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Abstract 

Elliptical chamber mufflers are used where in one transverse direction less space is 
available as compared to the other transverse direction, e.g., automotive vehicle 
mufflers under the chassis. The inlet and outlet port locations are often logistic 
constraints. The simplest muffler configurations with same-end inlet-outlet (SEIO) 
and opposite-end inlet-outlet (OEIO) are popularly known as simple expansion 
chamber (SEC) and reversing chamber muffler (RCM), respectively. Both SEC and 
RCM are not suitable for automotive applications due to their narrow band 
transmission loss spectra with periodic domes of width of kL π= , where k is the wave 
number and L is the chamber length. However, by extending one of the inlet and 
outlet ports by L/2 acoustic length and other by L/4 acoustic length inside the chamber 
gives wide-band transmission loss spectra of SEIO and OEIO mufflers with periodic 
domes of width of 4kL π= . Moreover, the above mentioned extensions also result in 
the higher value of transmission loss for [ 2 7 2]kL π π∈ . In order to satisfy the acoustic 
mass continuity and acoustic particle velocity compatibility at the junctions of the 
extended pipes, annular region surrounding the extended pipes and the muffler 
chamber, the higher order evanescent modes are generated. The effect of the higher 
order evanescent modes results in the inline inertance of the extended pipes, which 
makes the acoustic length of the extended pipes more than their geometric lengths. 
The difference between the acoustic length and the geometric length is known as the 
end-correction. In this study, the end-corrections are evaluated by 3-D finite element 
analysis. In the present study, the effect of different geometrical parameters on the 
end-corrections of elliptical chamber mufflers for double-tuning is investigated. 
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1. Introduction 

Low centre of gravity of automotive 
vehicles results in less ground clearance 
available for the mufflersbeneath the 
chassis. Therefore, the elliptical chamber 
mufflers are mostly preferred in automotive 
vehicles especially in four-wheelers. The 
simplest reactive muffler configurations 
depending on the same-end inlet-outlet and 

opposite-end inlet-outlet are simple 
expansion chamber (SEC) and reversing 
chamber muffler (RCM), respectively[1]. 
Both SEC and RCM transmission loss (TL) 
spectra has periodic domes with periodicity 
of kL π= in the plane wave region. Thus, 
the SEC and RCM mufflers are not better 
choices for the applications where the 
significant frequency range of unmuffled 

On the crucial role of higher order evanescent modes 

for double-tuning ofsame-end inlet-outlet and 

opposite-ends inlet-outletelliptical chamber mufflers 

K. M. Kumar 

Indian Instituteof Technology Indore,Madhya Pradesh, 453552,India 

Corresponding authors: (E-mail: kmkumar@iiti.ac.in) 



 
Applied Innovative Research, ISSN 2581-8198, Vol. 4, Issue 2 - 4, Year 2023 

124 

 

sound pressure level (SPL) spectrum varies 
with theoperating conditions of the source, 
e. g. automotive vehicles. 

The simplest improvisation on both 
SEC[2] and RCM[3] is to extend one of the 
inlet/outlet pipes inside the chamber by L/2 
acoustic length and the other by L/4 
acoustic length to have four times wider 
transmission loss spectra. The quarter-wave 
(Q-W) resonators of the annular region 
surrounding the extended pipe of length L/2 
and L/4 lifts the troughs at odd multiples of 
kL π= and odd multiples of 2kL π= , 
respectively, which is known as the double-
tuning of axially long SEC and RCM. 
Moreover, above mentioned extensions of 
the inlet pipe and outlet pipe inside the 
chamber gives higher values of transmission 
loss for [ 2 7 2]kL π π∈ as compared 
withtheir counterpart muffler configurations 
without extensions of the inlet pipe and 
outlet pipe. For chamber area to the 
inlet/outlet pipe area ratio, m>>1, the 
envelope maximum value of the TL 
spectrum excluding the narrow peak at 

2kL π=  of a double-tuned muffler 
configuration is approximately 12 dB more 
than the simple expansion chamber 
muffler[4]. Thus, the double-tuning not only 
helps in widening the TL spectrum band but 
also helps in lifting the TL spectrum. 

The extended pipes of physical 
lengths of L/2 and L/4 does not result in the 
double-tuning because of the higher-order 
evanescent modes generated at the 
junctionsof extended inlet/outlet pipes, 
chamber and the annular region surrounding 
the extended pipes. These higher-order 
evanescent waves get generated in the plane 
frequency region to satisfy the acoustic 
mass continuity and acoustic particle 
velocity compatibility at the junctions of the 
extended pipes, annular region surrounding 
the extended pipes and the muffler 
chamber.The end-corrections of the 
extended inlet/outlet pipes are the 
approximations of the effect of the higher 

order evanescent waves generate at the 
junctions in the form of inline inertance of 
the extended pipes. Recently, the crucial 
role of the higher order evanescent modes 
generated at the junctions for the double-
tuning of a rotated-offset opposite-end inlet-
outlet circular chamber muffler was 
highlighted by Kumar et al[2].Double-
tuning of the same-end inlet-outlet (SEIO) 
circular chamber mufflers was done by 
Gaonkar et al[3].  

