¥ COMSOL
" CONFERENCE
2018 LAUSANNE

Michele Curatolo
joint work with

Mario La Rosa and Pietro Prestininzi

Engineering Dept., Roma Tre University, Italy

ROMA

‘A DEGLI STUDI

Z
=

RSI

=5



Solid vibrations In fluids

S.D. Peterson et al.,, J. of Intelligent Material
Systems and Structures 23, (2012).

H.D. Akaydin et al.,, J. of Intelligent Material

Impingement of
the vortex on

€oré of a clockwise
rotating vortex

Cylinder with

Diameter, D The piezo-beam

Systems and Structures 21, (2010).

A

=ROMA
TRE

INIVERSITA DEGLI STUDI

o Wz
M.J. Shelley et al., Annu. Rev. Fluid
Mech. 43, (2010).

basic structure 1D - arrangement 2D - arrangement

4 — o~ Vs - A T
4 7 - - . . -
- Py = .

\ 3D - arrangement

hydro power

generator
modules

S. Pobering et al., Int. Conference oon MEMS,
NANO and Smart Systems 00, (2004).




\H

A

—|IIII]II|

Piezoelectric materials

Piezoelectric solids develop an electric potential when compressed or stretched.
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The optimal external load resistance depends on geometry and
characteristics of force application.
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Energy harversting in fluid flows
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Energy harversting in fluid flows

The solid vibrates due to the fluid flow and
generates an electrical potential which is
harvested on an electrical load resistance.
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Modeling FSI

Momentum and mass conservation for the fluid
prVvi+ps(Vvy)(vy—uy)=divl 4 f

divvy =0

Solid balance of forces

pu=divS

Gauss’s law

divD = p,

Moving mesh

div(AVu,,)=0
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Constitutive prescriptions

The fluid is assumed incompressible and linearly viscous:

2
['= —pl+2us(symVvys) — 2 pr(divvg)l

Both structural and piezoelectric solid are assumed to be linear
elastic:
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1+ vy (14 ve)(1—=2vy)

tr(E)I

S =CE — ETEE.;
The electric displacement in the piezoelectric solid:

D =eE+k,kKE,
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Principal boundary conditions

a)

At the fluid-solid interface we assign: " ram \
B | @n= @l @il G
Tn= —Fn, Vf = I:lm — ]:15 on aQ_gm X ﬁ " N . ° e Ve
@) / @R r
At the channel walls the mesh is fixed: 8 L |
“m = 0 on an X !7 — Stru;cturn] layer |
A inlet condition on the left wall of the channel: J /‘
o 7

Inlet flow Vibrating bilayer beam Fixed constraint

V= (l - BXp(—I/T))Uf(Y)el on an! X T

At the top boundary of the piezoelectric solid we assign an electrical

V = Vial n such that it holds:
. Vv
D-nds=—
Qi R
==ROMA

A:TRE ’

“RSITA DEGLI STUDI

"IIIIIIII






Results of simulations

- HEENEARAEEE|
' (NARRRRN AT
VYRR EARERREE
- m%f:.m::::
LEMELEEITTILRLL AL
1 Ead

AL @::::
o ZRRE _ARERERRERENAR
__:;:::,::::
_;“.z//////ﬁ:::
5 L}

(RRRRE!

AN 12 £222222722110 11

1.0+

0.50

0.47

0.43

500

—500

500

—1500

X [m]

wy (1/s)

)

Pa

Pr

11

TRE

UNIVERSITA DEGLI STUDI



Results of simulations

Vertical tip displacement of the

solid which periodically Frequency spectrum of the vertical
Ci||at§$1;ofz tip displacement at different inlet
fluid velocities:
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The harvested electrical power is: oo 29|
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Remeshing
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M. Curatolo and L. Teresi. The Virtual Aquarium: Simulations of Fish Swimming,
European COMSOL Conference, Grenoble, France (2015).

M. Curatolo and L. Teresi. Modeling and simulation of fish swimming with active
muscles. Journal of Theoretical Biology, (2016).

» https://www.comsol.com/blogs/studying-the-swimming-patterns-of-fish-with-
simulation/

Download and play with the model!
https://www.comsol.it/community/exchange/501/
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Remeshing

We need both moving mesh to solve the FSI for short time intervals, and
re-meshing to track the long swimming path we aim at simulating.
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