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Motivation: Experimental measurements of fluid flows are often sparse, made up of velocity or
pressure measurements taken at discrete spatial locations with gaps between them. This spatial
sparsity limits the accuracy of techniques that seek to infer unsteady forces, energy transfer, or
distill dynamical models from flow data. Sparse datasets drawn from fully nonlinear CFD can be
significantly up-sampled [1]; however, up-sampling real flow physics requires correcting systematic
and random measurement errors. This study will investigate how a Fourier-averaged Navier-Stokes
(FANS) based physics-informed neural network (PINN) up-sampling method performs when faced
with these errors resulting from the particle image velocimetry (PIV) process.

Methods: To produce the ground truth dataset for this work, fully nonlinear CFD simulations
for a circular cylinder in cross flow at Rep = 150 were performed using OpenFOAM, following [2].
The velocity field is approximated in time using a set of 8 Fourier modes, with an L? truncation
error below 0.01%. Particle velocities are interpolated by tessellating the CFD mesh, identifying the
relevant element using a k-D tree, and interpolating using the k-nearest neighbor method. Massless
PIV particles were stepped through time and space using the 4th-order Runge-Kutta method, with
a time step of 1073, Particles were modeled in the synthetic images as Gaussian functions in space.
Vector fields were computed using Lavision DaVis 11.2 with final window sizes from 16 x 16 to
64 x 64 to investigate the averaging effect of PIV window size.

Results and Next Steps: An example vorticity field from the synthetic PIV data with a window
size of 32 x 32 and its difference relative to the DNS vorticity are shown in Figure 1. Uncorrelated
noise is added to the synthetic PIV vector fields, and up-sampling will be performed using data
assimilation, following [1]. The up-sampling error for different noise levels will be evaluated by
comparison with the underlying DNS dataset.
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Figure 1: (a) Instantaneous vorticity contour from synthetic PIV, (b) difference from DNS vorticity.
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