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An Efficient Two-Level Method for Solving
Incompressible Navier-Stokes Equations
Du Binbin,Huang Jianguo
(School of Mathematical Sciences,Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract : This paper proposes a two-level Arrow-Hurwicz( A-H) method ( simply called the m-A-H-1-Oseen method ) for
solving incompressible Navier-Stokes ( N-S) equations. The incompressible N-S equations are first solved by the A-H
method to obtain a numerical solution on a coarse mesh. Next,the desired numerical solution is obtained by solving the
Oseen scheme, which is derived on a fine mesh by linearizing the original equations using the coarse solution, leading to
the required two-level method. The convergence analysis is developed systematically.
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WX WHFEVH
V={veX.V-r=0in 02}.

[FIFEdL 5] AT I Sobolev %% [H]

D(A) =H(2)’NX,Y:=1*(0)".

FHH F£oR Y (1125 6]

H={veY.V 'n|m=0$.

FefiTilisE A=—PA Horit X Stokes 55T A, Hirb P2 Y B H (9 L~ ECBU%. 4r B, )M | - || FR5H
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XETF N po=po I o BT, FIESEAY inf-sup 25006
d(v’ph_pmh)

I papa o <B™ sup =5
i (15),(4),(6),(7),(28) ,/EH 1 FEH 3 n[i5
vl V(u-u,,) ool V(u-u,) |l o+l V(u,-u, l, (29)
PR H = A AT
v V@u-u,) losvl V(u-u,) | o+v [l V(u,-u,) l,,

[ PP I 0= [ P~Pi | ot I Pr=Pumn | 0
gh4 BRI = ARSER, 20(28) , (29) FE B | Nl ST AR 45 1.

[ &% 30K ]

[1] ELMAN H,SILVESTER D, WATHEN A. Finite elements and fast iterative solvers: with applications incompressible fluid
dynamics[ M]. 2nd ed. Oxford : Oxford University Press,2005.

[2] TEMAM R. Navier-Stokes equations,theory and numerical analysis[ M ]. North Holland ; Amsterdam Pub. Co,1984.

[3] CHEN P,HUANG J,SHENG H. Solving steady incompressible Navier-Stokes equations by the Arrow-Hurwicz method[ ]J].
J Comput Appl Math,2017(311) ;100-114.

[4] XU J. A novel two-grid method for semi-linear elliptic equations[ J]. SIAM J Sci Comput,1994,15.231-237.

[5] XU J. Two-grid discretization techniques for linear and nonlinear PDEs[ J]. SIAM J Numer Anal,1996,33.:1759-1777.

[6] LAYTON W. A two-level discretization method for the Navier-Stokes equations[ J]. Comput Math Appl, 1993,26.33-38.

[7] GIRAULT V,LIONS J L. Two-level finite element scheme for the transient Navier-Stokes problem[J]. Math Model Numer
Anal ,2001,35.945-980.

[8] HE Y,LI K. Two-level stabilized finite element method for the stesdy Navier-Stokes problem[ J]. Computing,2005,74:337-351.

[9] ADAMS R A. Sobolev Spaces[ M]. New York:Science Press,1975.

[ REMIE : fhIAHT ]

— 162 —



