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ABSTRACT

Muffler is a part of an exhaust system fitted to 1C engines for damping noise
and to convey hot gases from the combustion chamber. Several research
efforts have been put into the study of muffler. This is due to their significant
effects on noise reduction, fuel consumption, efficiency and life span of engine.
Good muffler minimizes noise, back pressure and engine fuel consumption.
Currently, the price of petroleum products in the global market is high and
very unstable. Therefore, conservation of fuel is very important, particularly
to the end user. This study seeks to examine the effects of baffle holes on the
fluid flow characteristics and forces on the baffle walls. Three muffler models
were designed using Autodesk Investor 2015. ANSYS 16.0 was used as the
CFD working tools to predict the flow characteristics and forces on the walls.
Samples A, B and C were modeled to have 7, 13 and 26 holes, respectively
while the diameter of the holes for samples A, B and C were 50, 37.5 and 25
mm, respectively. Navier-Stokes and energy transport equations govern the
three muffler models. Muffler sample A displayed the lowest backpressure of
20.235 Pa, average wall temperature of 986.311 K and best fuel efficiency
characteristics. Sample B had the lowest forces on the wall while Muffler C
has the least advantage when compared with other models. Muffler sample B
gave the optimum design characteristic considering fuel consumption engine
efficiency and muffler durability.
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Nomenclature

h Heat transfer coefficient

k Thermal conductivity

Nu Nusselt number

P Pressure

q Heat transfer

r Radius of the Tube

Re Reynolds number

T Temperature

Ur Velocity along radial direction
Uy Velocity along azimuthal direction
Ux Velocity along axial direction
p Density

u Dynamic viscosity

Cp Specific heat capacity

Dn Hydraulic diameter

Uavg Average velocity

a Thermal diffusivity

Vm Muffler volume

Sw Swept volume

n Number of cylinder

D Bore diameter

L Stroke diameter

Introduction

Several investigations and findings have been carried to improve the product
of automotive industry. Many of this research were focused around improving
aesthetics and engine performance [1]-[3]. Automobiles are made of several
component such as body, electrical and electronics systems, power-train and
chassis among others [4]-[8]. Power-train and chassis consist of electrical
powertrain component, braking system, engine component, cooling system,
lubrication system, fuel system, steering system, transmission system
suspension system and exhaust system [9]-[13]. Exhaust system is designed
to convey the emission from the engine away from the driver and passengers
and to reduce the emissions the vehicle releases into the environment [14],
[15]. It control the delivery of hot gasses and provide information to the
vehicle’s computer in order to significantly improve vehicle performance and
reduce the amount of noise generated by the vehicle. The major components
of the exhaust system include exhaust manifold, catalytic converter, exhaust
pipe, resonator, muffler, oxygen sensors and tailpipe [12], [15], [16].
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Muffler is fitted to internal combustion engine for damping the noise
and to convey hot gases from the combustion chamber [17]-[19]. Its main
components includes inlet and outlet pipes, baffle plate or perforated pipe and
chamber where the propagation of sound wave, pressure drop, temperature and
velocity profile can be examined. A good muffler minimizes the back pressure
which is the pressure that opposes the desired flow of fluid in a confined place
and maximizes noise reduction.

Mufflers are classified as reactive, dissipative or combined muffler
[20]-[21]. Reactive muffler reflects the sound waves back towards the source
and prevent it from being transmitted along the pipe [22]. Therefore, more
pressure will be built up due to the baffle. Dissipative muffler uses sound
absorbing materials to reduce the acoustic power and convert it to heat energy,
this created less pressure drop, while the combined muffler contain both
reactive and absorptive materials to extend the noise attenuation performance
over a wider noise spectrum [23].

