MANUFACTURING

AltaSim Technologies

Fluid-Structure-Acoustic Interactions

BY DR. S.P. YUSHANOV, DR. J.5. CROMPTON, AND DR. K.C. KOPPENHOEFER, AltaSim Technologies OF COLUMBUS, LLC

omputational analysis of fluid-struc-
ture interactions (F'SI) represents a
considerable challenge for most compu-
tational analysis codes. Simple one-way
coupled problems, in which the fluid
pressure deforms a structure but does
not substantially affect the fluid flow
characteristics, can be solved by a variety
of techniques. Solutions to the more com-
plex two-way coupled fluid-structure in-
teractions are more elusive. These occur
when pressure of the flow of fluid deforms
a structure in such a way that the result-
ing deformation alters the flow of fluid.
The two-way coupled approach solves
this problem and produces accurate, time
dependent results.
Through the use of COMSOL Multi-

physics, Altasim of Columbus, LLC has de-

veloped practical solutions to realistic FSI
problems across a wide range of applica-
tions in the biomedical, automotive and
petrochemical industries. Examples of
FSI problems in these industries include:
blood flow through flexible systems, char-
acteristic acoustic signatures of valve
components, structural vibration due to
intermittent transient flow through com-
pressors and control of fluid cavitation
around a vibrating structure.

COMSOL Multiphysics has been used
to develop a specialized multiphysics
model describing the response of a vibrat-

ing needle in a liquid.
The vibration of the nee-
dle generates a pressure
wave and causes bending
of the flexible needle.
The FSI solution
couples the continuum
equations of solid me-
chanics with the Na-
vier-Stokes equations
of fluid mechanics.
COMSOL Multiphysics
solves these equations
simultaneously over the
same computational do-
main using an Arbitrary
Lagrangian-Eulerian
formulation (ALE). The

moving mesh capabili-
ties in the ALE formula-
tion of COMSOL allow
a stable solution while
increasing the amounts of needle move-
ment and deformation.

Solutions of this type can quantify
the influence of key design variables of
the system. For example, the operating
stress experienced by the needle, stream
lines of the fluid flow, and the acoustic
sound pressure levels developed (see
Figure 1).

The results of fully coupled FSI analy-

Figure 1. Sound pressure levels developed from two needle designs.
These designs seek to maximize local pressure levels and minimize
pressure at a specified distance.

mance issues with new products prior to
mass production, significantly reducing
the time and cost of new product develop-
ment and manufacture.

This work was performed by Dr. S.P.
Yushanov, Dr. J.S. Crompton, and Dr. K.C.
Koppenhoefer using COMSOL Multiphys-
ics. For more information please contact:
K. Koppenhoefer, 130 East Wilson Bridge
Rd, Suite 140, Columbus, OH 43230, or

ses have allowed AltaSim to resolve perfor- visit www.altasimtechnologies.com. W

Best Paper and Best Poster Awards — COMSOL Conference Boston and Grenoble 2007

Boston Best Paper Awards

- Acoustic Transparency of Non-homogeneous Plates (with repeating
inclusions) using Periodic Structures Methodology, Anthony Kalinowski,
Naval Undersea Warfare Center, Newport, Rl

« Geometrical Optimization of Pyrophosphate Concentration in Ther-
mosequencing Platform for DNA Sequencing, Hessaam Esfandyarpour,
Stanford University, Palo Alto, CA

« A Model of Direct Thermal Printing, W. T. Vetterling, ZINK Imaging, Inc.,
Waltham, MA

Boston Popular Choice Best Poster Award

- Magnetic Particle Motion in a Gradient Field, Usha K Veeramachaneni,
West Virginia University, Morgantown, WV

« Voltammetric Performance of Nanometer Interdigitated Electrodes,
Guigen Zhang, The University of Georgia, Athens, GA

Grenoble Winners

« Catalyst Degradation in PEM Fuel Cells — Modeling Aspects, Vaivars
Guntars University of the Western Cape — South African Institute of Ad-
vanced Material Chemistry, South Africa

- Coupled Electro Thermal and Fluid Dynamical Simulation of Axial
Flux Permanent Magnet, Synchronous Machines, Marignetti Fabrizio,
Universitd degli Studi di Cassino, Italy

«3D Semiconductor detectors for medical imaging, Ruat Marie, CEA
Grenoble, France

« Structural Shape Optimization Using Moving Mesh Method, Liu
Zhenyu, Universitdt Freiburg, Germany
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