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Context

Vortex Induced Vibration (VIV) affect
Stealth of military aircrafts and cause fatigue damage on the risers used in offshore petroleum production.

FlowLines Movement %
Bt Body | \7/
“““““ i

Objectives

VIV modeling and creation of optimal control laws

Solver
Implementation of a solver able to model fluid — structure interactions
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,@ Object Oriented Library

(Aix Marseille

* Implementation of an object oriented library « Immersed Boundary Method »
(Pinelli & al .JCP 2010) in the Openfoam code (tested in version 2.1.1 ; 2.2.1

2.2.2;2.2.X; 3.0.1)

* Able to handle complex, moving and deformable bodies

IBM lib Library

Tree of the IBM Library IBM lib for
Open FOAM . Interpolation IBM

( Interface with controlDict file)

IBM support
| Read the Mesh and create Interpolations

Structure IBM

Body
|

[ |

Movement Lagrangian points Lagrangian Force

native and user functions |

| |

Ghost Points Eulerian points — Eulerian Force
| [

Global Mesh Dat
Global variables definition Mesh data operations (on fvMesh)

Variables set by :
Set_Immersed_Boundary H




,@ Object Oriented Library (

IBM Library integrated in 3 OpenFoam Libraries

IBM Library

Aix-Marseille

Incompressible solver

- PISO solver

RANS Incompressible
Turbulence library

LES Incompressible
Turbulence library

- Spalart Allmaras v
2.X.X

- Spalart Allmaras v
3.X.X

- DDES Spalart
Allmaras v 2.X. X

- DDES Spalart
Allmaras v 3.X.X
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= Immersed Boundary Method ( universite

Volume force integrated in N-S equations to model the Geometry :
du 1

— TVi(wu )= Vet Vi f(u)
With :
Force term on a lagrangian grid
F = Ug — Z[u], and U°=Udesired ona
’ At lagrangian point

Interpolation of the velocity on the lagrangian grid:

Tha | = Z wW,(x; — X,)Av

jeDs

Spreading the force on the eulerian mesh:

SF.]=1(x)) = Z F, Wix; — Xi)e NACA 0016 with Immersed Boundary Method
ke

'
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\\
N
N
\
0.35
N 4
N
0.3
N 1
005 Immersed boundary on an uniform mesh

015 (53— V3O — 2 +1) 05< || <15
wa(r) =4 L (14v/=32 1) r| < 0.5
ot 0 otherwise
0.05 where r = (x — s)/d) that satisfies the following properties:
0 1. wq(r) is continddus Vr € R;
-0.06 004 002 o).(o 0.02 0.04 0.06 2. wy(r) = 0if |r| > 1.5;
Eulerian discretization of the IBM force term f 3. Y walr—=1)=1, ¥l e N;
around a Lagrangian marker: comparison between 4. 3 (r = Dwg(r —1) =0, Vr,1;
2nd order discretization using a centered scheme and -
the kernel analytical solution
>

<4
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@ Immersed Boundary Method

IBM delta function with rkpm method for non-uniform mesh

e Lagrangian line

L
' Acual Lagrangian

s .'/_ point

EL“El X
T Focus on
_‘N Byt ™ gﬁf Eulerian mesh
oy
TR M e Supporting box

Eulerian discretization of the IBM force term f
around a Lagrangian marker: comparison between ' i o
2nd order discretization using a centered scheme and Zoom on the mesh dlscretlzatl_on of an Immersed
the kernel analytical solution boundary on a non-uniform mesh

Modification of the delta function following Liu et al. 1995:
wy(r — s) Zb (y,d)(x — s)'wq(x — s),

1=()

where the unknown polynomial coefficients b;(y, d) are determined by imposing the re-
producing conditions

ﬁz.[J(m):/?ﬁd(m—,e) ds = 1
Q
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IBM PisoFoam INiVersSite

