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1. INTRODUCTION

G iven the grea te r  leg isla tive em phasis  on the reduc­

tion o f  autom otive  noise  em issions, the design  o f  a ttenuators 

has becom e a param oun t issue in the area o f  car deve lop ­

ment. Engine  developers have been able to im prove engine 

perfo rm ance through low ering  inlet and outlet valve resist­

ance  but at the cost o f  grea ter am plitudes o f  noise p ropaga ­

tion dow nstream  o f  the exhaust valves. A s a result, exhaust 

system  m a n ufactures m ust design  their products to achieve 

g reater attenuation levels w hile  not increasing flow resist­

ance  w hich would im pinge on eng ine  perform ance.

T he com plex  m ulti -cham ber m uffler is the most 

com m on noise contro l filter used in au tom otive  exhaust 

applications. Historically, the acoustical design o f  these m uf­

flers has involved the construction  o f  a p ro to type  based  on 

the initial application o f  the fundam enta l equations w hich  

w ould  then be experim enta lly  evaluated  for perform ance. 

This  trail and error p rocess is a very costly and tim e co n ­

sum ing  exercise w hich  does not m eet the deve lopm ent goals 

o f  today’s highly com petitive  au tom otive  market. A s a 

result, the deve lopm ent o f  pow erfu l com pu te r  based design 

system s for acoustical m ode ling  have given way to the p ro ­

totyping m ethod  o f  design  prim arily  due  to their ability to 

reliably predict au tom otive  noise. Care, however, m ust be 

taken in the utilization o f  these sophisticated  softw are  pack ­

ages to ensure that any input criteria is applied correctly  to 

ensure  m eaningful results.

This  study investigates the effect o f  using R icardo  

WAVE, a com putational sim ulation  using a one-dim ensional 

finite-difference fo rm ulation , to de term ine  the realized inser­

tion loss for an ‘o ff  the sh e l f ’ muffler. T he  theoretical results 

are  com pared  to experim enta l m easurem en ts  o f  the sam e 

muffler design. T he  purpose  o f  this study is to investigate the 

effectiveness o f  using the theoretical model as a design tool 

for au tom otive  m uffler applications.

2. THEORY

B eranek  [1] defined  the m uffler as any section o f  

pipe that has been shaped  in o rder to reduce  the transm ission 

o f  sound, w hile  at the sam e tim e allow ing  the free flow o f  

gas. T he  actual m uffler  used in the experim enta l portion o f  

this investigation is a com m erc ia l reactive muffler. F igure  1

is a  cu taw ay  o f  the m uffler  show ing  the m ultip le  cham bers. 

In a  reactive muffler, the  m ultip le  p ipes and cham bers  p ro ­

v ide an im pedance  m ism atch  for the acoustic  energy travel­

ing through  it. “This im pedance  m ism atch  results in a re f lec ­

tion o f  part  o f  the acoustic  energy back tow ard the source  o f  

the sound” w hich  prevents  som e o f  the energy from trans­

mitting past the muffler.

Figure 1: Cutaway of Experimental Muffler

T h e  muffler used in the theoretical portion o f  this 

study is a com plex  m ulti -cham ber muffler. T h e  schem atics 

o f  this m uffler are as show n in figure 2. T im e and resources 

available  w hen  the study w as conducted  d id not perm it an 

exac t m ode ling  o f  the m uffler  used  in the experim ents , h o w ­

ever, the m odel used is sim ilar in design  and  still reflects  the 

purport o f  the study.

T

Figure 2: Schematic of Theoretical Muffler

Insertion  L oss was used to com pare  the experim en ­

tal results to the theoretical m odel. Insertion  loss is the d if ­

ference, in decibels (dB), betw een  tw o sound  pressure  levels 

m easured  at the  sam e location before  and after  the m uffler  is 

inserted  be tw een  the m easu rem en t location  and  the source.

3. PROCEDURE

To experim enta lly  de te rm ine  the insertion loss o f  ’’ 

the muffler, a  speaker w as espoused  to one  end  o f  a 10 foot 

exhaust p ipe  w hich  was inserted th rough  the wall o f  a semi-
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anechoic chamber. The other end of the pipe was attached to 
the muffler inside the anechoic environment which had a 2 
foot pipe attached to its output. The speaker played a white 
noise signal into the system and a microphone located 0.1 
metres from the outlet measured and recorded spectral 
results. Figure 3 shows the muffler in the anechoic room. 
The procedure was again repeated only with a straight pipe 
of the same length of the muffler, in its place.

Figure 3: Experimental Muffler in Semi-Anechoic 
Room

To model the insertion loss, a computer model of 
the exhaust system complete with white noise source, was 
created
with WAVE which outputted spectral results, also down­
stream of the muffler location. The model was run with both 
the muffler in place as well as the case with it replaced with 
a straight pipe.

4. DISCUSSION OF RESULTS

Examination of figure 4 shows the spectral results 
of experimental exhaust system with both the muffler insert­
ed and without. It is clearly shown that the sound pressure 
level (SPL) without the muffler is greater than the SPL with 
the muffler. Addition of the spectral information gives a total 
SPL of 97.4 dB without the muffler and 82.2 dB with the 
muffler. This gives an insertion loss of about 15 dB.

Frequency(Hz)

—  Without Muffler — With Muffler

Figure 4: Experimental Spectral Analysis of 
Multi-Chambered Muffler

Figure 5 shows the results of the theoretical model.

Again, it is clear that the muffler improved the acoustical 
performance of the system. Here, the overall SPL of the 
exhaust system without the muffler is 97.4 dB which is the 
same value determined in the experimental exercise. The 
SPL with the muffler in place is 79.1 dB giving the muffler 
a realized insertion loss of about 18 dB.
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Figure 5: Theoretical Spectral Analysis of 
Multi-Chambered Muffler

The two studies show similar results with a differ­
ence of insertion loss of about 3 dB. A point of validation 
that can be made is that both studies resulted in identical 
overall SPL’s without the muffler inserted. One should be 
aware that the modeled muffler was not a perfect match to 
the actual muffler, but none the less, the similarities still exist 
giving warrant to pursue the investigation further.

5. CONCLUSIONS

The purpose of this study was to investigate the 
effectiveness of using a theoretical model as a design tool for 
automotive muffler applications. Theoretical insertion loss 
of the computer model compared favorably to those deter­
mined from the experimental exercise. While good agree­
ment was obtained in this investigation, some fundamental 
simplifying assumptions were made which incontrovertibly 
influenced the theoretical results thus encouraging further 
investigation.
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