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Fig.1 The schematic diagram of fluid-structure interaction between wave and fixed shore ice
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Fig.3 Comparison of numerical simulation and analytic solutions at different locations of the wave flume
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Fig.7 Comparison of the computational result and previous researches in the horizontal displacement of plate’s free end
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52 [RE S 36 &

3 45

R EETARE B RANS 75 PR A9 A BRARAR 1 5 85 0 A BRIT AU 7 15 A 25 5 09— B = ZE 48 & BUE AL 007
V5 S X IR T UK B 7K Bl g B RS R i 17 45 TR BB BEAT IR . e A AR TR A I R X 9 AL AR
AT 7 9 AR B R 2V T B R SRR | S (6 8% A AR PR HEAT T RUE R A L A A IR

INIRURE B R [0 R T DK i R 2 L A7 114 e R AL H B A DR o T DK 114 e RS A% AL H BIAE ¥ DK I 3 » e/
137 Mo (L 3 B A T DR S 5 DR 9 D 3 T ¥ /I F) B 0 A D ¥ 0 o i 4y T 1) )0 AR T DA /D T O e (L 4
XHE 5 BT 3 A7 k18 0 {1 246 X (L B 30 i 110 95 0 AL 2 R P o 55 2 4.850<CL /L"<<9.804 I, GE it i1
3 72 WAL ) 46 X (L ot 382 K A9 98 Jon o 6 o

X RS 1 6 )V DI e DR S L ) ) i (A 47 (B Ak B L 5 B S PR AR 3 s K TR N 5 m WK
2 m,JB 0.3 m LR T Y 5 2% Sk B 30 1 T8 DK DRI 2R BRI 5 O 0,63 ms A SR8 0.6 m KRN 5 m, M KR
2 m,J& 0.3 m W UKW 2R BRI 15,35 m IZZ5IEA B T 8 ¥ T 0SS 4 55 Ky MR v AT S VK ) 2 80
(AL

2 % Lk (References) :

[1] WANG R X. Numerical simulation of sea ice dynamics and interaction between wave and sea ice[ D]. Dalian: Dalian University of Tech-
nology, 2010. L%, K2l J) % BUA A B B IR 5 vkAR BLAE D], Ki%E . REH TR, 2010.
[2] BROSTROM G, KAI C. Waves in sea ice[ J]. Journal of Physical Oceanography, 2008, 86(2) . 279-312.
[3] WILLIAMS T D, BENNETTS L G, SQUIRE V A, et al. Wave-ice interactions in the marginal ice zone. Part 1; theoretical foundations
[JJ. Ocean Modelling, 2013, 71(4); 81-91.
[4] WILLIAMS T D, BENNETTS L G, SQUIRE V A, et al. Wave-ice interactions in the marginal ice zone. Part 2: numerical implementa-
tion and sensitivity studies along 1D transects of the ocean surface[]J]. Ocean Modelling, 2013, 71(4): 92-101.
[5] FOX C, SQUIRE V A. On the oblique reflection and transmission of ocean waves at shore fast sea ice[ J]. Philosophical Transactions of
the Royal Society A Mathematical Physical & Engineering Sciences, 1994, 347(1682) ; 185-218.
[6] LICH, WANG Y X, XING D L. The break of the sea ice under the action of the waves[ C]// Proceedings of the 8th National Conference
on Marine Engineering. Chengdu: The Chinese Society of Naval Architects and Marine Engineers, 2000 339-347. 224k, F k2, FE
.M L VR KA IR AR R p T L C /55 /U 4 B VR TR R U8 SO AR B A DA 2, 2000 339-347.
[7] VAUGHAN G L, SQUIRE V A. Wave induced fracture probabilities for arctic sea-ice[ J]. Cold Regions Science &. Technology, 2011, 67
(1-2): 31-36.
[8] SHAO X B. Solving fluid-structure interaction question based on ANSYS[D]. Harbin: Harbin Engineering University, 2012. fB=#1#, %t
T ANSYS (I HLE B3 FAL& 7 HT (D], MR MR /RIE TR K%, 2012,
[9] XU M., AN X M, CHEN S L. CFD/CSD coupling numerical computational methodology[ J]. Chinese Journal of Aeronautics, 2006, 27
(1): 33-37. FREC. BRI, BrbAs. —Fh CFD/CSD &5 5 Ik, Az %4k, 2006, 27(1): 33-37.
[10] NAMKOONG K, CHOI H G, YOO J Y. Computation of dynamic fluid-structure interaction in two-dimensional laminar flows using
combined formulation[]]. Journal of Fluids & Structures, 2005, 20(1): 51-69.
[11] BAIGES J. CODINA R. The fixed-mesh ALE approach applied to solid mechanics and fluid-structure interaction problems[J]. Interna-
tional Journal for Numerical Methods in Engineering, 2009, 81(12): 1529-1557.
[12] SUGIYAMA K, LIS, TAKEUCHI S, et al. A full Eulerian finite difference approach for solving fluid-structure coupling problems[ J].
Journal of Computational Physics, 2011, 230(3): 596-627.
[13] YANG C Z, LIU C G, FANG H Y. Numerical simulation of wave impact on sea ice in the Bohai sea[ J]. Chinese Journal of Hydrody-
namics, 2017, 32(2): 141-147. B, XK, B0, 55, PR i i UL 2 i ok wh o £ F A BSOS LLT ). K 3 2 ot S ik e
2017, 32(2): 141-147.
[14] LI H W. Wave generating in numerical wave tank[ D]. Harbin: Harbin Engineering University, 2009. Z= % {i. $U{E /K b & I J7 8 0 52
[D]. M/RE . MR TRRY, 2009.
[15] REN B, DING Z Q, WANG Y X. Experimental research on one-way wave impact on three-dimensional structure in splash zone[ C]//



