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ABSTRACT

We present reduced basis approximations and associated rigorous a posteriori error bounds for the
parametrized Navier-Stokes equations [1-5]. The first component is real-time prediction: rapidly, uni-
formly convergent reduced basis approximations. The dimension reduction is achieved by Galerkin
projection onto a low-dimensional space associated with a smooth parametric solution manifold, and
by efficient sampling for identification of optimal and numerically stable approximations. The second
component is certainty: rigorous a posteriori error bounds for the errors in the reduced basis approxima-
tion and associated outputs. This requires efficient calculation of the dual norm of the residual and the
necessary stability factors. In both components we exploit affine parametric structure and offline-online
computational decompositions to provide real-time (online) response.

The method is applied to a Boussinesq natural convection problem in a two-dimensional enclosure. Nu-
merical results confirm the rapid convergence of the reduced-basis approximation, and that the rigorous
a posteriori error bounds remain practicable for problems of physical interest.

In general, the reduced basis approach permits rather general geometric parametrizations [3]. However,
for the nonlinear Navier-Stokes equations, geometric variation induces considerable difficulties both
in theory and implementation [1,4]. We therefore also discuss strategies for dealing with geometric
parametrizations of the Navier-Stokes equations, and thereby for increasing the method’s applicability.

REFERENCES

[1] S. Deparis, Reduced basis error bound computation of parameter-dependent Navier Stokes
equations by the natural norm approach, SIAM Journal of Numerical Analysis 46, pp. 2039-
2067 (2008).

[2] D. Knezevic, N.C. Nguyen, and A.T. Patera, Reduced basis approximation and a posteriori
error estimation for the parametrized unsteady Boussinesq equations, submitted to Mathe-
matical Models and Methods in Applied Sciences (M3AS).

[3] G. Rozza, D. B. P. Huynh, and A. T. Patera, Reduced basis approximation and a posteri-
ori error estimation for affinely parametrized elliptic coercive partial differential equations:
Application to transport and continuum mechanics, Archives Computational Methods in
Engineering, 15(4), (2008).

[4] G. Rozza and K. Veroy, On the stability of reduced basis method for Stokes equations in
parametrized domains, Comp. Meth. Appl. Mech. and Eng., 196, 1244-1260 (2007).

[5] K. Veroy and A.T. Patera, Certified real-time solution of the parametrized steady incom-

pressible Navier-Stokes equations: Rigorous reduced-basis a posteriori error bounds, Int. J.
Num. Meth. Fluids. 47, pp. 773-788 (2005)



