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Abstract

This study is to improve the performance of muffler of I.C. Engine through identifying the level

of back pressure and velocity drop in flow behavior. A vortex analysis has been done of this

study to understand the flow around sharp corners and narrow flow paths. Numeric calculation

and particle study have been done in solid works Flow Simulation with turbulent model for

variation in angle and porosity of pipe. The output indicates that deflector plates at certain angle

and a certain level of porosity gives lower pressure drop and velocity drop. Simulationalso

reveals that vortex if of high intensity in muffler’s section near deflector platesand near the

exhaust pipe. CFD has major purpose in optimizing models and performing research through

change in geometric constraints and flow parameters. Therefore, outcomes are in good

agreement with existing studies performed by various authors.
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Introduction

A muffler is a device to reduce the emission from an internal combustion engine’s emissions.

Mufflers in most internal combustion engines are mounted within the exhaust pipe, but the

muffler is not designed for primary exhaust purpose [1-3]. The muffler is built to reduce the

loudness of the sound pressure produced by the motor via the acoustic stilt (Sunil et al.

2014).Excessive pressure loss of exhaust muffler causes a decrease in engine power so as to

increase the fuel consumption of engineering machinery [4]. Thus, a muffler with low pressure

loss is the goal of designers. An empirical formula is used to calculate the pressure loss of the

muffler in the traditional method, but its accuracy is relatively low, and pressure loss problems of

complex mufflers cannot be solved. While the test method has high accuracy and reliability, it is

not suitable for predicting the flow characteristics of mufflers. In this paper, a numerical

simulation of fluid dynamics performance for a fork truck muffler is conducted based on the

theory of computational fluid dynamics [5-8]. The distribution of velocity and pressure fields in

the interior of the muffler is obtained. Based on the analysis results, the internal structure of a

conventional muffler is improved [9-10].
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However, Reactive mufflers are widely used in the exhaust system of internal combustion

engines. Generally speaking, a muffler structure used in engineering machinery is very complex.

Mufflers can cause a decrease in engine power and economy while reducing noise at the same

time [11-15]. Therefore, a detailed study of the flow characteristics of the muffler is very

important. For practical complex mufflers, the internal flow is three-dimensional and unsteady.

The reports on the flow field and pressure distribution of muffler are rare. Therefore it is

important to simulate the speed characteristics and pressure distribution of exhaust muffler.

Domestic unreasonable designs can be found by analyzing the flow characteristics of a muffler,

and it can provide the necessary theoretical support for the optimized design of a muffler. Three-

dimensional CFD simulation technology will reveal new ideas and directions for the optimal

design of modern engineering machinery parts[15].

Design optimization of muffler of I.C. Engine is done in this work through the CFD analysis

with variation in input parameters and geometric constraints such as deflector plate

angle,porosity of porous pipe in the model. Hence, the role of CFD in research and designing

purposes is justified to predict the optimized models and operating conditions for a specific

model used in analysis. Once validation the model in CFD process, have flexibility to obtain the

results at different parameters without any physical change model or also having flexibility

analyze the results for any complex model or domain. The main objective of was to design and

examine the fluid flow inside muffler using ANSYS/SOLIDWORKS for different fuels and to

evaluate the pressure drop through the muffler.

Methodology

 To analyze the muffler, a model has been modeled software like Pro-E/Solid

works/Ansys-ICEM etc.

 After modeling the flow domain, the physical boundary conditions have beenassigned.

 After this, flow domain was discretized into number of elements/cell termed as

“Meshing” will be done in SOLIDWORKS.

 A complete discretized flow domain was imported into solver SOLIDWORKS Flow

Simulation to simulate the flow problem.

 Input parameters (mass flow rate, fluid properties, temperature, turbulent model,

convergence criteria etc.) were given as per boundary conditions at the initial moment.
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 In the end contour basis or graphical representative results and discussion have been
presented in the report along with a conclusive part.

Results and Discussion
Pressure and velocity drop in muffler with change in θ.
It can be seen in figure 1 that pressure drop is minimum at θ = 114 Degrees for 3102 Pascal. It is
also noticeable that the pressure drop increases as the angle increases above 114 degrees with
maximum value of 3142 Pascal and falls below 114 degrees except at θ = 106 degrees for 3105
Pascal which is nearly same as at θ = 114 degrees.

