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ABSTRACT: This paper is the results of an undergraduate final term project. The aim of project was to 

investigate the passive noise reduction methods in mufflers. Also, another aim of this study is to examine and 

design mufflers with various geometries. This is learning the effect of geometry on noise transmission loss 

maximization performance of mufflers. Four-pole method is used to determine the noise transmission loss. 

Two different cross-sectional geometries are considered for the mufflers, i.e. rectangular and circular. These 

mufflers are produced and tested. A noise transmission test bench is used for the measurement of noise 

transmission loss of these mufflers. The analytical results from simulation are compared with the experimental 

results. The effect of geometry of mufflers on the maximization of the transmitted noise loss are investigated 

and reported. The results of this study can help students to learn the basics of muffler design for noise 

reduction applications. Furthermore, it shows the effect of geometry on the acoustic performance of mufflers. 
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1. Introduction 

There are many unwanted sounds that are coming from vehicles, machines and industrial 

applications. The unwanted noise level can lead to very dangerous diseases and permanent 

hearing loss on the person’s body. Therefore, there is a need to use from some devices to 

reduce the level of unwanted emitted noise from structures. Mufflers are devices which 

reduce the radiated noise from some structures like engines by attenuating of sound. They 

can be categorized as reactive and absorptive. In this study, we consider the reactive 

mufflers which dissipate the noise energy by their specific geometries. The reactive 

mufflers contains air as a fluid medium in their inside areas. There can be perforated tubes 

and external raises and bumps on the internal surface area (Gerges et al. 2005). Ranjbar et 

al. investigated various methods for noise reduction of various structures (Ranjbar et al. 

2006- Ranjbar et al. 2017).  

 

This paper is the results of an undergraduate final term project. The aim of project was to 

investigate the passive noise reduction methods. Also, another aim of this study is to 

examine and design mufflers with various geometries. Furthermore, the geometrical effect 

of muffler on their noise transmission loss maximization performance is studied. In the next 

sections, the theory of modeling, simulation and testing procedure are presented.   

 

 

http://dergipark.gov.tr/jnrs


RANJBAR et al. /JNRS, 2018, 7(2), 13-21                                                                                                         14 
 

 

 

2. Material and Methods 

 
Munjal et al. described the noise attenuation in reactive mufflers by using transfer matrix 

method (Munjal et al. 1973). By using transfer matrix method with four poles we can 

determine the noise transmission loss (TL). The parameters that used for the TL 

measurement are internal and external pressures and velocities of a straight duct with a 

length of L, i.e. pi, vi and po, vo. 

 

pi=Apo+Bvo (1) 

vi=Cpo+Dvo  (2) 

 

The A, B, C, D values are four pole parameters. For the no viscous fluid medium if Mach 

Number is less than 0.2, then four pole parameters can be written as; 
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M is mean flow Mach number, c is speed of sound, Kc is convective wave number, K is 

acoustic wave number and ρ is fluid density. According to four pole parameters, if we 

define a matrix as T1: 
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This matrix can be described as for one geometry in muffler. So the T2, T3,...Tn can be 

calculated as well. Total TL value depends on complexity and orientation of muffler. For 

each orientation, the T matrix must be calculated. According to Figures 1 to 3, the total 

value of TL for a simple muffler which contains inlet (T1), silencer (T2) and outlet parts (T3) 

can be defined as: 

 

Ttotal=T1*T2*T3 (8) 
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Figure 1. Schematic Representation of Simple Muffler 

 

 
 

Figure 2. Dimension of Circular Muffler 

 

 
 

Figure 3. Dimension of Rectangular Muffler 

 

These geometries will be used for the investigation of TL by simulation and experimental 

testing.  
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Figure 4. Manufactured Circular Muffler 

 

 

 
Figure 5. Manufactured Rectangular Muffler 

 

In Figures 4 and 5, the models of circular and rectangular cross-sectional mufflers have 

shown. In next section, the results of simulation and experimental testing will be presented. 

 

3. Results and Discussion 

 
For the sake of simulation, the ambient temperature is considered as 20 ºC, the speed of 

sound is 343 m/s and density of air is 1.204 kg/m
3
. These conditions can change the 

parameters that which affect the four pole constants. 

 

 
Figure 6. Noise Transmission Loss (TL) of Different Geometries 
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Figure 6 shows the calculated TL for different geometries by numerical simulation. It 

depicts that in the frequency range less than 200 Hz, the circular shows a better 

performance. But for the frequencies more than 200 Hz, the rectangular muffler performs 

better. To examine the results from simulation, an experimental study setup is arranged for 

the measurement of TL of both mufflers.  

 

3.1. Experimental setup 

 

The main component of a test rig for the measurements of noise analysis called as 

“Impedance tube”. For this experiment, impedance tube is used for acoustical analysis of 

noise transmission loss. Impedance tubes can accurately measure the sound properties for 

manufactured muffler or another silencer according to standards.  

