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In many engineering applications at high Reynolds numbers, the solution of the Reynolds-
Averaged Navier-Stokes (RANS) equations supplemented with eddy-viscosity turbulence
models is still common practice. In some of these applications, the challenge is no longer the
ability to obtain a solution, but to demonstrate that the numerical accuracy of the predictions
may be reduced to negligible levels. In this paper, we focus on the prediction of the friction
resistance coefficient in viscous flows. Our goal is to assess the influence of the near-wall grid
line spacing and grid refinement level on the numerical uncertainty of the friction resistance
coefficient of two statistically steady test cases:

1. The flow over a flat plate.
2. The flow around a tanker.

The first case is a simple academic exercise that contains most of the relevant features of an
external viscous flow. On the other hand, the latter flow is a standard application of
Computational Fluid Dynamics (CFD) in ship hydrodynamics.

The exercise is performed for three eddy-viscosity models: the Shear-Stress Transport (SST)
version of the two-equation k-@ model [1]; the Spalart & Allmaras one-equation model [2]

and the k — \/ZL two-equation model [3]. The SST model as an awkward boundary condition

at the wall (w goes to infinity), whereas the other two models have all turbulence quantities
equal to zero at the wall.

Two significantly different in-house codes (ReFRESCO and PARNASSOS) are used to
perform grid refinement studies with sets of grids that contain the same number of cells, but
different near-wall grid line spacing. The data available allows a reliable estimation of the
numerical uncertainty of the predicted friction resistance coefficients. The results obtained
with the two codes exhibit similar trends. It is clear that the turbulence model has a significant
influence on the numerical uncertainty of the friction resistance prediction. When the grids are
not too coarse, the near-wall grid line spacing is the most important parameter for the
accuracy of the friction resistance prediction with the SST model. On the other hand, the other
two models do not exhibit such dependence on the near-wall grid line spacing.
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The present exercise represents one more example of the fundamental role of Solution
Verification in CFD. A similar exercise performed with single grid calculations could lead to
totally misleading conclusions.
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