Further, from figure 2 it is observed that minimum velocity drop of 1.87 m/s is at 120 degree and
maximum of 2.07 m/s is at 100 degree angle out of all 8 variations but considering both pressure
and velocity drop θ = 114 degree is preferred for perforated study.

Figure 1: Pressure drop (Pascal) for deflector plate at 8 variations of θ.

Figure 2: Velocity drop (m/s) for deflector plate at 8 variations of θ.
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Pressure and velocitydrop with change in Hole Diameter.

As the exhaust gas passes through muffler pressure drop varies with change in hole diameter of

the perforated pipe, in figure 3 it is evident that minimum pressure drop of 2875 Pascal for

diameter of 2mm. Subsequently, pressure drop increases with increase in hole size for

perforation up to 7mm diameter with 3150 Pascal as maximum pressure drop.

In figure 4 it is evident that maximum velocity drop of 1.93m/s is for 6mm hole size and

minimum velocity drop of 1.68 m/s is for same diameter where pressure drop is minimum hence,

hole diameter of 2mm is most suitable for the presented model of the muffler.

Figure 3: Pressure drop (Pascal) with 7 variations in perforation.

Figure 4: Velocity drop (Pascal) with 7 variations in perforation.
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Pressure Contoursfor variation in θ and Hole Diameter.
In Figure 5 to 12, the pressure distribution of muffler for variations in deflector plate angle and
hole diameter of the perforated pipe has been shown. Pressure is divided into three ranges i.e.
low, medium and high at section section-1, 2, 3, 4 and 5. High Deviation is appeared at section-4
(of muffler) for all the angles of deflector plates as area under the deflector plates is of lower
pressure comparative to the area above deflector plates.

Figure 5: Pressure Distribution of Muffler with θ = 100Degrees.

Figure 6: Pressure Distribution of Muffler with θ = 103 Degrees.

Figure 7: Pressure Distribution of Muffler with θ = 106 Degrees.
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Figure 8: Pressure Distribution of Muffler with θ = 108.5 Degrees

Figure 9: Pressure Distribution of Muffler with θ = 111.5 Degrees

Figure 10: Pressure Distribution of Muffler with θ = 114 Degrees
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Figure 11: Pressure Distribution of Muffler with θ = 117 Degrees

Figure 12: Pressure Distribution of Muffler with θ = 120 Degrees

Figure 13 to 19 represents the pressure distribution of the muffler for variation in hole diameter

of the perforated pipe. Pressure is decreasing in section 3 and increasing in section 1 as hole

diameter increases from 1mm to 7mm. whereas, pressure distribution remains nearly same in

section – 4 due to passage allowing exhaust gases to pass around the deflector plates at angle of

114 Degrees. Deflector plates are provided for destructive effect on sound waves coming from

the engine.
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Figure 13: Pressure Distribution for hole diameter = 1mm.

Figure 14: Pressure Distribution for hole diameter = 2mm.

Figure 15: Pressure Distribution for hole diameter = 3mm.
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Figure 16: Pressure Distribution for hole diameter = 4mm.

Figure 17: Pressure Distribution for hole diameter = 5mm.

Figure 18: Pressure Distribution for hole diameter = 6mm.
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Figure 19: Pressure Distribution for hole diameter = 7mm.

5.2 Velocity Contours for variation in θ and Hole Diameter.
The Velocity distribution of the muffler shows that velocity is maximum at outlet and minimum
in section 3 near the walls. Further, change in velocity profile can be seen near the edges of
deflector plates as the angle increases from 100 degrees to 120 degrees with minimum velocity
drop at angle of 114 degrees.

Figure 20: Velocity Distribution of Muffler with θ = 100 Degrees

Figure 21: Velocity Distribution of Muffler with θ = 103 Degrees.
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Figure 22: Velocity Distribution of Muffler with θ = 106 Degrees.