Mufflers are designed and constructed in different geometrics. One of
the most popular geometric is circular or spherical shape with an inlet and
outlet pipes. some circular geometrics are with partitions to help reduce noise
and back pressure. The design parameters mostly include: number of
chambers, number of inlet and outlet pipes, diameter of inlet and outlet pipe,
holes on the pipe or baffle, size and materials of muffler [24]-[26]. Other
criteria for selecting a good muffler include transmission loss and insertion
loss. Transmission loss is a measure of the difference between the acoustic
power of the exhaust gas at the inlet and the outlet while Insertion loss is
defined as the difference between acoustic power of the exhaust gas with
muffler and without muffler. The noise reduction inside a muffler
automatically generate back pressure due to restriction in the flow within the
muffler chamber. The back pressure created by the muffler affect the efficiency
of the engine, though, they are usually overcome by the power generated from
the engine [25]. Therefore, there is a need to design a muffler that produces
lesser back pressure which is often caused by obstruction or restriction with a
tolerable noise.

Several research efforts have been put into the design and construction
of muffler. Teja and Reddy investigated the back pressure in exhaust silencer
of single cylinder diesel engine [27]. Comprehensive study on four different
models of exhaust silencer was carried out and acusolve CFD for virtual
simulation of back pressure was applied. Finite Element model of the silencer
structure was generated using hyper mesh as the pre- processor and internal
tube with fine holes were considered. It was reported that samples design 1, 2,
3, and 4 generated a total pressures drop of 4.45, 4.85, 4.58 and 4.64 kPa,
respectively. It was concluded that silencer design 1, give a very low pressure
drop and easy to manufacture. Kore et al. worked on performance evaluation
of a reactive muffler using CFD [23]. GAMBIT was used to create mesh
surface and defined boundary condition which was read and analyzed using
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FLUENT. The simulated result indicated that the airflow in the expansion zone
creates stagnation pressure that contributed to the back pressure of the silencer.
Chaudhri et al., after studying different types of silencers and design methods,
it was concluded that the combined type of silencer was more efficient in noise
reduction than reactive and absorptive silencer [28]. Ramganesh and
Devaradjane analyzed the simulation of flow and prediction of back pressure
of the silencer using CFD. ANSYS was used for the simulation and prediction
of the exhaust back pressure [29]. They concluded that the back pressure of
any silencer depends on the pipe in the expansion chamber.

Due to instability in the prices of petroleum products in the global
market and need to minimize environmental pollution such as noise and
greenhouse emission generated by IC engine [30], this study seeks to examine
the effects of baffle holes on the fluid flow characteristics and forces on the
baffle walls. These affect the fuel consumption and noise generated by the
engine as well as muffler durability. The results of this study found application
in the design of muffler for motorcycles, vehicles and generator sets. This is
expected to reduce the noise generated by IC engines, minimize both
backpressure and forces on the walls, reduce fuel consumption and improve
the performance of the IC engines.

Methodology

In this section, the methods and techniques used were enumerated and
discussed fully. The muffler samples were drawn with Autodesk Inventor
Professional 2015 and imported into ANSYS 16.0 workbench for numerical
analysis. Figures 1 (a), (b) and (c) show the isometric drawing of samples A,
B and C, respectively while Figure 1(d) shows the typical Meshed sample.
Samples A, B and C were modeled to have 7, 13 and 26 holes, respectively
while the diameter of the holes for samples A, B and C were 50, 37.5 and 25
mm, respectively. The perforated areas of baffle plates were 40.4, 42.5 and
37.8% for samples A, B and C, respectively

Design parameters

According to Krunal et al., several parameters were considered in other to
achieve a good muffler design [31]. These include acoustic, geometric,
economic, mechanical and back pressure.

Specifications of the selected diesel engine
The following engine parameters were considered in designing the muffler for
diesel engine generator set (Ford product) [32]:

Bore diameter (D) 80 mm
Stroke length (L) 98 mm
Number of Cylinders 6
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Engine power (P) 65hp

Maximum revolution per minute 1800
Transmission loss 30 DB
Allowable back pressure 10 inches of Hz0

o 0015 003(m) ° 0015 003 (m)

o oo omm)
oS Uz

e ()

Figure 1: Isometric projection of muffler (a) sample A (7 holes), (b) sample
B (13 holes), (c) sample C (26 holes), and (d) typical modeled sample.

