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In this review paper, different types of agriculture tractors exhaust muffler systems used
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1. INTRODUCTION

Internal combustion engine generates the acoustic pulse by combustion process and are typically equipped with an
exhaust muffler to suppress the acoustic pulse generated by the combustion process. A high intensity pressure wave
generated by combustion in the engine cylinder propagates along the exhaust pipe and radiates from the exhaust pipe
termination. The pulse repeats at the firing frequency of the engine which is defined by f= (engine rpm x number of
cylinders)/120 for a four stroke engine. The frequency content of exhaust noise is dominated by a pulse at the firing
frequency, but it also has a broadband component to its spectrum which extends to higher frequencies. Measurements
of the exhaust pipe pressure pulse on a Continental 0-200 engine show that the majority of the pulse energy lies in the
frequency range of 0-600 Hz. Exhaust mufflers are designed to reduce sound levels at these frequencies. Generally, sound
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level of more than 90 db is injurious for Human being. The main sources of sound in an engine are the exhaust sound and
the sound produced due to friction of various parts of the engine. The exhaust sound is the most dominant. To reduce
this sound pressure level, various kinds of Mufflers are usually used. Concern about problems of sound level in the
workplace and in the living space has escalated since the amendment of the Walsh-Healy Act of 1969 there is a real
danger of permanent hearing losses when a person is exposed to sound level above a certain level. Most agricultural field
and industries are strongly motivated to find an effective, economical solution to this problem. The level of exhaust sound
Reduction depends upon the construction and the working procedure of mufflers. Some of the mufflers used in the
agricultural tractors were reviewed to select the best design parameters for mufflers design.

2. DESIGN REQUIREMENT OF MUFFLERS

In general, sound waves propagating along a pipe can be attenuated using either a dissipative or a reactive muffler. In all
muffler designs the tailpipe length can have an important effect. The tailpipe itself acts as a resonant cavity that couples
with the muffler cavity. The attenuation characteristics of a muffler are modified if the design tailpipe is not used. Also,
the effect of exhaust gas flow speed has a detrimental effect on the muffler performance. Beranek, 1998, gives examples
in which the muffler attenuation is reduced from 35 dB to 6-10dB when the flow speed is increased from zero to 230
ft/sec. In typical industrial or diesel truck engine applications the exhaust flow speed can be 164 ft/sec to 390 ft/sec. The
effect of flow is related to the interaction of sound with turbulence and will be dependent on the internal design of the
muffler.

3. REACTIVE MUFFLERS

Reactive silencers, which are commonly used in automotive applications, reflect the sound waves back towards the
source and prevent sound from being transmitted along the pipe. Reactive silencer design is based either on the principle
of a Helmholtz resonator or an expansion chamber, and requires the use of acoustic transmission line theory. In a
Helmholtz resonator design a cavity is attached to the exhaust pipe. At a specific frequency the cavity will resonate and
the waves in the exhaust pipe are reflected back towards the source. However there are also pass band frequencies where
the resonator has no effect and so resonator muffler design is targeted to specific frequencies where the majority of the
attenuation is required. In some designs, the muffler has several resonators of different sizes to target a range of
frequencies. Expansion chamber mufflers reflect waves by introducing a sudden change in cross sectional area in the
pipe. They do not have the high attenuation of the Helmholtz resonator, but have a broadband frequency characteristic,
with pass bands when half the acoustic wavelength equals the cavity length. Their performance also deteriorates at
higher frequencies when the cross axis dimension of the muffler is 82% of the acoustic wavelength (Davis, Stokes, Moore
and Stevens, 1954). Some expansion chamber muffler systems are also packed with sound absorbing material which
helps to improve the high frequency attenuation. The flow speed is reduced and this reduces the vortex shedding that
can cause problems in the design shown in Figure.1

Figure 1 Sectional view of a reactive muffler with two cavities and no flow restriction

4. DISSIPATIVE MUFFLER
A dissipative muffler uses sound absorbing material to take energy out of the acoustic motion in the wave, as it
propagates through the muffler. This type of muffler design uses only absorption of the sound wave to reduce the noise
level without messing with the exhaust gas pressure. This is known as glass pack muffler and it reduces backpressure
but producing higher noise. The sound produced by this type of muffler is much higher compared to the other type of
muffler. In Figure 2 the design differs in as much that there is no direct path for the exhaust gases to flow through the
muffler
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Figure 2 Sectional view of a typical automotive reactive muffler in which there is no direct passage between
the inlet and the exit