Figure 23: Velocity Distribution of Muffler with θ = 108.5 Degrees

Figure 24: Velocity Distribution of Muffler with θ = 111.5 Degrees
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Figure 25: Velocity Distribution of Muffler with θ = 114 Degrees

Figure 26: Velocity Distribution of Muffler with θ = 117 Degrees

Figure 27: Velocity Distribution of Muffler with θ = 120 Degrees

Figure 5.28 to 5.34depicts the Velocity distribution of the muffler with variation in hole diameter

of the perforated pipe from 1mm to 7mm. High velocity zones are appeared near the separation

in section-1, deflector plates in section-4andat the center of the outlet pipe. Similarly, here by the

velocity trends are contrary to the pressure distribution at these sections.
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Figure 28: Velocity Distribution for Hole Diameter = 1mm.

Figure 29: Velocity Distribution for Hole Diameter = 2mm.

Figure 30: Velocity Distribution for Hole Diameter = 3mm.
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Figure 31: Velocity Distribution for Hole Diameter = 4mm.

Figure 32: Velocity Distribution for Hole Diameter = 5mm.

Figure 33: Velocity Distribution for Hole Diameter = 6mm.
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Figure 34: Velocity Distribution for Hole Diameter = 7mm.

5.3 Vorticity Contours

Figure 35 to 42 represents the vortex IntensityDistribution of the muffler for angle variation of

deflector plates from 100 to 120 degrees. Almost same turbulence intensity range has been

observed with these analyses.

Figure 35: Vorticity Distribution of Muffler with θ = 100 Degrees.

Figure 36: Vorticity Distribution of Muffler with θ = 103 Degrees.
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Figure 37: Vorticity Distribution of Muffler with θ = 106 Degrees.

Here by, these cut plots of Vorticity Distribution show that vortex is maximum at the corners of

section-1 and deflector plate ends, subsequently, vortex at the end of inlet pipe can be seen due

to the separation of gases from the surface also, at the end of the solid pipe vortex forms due to

the direct obstruction of the partition plate-3.

Figure 38: Vorticity Distribution of Muffler with θ = 108.5 Degrees.

Figure 39: Vorticity Distribution of Muffler with θ = 111.5 Degrees.
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Figure 40: Vorticity Distribution of Muffler with θ = 114 Degrees.

Figure 41: Vorticity Distribution of Muffler with θ = 117 Degrees.

Figure 42: Vorticity Distribution of Muffler with θ = 120 Degrees.

Vortex Intensity Distribution for variation in hole diameter of the perforated pipe in

Figures 43 to 49 are represented in the cut plot of the muffler. A high Turbulence

zone can be seen near the end of inlet pipe which is decreasing toward outlet. Further,
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vorticity is lesser for the smaller holes in the perforated pipe and increases as the

perforation increases.

Figure 43: Vorticity Distribution of Muffler for Hole Diameter = 1mm.

Figure 44: Vorticity Distribution of Muffler for Hole Diameter = 2mm.

Figure 45: Vorticity Distribution of Muffler for Hole Diameter = 3mm.
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Figure 46: Vorticity Distribution of Muffler for Hole Diameter = 4mm.

Figure 47: Vorticity Distribution of Muffler for Hole Diameter = 5mm.

Figure 48: Vorticity Distribution of Muffler for Hole Diameter = 6mm.
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Figure 49: Vorticity Distribution of Muffler for Hole Diameter = 7mm.

Conclusions

 Pressure decreases moderatelyfrom inlet pipe to the outletand quickly drops below the

deflector plates in section-4.

 Section – 4 shows more pressure drop as compared to other sections of the muffler.

 Pressure drop is lower for θ = 114 degrees whereas it is higher for θ = 120 degrees,

velocity drop followed the same trend except the maximum velocity drop is at θ = 100

degrees.

 Pressure drop and velocity drop at θ = 114 degrees for variation in perforation is

minimum at 1mm hole diameter and increases as the hole size increases.

 The velocity plots have been extracted opposite to pressure region but different in

magnitude.

 For θ and perforation variation have almost similar trends and values in term of pressure

drop and Velocity drop.

 Vortex of high intensity has been identified in section-1, section-5 for variation in θ of

the muffler and high Vortices are observed near the entrance of the perforated pipe and

solid pipe for variation in perforation.
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