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INTRODUCTION

e Objective: Construct reduced order models (ROM) for the simulation of turbomachinery with

imposed rotation velocity by proper orthogonal decomposition (POD).

e Difficulty: The POD yields a spatial basis from temporal correlations (here of the velocity).

e Approach:

1. Extend the Navier-Stokes equations to the solid (rotor) domain by the multiphase ap-

proach. The body velocity is enforced via distributed Lagrange multipliers.

2. Build a single POD basis for the multiphase velocity and project the governing equations.

1. MULTIPHASE APPROACH
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2. FULL ORDER MODEL |1]

Qp (1) Denoting u,, the rota-
tion velocity, A the La-
N0 grange multiplier and
p the test function as-
A\ as(t) r sociated with the ro-
tation constraint, the
weak form of the cou-
pled problem is
0 = /p(@u | Vu-’u,> -fvda:—/ f-vda
o \ Ot 0

+ /o, 2v Tr (D (u) - D (v)) dx
—prV-vdaz—l—fQS(t))\-vdw
—I—quV.udaz—l—fQS(t)“.(u—uw)dm,

with an appropriate standard functional setting.

4. PROPOSED POD-ROM

= POD of the membership function

POD basis A — (Ai(m)) . Nj << Nx.
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Insertion in the standard POD-ROM
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= Matrices evaluation at each timestep (cost ~ Ny ).
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Multiphase quantities

Velocity field over 2 = Qg(t) U Qp(1):

u(x,t) =

Loyt (@) us(x, t)
+(I — Loy (@) ur(z, t).

A MULTIPHASE APPROACH TO THE CONSTRUCTION OF
POD-ROM FOR FLOWS INDUCED BY ROTATING SOLIDS

Antoine Falaize, Erwan Liberge and Aziz Hamdouni,
Team M2N, LaSIE, CNRS UMR 7356, Université de la Rochelle

Avenue Michel Crépeau 17042 La Rochelle cedex 1

Material properties (density and viscosity):
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3. STANDARD POD-ROM |2]

N
1
Mean field u(x) = N E u(x,t,)
T
n=1

Fluctuating filed u(x,?) = u(x,t) — u(x)

Data matrix U,,, = u(x,,,t,)
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POD basis: left singular vectors of U
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1<i<Ng

Decomposition

5. RESULTS

®: POD modes for the velocity

Temporal coefficient as(t)

CONCLUSION

Contributions
e Lfficient reconstruction of the velocity in

both the fluid and solid domains, while sub-
stantially reducing the computational cost.

e Very general: Any simulation code for the
incompressible Navier-Stokes eq.
used to generate the data (u(x,,))

Ne << Np << Ny

40 4
204
= of
g
20
o]
.
,
4]
30 4
.
204
10

10
20 i
30
T T
0 1

can be

1<n<Np"

/I\

A\\\\N ;
- C

UNIVERSITE

La Rochelle

REFERENCES

[1] Glowinski, R., Pan, T. W., Hesla, T. I., & Joseph, D. D. (1999). A
distributed Lagrange multiplier /fictitious domain method for par-

ticulate flows. International Journal of Multiphase Flow, 25(5),
755-794.

[2] Liberge, E., & Hamdouni, A. (2010). Reduced order modelling
method via proper orthogonal decomposition (POD) for flow

around an oscillating cylinder. Journal of fluids and structures,
26(2), 292-311.

[3] Mosquera, R. , Hamdouni, A., El Hamidi, A., Allery, C. (2018).
POD Basis Interpolation via Inverse Distance Weighting on Grass-
mann Manifolds. Manuscript submitted to AIMS Journals.

Galerkin projection over the POD basis

A(t)- dziﬂ — B(t) - a(t)+C#):a(t) @ a(t)+F(t),

= Full projection at each timestep (cost ~ Nx).

A () = / p(x, t) Idex,
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Cije(t) = ﬁp(w,t) Ci, g, k(x)de,
Fz(t) — /;p(w,t) ff(w) dax +/Q v(x, 1) f;/(w) da
+ M) da.
Qg (1)

A: POD modes for the membership function

Perspectives

e Cope with the reconstruction of the veloc-
ity in the solid domain at each iteration by
rewriting the governing equations for a ro-
tating subdomain.

e Interpolate between the POD-ROMSs over
the Grassmann manifold (see e.g. [3]).



