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Comparison study of CFD high-lift prediction is performed on three-element simplified high-lift wing configurations
using the multi-block structured grid solver UPACS and the hybrid unstructured grid solver TAS-code. The objective
of this study is to assess the numerical prediction capability of current-generation RANS CFD codes in the current
computing environments for conventional swept subsonic aircraft wing in landing/take-off high-lift configurations. In
this paper, the sensitivities of grid density, gridding, and turbulence modeling are shown for the simplified high-lift
wing configurations. The difference of aerodynamic forces between the grid-converged results and results by typically-
used mesh density is clarified by the grid convergence study. It is shown that the flow separation at the trailing edge of
the flap with high deflection angle at a wind-tunnel relatively low Reynolds number condition is largely influenced by
grid resolution on the blunt-trailing edge and turbulence models, and the quantitative prediction is one of the most im-
portant requirements for the reliable force and moment prediction. It is also shown that the prediction of vortex break-
down of the wing-tip vortices and interaction over the wings is also important for the accurate evaluation of the aero-

dynamic characteristics at the present high-lift wing conditions.
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Fig.1 NASA Trapezoidal Wing (Config.1)
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Tablel Summary of structured grids

Cells SurfFaces | BL1stCelSize | GrowthRate | TE Cells
Coarse 1M 0.14M 0.00020]inch] 131 1
Medium 3™ 0.31M 0.00013[inch] 1.20 16
Fine 124M 0.70M 0.00009]inch] 1.13 24

Table2 Summary of unstructured grids

Nodes | SurfNodes | BL1stCellSize | GrowthRate | TE Cells
Coarse 12M 0.43M 0.00020[inch] 131 4
Medium 28M 0.72M 0.00013]inch] 120 4
Fine 72M 1.27M 0.00009]inch] 113 4

(@ Coarsegrid
Fig.3 Surface meshes of structured grid (Config.1)

Hillie

(b) Generated structured grid
Fig.2 Structured grid for config.1 (Coarse grid)

(b) Medium grid

(c) Finegrid
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(c) Finegrid
Fig.4 Cross-sectional views at 50% semi-span of structured grid

Fig.5 Unstructured grid for config.1 (Coarse grid)

(@ Coarsegrid () Medium grid (c) Finegrid
Fig.6 Surface meshes of unstructured grid (Config.1)
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(c) Finegrid
Fig.7 Cross-sectional views at 50% semi-span of unstructured grid

(@ Structured grid (b) Unstructured grid
Fig.8 Grid at the comner of the wing-body junction (Coarse grid)
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Table3 Computational methods

UPACS TAS
Mesh Type Multi-block Structured Hybrid Unstructured
Discretization Cell-centered finite volume Cell-vertex finite volume
Goveming Eq. FullNS Full NS
Flux comp. Roe 3rd-order HLLEW 2nd-order
Limiter (not used) Venkatakrishnan
Time integration MFGS LU-SGS

Turbulence model SA, modified SA modified SA, SST
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Fig. 13  Grid convergence of pitching moment (Config.1)
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Fig. 17 Total pressure distribution and region of vortex
breakdown at the wing tip (¢=28°, Config.1)
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Table4 TE refinement of unstructured grids

TE Refinement scheme Nodes | SurfNodes | TE Cells

No (Before refinement) 6.4M 0.23M i
2-stage for each elements (Baseline) 12m 0.43M 4/4/4
2-stage for slat/main, 3-stage for flap 14M 0.51M 4/4/8
No for slat/main, Isotropic tris for flap 15M 0.60M 1/1/6

TE Cells : Slat/ Main / Flap

Green : Before mesh refinement

Blue : Adopted 2-stage mesh refinement (Baseline)
Red : Adopted 3-stage mesh refinement
(@ Approach with mesh refinement

=

XS Y

Blue : Adopted 2-stage mesh refinement (Baseline)
Orange : Insertion of Isotropic triangles
(b) Straightforward approach
Fig.22 Close-up view of surface grid near flap TE
(Unstructured coarse grid)
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Fig.23 Mesh refinement effect on C -a by TAS
(Coarse grid, Config.1)

S

(@) Before refinement (b) 2-stage refinement

A

(c) 3-stage refinement (d) Isotropic triangles
Fig. 24  Surface restricted streamlines on upper surfaces
(TAS, Coarse grid, Config.1, 0=13°)

Copyright © 2010 by JSFM



5—4. EFRETILOLLE

UPACS & TAS FALEia W TELRET /L DI N & 5 Ehill
179, X 25 ([3ARTEICHE S Ve SA BT VL, TREL
O BB Ol M A AERTRIC A IE SA €TV & DOk,
o=13° ORI TRT. HZIE UPACS &V, &
IEZINZ 720 SA BT NERWEACIT T T v 7 hiGoFIEkE
WAVNE R BFERE 7 ot=. ZHUTK 26 ITRTHEIS, BEED
N SA EF /L TIEAT v hOa—7 oD o — v TS
K&L, BEOBRBROIN D b REWENT T v THhGOHEED
FETHB L TWHEEZBND. K 27 12T a=28° TOEGRTIT
W3V B 2R B E 55T (PrPr.e) &, TR DS A (0.01%U,.) 1 &
BimpEOIRZ R, ELEOME SA T /L L il L CELE
SA ET/VDFHNAT v M CRIRRARE <, WIENFED
FEREATR LT,

(@ Modified SA model (b) SAmodel
Fig.25 Surface restricted streamlines on upper surfaces
(UPACS, Medium grid, Config.1, 0=13°)

(8) Modified SAmodel (b) SAmodel
Fig. 26  Eddy viscosity distribution at 85% semi-span section
(UPACS, Medium grid, Config.1, o=13°)

(@ Modified SA model (b) SAmodel
Fig. 27 Total pressure distribution and region of vortex
breakdown at the wing tip
(UPACS, Medium grid, Config.1, a=28°)
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(@ Modified SA model
Fig. 28 Surface restricted streamlines on upper surfaces
(TAS, Coarse grid, Config.1, 0=13°)

(b) SST model
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Fig.29 Turbulence model effect on C,-a
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