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Industrial Motivation 

 

Numerical Schemes 

 

Test Cases: 

Inviscid Vortex Transport 

DNS of Taylor-Green Vortices at Re = 1,600 

LES of a Circular Cylinder at Re =3,900 

 

Conclusions 

Outline 



High-Order CFD targeted for high fidelity simulations 
  

ÅAerospace  

 - wing transition,  

 - high-lift devices 

 - engine noise 

 - landing gear aeroacoustics 

ÅAutomobiles/Trucks  
- full vehicle aerodynamics,  

- mirror, window, sunroof aeroacoustics,  

- HVAC fans, ducts, nozzles, turbochargers 

ÅCombustion  

- gas turbine, reciprocating engine 

ÅNuclear (steam line/T-junctions, etc.) 

ÅWind turbines 

 

Numerical solution of (unsteady) turbulent flows requires: 
Å- Accuracy ( + energy conservation, realizability)  

Å- Robustness (large industrial meshes) 

Å- Efficiency (CPU, 10-100 k cores) 

 

Industrial  Motivation  



STAR-CCM+, cell-centered FV solver of arbitrary cells 

Two Solvers: 

Coupled approximate-Riemann solver for all flow regimes 

Segregated Rhie-Chow SIMPLE or PISO based solver 

Least-Squares gradient reconstruction with high-fidelity gradient limiters 

Preconditioning and other algorithm enhancements for high-fidelity simulations 

BDF 2 and optimized BDF2 (with reduced numerical error) implemented 

LES models (WALE, Smagorinsky and dynamic Smagorinsky) 

 

Convective flux: 

2nd Order Upwind scheme 

2nd Order Bounded-CD (hybrid) 

3rd Order MUSCL/CD scheme (hybrid) 

 

 

Numerical schemes 

blending based on local smoothness indicator via Normalised Variable Diagram (Darwish et al.) 



 

 

Inviscid Vortex Transport  

Initial 

Solution 

T=0 

Solution 

T= 50 

1282 2nd-O upwind 1282 3rd-O MUSCL/CD 

2562 2nd-O upwind 

5122 2nd-O upwind 

2562 3rd-O MUSCL/CD 

5122 3rd-O MUSCL/CD 



 

 

Inviscid Vortex Transport  



Evolution of quantities: 

 

 

 

 

 

 

 

 

 

Initial Conditions: 

 

 

DNS of Taylor-Green Vortices at Re=1,600 

Isosurface of vorticity magnitude coloured by vertical vorticity 

Animation from Patrick McGah 



Contours of dimensionless vorticity magnitude ƅɤ ƅL ùV0  at x= -“ὒ and tc = 8. 

DNS of Taylor-Green Vortices at Re=1,600 

2563 2nd-O upwind 2563 3rd-O MUSCL/CD 

1283 2nd-O upwind 1283 3rd-O MUSCL/CD 

Spectral DNS  

(Van Rees et. al, 2011) 


