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Introduction
The main aim of the FOI Workshop on Computational Fluid Dynamics, held at FOI Ursvik, 
2001-10-30 was to bring researchers together from Computational Aerodynamics at the Aeronau-
tics Division in Bromma and from Computational Physics, Dept. of Warheads and Propulsion, 
Weapons & Protection Division at the Grindsjön Research Center. This joint initiative was an 
opportunity for the two groups to identify each other's current research areas as well as areas of 
mutual interest for the future, in order to coordinate their activities and facilitate the integration 
process between old FFA and old FOA. The workshop indicates that FOI is active in a very wide 
range of activities within the field of Computational Fluid Dynamics, ranging from basic research 
on numerical methods, turbulence and turbulence modeling to real-world problems relevant to 
the Swedish defence and the Swedish defence industry. In many of these areas the research at 
FOI is of high international quality which is corroborated by the large number of national and in-
ternational collaborations shared by the two groups. The current state-of-the-art at FOI holds 
strong promises for the future, and synergistic effects can be achived by collaboration in new 
projects utilizing the respective competences of the two groups. These proceedings consist of a 
collection of slides presented at the workshop. Further information regarding specific research 
topics is available from the individual researchers. 

Christer Fureby Peter Eliasson 
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FOI konferensen, oktober 2001(this frame will not be printed) Stefan WallinAeronautics Division, FFA

Modelling approaches

• RST

• ARSM

• EARSM

• Non-linear eddy-viscosity models

• Linear eddy-viscosity models

• Boussinesq (1877)

• Turbulence scales

Tr a( ) f a S Ω a, ,( )=
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FOI konferensen, oktober 2001(this frame will not be printed) Stefan WallinAeronautics Division, FFA

Scalar turbulent flux

• Turbulent mixing of temperature, species
concentration, pollutants, etc.

• Usually modelled by a eddy diffusivity model (EDM)

• EDM gives the flux aligned with the gradient

• Even in simple shear flows the flux is not aligned with
the gradient (se homogeneus shear)

• Need for improvements

•

•

• The explicit algebraic model HWWJ, (Wikström, Wallin
& Johansson, Phys. Fluids, 2000)
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xi∂
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--------–=
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FOI konferensen, oktober 2001(this frame will not be printed) Stefan WallinAeronautics Division, FFA

Homogeneous shear flow

• Mean scalar gradient in three different directions.

• Proposed model (HWWJ) compared with DNS (Rogers
et al. 1986) and standard eddy diffusivity model (EDM)

• Proposed model (HWWJ) captures the flux direction
(not aligned with the gradient)

DNSEDM

HWWJ

DNS

HWWJ
EDM

DNS

HWWJ
EDM

Q̇

Q̇

Q̇

U

U

U

uiθ

uiθ

uiθ
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FOI konferensen, oktober 2001(this frame will not be printed) Stefan WallinAeronautics Division, FFA

Channel flow

• The HWWJ model solved together with the low
Reynolds number EARSM and the  model.

• Comparision of the HWWJ model with and without
diffusion model (DM) model and the eddy-diffusivity
model model (EDM).

 HWWJ+DM
 HWWJ
 EDM

symbols: DNS data (Wikström 1998)
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Strömningsstyrning och
aerodynamisk optimering

Martin Berggren
Flygteknik, FFA

Flow Control

• Vortex control

• Separation control

Utilize flow instabilities/sensitivities to accomplish
large effects by small efforts, e.g.

Werle, 1963

Head, 1982
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• Transition control

• Transonic wave drag control

Alfredsson & Matsubara, 2000
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Lorenzen, 1999

Aeronautical Applications of Flow Control

• Active inlets

• Fluidic thrust vector control

• Nose vortex control

• Active Core Exhaust (ACE)

• Drag reduction, increased lift (Hamstra et al, ICAS 2000)
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FOI project:
Optimal Design and Control of Fluid Flows

Project leader: Dan Henningson

Computational Aerodynamics: Martin Berggren, 
Mattias Chevalier, Ardeshir Hanifi, Jan Pralits,
Olivier Amoignon

Experimental Aerodynamics: Jens Österlund etc.

Systems Control: Martin Hagström,
Sven-Lennart Wirkander

Activities in the FOI project
Computational/Theoretical

• Algorithm development for control and optimization

• Methods development for automated design 

• Supercomputer simulation of complete flow control systems 
  (incl. sensors, actuators), currently for CF-instability control

Experimental

• Active control of flow in S-duct diffusor
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PhD Projects in cooperation with KTH and UU

PSCI, SAABFlow control in diffusor flowsAstrid Herbst

STEMFlow control in boundary layersOri Levin

VR ramprogramOptimal control of channel flowsMarkus Högberg

PSCI, FOI/EUAerodynamic shape optimizationOlivier
Amoignon

SSF:IVS,
FOI/EU

Optimal design wrt low dragJan Pralits

FOIOptimal control of boundary
layers

Mattias Chevalier

Optimal control/design using Navier-Stokes eq.

NS

ANS

optimization

ϕ

Jϕ∇
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This scheme is applied to
• Optimal control in boundary layers (Chevalier, Högberg)
• Drag minimization in Edge (Amoignon, Berggren)
• Design of optimal suction on wings (Hanifi, Pralits)
• Natural laminar flow technology (Hanifi, Pralits)

The control can sometimes be expressed
in terms of a pre-computed feed-back law.
���� No iterations needed

Boundary layer on a swept wing

x

y

z

U

W

∞U

∞W
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Cross-flow vortices on a swept wing

Slice of a periodic array of vorticies
in a Falkner-Skan-Cooke  boundary-layer

Direct numerical simulation using the
Navier-Stokes equations

Control off Control on

Control of CF-vortices
Direct Numerical Simulation of FSC-flow with/without control
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FOI S-duct experiment

• Test bed for actuators and sensors

  (pulsed micro jets, pressure shear stress)

• Test bed for control concepts

   (system identification, optimal control)

• Fan for low speed operation

• Rock chamber for high speeds

• CAD geometry, under construction

1 2

1548 , 464.4 ,
218 , 258

L mm H mm
mm mmφ φ

= =
= =
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