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Separated Turbulent Boundary Layer

® Large Eddy Simulation of a separated turbulent boundary layer with inlet Rey = 1551
® LES with relaxation-term filter™ (Nek5000)
® Domain size: 80699,111 X 106997111 X 5899,in

Ovy  dVigp(x) Ov,

=0

Top BC+: vy = Vigp(2),

oy de 0Oy

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
Streamwise (x)

Synthetic Turbulence . . .
Generator**, Re, = 1551 Positive and negative streamwise velocity fluctuation isosurfaces

* Schlatter, Philipp, et al. "LES of transitional flows using the approximate deconvolution model." International journal of heat and fluid flow (2004).
** Shur, Michael L., et al. "Synthetic turbulence generators for RANS-LES interfaces in zonal simulations of aerodynamic and aeroacoustic problems." Flow, turbulence and combustion (2014).
+ Na, Y., and Parviz Moin. "Direct numerical simulation of a separated turbulent boundary layer." Journal of Fluid Mechanics 374 (1998): 379-405.
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Large-Scale Motions in a Boundary Layer

e (Coherent motions in wall-
bounded turbulent flows

e Characteristics:
o  Size in the order of the boundary
layer thickness
o Large fraction of the turbulent
kinetic energy

o  Significant contribution to
average Reynolds shear stresses

e C(Consist of smaller structures

Positive and negative streamwise velocity fluctuation

(e°g' halrpm VOI'theS) isosurfaces at Reg = 2500
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Model Predictive Control

Observation Grid @ontrelGrid

40

Streamwise

Detect —> Predict —> Actuate Goal
Spatial Taylor’s Solve Optimal Minimize Separation
Smoothing Hypothesis Control Bubble & Control
Effort

Tsolovikos, Alexandros, et al. "Model Predictive Control of Material Volumes with Application to Vortical Structures." ATAA Journal 59.10 (2021): 4057-4070.
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Detecting LSMs
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Predicting LSM Movement

Taylor’s Hypothesis:
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Creating Downwash via Body Force

Obs. Grid Separation 5
& ot —
a0 5 10 s 2 2 % 3 P p o e - " n) uy B;
Body Force Field: e
fy(t,a:,y,z) . —f(t)g(ﬂc,y, Z) \ Gamma (X) &
Power as Control Input: Gaussian (y, z)
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W, Vertical Body Force to Create Downwash
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Where to Create Downwash

Ydes(1)
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Reduced Order Model of Jet Downwash
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* Dawson, Scott, et al. "Characterizing and correcting for the effect of sensor noise in the dynamic mode decomposition." Experiments in Fluids 57.3 (2016): 1-19.
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Where to Create Downwash

e Control Grid
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No Actuation

Fast LSMs
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Targeting Fast LSMs
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No Actuation

Slow LSMs
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Future Work

e Lxplore parametric space:

o Size & location of jet/observation grid/control grid alextsolovikosgithub.io

o Optimal control parameters (Q, R, N)

e Reinforcement learning (model-free) control

o Directly minimize the separation bubble

Observation Grid @GontrelGrid
Jet,

40

Streamwise
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