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Different simulation methods

● Trade-off between flow details and 
computational cost
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RANS turbulence modeling
“How do we get the Reynolds stress tensor?”

Reynolds-Averaged Navier-Stokes (RANS):
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RANS turbulence modeling
“How do we get the Reynolds stress tensor?”

Reynolds-Averaged Navier-Stokes (RANS):

Very important for getting good results!
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History of RANS turbulence models

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
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Categories of RANS turbulence models

“Realism”

“Linear EVMs”

“Non-linear EVMs”

“Algebraic RSMs”

“Explicit ARSMs”

“Differential RSM”
Similar to Gatski & Jongen (2000)

Cost (and proneness to 
numerical instability)
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Wallin & Johansson (WJ) EARSM

● What are the advantages of WJ-EARSM?
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Linear EVM WJ-EARSM

Anisotropic freestream turbulence

Secondary flows

Counter-gradient heat flux

Realizable turbulence Some

Sensitive to rotation Very few
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Linear EVM vs WJ-EARSM

Scale-determing model

Boussinesq constitutive model

Linear EVM
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Linear EVM vs WJ-EARSM

Scale-determing model

EARSM constitutive model

The function, f2, in EARSM:
● Wallin & Johansson (2000)
● Baungaard, Wallin, van der Laan and Kelly (2022)

Boussinesq constitutive model

WJ-EARSM
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Anisotropic freestream turbulence

Anisotropy: What is the distribution of TKE among its components?
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Anisotropic freestream turbulence
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Realizable turbulence

Realizable: The Reynolds stress tensor has limits.
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Realizable turbulence

Realizable: The Reynolds stress tensor has limits.

Unrealizable!
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Realizable turbulence

Realizable: The Reynolds stress tensor has limits.
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Disk-averaged recovery (single turbine)
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A row of turbines
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Lillgrund wind farm

LES (Sood et al. 2022)RANS (     ) 
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RANS (WJ-EARSM)
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Conclusions and perspectives

● The WJ-EARS model can be used for wind farm simulations
– More physical effects can be captured
– Small computational overhead
– Numerically stable
– Easy to implement
– Model coefficients
– Validation

14

● There exists an extension of WJ-EARSM for 
non-neutral atmospheric conditions
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