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Numerical Simulation of Reynolds-Number Effects for Leading-Edge Separation
around Delta Wing
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Abstract

Recent experiments around delta wing in NASA Langrey Research Center show Reynclds-number effects quantitatively. Three one-

equation turbulence models on unstructured hybrid meshes are used and the adaptive grid refinement method with vortex center is

applied for subordinate numerical computation. The modified Spalart-Allmaras turbulence model is found most effective to capture

complex vortex structure.

Not only the volume-mesh refinement but also surface-mesh refinement is found important to capture

Reynolds-number effects around a delta wing with a blunt leading edge.
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(a) Three views.of computational geometry

(b) Expansion view of leading edge

Fig. 1 " Delta wing with blunt leading-edge for numerical sim-

ulation
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(a) Expansion view of coarse surface mesh with adaptive refine-

ment for volume grid as about 95,000 points

(b} Expansion view of fine surface mesh as about 170,000 points

Fig.2 Comparison of unstructured surface mesh at connected

area between leading and trailing edges
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(b) Cells containinig the vor-

a) Refinement indicator usin, . . .
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{c) Crossflow cut of unstructured grid at z/c = 0.6; initial
grid(left) and adaptive grid(right).

Fig. 3 Adaptive refinement
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Fig. 4 Comparison of point number of volume meshes
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(b) Isosurface

Fig. 5 Visualization of eddy viscosity at Re = 6 x 10%; using
the S-A model (left) and using the modified S-A meodel (right)
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(a) Surface pressure distributions; z/c = 0.4
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(b} Surface pressure distributions; z/¢ = 0.6

Fig. 6 Comparison of surface pressure distributions at Re =

6 x 108
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Fig. 7 Surface streamlines (left) and pressure distribution
(right) using the modified S-A model at Re = 6 x 10°

Fig. 8 Helicity contours using the modified S-A model on

chordwise cut view at 24% location that a second primary vor-

tex exists in the experiments
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Fig. 11 Surface streamlines at 6 x 107 using the G-R.model ¢ om PP, %g%%
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(left) and the modified S-A model (right)
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(b) Vortex centerlines using the modified S-A turbulence model

Fig. 12  Vortex centerlines and separation onset points at

6 x 105 (left) and 6 x 107 (right)
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