B Um A EDKEN 1 R 2R SR

B 46 7 P AN [B1 3R 7k 75 [e] %o 2R 1 AL B s i
¥RE=20 CFD 534h

KB, Wik, 7iam

(HZEIE R MEANETE S A TR0 v TRRE R E SR E S S aa T R & h RAIHT
Ful, B 200240)
"5 1EE: dewan@sijtu.edu.cn

WE: RARIEFREFLERTRANEEZRNZZ—, BREAIFHFN Z
R . ARHRAE ] E T IR OpenFOAM “F & 8 £ I & # viv-FOAM-SITU K ## 2%, %1~
77 18 W B R R T F2 M L R BEUR FR IR B HEAT T EE . T EEAD = 0.028m,
KAWL /D = 469, SLEEEHAD . ¥ T 45% K ELTHEM T, MEH 0.6m/s,
Fl B THAF. RRAEI RGN E & ETE XA 0°, 30°, 60°F 90°, 3
EHERREGTHETERBRDETH . REFTEERERH, B TR IERANEEL
B, FHTEEREATE, THIEERESHER. ERTONREEEIERNE
REMEELZN, P THIENRIESOLAENKE.

KEIR: FUXNLE; WHIREN; KRR EE; viv-FOAM-SITU sk %

KR EZEHE K KRS RSN SRR B IR S A BORKI X . 276 328 5L
BN OLS, 2L PRSI . AT RIS E, S TR A LR A
EMVA R C e LIV P=R

KT TN L BRSO 7T L E A h T OOLER R, RS FIX0LE . I
ELLNAESINGLE o AT RALE TR, SOLERBIRAINEmREERE L, L8 E 5
MG ZH, WAL, BHNIEE . BUEE. BARHLAE, AN, Wi
D/ NN oY 875 5 W& S T O [ PRI = T ER 0 i s 052 A S

H AR T RMEXNOLE 2 NI, MEUERF FAHRT D . Sanaati A1 Kato" i i 5256
B TR SIREIE P RS PR IR AL /K B Wi RS2, 0 3L oG R AN 2.75

- 607 -



B Um A EDKEN 1 R 2R SR

FEEARM 5.5 5 EAA TUOLE B R IRIEN S AR SLEAALE D DL R TR ) &
Hrdk AT 207 EL AL Huera-Huarte M1 Bearman ™o} 8 51 SUST 45 B SR 5 K R I K AR S AT
SCIOHIT, HEE T RO AR 2 R EARRALE] 4 5 EARE DL X SLAE B e S R 5
Huera-Huarte F1 Gharib!®xit 3 T-#55 00 T 51 0L I AR SEAT Se ik, 45 K], 4
SLEHUOEFE/NT 3.5 fREAAR, RO 2 RIS RIEARSI(WCVIV), 1246 R
R RS £+ 43 %099 ; Huera-Huarte 2 NVSZIG T 5t 1 IR BEAE 3 [ 58 57 R (0 T it o
(R BRIR BN, 3T T ASIRNIE]EE R R 9 LA AOHRIE B AR 85 X 2l R F S i
XTSI T FEPNRALE SRS AT I 7T, LA T ASEIRIEE SO0 N L B R . EiR
B . 805 MR R I DA K IR )RR O R B Bh B s Deng™ 2RI A T A
Viv-FOAM-SJTU K f#& 55 BB T & 51 S 5 DL IR AR 3 AT BB, WH9T 1 S0
V) O R B A A PR 52 0] o

B FE Y OO0 ] R SRR L LA ] BRI PR B s, T sE bR LRET S
SRGLTT IR LA W AR B B sz 7y B2 . ARURRIZHIE T OpenFOAM FHEAR T AL, 45
VIR W, HIETFR T IR NS E RS CFD K& viv-FOAM-SITU,
SCHRE I HA R AT T IRAE . A SCIE TZoRARAS, 0 I R S A B AR LR AN RISk 7
IFa) o XS R AR B PR 2 e 3R A7 S AL 7

2 HE T

2.1 RAEHOEEHGRE
PRI KR RANS J7 R84 G k — o SST Wiy, 477 e an T

%:O (D
ox,
p%wa(u,-u‘,)=_a_1—7+a(2u5,.j—pﬁi’gj) N
ot ox axi ox
u o, R o o
ﬁ¢’%:%@ﬂ+;J%NWE§$%%’@=ﬁ%ﬁﬁmmﬁ%gﬁmm%mﬁ§
X Xi