Step 1 : Calculation of a velocity predictor for the (IBM), @, by solving the momen- o SUCCESfUII mOdlflcatlon Of the PISO SOIVer

tum equation without the (IBM) force term:

o L, to import the IBM library
% + V- (uu) = _VP+EV u
(! »  Submitted paper in « Computers and fluids »
Step 2: Computation of the (IBM) foree term f*+(u"*Y) from equation (7)on the . .
Fulerian mesh, ! «  Good scalability of the solver with the IBM
U library

Step 3: Compute a first predictor velocity field to initialize the PISO iterative loop,
wnl, (V- unt £ 0), by solving the discretized momentum equation (1) including the

(IBM) force term f(d) from step 2: =
au*-l v ( *,1 w,l) -V 1 VZ *,1 +f(A) (A 11) o o
BT (utu = — p«l»E U u . o /,
2 -
80 -~
U o 7
g ,4, #-Speed
Iterative PISO loop for m=1,... M Yo 7l - ®-Theoritical
X ’ Speed
Py ”
o rd
/l \r g " &
£ ”
T Step 4: Compute [H] & a;! 5 = /"
p 4: Comput - ay; I3 P
P
Step 5: Solve the Poisson problem %o 2 a0 50 50 100 120
Ve [Vprrt =V [H 4V f(a) Number of Processors
T \J, Performance (scability) of the solver as function of the
_ _ _ _ number of processors for a 2D simulation of a flow at
Max Piso Iterations not reached Step 6: { Velocity Correction )

_ : ) . . .
] = (0= T 4 £ () 4 [H]) Re = 500 past a moving cyllnde.r using 10° Eulerian
points and 312 Lagrangian markers.

N .

Max Piso iterations reached //

U

n+l *, M

u =1u
anrl . p*eM D A
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IBM PisoFoam UNiversite

Improvement of the near wall accuracy of the method, analytical calculation of the

force derivative :
Step 5: Solve the Poisson problem

V -

(Vp ] =V . [H] +

Classical boundary

V- flu)

IBM without correction IBM with correction

Plots of the velocity divergence around a 2D cylinder at Re = 30 //

DGA
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solution -

1E+00

Global Force Error :

1E-01
_ AX €FrBum :| § H {Fk - Fa)Ek |
= e =
g 1E-02; —L’”————
E 2
: ——— /X where :
"
v
BT Ax 1E-01 Urf- — U
1E0s — F, = —& =
| -_—

No slip condition Error :

Enoslip :H L"r.-:- — I[S[er]]a ”::-c

1E02 AX 101
Convergence order for the global force and

no slip condition error
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ez  Validation on well- [ Aix Marseille

e documented test cases

1st test case : 2D fixed cylinder

Re = 30

a
alD b/D Cd
Non uniform dx 2,5e-2 0,6 0,52 1,84 @’—
Non uniform dx 2e-3 0,58 0,52 1,77 \
Uniform dx 2.10e-2 0,556 0,53 1,78 0 b
Uniform dx 10e-2 0,55 0,53 1,77 'f
Pinelli et al. 0,56 0,52 1,8 -
Blackburmn & Henderson 1,74 (
Coutanceau & Bouard 0,54 0,54
Tritton 1,74
L |
Geometrical parameters of the wake for a steady flow at Re = 30
Re =185
CL rms [Cd mean|St
Non Uniform 2,5.10e-2 0,447| 1,509| 0,191
Uniform 2.10e-2 0,436| 1,387 0,198|
Uniform 10e-2 0,427] 1,379 0,198]
Pinelli et al. 5.10e-3 0,423 1,43] 0,196)
Pinelli et al. 1.10e-2 0,428 1,509 0,199
Vanella and Balaras 0,461 1,377

Guilmineau and Queutey 0,443 1,287 0,195|
Lu and Dalton 0,422] 1,31 0,195]
Williamson 0,193

Geometrical parameters of the wake, lift, drag coefficient and

strouhal for the configuration of a fixed cylinder. Numerical and \orticity countours evidencing the shedding of large-scale vortices
experimental data from literature are provided for comparison. in 2D flow past a fixed circular cylinder at Re = 185
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2nd test case : 3D fixed cylinder

