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Acoustic wave modeling is very important for many applications such as

the manufacturing of biometric sensors and detectors for flaws in metal
structures. The simulation of acoustic waves is done using a finite
difference time domain method (FDTD) method with absorbing conditions
as perfect matching layer (PML). In this work a numerical simulation of
acoustic wave’s propagation in metal is presented using Matlab software
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program. The characteristics of simulation for the boundary condition are
discussed. Results are generated and studied for 1D and 2D FDTD
simulation of acoustic waves, also the velocity and pressure in x-y plane is
evaluated. Our theoretical results are illustrated by various curves. This
mode is important for many applications such as acoustic sensors.

1. Introduction:

Standard finite-difference methods for the scalar
wave equation have been evaluated by(Geiger and
Daley (2003). These implementations handle a
variable-velocity subsurface and a variety of simple
boundary conditions. More recently, finite difference
time-domain FDTD method considered as a
numerical analysis full-wave techniques used to
solve problems in electromagnetics. This method
can solve complicated problems it is studied by
Schneider (2016). Ostashev, Juvé, and Blanc-Benon
(1997) have been Studied the derivation of a wide-
angle parabolic equation for sound waves in
inhomogeneous moving media. They explained
several effects in outdoor sound propagation.
Propagation of acoustics waves from an initial
Gaussian pulse over an impedance ground and over
a distance of 500 m has been studied by Dragna,
Blanc-Benon, and Poisson (2010). Three impedance

models classically used for applications in outdoor
sound propagation are considered. Cotté, Blanc-
Benon, Bogey, and Poisson (2009). Larsson and
Abrahamsson (2003) have been studied a model for
sound propagation which give by the time
dependent acoustic wave equation. They found that
an extra modeling is necessary to simulate
meteorological effects like attenuation properly.
Simulating different types of ground (such as
woods) will also require validation against
measurements. However, the wave equation has
also been considered too time-consuming in real 3-D
settings. The PML technique for the numerical
absorption of waves, studied since greater than
twenty years ago. Perfectly matched layers (PML)
using for simulating the absorption of waves in open
domains, which provides a very efficient alternative
to the use of absorbing boundary conditions in many
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application Bécache, Fauqueux, and Joly (2003).

According to Etter (2013), an acoustic model is
called physical or analytical when it represents the
theoretical of the physical phenomena. Geiger and
Daley (2003) have studied the 2D standard acoustic
wave finite difference method. It requires spatial
discretization of the cell size lower than A/10 to avoid
dispersion. Most of the acoustic applications have been
investigated standard finite difference that is able to
exhibit good overview of both stability and accuracy
methods for the past two decades Zahari, Dahlan, and
Madun (2015). Also, the Effects of metal buffer layer on
characteristics of surface acoustic waves in
metal/diamond structures discussed by Chiang, Sung,
and Ro (2010), for use in the design surface acoustic
wave devices in the super-high-frequency. Simulation
results indicate that adding a metal buffer layer with a
finite thickness significantly increases the coupling
coefficient. Furthermore, Simulation of acoustic wave
propagation in dispersive media with relaxation losses
by using FDTD method with PML absorbing boundary
condition (Yuan, Borup, Wiskin, Berggren, & Johnson,
1999). In this paper we study the modeling of acoustic
wave propagation in metal media using finite difference
time domain method.

2. Model and Acoustic Wave Equation:

The aim of this work is to formulate acoustic wave
simulation using FDTD and to construct perfect
matched layers around a 2-D square region to reduce
the reflection of the acoustic wave from a point source
in the middle of this region as shown in research by
Hastings, Schneider, and Broschat (1996). In Figure 1
which we considered, the width of interior region is
1m, and the width of PMLs is 0.2m. The interior region
is filled with metal (sound velocity ¢ = 5130m/s,
density p = 7800kg/m3).

PML Region

Interior Region

* Sourse

Figure 1 Interior and PML regions

The acoustic application of the technique considers
wave propagation in metal medium using the equations
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for change of acoustic particle velocity v and pressure P
with respect to time
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where p(x,t) is the pressure field, v(x,t) is the velocity
field, po is the mass density of water and p: is the
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the compressibility of the medium , and c is the velocity
of sound and p = p,.p,
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Equation (1) can be written as
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Using first order differencing in time and space, then
equation (1a) can be written
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Rewrite equation (4) gives a different equation as the
FDTD formulation
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In the same way we have the velocity equation in
z direction as

! 1
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K I

We choose that cmax in our case as a metal medium,

['0.jk+0-p"01.K) ()

At SCA—Z, and the velocity of present metal in our
max

work is 5900 m/s which is nearly approximately as
iron medium (5130m/s). The Equation (5,6) is solved
numerically by replacing the partial derivatives by one
order central finite difference expression and simulate
that equations (5) and (6) using FDTD by soft ware
program as Matlab.