PR AR .
22 SR AhFEEHGRE

SR 115 SR Bernoulli-Euler 25 AR o 745 19 i ) 32 57 2% A s 5 N 1T 52
- E L LN ALTR SR A Y AL TR D /s R R U 6 T &5 =P <o Y LB

[(MI[F]+ [+ K] =[F] (3

- 608 -



B Um A EDKEN 1 R 2R SR

X [MABRERERE, [C]AMSHERE, [K]ANIEEFRERE, [FIASSGERE, [v] [7]-
[#] 50 B NG M RS I LR 33 R RIS FE [ . %4541 75 R R A Newmark-beta 75/ HEAT
23 REHBEYREA

TR AL B A LUK, B0 FL b TR s e S S B 4 i 2 O = 4 ISR 170 TN
HMe o KHIVI T SRAEIX AL AL AR AR B M N, R SR 12 R T B3 i) LY
— ALK BE o W SLAE ) S5 (R BE BOCE DR, AR UL LRI SR A T R
SRIFIART T, FARE SLAE VR T3 AS W SZAE P 32 A4 0 Al B 5 U0 A B RAA o B T
CXGE

TEREANI (AT RIS, R s Th AT SRR N3 B SR g foe s sl b, BLtt
TSN, [FIRHE A7 AT AR AR T B A AR BURT ARy, M ST 8] 20
HERE(E 1)

ZYECFDiAUA AN
Hooah s U1

B R ARERE R

U IR T AT
SLEER B F3 W R

2 SalifE R

K1 RERE T RE

3 HEAA

AR AT FJ Huera Huarte™ (AR SZIG# iR, ST EHAAN 0.028m, KN
13.12m, FHMEKEN L/ D=469 . SLELTHERA, in 45% KB 54 T3 5000
W, HEN 0.6m/s, TSI TEOK A . SLE R EGES, TR HEK /1T =1610N. A
KAEMEESHINTE 1.

- 609 -



B Um A EDKEN 1 R 2R SR

®1 UERBNETESH

ZH (e HE By
HA D 0.028 m
wK L 13.12 m
K4uL L/D 469 —
i m’ 24 —
RS EI 29.88 N.m?
5K 73 T, 1610 N
plieeS U 0.6 m/s
AL Re 16800 —

SLE IR 7 9 80 AT, 3k 81 AN A, Hirh 36 AN RLICAL T AL E T A2
T o BT X 7 i 20 VLR, SEE LR R IR A 2(a). B 2(b)4a i T
3 ST S VLR R T IR A e N ) B Bl (A T [ 0
10 f5EAR, HE CA) FEE RIS ChD A 20 fEEAR, BRI R P90 R0 B 248 4k
M 10 f5EAR. PAZEEEEORNEL, 1.5 fFEAN PRSI, SLE#m 54
B PRI O SE, DIRETHARRIAE B AR DR XIS AR o AR M, PASE =
RS E

() SLETIRRI R (b) DA A% 7
B2 SEAEUI R S B e ) R A% Rl 7

-610 -



B Um A EDKEN 1 R 2R SR

4 AR Ko

2 R AR T 1] 5 UL 2R AT AE P T 92 /1 o = 0°, 30°, 60°, 90°, tld 3 fiis. Hirf,
0 EHBAN A E, 90°RELIH A4 HE .

. e
O O O 10

(a)0° (6)30° (c)60° (d)90°
K3 R mHnEE

\C(

4.1 BNE

PERXTLE, B gh AL IR EIR S S TR R . B 4 B RSN 45 28 K T
RUHE, ATLUE W, TETFEARRS E LU, SRR AR B R A R I B — ) DO
PRI, H EHRMIH A 3.9Hz,

Mode 2

[Mode 3

A

T Maclef
=
N

Mode 5

% 11(5] Moo b

gool o o
1 00 4 5 [ 7
S He)
(PRSI AL (b)h R H L

K4 BEORIREN 4 2L K Dh 2l i

42 a=0°

a= 0 THBRUNICLE I E, K S FE 6 2 a7 Bl R R SL & I
PRENELER L, RN A B BB IE S Th 2R 5

M 5 AT, RS2 AR A A BRSSOV T, I H VYR RS A B t 5
K, R YR ZESIRSEE. o, T RSMES PR L DAL 5.2Hz, TUFHRS)

