


4.3 Numerical experiments
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Figure 4.3.6: Lid-driven cavity flow: The first Moffatt eddy in the lower left corner when
p=qg=2and h =1/128.
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Figure 4.3.7: Two-sided lid-driven cavity flow: Streamlines and pressure of the numerical so-
lution for p = ¢ = 3 and h = 1/16 (left), and the divergence of the discrete velocity field
(right).
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Chapter

Conclusion

In this thesis we have seen how boundary value problems for partial differential equa-
tions can be solved numerically using isogeometric analysis, where we use B-spline
basis functions, or more generally NURBS, both to express the geometry of the prob-
lem and as a basis for a finite element approximation. We have taken a close look at the
construction and theory of splines and NURBS, including methods of basis refinement
that make it possible to keep the exact geometry while the finite element spaces are
refined. This is in contrast to classical finite element methods, where the geometry of
the problem is often approximated using better approximations as the solution space is
refined, thus changing the geometry during refinement.

Challenges regarding implementation have also been addressed, and a numerical
solver of the two-dimensional Poisson problem has been implemented and tested us-
ing MATLAB. The Poisson problem serves as a model problem, and the numerical
solver can be extended in many ways. Both more general boundary conditions and the
multi-dimensional case can be handled without too much trouble, and the method and
implementation is a great foundation for solving other partial differential equations.

Finally we have considered a method for numerically solving the Stokes problem
for incompressible fluid flow, using divergence-conforming spline spaces. We have
seen that this method gives a discrete velocity which is pointwise divergence-free, so
the numerical solution satisfy mass conservation in an exact sense which is important
in many applications. The method also displays very good stability and convergence
properties.

Our results show that NURBS basis functions appear to work well in a finite element
setting, and that they make it possible to use exact geometry throughout the analysis.
We have also shown that isogeometric analysis provides great flexibility when it comes
to refinement of the basis, in that we can control both polynomial degree and continuity
in a very natural way. We have seen that this flexibility allows for the construction of
compatible discrete velocity and pressure spaces for the Stokes equations, preserving
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the structure of the continuous problem and providing a stable numerical method. The
convergence properties of this method have been investigated numerically, with very
good results for the numerical velocity solution but a reduced convergence rate for the
pressure solution which is accounted for. The method has also been tested on benchmark
problems, and the results confirm the stability of the method.
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