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Historic Order of Unsteady ModelsHistoric Order of Unsteady Models

• URANS
– URANS gives unphysical single mode unsteady 

behavior

• LES (Large Eddy Simulation)
– Too expensive for most industrial flows due to 

high resolution requirements in boundary 
layers

• DES (Detached Eddy Simulation)
– First industrial-strength model for high-Re with 

LES-content
– Increased complexity (grid sensitivity) due to 

explicit mix of to modelling concepts

• SAS (Scale-Adaptive Simulation)
– Extends URANS to many technical flows
– Provides “LES”-content in unsteady regions. 

URANS

SAS-URANS
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Two-Equation Model ScalesTwo-Equation Model Scales

Contradiction?

Turbulence ModelInput S

Output ωωωω

Output k

One input scale – two output scales?
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Determination of L in k-ω ModelDetermination of L in k-ω Model

k-equation: 
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• Diffusion term carries 
information on shear-

layer thickness δδδδ

• Finite thickness layer 
required

• No scale-resolution 
inside layer –
independent of level 
of S in shear layer

S~ω from ωωωω-equation

δ
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ω
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Definition of URANS Model?
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Transport Equation Integral 

Length-Scale (Rotta)

Transport Equation Integral 

Length-Scale (Rotta)

• Exact transport equations for ΦΦΦΦ=kL (shear layer):
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Expansion of Gradient FunctionExpansion of Gradient Function

• Important term:

• Rotta:
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• If ζζζζ3=0 - No natural length 
scale

– No fundamental 
difference to other 
scale-equations

Transport Equation Integral 

Length-Scale (Rotta)

Transport Equation Integral 

Length-Scale (Rotta)

• Transport equations for kL:
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• Equation has a natural length scale:
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Virtual Experiment 1D FlowVirtual Experiment 1D Flow

Logarithmic layer Lt=κκκκy
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New Transport EquationNew Transport Equation

• New transport equation for Lk=Φ
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Limitation of Growth by U’’Limitation of Growth by U’’
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Transformation of SAS Terms 

to SST Model

Transformation of SAS Terms 

to SST Model

• Tranformation:
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Cylinder in Cross FlowCylinder in Cross Flow

• Re=3.6××××106

• 3.25××××106 nodes

• cSAS=0.54

• Turbulent boundary layer - RANS

• Detached region – “LES”-like

Isosurface of S2-ΩΩΩΩ2.  Colour: L / D
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1. Provide proper solution in the RANS region

2. Initialise large scale instabilities, sustain energy 
cascade in unsteady regions

3. Provide sufficient energy dissipation of small scales

SAS Requirements

Hierarchical – Priority 1-3Hierarchical – Priority 1-3

SAS: Point 3 must be based on information on grid size 

or the numerical method 

DES: Point 2 and Point 3 are based on grid information

SAS: Point 3 must be based on information on grid size 

or the numerical method 

DES: Point 2 and Point 3 are based on grid information
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Equilibrium “LES” value of µt:
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Numerics dependent – Lvk=0 – contradiction as resolved scales 
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CFX-5 Discretisation – element gradientsCFX-5 Discretisation – element gradients

• Production Pk: 

• SAS-source:

CFX CFX CFX CFX DiscretisationDiscretisationDiscretisationDiscretisation
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• “Central difference” gradients for SCDS in Pk and Lvk gives 
much lower damping for unresolved scales as

SSCDS <
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DHIT tests with CFX-5:

• Comparison of nodal (central) and element based discretisation
of source terms.

Grid 32, t=0.87
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1 10 100k

Ek

Experiment

SAS, element gradient, Fsas=1.25

LES, Cs=0.215

S=S
E
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• Alternative is explicit grid information (does not influence RANS 
solution under grid refinement):
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L L c= ∆ɶ
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Gas Combustor (Swirl)Gas Combustor (Swirl)

• Single burner configuration:
– Swirl burner of an industrial gas 

turbine

– Lean premixed main inlet 
(methane/air, preheated)

– Axial dilution air (preheated)

– Atmospheric pressure

• Experimental data:

– Schildmacher et al. [6], [7]

• 600,000 control volumes 
(3.6x106 elements)
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Partially Premixed Combustion 

Model

Partially Premixed Combustion 

Model

• Reaction progress variable:

– Turbulent flamespeed closure [5]

– Revert to laminar flamespeed for fully resolved limit

• Mixture composition: 

– Blend of fresh and burnt compositions

– Flamelet model with presumed PDF for burnt fraction
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Turbulent StructuresTurbulent Structures

• Non-reacting

– Large characteristic 
structures near vortex core

– Higher eddy viscosity to 
viscosity ratios

• Reacting

– Turbulent structures more 
broadly distributed

– Lower maximum eddy 
viscosity
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Turbulent StructuresTurbulent Structures

• Non-reacting

– Large characteristic 
structures near vortex core

– Higher eddy viscosity to 
viscosity ratios

• Reacting

– Turbulent structures more 
broadly distributed

– Lower maximum eddy 
viscosity
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Flow Field: Non-Reacting FlowFlow Field: Non-Reacting Flow
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Flow Field: Reacting FlowFlow Field: Reacting Flow
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Model validation: CavityModel validation: CavityModel validation: CavityModel validation: Cavity

• Henshaw (2000) 
M219 case (L××××W××××D 
= 5××××1××××1)

• Isosurface
ΩΩΩΩ2−−−−S2 ====105 s-2

• Pressure at K29 
probe

• ~1 million nodes
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Power spectral density at K29, acoustic range

K29 PSD
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K29 SAS-SST, Grid 1

K29 Experiment

Grid 1

• 2 times less CFD
sampling points,
than in the
experiment

• Currently is 
running on grid 2

Model validation: CavityModel validation: CavityModel validation: CavityModel validation: Cavity
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SAS for Ahmed Car, 25° deg slant angle:SAS for Ahmed Car, 25° deg slant angle:

Iso-surface of 

ΩΩΩΩ2 – S2

colored by 
Velocity wStructured grid 

with local 

refinement

~2x106 nodes
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Ahmed Car, 25° deg slant angle:      

Surface Streamlines and Vorticity

Ahmed Car, 25° deg slant angle:      

Surface Streamlines and Vorticity

SST, Lift Force = 9.02 N SAS, Lift Force = 20.77 N
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Rotor 35:  Turbulent Structures in the 

tip vortex predicted by SAS

Rotor 35:  Turbulent Structures in the 

tip vortex predicted by SAS
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ConclusionsConclusions

• Standard two-equation models provide single scale 
through source terms; Length scale proportional to shear 
layer thickness

• Investigation of exact scale-equation shows that second 
derivative of velocity field enters into the equation system

• Current knowledge with new model demonstrates proper 
numerical behavior and numerical results for RANS and 
SAS mode

• SAS-URANS can do many flows previously only 
accessible to DES or LES

• Opens question concerning proper definition of URANS


