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~In this study, the engine in-cylinder flow and its effect on performance and exhaust emissions

of 2 spark ignition engine fueled with methane were evaluated. Two-dimensional computations
re investigated by a mathematical model employing a global kinetic reaction mechanism for the

axidation of methane. The following results have been achieved; methame is superior to other fuels
serms of its lean burn limit and combustion characteristics at low temperatures although the
mbustion speed is slower. The NO, emissions are also lower than the conventional fuels.

1. Introduction

Stricter requirements have been imposed on engines in recent years with respect
mvironmental preservation and energy conservation. For this reason, in recent
gs, a great deal of researches is being done on natural gas engines. They have
 attracting attention because of their superior emission characteristics com-
d to conventional engines [1, 2, 3].
) al gas can be used in internal combustion engines either by converting an
ting diesel engine for dual-fuel operation or by converting the base engine to
edicated natural gas engine operating with a spark ignition system. Spark
ion engines only require the installation of additional fuel supply equipment,
there is no need for a major change to the engine construction. Because of its
jor antiknock property, a diesel engine can easily be converted to a high
ression spark ignition engine. Dedicated natural gas engines, which use only
al gas, are far superior in terms of exhaust emissions [4].
Natural gas is an excellent fuel for Otto-cycle (spark-ignition engines). As a gas
er normal conditions, it mixes readily with air in any proportion. Unlike liquid
. it does not need to vaporize before it will burn. Thus, cold engine starting is
especially at low temperatures) and cold-start enrichment is not required.
lstart enrichment is a major source of CO emissions and emissions-related
ms in gasoline-fueled vehicles [5].
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This study is concerned especially with the parameters such as compres-
sion ration, ignition timing, swirl ratio, engine speed and mixture strength. The
effects of these parameters on performance and emissions are investigated in this
paper.

2. The engine specifications and calculation parameters

The considered engine was a spark-ignition engine. The engine specifications are
given in Table 1. Natural gas is a fuel many constituents, but methane is the main
constituent. The natural gas has about 96% methane. F or this reason, in the study,
pure methane is considered as fuel. The engine parameters used in the study are
given in Table 2.

Table 1. The engine specifications

Bore, mm 108.0
Stroke, mm 95.5
Connecting rod length, mm 155.7
T!owl diameter, mm 629
Squish clearance, mm 29
Fuel type Methane

Table 2 Calculation parameters

Excess air ratio 10, 1.1,12
Swirl ratio 0-1-2
Compression ratio 8, 10.58, 13
Spark advance, CA 15, 20, 30
Engine speed, rpm 2000, 3000, 4000

3. The combustion model

In cylinder flow conditions are determined for an axially-symmetrical combus-
tion chamber geometry in two-dimensions [6].
The conservation of chemical species k is given by,
dpk 1 1 ok
——+— =—V V| — " 1
ot - = Virp,u) = [TPD ( p +Pre (1)
where D is the species diffusivity and p,, is the rate of change of p, due to chemical
reactions.
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s continuity equation is given by,
dp

1
2 5 VoPu)=p,. 2

tion of momentum is given by,

2

r"" Vr+ G, 3)

O
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p is pressure, o is the two-dimensional stress tensor, G is the external force per
ass, 7, is the cylindrical viscous stress and w is the swirl velocity.
lar momentum equation that determines the swirl velocity w is,

%(rpw) +%V{rzp wu) = : V(ro), @

1 is the swirl stress vector.
Jinternal energy equation is,

D +% Virpli) = — §V(m)+avu+rvtw/r)+ %uw- : Ve)+Q,., (5

I is the specific internal energy, J is the heat flux vector, Q, is the rate of
al heat release.

e kinetic and equilibrium reactions considered in the combustion model are
ed in Table 3.

Tahble 3. Chemical reactions of the combustion model

Kinetic reactions 2 CH,+40,-2 CO,+4 H,0
0,+2N, <=2 N+2NO
20,+N; <= 20+2NO
N,;+20H <= 2H+2 NO

Equilibrium reactions H; = 2H

0, <= 20

N, <=> 2N

0,+H, => 20H
0;+2H,0 => 40H
0,+2CO => 2CO,

4. Computations and discussions

¢ model has been used to determine the effects of the parameters such as

ression ratio, ignition timing, swirl ratio, engine speed and mixture strength on
e performance and exhaust emissions. The calculation results are given as




106 HS. Soyhan, H. Yasar, C. Sorusbay

4.1. Effects of ignition timing

Ignition timing has significant influence on cylinder pressure history depending on
the combustion rate of the mixture. In SI engines, increase of spark advance increases
the tendency of combustion knock, while the decrease of spark advance reduces maxi-
mum cylinder pressure, and thus maximum engine power output, of the engine. The effect
of ignition timing on cylinder pressure history is shown in Fig. 1 for different spark advan-
ces (15° 20° and 30° BTDC). The maximum cylinder pressure is 4.58 MPa at 6 CAD
ATDC for 30° spark advance value. In the case of spark advance of 20°, the maximum cy-
linder pressure is 4.08 MPa at 8.98 CAD ATDC. For 15°, these values are 3.79 MPa at
12.16 CAD ATDC. The optimum spark timing is obtained by ignition at 30 CAD BTDC.
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Fig. 1. The effect of ignition timing on P-a history
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Fig. 2. The effect of ignition timing on emissions
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ure 2 shows the CO and NO emissions as a function of ignition timing. In
iy, the all emissions were determined for three different spark advance values
and 30 crank angle degrees), and all of the emission data are average values
CAD ATDC. It can be seen that CO emissions were lower with increasing
advance. This is due to the increase of transformation of CO to CO, because
er combustion starting time. NO emissions decreases with increasing spark
e from 20 to 30° CA due to the decreasing gas temperatures.

