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Computational and Experimental Analysis of Exhaust Pipe
Pressure Distributions in a Single Cylinder Gasoline Engine
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Nomenclature

A ¢ non dimensional speed of sound[a/are]
arg - reference speed of sound[m/s)
bde : bottom dead center
D 1 diameter of pipelm]
evo  exhaust valve open
eve ! exhaust valve cloge
F © cross section area of pipelm’]
ivo © intake valve apen
wve ! intake valve close
N ! engine revolution[rpm]
P . pressure of pipel[bar]
P. : pressure of cylinder[bar]
tde  : top dead center

non dimensional velocity [11/are]
11 1 gas velocity[m/s]
£ ¢ Rimann variable of characteristics
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. Rimann variable of characteristics
: ratio of specific heats, [Co/Cy]

o . density[Kg/m’]

B : crank angle[” ]

@ . nozzle area ratio[F./F]

cr . critical conditions

in . characteristic towards boundary
out : characteristic from boundary

t . throat condition

1. INTRODUCTION

Recently, automotive emissions regulations are
more severe by the Environmental Protection
Agency (EPA), and many researchers have been
concerned to acoustic performance for the intake
and exhaust system. The radiated noise is caused
by the acoustic behavior of the intake and exhaust
pipe system and engihe fype etc. This is often
dealt with in either the frequency domain or in the
time domain analysis. The frequency domain
analysis of mufflers is done by means of the
transfer matrix method. The time domain modeling
by means of characteristics is complete in itself.



But this model has some disadvantageous for the
aero  acoustic evaluation of the
exhaust system. The research about new hybrid
approach for predicting of noise radiation from
engine exhaust systemm  was  suggested by
Munjal(1). Also, the three point method were
moved that the advantage of analytical simphcity
and computational speed, and were as accurate as
the boundary element method by Chu et al.(2)

The use of computer simulation techmques for the

performance

mprovement of engine development processes has
been rapidly expanding over the last decade.
Computational methods in fact not only offer
rehable predicions of the effect of geometrical
modification on engine performance, thus reducing
the number of prototypes and experimental tests
required for engine optimization, ut alse allow a
better of the unsteady flow
phenomena that ocour during the gas exchange
processes.(3-4) Moreover these techniques provide
mformation on  physical quantiies which are
difficult to measure, such as residual exhaust

understanding

fraction, mstantaneous exhaust and intake mass
flow rates, etc.

The aim of this paper 1s therefore to provide the
pressure  distnibutions  and
frequence characteristics hy the computational and
expenmental techmques for the development of a

mformations  of

high performance four-stroke motoreycle engine.

2. METHOD OF NUMERICAL ANALYSIS
AND MODEL

2.1 METHOD CF NUMERICAL ANALYSIS

The one dimensional and unsteady compressive
method  of
characteristic introduced  for
calculation mtake and exhaust
mamfold. As the isentropic flow was assumed, the
friction and heat transfer was not considered in
this  study,
constituted with of contimuty, momentumn and the
charactenistics that A and g
followings:

assumed and the
(MOC)
mm each side of

flow  was
Was

and the goverming equations are

are given as
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2.2 BOUNDARY CONDITIONS

The length of intake and exhaust pipe were
measured by the real motor cycle engine that was
selected for standard mumencal calculafion model.
The exhaust pipe diameter of the real motor cycle
engine was 4 = 22mm. The boundary condifion of
intake and exhaust manifold for single cylinder
4-cycle engine are explained as the followings,
and the method of charactenstics was Introduced
for numerical analysis, and the mamn boundary
conditions can be written as:

close end,

/}t m: /}t out (5)
open end,
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Subsenic flow,
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Sonic flow,
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23 TESTED ENGINE AND THE CALCULATION
MODEL OF EXHAUST PIPE
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Fig. 1 Schematic diagram of experimental and

numerical medel for single cylinder engine



Table 1 Specifications of tested engine model

Specifications of numerical model
. 4-stroke, single
Engine type evlinder
Engine digplacement (cc) 124.1
Bore/Stroke(rmm) 56.5/48.5
Connecting rod length
100
i)
Intake valve open(®) BTDC 10
Intake valve cloge(”) ABDC 30
Exhaust valve open(®) BBDC 41
Exhaist valve cloge(®) ATDC 1
Compresgion ratio 851

The specfications of single cylinder 4 cycle engine
are shown in Table 1
experimental and mumerical result points i exhaust
pipe. The basic length of intake and exhaust pipe
was selected from a real motor cycle engine, the
exhaist pipe length and diameter were 7 1,240mm
and 4 22mm which named standard tvpe of
exhaust pipe. The caleulation mesh 13 a constant
space grid and the mumbers of mesh are one
hindred. The temperatire and pressure of ambient

condition in mimerical calcilation model are 203 %K

Figure 1 shows the

and 1 pgs, respectively. The intake valve opening
timing is 40- and the exhaust valve opering
timing is 139" . The maximrum value of intake
valve area have wider than the exhaust valve, and
the difference was the maximum infake value area
has 21 % wider than the maximum exhaust valve

area.

Fig. 2 diagram  of  various

Schematic

exhaust pipe geometties

Figure 2 shows various exhaust pipe geometries.
The standard type of exhaust pipe is 4 = 2mm,
an expanded pipe diameter was selected with 4 =
Z8mm and a reduced pipe diameter was selected
with ¢ = 16mm.

