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Abstract:

To accelerate flow field calculation, a novel estimation method is proposed in this paper. The basic principle is: first,
decompose a set of sample flow fields into the same number of basis mode flow fields. Then fit each sample flow field
using a few of the basis mode flow fields which contain most characteristics of all samples. Finally, use a surrogate
model to build the fitting function between the fit coefficients and the input parameters which decide the sample flow
fields. The tests about the steady flow fields of airfoils whose shape are different from each other indicate that: under
subsonic conditions, the estimation errors of both surrogate methods would converge with no more than 20 basis
modes. Using more basis modes would not improve the estimation precision obviously. Under transonic conditions,
estimation errors of both surrogate methods would converge when the number of basis modes is 26. Based on the first
10 modes, introducing more basis modes can improve the estimation precision in most areas of the flow field. But it
would bring "noise" shock wave features to the area around the shock wave and decrease the predictive precision at
that area. Under both conditions, the computational efficiency of this new estimation method is two hundred times
better than the high precision computational fluid dynamics (CFD) method.
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