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Some examples of applications of separation
and boundary layer control with DNS/LES/DES
In the ONERA applied aerodynamics department
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Outline

Discussion of some issues concerning DNS/LES/DES applied
to flow control

Do we need a realistic modelling of the actuator ?
Synthetic jets
Active wall

What is the most efficient frequency ?

2D case
3D case

Is URANS good enough ?
Additional constraints brought by actuators in simulations
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Do we need a realistic modeling of the act I

Blowing/suction vs wall deformation TSI,
V = V,.sin(w)

Blowing/suction BC condition:

u=w=20

dp/dy = -r .dv/dt
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Blowing/suction

Wall deformation (ALE method)



Do we need a realistic modeling of the actuate

Workshop on LES and active flow control — Goteborg 2009

Blowing/suction vs wall deformation

Despite some differences in the cavity, the agreement outside the

cavity is satisfactory => Use of blowing/suction bound
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Can we simply set a
blowing/suction condition
at the wall ?

URANS computation of a
contoured ramp.

Blowing/suction is applied

On the wall: -66% reduction
of the separation length with
respect to the baseline
configuration

At the bottom of the orifice: -
64%

At the bottom of the cavity: -
80%

The cavity should be taken into account
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Do we need a realistic modeling of the actuat

Classical opposition control (blowing/suction at the wall )
reduces friction drag by about 20 %

MEMS techniques offer the possibility to deform wall at very
small scales/high frequency following an opposition control
strategy

Dimension:
Actuator size defined from the size of structures to be controlled (200* x 40%)
Modeling:

Array 4x14 actuators
Local deformation of the wall

Constraints for the simulation
ALE
SubDNS resolution (40x30 points per actuator)
CFL constraint
Re;=368, Ma=0.2 => 50 10° points
Opposition control
(v taken 12 w.u. above the middle of the actuator)

e st
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Friction reduction ~ -3%

Average on the surface

I
Increase of total drag ~ +2% of actuator
= Cf on fixed grid points
Drag force . .
ag 1o Friction coefficient
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Possible gains of opposition control are annihilate
are used.

d when realistic actuators
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Very hard to study a pure frequency
effect experimentally with synthetic
jets (SJ) based on piezo-electric
membrane

These type of SJ are resonant devices
Acoustic resonance
Mechanical resonance

One of the two resonances Is used to
amplify the output velocity

Frequency is varied using difference
tricks

Burst mode

Amplitude modulation

Monitoring of the jet output velocity Is
seldom found in the literature.

More convenient to study the
frequency effect numerically ?

Piezo-electric actuator

Gallas et al. AIAA J. 2003
Electromagnetic actuator

Melton et al. AIAA 2007-707



Workshop on LES a

Choice a rounded backward
facing step designed for
numerical study (d/h=0.5,
R(d)=2.8 104, Ma=0.3). Dandois
et al. JFM 2007
Design of a new SJ satisfying the
following constraints on the (wide)
range 0.1 <F*< 10

SJ formation criterion (Ly/d > 2)

Stokes number > 10

Resonance frequency >> 10

21 LES computations

Vrms remains approximately
constant with respect to the
frequency (Cn=0.33 % to 0.99 %)

F*=10



Flow visualization

F+=1.2

Baseline
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F*=1.2 which is equivalent to St
(maximum bubble height)=0.2 is
the optimal frequency for the
bubble surface

Twice the natural frequency at
the reattachment point

F*=1.2 not optimal for every
criterion



Workshop on LES and active flow control — Goteborg 2009

Can we anticipate on the choice of the
optimal frequency in 3D

Test case: missile fin (Ma=0.7, Re _=5.8
108, a=25)

Massively separated flow : use of a
modified DES (Riou et al. AIAA J. 2009)

Assessment of pulsed jets (iso value of
Cmr0.01)

U =(1+sin(2pf HU/2



Analysis of the uncontrolled flow (Coherence of the pressure fluctuations

on 4 sensors)

low control — Goteborg 2009

Global movement at St _=1,5 in the separated zone.

