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~ EDF industrial concerns

Safety valve

-Turbulent flows
- Compressible flows, shocks

- Coupling between acoustics and flow
— LN - Complex geometries
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In the past 20 years, different methods have been tested at EDF

Hybrid methods
Lighthill analogy
Linearized Euler equations
Turbulence modelling
RANS + stochastic simulation (SNGR)
URANS, LES, DNS
Numerical methods
Mac Cormack two and fourth order

TVD Harten/Yee

DRP

This experience lead us to the development of a new simulation tool:

Code_Safari
]
Daude et al. AIAA Paper 2008 : :
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Numerical algorithm for Code_Safari

Spatial discretization : optimized centered finite difference schemes

Bogey & Bailly JCP 2004, Marsden et al. JCA 2005

Time integration : explicit Runge-Kutta schemes

Berland et al. Comp. & Fluids 2006

Selective filtering : optimized centered low-pass filters

Bogey & Bailly JCP 2004

LES strategy : based on relaxation filtering

Bogey & Bailly JFM 2009

Shock capturing strategy : non linear adaptive second order filters

Kim & Lee AIAA 2000, Bogey & Bailly JCP 2009
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Multi-domain approach for Code Safari

Use of composite overset-grid techniques with high-order interpolation
procedures

Delfs AIAA Paper 2001

Use of the free library Overture developed at Lawrence Livermore Laboratory
Henshaw 1998

Communication performed via high-order Lagrangian polynomial interpolation

Scott & Sherer JCP 2005, Desquesnes et al. JCP 2006,

T EENEEEEENNEEEENNSEEEENSNEEEEENEEE
3§% ﬁ% i

Parallelization with MPI % e WEE% .........
ot i

. H . - mﬁ 5‘«
. s : B
i . GDF



« Test case » initiated because of a real problem on a gate valve
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A strong whistling occurs when hydrodynamic cavity modes and
acoustic duct mode match
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Ducted cavity case (2/3)

Sketch of the geometry

/ / - 11 component grids

H=6.8

2ah - 38 M points
AT - 206 procs
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Overview of the composite grid
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 Ducted cavity case (3/3)

":"“"\/orticity in the cavity (|\/| — 0_18) Emmert et al. AIAA Paper 2007, 2008

Acoustic pressure field in the duct (M = 0.18)
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Sudden enlargment case (1/4)

Test case typical of the phenomena appearing downstream of high
pressure valves in steam duct

Pw

L

Flow regimes are driven by the pressure ratio t

t =p/ Pa
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Sudden enlargment case (2/4)

Experimental data (Anderson et al JFM 1977) @ interferometry

t =0,15

t =0,364

t =0,377



Sudden enlargment case (3/4)

Composite grid overview for the supersonic case

Grid detall

- 15 component grids
- 46 M points

- 253 procs
-M=0.18

-Re,, =2.110°
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Sudden enlargment case (4/4)

Supersonic case, t = 0.15 (numerical Schlieren)

Transonic case, t = 0.30 (numerical Schlieren)

Emmert et al. Phys. Fluids 2009
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Rod-Airfoll case (1)

Same configuration as Jacob et al. TCFD 2005

Overset composite grid

Berland et al. AIAA paper 2010



Rod-Airfoil case (2)

Overview of the
composite grid Fluctuating pressure field

(part)

Unsteady spanwise velocity field
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Rod-Airfoll case (3)

Al [B] [C]

Sections [A] [B] [C] for mean streamwise
velocity and turbulent intensity comparisons

Experimental results: Jacob et al. TCFD 2005

Far field pressure spectrum
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Side-View Mirror Case (1/3)
EDF/PSA collaboration : M. Bordji & F. Van Herpe

Overview of the grids
23 grids for the side-view mirrot

6 grids for the computational domain
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Side-View Mirror Case (2/3)

Surface and volume grids for the side-view mirror



Side-View Mirror Case (3/3)

Velocity amplitude field



Towards the High Fidelity Flow
Simulation of industrial configurations

Simplified
CAD model
Gate valve

CAD model

Grid for the
simplified
model
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Conclusion

Code_Safari, a high fidelity numerical tool for CAA, has been developed

Tests and validations have been carried out for EDF main industrial concerns:
Unsteady compressible flows

Flow/acoustic coupling

Further developments are continuing
Interface with CAD models for industrial configuration
Optimization of parallel performance
Moving grids for aeroelasticity
Linear frequency solver

Complex impedance for outdoors acoustic propagation
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