 5 R P Bl AU =X i
x .y 2 7 I TEEE it Bl RE AN FURE RS s A, X TR PR 00R FH — BoAs JBE  IR) SR T — B B X RRPL i B 4%
D7 RIS 4 R 250 B R 1. 0x 107, 5% 22 38 2 O SIORS 13 R[] B 0084

2 HERBE MK

2.1 HEER
%2 Tzadinia 25 J538 bR B B AF 52 A EUIE 2% 25 A0 S8, R O TEIRZE R AN IR 1 (a) FTw , HLA T A [
W, Bt d SR ER D Z k0. 15, B EHZ D B 4 cm;0 HERL O I 5 B K 0y 81w 032/, H



$2 RPE A5 R O JEFRXT BIAE SR AR RE 7 7K 3l 4 i (9 R E R 145

R, 2Bl B 0° (15030058 PR} O TER B AR X [H]

B, B0 L/D, W O JEAR Z [ A [HIEE L 435 H 2 3 4 em,, 2

SUALER AN 1 (b) s, HoR T R IR R B 5 AR

O JEIREER) — B, ARSCRHIREUEREU(N) 1 8RR

15° (BREEZY R 3. 40 em) MRS ECH 2 00RHA R 30°

(BRBEZY2R 7. 30 cm) [ RIS SR 2510 S R} O T2 45 J
Rz

AR LE

x 0 i \
R . a IR 14 Lo SR 4R
RSN 2 5 A AR A b 2R L0 T 1 HRRAERRETEE

Fig.1 Schematic diagram of computational

b, S 08 Hu 2RO IR B B (« i
Ji1a)) 2k 30D, A O BE RS A LA 10D, BEE R
i U5 20D 5 BASERE (y Bl 10)) 2 20D, HA% ZE L (MRS 15008 BE 19 LUAED) R 5% , 7T 228 6% 320 BE X6 [ A
LRPRIREIR s R = (2 B 1)) 24 3D, Lehmkuhl % 2 85 2, 2= 0. SwD B2 DA R AR R sh
SRR @R, T3 I R B A A 1 R X AR Bt 5 T 2R 1 B R4 3% 1T SR FH TG T B 1) 1 e BE TR A A
KB E AT R T u, N 0. 28 m/s; MR T i 5 B8R 0 Pa; i3 8 T i AR A A bR TR
KR 998, 2 kg/m’ IZENBHEE N 1.003x107° m*/s;x Sl IEJ5 8] MUK R A, S5 A IEAS , K % [E At

model and grid

&€ L% X R T
__________________ =)
JE7
s
—

(a) AN (b) z=0Kfi

2 HHEERNEREE
Fig.2 Schematic diagram of calculation domain and grid

SR TR RS AL SR FH 22 TR A X TSR A T4 43, AR DR TSRS AR A T S
TESEITIAAE (18T 2(b) X T ) KIgUE R IX (181 2(b) XL |, il T2 Wy B A2 AR 20, 0 Xl T | 1T 64T R
TN X RE A AR AL AR vt = /T Jpy v (v, REETRIBYYIN J7 5 " S EIRE AL (4 T AN EE
By B — )2 M TR R ) A 5 — R AR 9 RE . T Transition SST i P A8 6, & SST k-w it LA
By BEAE T 1O A SCEUER Dy B,
2.3 Mg S5RERIE

TEE I 5 TR (Re=11167) F Se Xt Jod2 il TOCHEAT T AL, PR AR ST R I 8] 25 10 (B A S8 i
IR REL(C,) T RERIEZE (C)) T RF97 05 /K (Strouhal ) 5 (Sr) BYSZ I, 45 R INK 1 iR, &Ga%
JETT RS FE RN I 1), e MO 58 2 A/ Hpl ) T 00 BB AT 36

R TR TSRS R TR I E 54 0 5 6 E

Table 1 Verification of independence of grid size and time step size for uncontrolled case

Ax/D _

TR REEE/10° KB LI B Ai/s C, ot Sr
ES 2.97 0.054~0.065  0.079~0.095 0.079~0. 112 0.005 1.217 0.516 0.190
VEY 5.50 0.029~0.035  0.054~0.065 0.054~0.112 0. 005 1.261 0. 589 0.216
HR3 8.35 0.026~0. 031 0.048~0.054  0.054~0.112 0. 005 1.267 0. 582 0.216
EX: 5.50 0.029~0.035  0.054~0. 065 0.054~0. 112 0. 001 1.262 0.579 0.215