Selection criteria for mufflers
a) Measurement exhausts system backpressure of engine.
b) A free-flowing air intake and exhaust system in tractor.
c) Exhaust Muffler must be built tough to handle high pressure exhaust gasses,
d) Number of inlets, single or dual system.
e) Diameter of pipe, Inlet and outlet.
f) Size of the muffler.

Material used, stainless steel muffler offers superior corrosion resistance, durability, and life span than the aluminized
steel muffler.

5. REVIEW OF LITERATURE

Basic design features of mufflers

Reeddy 2012 explains design and optimization of exhaust muffler in automobiles by study of Muffler dimensions were
measured through the Benchmarking, to create CAD models. The CAD models were created in CATIA V5 R19, later these
CAD models of muffler were exported to HYPER MESH for pre-processing work. Free analysis was carried out on this
muffler by FEA Method using NASTRAN Software. In order to determine the resonance frequencies, were then compiled
to determine which peaks were the most significant for the system. From the data, side baffles were selected as weak
parts of the muffler. In order to minimize the effects of these resonance frequencies, the suggested design improvement
was to add thickness and also add damping to the system. Bilski 2013 presents the assessment of the operator’s exposure
to audible and infrasonic noise in 32 selected modern wheeled agricultural tractors designed and produced by world-
renowned companies in normal working conditions. The tractors have been in use for no longer than 4 years, with rated
power of 51 kW to up to 228 kW (as per 97/68 EC). The measurements were made in different typical work conditions
inside and outside of tractors cabs. The results indicated that exposure levels to noise perceived by the operators (Lex,Te
between 62,3 and 84,7 dB-A) and can make a small risk of potential adversely effects on hearing during tasks performed
inside the closed cab. The measured audible noise levels can potentially develop the non-auditory effects. Analyzed
tractors emit considerable infrasonic noise levels that tend to exceed the occupational exposure limits (both inside and
outside the driver’s cab). The applicable standards for low frequency noise and its measurement methods for vehicles,
including agricultural tractors, should be scientifically revised. In the last years there has been a noticeable technical
progress in reduction of audible noise exposure at the tractors operator’s workplaces with simultaneously lack of
important works for limitation of exposure to infrasound. Author discusses possible health and ergonomic consequences
of such exposure.

