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Synopsis  

Engine exhaust noise pollutes the street environment and ventilation fan noise enters dwellings along with the fresh air. The story of the automotive noise control is similar. Research and development work in acoustics of ducts and mufflers has been going on at the Indian Institute of Science since late sixties. However, public consciousness of noise pollution in general and automobile noise in particular, developed during the last decade.

            Sound pressure materials are used extensively to fill parts of silencing elements in exhaust systems. Although their main effect is to reduce broadband high frequency noise (such as flow generated noise),they may also affect the lower frequency noise caused by pressure pulsations generated at the exhaust valves and travelling downstream in the exhaust system (pulse noise).


So to optimize the sound with the good performance and efficiency of the vehicle. The study of silencer is main criteria for noise reduction so that efficiency of the engine will improve. In present study the silencer is designed for tractor in which noise reduction is attenuated. The noise reduction is possible by at least 3dB in a limited space at certain frequency.   

   This describes the development and validation of a computer model able to predict the effect of the sound absorptive materials on pulse noise. The time domain model takes into account the physical and geometrical properties of the fibres that constitutes the sound absorptive material to calculate resistance and heat exchanged with the surrounding gases.    

1. INTRODUCTION

Background

The sole purpose of automotive muffler is to reduce engine noise emission. If vehicle did not have a muffler there would be an unbearable amount of engine exhaust noise in our environment. Noise is defined as unwanted sound. In an automotive engine, pressure waves are generated when the exhaust valve repeatedly opens and lets high pressure gas into the exhaust system. These pressure pulses are sound we hear. As the engine rpm increases so do the pressure fluctuations and therefore the sound emitted is of high frequency. The automotive muffler has to be able to allow the passage exhaust gases whilst restricting the transmission of sound.

Objective

The objective of the present study is to an analytically, computationally and experimentally investigate the acoustic behaviour of hybrid silencers that consist of dissipative and reactive components including mean flow effect. First, the acoustic performance of uniformly perforated cylindrical dissipative silencers is explored with varying duct porosity, hole diameter, and filling density. The transmission loss predictions from analytical and computational approaches for these configurations are compared with the experiments. Finally, the analytical and numerical approaches are utilized to illustrate the effect of both individual chamber configuration and the connecting tubes (or the relative location of the chambers) on the acoustic performance of the hybrid silencers.

2. MUFFLER DESIGN

Generally automotive mufflers will have both reactive and absorptive properties. This means that they are designed so that the sound waves produced by an engine partially cancelled themselves out in the muffler. Reflections occur where there is a change in geometry or an area discontinuity.

A reactive muffler, as shown in fig. 1 generally consists of a series of resonating and expansion chambers that are designed to reduce the sound pressure level at certain frequencies. The inlet and outlet tubes are generally offset and have perforations that allow sound pulses to scatter out in numerous directions inside a chamber resulting in destructive interference. They have the ability to reduce the noise at various frequencies due to numerous chambers and changes in geometry that the exhaust gases are forced to pass through.

An absorptive or dissipative muffler as shown in fig.2 uses absorption to reduce sound energy. Sound waves are reduced as their energy is converted into heat in the absorptive material. A typical absorptive muffler consists of a straight, circular and perforated pipe and the casing is a layer of sound absorptive material that absorbs some of the pressure pulses.
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Fig.2

3. MUFFLER PERFORMANCE PARAMETER

In general, for an n-element muffler, the pipe would be the first element and the exhaust pipe, the nth. The performance of an acoustic filter (or muffler) is measured in terms of one of the following parameters:

1) Insertion Loss, IL

2) Transmission Loss, TL

3) Level Difference, LD or Noise Reduction, NR

1) Insertion Loss, IL :

Insertion Loss is defined as the difference between the acoustic powers   radiated without any muffler and that with the muffler. IL is given by the following expression

IL=Lw1 – Lw2(dB)

Where subscripts 1 and 2 denotes systems without muffler and with muffler respectively. Given transfer matrix with coefficients Ta, Tb, Tc, Td the Insertion Loss may be expressed as
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2) Transmission Loss, TL :

The transmission loss, TL, is independent of the source and presumes an anechoic termination at the downstream end. It is defined as the difference between the power incident on the muffler proper and that transmitted downstream into the anechoic termination
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Where M1 is the mean flow Mach number in the exhaust pipe, Mn is the mean flow Mach number in the tail pipe, and all other symbols carry the same connotations as in the expression of IL above.