C

It corresponds to St |=0.8 with |1=(0,75S ,eme
associated to vortex shedding in 2D flows

)12 Such frequencies are usually
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Clear frequency effect

The frequency of the ensemble movement of
the separated bubble is the more efficient one

Additional remarks:

synthetic jet is more efficient than pulsed jet at the
optimal frequency (the importance of the suction
phase has been evidenced)

Continuous jet decreases the lift force

Here DES ok since the flow separates from the
Ieaglling edge and DES operates quickly in LES
mode.

Reference

F*=1.5
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The effectiveness of pulsed/synthetic jet has been
demonstrated experimentally.

Role of research centers: prepare transfer to industrial
applications

Use of numerical studies to quickly explore a large design space
(dimension, VR, orientation, frequency, location ...)

Limited to URANS computations

Validation test cases
|solated synthetic jets in cross flow
Rounded backward facing step
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First assessment of LES for flow control in the fra
CFLVAL workshop (2004)

Evaluation of the methodological aspects regarding
Grid resolution
Time step (with respect to the SJ period)
Choice of the boundary condition (deforming wall vs
LES vs. URANS

Ref : Dandois et al. AIAA J. 2006

me of the NASA

SJ computation

. blowing/suction)
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LES: fine grid (8.10 6) with turbulent
inflow boundary condition

LES: coarse grid
(2,2.10° points)

LES: fine grid (8.10 © points)

URANS (SA): coarse grid
(2,2.10° points)

URANS filters vortex
rings.

What are the
consequences on
the statistics ?
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x/d=2,yld=0

URANS is as good as LES both for the mean and fluctuation fields (on a

coarse grid).
The main part of the unsteadiness comes from the for

cing, a low frequency (

150 Hz) contribution which is taken into account in URANS ¢ omputation.
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RANS1 LES

RANS2

Classical limitation of RANS techniques
when dealing with separated flow.

Different optimum

No effect of the forcing for high
frequencies in URANS whereas a clear
effect is evidenced in LES.

URANS is not good enough

No control Optimal frequency

High frequency
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Example of a Stimulated DES computation of the
whole tunnel of IUSTI (including lateral walls)

Ma=2.3, Re(g)=5000, 10 jets
Shock low frequency movement (grid limited to 18 106
points)

Spatial scale to resolve turbulence (507x50%) »
0.7x0.7 mm?,

Jet diameter: 1x1.4 mm?2 => about 4 points per jet

Flow control brings additional constraints in terms of
grid refinement.
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Industrial configuration = configuration with tens of actuators.

Actuators are located in attached flow zone (wall units drive the need in terms of resolution)
Multiscale problem: L > D > a h.

F*=1 => time scale prop to Lsep (Low frequency)

URANS 400 time step per period OK
DES/LES/DNS needs to resolve turbulent fluctuation => smaller time step (CFL» 20)

One wall unit: 3 to 15 nm (Re dependent)
D brings additional constraints
URANS 1000* » 3 to 15 mm

LES 50*x20*» 150 to 750 mm => 6 to 1 points
per jet

Classical DNS resolution is just sufficient
12*x6* » 36 to 180 nm => 50 to 6 points in
the jet

Need for clever grid refinement strategy

(Chimera method for structured grid)

Remark: for some application, it is much
easier to compute the controlled flow

Transonic buffet: flow control eliminates the
separation and the subsequent shock

oscillation. Meunier & Dandois AIAA paper 2008
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No need for wall deformation
The actuator cavity must be taken into account in computations
The optimal frequency is of course criterion dependent

The choice of the optimal frequency can sometimes be anticipated
from the study of the uncontrolled flow dynamics

Numerical techniques such as LES/DES can bring some additional
elements on the debate on optimal frequency for flow control
(F+=0(1) vs F+=0(10)).

URANS is not good enough for high frequencies and suffer from its
classical limitations for separated flows.

Flow control brings additional constraints in terms of grid refinement
even for LES.



