A reduced order model for segregated FSI solvers based on a ALE approach
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Introduction

The flow past a circular cylinder is a benchmark problem in fluid dynamics that serves to illustrate a large variety of applications many engineering situations.

1 - Physical model of the fluid and the structures
1 Physical model of the fluid

In dynamic meshes (specifically when working with moving/deforming bodies), the 2 PhySical model of structures
integral form of the general transport equation is written as follows,

The modeling equation of the solid is given in Lagrangian frame.
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where the volume Vp is a function of time. p is the density, and n is the OF 1 terms of natural frequency and damping ratio of the system by
outward unit normal vector on the boundary surface, w is the fluid wvelocity, I
u, 1S the boundary mesh velocity, ~,4 1s the diffusive coeflicient, and S y + 2w,y + wiy =
is the volume source/ sink . From the aforementioned general transport equa- m
tion, we can write down the NSEs. For instance, by setting the variables to m is the system’s mass, c¢ is the structural damping, and k is the spring’s stiffness.

»=0 ~,=0 and Sy =0; p=u 7vp=p and Sp,=—-Vp wn = v/ k/m = 2xf, is the natural pulsation of the system ( = ¢/(2mwy,)
we obtaln the continuity equation and momentum equation respectively. It’s essential is the fraction of structural damping with respect to critical or simply damping ratio,
that the calculation of u, obeys the geometric conservation law: and F), 1s the lift force in the direction transverse to the free-stream.
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2A- Coupling conditions and computational domain 2B -Proper Orthogonal Decomposition (POD)

We assume that a given field is written as
follow: F' = F(x,t;n)

ai(t;m)gi(z)  p=> bi(t;n)vi(x)
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Which can be rewritten as:
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Going from left to right, an observation of definition sketch for cross-flow VIV of a circular

cylinder. The cylinder undergoes free vibrations constrained in the transverse y direction (b1, bk) s = &
to the free-stream U in x direction; and the computational domain. b k)L Ik

3A- Results: Part 1 3B- Results: Part 11

Going from left to right, first row shows a comparison of the solution of the point dis-
placement field obtained from OpenFOAM and ITHACA-FYV, respectively.Second row
shows comparison the displacement of the cylinder’s center and the lift forces ac-
quired from OpenFOAM and ITHACA-FV. Finally, we compare frequencies response.

and A = (u, ¢k)L2

From left to right, the first row compares velocities, and the second row com-
pares pressure solutions obtained from OpenFOAM and ITHACA-FV, respectively.
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4 - Computational science and engineering softwares mathlab.sissa.it/cse-software

"E QR CODE PYyDMD ITHACA-FV EZYRB
mathlab.sissa.it/ github.com/mathLab/PyDMD github.com/mathLab/ITHACA-FV github.com/mathLab/EZyRB

M cse-software mathlab.github.io/PyDMD |THA6A =y mathlab.github.io/ITHACA-FV mathlab.github.io/EZyRB
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To see more on mathlab computational PyDMD is a Python package that uses ITHACA-FV is an implementation in EZyRB is a python library for data-

science and engineering software. Dynamic Mode Decomposition for a OpenFOAM of several reduced order driven (non-intrusive) model order re-
data-driven model simplification based modeling techniques based on Finite duction with POD with interpolation.
on spatiotemporal coherent structures. Volume method.
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