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ABSTRACT

In this research, we developed numerically a Prototype Auditory Membrane (PAM) for a fully implantable
and self contained artificial cochlea. Cochleae are one of the important organs for hearing in the human
and animals. Material of the prototype and implant of PAM are made of Polyvinylidene fluoride (PVDF)-
Kureha, Japan which is fabricated using MEMS and thin film technologies. Another important thing in the
characteristic of the PAM is not only convert the acoustic wave into electric signal but also the frequency
selectivity. The thickness, Young's modulus and density of the PAM are 40 wm, 4 GPa, and 1.79 x 10’
kg/m’, respectively. The shape and dimension of the PAM is trapezoidal with the width is linearly changed
Jrom 2.0 to 4.0 mm with the length are 30 mm. Numerically, we develop the model of PAM is based on
commercial CFD software, Fluent 6.3 26 and Gambit 2.4.6. The geometry model of the PAM consists of
one-sided blocks of quadrilateral elements for 2D model and tetrahedral elements for 3 D model
respectively. In this study we set the flow as laminar and carried out using unsteady time dependent
calculation. The results show that the frequency selectivity of the membrane is detected on the membrane
surface.
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1. INTRODUCTION

As a medical treatment for sensorineural hearing loss in children and adults, cochlear implant is
recently used [1][2]. The current cochlear implant consist of an implant stimulating electrodes
and an extracorporeal device, which bypass the damaged hair cells by generating electric current
in response to the acoustical sound [3]. There is a battery inside the extracorporeal device, which
is one of the critical disadvantages in the current cochlear implant. This status motivates us to
develop a fully self-contained artificial cochlea.

The function and geometrical of the cochlea has been being studied by many researchers in the
world. Measuring and modelling the geometric of the cochlea and biological basilar membrane
technically are very complicated, these become a challenge to be researched. In this research we
use the Prototype Auditory Membrane (PAM) as the simplifying model of the biological basilar
membrane. The important role of the cochlea is not only conversion of acoustical sound to
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electrical signals but also frequency selectivity [4]. Numerical simulation is one of tools to predict
the frequency selectivity on it. The simulation of fluid flow is an application of numerical method
for estimating the pattern of fluid flow distribution as well as on cochlea. These methods describe
the prediction of fluid flow process and its distribution, before and after a real fluid flow process
happened [5]. The information about fluid flow distribution with certain frequency are utilized to
create a pressure distribution area map and fluid flow activity. Generally in this research, we have
studied in depth the characteristic of the artificial cochlea. We will report a novel piezoelectric
artificial cochlea which works on acoustic wave with frequency selectivity. This system is related
with the oscillation and piezoelectric effect. Experimentally, the frequency of the acoustic wave is
controlled from 1 kHz to 20 kHz, which covers the human audible frequency. The research paper
consists of an introduction as well as a brief description of the research objective, mechanical
model and design including results of the numerical simulation.

2. NUMERICAL SIMULATION

In this paper, we develop and simulate the model is based on the numerical method. The model is
developed and simulated based on the commercial CFD software, Fluent 6.3.26, and §ambit
24.6. The Fluent 6.3.26 use finite-volume code, generally this commercial software is used in
hydrodynamics and mass transfer computations [6]. The Gambit 2.4.6 is used to provide the
complete mesh flexibility, and solve the flow problems witifZboth structured and unstructured
meshes. All functions of the Fluent and Gambit software’s are required to compute a solution and
display the results. These software are also accessible either through an interactive interface or
constructed using user-defined-functions (UDS).

The main challenge of the numerically predicting sound waves stems from the well-recognized
fact that sounds have much lower energy than fluid flows, typically by several orders of
magnitude. This poses a great challenge to the computation of sounds in terms of difficulty of
numerically resolving sound waves, especially when one is interested in predicting sound
propagation to the far field.

21.CFD

At present,gomputationa] Fluid Dynamic (CFD) is a relatively new engineering tool that has
grown side by side with the development of the computer. CFD has been limited only by
computer RAM or lack of there, due to the use on billions upon billions of calculations and
iterations. Fluent was used in this project, this software was us@) to simulate flow in very small
duct (MEMS) and determine the pressure that occur in the duct with reasonable accuracy. This is
key to many fields of engineering because duct flows similar to this are used by the medical,
automotive, horticultural, and construction industries. As a result, equations and plots can be
created to assist industry in the production of better products.

