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Abstract: The function of the exhaust silencers is to reduce the noise level to an acceptable 
value to avoid the risk of ear damage when exposed to such noises for long periods. The 
drawback of the presence of asilencer is the high back pressure created due to restricting 
the gas flow or according to the pressure drop in the attenuating elements within the 
silencer. This investigation covers the theoretical formulae that guide the designer of a 
silencer, and which are derived from the theory of sound filtration. The silencers are 
classified according to the principle of muffiing. The pressure drop along the exhaust 
system is presented also in the theory and experiment. The experimental results are 
obtained for both the acoustical and mechanical performance of each type of silencers with 
a comparison between them for the suitable choice of the silencer type. Obviously, the 
problem must be a compromise between the high noise levels and the high values of power 
loss due to engine quitening. 
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NOMENCLATURE 

C Velocity of sound 
Acoustic conductivity. 
Diameter of exhaust pipe. 
Diameter of connecting orifices. 
Diameter of muffier. 
Fanning friction factor for turbulent flow in pipes. 
Frequency of sound wave. 

k 

V 

Resonant frequency. 

27t 
Wave number = -. 

A. 

Effective length of muffier. 
Tailpipe length. 
Length of connecting orifices. 
Expansion ratio. 
Number of holes. 
Area of exhaust pipe. 
Area of the connecting orifices. 
Reonator volume. 
instantaneous particle velocity. 

Wi Power input. 

WO 
Power output. 

P Average gas density. 
A Wave length. 
1. INTRODUCTION:

Extensive researches and studies were done to determine the effects of the variations of
the back pressure on the performance of internal combustion engines. These studies payed 
no but little attention to the factors causing the rise in the back pressure of the engine and 
to eliminate them. It is the object of this investigation to determine the effect of the exhaust 
systems on the back pressure and engine power, with comments on the silencing properties 
of different mufflers.-

2. CAUSFS OF BACK PRESSURE:

Back pressure is created in the exhaust pipe due to many factors. Among of these factors
rises the effect of the installation of unsuitably designed silencer. The diameter, length, and 
the presence of large bends in the exhaust pipes have also pronounced effects. 
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The pressure drop due to silencer existence is different from one type of silencer to 
another, according to the method of silencing used. Obviously, a straight-through type will 
cause the minimum back pressure to be created while the silencer �hich depends. in 
attenuating the exhaust noise, on the reversing of gas directions, with many restrictions to 
the flow, will result in attaining h.igh values of back pressure. The single expansion
chamber silencer causes a back pressure somewhat higher than that caused by the 
straight-through type. 

The pressure drop through the expansion chamber silencer, with a finite tailpipe length. 
is made of three principal compartemnts as shown in figure 1, from which: 

1-A pressure drop (� P ) caused by the sudden change in diameter at inlet and 011tlct of
C 

the expansion chamber.
2-A pressure drom (�Pl) caused by the turbulent flow in the tail pipe.
3-A pressure drop (�P x) caused by the expansion of gas flowing at the end of the
i tailpipe to the atmosphere.
�pc depends· on the chamber dimensions and the relative size of tpe inlet and the

exhaust pipes. This can be minimised by avoiding sharp square corners, and by making the 
diameter of the tailpipe somewhat larger than the inlet duct diameter to allow for the 
expansion of the gas flowing . -, 

The pressure drop due to turbulent flow in _the tailpipe (�P
1
) may be expressed. as 

shown in (1), by: -�

X ! pV2 

where: 
Lt = tailpipe length. 

d = tailpipe diameter, 
p = average gas density, 
Fm = friction factor for tailpipe.
v = instantaneous linear velocity in. the tailpipe. 

Fm is approximately 8 x 10- 1: for turbulent flow in commercial steel pipes or other pipes of
comparable roughness as shown by Knudsen and Katz (4).

The pressure drop due to end expansion is depeding on -! p v2
• It must be noted that the 

instantaneous values of liP x and liP 
1 

dempend on the instantaneous particle velocity. This means 
that the presense of any alternating particle velocity will tend to increase the values of LlP x and
tiP1. 

So. if the silencer is designed to attenuate considerably the sound wave at the firing frequency 
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and its harmonics. it will cause a reduction in the instantaneous particle velocity and cosequently a 
reduction in �Pl and �p x hence an improve in the mechanical performance of the engine.

3. NECFSSITY OF SILENCING:

Exhaust silencers are installed in the exhaust pipe to impede the transmitted sound waves. The
sound output must be at levels lower than which are safe for the ear if a person is exposed to noise 
for a long period. Limiting sound curves arc shown by the Commitcc in reference (6). in which the 
maximum sound pressure levels in dcciblcs versus frequency in cycles per second are drawn. These 
curves give the maximum sound levels that arc acceptable for 8-hours of daily exposure. 

