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The unstructured grid has a good flexibility for a complex geometry, and aready its usefulness has been demonstrated for full aircraft
computations. In the three-dimensional, high-Reynolds number viscous flows, the very fine and stretched grids are required to resolve
accurately thin boundary layers developed aong the body surface. In this paper, three-dimensional RANS (Reynolds-Averaged Navier-
Stokes) computations are carried out in transonic (freestream Mach number M,, =0.84) and high Reynolds number (Re=1.0, 2.0 and 60.0x
10° flows around ONERA Model M5 configuration using hybrid unstructured grid method together with Spalart-Allmaras one-equation
turbulence model. With respect to wing surface pressure distributions, CL-a , CL-CD and CM-CL curves and transition locations, the
present computed results are quantitatively compared with other computed results and wind-tunnel experiments. Especidly, the drag
estimation is improved by the high resolution on wing leading edge surface grids, the extension of Normalized Unstructured Method and the
optimization of transition parameters, C; and C, in the Spaart-Allmaras one-equation model.
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Far-field view

Close-up view near ONERA Model M5 configuration

a Re=10,2.0x 10° 593,397 nodes and 1,492,336 elements
Layer region 3,882 tetrahedrons, 982,530 prisms, 4,029 pyramids and 426 tents, Non-Layer region 501,469 tetrahedrons

Far-field view Close-up view near ONERA Model M5 configuration

b Re=60.0x 10° 803,046 nodes and 1,912,453 elements
Layer region 3,750 tetrahedrons, 1,394,453 prisms, 3,818 pyramids and 422 tents, Non-Layer region 501,469 tetrahedrons

Fig.1 Hybrid unstructured grids on the half model of the ONERA Model M5 configuration.
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Fig.3 Body surface pressure distributions of ONERA Model M5 configuration at M, =0.84, a =-1.0° and Re=1.0x 10°.
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Fig.4 Comparison of wing surface pressure coefficient distributions between computed and experimental results
atM,=0.84, a =-1.0° and Re=1.0, 2.0, 60.0x 10°.
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Fig.5 Comparisonof CL-a curves between computed and experimental results at M., =0.84 and Re=1.0, 2.0x 10°.
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Fig.6 Comparison of CL-CD curves between computed and experimental results at M., =0.84 and Re=1.0, 2.0x 10°.
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Fig.7 Breaskdown of pressure and friction drag component for total
drag coefficient at M, =0.84, o =-1.0° and Re=1.0x 10°.
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Fig.8 Effect of remedy
estimation at M_,=0.84, a =-1.0° and Re=1.0x 10°.
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Fig.9 Comparison of CM-CL curves between computed and experimental results at M., =0.84 and Re=1.0, 2.0x 10°.
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