-611 -



B Um A EDKEN 1 R 2R SR

PREASHIPR G AE 4.8Hz. M 5(c)nT A, A M4 Vo AR 3, B
AR MR VE A AE AR > R, X SRS AT Ok B 5(d)ifs it s et T iR A
SENRF S TP B AR, B S(0) 230 1 PRS2 LS f AR d 2. 1 6 U
S, N L R RS R AS R BN B = F EIRARAS, B BRI AR UE AR
3.8Hz. ATLLEH, HXOLERSIME, LT LR RIRSIMS 5 BB HIIA AR, &
H A BRDNALE R TR, B B3 3L (RIS 7 R I LB ORI AR, IR
WESLAE TR T LIS RS e i A

1.0
0.8 1 0.8
\
_ 06f g - 0.6 A
4 4
& 0.4 | v (0.4 TN ~
I~ \ ‘u
RN
A ** | 0ki0ROF I/ om0k
0ol BNy | 0pfGUIY
0.0 15.0 15.5 16.0 16.5 17.0
t(s)
(¥R B a4 2k YRR = =
[Modd 1 | ‘ ] Modé 1 ' '
[Mode2 7 ' ] F Modc 2 i T T ]
PAAAANAANAANAAANAAAAAAPAAN L pn A AR
[Modd 3 | ' ] [ Mode 3 ' ' i ]
Y PP ! L C L L I | |
[Mode 4 !J‘ ' ] F Mode 4 i T i i

[Modd 5 | l ' ] Mods 5 T T T
. LA . ) ) . ‘
. : ‘ .

é 2[moads T ! ] - 1r Mode 6
Xt ]
2 ") 1 1 . L =1+ ) ) | ‘
=% 2 4 6 8 10 = = = =
£y (Hz) L)
() L ()AL

K5 LT BB ARSI AL, MR L DR R S RS IE (o = 0°)

-612 -



B Um A EDKEN 1 R 2R SR

1.0 r T
3 r Lol 4 I\
0.8 1 080”@" [ °U010h
\ ~ |\ L
_ o6} - ~ 0.6 ! 01'1 \
o ORSD0E rR
Yol N ®0.4p y A
0.2 A ATNAL
0.2} . ' goO(l "(I, UQ{I 0(1
00 \ | [l
0.0 »29.0 29.5 30.0 30.5 31.0
t (s)
(a)¥R BN .45 2% (bYRLFE I 2= = B
Fvode 1 ! ' R F Mode 1 T T T ]
r 1 A AN A AAAAANANN NN Vo L]
Fvoad2 7 ' T [ Modec 2 ' ' i E
B 1 MWMMAWWNWMMMWWWWW

! ) I
| 1 ! 1
FMode 3 Jl ' T B ﬁwmmle 3 i ' M i %
‘ L . I I I I
T T

Frogea T ! e F Mode 4 ' B
r WY s AWM s A
Ledh I L | | | -
Modds  ~ T 4 [ Mods 5
\ 1F Modé 6
S 6 Modc 6 IS
x 4 [
2+ 1L
% 0 Il Il 1 1 1 L 1 L 1
0 2z 4 & 8 10 15 20 25 30
Fi (H7) #(s)
357 5N R -
DI SHE S d) &I SR E
(

Ko T LEBRMRSIEAEL. MRBNTRE. DRGSR SO RERE(a =0°)

43 a=30°

SR IT 1) 5 SEAE B BT TE T K A O o = 30° I T i 3(o) . 1B 7 R 8 430l
BTN BN LR RRAI AL BN A SRS EE &R L.