4.2. Effects of compression ratio

spark ignition engines increase of the compression ratio increases the thermal
sncy of the cycle and thus increases the maximum power output of the engine,
reducing the specific fuel consumption. However, this increase is limited due to
ing tendency of the engine [7].
 Figure 3, the effect of compression ratio on cylinder pressure history is shown
¢ compression ratios of 8, 10.8 and 13. At the compression ratio of 8, the
mum cylinder pressure is 0.29 MPa and the crank angle reached this pressure is
CAD BTDC. In the case of compression ratio of 10.8, the maximum cylinder
re is 3.79 MPa and the crank angle is 12.16 CAD ATDC. For compression
of 13, these values are 4.65 MPa and 180°. It can be seen that the engine can
with higher compression ratios without knocking tendency, compared to
engines, obtaining higher power output because of the high octane number
he variation of CO and NO emissions are given as a function of compression
 in Fig. 4. It may be seen from the figure that both CO and NO emissions
ed with increasing compression ratio. The emissions were lower due to
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Fig 3. The effect of compression ration on P-x history
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Fig. 4. The effect of compression ratio on emissions

insufficient combustion for the compression ratio of 8. The NO emissions were
increased with increasing compression ratio due to the increasing gas tempe-
ratures. Decrease in transformation of CO to CO, caused an increase in CO
emissions.

4.3. Effects of mixture strength

Lean operations of SI engines gives better specific fuel consumption and
lower exhaust emissions in general. Leaning the mixture increase cycle-to-
-cycle variations and combustion stability is reduced as it is got closer to the
ignition limits of the mixture. Fuels with wide ignition limits can be used for this
problem.

The effect of excess air ratio on cylinder pressure history is shown in Fig. 5 for
different excess air ratios (1.0, 1.1, 1.2). In the stoichiometric mixture, the maximum
cylinder pressure is 4.04 MPa at 929 CAD ATDC. The maximum cylinder
pressure is 3.79 MPa at 12.16 CAD ATDC in the case of 41 = 1.1. These values are
1.58 MPa at 18.12 CAD ATDC for A = 1.2. It can be seen from these values that,
the leaner the mixture, the lower maximum cylinder pressure.

Figure 6 shows the effects of mixture strength on CO and NO emissions.
It is well known that CO emissions are primarily a function of excess air ra-
tio, and decreases with increasing excess air ratio. CO emissions were lower
at lean mixtures. The ON emissions were also lower with increasing ex-
cess air ratio due to decreasing gas temperatures. In a spark ignition engine
fueled with methane, it is possible to work with lean mixtures to lower emis-
sions.
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Fig. 6. The effect of mixture strength on emissions

4.4. Effect of swirl ratio

Swirl is defined as an organized rotation of charge about the cylinder axis, to
ymote a rapid mixing in diesel engines and a speed up the combustion process in
gines, especially for lean mixtures [8].

‘The effect of swirl ratio on cylinder pressure history is shown in Fig. 7 for
fierent swirl ratios (SR =0, SR =1, SR =2). The maximum cylinder pressure is
4 MPa and the crank angle reached this pressure is at 1° BTDC. In the case of
yirl ratio SR = 1, the maximum cylinder pressure is 3.79 MPa and the crank angle
12.16° ATDC. For SR = 2, these values are 3.12 MPa and 6.37° ATDC.
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Fig. 7. The effect of swirl ratio on P-x history
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Fig. 8. The effect of swirl ratio on emissions

Figure 8 shows the effects of swirl ratio on CO and NO emissions. The
combustion speed increases. Thus, the gas temperatures and NO emissions increase.
The combustion takes place very slowly at the swirl ratio of 1. For this reason, the
emissions were very low in this case.

5. Conclusions

In this study, the effects of certain engine parameters on combustion performan-
ce and exhaust emissions of a SI engine fueled with methane were investigated.
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he main purpose of the study was to investigate the parameters, which influence
formance and emissions, rather than to optimize these parameters for a certain
It has been shown from the results that the methane fueled SI engines could
with leaner mixture than gasoline engines with very low exhaust emissions.
engines can also operate with high compression ratios without knocking
, and thus it is possible to increase the peak cylinder pressure and a result
imum power output of the engine.
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Osiagi i emisja z silnika o zaplonie iskrowym zasilanego metanem
Streszczenie

zedstawiono oceng wplywu przeplywéw w cylindrze na osiagi i emisjg silnika o zaplonie iskrowym

ego metanolem przy wykorzystaniu symulacji matematycznej w oparciu o dwuwymiarowy model
u i mechanizm globalnej reakcji utleniania metanu. W wyniku stwierdzono, ze metan jest lepszy

sych paliw jesli chodzi o zasilanie ubogq mieszankg oraz charakterystyki spalania przy niskich

graturach, chociaz szybko§é jego spalania jest mniejsza. Takze emisja NO, jest nizsza niz przy
iu paliwami konwencjonalnymi.




