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• Grid Generation tools used

– Gridtool & Vgrid (version 4.1)

 Ref: TetrUSS (S.Pirzadeh, J. Samareh, N.Frink et al., NASA Langley)

 Self Generated Grids 

• CFD solver

– NSU3D (Unstructured, hybrid grid RANS solver, with SA Turbulence)

 Ref: Scientific Simulations (D. Mavriplis)

 Surface grids composed of highly stretched triangulations

 Prismatic cells in boundary layer region

 Tetrahedral cells in flow domain outside of boundary layer

• HiLiftPW-1 cases analyzed

– CONFIG-1 (Slat 30, Flap 25): Coarse, Medium & Fine grids

– CONFIG-8 (Slat 30, Flap 20): Medium grid
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Volume Grid Statistics
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• Grid Convergence

HiLiftPW-1: Grid Convergence

CONFIG-1 : Lift Coefficient
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HiLiftPW-1: Grid Convergence

CONFIG-1 : Drag Coefficient
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HiLiftPW-1: Grid Convergence

CONFIG-1 : Moment Coefficient
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• Surface Pressure Summary (CONFIG-1: Slat 30, Flap 25)

Slat to Main to Flap: Good  to Poor, but never Poor to Good!

Section Cut Slat Main Flap
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• Surface Pressure Summary (CONFIG-8: Slat 30, Flap 20)

Slat to Main to Flap: Good to Poor but never Poor to Good!

Section Cut Slat Main Flap
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• Skin Friction Contours (Alpha=28, CONFIG1, Medium)

Vortical flow separation structures at wing and flap root



• Skin Friction Contours (Alpha=28, CONFIG1, Medium)



• Wing root separation surfaces (Alpha=28, CONFIG1, Medium)



• Wing tip separation surfaces (Alpha=28, CONFIG1, Medium)



• Skin Friction Contours (Alpha=28, CONFIG1, Medium)

Ref: K.C.Wang; Boundary layer over a blunt body at high incidence; Proc. of the Royal Soc. London., 1974

“Open Separation”
Wang 1974



• Exact theory of 3D flow separation

– A.Surana, O.Grunberg & G.Haller (J. Fluid Mech. 2006, vol. 564, pp. 57-103).

– Only 4 possible surface separation patterns from nonlinear dynamic systems theory

Importance of nonlinear dynamical systems theory in uncovering separation structures

S : Saddle

F : Focal

L : Limit Cycle

N : Node



• Skin Friction Contours (Alpha=28, CONFIG1, Medium)

Ref: Exact theory of 3D flow separation; Surana, Grunberg & Haller (Journal of Fluid Mechanics, 2006)
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• Summary & Conclusions

– Force Coefficients

CONFIG-1 Lift & Drag 

 good comparison with experimental results up to stall incidence

 grid refinement shows minimal effect from coarse to medium grids

CONFIG-8 Lift & Drag 

 good comparison with experimental results (despite issues with chordwise load distribution on flap)

CONFIG-1 & CONFIG-8 Moments

 Fair to poor comparison with experimental results

– Pressure plots

CONFIG-1 

Comparisons are good to fair up to section 85 (to section 50 for Alpha=28)

Comparisons deteriorate after section 95

CONFIG-8 

Comparisons are good to fair up to section 85

Comparisons deteriorate after section 95 (from section 85 on flap) 