5o =0°HIEAML, o =30°0F, ¥ rE R EIRE N Ibr, HARL W] E A 24
SRz, K, LSRG IAERR, “HEAEMENIH LS. 5a= 0°HEA
R, DU RV IR A I R, 2909 4.1Hz. WK 8 W1, R sLE R 5
—M=BrIREE, HARSIRBUE E 3.8Hz.

o =30, ENEOLERTHEIAME, AR R, AR B R

-613 -



B Um A EDKEN 1 R 2R SR

M, BRI RIS G o = ORISR AR B, AN LI A DU R B LA TR
A PTEEAG, X ARG PN R RIRES, W] B RN AR R PR B R, XA
R Tt — BT

z- L7t

() IRBN 2% 2k

[Modé 1 7 i ]

5[ Modé 6 ' ]
0k 4 0
L3 - - 1L i
0 L L L 1 Il 1 L Il

.
o 2z 4 6 8 10 10 15 20 25
£ (H) L6

PSD/ % 1077
=R RN

()P L () BB
K7 B CE R ARSI L RN S DhFREE R AR SEE (o =30°)

-614 -



B Um A EDKEN 1 R 2R SR

26.0 26.5
t(s)

MModd 1| ‘ ] ;\%WW
FMocd 2 ‘ ‘ E [ Mode 2 ! T T ]
i PAMANAAAMMANAN N AAMA- AN

FMode 3 ' ! ! g Made 3
L 4 h

. k 4 . I ! ! |
[Mode 1 T T T ] Mode 4 ‘ ‘ ‘
L 1 ! L L ] | | | |
[Mode 5 T ! T ] Mode 5 ‘ ‘ ‘
L 1 ! i I ] . . . .

T T T -
[

[Modé &

PSD/ x 107

S W

vy - 1)

1

_ O e

T T

L =
=]
="
[+]
[+}]

. ! ) ‘
0o 2 4 6 8 10 10 15 20

1 (1) Lis) ”
(QEIESLE IS (d) BB E

B8 T LEMR RSB L. RN R DI EE RSB SIE (o =30°)

44 oa=60°

o = 60°MIfEMIE 3(c)fras, K9 A 10 735 23 7% o0 BRI iiRah
e MRS SRS R IR

ME 9 WA, 5 a=0Ma =30 THAR, o=60°WF _Eiff o8 MU IR 5
T, BIRLN 44Hz, RN ZIH UM ZESRARE, Koz 204 3 M
Z51ka), HEIRBGSAAEMTI . A 10 FTRUE I, N0 e i EIREES A Ik, I
H 2B IREN NRAE RO I, 355 1 P Ak 00 K 357 328 IR s i AT 3K X

o = 60°IF, WL @ TREGIATE, 3 1A [ AR R R 5 SR R s O T g
S TR RO F TR) B o = 30°BE K, DRIE R At s M AR X BE 55

-615 -



B Um A EDKEN 1 R 2R SR

(a)FRBh 42k

[Modé 2

[Moac 3

TR

MModg4
T

[Mode 5

ey

[Mode 6

Mods 7

PsD; x 1077

. . .
] 2 4 6 8 10
(T

() IR

P

vf

-
T

(ORI ESPN

r Mode 2

r Mode 3

Mode 4

[ Mode 5

r Mode 6
WA W
- Mode 7
1‘() 1‘5 2‘(]
tis]
(B ASBUE

Ko L g riRai sk, N2 aE. hREEE SRS E(o = 60°)

-616 -



B Um A EDKEN 1 R 2R SR

1.0
0.8} R 0.8 |
0.6 E - 0.6
3 =
* ol ] t0.4
ozl | 0.2
0.0
0.0 _‘1 ‘1 15. 16.0
t(s)
() IRBN 2% 2% (bYr R 25 = Kl
[Modd1 ' ! ] [ Mode 1 '
[Moddz " ' ] | Mode 2 ‘ ' ]
o Tal Ve et Y A e A Y Y |
L4 C L 1 L ]
[Moad3 7 ' ] | Mode 3 ‘ ' —
AAAAANAAAAAAAANNANAAAAAAA—AAAA—AANAAAAAAAAANANANAAA
R i | , o
o l: ] Qﬁxwmwwwwwwwmmwwwmw
I L 1 I B | | 1
[Modd5 ! ' ] I Mode 5 T —
] P AV A s AR
LA l ! C | | I i
'% s[Modds '+ L (1) - Mode & ' ‘
210 | W oaf
;':E 0 1 1 1 1 L 1 1
0 2 4 [ 8 10 10 15 20
£ {Hz) L (%)
(QEIESLE IS (d) BB E

B 10 FULEBTIRSI AL MR 2 B DA B N S I S (o = 60°)

45 a=90°

a =908 T HHI4E, K 3d)ir. K11 MK 12 20545 H T2 100 B0 K R
SEEMIRSIEA L. NN S SE SRS E KRR .