 

The impedance tube is fixed to the ground by three different supports, see Fig. 7. In Figure 

8, the general view of impedance tube is shown. 

 

 
 

Figure 7. The View of Impedance Tube with Its Components while Testing 

 

 

 
Figure 8. Microphones on Impedance Tube 

 

Microphones can be separable from their positions for the calibrating operation. Hence, the 

screw threads appears in socket of where microphones to be placed. The microphones must 

be carefully placed after the calibrating operation finished, because this is important for 

accurate measurements. 
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While doing a measurement by software, it calculates automatically the frequency response 

function (FRF) graphs for both tube types. Then, it calculates the TL graphic according to 

that information.  

 

 
 

Figure 9. Our Rectangular Muffler on Test Bench in Testing Section 

 

  
 

Figure 10. Our Circular Muffler on Test Bench in Testing Section 

 

The simulation and experimental results for rectangular muffler are shown in Fig. 11. As we 

expected, the theoretical solution has greater TL (except some values between 2000 Hz- 

4000 Hz) than the experimental. The reason of that in Matlab simulation, we can just 

consider the numerical approach for the calculating the TL. However, in experimental way 

the solution contains so many different parameters with comparing than the theoretical way. 

The waves look similar for both cases but the experimental lines are more fluctuated and 

smaller. 
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Figure 11. Comparison of TL Measurement for Rectangular Muffler in Theoretical and 

                   Experimental Way 

 

 
Figure 12. Comparison of TL Measurement for Circular Muffler in Theoretical and 

                  Experimental Way 

 

Fig. 12 shows the comparison of simulation and experimental results for circular muffler. 

The simulation (theoretical way) has averagely greater TL values for frequency ranges. 

About a specific frequency value which greater than 4000 Hz, the transmission loss value 

exceeds almost like 118 dB. Also in some points, the theoretical and experimental results 

are coincident with each other. Like for the rectangular muffler, the randomly increases and 

decreases or fluctuated waves are reason of external effects which the theoretical way does 

not include. Furthermore, the cut-off frequency should be considered in all measurements. 

As, beyond the first cut-off frequency, the simulation theory using one-dimensional wave 

theory is not valid. 

                Theoretical   

              Experimental 
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              Experimental 
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              Experimental 
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4. Conclusion 
 

Undergraduate students could learn the basic of acoustics, muffler design, manufacturing 

and measurement during performing of this project. They learned the concept of measuring 

transmission loss, by means of software and experimental setup. They learned the operation 

of circular and rectangular ducts for different samples and materials. Furthermore, the 

mufflers with rectangular cross-section show a better performance for maximization of TL. 

The result of this study can be helpful for those who are new to this field to learn the basics 

of muffler acoustics simulation and experimentation. 

 

Next groups of undergraduate students will continue this project by examining of different 

geometries and internal structure of muffler. Some techniques like usage of Helmholtz 

resonators and internal sound barriers can increase the performance of mufflers. These can 

be also studied by the new students as well. 

 

5. References 

 
Gerges, S. N. Y., Jordan, R., Thieme, F. A., Bento Coelho, J. L., Arenas, J. P., 2005. Muffler Modeling by 

Transfer Matrix Method and Experimental Verification. Journal of the Brazilian Society of 

Mechanical Science & Engineering. 27(2).  

Hussain, G., Ranjbar, M., Hassanzadeh, S., 2015. Trade-off among Mechanical Properties and Energy 

Consumption in Multi-Pass Friction Stir Processing of Al 7075-T651 Alloy Employing Hybrid 

Approach of Artificial Neural Network and Genetic Algorithm. Proc IMechE Part B: Jornal 

Engineering Manufacture. 1-11.  

Khadem, S. E., Ranjbar, M., 2001. Development of Vibration Analysis Using Gabor Transformation for 

Machinery Fault Diagnosis. Journal of Amirkabir University. 12(48). 398-407.  

Munjal, M. L., Sreenath, A. V., Narasimhan, M. V., 1973. Velocity Ratio in the Analysis of Linear Dynamical 

System. Journal of Sound and Vibration. 26. 173-191.  

Ranjbar, M. Tadayon, A., 2017. Vibration Analysis of Multi Degree of Freedom Self-Excited Systems. 

Journal of Robotic and Mechatronic Systems. 2(1). 1-8.  

Ranjbar, M., 2007. Development of Hybrid Robust Optimization Strategies for Structural-Acoustic 

Applications. In the annual report of the Pan-European Research Infrastructure on High Performance 

Computing (HPC-Europa). University of Bologna. Italy.  

Ranjbar, M., 2011. A Comparative Study on Optimization in Structural Acoustics. Ph.D. Thesis, Technische 

Universität Dresden, Dresden, Germany.  