1 4]

G 0T L A IR A ST T I O TR S R ) KA A 53

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Proceedings of the 13th China Ocean(Shore) Engineering Symposium. Nanjing: China Marine Engineering Society, 2007 176-184. 1%
UK, TIRIR, kA, AL BN TR X = 2 45 A eh it MR T R e W SR LCD /B8 =0 b B O TR EARTHE S S Mo
hEEE T RS, 2007, 176-184,

SHAO W J. Numerical simulation of flow field characteristics and stability of artificial fish reef[ D]. Tianjin: Tianjin University. 2014,
AR 78R N T B VA 3 R ik B AR TR i B F e [ DL K. Rk, 2014,

GLUCK M, BREUER M. DURST F, et al. Computation of fluid-structure interaction on lightweight structures[J]. Journal of Wind
Engineering & Industrial Aerodynamics, 2001, 89(14-15): 1351-1368.

LIAGHAT T, GUIBAULT F, NENNEMANN B, et al. Two-way fluid-structure coupling in vibration and damping analysis of an oscil-
lating hydrofoil[C]// ASME 2014 International Mechanical Engineering Congress and Exposition. Quebec: American Society of Mechani-
cal Engineers, 2014. 37-41.

JI S'Y. Numerical model of sea ice and its application[ M]. Beijing: Science Press, 2011, Z=il, T 7% vk BB A8 & v M. db 5t
B2 pAt, 2011,

ZHAO X. The change of wave dynamic environment in Bohai Bay in thirty years[ D]. Tianjin: Tianjin University of Science & Technolo-
gy, 2013. B, = TAERENETE BN Eh I R AR LD, Kt KRR RS, 2013.

WANG S Q. Wave mechanics for ocean engineeringl M]. Qingdao: China Ocean University Press. 2013. T8 #. ¥ TR IE S
M. & b D R4 0 A . 2013,

DUMONT D, KOHOUT A, BERTINO L. A wave-based model for the marginal ice zone including a floe breaking parameterization[ ] ].
Journal of Geophysical Research, 2011, 116 (C4) . 241-253.

JISY, WANG A L, SU J. Experimental studies and characteristic analysis of sea ice flexural strength around the Bohai sea[ J]. Ad-
vances in Water Science, 2011, 22(2): 266-272. MU, E 2R, J5 0k, 55, PR e vk 25 il 25 B2 0 1 i il ol B e 23 7 L0 1. 7K B2 3k
J&, 2011, 22(2): 266-272.



54 o R % o R 36 &

Numerical Simulation of Fluid-Structure Interaction Characteristics
Between Wave and Bohai Fixed Offshore Sea Ice

FANG He-yu', YANG Chun-zhong' . MA Hui-min',XU Xiao-fu? , LIU Chang-gen'
(1. Department of Mechanics. Tianjin University, Tianjin 300350, China;
2. Tianjin Bohai Sea Fisheries Research Institute , Tianjin 300457, China)

Abstract; Under the action of the water wave, the critical wave height and length of fixed offshore-sea-ice
fracture can provide important information for parameterization in large scale sea ice model. A numerical
fluid-structure interaction method is presented to study three-dimensional fluid-structure interaction char-
acteristics between wave and fixed shore-ice on small scale according to the sea-ice and wave parameters in
the Bohai Sea. It is obtained how the maximum principal stress, the maximum principal elastic strain and
the deformation of sea ice change with wave height; Further with the strength of sea ice in the Bohai Sea,
the critical wave height and wave length are analyzed when sea ice fracture occurs. The study shows that
the maximum values of maximum principal stress and maximum principal elastic strain and the absolute
peak displacement of the sea ice free-end increase as the wave height and wave length increase. When wave
period and water depth are set to 3 s and 5 m, respectively, sea ice with length of 2 m and thickness of 0.3
m in the Liaodong bay has critical wave height of fracture of 0.63 m. When wave height is set to 0.6 m and
the rest of the conditions remain unchanged, the sea ice has critical wave length of fracture of 15.35 m.
Key words: water wave; sea ice; fluid-structure interaction; numerical simulation
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