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IMMERSED BOUNDARY METHOD FOR COMPRESSIBLE VISCOUS FLOW AROUND MOVING BODIES

Yong Cho,"

Jogesh Chopra2 and Philip J. Morris’

A methodology for the simulation of compressible high Reynolds number flow over rigid and moving bodies on
a structured Cartesian grid is described in this paper. The approach is based on a modified version of the
Brinkman Penalization method. To avoid oscillations in the vicinity of the body and to simulate shcok-containing
flows, a Weighted Essentially Non-Oscillatory scheme is used to discretize the spatial flux derivatives. For high
Reynolds number viscous flow, two turbulence models of the two-equation Menter's SST URANS model and a
two-equation Detached Eddy Simulation are implemented. Some simple flow examples are given to assess the
accuracy of the technique. Finally, a moving grid capability is demonstrated.
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Fig. 1 Sketch of the immersed boundary points showing grid
points at which the w, condition is applied and
points where the velocity is forced to follow the body
velocity
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Fig. 2 Sketch showing the division of the total grid into
blocks used for determining the distance from
exterior grid points to interior boundary points
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Fig. 3 Velocity vector field (upper) and every fifth point
of the computational grid (lower) for flow around
an NACAOQ012 airfoil (Re~100 and M.=0.3)
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Fig. 5 Comparison of predicted and measured lift and drag
coefficients for an NACA0009 airfoil (Re~10°, Mo
=0.2)
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Fig. 6 Comparison of lift and drag coefficients and pitching
moment with experiments[24] for a pltchlng airfoil (&£
=0.19, a=3.99°+2.31°, Re,~1.976x10°, M~0.289)
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Table 1 Computational grids for grid independent test
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Grid-C | 4x107% | 2x107¢ |  (100+65)x60 | 260x160
Grid-D | 2x10%¢ | 1x10% | (110+80)x120 | 285x230
Grid-E | 1x107% | 5x107 | (120+90)x240 | 310x360
Grid-F | 5x10™ | 2x107c | (155+100)x320 | 360x450
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Fig. 9 Predicted lift, drag and pitching moment coefficients
as a function of the number of grid points in the
airfoil thickness for an NACAO0009 airfoil at 4
degrees angle of attack (mterpolated experlmental
data————; = - a=4°

19
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(M=-0.3) (M=-0.75) (Me=0.75)

Fig. 10 Density contours for an NACAO0015 airfoil in
translation and a circulation cylinder in rotation
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Table 2 Measured lift and drag coefficients for an
NACAO0009 airfoil [Selig et al.[23]] and linearly
interpolated values at a=+4.0°
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