Validation on well-
documented test cases

I:] Present Simulation
Separation point
_— ’ Groove et Al 1964 (exp)
Flow X Homann 1936 (exp)
. O Wu et al. 2004 (exp soap)
1251 @ \u et al. 2004 (exp towing)
~ @ wuetal 2004

& ’ ’ Aoucta 2013
D 120
Q O‘ ’ ‘ - - -Rajani et al. 2009
[5)
5 i - Park et al. 1998
sl @, @ T &0
S 1157y . Y 202w W Tmewol ’
© X " A "
g @ A A
g A ® - I
o N T e
’ X O ®

110

105/

| | | | | | X |
80 100 120 140 160 180 200
Re

Aix-Marseille

y

— -

Re =200; Az=4,5

Iso-surfaces of the instantaneous
Q-criterion (—0.8 < Q0 < 0.8)

Mean separation angle as a function of the Reynolds number. Error bars corresponding
to the min/max values achieved during the duration of the averaging process are shown by
the vertical lines on either side of the square symbols. ®
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test cases

3rd test case : 2D moving cylinder Re = 500 with forced oscillations

Fzratio = St/ 2 oscil = 0975:A=0,25D

T — Present Simulation
L/, =0.975

— Simulation
H.M. Blackburn and R.D. Henderson

Re = 500

I 1 1 1 1 I 1 1 1 1 ! 1 1 1 1

farced displacement = 0.25
!

o
LA A N I AN N A L L L B B BN B

R=05
4 |
*
—_

| T —

-0.2 0.0 0.2
Position

Lift coefficient C. as a function of the cylinder displacement for the
2D flow past an oscillating cylinder at Re=500 : present results (grey

line) vs. Results obtained by Blackburn and Henderson 1999. Comparisons of the instantaneous vorticity contours

between the results obtained by H.M.Blackburn and
R.D.Henderson (1999) (left column) and present results 5

(right column) on the conguration of moving cylinder at R
=500. At 5 different instants (f to j) /
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#~<C documented test cases

4th test case : 2D moving cylinder Re = 100 with free oscillations

my + by +ky=F,

— D Vorticity Z

1
u, 0.75

- 0.5

_ 0.25
0

[” I C
X <~
Scheme of the free oscillations model Absolute value of vorticity countours evidencing the shedding of large-scale vortices

in 2D flow past a moving circular cylinder with free oscillations at Re = 500

Source Shiels etal. Shenetal. Leeetal.
A 0.58 0.57 0.64
f 0.196 0.190 0.180
Cp.avg 2.22 2.15 2.11 ®

with free oscillations . Numerical and experimental data from literature are

Amplitude, Frequency and Drag for the configuration of a moving cylinder //
provided for comparison. D A
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Work in Progress

Classical Boundary : Re = 3900

1st study: turbulent flows
Creation of turbulent dynamics libraries :

* incompressibleBMRAS.so

* incompressiblelBMLES.so
Includes for now:

* IBM_Spalart_Allmaras

« |IBM_DDES_Spalart Allmaras

IBM on non-uniform meshes

VYt countours in 2D flow past a fixed circular o

cylinder //
DGA




Work in Progress

2nd study: deformable bodies
Finite Element Method

/ .
/ .
N ©00) _Nd00s

N / .
N . / - o
(0,0) (L.0) ST

2710,0,1)
r

P1 Elements in 1,2 and 3D

Behaviour law : generalized Hook’s law for isotropic material

E 1%
i = Eiq —51.53"
%3 1+u(3+1_2u i J)

Solver validated on a cantilever beam.

Target geometries :

-

2
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e | ¥ NV - -

Small displacement assumption :

(FTF — 1)

=
w4
5,
w
g
©
I
=

Dx(u+X)TDx(u+X)—1)

_1
2
1
2
1
5 (
1
~ 32
1
2

Dxl_l + DX I_IT)

X T xu xu xu
(Dxu"Dxu + Dxu + Dxu")
(
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T Work in Progress

3rd study: compressible flows

Modification of the solver sonicFoam by the team of Pprime* with the IBM library

Magnitude
8

U
0. 1.2 1.6

HHH(IJ"4 'HHHHQ‘\

0.092826 2.049765

U contours calculated by IBM_sonicFoam on a circular and square cylinder

In collaboration with : RIAHI Hamza, MELDI Marcello, GONCALVES DA SILVA Eric

*-Inst PPrime, UPR 3346, CNRS, Université de Poitiers, ENSMA 7
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===""Include IBM in your solver\ —urnversis

34 #include "fvCFD.H"
35 #include "singlePhaseTransportModel.H"

36 #include "turbulenceModel.H" .
37 #include "Interpolation IBM.C" |<"'" Before Main to declare the IBM structure

38!!**********************t***t**********!!

