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Industrial Motivation Cﬁcﬂjﬂgﬁfg

High-Order CFD targeted for high fidelity simulations

Aerospace

- wing transition,

- hightlift devices

- engine noise

- landing gearaeroacoustics
Automobiles/Trucks

- full vehicle aerodynamics,
- mirror, window, sunroof aeroacoustics,

- HVACfans, ducts, nozzlesirbochargers
Combustion

- gasturbine, reciprocatingengine
Nuclear (steam line/Jjunctions, etc.)
Wind turbines

Numerical solution of (unsteady) turbulent flows requires
- Accuracy ( +energy conservatiojrealizability)

- Robustness (large industrial meshes

- Efficiency (CPU, 16100 k cores)
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STAR-CCM+, cellcentered FV solver of arbitrary cells
Two Solvers:
Coupled approximat®iemann solver for all flow regimes
Segregate®hie-Chow SIMPLE or PISO based solver
LeastSquares gradient reconstruction with higtelity gradient limiters
Preconditioningand other algorithm enhancementshah-fidelity simulations
BDF 2 and optimized BDF2 (with reduced numerical ernmplemented
LES models (WALESmagorinskyand dynamic&Smagorinsky

Convective flux:
2nd Order Upwind scheme
2nd Order Bounde€eCD (hybrid)
34 Order MUSCL/CD scheme (hybrid)

« « DNS (Wray, 1997)
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blending based on local smoothness indicatoNvdiemalisedVariable DiagramDarwishet al.)



Inviscid Vortex Transport

“Slow vortex™: M., = 0.05, 3 =1/50, R = 0.005.
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Solution
T=50

12& 2nd-O upwind  12& 39-O MUSCL/CD

2562 2"d-0O upwind 256 39-O MUSCL/CD

512 2.0 upwind 512 39-O MUSCL/CD




Inviscid Vortex Transport
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_ . Isosurfaceof vorticity magnitude coloured byertical vorticity
‘Evolution ofquantities
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Initial Conditions:

u = Vpsin (%) COoS

I .
v = —V,cos (E) si

w = 0, Animation from PatrickvicGah
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DNS of Taylor-Green Vortices at Re=1,600 @?D-adapco@
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Contours ofdimensionlessorticity magnitudeby b L , atx& -“ 0 andt, = 8.

128 2"d-O upwind 128 39-O MUSCL/CD

Spectral DNS
(Van Rees et. al, 2011)

256 2n-0O upwind 256 39-O MUSCL/CD