3) Level Difference, LD :
Noise reduction is the number of decibels of sound reduction actually achieved by particular enclosure or barrier. This can be measured by comparing the noise level before and after installing an enclosure over a noise source. NR and TL are not necessarily the same. Level difference or noise reductionism the difference in sound pressure levels at two arbitrarily selected points in the exhaust pipe and tailpipe. LD is given by the following expression;

LD=20log|pn/p1|

4. FUNCTIONAL REQUIREMENTS OF AN ENGINE EXHAUST MUFFLER

There are numerous functional requirements that should be considered when designing a muffler for a specific application. Such functional requirements may include adequate insertion loss, backpressure, size, durability, desired sound, cost, shape and style. These functional requirements are detailed below focusing on an automotive muffler’s functional requirements.
Backpressure
Backpressure represents the extra static pressure exerted by the muffler on the engine through the restriction in flow of exhaust gasses. Generally the better a muffler is at attenuating sound the more backpressure is generated. In a reactive muffler where good attenuation is achieved the exhaust gasses are forced to pass through numerous geometry changes and a fair amount of backpressure may be generated, which reduces the power output of the engine. Backpressure should be kept to a minimum to avoid power losses especially for performance vehicles where performance is paramount.
Size

The available space has a great influence on the size and therefore type of muffler that may be used. A muffler may have its geometry designed for optimum attenuation however if it does not meet the space constraints, it is useless. Generally the larger a muffler is, the more it weighs and the more it costs to manufacture. For a performance vehicle every gram saved is crucial to its performance/acceleration, especially when dealing with light open wheeled race vehicles. Therefore a small lightweight muffler is desirable.
Durability
The life expectancy of a muffler is another important functional requirement especially when dealing with hot exhaust gasses and absorptive silencers that are found in performance vehicles. Overtime, hot exhaust gasses tend to clog the absorptive material with unburnt carbon particles or burn the absorptive material in the muffler. This causes the insertion loss to deteriorate. There are however, good products such as deteriorate. There are however, good products such as mineral wool, fibreglass, sintered metal composites and white wool that resist such unwanted effects. Reactive type mufflers with no absorptive material are very durable and their performance does not diminish with time.

Acoustical Society
Shape and Style
Automotive mufflers come in all different shapes, styles and sizes depending on the desired application. Generally automotive mufflers consist of an inlet and outlet tube separated by a larger chamber that is oval or round in geometry. The inside detail of this larger chamber may be one of numerous constructions. The end user of the muffler usually does not care what is inside this chamber so long as the muffler produces the desired sound and is aesthetically pleasing. It is therefore the task of the muffler designer to ensure that the muffler is functional as well as marketable.
5. CALCULATIONS
Helmholtz resonators, which consist of a volume communicating through an orifice or neck to some external excitation, produce narrow bands of high wave attenuation. The classical approach in modeling these resonators is to neglect the spatial distribution leading to an equivalent spring–mass system where the mass of air in the neck, m= ρ0AcLc is driven by an external force and the volume acts as a spring with stiffness s= ρ0c0^2lc^2/v, Ac and lc being the neck area and length, respectively, and V the resonator volume. For this one degree of freedom system, wr=(s/m)1/2, leading to a single resonance frequency of f r = (c0/2π)(Ac /lcV)1/2, which is a function of the cavity volume, but independent of the volume dimensions. 

To improve the accuracy, the neck length is usually ‘‘corrected’’ by adding a term for each end in order to account for this fluid motion, thereby modifying lc in the foregoing expression for f r by l’c = lc + δv +δp  A number of analytical treatments based on somewhat simplified physics have been introduced to develop these end correction factors.
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Helmholtz resonator dimensions (dp=4.859 cm, dc=4.044 cm, Lc=8.5 cm, and V=4500 cm3). 

Helmholtz resonator geometry (dp=4.859 cm, dc=4.044 cm, and Lc=8.5cm)
Resonator 
lv (cm) 
dv (cm)
lv/dv orl/d 
dv/dc
1 

8.423 

26.081 
0.32 

6.45

2 

15.865 
19.004 
0.83 

4.70

3 

24.420 
15.319 
1.59 

3.79

4 

35.281 
12.743 
2.77 

3.15

5 

55.550 
10.155 
5.47 

2.51

6 

71.653 
8.941 

8.01 

2.21

7 

96.012 
7.727 

12.43 

1.91

8 

148.565 
6.210 

23.92 

1.54

The theory for holes interaction effect
1.1 The open area ratio

The open area ratio σ is defined as the ratio of the total area of the holes to the total area Sp of the panel. Assuming cylindrical perforations with the same diameter a, the open area ratio is given by:

σ=𝑛𝜋𝑎2/ 4𝑆 .

