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Abstract Numerical studies about the vortex-induced rotation (VIR) show that 6 regimes exist for
square cylinder under VIR at small Reynolds numbers. Focusing on the small-amplitude oscillation re-
gime, the paper proposes an analytical model of this regime by considering both the free streamline theo-
ry of inviscid flow around body and the boundary layer theory of viscous flow over a flat. The validity of
this model is proved by comparing with numerical results using immersed boundary method. This paper
also analyses the main driving force of small-amplitude oscillation and explains the reason of periodical

oscillation.

Key words vortex-induced rotation, square cylinder, immersed boundary method, free streamline,

boundary layer

2023-04-15 W) 55 1 Fi »2023-06-03 W BM& B
* [EZH HRF2EIE 4 H (52105083,11772032) , fii 25 Bl 2% %k 45 (20202006051003) % B 35 H , National Natural Science Fundation of China
(52105083, 11772023) and Fundation of Aerospace Science (2020Z006051003).
t A EVE#H E-mail:le.fang@buaa.edu.cn



56 & 4 %5

T /I S

2023 45 21 &

FE TR FH b, I A R T4 235 4 1) A EAE R
— N 3k H S5 2 1 [l L R R B (vortex-
induced vibration, VIV) 5 & ¥ Ji¢ % (vortex-in-
duced rotation, VIR) 43 8 B8 R 3l 0¢ i [ 2
Yy 1A vy s i 2l L 2 & SR TE AR L i dn ol < B TR
(A R I = S NN /(o <ol RSO /)
SR T8 VRO H O T AR T AL A T 0 T A e
— WA SE W IR A B BT A s S TP e e v b i oK
REQVKE A T A H IS Bl P A A X T LR AR
TR 5 MR s A5 I SR R & B, FE R S A
250 7 R R I8 RE e B R A TR A T Y v S
Wy J5 4 A2 48 X 165 UOIE 5 1 BF 5 B A% T I A R T i
BTN TRAT A5 23 B O W) T I TP A AR SR
e H A S AR T R AR R T A R 1Y
Pl

XTI O R Y Bl E R TR
BE O B R OE I b OE o R T IR
PR e 2 B Y A e §% Cautorotation) L4, fie
i1 Maxwell Fll Niven™ J& JF.Lugt ™ i# i3 %} Navier-
Stokes J5 e B K M, BF 5T 1 1 A5 10 8 A Y
F e G 48 1A 2 1 = it DR e 1o ot 7% 55 M1
TR TE 5 19 [ 26 Ak, TR I R DG 30 52 00 4 R A 98 93 e
% Skews"* il i3 5250 K I, 2 10U A 9 I BOiE % =
BR AR BN T B T8 B O R ) M L B X
FREBIBTSE . Zaki™ \Ryu 5 Taccarino "% it ¥ (H
Py HW B T 78 A [ B o BT J7 ki iz g B AR S
Ryu 5 Taccarino'* #§ i, 76 /N W5 8L (Re = 45 ~
150 1 BL T+ 77 FE Y 8 OB e AEAE S A AR
1 A2 (initial rest position, Re=45) , /MR %
A (small-amplitude oscillation regime, Re =
50,60, 70), m/2 B FR IR 5 B2 (w/2-limit oscilla-
tion regime, Re=80,90), BAMLIEF M (random
rotation regime, Re=100,110),n & BRIZE H S
(m-limit oscillation regime, Re=120,130), A ¥
2 (autorotation regime, Re=140,150).[ 1 : N
THEAT X3 AR S i R Bl R A S AR Bl (vie
bration) B9y 4 5l . 10 103 e e 150 25 v A - 4 s
B FE A E3h Coscillation) F13F N IR 7. ] iX S B0H
D5 BLA5 R Ry B8 3 B 7 FE T8 00 e I 4 1 i BT 4
BT 3 A, o REHE T 7E Tl v R O e R AR

AE He WS B | 28 25 4 o) A5 D7 D 4 1

BT UL BRI D B RR AN B0 T 5 A R
e e 1) B R i R L 28 B L (HAR vh T RSE 1 S BK S
7189 5E P # . Robertson 45 AN &1 X 7 1B 7 i
) T T B, ol g WA B B UE E R B S (quasi-
steady theory) I 77 %, $2& 1 JiE % A& e 14 1% ) W
%At Ryu 5 laccarino™™™ FIW HBF 7538 H L /N IR 4R
i S T TR B 0 IR P 2 ol i 2 D R S e B
012 Z [B)AS [8] 25 17 5K 2l 9. J5 > &1 X 75 A 10 e
FEAE Re=150 T [ H AL, Ry ™ 5@ i %) 730
DT 05 XUTET 53 2800 58 19 O vk TR T E R 1
O Y He o S B0 g 46 48 R A e B i ok 1Y
IR ) RE O AR e 1] 2 AE R 1 e S T A 1Y 32
Ji PR TR B 7 5 — 5525 200 i T %) ) Y BTk S
Wk N5 0 D 1) A R BELRS D7 A B9 B B s 1 I T %)
JIHE R BT R 5 K HL 5 BRI ) ] 1) i 7 A g
) 5 ST R T 18] 5 B T 1] A AR [R]. 3 46 BF 5T 1
FORA BT 7 6 3K — 7 W 5t 1 2 Pt 5 T 08 A X
J AR L RS HEAT A T M LA 220 1) 3 YR T
B rp AR ) 2 IS DOHLIE I S e ) R AR Ak
Y LA

ARBFFE ) T H B2 I N R IR G A
VAR 3 53 A g S22 05 4t — B AL Ay Jd it
PR E R IX — IR B R A ) 2D 22 X — B
FOT A BRI T C A R PR RTAY , 2 T Al
O P18 A T A 5 AR A A R 1 3 B R 0N
456 A h e 5 AR Ee T L R AT
BRI FR g A R 230 B2 BB A (Free
Streamline-Boundary Layer Model, 45 & FSBL
ModeD).

ARSCHIHAEERI N 25— T2 A AR
A B 5 1 RO B 5 A L R R BN B
bR 77K G S e RIS 4 LRI X i a e N TR DO S iy
A T4 U B A P A P 1 B 37 o R A 3 B 2 A
RUEAT V1550 DU 5 45 6 3= 1 i 50 1 5 L8 8
PEAT R B E6 U | A R 3 R 45 R o A B e AR R
TS W ST 25 R AT B

1 REHR K ERRIR

AR SCWFFERY T FEGR I ] 1 BT s 1) — 4 ) AL
Pop R E R U ) x IE W LKA L,
FL [ 5 ELAD 46 s 220 — 1T 1E X A . 5 A e e O




%56

B B A R OVE R T AR /NI IR B RS B A P R R R A 57

0 I B 5 1) B A BE R . B TS R E A
/MR G IS O IR A | o [<n/4; HITHEIE
X AL XAy ) — R T 30 A 2 AR 4% T I W
HAREACH 2. ~ 20 o8 T RS o, iy
2.5 X, S@EWMWAFERR @y,
(x—,y ).

(SRR e W = |

Fig.1 Structure diagram of flow around square cylinder
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Fig.2 Diagram of different complex plans in free streamline calculation
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