For the double-tuning of an axially 
long circular chamber muffler, the plane 
wave analysis must hold atleast up to 

4kL π= . However, the cut-on frequency of 
the first possible higher-order mode depends 
on the location of the ports and the diameter 
of the chamber. Therefore, to have the 
clearly noticeable double-tuning the length 
to diameter ratio, ,2

m n
L D π α≥ [2,5], where 

, 3.83
m n

α = for the centre inlet-outlet and 

, 1.84
m n

α = for the offset inlet-outlet. In the 

case of elliptical chamber mufflers with 
offset inlet-outlet, the first possible higher-
order mode to get cut-on is (1, 1)e mode 
which gets cut-on at 10.5 1.86 2%kD = ± 1, 
where 1D is the major axis length of elliptical 
cross-section. For the same cross-sectional 
area of an ellipse and a circle, the major axis 
length 1D  is always greater than the circle 
diameter D, and more is the eccentricity of 
the ellipse more is the value of 1D . Thus, 
the limit of the plane wave analysis is lesser 
for an elliptical chamber muffler as 
compared with a circular chamber muffler 
of the same cross-sectional area. Therefore, 
the aspect ratio, 2 1D D is an important factor 
which has effect on the end-corrections. 

In the present study, the end-
corrections of the extended inlet/outlet pipes 
are computedusing finite element analysis 
for variation of differentgeometrical non-
dimensional parameters. 
 
 

 

 



Applied Innovative Research, ISSN 2581

 

 

Fig.1 —Schematic diagram of the double

opposite-ends inlet-outlet 

 

Fig.2 —Electro-acoustic circuit of 

 

 

2. Double-tuning of the SEIO and OEIO 

mufflers 

The schematic diagram of the same
inlet-outlet (SEIO) and opposite
outlet (OEIO) elliptical chamber mufflers 
are shown in Figs. 1(a) and 1 (b), 
respectively. The electro-acoustic circuit for 
both the mufflers are same which is shown 
in Fig. 2. The descriptions of all the 
geometrical parameters of elliptical chamber 
mufflers are given in Table 1. 
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Schematic diagram of the double-tuned elliptical chamber mufflers: (a) same-end inlet

acoustic circuit of the extended inlet/outlet mufflers shown in Fig.  1

tuning of the SEIO and OEIO 

The schematic diagram of the same-end 
outlet (SEIO) and opposite-ends inlet-

outlet (OEIO) elliptical chamber mufflers 
are shown in Figs. 1(a) and 1 (b), 

acoustic circuit for 
both the mufflers are same which is shown 

2. The descriptions of all the 
geometrical parameters of elliptical chamber 
mufflers are given in Table 1.  

Table 1—Description of all geometrical 

parameters of an elliptical chamber 

muffler 

 

 
 

 

end inlet-outlet and (b) 

 
the extended inlet/outlet mufflers shown in Fig.  1 

Description of all geometrical 

parameters of an elliptical chamber 
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The transmission loss spectra of 
tuned and untuned muffler configurations of 
SEIO with 0180θ = , OEIO with 00θ = and 
OEIO with 0180θ =  are shown in Figs. 3, 4 
and 5, respectively.  To find out the end-
corrections of the extended pipes of lengths 
L/2 and L/4, 3D finite element analysis 
(FEA) is caried out for the muffler and the 
shift in peak frequencies from their expected 
peak frequencies for corresponding double-
tuned muffler configuration are calculated. 
The shift in peak frequencies are the results 
of inline inertance of extended pipes due to 
the generation of the higher-order 
evanescent modes at the junctions. 
Therefore, the first and second TL peaks 

corresponding frequencies computed by 3D 
FEA are given by Eqs. 1 and 2. In Eq. 1, the 
negative sign is for SEIO muffler 
configurations because due to the end-
correction of L/2 length extended pipe, 0.5Lδ , 
the length of the Q-W resonator is 
decreased.  
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L δ
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Fig. 3 — Comparison of theTL spectra of untuned and double-tuned SEIO muffler configurations with 

0180θ = , 

30d = mm, 2
1 2 16m D D d= = , 2 1 0.4AR D D= = , 1 1 0.3i oe D e D= = , 1 3.5L D = , and 1.4wt = mm 

 

 
 