30

40 int main(int argc, char *argv[])

41 {

42 #include "setRootCase.H"

43

44 #include "createTime.H"

45 #include "createMesh.H"

46 #include "createFields.H" . .
a7 #include "initContinuityErrs.H" / ~After main to declare the variable
48 #include "Set Immersed Boundary.H" and read in the controlDict file
49 ff***********************************!!
LA

<4
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50

%;_J‘L_B\ég-"

54interpolation_ibm.Create_IBM_case{ &mesh, runTime,Info);

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
8@
a1

Info<< "\nStarting time loop\n" << endl;

while (runTime.loop())

{

Info<< "Time =

#include "readPISOControls.H"
#include "CourantNo.H"

// Pressure-velocity PIS0 corrector

{

J// Momentum predictor

fvWectorMatrix UEgn

(
fwm: :ddt(U)
+ fvm::div(phi, U)
+ turbulence->divDevReff(U)

)l

J/UEgn.relax();

solve(UEgqn == -fvc::grad(p));

Aix Marseille

nclude IBM In your solver universite

Add command line before the loop of the solver
to create the structure IBM

<< runTime.timeName() << nl << endl;

Add command line during the loop to calculate the forcelB (interpolation
of the force), div kernel force (analytical gradient of the force) and d, the

divergence of the field

Can be any scalar field to calculate
on the wall

interpolation_ibm.Force_velocity_Interpolation( &mesh, runTime,Info, U,|p

forcelB,div_kernel_force,d);

~7
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<WEiE™  [Fyther efforts (M

« Implementation of an adjoint solver coupled with the present
IBM Method to achieve the control analysis of the VIVs.

crs
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Do you have any question ?
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niver

Input Files IMiVersite

Labe
8 6.
18.
28,

e B L

Coordinates.body_ .

Label of the lagrangian points begin by 0

A B | C | D |
_ 1 |Label [X Y Z
2| 005 0 0
3| 1 0.4998986145 0.0100685266 0
4| 20.4995944991 0.0201329701 0
5 | 30.4990877771 0.0301892487 0
6 | 40.4983786541 0.0402332844 0
7 50.4974674175 0.0502610037 0
8 | 6 0.496354437 0.0602683401 [ 0
9 | 70.495040164 0.0702512352 0
10 | 80.4935251313 0.0802056404 0

ox),
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= L'U’_;:)\}") O Utp Ut F I I eS universite

w [ Results_IBM_Interpolation

v |l 0.100000 For each write time :
¥ i Body 0
¥ | 0.200000 8 0.5 8 0.5 8 0.5
18.4 18.4 18.4
Mokt o i s i
Coordinates.body_ pressure.body_ Velocity.body_
¥ e 0.300000 0.0.400000.csv 0.0.400000.csv 0.0.400000.csv
i Easad The new coordinates || The interpolated I
of each bodies (if scalarField, here e Igg sach
v i 0.400000 moving) the pressure ty
lagrangian node
¥ i Body 0
¥ | Body 0

For each time step :

8. 882 8. 6832 8. 882
0.064 9.084 0.064
8. Bk . BBa 8. Bk
6.068 9.688 6.068

Coordinates.body displacement.csv force.csv velocity.csv
0.csv

it P e
B B B L

6.
8.
6.
8.

Displacement of Global force of the .
If the lagrangian the first lagrangian||fluid on each body ‘f‘lfleﬁé?:i;tgrgigilgn
points are soarted [ point (if moving)

write for the 1st it point (if moving)
the lagrangian
points selected

M

/
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