Volume of muffler shell

Volume of Muffler V, =S, X V; (1)
Swept volume S,, = = (D2L) X = (2)

where 1, is the volume of muffler, D is the bore diameter, L is the stroke
diameter, n is the number of cylinders and S,, is the swept volume. Nasiruddin
et al. reported that volume of muffler should be at least 12 to 25 times swept
volume depending on space limits [32].

V; = 18.5 were adopted. Therefore, 1, =S, x 18.5 = 0.0273 mS3.

Muffler shell diameter
Consider a muffler of length L 800 mm; the muffler shell diameter is given
Equation (3):

d= |[=*] = 0208 m 3)
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Diameter of exhaust pipe

The design of muffler diameter was obtained from Table 1, the standard grades
for muffler design. Insertion loss is measured in A-weighted decibel (dBA).
The ‘body diameter of muffler ratio exhaust pipe” and ‘length of muffler ratio
exhaust pipe’ are dimensionless parameters used for the calculation of the
muffler length and body diameter in the design of muffler [33]. These
parameters are stipulated by America Society of Heating, Refrigeration and
Air Conditioning Engineers (ASHRAE).

ASHRAE have stipulated the criteria for different grades of muffler for
different application (Table 1). For application in diesel engines, literature
have shown that critical grade is the most suitable grade for muffler design. It
was also reported that the diameter of the muffler body should be three times
the exhaust pipe diameter d. [21], [34].

Table 1: ASHRAE standard grades for muffler design [21], [35]

Grade /Parameter Industrial Residential ~ Critical ~ Supercritical
/Commercial

Insertion loss (dBA) 15-25 20-30 25-35 35-40

Body diameter of 2-25 2-25 3 3

muffler: exhaust pipe

Length of muffler: 5-6.5 6-10 8-10 10-16

exhaust pipe

Therefore,
d= 3xde; de=5=693mm (4)

where de is exhaust pipe diameter and d is the muffler body diameter.

The mufflers’ parameters
Parameters of the mufflers are given in Tables 2.
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Table 2: Parameter of muffler samples

Sample A Sample B Sample C

Parameters

(mm) (mm) (mm)
Shell Diameter 208 208 208
Shell length 800 800 800
First Chamber Length 250 250 250
Second Chamber Length 300 300 300
Third Chamber Length 250 250 250
Outlet diameter 69.3 69.3 69.3
Inlet pipe length 150 150 150
Outlet pipe length 150 150 150
Number of holes on baffle 7 13 26
Diameter of holes on baffle 50 375 25
% of total perforated area per plate 40.4 425 37.8

Materials Selection

The material selected for this study is stainless steel. Stainless Steel was
selected due to its superior corrosion resistance, durability and heat resistance.
Air was selected as the working fluid; exhaust gas [23]. The thermo-physical
properties of stainless steel as stated by Umair et al. are presented in Table 3
[36].

Table 3: Thermo-physical properties of stainless steel

Items Values
Density 770 kg/m?3
Specific heat 420].kg/k
Thermal conductivity 11.2 W/m.K
Thickness 3 mm

Also, the required thermo-physical property of air as reported by
[37][38] is as shown in Table 4.

Table 4: Thermo-physical properties of air

Items Values
Density 1.225 kg/m?
Viscosity 1.7894 e~> kg/m.s

Flow in a duct

The characteristic and the nature of flow in a duct is governed by Reynolds
number (Re). The Re depends on geometry, surface roughness, free stream
velocity, surface temperature and types of fluid. It is the ratio of the inertia
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force to the viscous force in the fluid [39]. The Reynolds number is as given
in Equation (5).

- In‘ertialforce =pu D U= U XRe (5)
Viscousforce u pxD

For a turbulent flow of Re = 20000 and from Equation (5) and Tables 3 and 4,
the inlet velocity is calculated to be 4.2157 m/s.

Governing equations
According to Ibrahim [40], the fundamental equations of continuity,
momentum and energy transport were adopted for the solution of the problem.

Continuity equation

Uy 10Ug 0Uy

or Trao T ax 0 6)
U, is the only non-zero velocity component, thus;

U.=Us=0 ©)
Therefore, Equation (6) reduces to:

Zx=0 (8)

dx

Equation (8) confirms that U, does not depend on the radial component
of the tube which implies a thinned wall tube and also U, = U, (r) is the same
for all values of x.