Fig. 4 — Comparison of theTL spectra of untuned and double-tuned OEIO muffler configurations with 
0180θ = , 

30d = mm, 2
1 2 16m D D d= = , 2 1 0.4AR D D= = , 1 1 0.3i oe D e D= = , 1 3.5L D = , and 1.4wt = mm 
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Fig. 5 — Comparison of theTL spectra of untuned and double-tuned SEIO muffler configurations with 

0180θ = , 

30d = mm, 2
1 2 16m D D d= = , 2 1 0.4AR D D= = , 1 1 0.3i oe D e D= = , 1 3.5L D = , and 1.4wt = mm 

 
It can be observed from Fig. 3 that for SEIO 
muffler configuration the 1st and 3rd TL 
spectrum peaks shift towardsright whereas 
the 2nd peak shifts towards left. The crucial 
role of end-corrections of extended pipes on 
the TL spectra of mufflers can be 
appreciated by observing Figs. 3-5. In some 
frequency region the untuned muffler 
configurations have better performance as 
compared with their tuned muffler 
configuration counterparts. However, the 
real worry for muffler designers is the 
troughs appearing at  ,2 ,3kL π π π= . If the 
frequency range which gives significant 
noise contribution depends on the operating 
conditions of source, then double-tuned 
configurations would be always 
preferred.The end-corrections of both 
extended pipes of muffler configurations 
which TL spectra are shown in Figs. 3-5 are 
listed in Table 2.  
 
Table 2—End-corrections of muffler 

configurations which TL spectra are 

shown in Figs. 3-5 

 
Configuration θ  

0.5Lδ  0.25Lδ  

SEIO 0180  10.8 mm 10.2 mm 

OEIO 
00  11.6 mm 12.8 mm 

OEIO 
0180  10.6 mm 10.2 mm 

 
To compute the end-corrections, 3-D FEA is 
carried out with 0.5 Hz resolution around 

the first peak and 1 Hz resolution around the 
second peak. 
 
3. Non-dimensional parameters for the 

study  

The value of the normalized end-corrections 
dδ is something which is needed in terms 

of all non-dimensional geometrical 
parameters to double-tune any muffler 
configuration without doing the 3-D FEA. 
The generalized expressions of the non-
dimensional end-corrections should be of 
the form given by Eqs. 3 and 4. 
 

0.5 0.5 0.251 2 2
2

1 1

, , , , , ,L w L Lt e eD D D L
f

d d D D d D D

δ θ
π

 
=  

 
(3) 

 

0.25 0.5 0.251 2 2
2

1 1

, , , , , ,L w L Lt e eD D D L
f

d d D D d D D

δ θ
π

 
=  

 
(4) 

In the present study, the effect of 

wt d and θ π is not considered for both 
SEIO and OEIO muffler configurations. 
However, for OEIO muffler configurations 
3-D FEA are carried out for θ  = 00 and θ  = 
1800. The inlet/outlet pipes are of 30 mm 
diameter and 1.4 mm thickness for all 
configurations studied in the present study. 
The range of non-dimensional parameter 
values for which 3-D FEA is carried out are 
listed in Table 3. 
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Table 3—Range of the non-dimensional 

parameters taken in the 3D FEA to 

compute the end-corrections. 
Parameter SEIO OEIO 

1 2
2

D D
m

d
=  12, 16, 20 12, 16, 20 

2 1AR D D=  

0.4, 0.5, 0.6, 0.7, 

0.8, 0.9 

0.4, 0.5, 0.6, 0.7, 

0.8, 0.9 

1L D  3.5, 4, 4.5 3.5, 4, 4.5 

0.5 1Le D  0.15, 0.2, 0.25, 0.3 0.1, 0.2, 0.3 

0.25 1Le D  0.15, 0.2, 0.25, 0.3 0.1, 0.2, 0.3 

θ π  1 0, 1 

 
4. Parametric study on end-corrections 

for the SEIO elliptical chamber 

muffler with 0
180θ =  

The variation in 0.5 L dδ  and 0.25 L dδ due 
to variation in AR , 0.5 1Le D , 0.25 1Le D  for 

1 3.5L D =  and 2
1 2 16m D D d= =  is shown in 

Table 4 for SEIO muffler with θ  = 1800. It 
can be observed from Table 4 that the 
variation of 0.25 1Le D does not have effect on  

0.5 L dδ for the frequency resolution is 0.5 
Hz near the first TL peak. However, the 
increase in 0.5 1Le D decreases the 0.25 L dδ
.Figures 6 and 7, and Table 4 shows that the 
increase in an extended pipe’s offset 
increases that pipe’s end-correction. Figure 
8 shows that there is a little decrement in 

0.25 L dδ as there is an increment in 0.5 1Le D

for constant 0.5 1Le D .  
It can be also observed from Table 4 that 

the increase in AR for particular pair of 
( )0.5 0.25,L Le e   decreases the values of 0.5 L dδ

and 0.25 L dδ .The effect of AR on the 
normalized end-corrections while other non-
dimensional geometrical parameters are 
kept constant are shown in Fig. 9. It can be 
noticed from Table 4 that 0.5 L dδ ≥ 0.25 L dδ

for 0.5 1Le D ≥ 0.25 1Le D and 0.25 L dδ > 0.25 L dδ

for 0.25 1Le D > 0.5 1Le D . 

