
Numerical solution of the incompressible flow using a
domain decomposition method

Martin Hanek

Czech Technical University in Prague, Faculty of Mechanical Engineering, Department of Technical Mathematics, Karlovo Náměst́ı 13, 121 35, Prague 2

Aims of the work

I The first aim is to develop a numerical method for computational fluid
dynamics employing the extension of the multilevel BDDC method towards
the nonsymmetric systems arising from the discretization of the
Navier-Stokes equations.

I The second aim is to perform missing detailed 3D simulations of the
industrial problem of a flow of oil inside the whole moving hydrostatic
bearings.

Incompressible stationary Navier-Stokes equations

(u · ∇)u− ν∆u +∇p = f in Ω

∇ · u = 0 in Ω

u = g on ΓD

− ν(∇u)n + pn = 0 on ΓN

Finite element method

I Taylor-Hood Q2-Q1 finite elements
I Picard iteration as linearization[
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Subscript 1 - interior nodes, subscript 2 - interface nodes

Interface problem
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I problem (1) solved by BiCGstab with the BDDC preconditioner

Multilevel BDDC for nonsymmetric systems

I preconditioner for (1): MBDDC : rk → uk

residual obtained in the kth iteration: rk = g− S
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I preconditioner setup - computing coarse basis functions Ψi and Ψ∗i[
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I preconditioner action

rki = WiRir
k

coarse problem subdomain problems
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SCuC = rkC
• 2 levels - direct solver

• 3+ levels - repeat BDDC
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Numerical results

I 3D lid-driven cavity
I flow inside the hydrostatic bearing
I computed on Salomon@IT4Inovations

3-D lid-driven cavity
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Comparision of 2- and 3-level method. Mean time for setup, mean time for
the BiCGstab iterations and mean total time (left), mean time for one
iteration (right).
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Comparision of 3- and 4-level method. Mean time for setup, mean time for
the BiCGstab iterations and mean total time (left), mean time for one
iteration (right).

Hydrostatic bearing

Decomposed computational mesh (left) and streamtraces with coloring by
the magnitude of velocity (right)

Conclusion

I multilevel extension of BDDC for nonsymmetric systems
I 3-level faster than 2- and 4-level method
I detailed picture of flow of oil inside moving hydrostatic bearing
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of numerical mathematics 17, pages 77–85. Institute of Mathematics AS
CR, 2015.
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