U, = Ux(r) 9)
Momentum equation
Radial direction:
Gl AUy | UgdUy Uy | Up?\ _ P 32U,
p(Ge+ UnSE+ 25 + UG+ ) = pg, — ST+ u[SE+
1 9%uy | 0%Ur | 10Uy 2 9Up Uy
2 992 ox2  r ar r? 99 rz] (10a)
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Azimuthal direction:

p(aU¢+ U 3U¢+ U¢6U@ + U BU(D ) pgo — + [0 UQ)+

at T or * ox arz
1 02Uy a UQ) 19Uy , 2 dU, Up (10b)
r2 9¢2? ax2 r or r2 99 r2

Axial direction:

Uy aux %aux aux) N [a Ux 1 92U,
p( tU 5+t 75 T U PYx + o T2 T

(10c)

62Ux 1 6Ux
dx?2 r or

Substituting Equations (8) and (9) into Equations (10a) and (10b) in the
absence of body force, yields:

oP . oP

- =0 = 0 (11)
Equation (11) shows that pressure depend only on axial direction.

Substituting Equations (8) and (9) into Equation (10c) and imposing steady

state condition that is:

2 = 0, yields; (12)

aux 10%Uy | 0%Uy | 10Uy

0=pgx— + ar? 7"2 ap? ax2  r or (13)
Rearranging Equation (13) gives:
9P i Ux 1 10%Ux | 0%Ux 10Uy
= Pgx T H [ ar2 r2 00?2 ox? r or ] (14)

Equation (14) is the momentum transport equation for the models.

Energy equation
The energy transport equation for a steady fluid flow as given:

%t k 3*T  9*T kAT
kSt asg tom et 00 = PG [Un 5+ Up 5+ Ux 30 (15)

Putting Equation (8) disappears the viscous dissipation term @y and the
Equation reduces to:
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Pr_ kT T kT
ar2  r29¢%2  9x%2  ror
Dividing through by k:

92T | 19T _ pCp aT]
ax2  ror k X ox

with: a=—
pCp
Equation (17) reduces to:
1 _ ugor
ax2 a ox

Equation (17) is the energy transport equation for flow within the tube.

Mesh convergence test

oT oT oT
= pCp [UTE-I- Uq)%‘l' Uxa

(16)

(17)

(18)

(19)

This is a numerical test required to ensure that the result of the finite element
analysis is not affected by changing the size of the mesh. If two subsequent
meshing do not change the result substantially, then the mesh has converged
which means a stable solution was obtained. Accuracy of Computational Fluid
Dynamic depends on mesh convergence and sample geometry which should
not be overlooked. For this research 2,988,628 mesh density and 1.8301x10°
(m) mesh size was used. The mesh the convergence graph is shown in Figure

2.

4.65
4.6
4.55
4.5
4.45
4.4

Velocity (m/s)

1000000 1500000 2000000 2500000 3000000 3500000

Mesh density

Figure 2: Mesh convergence graph.

Convergence criteria:

The momentum and continuity equations are given in Equation (20) while that
of energy transport is in Equation (21). Equations (20) and (21) are the input
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parameters into the software for the generation of the data used for the
convergence graph.

141701  1-5 (20)
(02
Tl < 1076 (21)
Ty

CFD analysis of the geometries

i. The numerical techniques require three steps, namely; pre-processing
which include model drawing, meshing and entering the boundary
conditions. Processing involves solving all the governing equations
through iteration and post-processing entails accurate analysis of the
results [39]. The mufflers were imported into ANSYS 16.0 workbench
for numerical simulation. After named selection for each section of the
mufflers, the body was meshed both surface and volume meshing on
which the accuracy of CFD results depends on and hence the following
setups were executed:

ii. The pressure-based solver was used for incompressible flow;

iii. Appropriate physical model: standard K-epsilon and enhance wall
treatment was used for accurate turbulent flow only;

iv. Material selection: properties of stainless steel and air were entered.

