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Background
ÅDiscussion of the issues in physical modeling
ÅTurbulence, not transition

ÅEmphasis on aircraft, and trend towards Certification by Analysis
ÅBetter, faster designs with less wind-tunnel time and no surprises

ÅCruise condition under rather good control
ÅEven buffet prediction is not impossible

ÅIŀǊŘ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ŜƴǾŜƭƻǇŜΥ ƘƛƎƘ ƭƛŦǘΣ ǎǘŀƭƭΣ ƘŜƭƛŎƻǇǘŜǊǎΣ ƭŀƴŘƛƴƎ ƎŜŀǊΧ

Å2030 Roadmap was defined in 2014, with the following highlights:
ÅImproved Reynolds-Stress models, 2018
ÅDecision on continuing RANS research, 2019
ÅHybrid RANS-LES of high lift at flight Reynolds number, 2020
ÅLES of high lift at flight Reynolds number, 2021
ÅDemonstration on exascalemachine, 2023
Å30 exaflopsby 2030
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Achievements, 2014 to 2019
ÅReynolds-Stress Models established in DLR and NASA codes.
ÅIƛƎƘƭȅ ŀŎŎǳǊŀǘŜΚ bƻΦ w{aΩǎ Řƻ ƴƻǘ ŎƻƴǎƛǎǘŜƴǘƭȅ ƛƳǇǊƻǾŜ ƻǾŜǊ ŜŘŘȅ-viscosity 

models
ÅEspecially SARC-QCR (-:

ÅConvergence can be difficult
ÅModels are almost static
ÅBrief efforts by Rumsey and Spalart to alter SSG part not fruitful
ÅSee Eisfeld papers at this meeting

Å¢Ƙƛǎ ŀǇǇŜŀǊǎ ǘƻ ǎŜǘǘƭŜ ǘƘŜ άнлмф 5ŜŎƛǎƛƻƴ DŀǘŜέ

ÅThe Turbulence Modeling Benchmark Discussion Group, in a white 
paper, objects to stopping RANS research (AIAA-2019-0317, Bush et al.)
ÅCost of turbulence-resolving methods
ÅWide expectations that Artificial Intelligence will revolutionize RANS field

ÅSteady RANS models and codes plagued by multiple solutions
Å²ƻǊǎǘ ǎȅƳǇǘƻƳ ƛǎ άǇƛȊȊŀ ǎƭƛŎŜέ ǿƛŘŜ ǎŜǇŀǊŀǘƛƻƴ ōŜƘƛƴŘ ǎƭŀǘ ōǊŀŎƪŜǘǎ
ÅInsensitive to model and algorithm, much more sudden than in wind tunnel



5

Steady RANS

solution 1
Steady RANS

solution 2

AIAA 2018-1037. Cary, Mani, Yousuf, & Li

JAXA test

ÅThe key question: can RANS models be made to work well enough?

ÅThe phenomenon appears to be spurious, or at least premature

ÅIt cuts across turbulence models and codes

ÅLǘ ƛǎ ŀƎǊŜŜŘ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ƎǊƛŘ ŎƻƴǾŜǊƎŜƴŎŜΣ ōǳǘ ƎǊƛŘ ŀŘŀǇǘŀǘƛƻƴ ŦŀƛƭŜŘ ǘƻ ǎǳǇǇǊŜǎǎ ƛǘ

ÅLǎ ƛǘ ŀ άǊƻōǳǎǘ ŎƻƴǎŜǉǳŜƴŎŜέ ƻŦ ǘƘŜ ǎǘŜŀŘȅ w!b{ ŜǉǳŀǘƛƻƴǎΚ

ÅDo the modelscause it, or are they only too weak to suppress it?

ÅLǎ ǘƘŜ ōǊŀŎƪŜǘ ǊŜƎƛƻƴ άǾƛƻƭŜƴǘƭȅ о5Σ ŜǎǎŜƴǘƛŀƭƭȅ ŎƻƴǾŜŎǘƛƴƎ ŀƴŘ ǊƻǘŀǘƛƴƎ ǾƻǊǘƛŎƛǘȅΚέ

The Slat-.ǊŀŎƪŜǘ tǊƻōƭŜƳ όάtƛȊȊŀ {ƭƛŎŜέύ 



Pressure-Gradient Term in Momentum Equation

Time-average of a URANS



Reynolds-Stress Term in Momentum Equation

Time-average of a URANS



Turbulence Models in Simple Flow

Figure from TMR
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Preliminary Success of DDES at 3rd High-Lift Workshop

DDES

snapshot

DDES

averaged

AIAA 2018-1037. Cary, Mani, Yousuf, & Li

JAXA test

ÅTurbulence-resolving approaches appear immune to pizza slice issue
ÅDES, WMLES, LBM-VLESΧ

ÅThey tend to give better lift than RANS near Clmax



Rotation/Curvature Corrections and Vortices
ÅtŀǇŜǊ ōȅ {ǇŀƭŀǊǘ ŀƴŘ DŀǊōŀǊǳƪ ƻƴ άƳŀǘǳǊŜ ǾƻǊǘƛŎŜǎέ

ÅTypical RANS models sustain turbulence: ’ᶿɜ

ÅThe flow develops a circulation overshoot
ÅDue to conserving angular momentum
ÅAs shown by Govindaraju& Saffman, in 1971

ÅThe overshoot means the creation of opposite 
vorticity, which seems unphysical
ÅThe vorticity is also discontinuous (in RANS)

ÅSARC and SSTRC suppress the eddy viscosity
ÅSA-R reduces nt, but does not go fully laminar

ÅGeorge Huang has a stronger version of SA-R
ÅIt is better in the vortex, and rotating pipe

ÅThis validation case seems clear, although not major
Å¢Ƙƛǎ ƛǎ άŎƭŀǎǎƛŎŀƭέ ǘǳǊōǳƭŜƴŎŜ ƳƻŘŜƭƛƴƎ
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2014-2019 Activity: Wall-Modeled Large-Eddy Simulation



SGS Eddy Viscosity of VremanModel
ÅWork of O. Lehmkuhl, Alya code