Bl 11 BoR, EMSCER RIREAS AR, Sideh 4.8Hz, —MAS 5H —E M ILE,
WRLZIN 3.8Hz, HABERS LER/N. WNE 12 TUEH, PSS M ES S ES,
H 55 VUM BLAS A7 LE AR B2 4 o

EFFI TR, SCAEFEEEN 4D B, —FH AR EE RS sem, 1ff b RS IR)
S I 22 5 T B 55 b B B8 S S B AR sk o 2 A o,

-617 -



B Um A EDKEN 1 R 2R SR

PSD/ %1077

(a) IRBHELEL

[Mode 1 7 ‘ ] I Mode 1 R
| i WWM\W
. 1 - N
. 1 L L

[Modd 2 i ] F Mode 2 ' T T B
| T T R i Tl T M N N NP
C 1 I I 1

[Modé 3 I Mode 3 ]

[Modds T I Mode 5 ]

| PAAAAN AN AANAAA—ANN A A A
4 [Modd 6 ! 7 1} Mode 6 ! T T 7]
AN e 0 A ]
0 | I | | = -lr ! I L I ]

0 2 6 8 10 6 8 10 12 14 16

I (1s) F(s)
(c) DhFEEL (d) BHrREASHCE
(e)

11 EMSZAE RS2, MBS B ThEils & R S ESAE (o = 90°)

-618 -



B Um A EDKEN 1 R 2R SR

1.0
-~
0.8l R i . ) [ [ f‘c
e / { jalf \r=y

0.6l > - .6 " @L

¥ ‘ I f

B J\.II [~
0.4 |f/ /"y

i n~ r
flf'@\*-} /
0.2 A
10 ll@‘{‘_ f
0.0 12.0 12.5 13.0
i(s)

(a)JRBN 4 2% (O AP N
Mode 1 | ! ' - Mode 1
ModC 2 i - Mode 2 ! i ! T ]
- \/\\/\/\/\N\.Jv-vv\/\f\m'v‘\/v»\/\/\/\/\/\/v\f\,
Mode3 | ' [ Modez ‘ ‘ ‘ ]
- RANANAAANAARNANNNANANANNANNNANN A ]

Mode 1 T - Mode 4

1.0

L Mode 6 T T - 1+ Mode 6 1
S oosk J B0 AMAAAM AR ARAA AN AAAAAAN AR~ AN~ AN
‘2 0.0 - L - 1 F ol I L I I 1
0 2 4 6 8 10 6 8 10 12 14 16
£ (L) L)
(OYIES3: (d)EBIEASRE

B 12 FOSCERTR RS AR L. AR 2 B DA B N S I S UE (ar = 90°)

5T viv-FOAM-SITU SRARZE AT 1 SR I 77 [ X6 U7 A R VAR 1) o iR 200 PR 2 i i
17T BUER T, SCEHLEFEEL 4D, ol T o =0°, 30°, 60°, 90°D4A T, JFEH
SEE TR IR BT X EE

WEFRIL, T L T A R, DOLEIREIREN 5 LB IR R K E R, I
HAFRMRG T 2 SEOLERMESH B T a= 00, RIHEHIEE, FhrERE
PRIEERIA T, BB 2SR, H 5SS . e Lif & m

-619 -



B Um A EDKEN 1 R 2R SR

R BRI AR, R L R O — = IRETESS; a=30°1, Eifar
EVRA ZHESIREFFE, HEEE ST, MRS IR o = 0°F FriE(k.
PRI 3 SO BRI MK IR AL, NI E TN — I = IRBIERS s X a = 60°1 1%
1, SRR A AR PHOK,  BISLE R 2R N B LE S
SRR R BB IR E, HEIRBESEIONIUE o =900, RIJFFIETE, BLi R
W CANAAAE, TS SBR[ RS R . XOLE BRI ZSIRS), S B RS
DOV, i S R B v 0 T B RS . R T REE RSO T E . AR
KI5 1) 2 FBOLE A B R A, M-S BOLEIRES KA. KT ALE R
A FE IR S A 10 PR S ST RO LA A 13— 2B B

i

RTEFBER AR/ FELTH (51490675, 11432009, 51579145) . KILFH £ 5
TR (T2014099) , L & & R 77 % & R B #0355 AL IR BR 4T X (2013022) , LW fE % % KA
Sk AR (17XD1402300) , AR T A5 #B40E A 6] 3% 30 VIV/VIM 5 E (2016-23/09) % B,
W —HRTE QRS