v. Boundary conditions: the velocity, outlet pressure and constant heat
flux were imposed on inlet, outlet and walls;

vi. Solution method: the SIMPLE scheme is used for pressure-velocity
coupling and Second Order Upwind for momentum and energy
equations are selected under the spatial discretization which is more
accurate than First Order especially on unstructured mesh;

vii. Convergence criteria: continuity, X, Y and Z coordinate was set at 10°
and 1078 for energy residual;

viii. Before running the calculation, number of iteration was set at 3000 for
solution to converge;

ix. Results: lines were created on the geometries as plane of interest where
the velocity, pressure and temperature were evaluated on points along
the lines. The velocity contour, velocity vector, pressure contour and
temperature contour were generated.

Boundary conditions
The following boundary conditions were applied to obtain solution for
continuity, momentum and energy transport equations in numerical simulation
of mufflers:
i. The flow was assumed to be steady, non-uniform and incompressible;
ii. The required thermo-physical properties of air were used as an exhaust
gas;
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iv.
V.
Vi.
Vii.

viii.

XI.

Xii.
xiii.

Xiv.

Wall was assumed to be stationary wall and therefore, no slip boundary
condition was applied;

For reasonably accurate results, realizable K-epsilon model was used
for turbulent flow [29], [41], [42];

Inlet temperature was 1000 K;

Outlet temperature was 314 K;

Reynolds number was assumed to be 20000 and Inlet velocity was
4.2157 m/s;

Outlet pressure was assumed to be the exit pressure;

Thermal boundary condition of uniform heat flux was applied;

Gravity effect was neglected;

The velocity along axial direction was significant while radial and
azimuthal were neglected,;

Numerical solver was pressure based;

Convergence criteria for continuity, X, Y and Z coordinate was set at
10-°and 10 for energy residual;

Solution method was by simple scheme and second order upwind.
After the application of these boundary conditions, the ANSYS 16.0
was run and the results were generated.

Results validation

Table 5 shows the comparison of the current study with literature.

Table 5: Comparison of the current study with literature

— o [
;. 2 8 B B ge 25 g
2 % ¢2 EET oo o&E o8 28 5
g °g g £E £8 £5 83 5 ¢
§ &= &= 5~ g ©E B§ £ 3%
= 16 = & S*T gg F o

A 19.00 13.10 2200 235 3. 1 4 [36]
B 1.859 1.896 16.66 61.30 3 2 5
C 1858  1.917 16.66 67.03 3 2 5 [43]
D 1856  1.997 16.66 72.75 3 2 5

E 4216  5.551 50.00 85.50 7 7 14 Current
F* 4216  5.528 3750 86.70 13 13 26 study
G 4216  5.505 25.00 85.10 26 26 52

*Sample with optimum characteristics

It could be observed from the table that as the total number of holes on

the baffle increases, the percentage pressure drop also increases. This trend
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was observed both in the previous and current studies [36], [43]. Analysis of
the results of the current study revealed that back pressure decreases as the
diameter of the holes on the baffle and percentage perforated areas increase.
This was in agreement with the report of Pangavhane et al. and, Teja and Redd
[44], [27]. Guhan et al. downsize an existing muffler by increasing the number
of holes on the inlet pipe from 49 to 70. They reported a significant drop in the
back pressure. Studies have shown that the back pressure can be optimized by
sizing of baffle holes as well as the number of holes on the baffle and inlet pipe
[45],[42]. Therefore, Samples D and F present the optimum performance
characteristics from literature and current study, respectively.

Results and discussion

This section contained the results that was obtained from the study as well as
discussion of those results.

Characteristics of muffler sample A
Figure 3a shows the velocity streamline of the fluid flow in Sample A with
inlet and outlet velocities of 4.2157 m/s and 5.5505 m/s, respectively.

Figure 3: Velocity streamlines, velocity vector, pressure profile and
temperature profile of Muffler sample A are shown in (a), (b), (c) and (d),
respectively.

