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Approaches to Efficient Numerical Computations for Flow around an Airfoil
by
K.Matsuno!, Y. Nakagawa!, T.Hirose!, J.Yanagihara!, and N.Satofuka!

Abstract

This paper describes four results of CFD approaches on the analysis of flow around an airfoil: a
new upwind formulation for hyperbolic grid generation, the Euler/Navier-Stokes zonai-hybrid ap-
proach for efficient transonic airfoil computation, and MAC computation of a multi-elment airfoil
flow. The first result is the new formulation on hyperbolic grid generation method. We introduce
the upwind formulation with the MUSCL-type high-order interpolation technique for the hyper-
bolic grid generation. It is shown that the method can generates a grid of excellent orthogonality
and robustness without any user-specified dumping parameters. The favorable effect of the grid
orthogonality on the convergence rate of the iterative method is demonstrated using numerical
computations of transonic airfoil flows as the second result. To save cpu time, the Euler/Navier-
Stokes zonal hybrid method is used. In the present approach, the minimum region where the flow
has to be treated as viscous flow is investigated. The final approach is the computation of incom-
pressible flow around the muiti-element airfoil. The MAC method described in general curvilinear

coordinates is applied with special treatment of solid boundary condition.
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Figure 1: First-order upwind scheme.
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Figure 2: High-order upwind scheme.
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Figure 3: Grid around airfoil with spoiler.
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Figure 6: Comparison of convergency history
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Figure 7: Difference between full NS and Euler/NS-
hybrid solutions
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Figure 8: Euler/NS zonal boundary and entropy con-
tours.

WTHEER L OEFRARERNRY —FTAEREREL
Too HOITERMMRY —FAEREBRTRL, EHRE(
ER) LYV —F A7) v PR (— RS8R LoREE
HOEEHRATRT, £/, RAOLOEHEE»HOER
BELEDOHEBER 10T, LLEOERNL, Kt
KX 5 %REEEEOEFSFETCETI+aTHE b
M5, FRIX T 15 ROHARMOEBREONT, 22

——— Hybrid
—-— FullN-S

Figufe 9: Euler/NS zonal boundary and comparison of
the full NS and Euler/NS hybrid solutions

x/C

Figure 10: Comparison of Cp distributions.
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Figure 11: Mesh topology

Figure 12: Grid for four-element airfoil
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Figure 13: Pressure contours around multielement air-
foil, Re=100.
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