Performance of the mufflers

Noweir 1984 studied the performance of the efficiency concordance with the work discipline and work attendance of
people working at a sound pressure level of 80-99 dBA. In this study, it was found that the people exposed to a sound
pressure level of 90-99 dBA showed a lower efficiency, less discipline and less attendance to the work than the ones
exposed to 80-89 dBA sound pressure level. Miyakita, et al 1997 determined effect of noise on the number of persons
exposed to loss of hearing at levels above 40 dB at a frequency of 4 kHz; and as a result, estimated that 360,000 people
working in agricultural facilities in Japan impaired their hearing abilities. Baker 2002 was found that it may cause health
problems to the farmers in the long run. The machines used in agricultural operations such as tractors, combines, sellers,
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elevators, driers, etc. expose noise of high level. More hearing loss was encountered among people who work in
agricultural facilities than other jobs. Singh, G., et al 2022 Exhaust sound pressure level is known to be one of the harmful
pollutants. This sound pressure could be reduced sufficiently by means of an exhaust muffler. The aim of this research
was to evaluate the back pressure and afterword validation and theoretical results such as sound pressure level, engine
performances of the existing and selected other exhaust mufflers to provide a new design of muffler for better efficiency.
Experiment has been carried out with existing exhaust muffler and other six muffler of different tractor under at no load
condition, 1/4 load condition, 1/2 load condition, 3/4 condition in the laboratory and full load condition. They suggested
that interchange ability of exhaust muffler to reduce sound pressure level may advisedly affect engine performance by
increasing back pressure and brake specific fuel consumption. McBride et al 2003 was found that high noise feature
makes the agriculture the second biggest sector after the construction sector, which causes the loss of hearing in Japan.
According to the test results and survey made on farmers and agricultural workers, it was found that hearing loss occurs
in people who were exposed to a sound pressure level of 84.8-86.8 dBA., Martin 2004 states that “the beginning region
of impairment involves the sensitive mid-frequency range, primarily between 3 and 6 kHz, and the corresponding
impairment was classically described as the 4-kHz notch. This particular pattern of maximal hearing loss, with little or
no loss below 2 kHz, typically appears regardless of the noise exposure environment. Hearing loss was not observed at
frequencies below 1000 Hz and was sharpest above 2000 Hz for a male industrial worker. Patients working in different
sectors showed that the hearing loss might not be observed below 2000 Hz in different work environments while others
might experience hearing loss at about 1000 Hz. The sensitivity was also affected by gender and the number of years
worked in a particular environment. Kumar, N., et al 2018 Tractor mufflers constructed with amalgamation of perforated
ducts, baffles or perforated baffles and expansion chambers for acoustic attenuation are commonly used. Poorly designed
mufflers provide limited noise reduction and high back pressure, resulting in low fuel efficiency. Sound pressure
mapping technique was adopted to identify major contributor of noise for a 47.6 PS tractor. An experiment was carried
out to evaluate different muffler designs with regard to sound pressure levels and exhaust back pressure at varying
operating conditions. Each muffler design produced noise greater that 90 dBA Leq at operator's ear level at rated engine
speed, and was more than the exposure limit of noise for 8-h work day recommended by ISO and OSHA. Long exposure
of this noise might cause occupational disease to operator. Noise reduction was observed in one of the mufflers near
rated engine speed with low back pressure with better fuel efficiency. Sound pressure at operator ear level, back pressure
and fuel consumption were found within 90.3-92.8 dBA, 1.765-2.157 kPa and 2.65-3.35 L.h-1, respectively, near engine
rated speed. Rahman et al 2005 reported in an inherent drawback of IC engines that it was a major source of noise
pollution. Attaching a muffler in the exhaust pipe was the most effective means of reducing noise. But muffler requires
specific design and construction considering various noise parameters produced by the engine. In our country, the
conventional design does not include much of a parametric noise analysis or other engine characteristics. A muffler for
stationary petrol engine has been designed and manufactured. The performance characteristics, i.e. noise reduction
capability of the muffler was tested and compared with that of the conventional muffler Fig 3.