According to suppose perfectly matched layers when a
wave reaches the ends of the waveguide it is reflected
back into the medium. The equations of one dimension
for acoustic waves are

v, + Kav, ) (7

ot p Ox
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Where « is the attenuation coefficient. Equations (7)

and (8) give the solution
| (a’xv j
C e—ZXav (9)

Let the attenuation coefficient & =0, we get back to
the original FDTD equations (1) and (2) then it will be
obvious that the wave velocity is the same for medium
and PML region as is the impedance

V, =y P=zv  y=c
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Medium

Using exponential differencing. Equation (7) becomes
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3. Results and discussion

We will discuss the use of finite difference time
domain method for application as acoustic simulation.
Also, we will deal with pressure waves only. Equation
(13) and equation (14) have been simulated. The
output is animated over time. Where in our program
we choose cell size and time stepping as dx=0.1 and dt
=dx/(2.*c) respectively, where c is the velocity of sound
in metal medium and N is the number of time steps
(100, 150, 200 and 400) which obvious in the result
curves. Figure 2 shows the distribution of the pressure
equation in metal medium with the wave propagation
velocity ¢ equal to 5900 m/s and for a selected
frequency of 2.5 MHz using the PML. In Figure 2 the
graph illustrates the simulation of acoustic waves in
metal medium with acoustic velocity after 50 time steps
and using ten point PML, spatial width=100 and
temporal width=2. Also, we consider The source of
sound locates at the center of the present supposed
square. The pressure of this source is a sinusoidal
function of time. Furthermore, in our software program
we given some parameters which use in a loop that
iterates across the waveguide to set pressures and
velocities. This loop is then nested within another loop
that iterates for successive time steps. We plot many
graphs for different number of time steps N such as
100,150, 200 and 400 for acoustic waves in metal, In
Figures 3, 4 and 5, respectively, it is shown that the
reflection of PML boundary is theoretically is small ,
though in practice one has to give the PML boundary a
width of say 10 elements and gradually introduce the
absorption. We create a PML region of 10 elements and
hence gradually introduce the absorption such that
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The maximum absorption for 1/10 of the PML as

e " =01=a= %In(lO), where X, the distance
t

is moved into PML and Xemv is PML width. The width
of interior region is 1m, and the width of PMLs is 0.2m.
The interior region is filled with metal similar to iron
with (sound velocity ¢ = 5900m/s, density p = 7800
kg/m3. in the FDTD methods, The property of a PML is
that it is designed so that waves incident upon the PML
medium do not reflect at the interface this property
allows the PML to strongly absorb outgoing waves from
the interior of a computational region without
reflecting them back into the interior. The so PMLs
don’t reflect for continuous wave equation. Other
simulations of the waves, the equation is discretized, so
there will be numerical reflections as (Johnson, 2007).
The reason the attenuation coefficient is set to increase
from the inner boundary to the outer boundary is to
reduce this numerical reflection. Other physical
phenomena are described by coupled first-order
differential equations where the temporal derivative of
one field is related to the spatial derivative of another
field (Kowalczyk & van Walstijn, 2011). In this work we
will consider only acoustic propagation, also we choose
the time step (dt) small enough to satisfy the results.
According to the time steps pressure from x-y velocity
have been calculated and showed in the graphs as in
figures. In Figure 6 showed simulation of acoustic
waves with frequency 2.5MHz and pulse is in middle
and travel outward. The result of simulation with
reached the perfect matching layer, it is absorbed as in
Figure 8. Figure 9 illustrated that the acoustic wave
were partially reflected. The Figures (6-8) represent
the velocity of acoustic waves in x and Y direction and
by choosing the set number of nodes in x direction and
in y direction is 80 cell size.
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Figure 2 Simulation of acoustic pulse in metal medium with
acoustic velocity 5900m/s and density 7800kg/m3
after 50 number of time steps
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Figure 3 Simulation of acoustic pulse in metal medium with
acoustic velocity 5900m/s and density 7800kg/m?3
after 100 number of time steps
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Figure 4 Simulation of acoustic pulse in metal medium with

acoustic velocity 5900m/s and density 7800kg/m?3

after 200 number of time steps
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Figure 5 Simulation of acoustic wave in metal medium with
velocity 5900 m/s and density 7800kg/m?3 after 400
number of time steps

FDTD Time = 1.20 msec
Time steps (100)

Figure 6 Simulation of acoustic wave in metal medium with
velocity 5900m/s, density 7800kg/m?3, and frequency
2.5MHz, in 2D after 100 time steps

FDTD Time = 1.44 msec
Time steps (120)
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Figure 7 Simulation of acoustic wave in metal medium with
velocity 5900m/s and density 7800kg/m3, f= 2.5
MHz and time=1.44 ms after 120 time steps
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Figure 8 Simulation of acoustic wave in metal medium with
acoustic 5900m/s and density 7800kg/m?,
f=2.5MHz, time=1.44 ms and after 200 time steps
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Figure 9 Simulation of acoustic wave in metal medium with
velocity 5900m/s and density 7800kg/m?3 after 400
time steps, f= 2.5MHz and time=1.44 ms

Some modifiable parameters using to plot acoustic
waves in 2D that is the number of nodes in x direction
equal to the number of nodes in y direction =80, the
distance between nodes is dx=0.1, also we choose the
time step small enough to satisfy. According to the time
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steps pressure from x-y velocity have been calculated
and showed in the graphs as in Figures 6, 7, 8 and 9.

Conclusions:

This paper considered as a review of the modeling
for acoustic propagation in metal for many time steps.
Numerical FDTD simulation for acoustic wave
propagation in metal medium evaluated. In addition,
the characteristics of simulation for the boundary
condition are discussed. Results are generated and
discussed for 1D and 2D finite difference time domain
method simulation of acoustic waves, also the velocity
and pressure in x-y plane is evaluated. The results are
illustrated by various numerical graphs with varying
number of time steps. This modeling is important for
many applications such as acoustic sensors. Acoustic
sensors are used for the detection of pressure waves in
many applications, such as communications, health
monitoring and medical imaging and therapy. In
addition this work may assist with a proper design, to
fabricate acoustic wave sensors integrated with metal
components.
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