Where n is the number of holes on the panel. Two cases may be noticed depending on the fact that the holes are evenly distributed or not. If the holes are evenly distributed on the total panel area, there is no need of knowing the number of holes on the panel. The diameter a of holes and the distance b between two consecutive holes are sufficient to determine σ. The formula is then:

σ=𝑛𝑎2/ 4b2
This is probably the most used formula to calculate σ. Now, instead of using b (the distance between 2 consecutive holes centres) one may use the interstice length β, a more interesting distance, which is the distance between 2 holes edges (see Fig. 1). β is simply given by :

𝛽=𝑏−𝑎 .

Equation (2) becomes:

σ=𝑛𝑎2/ 4(𝛽+a)2
In the case where the holes are not evenly distributed on the panel total area as on figure 1 (holes localized in a part of the panel area for instance), assuming regular distance between the holes, σ is given by:

σ=𝑛π𝑎2/ 4(nb2+Su)
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Schematic of the perforated panel and the nomenclature adopted. The dashed holes are the positions of the holes when the holes are evenly distributed on the total panel area.
EFFECTS OF SILENCER PARAMETERS
A. Effects of Perforation Hole Diameter

Reducing the perforation hole diameter is the most effective way to widen the attenuation peak.  When the hole diameter is reduced, the acoustic resistance of the panel increases, the damping of the panel Helmholtz system increases and the attenuation peak widens.  The major reason for the micro-perforated panel silencer to have significantly improved performance over the silencers is that the micro-perforated panel silencers have smaller holes.

B. Effects of Panel Thickness

Increasing the thickness of the panel is another way to widen the silencer attenuation peak.  However, it is not as effective as reducing the perforation hole diameter.  Test results have shown that the difference in the insertion loss between silencers made of panels with the same perforation hole diameter, but a 19% difference in panel thickness, is smaller than the test error.

The effect of panel thickness is further dimmed due to the so called “effective mass” of the vibrating air.  When the air inside an orifice (i.e. a perforated hole) vibrates, the air entering and exiting it also vibrates.  This added vibrating air effectively adds mass to the air column inside the orifice and thus makes the equivalent length of the orifice longer than its geometric length.  This added effective length at each end of the orifice is approximately 0.85 times the orifice diameter.  For the micro-perforated panels typically used for silencers, the perforation hole diameter is approximately the same as the panel thickness.  

Therefore, this added length is 1.7 times the geometric length of the orifice, i.e. the thickness of the panel.  As a result, doubling the panel thickness only increases the total effective thickness of the panel by 37%.  Hence, although an increase in panel thickness should theoretically increase the panel system resistance and widen the silencer attenuation, its practical effect is minimal.  The positive side of this phenomenon is that reducing the panel thickness does not reduce the panel acoustic resistance much either.

Since increasing the panel thickness increases the air mass per hole, and reduces the resonant frequency of the Helmholtz panel system, the frequency of peak attenuation is slightly lower for a silencer with a thicker panel.  

C. Effects of Depth of Cavity behind Panel

The frequency of a silencer’s peak attenuation can be controlled by the depth of the cavity behind the panel.  If the panel is a purely resistive locally reacting element, the first attenuation peak occurs at a frequency for which the cavity depth equals a quarter wavelengths, and the higher order peaks occur when the depth is an odd number of quarter wavelengths.  However, when the panel has a mass reactive component, the peaks occur at somewhat lower frequencies.  This reduction factor in frequency can be shown to be, approximately, d/(d+a/P), where d is the depth of the cavity, a is the panel perforation diameter, and P is panel porosity, the fractional open area of the total panel area

D. Effects of Silencer Open Path Ratio

Similar to a porous material silencer, a decrease in the silencer open path ratio increases sound attenuation and therefore widen the attenuation bandwidth.  Curves A, B, C and D in Figure 10 represent the attenuation of four silencers with open path ratios of 20%, 25%, 30%, and 35%, respectively.  Obviously, the silencer with the smallest open path ratio, 20%, has the widest attenuation band.  However, just as for porous material silencers, the smaller open path ratio, the higher pressure drops.  Therefore, in many applications, decreasing silencer open path area is not an acceptable option for improving silencer performance.

For a given silencer unit size, a silencer with a smaller open path ratio has a deeper air cavity behind the panel, a lower Helmholtz panel resonant frequency and hence a lower frequency at peak attenuation.  
E. Effects of Panel Perforation Porosity

One parameter which should be carefully chosen is the panel perforation porosity, the fractional perforation area to total panel area.  Choosing a proper porosity can improve silencer attenuation without significantly increasing the panel cost, as in the cases of reducing the hole diameter or increasing the panel thickness.  Neither will it increase silencer pressure drop, as does reducing silencer open path ratio.  The optimum porosity depends on many factors such as silencer open path ratio, silencer unit size, etc.  Unfortunately, the author cannot give a general optimum porosity, but it can be determined from the equations for any particular case.

