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Abstract— Muffler is a device used to reduce the sound from
systems such as combustion engines, compressors, air-
conditioning systems. But Issues regarding the design and use
of large-scale silencers are more prevalent today than ever
before. With the use of large industrial machinery (such as
IC Engine) For that There are a number of methods currently
used to model and investigate the acoustic performance (TL)
of mufflers including analytical methods & computational
methods including the use of FEM and BEM and
experimental measurement techniques.
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. INTRODUCTION

Experimental method requires set-up of an experiment and
manufacturing a prototype muffler. As shown in fig.4.3.1 and
fig.4.3.2 two microphones were connected upstream while
two were connected downstream. The Microphones are used
to convert acoustic signal into electrical signal [12]. The
microphone output is given to “Data Acquisition System”
which processes it and gives it to computer. At downstream
end of muffler, the noise signal is terminated anechoically so
that no reflection of pressure wave takes place. The output of
data acquisition system is given to computer, which gives
Transmission loss for various frequencies

A. Engine Noise:

Wave discharge from the exhaust are the cause of the engine
noise. as the Power stroke of the IC engine comes at the near
end, that outlet valve becomes opens and the discharge the
remaining pressure in that cylinder discharges exhaust gases
as a pulse wave in sin wave into the exhaust system from the
engine. These pulses wave in sin wave form are in range of
between 0.151 and 0.394 atmospheres in amplitude, with
wave pulse duration between 2.077 and 4.95 milliseconds.
Frequency spectrums are directly correlated with the pulse
duration. cut-off acurate frequency in the range of 200 to 500

Hz. ,Engines and Engine exit produce noise of 101 -129 dB
depending on the size and the type of the engine.
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B. Reactive Muffler

Probably the most sophisticated type of muffler is the
reflective type. They often utilize absorption principles in
conjunction with reflection to make the ultimate high-
performance muffler. Specifically, those like numbers cancel
each other when on a cris-cross, that's the same principal used
by the reflective muffler. Sound is a wave. In addition, when
two like waves collide, they will "cancel" each other and
leave nothing to call a corpse but a spot of low-grade heat

Reactive Muffler described the use of transfer
matrix method applied to acoustic system. The essence of the
transfer matrix methods is its ability to break the system into
discrete elements, which can be modeled by using basic
acoustic principles. This is facilitated by taking two state
variables, acoustic pressure p and acoustic mass velocity U,
at the input and the output sides of an elements and relating
them by defining a 2 X 2 matrix.

I:)inlet A11A12 I:)outlet
U inlet A21A22 Uoutlet

Reactive mufflers generally consist of number of
pipe segments that is fix connect with a number of big
chambers. This sound reduction mechanism of reactive
muffler is that the crosssection area of provides an Z- height
mismatch for the sound wave travelling along the hollow
pipe. This impedance mismatch results in a reflection of part
of the sound wave back towards the source or back and forth
among the chambers. The reflective effect of the muffler
chambers and piping (typically referred to as resonators)
essentially prevents some sound wave elements from being
transmitted past the muffler. The reactive mufflers are more
effective at lower frequencies than at high frequencies, and
are most widely used to attenuate the exhaust noise of internal
combustion engines.
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C. Absorptive Muffler

Absorptive mufflers contain fibrous or porous sound-
absorbing materials and attenuate noise by converting the
sound energy propagating in the passages into heat caused by
friction in the voids between the oscillating gas particles and
the fibrous or porous sound-absorbing material.

Absorptive  mufflers usually have relatively
wideband noise reduction characteristics at middle and higher
frequencies. Absorptive mufflers are often used to attenuate
the engine intake noise or supplement the performance of
reactive mufflers for the engine exhaust noise control. The
sound absorbing materials are generally held in position by
the use of a perforated metal liner.

Il. LITERATURE REVIEW

A. Masson et al

worked on optimize the acoustic performance of low cost,
simple geometry mufflers by using micro-perforated panels
(MPP) in their expansion chambers. The Transmission Loss
(TL) given by a computational model is compared with
laboratory measurements, both for the mufflers containing
the micro-perforated panels and without them. The
optimization calculation is based on the easy computing
transfer matrix approach. Then, they used the Boundary
Element Method (BEM) in order to compare the evaluation
of the TL. Different configurations have been tested to detect
the real effect of resonator absorbers based on micro-
perforated panels in the expansion chambers. It is shown that
their presence increases the TL at certain frequencies if their
parameters are well chosen, but their dissipative effect is
negligible when occurs at a reactive effect resonance.

B. Selamet et al.

Investigated the acoustic behaviour of circular dual chamber
muffler in detail by using two dimensional axis-symmetric
analytical approach, FEM and experimental work.
Comparison of FEM and experimental results are consistent
with the analytical approach. Several effects have been
studied, including (1) presence of rigid baffle; (2) inner radius
of baffle; (3) Position of baffle and (4) extended inlet/outlet
and baffler duct. These effects are shown to modify the
acoustic behavior drastically.

C. Srinivasan et al.

Developed fully automatic 3D analysis tool for expansion
chamber mufflers. The results obtained are compared with
analytical and experimental results for simple as well as
extended-tube expansion chambers, with or without an offset.