T A A A ROSE RN Ar HIRFTRLE G



146 R NEIE - SN S 4 54 %5

it B UE T i AR 1 AR SRR AR ST 7 R A 28 It BB A AL v A M, AE

M‘%%%ﬁﬁsmm1omoﬂnom0%ﬁ{fﬁﬁﬁf 2 WIEREESTEEERBERRRIE
% 2 1 ﬁ{ﬁ@%iﬁ# 131: H %Eﬁ FEHZ %£4TX¢ ke ’ 2§ Table 2 Validation of numerical model for flow
Rk 2 frox, WK 2 a5, A SO S5 R 55 245 around a cylinder in subcritical Reynolds
STV RUR B AR 2, S22 AR — 5, BE T TR Re BRI ¢, S
RSB AY K P A& 0] 43 B AT AT PR o Ak, AN ) B i 4R A3 1.04 0.20
At N IOAERSEE PRV 200 de BT L7 o2
VR R S8 K Bh ) S R e ST o 0a1
Pl 3 FEL 4 5300 R TR ER 10 000 2544 T Xt 7 10000 5 i 427 1.20 0.19~0.205

% 2 7F 5= 30 I AL T (AL A S g ) % Vomom § 1.2 o

It 1.25 0.20
Bo(c,) R s 49 AL 1m) B3 0 B (w/w, ) 43 A0 2k 20000 Wornom 2(28) 1.27 0.19
(B3 o S J7 f e fm), @ ok 58 ¢ Soyler %2 1.21

k252 LS XS LM, C, 45 w/uy A LR HEA B, 3 25 R W Transition SST fif AR 7 B %
B AU B 2 T 1 g 73 15 Bl DX AR SRR, AT B 32 i A TR ASE AU s 5 5 o 5T 1) BT A S8 0
HATRBT 138 T

al(®) 15
& g ;-)ISOXZI;):O &
—— Wornom%[**!

————— B

g [22]

Soyler3y
. 3 HEE
& - oF AR
Sy > ~
// I 1 L I I I 1 ® -0.5 1 1 1 J
1 0 -1 2 3 2 -1 0 1° -2 -1 0 1 2
G yID
B3 TiRREEHTEERTNBAENDRES ML 4 TIEREEHRT x/D=14% wu, DL
Fig.3 Distribution curves of time-averaged pressure Fig.4 u/u, distribution curves at position

coefficient on cylinder surface in subcritical Reynolds
2.4 HIRIEEL

AR R | A OB AR R B BTy 40 s, EEE R 3 Wk, LI ORECE BRI A HERR M . ik
HNEREEL TSR] 100 s B SLAIZA], AnlEl 5 B, T+ 01 R (C) M B8 (C,) 76 10s Z IR #a T
SRR, PR SO B R B R SRR Sh N ) 2 25 s BT HEREL, I (B RIARIE 22 2 7E 15~ 34 s I BeIN T35
BN 5 A BAYE & L 204 18 2= 2D W BRIFESR T, LA x=0. 5D Ab Jg e s, WU 51 RE B 1003 & — R
FAGI A

x/D = 1 in subcritical Reynolds

2r — TR RHT) 25k
1+
W i}
—2
l 16 20 24 28 3 88 92 96 100
s a)/s

B 5 BE TR 100s 751 REFE S REB TR B £%

Fig.5 Time history curves of lift coefficient and drag coefficient for 100 s under typical working conditions

3 HBRS5HH

3.1 EBEHREAZHFLETL
3.1.1 EHEHK

5o T OO L, 1A 2 5 8 B R BN [R) 0 g2 et . DA BIFSE R B Ot BIAE RO BE T B
JE A7 BH A A EE SR RE Sy 4 R, o TR AR S i BBE T 98% L 1 R 6 S RN ] TR 4% I s A B R R



H24 R, GE BB O JEFRXT AL SEI AR R /K 3l 4R P2 i A B E R 147

NEE(C,) , BT RZEOMEA R, PSS ) 0° ~ 18003 Fil PN 4% s i I 249 1003 22 8

—— ot ——85=2/4 S§=3/4 —=—S=4/4 ——N=1 ——N=2
(Z/(O) a/(“) 0!/(0)
10 80 90 100110/2 0 8090 100110/2 0 8090 100110/2

/70 /70 /70

7 7 7

D Z ) 2 S %
S S § s 8 C
— — | ol
S =2 O 2 O 2
~ o o~ o~ o
ST 0 -1 2 3 2 -1 0 1°1 0 -1 2 3 2 -1 0 121 0 -1 2 3 =2 -1 0 1°

G G G
(a)@=0° (b)g=15° (c)o=30°

Be6 AREIABEREMNEENRESH

Fig.6 Time-averaged pressure coefficient distribution on cylinder surface under different working conditions
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Fig.9 Contours of dimensionless turbulent kinetic energy under different working conditions
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Fig. 10 Contours of dimensionless time-averaged spanwise vorticity under different working conditions
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Fig. 11 Contours of instantaneous dimensionless spanwise vorticity under different working conditions
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