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Can we improve RANS predictions of separation 
in the context of transition?

(Gad-el-Hak 2001)

Turbulent TE bubble

Laminar LE bubble

Hand et
al. 2001
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𝑘𝑘-𝜔𝜔 SST model

• Widely used for separation prediction
• Transport equations for 𝑘𝑘 and 𝜔𝜔
• SST equation for eddy viscosity [1]

• Transport equation for intermittency, which enters 
production and destruction terms for 𝑘𝑘 [2]

[1] Menter et al. 2003
[2] Menter et al. 2015
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Computational Setup

• Nalu-Wind
ohttps://github.com/exawind/nalu-wind 
o Sharma et al. Wind Energy (2024)

Shreyas Ananthan, NREL

https://github.com/exawind/nalu-wind
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Separation model formulation

• Separation criterion

• Proposed composite critical value [1] 
uses intermittency 𝛾𝛾

• Recalibrate eddy viscosity in 
separated regions

• 𝜈𝜈𝑡𝑡 = 𝑎𝑎1𝑘𝑘
𝑆𝑆𝐹𝐹2

• If 𝜆𝜆𝜃𝜃 < 𝜆𝜆𝜃𝜃, c,  𝑎𝑎1 = 𝑎𝑎1, sep

𝜆𝜆𝜃𝜃 = −
𝜃𝜃2

𝜇𝜇𝜇𝜇
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

Turbulent Buri criterion [2]

𝜆𝜆𝜃𝜃,𝑐𝑐 ≡ 1 − 𝛾𝛾 𝜆𝜆𝜃𝜃, c, FS + 𝛾𝛾 Γ 𝑅𝑅𝑅𝑅𝜃𝜃 3/4

Laminar Falkner-Skan criterion

[1] Griffin et al. Proc. of the CTR Sum. Prog. (2024)
[2] Buri Min. Aircraft Prod. (1931)
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Results for a 20% thickness airfoil

Lift Drag Pressure
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Various smooth airfoils

12% thickness 16% thickness 21% thickness 24% thickness
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Various tripped airfoils

20% thickness 21% thickness 24% thickness
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Application to a 3D case with rotation

NREL Phase VI Rotor

Hand et
al. 2001

𝜇𝜇∞= 7 m/s, 𝐷𝐷 = 10.5 m, 72 RPM  
Proposed model improves the 

prediction of thrust
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Conclusions

– Proposed a separation sensor for the SST RANS model
which uses intermittency to switch between laminar
and turbulent criteria

– Improves stall prediction for the flow over transitional
and fully turbulent airfoils

– Improves thrust prediction for NREL Phase VI rotor

For more details: K.P. Griffin, B. Lee, G. Vijayakumar, B. Bornhoft, O.B. 
Shende, M.P. Whitmore. “Pressure-gradient-based RANS model for 
separation in transitional and turbulent flows .” Proc. of the CTR Summer 
Program (2024)
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k-omega SST model

Menter et al. 2003
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1-eqn transition model

Menter et al. 2015
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Smooth and tripped cases

• Sensor works for smooth (transitional) and tripped cases
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Thinner smooth airfoils

12% thickness 16% thickness
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Thicker smooth/tripped airfoils

24% thickness 21% thickness




