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Motivation

ÁDesign more efficient aircraft

ÁActive control systems
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ÁDesign more efficient aircraft

ÁActive control systems

ÁHigh-fidelity modeling of control surfaces



Test case
Benchmark Active Control Technology (BACT) configuration

ÁBACT configuration
ÁNACA0012 wing

ÁTrailing edge control surface + spanwise gaps + 
streamwise gap

ÁUpper and lower spoilers + cavities

ÁExperimental results from NASA 
ÁVarious flow conditions (subsonic to transonic)

ÁVarious control surface deployment angles

ÁStatically deployed control surface

ÁHarmonically oscillating control surface

ÁNO measurements on the spanwise gaps
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Trailing edge 

control surface

Upper spoiler

Lower spoiler

Original configuration



BACT test case
Control surface modeling 

ÁCombination of mesh deformation with sliding interfaces
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Sliding interfaces

όȟ
όȟ όȟ

ς

‬ό

‬ὼ
ȟ

‬ό
‬ὼȟ

‬ό
‬ὼȟ

ς

+Convective fluxes Viscous and turbulent fluxes

Averaged state Adapted Green-Gauß gradient
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+ RBF mesh deformation

*exemplary figure of how RBF works



ÁTurbulence models

ÁSpalart-Allmaras model in the 

negative form (SA RANS)

ÁShear stress transport model in the 

K-g form (SST RANS)
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RANS

ÁTurbulence approach:

Á Improved delayed detached eddy simulation using 

SA RANS as the underlying model (SA IDDES)

ÁSynthetic turbulence is injected at 6 different 

interfaces

ÁWall-modeled LES in the vicinity of the control surface

Hybrid RANS-LES

BACT test case
Turbulence modeling



BACT test case
Mesh generation
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RANS
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BACT test case
Mesh generation
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RANS

22.83 Million grid points



BACT test case
Mesh generation
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HRLES

35 RANS simulations

WMLES resolution [5]
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[5] Larsson, J., Kawai, S., Bodart, J., and Bermejo-Moreno, I. (2016). LES with wall-stress modeling: progress and directions. Mech. Eng. Rev., 3(1), 15-00418. 
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HRLES

BACT test case
Mesh generation
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HRLES

BACT test case
Mesh generation

174 Million grid points



BACT test case
Numerical methods and flow conditions
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ÁTwo static control surface deployments:

ÁCFD solver TAU

ÁRANS simulations 
ÁCentral scheme with added matrix dissipation to discretize the convective fluxes

Á640 processors

ÁHRLES simulations 
ÁHybrid low-dissipation low-dispersion scheme (HLD2) to discretize the convective fluxes:

Á Central scheme with added matrix dissipation in RANS regions

Á LD2 scheme in LES regions

Á Implicit dual time stepping scheme with CFLconv = 1

Á6400 processors



BACT test case
8EST26 ïNormalized streamwise velocity ïInner and outer gaps
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Inner gap

Outer gap



Outer gap
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BACT test case
8EST26 ïNormalized velocity magnitude ïOuter gap
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BACT test case
8EST26 ïNormalized velocity magnitude ïInner gap

Inner gap
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BACT test case
8EST26 ïIsosurfaces with Q* = 60

SST RANS
SA RANS

SA IDDES (averaged) SA IDDES (t = 13 CTU)



BACT configuration
8EST33 ïNormalized streamwise velocity ïInner and outer gaps
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Inner gap

Outer gap



18

BACT configuration
8EST33 ïNormalized velocity magnitude ïOuter gap

Outer gap
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BACT configuration
8EST33 ïNormalized velocity magnitude ïInner gap 

Inner gap