D. Andersen

Andersen did work on exhaust noise, legislation targets,
customer expectations and cost reduction, which call for
design optimization of the exhaust systems. One solution is
to use three dimensional linear pressure acoustics and
calculate the transfer matrix of the muffler. The transfer
matrix is the basis for calculating either the insertion loss or
transmission loss of a muffler. The 3D simulations in Comsol
of different muffler configurations are verified by
measurements in a flow acoustic test rig using the two-source
method. Analytical methods are well suited for determining

the acoustic response of different configurations of simple
expansion chamber mufflers but not for mufflers with
complex geometries. Following empirical formula is used to
find out the transmission loss of single chamber muffler.

TL=10 Iogl{l+ i[(M )—(;ﬂz sinz(KL)}

(4.1)
An expansion chamber has a predictable transmission loss
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I1l. EXPERIMENTAL METHOD

Experimental method requires set-up of an experiment and
manufacturing a prototype muffler. As shown in fig.4.3.1 and
fig.4.3.2 two microphones were connected upstream while
two were connected downstream. The Microphones are used
to convert acoustic signal into electrical signal [12]. The
microphone output is given to “Data Acquisition System”
which processes it and gives it to computer. At downstream
end of muffler, the noise signal is terminated anechoically so
that no reflection of pressure wave takes place. The output of
data acquisition system is given to computer, which gives
Transmission loss for various frequencies.
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IV. ACOUSTIC ANALYSIS IN SYSNOISE BY FEM AND
BEM:-

SYSNOISE is an FEM/BEM based computational acoustics
program that allows users to input a geometry, impose
boundary conditions, select environmental parameters, and
solve the system of resulting equations in one, two or three
dimensions. Once the system has been solved, a host of post-
processing options are available to determine the various
performance characteristics. Using command line code, it
was possible to perform the calculations for all three methods,
utilizing both FEM and BEM, and in both two and three
dimensions.

A. Acoustic Analysis in SYSNOISE by FEM:-

1) Purpose of FEM Acoustics module

— Solve the Helmholtz equation inside internal Fluid
domains

2) Method suited for interior noise

3) Radiation application can be handled with Infinite
Elements

4) Acoustic modes of the fluid volume can be easily
computed

All rights reserved by www.ijsrd.com 64



Design and Analysis of Reactive Silencer Modeling with FEM & BEM
(IJSRD/Vol. 7/Issue 05/2019/015)

5)
6)

7)

8)

1

4)

1

2)
3)
4)

E.

Acoustic modal response can be quickly performed when
modes are present

In FEM fluid the boundary conditions are always applied
on the FACES of an element.

Solvers

— classical skyline solver

— Kirylov iterative solver (fast)

Vibrating panels, pressure BC’s,sources & FEA BC’s
can be defined

Principle Steps of Finite Element Application:-

Model Definition:

—  Model Type

—  Meshes

— Materials & Properties

— Field Point Mesh

— BC: source, vibrating panels
Use of FEM solvers

FEM applications

Post processing

Acoustic Analysis in SYSNOISE by BEM:-

Mesh on surface only

— field-point mesh for other results
Direct BEM solver

= closed geometry

—  fluid on one side: interior or exterior
Indirect BEM solver

— no restriction on geometry

e open

° ribbed

—  fluid on both sides: interior and exterior
Surface absorbers

Principle Steps of Boundary Element Application:-

Model Definition

—  Meshes

—  Model Type

— Acoustic Properties

— BC: source, vibrating panels

— Advanced Boundary Conditions
Use of BEM solvers

BEM applications

Post processing.

Boundary Element Method:-

In order to help visualize the influence of multidimensional
effects on the acoustics performance of expansion chamber,
a three-dimensional direct boundary element method was
ued.this method is based on the Helmholtz equation:

*p+k’p=0
Where P is the acoustic pressure, given an enclosed

smooth surface and two points X and Y, where Y is on the
surface of the model, Eq. (5.2) can be written in an integral
form as

V. CONCLUSION

Based on work carried out in this project, it can be concluded
that:

2)

3)

4)

(1]

[2

(3]

[4]

(5]

The acoustic performance in terms of TL of reactive
simple expansion chamber with various lengths of
expansion  chamber and  baffle investigated
computationally. The computational (FEM and BEM)
result shows good agreement with experimental
published results.

It shows how the transfer matrix may be extracted using
the complex wave amplitudes at two specific points on
the inlet side and outlet side, while running only a single
simulation at multiple frequencies.

The presence of a centered baffle leads to an acoustic
attenuation that exhibits pairs of domes. The first dome
of each pair is smaller in amplitude and frequency
bandwidth than the second one. When the baffle hole
diameter is reduced, the amplitude and frequency
bandwidth of the second dome of each pair become
larger for constant porosity and constant number of
holes.

No frequency limitations, short setup time, and easy
redesign are among the advantages of using 3D pressure
acoustic simulation without making prototype model.
The FEA has the particular advantage of being able to
model any complicated shape to study the muffler
performance and effect of higher order modes.
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