& % X M

1 Clough RW, Penzien J. Dynamics of Structures[J]. Journal of Applied Mechanics, 2001, 44(2): 366.

2 Deng D, Fu B W, Wan D C. Modal Vibrations of Side-by-Side and Tandem Vertical Riser Pipes
Experiencing a Stepped Current[C]//The twenty-seventh (2017) International Ocean and Polar Engineering
Conference. San Francisco, America. International Society of Offshore and Polar Engineers, 2017:
1213-1220.

3 DuanMu Y, Wan D C, Xue H X. Prediction of Response for Vortex-Induced Vibrations of a Flexible Riser
Pipe by using Multi-Strip Method[C]//The twenty-sixth (2016) International Ocean and Polar Engineering
Conference. Rhodes, Greece. International Society of Offshore and Polar Engineers, 2016: 1065-1073.

4 DuanMu Y, Fu B W, Wan D C. The effect of top tension on VIV modal analysis of a vertical flexible
risers[C]//The second conference of Global Chinese Scholars on Hydrodynamics. Wuxi, China: 2016:
455-460.

5 Huera-Huarte F J, Bearman P W. Vortex- and wake-induced vibrations of a tandem arrangement of two
flexible circular cylinders with near wake interference[J]. Journal of Fluids & Structures, 2011,
27(2):193-211.

6 Huera-Huarte F J, Gharib M. Flow-induced vibrations of a side-by-side arrangement of two flexible circular
cylinders[J]. Journal of Fluids & Structures, 2011, 27(3):354-366.

7 Huera-Huarte F J, Bangash Z A, Gonzalez L M. Multi-mode vortex and wake-induced vibrations of a flexible

- 620 -



B Um A EDKEN 1 R 2R SR

cylinder in tandem arrangement[J]. Journal of Fluids & Structures, 2016, 66:571-588.

8 Huarte F J H. Multi-mode vortex-induced vibrations of a flexible circular cylinder[D]. Imperial College
London, 2006.

9 Sanaati B, Kato N. A study on the proximity interference and synchronization between two side-by-side
flexible cylinders[J]. Ocean Engineering, 2014, 85(4):65-79.

10 Sumner D. Two circular cylinders in cross-flow: A review[J]. Journal of Fluids & Structures, 2010,
26(6):849-899.

11 Xu W, Cheng A, Ma Y, et al. Multi-mode flow-induced vibrations of two side-by-side slender flexible
cylinders in a uniform flow[J]. Marine Structures, 2018, 57:219-236.

12 3 ARE, . AR BRSO T]. K3h 2w SEkRE, 2016, 31(3):295-302.

Effect analysis of different directions of flow on vortex-induced

vibrations of two flexible risers in step flow

WU Lei, DENG Di, WAN De-cheng
(Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration, State Key Laboratory of Ocean
Engineering, School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University,

Shanghai 200240, China)
*Corresponding author: dewan@sjtu.edu.cn

Abstract: Vortex-induced vibration is one of the important factors leading to the fatigue damage
of marine risers and has caused extensive research by scholars at home and abroad. In this article,
numerical simulations are carried out for the cross-flow vortex-induced vibration of two flexible
risers in step flow coming from different directions, using the the viv-FOAM-SITU solver
developed by the open-source OpenFOAM platform. The riser diameter D is 0.028m, aspect ratio
L/D is 4609, the riser spacing is 4D. The 45% length of the lower part of the riser is in the uniform
flow, the velocity of flow is 0.6m/s, and the rest is in still water. The angle between the incoming
flow direction and the plane of the two risers’ axis varies from 0°, 30°, 60° to 90°, and compared
with vortex-induced vibration of single riser under the same flow conditions. The numerical
results show that, due to the mutual influence between the two risers, the dominant vibration
mode of the upstream riser rises, and the downstream riser decreases. The change of the direction
of the incoming flow will cause the wake influence of the risers to change, and the vibration

modes of both risers change accordingly.

Key words: Two flexible risers; Vortex-induced vibration; Effect of flow direction;
viv-FOAM-SJTU solver
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