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Abstract

Most computational fluid dynamics (CFD) codes are based on Eulerian representations, where the equa-
tions are discretized in a fixed frame of reference through which the fluid flows. A common aspect of this
approach is that the solution is typically represented on a fixed grid, or mesh, comprising nodes where solu-
tion values are represented. Differential operators are approximated by relationships between neighboring
nodal values. These approaches can be quite efficient both for forward operator evaluation (e.g., differen-
tiation) and for system solution (e.g, solving a Poisson problem, which is usually done iteratively for 3D
problems). Post-processing quantities, such as drag, heat-transfer coefficients, and turbulence statistics, are
also readily accessible with this Eulerian-based representation as one can use the mesh-based representation
to evaluate gradients, boundary integrals, and volume integrals.

There are many instances, however, where there is a distinct need to evaluate off grid quantities. Ap-
plications include overset grids, particle tracking, and numerous solution [1, 2? ], interrogation techniques
such as profile plotting and 2D slices through the domain for visualization or spectral analysis of turbulent
flows. Such applications require general, unstructured, interpolation from a predefined set of mesh points
to an arbitrary array of values.

In this talk, we present a fast and robust GPU-enable interpolation utility for NekRS, a spectral-element,
Navier-Stokes solver [3]. This utility is based on the findpts and findpts eval routines from the gslib
library [4]. We address GPU performance issues, parallel scalability, and relative per-point costs of general
interpolation versus Navier-Stokes time advancement. We illustrate the utility of this routine for an overset
grid application and for Lagrangian particle tracking.
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