ABSORFPTIVE PART

Figure 3 Three-dimensional cut view of the muffler

Dewangan et al 2005 conducted an investigation to determine the noise propagation (under stationary condition) and
noise at operator’s ear level of popular 18.7 and 26.1 kW tractors and 4.6 and 6.7 kW hand tractors during field
operations with various implements. It was observed that both tractors produced the noise of 92 dBA Leq in the working
zone of operator. The sound pressure level (SPL) of the hand tractor was about 2 dBA Leq higher than that of the tractor.
The SPL during field operations at operator’s ear level increased with increase in engine speed and forward speed.
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Furthermore, the SPL was higher for field operations corresponding to the implement requiring higher draft. It was
observed that the SPLs of the tractors and hand tractors were more than the exposure limit of noise for 8-h workday
recommended by ISO and OSHA. Mesquita et al 2005 showed that axial and centrifugal fans are very used in industries
in general great applicability in the product development as well as ambient comfort. Among the operational problems
in these equipments, the noise frequently arises as principal causes. The fundamental approach was the utilization of
absorptive, parallel, or circular baffle-type silencer. The features of this type of silencer were good high-frequency
attenuation and minimal aerodynamic pressure loss. In this context, this work presents a review of the common noise
sources in fans and the procedures for noise attenuation. Finally, an application case was presented to illustrate the use
of dissipative silencer. Wang et al 2010 study on the model analysis of an automobile exhaust muffler based on PRO/E
and ANSYS in order to improve design efficiency. The solid model was created by PRO/E and model analysis was created
out by ANSYS to study the vibration of the muffler, so as to distinguish working frequency from natural frequency and
avoid resonating. Data exchange between PRO/E and ANSYS using IGES (Elementary graphics exchange specification)
format for data exchange specification. Muffler natural frequencies modal shapes have been calculated by the FEM
analysis software named ANSYS. So the muffler vibration could be intuitive analyzed. The natural frequencies and mode
shape were considered during the design of the muffler, so to avoid the resonance occurred in exhaust system. Mehmet
et al 2010 introduced diesel engine exhaust system design with help of the three-dimensional model of the system had
been constructed by using “ANSYS Workbench”, the mathematical models via Finite Element Method (FEM) had been
done via “ANSYS ICEM CFD” and, the Computational Fluid Dynamics (CFD) analyses covering back pressure and thermal
analyses had been performed by using “ANSYS CFX 12” program. He concluded that the dimensions and internal
structure of the dry and wet-type silencers which were the main components of the exhaust system and the physical
properties of the insulation material had been determined based on acoustic, back pressure and thermal analyses and,
the layout of the diesel engine in the engine room. From the results of the back pressure analyses, it was seen that the
total back pressure in the whole exhaust system was within the limits of the given diesel engine criteria and, the board
outlet temperature of the exhaust system was substantially low. Yasir et al 2011 perform a new testing method for
lifetime prediction of automotive exhaust silencers. The purpose of this paper was to highlight the problems associated
with daily routine corrosion tests performed in an automotive exhaust industry. Estimation of the life time of a complete
system under real conditions is always uncertain and often leads to a disagreement Studies carried out on the silencers
have shown that the new component testing method could be used for life time estimation of parts having different
material and design combinations. On the basis of obtained results it could be stated that the new testing setup could be
applied for different materials and design rankings. Chaudhri et al 2011 reviewed paper different types of mufflers and
design of exhaust system belonging engine had been studied. The object of this study was deciding muffler design which
one reduces a large amount of noise level and back pressure of engine. In designing, there was different parameter which
had to take in to the consideration. These parameters affect the muffler efficiency. Fig. 4 shows the muffler inner
structure

chamberl setplate chamber2 chamber3
1

Perfotated

Figure4 muffler inner structure

Shao etal 2011 study on an Exhaust Muffler Using a Mixture of Counter phase Counteract and Split-gas Rushing. In order
to solve the problems of traditional exhaust silencers with poor characteristics of noise reduction in low-frequency range
and high exhaust resistance, a new theory of exhaust silencer of diesel engine based on counter-phase counteract and
split-gas rushing had been proposed. In single-cylinder diesel engine CG25 as the experimental engine. He measured the
exhaust noise and its spectra. He conducted on this noise experiment that the CG25 single cylinder diesel engine shows
new muffler’s good insertion loss characteristic in the wide range of engine speed comparable to the original passive
muffler especially in the range of 500 Hz. The original muffler could only reduce the high-frequency noise components,
it cannot reduce, even strengthen the noise of frequency below 500 Hz, proved conventional muffler with poor capacity
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of lowering the low-frequency noise again. The new exhaust mufflers were obviously effective in controlling the low-
frequency exhaust noise, which proved correctness of the new theory not only proved that the new mufflers had very
good performance for low-frequency noise reduction, but also proved that using split-gas rushing can lower the air flow
speed thus lowering the air regeneration noise.fig 5shows the new design of muffler.

— ///; l | | |
i T

= S —

Figure5 Principle of the muffler using reversed-phase cancelling

Ameen et al. 2013did experimental test for noise attenuation in gasoline engine with different types of mufflers and
compared between three different types of an exhaust muffler for noise attenuation of single cylinder four stroke air-
cooled gasoline engine. A set of conclusions achieved about the effect of the mufflers chamber's expansion ratio,
chambers length, and wall thickness. Sound attenuation of 12.5, 15 and 16 dB A was achieved with, Multi-chamber
Reactive Muffler, Concentric-tube Resonator Muffler and Combined Reactive and Dissipative Muffler.

6. CONCLUSION
This paper had introduced different types of agriculture field tractor exhaust muffler and their designing methods. After
studying these methods and procedures for designing an exhaust muffler, we conclude that combination type of exhaust
muffler is more efficient than reactive and absorptive exhaust mufflers. New designed exhaust muffler will reduce sound
pressure level tractor. Exhaust system is also preferable for new research work in agriculture tractor.
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