The geometry of the inlet and outlet of the sample looks like that of
diffuser and nozzle, respectively, which bring about to a decrease in the flow
area; increase in pressure and decreases in the velocity of the fluid flow [46].
The high velocity values at the outlet create a low pressure area within the
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muffler, hence, lower the pressure buildup. The velocity vector as shown in
Figure 3b was very high at the outlet than the inlet of the pipe and likewise
high in the first baffle than the second baffle. This is as a result of the
obstruction in the flow area. Figure 3c shows that the pressure distribution
across the wall of muffler is uniform except at the inlet, first baffle and outlet.
The inlet and outlet pressure was 22.2569 Pa and 3.2381 Pa, respectively.
Figure 3d shows the temperature profile within the muffler. The temperature
decreases along the muffler as a result of heat energy transferred to the
environment. The inlet, outlet and average temperatures are 1000, 992.58 and
993.307 K, respectively.

Characteristics of muffler sample B

Figure 4a shows the velocity streamline of fluid flow of sample B. The outlet
and inlet velocities are 5.52849 m/s and 4.2157 m/s while the maximum and
average velocities of the exhaust gases 6.43036 m/s and 0.873742 m/s,
respectively.

Figure 4: Velocity streamlines, velocity vector, pressure profile and
temperature profile of Muffler sample B are shown in (a), (b), (c) and (d),
respectively.

Characteristics of muffler sample C

The velocity streamline of fluid flow of Model C is shown in Figure 5a with
inlet and outlet velocities of 4.2157 m/s and 5.5047 m/s, respectively and the
inlet. The muffler had the maximum and average velocities of 6.79709 m/s and
0.806948 m/s, respectively (Figure 5b). The high velocity at the outlet creates
a low pressure within the muffler. Therefore, reduces the pressure buildup in
the muffler [27]. Figure 5c displays the pressure distribution was uniform
across the wall of muffler except the inlet and outlet pipe, with inlet pressure
of 22.4489 Pa and outlet pressure of 3.1994 Pa. Figure 5d shows the
temperature profile within the muffler. The inlet temperature was 1000 K
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which decreases along the muffler as a result of heat energy transferred to the
environment and exhaust gas escaped at the outlet with average temperature
0f 994.099 K and 995.054 K respectively.

Figure 5: Velocity streamlines, velocity vector, pressure profile and
temperature profile of Muffler Sample C are shown in (a), (b), (c) and (d),
respectively.

Comparison of mufflers’ results
The result of the mufflers were compared in this section.

Pressure contour

Figure 6 shows the variation of flow pressure with axial position along the
centerline of the domain. The pressure gradient in the pipe causes the flow to
occur in the outlet direction. The three samples have a very close pressure
value at the inlet which decreases as it enters the first chamber. There was
sudden increase in pressure of sample C at the first baffle with the highest
backpressure and lowest pressure reduction while sample A with the lowest
backpressure. At the inlet of the outlet pipe, there is a rapid pressure drop as
the gas exits the muffler and the pressure was independent on the number of
holes on the baffle at axial positions 0 - 300 mm. It was observed that pressure
was almost constant between the baffles to the third chamber for the entire
sample consider. This was in agreement with the work of Pangavhane et al.
and Chaudhri et al. They reported that backpressure decreases as the diameter
of holes increases on the pipe [47], [28]. Therefore, sample A will perform
better than samples B and C.
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Figure 6: Variation of flow pressure with axial position along the centerline
of the domain 4.

Velocity contour

Figure 7 shows the variation of flow velocity with axial position along the
centerline of the domain. The lowest and highest velocity was observed with
samples A and B, respectively. The results show a close velocity value at the
inlet of the pipe and increases on entering the first chamber. There was a drop
in the velocity at the first baffle and further attenuate between the baffles. The
exit velocities of samples A, B and C are 5.13785, 5.0971 and 5.085 m/s,
respectively. Analysis of the results shows that the velocity of flow is
independent of the number of holes on the baffle at axial positions 0 mm to
300 mm and greater than 1000 mm. This explains the reason why sample A
had the lowest pressure at the outlet pipe which was because of its higher
velocity compare with other samples. The main factor behind good scavenging
is exit velocity. The fast moving pulse creates a low pressure area behind,
hence, muffler sample A will experience lowest pressure buildup than B and
C[27].
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Figure 7: Variation of flow velocity with axial position along the centerline
of the domain.