 
 
Fig. 6 — Effect of 0.25 1Le D on 0.25L dδ of SEIO muffler 

with 
0180θ = , 16m = , 0.4AR = , 1 3.5L D =  and 

1.4wt = mm 

 

 
Fig.7 — Effect of 0.5 1Le D on 0.5L dδ of SEIO muffler 

with 
0180θ = , 16m = , 0.4AR = , 1 3.5L D =  and 

1.4wt = mm 

 

 
Fig.8 — Effect of 0.5 1Le D on 0.25L dδ of SEIO muffler 

with 
0180θ = , 16m = , 0.4AR = , 1 3.5L D =  and 

1.4wt = mm 
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Table 4— Effect of 0.5 1Le D ,  0.25 1Le D  and AR on 0.5L dδ and 0.25L dδ for SEIO mufflers with θ

= 180
0
, 1L D = 3.5 and 16m =  
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It can be observed from Figs. 9-11 that the 
AR is the significant parameter which 
affects the  dδ , however, the effect of 

variation of m and 1L D  on dδ  is neither 
well behaved nor significant. 
 
 

 
Fig.9 — Effect of AR on dδ of SEIO muffler with 

0180θ = , 16m = ,  1 3.5L D =  and 1.4wt = mm: (a) 0.5L dδ  and 

(b) 0.25L dδ
 

 

 
Fig.10 — Effect of m  on dδ of SEIO muffler with 

0180θ = , AR = 0.4, 1 3.5L D =  and 1.4wt = mm: (a) 0.5L dδ  

and (b) 0.25L dδ
 

 

 
Fig.11 — Effect of 1L D on dδ of SEIO muffler with 

0180θ = , AR = 0.4, 16m =  and 1.4wt = mm: (a) 0.5L dδ  and 

(b) 0.25L dδ
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5. Parametric study on end-corrections for the OEIO elliptical chamber muffler with 
0

0θ =  and 0
180θ =  

The variation in 0.5 L dδ  and 0.25 L dδ

due to variation in AR , 0.5 1Le D , 0.25 1Le D  for 

1 3.5L D =  and 2
1 2 16m D D d= =  is shown in 

Table 5 and Table 6 for SEIO muffler with 
θ  = 00 and θ  = 1800, respectively. It can be 
observed that the trends of variation of 
SEIO muffler with θ  = 1800 in Table 4 and 
OEIO mufflers with θ  = 1800 in Table 6 are 
similar. However, the variation in 0.25 L dδ

with variation in 0.25 1Le D for fixed 0.5 1Le D

and other parameters is more for OEIO 
muffler configurations with θ  = 00 as 
compared with SEIO and OEIO muffler 
configurations with θ  = 1800. In fact, if all 
other parameters are kept fixed then the 
normalized end-corrections values are more 
for θ  = 00 than θ  = 1800. The similar 
trends were reported by Kumar et al.

2 for 
circular chamber mufflers. 

  
Table 5— Effect of 0.5 1Le D ,  0.25 1Le D  and AR on 0.5L dδ and 0.25L dδ for OEIO mufflers with 

θ = 0
0
, 1L D = 3.5 and 16m =  
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Figures 12 and 13 show the effect of 0.25 1Le D on 0.25 L dδ , and 0.5 1Le D on 0.5 L dδ , 
respectively. The effect of AR on the end-corrections on 0.5 L dδ  and 0.25 L dδ  for OEIO 
mufflers with θ  = 00are shown in Figs. 14(a) and 14(b), respectively. 
6. Conclusions 

The effect of aspect ratio of ellipse, 
offset of the extended pipes and the angle 
between the inlet and outlet port are found 
to have significant effect on the end-
corrections of pipes.A more extensive 

including more simulations with different 
angles between inlet and outlet port is 
required to give the parametric expressions 
for  end-corrections as was done in Ref.2for 
circular chamber mufflers.

  
Table 6— Effect of 0.5 1Le D ,  0.25 1Le D  and AR on 0.5L dδ and 0.25L dδ for OEIO mufflers with θ = 
1800, 1L D = 3.5 and 16m =  
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