F. The Effects of Air Flow Speed

According to silencer test results, attenuation increases as the air flow speed increases.  When the silencer face velocity increases from 5 meters per second (1000 fpm) to 10 meters per second (2000 fpm), the attenuation usually increases by 1 to 5 dB, depending on the unit size and the open path ratio of the silencer

G. Double Panel Silencer

Since the micro-perforated panel system is a single Helmholtz resonant system, we expect the silencer attenuation to have one major peak.  The width of the peak is usually one to two octave bands.  It is difficult to further widen the attenuation peak beyond this limit with the present panel perforation technology.  One way to further widen the attenuation peak, is to use a double resonant system which consists of two micro-perforated panels in front of each other 

H. Silencer Attenuation at High and Low Frequencies

As shown in the figures, silencer attenuation has one major peak.  Below the peak, silencer insertion loss is mostly due to the cross-section area mismatch.  Above the peak, insertion loss is mostly due to the random-incident wave correction factor.  Changing the panel geometric parameters will not significantly improve silencer attenuation at low or high frequencies, unless the perforation hole diameter can be reduced beyond the present sheet metal perforation technology.

7. PERFORATION SAMPLES

 
Table 6.1 presents 11 samples of circular plates with different porosity φ , wall thickness tw , and hole diameter dh that are considered in this study to investigate the effect of such parameters on the perforation impedance. Perforation facing air-air with higher than 10 % porosity has not been, in general, considered in the literature since the effect of varying perforations at high porosities on the transmission loss is insignificant. However, with the fibrous material, the transmission loss may be affected by the perforation impedance even at higher porosities. Thus, four duct porosities (φ = 2.1, 8.4, 13.6, and25.2 %) are considered here, defined by the area ratio of all holes to the plate. The samples are categorized into three groups; (1) group A is the base with dh =0.249 cm and tw =0.08 cm; (2) group B has the same hole diameter as group A and doubles the wall thickness t w =0.16; and (3) group C has the same wall thickness as group A, while doubling the hole diameter dh =0.498 cm. The numbers (1. 4) after the group identification by (A. C) in Table 6.1 indicate different duct porosities. The holes on the plates are distributed to achieve similar distances between the holes in the

Sample No. 
Hole diameter,dh (cm) 
Wall thickness,tw (cm) 
Porosity,φ (%)

A1 









2.1

A2 





0.08



8.4

A3 









13.6

A4

0.249







25.2

B1 









2.1

B2 









8.4

B3 





0.16



13.6

B4









25.2

C2 









8.4

C3 

0.498



0.08



13.6

C4









25.2

Table 6.1 Perforation samples.

a)

b)[image: image8.emf]
c)[image: image9.emf]
[image: image10.emf]
d)

[image: image11.emf]
The schematics of perforated ducts; (a) φ = 8.4 %, 0. dh = 0.249 cm, (b) φ = 8.4 %, dh = 0.498 cm, (c) φ = 25.7 %,  dh = 0.249 cm, and (d) φ = 25.7 %,dh= 0.498 cm.

8. RESULTS AND DISCUSSION

The results obtained from the TL measurements of the farm tractor are compared with the prediction from the model and are shown in Fig.
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TL with different radius of HR                           TL with HR dp=4.859cm,dc=4.044cm,lc=8.5cm

Vc=4500cm^3,d=15.319cm,l=24.42cm


[image: image13]
   TL with HR dp=4.859cm,dc=4.044cm,lc=8.5c                                   TL with silencer and HR

    Vc=4500cm^3,d=19.004cm,l=15.865cm
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Backpressure for inlet pipe with HR dp=4.859cm,    Backpressure for outlet pipe with HR dp=4.859cm dc=4.044cm,lc=8.5cm Vc=4500cm^3,d=15.319cm, dc=4.044cm,lc=8.5cm,Vc=4500cm^3,d=15.319cm

l=24.42cm                                                                 l=24.42cm
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Backpressure of inlet pipe with HR and silencer             Backpressure of outlet pipe with HR and Silencer

9. CONCLUSION
An improved method of modeling reactive muffler is presented in this paper to accelerate the TL prediction using four pole methods. Reactive silencers depend on the reflection or expansion of sound waves with corresponding self-destruction as the basic noise-reduction mechanism. The results obtained from various experiments matches with the prediction made. If noise is present in a limited frequency range, a reactive muffler may take up the least space. These are generally used at low frequencies. A large frequency range can be covered using several reactive chambers in succession. Perforated tubes are also employed in reactive mufflers. One more important property which is also verified is the reciprocity of the transmission. Given noise spectrum this modeling technique for mufflers can be used to come up with a better and quicker design then existing one as BEM/FEM by trying out various elements available one by one.
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