Ranjbar, M., Marburg, St., Hardtke, H. J., 2006. Study of Optimization Methods for Structural-Acoustic 

Applications. Proceedings of 77th annual Meeting of the Gesellschaft für Angewandte Mathematik 

und Mechanik. Technische Universität Berlin. Germany. March 27-31. 

Ranjbar, M., Marburg, St., Hardtke, H. J., 2007. Ein Vergleich von Optimierungsverfahren fuer Anwendungen 

in der Strukturakustik. Proceedings of the 33th annual meeting for Acoustics. Stuttgart. Germany. 

March 19-22.  

Ranjbar, M., Hardtke, H. J., Fritze, D., Marburg, St., 2010. Finding the Best Design within Limited Time: A 

Comparative Case Study on Methods for Optimization in Structural Acoustics. Journal of 

Computational Acoustics. 18(2). 149-164. 

Ranjbar, M., Marburg, St., Hardtke, H. J., 2011. Development of a Hybrid Neural Networks Algorithm for 

Structural-Acoustics Optimization Applications. In Proceedings of the First International Conference 

of Acoustics and Vibration. 21-22 December.  Tehran. Iran.  

Ranjbar, M., Marburg, St., Hardtke, H. J., 2011. Schnelle Optimierung in der Struktur Akustik. The 37th 

Annual Meeting for Acoustics. Düsseldorf. Germany. March 21-24.  

Ranjbar, M., Marburg, St., Hardtke, H. J., 2012. A New Hybrid Design of Experiments Approach for 

Optimization in Structural Acoustics Applications. Applied Mechanics and Materials. 110(116). 

5015-5020.  

 



RANJBAR et al. /JNRS, 2018, 7(2), 13-21                                                                                                         21 
 

 

Ranjbar, M., Marburg, St., Hardtke, H. J., 2012. A New Hybrid Design of Experiments Approach for 

Optimization in Structural Acoustics Applications. Applied Mechanics and Materials. 110(116). 

5015-5020.  

Ranjbar, M., Marburg, St., Hardtke, H. J., 2012. Structural-Acoustic Optimization of a Rectangular Plate: A 

Tabu Search Approach. Journal of Finite Elements in Analysis and Design. 50. 142-146.  

Ranjbar, M., Marburg, St., 2012. Vibroacoustical Optimization of Mechanical Structures Using Geometry 

Modification Concept and Genetic Algorithm Method. Journal of Mechanical Engineering. Tarbiat 

Modares University. 12(2). 134-143.  

Ranjbar, M., Marburg, St., 2013. Fast Vibroacoustic Optimization of Mechanical Structures Using Artificial 

Neural Networks. International Journal of Mechanical Engineering and Applications. 1(3). 64-68.  

Ranjbar, M., Marburg, St., Hardtke, H. J., 2013. Vibroacoustic Optimization of Mechanical Structures: A 

Controlled Random Search Approach. Advanced Material Research. 622(623). 158-161.  

Ranjbar, M., Kermani, M., 2013. On Maximization of Noise Transmission Loss in Mufflers by Geometry 

Modification Concept. ASME District F - Early Career Technical Conference. Birmingham. 

Alabama. November 2-3. 

Ranjbar, M., Kermani, M., 2014. Muffler Design by Noise Transmission Loss Maximization on Narrow Band 

Frequency Range. The 7th Automotive Technologies Congress (OTEKON 2014). 26-27 May. Bursa. 

Ranjbar, M., Alinaghi, M., 2016. Effect of Liner Layer Properties on Noise Transmission Loss in Absorptive 

Mufflers. Mathematical Modeling and Applications. 1(2). 46-54.  

Ranjbar, M., Boldrin, L., Scarpa, F., Niels, S., Patsias, S., 2016. Vibroacoustic optimization of anti-tetrachiral 

and auxetic hexagonal sandwich panels with gradient geometry. Smart Materials and Structures. 

25(5).  

Ranjbar, M., Gharooni, S. M., 2016. A Sensitivity Analysis on Application of Artificial Neural Networks in 

Structural Acoustics. Journal of Robotic and Mechatronic Systems. 1(2). 23-26.  

Ranjbar, M., Kemani, M., 2016. A Comparative Study on Design Optimization of Mufflers by Genetic 

Algorithm and Random Search Method. Journal of Robotic and Mechatronic Systems. 1(2).  

Ranjbar, M., Marburg, St., Hardtke, H. J., 2016. A Sensitivity Analysis on Application of Artificial Neural 

Networks in Structural Acoustics. Journal of Robotic and Mechatronic Systems. 1(2).  

Ranjbar, M., Nahid, M., Renawi, A., Sadeqi, Z., 2017. Development of an Educational Noise Reduction 

Measurement Test Bench. Journal of Robotic and Mechatronic Systems. 2(1). 27-32.  