It is the capability to develop larger and more complex simulations of real world fluid

periments on computers. Generally, computers can be used to solve FEA stress simulations,
simulate fluid flow and heat transfer. Along with computers, the Navier-Stokes eqnion allowed
large, complex simulations of fluid flows to be solved. Equations below are the Navier-Stokes
equation [7].
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Surprisingly, this equation was developed in the early nineteenth century by Claude Louis Marie
Navier and Sir George Gabriel Stokes. In CFD, the differential equations are used as algebraic
equations that describe small finite fluid elements that can then be estimated.

gFD simulation usually includes three steps: preprocessing, processing, and post processing. For
the preprocessing step, a specific system is identified. The geometry and material properties
should be clearly defined, and meshing usually follows after geometry is determined. This is
accomplished by dividing geometry into many small elements or volumes. Meshing in Gambit is
a complicated work, as it is critical for both the accuracy of final result and the cost of numerical
calculation. Generally, the finer the divided elements are tB8 closer will be the final solution to
the true value at the expense of more calculation time. The setting of boundary conditions, initial
conditions and convergence criteria are also completed in the pre-processing stage. In the
processing stage, there are iterative calculations in each cell, which are carried out until
convergence criteria are met. This calculation-intensive process constitutes is the core content of
CFD application. It is not uncommon to have tens of thousands of calculation for even a
relatively simple problem. After the completion of processing, the results can be evaluated either
numerically or graphically. The graphical methods provide a more convenient way to evaluate the
overall effect. This includes signal plot, frequency, vector plot, plot of scalar variables, etc. These
visualization tools in post-processing stage allow quick assessment and comparison of calculation
results.

This research utilized a CFD program called Hgllent. Fluent and CFD programs make guesses at
the solution and check how accurate the guess until it reaches a user defined “convergence.” The
convergence term is similar to an error value that results from the computers guess at the Navier-
Stokes equation and represents the precision of the simulation. Many of the Navier-Stokes
variables are input by the user such as the inlet pressures, boundaries, outlet types, and fluid
properties. Next, the computer makes a guess at the velocity field for the system and checks the
accuracy of its guess [8].

This cycle is referred to as a iteration. [terations occur until the computers guesses reach the user
defined convergence point. Once that is accomplished, the user can examine the velocity field for
flow rates, pressures, energy transfers, and many other important characteristics. For this project,
the pressure into and out of the system was examined. However to use Fluent, a finite element
grid or mesh of the geometry was needed.

Packaged with Fluent is a program called Gambit. Gambit is a CAD (computer aided design)
program that allows a user to generate a model and then section it into small control volumes for
use in Fluent. The accuracy of the Fluent simulations are critically tied to this program because
Gambit is responsible for how many analysis points are placed in the model. Simpljgput the
higher number of volumes, because the higher volumes can make more the accurate. This also
has a down side because with more volumes, comes longer iteration time. Moreover, this can
sometimes exceed the computers available memory and computational abilities.

This research explores the behavior of a fluid that is subjected to a force and the flow pattern that
is resulted. Basic mechanisms need to be understood before Fluent can be used because Fluent
requires the user to input the external constraints and set up the simulation environment. To
produce a fluid flow, a difference in pressure between the inlet and each outlet is required.
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Table 1. Volume statistic for modeling and simulations

Type

Grid check 2D Model

Grid check 3D Model

Domain Extents:
* x-coordinate

* y-coordinate

* z-coordinate

min (mm) =0.000e+000,
max (mm) = 30
min (mm) =0.000e+000,
max (mm) = 20

min (mm) = 0.000e+000,
max (mm) = 30.000e+000
min (mm) = 0.000e+000,
max (mm) = 20.000e+000
min (mm) = 0.000e+000,
max (mm) = 40.000e+000

Volume Statistic:
* min. volume
* max volume

2.448890e-007 (mm?2)
7.943498e-003 (mm?2)

1.571e-006 (mm3)
4.560e-004 (mm3)

Face area statistics :
* min face area
» max face area

2.000000e-005 (mm)
4.766194e-001 (mm)

8.319¢-005 (mm2)
1.339e-002 (mm2)

Residual Criteria

le-005 (continuity, velocity) and
le-006 (Energy)

1e-005 (continuity, velocity) and
1e-006 (Energy)

Water-liquid is used in this simulation, this assumption based on the liquid fluid inside the
cochlea is endolymph that almost same with water characteristic. The detail information about
this fluid as shown in table below,

Material Properties,

Table 2. Characteristic of fluid : water-liquid (fluid)

Property Units Method Value(s)
Density kg/m3 user-defined (superfluid_density)
Cp (Specific Heat) j'kgk constant 4182
Thermal Conductivity w/m-k constant 0.60000002
Viscosity kg/m-s constant 0.001003
Molecular Weight kg/kgmol constant 18.0152
Speed of Sound m/s user-defined (sound_speed)

Assumption in this simulation are,

»  Fluid : Water — H20 (liquid)

*  Laminar Flow

*  Density : UDF (Tait Equation)

*  Pressure Inlet : 0.002 Pa — for 20e-006 s
*  Number of time step : 400

*  BM model : Non-slip and Rigid wall

30



















Numerical Studies_ijcsea

ORIGINALITY REPORT

21. 20. 13+, 4.

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.mae.wmich.edu 1 3<y
(0}

Internet Source

S LIU, M PENG, L VANE. "CFD simulation of 80/
effect of baffle on mass transfer in a slit-type °
pervaporation module", Journal of Membrane

Science, 2005

Publication

Exclude quotes On Exclude matches <4%

Exclude bibliography On



	9b_International Journal of Computer Science Engineering and Application_IJCSEA_2012
	9b_International Journal of Computer Science Engineering and Application_IJCSEA_2012.pdf
	Numerical Studies_ijcsea



