Table of Contents

I. INTRODUCTION ...
II. PREPARATORY WORK ........................
Task 1: Subgrid models . ......... ... . ... ... i
1.1 Summary of work progress............. ... .. . i,
1.2 Task 1.1: Grid generation. ........... ... nn..
Unstructured grids. ... ...
Structured C-grids. .. ..ot e
1.3 Task 1.2: Generation of database with DNS................
1.4 Task 1.3: Development and evaluation of subgrid models in
simple configurations ............ .. ... . i i,
Evaluated subgrid-scale models. . ........ ... ... ... ...
1.5 ConcluSion . .......uuiiuiitin it e
Task 2: Near-wallmodels ........... ... ... . ...
2.1 Introduction ...............ioiiiiii e
2.2 Overviewof Research .......... ... ... .. ... ... .. ... ...
2.3 Chalmers . ... .t e
The Hybrid LES-RANS model. ......... ... ... ... .. ...
24 CERFACS. ... e
2.5 University of Karlsruhe ...... ... .. ... ... ... .. ...
26 UMIST/QMW ..o e
2.7  Conclusions and Overall assessment . .....................
Task 4: Numerical methods ................. e
3.1 Introduction ............iuiiiiii e
3.2 Contribution by Chalmers ............... ... .. coovian..
Performance Assessment. .. .........uuuiiinninnne...
Speed-Up. ...t e
Deferred correction. ... ... ...t
PISO and SIMPLEC. ... ... . e
Spatial Discretisation . ........ ... ... . i i
3.3 Contribution by Fluent .............. ... ... . ... ... .....
Performance Assessment. .. ..........ouuiiiiiiiinen. ..
Discretization Scheme. .......... ... . . i
AcCuracy assessSment. « ... .....ouuuiiaiiii i
Velocity Profiles. . ...
3.4 Contribution by University of Karlsruhe...................
Fourier solver for the p’ equation. ........................

Implications of 2D /3D Zonal refinement method on Fourier
SOLVEL. . o

63
65
65
65



3.5 Contribution by ONERA ...... ... .. oo it 67

3.6 Contribution by University of Surrey...................... 68
3.7 Contribution by UMIST ........ ... .. .. ... it 69
Solution of momentum equations. ........................ 69
Time-step control. ... 69
The pressure equation. ... ..., 69
Domain decomposition and parallelization. ................ 70
Partial diagonalisation........... ... ... ... . . L. 70
Multigrid algorithm. ....... ... ... ... . 70
Performance Assessment. .. ...........co. i, 70
3.8 Achievements and recommendations ..................... 71
III. THE AIRFOIL INVESTIGATIONS ........... 73
Task 5: Airfoil Computations ..., 75
4.1 Introduction ............ .ot 75
The Principal Airfoil Geometry. ........ ... ... .. ... .. 75
Common Mesh. . ... ... .. 77
4.2 Contribution by Chalmers ......... ... ... ... ... ... ... 80
Numerical Method. ....... ... . ... . 80
Boundary Conditions. ......... ...t 80
Convergence Criteria. .........oovuneininnnnineaann.. 81
CompPUEAtIONS . . . vt et et 81
COnCIUSIONS. . . vttt et e 94
4.3 Contribution by Alenia. ........... ... .. i i 97
ObJECtIVES. ottt et e 97
Numerical method. ........ ... .. ... .. . i 97
Turbulence models. ........ ... i 98
Steady flow computations. ........ ... ... .. . i i 98
Unsteady RANS computations. ...................... ... 101
Conclusions. . . ... PP 103
Recommendations for future work.............. ... .. .. ... 103
4.4 Contribution by CERFACS ........ ... .. . o i, 105
Introduction. . ............ i e 105
Numerical schemes. ... ........ . i 106
Wall functions. . ..ot 107
Airfoil Calculations .........vviiiiie i 107
ConClUSIONS. . . ottt 118
4.5 Contribution by Dassault-Aviation ....................... 119
Description of the Navier-Stokes code. .................... 119
Towards LES. . .. .o 122
Application to the A-airfoil. ............ ... . ... ... ... ... 124
Comparison of LES results using different SGS models.. .. ... 126
Comparison between RANS and LES...................... 130
ConCIUSIONS. « v vttt et et 133

4.6 Contribution by FLUENT . ... ... .. ... ... .. .ot 135



Introduction. ...... ... e 135

Model Description. ......... .. i 135
The MeSh. . ..ot e e 137
Numerical Details. . ..........c i 139
ReSULES. .« oot e 140
ConClUSIONS. . .ottt 147
4.7 Contribution by University of Karlsruhe................... 148
LES resolution requirements. . .................ouiiiaiann 148
Computational Efficiency. ......... ... .. .. . .. . L. 149
Transition modelling. ........... ... .. . i i i 150
Airfoil calculations. ... ... ..o 154
ConClUSIONS. .« .\ttt ettt e 165
4.8 Contribution by ONERA ... .. ... .. .. ... .. 167
Introduction. ........ ... . it 167
Simulation method. . ...... ... ... ... . 167
Subgrid Scale Modelling. .......... ... . ... . ... 167
Euler Flux Discretization. ......... ... ... 168
2D /3D coupling method. .............. .. ... o 169
Computational Setup. .. ... ...t 170
Results and Discussion .. .......ovvtneii e 173
ConCIUSIONS. .« o\ttt ittt e e e e e e 182
4.9 Contribution by QMW ... ... ... 184
OVOTVIEW. o\ttt e e e 184
The Numerical Method. ........ ... .. .. ..., 187
Simulations and Results. ....... ... .. ... ... ... .o 190
COnCIUSIONS . v vttt et e e 198
IV. LESSONS LEARNED ........................... 201
Synthesis of the Airfoil Flow Simulations....................... 203
5.1 Common Mesh Comparisons .. ... B 203
5.2 Trailing edge geometry . ... 207
5.3 Final Results Comparisons .......... ..o, 208
5.4 Subgrid-Scale Modelling .. .......... ... ... ... ... 216
5.5 Near-Wall modelling . ......... ... . .. 217
5.6 Transition Treatment ..............ooiiierinnaan. 219
5.7 Synthesis conclusions .............. .. .o i 220
V. CONCLUSIONS AND OUTLOOK ............. 223
VI. REFERENCES ... ... .. . 233
VII. ADDRESSES OF PARTNERS ................ 241

X1



2 Springer
http://www.springer.com/978-3-540-00533-9

LESFOIL: Large Eddy Simulation of Flow Around a High
Lift Airfoil

Results of the Project LESFOIL Supported by the
European Union 1998 - 2001

Davidson, L. Cokljat, D.; Fréhlich, J.; Leschziner, M.A.;
Mellen, C.; Rodi, W. (Eds.)

2003, X, 248 p., Hardcover

ISBM: 978-3-5340-00533-9



