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. Case 1

« Solver: STAR-CCM+
* Mesh type : Polyhedral Mesh
» Finite Volume Method : Cell centered
+ Inviscid flux : 2nd-order
= Viscous flux : 2nd-order
* Turbulence Model : SST k-w
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CFL : 50

Grid sequencing initialization technique
* Maximum grid levels : 5
+ Maximum iterations per level : 250
« Convergence tolerance per level : 1.0e-4

+ Continuity convergence accelerator technique to improve mass conservation
« Convergence accelerator update frequency : 1
« Under-relaxation factor : 0.05

k-w Turbulence
« Under-relaxation factor : 0.8
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Table-based mesh refinement implemented in STAR-CCM+ is
used for AMR

We carried out the refinement twice to obtain the convergent
solutions
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Adaptive mesh refinement with polyhedral mesh

Variables used for mesh refinement criteria in
a custom field function are:

* Gradient of pressure coefficient
* Range of Mach number

Defined field function

If {WD} > 0.2 then x =2.5/14*{WD} + c0

Else if |grad(Cp)| > 100 or (M > 0.99 and M < 1.01) and {WD} < 0.1 then x=c1
Else if |grad(Cp)| > 50 or (M > 0.97 and M < 1.03) and {WD} < 0.1 then x =c2
Else if |grad(Cp)| > 20 or (M > 0.95 and M < 1.05) and {WD} < 0.1 then = x=c3
Else if |grad(Cp)| > 15 0or (M >0.93 and M < 1.1) and {WD} < 0.1 then x=c4
Else if |grad(Cp)| > 10 or (M > 0.91 and M < 1.2) and {WD} < 0.1 then x=c5
x: Cell size, Cp: Pressure coefficient, WD: Wall distance

c0=0.012, ¢c1 = 5.0e-4, c2 =0.001, c3 = 0.002, c4 = 0.004, c5 = 0.008

= = — —
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Surface mesh adequately resolved to capture shock

C, distribution and mesh on the wing

Pressure Coefficient
-0.49000 ~0.110
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AoA = -1.79 deg

' AoA = 0.32 deg

AoA = 3.55 deg

AoA =5.72 deg

Pressure Coefficient
HES 9 =— s
AoA = 2.47 deg -1.4 1.2
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C, distributions (AoA = 5.72 deg)
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* Modify the mesh refinement criterion

+ Refine the leading edge

» Switch from polyhedral mesh to trimmed mesh
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Before improvement

The variables for the refinement has been changed to
» Gradient of pressure coefficient

* Gradient of Mach number

Cell size distribution at Section E After improvement

Cell size [m]
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Polyhedral mesh with AMR Trimmed mesh with AMR
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= 5im Polyhedral mesh
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Comparison of turbulence models (AoA = 5.72deg) SIEMENS
Good agreement of SST k-w result with the experiment
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* We carried out the calculations with polyhedral mesh and AMR

Cpand C, predictions agreed with the experimental results

C,, prediction deviates at high angle of attack
+ Resolving the leading edges provided better results
+ Prediction significantly improved with trimmed mesh

+ ST k-w turbulence model provided better results than other models
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Wall Y* distribution calculated with trimmed mesh (AoA = 5.72 deg)
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AoA =-1.79 deg AoA = 3.55 deg

AoA =0.32 deg AoA =5.72 deg

Cp
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