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ADVANCES IN NUM ERICAL METHODS FOR SEA ICE DY NAM ICS

JI Shurmrying, YUE Qianrjin, WAN G Rui-xue
( State Key L aboratory of Structural Analysis for Industrial Equipment,
Dalian University of Technology, Dalian 116023, China)

Abstract : In the study of seaice rheological behavior under different temporal and Patial scales, a seriesof
numerica methods have been developed in the past severad decades. Nowadays, there are mainly four methods
applied commonly , which are Finite Different (FD) method, Particle In-Cdl (PIC) , Smoothed Particle Hydro-
dynamics (SPH) and granular flow (GF) method. The Eulerian FD method isthe most widdly applied method
for its high computationa efficiency and stability in the polar and Margina Ice Zone (M12) at large scale. It was
a2 applied into other seas at mex-scae, such asBoha Sea, Bdtic Sea. Some new schemes, such asLine Suc
cesdve Over-Relaxation (L SOR) and Alternative Direction Implicit (ADI) , were adopted into the FD method to
improve its computational precison. The most shortcoming of FD method is the obvious numerica diffuson in
lving momentum and continuity equations, egecidly at the ice edge. To remedy this problem, the coupled
L agrangian and Eulerian PIC gpproach was established for seaice dynamics at large and me scaes. Inthe PIC
method , the seaiice in fixed cellsis divided into a seriesice particle. The ice massin cédlsis adusted with the
drifting of Lagrangian particles, and the particle velocity isinterpolated from Eulerian cells. In the Lagrangian
SPH method , the Gaussan kernel function is used to integrate the ice parametersfrom discrete particles to conr
tinvousfied, and the sea ice rehology can be described precisdly with the drifting, deformation of ice particles.
In the three methods above, Hibler’ s Visoous plastic constitutive law was used generaly. In the GF method,
the seaiceis Smulated as discrete medium instead of the continuous medium assumed in other methods. Thevis
ocous dagticplastic law was established to mode the interaction among ice particles, and the dynamics processes
of iceridging, refting and breakup can be smulated at small scales. But the biggest cost of thisincreased accurar
cy isa dgnificant increase in computationd time when compared with other methods, epecidly inits gpplication
at large and me scales. Thus, different numericad methodsfor the different demandsfor scale, precison or &f-
ficiency accordingly. Meanwhile, with the modification of existing methods, other new numericd methods,
such as Arbitrary-L agrangian- Eulerian (AL E) , should be developed. Moreover , the study of numerica methods
for seaice dynamics should be coupled with other seaice problems, such as congtitutive law and thermodynam-
ics, to improve the computational precison and eficiency comprehensvely.

Key words: Sea ice dynamics; Finite difference method; Smoothed particle hydrodynamics; Particle-in
cdl ; Granular flow method.



