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In chapter 1 we present a spectral multigrid method for the efficient solution of the unsteady Navier-Stokes
equations in vorticity-streamfunction formulation. For the time-discretization a semi-implicit method is
used. In particular, we employ the second-order backward Euler scheme for the viscous term with an
Adams-Bashforth evaluation of the convective term. For the Stokes equations in streamfunction formu-
lation which leads to the biharmonic problem, we present in chapter 2 a spectral collocation method
with an improved condition number. If N denotes the maximal degree of polynomials, then the condition
number is reduced from O(N8) to O(N4) for large N . The idea is that polynomials fulfilling the Dirichlet
boundary conditions are employed. The biharmonic operator applied to a series of these functions is then
expanded in a series in Chebyshev polynomials. Numerical results are presented which demonstrate the
highly improved accuracy by our stabilized treatment.
In order to solve problems in complex geometries, it is necessary to use a domain decomposition approach.
Here the original domain is decomposed in a finite number of subdomains. At the interfaces of the
subdomains certain continuity conditions have to be required. In chapter 3 different interface conditions for
fourth-order problems are derived. The interface condition which results from the variational formulation
yields a higher accuracy. Finally, we present an interface relaxation method, where different choices of
relaxation parameters are investigated.
In the final chapter 4, a time splitting method for the unsteady Stokes equations in velocity-pressure
formulation is derived. We split the unsteady Stokes problem into a Helmholtz equation for the velocity
and, by using the Uzawa decoupling, into a problem with the pseudo-Laplace operator for the pressure.
We show that the eigenvalues of the spectral pseudo-Laplacian are real and negative. Hence it follows that
our discretization does not introduce spurious modes for the pressure. Furthermore, we present suitable
finite difference preconditioners for the spectral pseudo-Laplacian. Numerical results are presented which
demonstrate the efficiency of finite difference preconditioning.
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