3. EXPERIMENTAL METHOD

2.1 EXPERIMENTAL PROCEDURE

Fig. 3 Schematic diagram for experimental set up

Table 2 Experimental instruments

aquipments name type manufacture
prassure Sensor A58 Eistler Ins, Corp.
amplitude 5733 Kistler Ins, Corp.
hne cables 47514 Fistler Ins., Corp
cocling adapter 2511 Kistler Ins, Corp.
rotary encoder ebol-cwzie Omren Comp.
a/d hoard pel 5013 . I, Com.
sotnd level equipment|  Im 9500 Human Seid.
soft wate lab-view5.1 NI, Com.

Photo 1 Photography of experimental model

for single cylinder engine

Figwre 3 and Photo 1 shows the schematic
diagram and photograph of the experimental model
for single cylinder engine. The standard type of
exhaust pipe was applied as this experimental



research. All of the experiments were carried ouf
10 times at every experimental position. Talle 2
show the test equipments for experimental model.

The numerical results should be compared with
the experimental resulfs, which are required to
assess the new engine development and reliability.

4. RESULTS AND DISCUSSIONS

Figure 5 shows the experimental results in the
case of standard type at 4 = 22mm, [ = 1240mm
and N = 1000 rom. The pressure
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Fig. 4 Experimental result in case of § = 22 yum
and N - LOMO ypme at P Py and P,
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Fig. 5 Numerical result in case of 4 - 22mm
and N - 1000rpm at PP,
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Fig. & The comparition of experimental result and
numerical regult in cage of 4 = 22mm
and N - L0Mmm at 2,

curve of p, is directly confacted with cylinder,
the pressure curve of P, is 320mm separated with
cylinder and the pressure curve of P, is placed

middle point. Experimental test timing is fpp to

evo- The pressure curve of P, shows exhaust
pressire, this is transferred by immer reflection
wave and affected by shock wave after g = 360
* . After the first exhaust presswre peak that
follows the blow down phase, a second pressure
which is due fo pressure wave propagation and
in the exhaust system,
reaches the exhaust valve during overlap interval,

reflection  phenomena

maintaining pressure levels until eve.
Figure b shows the numerical results in the case
of standard type. The pressure curves of P, and

P, shows the fransferred exhaust pressure and
these shows higher values than mmerical results,
this is why the heat transfer and the friction are
not considered in this condition.

Figwe 6 shows the hetween
experimental and numerical results in the case of
[ = 1240mm at pP,. The calculation data are
quite close to the experimental data, the mimerical
calculation seems to slightly overestimate over the
N = LO0rpm, the between the
computed and experimental data are quife modest.

comparison

difference
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Fig. ¥ The comparition of experimental result and

munerical result In case of 4 = 28mm
and N - LO0pm at P,
Figure 7 shows the comparison hetween

experimental and numerical resilts in the case of
d = 28mm at pP,. The calculation data are quife
exhaust
pressure propagation and reflection phenomena in
the exhaust system, and the numerical calculation
seems to be a slightly overestimation.

close fo the experimental data, the
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Fig. 8 The comparition of experimental result and
numerical result in case of § = 16mm

and N - 1000pm at P,

shows the
experimental and numerical results in the case of
d = 2%mm at P,. The calculation data are quite
different to the experimental data. The reason of
this difference is the exhaust pressure propagation,

Figure & comparison hetween

reflection phenamena and resonant are nof consider

in the exhaust and the
caleulation seems fo be a slightly overestimation.

system, mimerical
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Fig. & Experimental results of Fast Fourier
Transform for the sound pressure level

at 4 = 16mm, 22mm and Z8mm
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Fig. 10 Experimental results of Fast Fourer

Transform  for the exhaust pressure

level at 4 = 16mm, 22mm and Z&mm

Figure 9 shows the experimental results of Fast
Fourier Transform for sound pressure level at 4
= 16mm, 22mm and Z8mm. The first frequency of
Fast Fourier Transform at N = 1000rpm is &Hz.
The case of 4 = Z22mm has a small amplifude
than the case of 4 = 16mm and Z&mm.

Figure 10 shows the experimental results of Fast
Fourter Transform for exhaust pressure at 4
16mm, 22mm and 28mrm. The main frequency  of
LOO0rpm 15 40Hz to

Fast Fourler Transform at N
S0Hz.

_5_



5. CONCLUSIONS

The one dimensional flid dynamic code has
been emploved fo exhaust presswre, and the
predicted data from numerical analysis have been
compared with experimental results. Numerical
analysis techniques were applied not only to obtain
a better understanding of the unsteady
phenomena that occur during the gas exchange

flow

process, but also for the development of a variable
geometry exhaust system. In this research, the
pressure prediction of exhaust pipe with single
cylinder 4-cycle engine is carred out and the
main results are as followings.

1) The calculation data are quite close fo the
experimental data, the numerical calculation seems
1o slightly overestimate over the wvarious exhaust
pipe diameter, the difference between the computed
and experimental data are quite modest.

2) The first frequency of Fast Fourler Transform
for sound pressure level in case of F = 16mm
2Z2mm and Zémm at N = LO00rpm is 3Hz.

3) The case of 4 = 22mm has a small amplitude
than the case of g = 16mm and Z2Bmm.

4) The main frequency of Fast Fourier Transform
for exhaust pressure in case of 4 = 16mm, 22mm
and Z3mm at N = 1,000rpm is 40Hz to &0Hz.
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