Temperature contour

Figure 8 shows the variation of flow temperature with axial position along the
centerline of the domain. It was observed that the temperature of models
reduces from the inlet to the outlet pipe of the as the fluid travel in the pipe and
this was due to temperature gradient. The temperature of the inlet was the same
for all samples. Results shows that temperature in the pipe depends on the
number of holes at axial position greater than 300 mm. Sample A was having
the lowest outlet and average wall temperature because it retains less hot
exhaust gas compared to other samples. This shows that sample A would have
more resistance to thermal crack and leakages than samples. This is because
high temperature can badly affect the microstructure of ferrous alloy which
can cause thermal degradation, cracking, leakage and exposure to corrosion
[27]. The characteristics of muffler samples are shown in Table 6.

1002 J‘ === Muffler Model A
1000 F* "—"—'ﬁa\ == Muffler Model B
(]

3 998 ‘\ Muffler Model C
© R 0

g 996 T e

g =

o O
o O
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Axial Position in X (mm)

o

Figure 8: Variation of flow temperature with axial position along the
centerline of the domain.
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For a muffler to function effectively in term of fuel efficiency and
durability, it must have low back pressure, low forces on the walls and baffles
[28]-[27]. Considering these parameters, Table 7 shows parameters
combination for the muffler samples and the percentage was based on each
optimal parameter achieved in the muffler.

Table 6: The obtained characteristics of muffler samples

Parameters Muffler Muffler Muffler
Sample A Sample B Sample C
Inlet Pressure (Pa) 22.2569 21.9802 22.4489
Outlet Pressure (Pa) 3.2381 2.93326 3.1994
Back Pressure (Pa) 20.2352 21.4626 23.1539
Pressure Reduction (Pa) 85.5% 86.7% 85.1%
Diameters (mm) 50 375 25
Numbers of Holes 7 13 26
Perforated Area(mm?) 13,746 14,360 12,764
% Perforated Area(mm?) 40.4 425 37.8
Average Flow Rate 1.2158 1.2547 1.0299
(x102 m?/s)
Average Wall Temperature (K) 986.311 988.35 988.457
Average Wall Shear 0.092590  0.088137 0.0890299
Volumetric Flow Rate (x10-3m?%/s) 12.16 12.55 10.29
Turbulence Eddy Dissipation(m?/s®) 122.287 126.79 153.476
Force on Baffle One (x10'N) 4.75429 1.4549 1.5772
Force on Baffle Two (x10-°N) 4.3754 1.31129 5.007
Force on the Body Walls (x10-5N) 4.0018 3.16198 5.09015

Table 7: Parameters combination for muffler A, B and C

Parameters (%) Muffler A Muffler B Muffler C
Backpressure 87.4 92.7 100
Wall Shear 100 95 96
Force on Baffle 1 100 30.6 33.2
Force on Baffler 2 87.4 26.0 100
Force on the Wall 79 62 100
Average wall Temperature 99 100 100
Conclusion

Numerical investigation on mufflers was carried out on three different mufflers
using the governing equations that guide the fluid flow and muffler design.
Analysis of the results shows that muffler sample A with 50 mm diameter and
40.4% perforated area had the lowest backpressure 20.2352 Pa and average
wall temperature 986.311 K which is desirable for engine optimum engine
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performance and fuel efficiency. Muffler B with 37.5 mm diameter and 42.5
% perforated area has the lowest forces on the muffler is also important for
muffler durability and muffler C has the least advantage when compared with
other samples. The average flow rate and volumetric flow rate increase with
increase in the percentage perforated areas. Outlet and maximum velocities
decreases with increase in the number of holes on the muffler while the average
and outlet temperatures increase with increase in the number holes on the
muffler. It could be concluded that muffler sample B had the optimum
performance characteristics for design purpose particularly when considering
fuel consumption, engine efficiency and muffler durability.
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