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Exact Fully 3D navier-Stokes Solutions For Benchmarking
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5. DISCUSSION

Although the flow defined by (15) will likely never be physically realized, it is an excellent
numerical benchmark /test case for several reasons. First, since closed-form expressions for the
velocities and pressure are known, individual terms in the Navier-Stokes equations can be
analytically computed and compared with their numerical counterparts. We have found this
capability to be very helpful for debugging purposes. Secondly, this solution can be imposed on
arbitrarily shaped finite domains, permitting effects of mesh distortion to be quantified. Thirdly,
this solution is valid for all Reynolds numbers, so that the effects of Re on the solver can be
assessed simply. Fourthly, as can be seen from Figure 1, the flow field is rather complex and is
not unidirectional, thus providing a ‘challenging’ test case. Finally, although the solution is
constructed so that unsteady and diffusive terms balance, as do connective and pressure gradient
terms, the numerical solver does not "know” that this is the case. Thus (15) provides a robust
test for a solver.
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