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The active flow control problem

1. Reference experimental work
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[1] Henning et al. Feedback control applied to the bluff-body wake. In
King R. (ed.), Active Flow Control, Springer-Verlag, 369-390. 2007.

* Open and closed-loop contral;
* Re, inthe range of 2.0x10% — 7.0x10%

* Harmonic actuation in time through two spanwise slots at 45° with the
streamwise direction;

» Drag reduction of 15% at St,=0.17, in-phase actuation.
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Model and computational details
1. The model:
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. Simp”ficgﬂﬁ%nﬁgurations A, B and Cruerein

Note: the slot width is scaled x3 for better visualization.
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2-dimensional vehicle model

—

H=72 [mm], L=262 [mm] and W=550 [mm]
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Model and computational details

2. Computational domain and grid topology:

«—— LES at Re,=2x103

v

LES at Re,=2x104
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Model and computational details

3. Boundary conditions:

* At the slots, oscillatory forcing is implemented as:

*The actuation amplitude follows from momentum coefficient:
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Model and computational details

4. Resolution and numerical details:

 Total number of nodes 5.5x%106;

» Spatial resolution acording to

 Physical time step = 1.0x104,

* 96.5% of the cells with CFL < 1;

«Space discretization: 2nd order central differences;

» Temporal discretization: Three-time-level Scheme (implicit second order scheme);
 Solution algorithm: SIMPLE;

 Turbulence model: LES — Smagorinsky Model; C.=0.1.
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A case study at low Re number

Conclusions:
PaARBLIGURVERR) reduction of 2.5% for St,=0.17 and C =0.015;
s EMLERDBAM RGNS B Ed from slot configuration C:

s freldiegEfAwCYy up to St,=0.17;
e Actuation amplitude C =[0.015;0.12].
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Drag control results

Drag control results from the LES at Re,,=2x104, St,=0.17 and C =0.015:
 11% drag reduction achieved,;

o 20% pressure recovery in the near-wake region;
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Validation of the LES results

Results Validation:

« LES data versus PIV data for the natural flow
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Validation of the LES results

Results Validation:

» LES data versus PIV data for the controlled flow
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Exploring the flow

The time-averaged flow:

Natural flow Controlled flow

* Reduction of the thickness of the upper and lower edge thin vortices;

 Foci C,/C, and the saddle point are displaced further downstream by 20%
from their streamwise locations in the natural case.
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Comparison of time-averaged flows

\ N\

Controlled flow Natural flow
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Instantaneous flow structures
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Instantaneous flow structures

Suction Blowing

Natural flow Controlled flow
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Detail of time history of aerodynamic
coefficients
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Variation of aerodynamic forces
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Active flow control of the 3D
Ahmed body flow
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Active flow control of the 3D
Ahmed body flow

Brunn and Nitsche, Int. J. Heat and Fluid Flow,
27:748-755, 2006

Brunn et al. Notes on Numerical Fluid Mechanics
and Multidisciplinary Design, 2007
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Natural flow
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Actuators C, St, C Cp - Cp
D (ol

Natural (8mil) 0.4040

Natural (9 mil) 0.3987

Al 0.001 | ---—-- 0.4037 -0.07

Al 0.002 | - 0.4046 0.15

Al 0.0154 0.41 0.15

A (9 mil) 0.001 0.396¢ -0.53

A (9 mil) 0.002 0.3971 -0.4

A, (45 0.000565 0.03 0.4032 -0.2

A, (45°) 0.00226 0.03 0.4022 -0.45

A, -0.0199 | - 0.377 -6.7

A, oor | - 0.3752 -7.2

A, 0.0012 | ---- 0.3754 -7.1

A, 0.0075 0.11 0.41 0.15
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Actuated flow

C,_=0.0154
C_=0.0075
C_=0.01 o - 011
_ _ t, = 0.
c,,=0.0154 Cm =0.002 c,,=0.0154 A
c, =0.0154
¢, =0.001
¢, =0.002
Constant blowing in the Periodic blowing and
corners suction
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Actuated flow

C,=00154
C, = 00075
C,=00154
St, =011
C,=0.0075
St, =011
C,=00154
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Time-averaged flow

Natural flow periodic blowing and suction constant blowing in
corners
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Resulting drag

C, =0.001C, =0.4037
Natural flow: Cd=0.4040 C,=0.002C, =0.4061
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Combination of actuations

C_mu_A1=0.0018 (constant blowing)

C mu_A2=C_mu_A3=0.009, St A=0.43 (periodic suction
and blowing)

 Produces C_d=0.43 (0.4 for natural flc

 Experimental results from Nitsche AIAA-2009 give 13%
reduction in drag).
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