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Summary of cases completed: GGNS, SA-QCR

Case (HL-CRM)

Alpha=8,

Fully turb, grid study

Alpha=16,
Fully turb, grid study

Other

la (full gap) yes yes
1b (full gap w adaption) yes yes
1c (partial seal) yes yes
1d (partial seal w adaption) yes yes
Case (JSM) Polar, Fully Polar, Polar, w Other

turb specified transition

transition prediction

2a (no nacelle) yes no no
2b (no nacelle w os no no
adaption) y
2c (with nacelle) yes no no
2d (with nacelle w es no no
adaption) y

3

yes

Other

adapted
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Summary of code and numerics used

GGNS! (General Geometry Navier-Stokes)

1 Tet-only unstructured grids

1 Stabilized finite-element SUPG, second order

I Exact Jacobians, Newton-Raphson algorithm

1 Linesearch. Time marching to steady state

1 PETSc framework for linear and non-linear solvers

1 Machine-zero converged steady state solutions

1 Fully turbulent solutions : SA-QCR turbulence model

EPIC? (Edge Primitive Insertion and Collapse)
1 Anisotropic metric-based tetrahedral grid adaptation

1 Utilizes edge based operators to coarsen/refine surface and volume
mesh to match a target metric field

1 Metric field derived from solver error estimate

1) Kamenetskiy, D. etal., A N u mividenace aflMultiple Solutions for the Reynolds-Averaged Navieri Stokes
Equat iARA 3ourral Vol. 52, No. 8 (2014), pp. 1686-1698

2) Micha, T. and Krakos, J., fAAnisotropic Mesh Adaptation through
2012-159, 2012
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Brief overview of grid system(s)

Grid System Case(s) If committee grid, report any problems/issues

If user grid, reason for generating grid system
Committee (B1-HLCRM_UnstrTet_PW) 1a, 1c No solver problems/issues
User (a-HLCRM_AdaptedTet_EPIC) 1b, 1d Generated adapted grid system for each geometry/AOA
Committee (C1-JSM_UnstrTet_VGRID) 2a, 2¢ No solver problems/issues
User (JSM_AdaptedTet_EPIC) 2b, 2d Generated adapted grid system for each geometry/AOA

Committee Grids (B1-HLCRM and C1-JSM)
1 B1-HLCRM i1 fixed grid family of grids (Pointwise)
I C1-JSM 1 single fixed grids for Nacelle on/off geometries (VGRID)

Adapted Grids
Adapted to Mach Hessian, directly on IGES geometry
Fully automated family of grids from initial grid and geometry

HLCRM Geometry Issues \_b

1 Highly resolved definition of Wing/Body fairing T high computed curvature

ITri mming curve offset (0.020) between
1 inboard flap lower surface and sides

~

I slat trailing edge and slat upper/lower surfaces
I Offset issues were introduced during geometry prep, corrected and rerun
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Example Adaptation Sequence
JSM case2d, Mach 0.172, Re=1.93M, a=14.54° Grid Level O

A Start with coarse initial grid

A Generate solution and error estimate

A Derive anisotropic sizing field that
distributes mesh DOF to equilibrate
error over domain

Initial Mesh Nodes=678K

s
et
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Example Adaptation Sequence
JSM case2d, Mach 0.172, Re=1.93M, a=14.54° Grid Level 9

JSM Nacelle On, M=0.172, Re=1,93M
Adapted Grid Convergence - Lift

CL

0 10 20 30 40 50 60
DOF (Million)
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Example Adaptation Sequence
JSM case2d, Mach 0.172, Re=1.93M, a=14.54° Grid Level 12

JSM Nacelle On, M=0.172, Re=1.93M
Adapted Grid Convergence - Lift

CL
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DOF (Million)
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