The engine exhaust noise exceeds these limits considerably at certain frequencies which are the 
firing frequency and its harmonics. These levels must be reduced to lower, accepted values, which 
can be done by a suitable silencer. 

4. MUFFLERS:

Practicaly. an infinite number of silencer designs rnn be obtained. but they can be classified
principaly as: 

a) Expansion chamber type. Fig. ( 1 ). 
(b) Resonator types. Fig. ( 2 ).
c) A combination of (a) and (b).

The single expansion chamber with finite tailpipe of length Lt can be constructed of a circular or 
elliptical cross-section. The shape is immaterial. but the expansion ratio is the main factor affecting 
both lhe pressure drop and the attenuating characteristics. This can be observed from the cuves 
presented in figure ( 3), which represents the attenuation of a single expansion chamber type with a 
tailpipe of length Lt. reference ( 7).

The equation of the expansion chamber without a tailpipe is given in references ( 1.2. 5) as: 

\ 
1 1 

)l . 2 k L l dbtllcnuation=10Log10[1 +
4

(m--; sm · cJ 

where: 

mulller cross - section area 
tn==-----------

duct cross-section area 

k = wave number. 
l.l' == effcclivc lc11g1h of rnufller. 
11 is clt•ar that the maximum attenuation depends only on the expansion ratio. while the length 
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determines the frequencies at which this maximum and minimum occur. The theoretical

atten·uation in decibles against the frequency for the resonant type. follows the equation:

Attenuation = 10 Log 10
25 

I +1---

f fr
fr f

db 

C ('c;__ 
The resonant frequency fr is given by--. '\j V

2n 

where:· 
C0 = acoustic conductivity of the holes

nSc = ------ Reference(3). 
Lc +0.8�

✓eovThe parameter --
2 S 

is called the attanuation parameter because it affects the attenuation value, while 

is called the resonance parameter. The representation of the above formula is shown in figure 4. 
The increase of the attenuation parameter caµses a wider range of attenuation with higher values 
to be attenuated. 

5. EQUIPMENTS AND TESTS:
The engine used in this investigation, is a 4-stroke siesel engine, delivering 45 horse power at full

load speed of 2000 RPM. A Proud dynamometer is used to indicate the speeds and loads at which 
the engine was running. A U-tube manometer, filled with mercury. is used to determine the back 
pressure in the exhaust pipe. A sound level meter and frequency analyser .are used to determine the 
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noise levels at the ·various running cohdltlons. 
The performance curves of the engine are presented without silencer and then with the different 

types of silencers installed to show a comparison between them. The total noise levels in decibles are 

presented also for each condition. An exhaust pipe with a butterfly valve is installed in the exhaust 
system to enable the gtadual rise In the back pressure to be obtained by gradually closing the valve 
by a small handle. The set angle is read on a circular graduated ;disc (Protractor). 

6. RFSULTS AND DISCUSSION:
The power loss due to the ihsertion of silencers (A) and (B) are shown in figure 5. It can be seen

that the loss due to installation of the straight-through resonator is less than that caused by the 
installation of the expansion chamber type. The effect of pressure rise in the exhaust pipe. on the 
maximum power delivered by the engine. is shown in figure 6. 

Experimentally. it is found that. for each one 1 b /in2 rise in back pressure. the power of the 
engine will be decreased by 1.5 %, This is due to the mixing of the fresh charge by the exhaust 
gases: and also due to the increase of work to be done by the piston during the exhaust stroke. 

The actual measurements of the total noise level for the unmuffied engine and also for the engine 
caryying either of the silencer A or B are shown in figure 7. From this figure. it can be noted that 
the sound level increases with the engine speed. 

The silencer sho�n in figure 8 is a special type which depends on resisting the flow of gases. This 
type reduces the noise considerably but the resistance to the gas flow increases and the pressure rise 
increases also by the same action. But. the increase in back pressure is too high a price to pay for 
engine silencing. This gype can be theoretically analysed by the electric analogy as shown in figure 
9. This shows that the orifices are analogous to the electric resistances R1 and R2 while the
surrounding volume is analgous to the electric capacitance C. The atenuation is given by 

where w1 ,W are the input and output powers respectively.
0 

7. CONCLUSION:
The single expansion chamber of a sufficient colume is of a great value in silencing of small

engines and where the space is not a premium. While resonators are recommended for noises 
having a wi'de range of frequencies with high sound levels. 

The round section straight through resonator is the most economical type with the least power 
loss. But as the engines have become larger and the spaces arranged for them are also limited, the 
reverse flow elliptical cross section silencers proved to be a necessity regardless of its increased.cost. 
So far, it has been possible fo get more attenuation per cubic 1·nch from a reverse flow than from a 
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straight through mu filer. 
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