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ABSTRACT

To analyse the cyclic variations in a test engine, the bum parameters are determined on a
cycle-to-cyele basis through the analysis of the engine pressure data. Combustion analysis
based on cylinder-yressure provides a mechanism through which a combustion researcher can
understand the combustion process. The objective of this paper is to identify the most
significant sowrces of cytle-tocycle combustion wvarishility in a spark ignition engine at
idle. The bum rate analysis program was used and the bum parameters were used to determine
the variations in the nput parameter. In this study, the author irvestigated the relationship
of indicated mean effective pressure, coefficient of varistion of indicated mean effective
pressure and bum angles, and lowest normalized value in a spark ignition engine for the cyclic
wvaniations.
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identified, there have been difficulties in analysing

1. Intreduction quantitstive  contrbution  phenomena.  Detailed
Wany resarchers have dedicated to extend Investigation on this problem by experiment is very
the lirmit of lean bum operation in order to difficult because of the controlling and measuring
mnprove fuel efficiency, as well as reducing the changes of these factors.
exhaust gas erussion from the spark ignition Cyrlic wvariations in the growth rate amd
engine The lean limit is imposed by increased location of the flame kemel at very early times
cytlic variation of the combustion intensity were found to be the major cawe of
which reduces the drive ability and the cytle-to-cyele pressure wvariations in spark
effect is usually quantified theough the igrition engines. They concluded that the most
coefficient of wvariation of the indicated important parameters controlling the initial
rean effective pressure. Although the causss flame growth were the laminar flare speed at the
of cyelic varations ars  able to  be spark plug and the size of the first eddy bumt.
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Recently, Hoard and Rehagen proposed one (Mexa-1100) oxygen sensor. The inlet manifold

other means of characterizing cicle-to-cycle pressure was adjusted to give an aversge gross
variations, the lowest normalimed value(LNV) IMEP of 155bar, which is a wvalug typical of an
. The purpose of this parameter is o assess idle condition.

the misfire tendency of an engine; test has
shown that LNV conelates well with driver's
subjecttve rating of engine smoothness.

In this study, the author irvestigated the
relationship of indicated mean effective
pressure,  coefficient of waration of
indicated mean effective jpresswe, bum
angles, and lowest nommalized wvalue in a
spark  ignition engine for the cyclic

3. Resulis and discussion

The only occurrence of misfire was in the
35% BTDC adwanced case; there were partial
bums in the 35°case as s shown in Figl.
The misfired cycles and partial bums wer
eliminated for calculation of average. From
Fig.5, MBT would appear to be at 35°BTDC or
earliey, however, the presence of misfire
prevents this  spark timing from  being
practical. This is a common problem at low

variaions in & spark ignition engine.

2. Experimental setup and procedure

The test engine had a pentroof head with a load: the low in-cylinder temperature hinder
centrally-  located spark plug and  was igniion. Since incylinder pressure, and
modified to operate on a single cylinder to therefore temperatue, is lower for more
avoid multiple cylinder interactions. The advanced tirning, the occurremce of misfire
engine was coupled to a dynamometer, which increases as spark is advanced. This figure
might be usd to tum the engine while shows that IMEP is quite.
motoring  or sbsorb  when the engine was sensitive to change of phase at idle
firing. The dynamometer was used to keep the timing, whereas close to MBT the curve
engine at a constant speed of 300 RPM for all becomes flat. Thus, relative changes in
experiments. And fuel is injected and a spark combustion phase have a larger influence on
is supplied to only ome cylinder, and the IMEP at idle because of this high
mtake and exhaust runners of the fmng sensitivity.

cylinder are isolated.
Cylinder pressure was rcorded with a & S

Kistler ~ 6051B  piezoelectric  pressure so ] o b e e 37
transducer. The transducer was connected to a et pee e e
Kistler model 5004 dual mode charge
araplifier. The ~voltage output of the

araplifier was sampled by a PCbased digital : ,
data  acquisiion  system  using a  Data ’

WAEF . b
- ~

Translation A/D converter DT2828. Pressure e : N\( ’ o i'.“ . .
data were taken at a 1®interval using the PR At ot

pulse from a 360 pulseirevolution optical Figl Indicated IMean  Effective
shaft encoder as an external trigger. The Presswre vs. number of cycles

shaft encoder alsd provided a reference pulse
at the bottom center.
For all experiments, the air/fuel ratio
was monitored with a Horba AFR Analyzer

Figure 2 show the number of ciwles on the
IMEP at idle. Here the relative air fuel
ratio is 1.05 and spark timing is 15°BTDC. These
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figute show that the case of relative air fuel rafio Figure 4 shows the influence of spark

090 has better idle stebility than relative air fuel firming on the COV of IMEP. It is the standard

ratio 1.05. deviation in IMEP divided by the mean IMEP.
As the spark is advanced, the COV goes dowm

: because relative changes in combustion phase
ity have a smaller effect on the IMEP, as the
N INECRSE #4005, SOV ot MEPSIT 510% spark timing indicated.
:l o Figure 5 shows the influence relative
1 Jeaibgt airifuel ratio on the COVimep. Ome important
CIS R ; measwe of cyclic varisbility, derived from
pressure  data, s the coefficient of
variation in IMEP.
M % o o o Heywood suggest that the wehicle drive
e ol s ability problems usually result when COV of
Fig.2 Indicated Mean Effective Pressure vs. IMEP exceeds about 10%. However, for two most
number of cycles advanced cases, the COV of IMEP begins to

increase again, prohably because the lower

Fi 3 sho the infl f k . .
BHe i uenes ob P fermperature at the time of spark is adversely

fiming and relative airifuel ratio on the

mean value of IMEP at idle. The plot is quite affecting the ignition. Mote that the COV of
linear for the range about 1035, indicating IMEP at the idle spark timing is slighfly
that this operating condition is suitable for under 10%, which is typically considered the
the fuel pertwbation experiment. limiting  point above which combustion
variability is unacceptably high.
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Fig4 COV of IMEP vs. spark timing
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Fig.5 COV of IMEP ws. relative airffuel ratio

Fig2 Influence of spark timing and

%%g@ataxﬁlf;uel matio on the  mean value of Figure & shows the lowest nonmalized walue
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{(LNV) for the spark timing and the relative airffuel
ratio. As the figure shows, the experimental engine
only matches that criterion at the 25% BTDC spark
timing.  Extensive  empirical
combustion pararmeters and wvehicle development has
confirmed the results of the earlier experiment.

experience  with
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Fig 6 Lowest Normalized Valug vs. spark
timing and relative airffuel ratio

Figure 7 shows the COV of bum angle as a

fimction of relative airffuel ratio with

0-2%, 0-10%, 0-50%, 0-90%, and 10-20% bum
angles. The COV of bum angle shows miniraum
value at the relative airifuel ratic 090

that minimum COV of IMEP appears, and the COV
of bum angle increases according as relative

airfuel ratio is increased.
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Fig.7 COV of bum angle vs. relative airffuel
ratio

4, Conclusiens

The results obtained are as follows.

(1) As the spark timing is advanced, the
COV of IMEP goes down because relatve
changes in combustion phasing have a smaller
effect on the IMEP. However, for the most
atvanced case at the spark timing 35"BTDC,
the COV of IMEP begins to increass again.

(2) Experimental and empincal data suggest
that COV of IMEP and bumn angles and LNV
levels for acceptable idle quality are fairly
sirnilar for a wide range of test engine. The
COV of burn angle shows minimum value at the
spark timing 5*BTDC that maximum COV of IME
appears, and the COV of bumn angle increases
according as spark timing is advanced.
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