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Computation of the Slow Viscous Flow about a Normal Plate
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Abstract

An accurate analysis procedure to solve the flow about a flat plate at various incidences has
been developed. The Navier-Stokes equations of stream function and vorticity form are solved in
a sufficiently large computational domain, in which the grid lines are mutually orthogonal. The
details of the flow near the singularity at the tip of the plate is well captured by the analytic
solution which is asymptotically matched to the numerically generated outer solution. The
solution for each region is obtained iteratively : the solution of one (inner or outer) region uses
that of the other as the boundary condition after each cycle. The resulting procedure is accurate
everywhere and also computationally efficient as the singularity has been removed. It is applied
to the flat plate for a wide range of Re ; the results agree very well with the existing computation

and experiment.
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Fig. 4 Comparison of vorticity values between ana-
lytic and numerical solutions near the tip
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Table 1 Coefficients calulated from iterations

A, By A A, B, Rel. Err.
Re=1 -0.885 -0.106 -0.0004 0.0377 0.0014 0.0137
Re=3 -1.094 -0.256 -0.0017 0.0550 0.0104 0.0161
Re=5 -1.338 -0.402 -0.0027 0.0742 0.0258 0.0187
Re=10 -1.754 -0.708 ~0.0040 0.1183 0.0816 0.0268
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Table 2(a) Comparison of strength of separation

bubble
Re Simple |Hudson & Dennis| Matched
1.0{0.247%x107° 0.48%1073 0.477x107°
3.0/0.196x107* - 0.403x 1072
5.0/ 0.117x107" 0.11x107" 0.103x107!
10.0{0.380x 107" 0.38x 107" 0.348x 107!

Table 2(b) Comparison of length of separation
bubble
Re Simple [Hudson & Dennis| Matched
1.0 0.285 0.45 0.418
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