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ABSTRACT

ICE which could be spark ignition (S.I) or compression ignition (C.1) engineis one of the building blocks of modern
civilization. In light of this, an effective engine should be able to contribute immensely to a safe environment.
Numerous factors like fuel economy, power and torque, reliability, pollution, safety and cost are necessary in
determining and comparing the effectiveness of the engines. This paper identifies, examines and compares the rate
of incombustible particles present in the engines (S and C.I) at varying loading and speed conditions via exhaust
gas detector. Post-hoc analysis was carried out using SPSS. It was discovered that CO and HC are the most
dangerous incombustible particles present in engines and also the incombustible rate is more pronounced in C.I
than Sl engine, which confirmed that SI. engine is far better in terms of pollution reduction. Probable
recommendations were later made.
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INTRODUCTION

Internal combustion engines are the major consuriassil fuel around the globe. Out of the totabhsupplied to
the engine in the form of fuel, approximately, 8040% is converted into useful mechanical work. Téraaining

heat is expelled to the environment through exhgases and engine cooling systems, resulting int@gy rise

and serious environmental pollution, so it is regdito utilized waste heat into useful work. Theorery and

utilization of waste heat not only conserves fusljally fossil fuel but also reduces the amouniva$te heat and
greenhouse gases damped to environment. It is atiperthat serious and concrete effort should badhed for

conserving this energy through exhaust heat regaeehniques [1]. Recent trend about the best wayssing the

deployable sources of energy into useful work kemain order to reduce the rate of consumptionossit fuel as

well as pollution.

Automobile Emission is one of the major problemsemvironment. Engine emits the carbon monoxide (CO)
hydrocarbon (HC), Nitrogen oxides (NOx) and smolemgity etc. [2]. However, exhaust gas emissionsfro
internal engines have significant effects on hunammal, plant, and environmental health and welf&]. This
leads us to use different advanced technology mtrabthe exhaust gas emission from internal coribasengines.
The methods and techniques which are used to decednaust emissions from internal combustion esgirave
some influences on engine performance [4]. Mangaeshers had directed their research to reducesiemiand to
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increase the efficiency of the spark ignition ergifror spark ignition engines an effective solutionreducing
emissions by regulating some combustion parametets that engine performance is kept unaltered.

[5] as well as [6] also reported that traffic exbiaemissions are significant sources of air pahutin the world and
may threaten human health and cause global warmffagt. The two research works showed that threg-wa
catalytic converter used in spark ignition (SI) iexeg could reduce most exhaust pollution, such @s GO and
NOx towards achieving exhaust standards.

Thus, the adverse effect of vehicle emissions tiegufrom incomplete combustion is critical andfidifilt to

measure. Some factors which should be put intoideration while carrying out the exhaust analysisICE

include: composition of fuel used, power losses|agical requirement, air-fuel ratio, engine loatgine speed,
Fuel Consumption, Air Consumption, Smoke Densityhdtist, Brake Power, Friction power and operatingles,

spark ignition timing, fuel injection timing, airntake, operating modes like start up, idle, runnietg.

[71[8][91[10][11][12][13][14].

According to [5] and [15], the incombustible paeilike CO, HC, NOx were measured as related ©BGt were
limited to engines without catalytic converterdiatain exact and accurate results. The test wasradxs onToyota
product for a specified perio&ig 1 and 2 represent various incombustible gaeesent in both C.I and S.I Engines.

Evaporative HC (carburefior)

Fig. 2: C.I Engine Exhaust [5]

Hence, the problem of estimating pollution emissiimm cars during cold and motion cannot be analyzsing
universal engine characteristics, which are deteethiafter test of fully heated engines. Since remadte research
has been done on how to quantify the rate at wthieee hazardous pollutants are been disperseck ligiscstudy
would create a formidable means of analyzing exhgases using exhaust gas analyzer [15][16]. Thjgepis
aimed at analyzing, determining and comparing tbeposition of exhaust gases of automobile ICE thhou
experimental determination of the exhaust gas walat different loads and speeds of both engined; an
determination of the effect of engine speeds aaddmn exhaust emissions of both engines. Thiamgsevould
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sensitize the general public on the effect of seamables like engine loads and engine speeds®nehicle with
spark ignition and compression ignition engineswdtuld also help in engine’s selection in termseafission
reduction.

MATERIALSAND METHODS

The following steps were necessary in exhaust geasarement and analysis:
I. Selection of parameters:
Il. Experimental materials
lll. Analysis

(A) Parameters
The two parameters under consideration were load®ragine speeds. These were required to knoweltemage
composition of CO, HC, and NOx at different levelsuch parameters.

(b)Materials
i. Motor vehicles (4-stroke, 4 cylinder spark Ignitiengine, In-line, water cooled, Toyota 2.0L engjnes
ii. Gas detector (mobile gas analyzer)
iii. Testbed

- — S —— — S —— S ————— ————

Fig. 3: A mobile gas detector (analyzer) [15]

(C) Analysis

SPSS was used for the analysis. The two paraniateiyed were engine speeds and loads varied fardift level
with loads inpercent (%) while the speeds were irevolution per minute (rpm). The known variables x were
chosen while another called y was the target valhe. known variables, x are engine loads and speéds the
target value y is the values of HC, CO, NO and;ldOeach levels of combination parts per million (ppm).

i. General linear model was developed using multiv@rgaalysis.
ii. Estimated marginal means was then calculated at &fidence interval, taken those emissions as roitbgye
variable to get the standard error, lower boundwpper bound.
iii. Exhaust gases were then taken as a function ohemgpeed and also as a function of engine loacb%t 9
confidence limit, to study the level of significanc
iv. Post Hoc Test was later carried out for multiplenparisons as a function of engine speed and alsdf@sction
of engine load at 95% confidence limit, to studg kavel of significance.
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RESULTSAND DISCUSSION

The profile plots of the results obtained for Sigmes during the exhaust gas analysis are refszsenthe figures
below:
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load

From fig. 4, the load is kept constant and as engpeed increases, the estimated marginal mea@ dh&€eases
sharply. Invariably, the engine speed is directiypprtional to the estimated marginal means of @@ile engine
loads is kept constant. The emissions are medsuigarts per million (ppm).

From Fig. 5 at constant engine speed, the engatkitodirectly proportional to the estimated maagjimeans of the
CO emissions. This shows that, the higher the enfgiads, the higher (marginal increase) the estichatarginal
means of CO at constant engine speeds.

From Fig. 6, at constant engine load, the engireds inversely proportional in the estimated nmaigmeans of
the NO emission. It also shows that, the higher éhgine speed, the lower (decreases sharply) stiraaged
marginal means of NO at constant engine load.

From Fig. 7, at constant engine speed, the engaxik directly proportional to the estimated maagimeans of the
NO emission. This shows that, the higher the enfpads, the higher (marginal increase) the estichatarginal
means of NO at constant engine speeds.
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Estimated Marginal Means of nitrogen oxide Estimated Marginal Means of nitrogen oxide
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Fig 8: Relationship between EMM of NO,

and engine speed at constant engineload Fig 9: Relationship between EMM of NO,

and engineload at constant engine speed

From Fig. 8, at constant engine speed, the engaxik directly proportional to the estimated maagimeans of the
NO, emission. This shows that, the higher the engirel,| the higher the estimated marginal means of &0
constant engine speed.

From Fig. 9, at constant engine load, the engireds inversely proportional to the estimated nnatgneans of
the NQ emission. It also shows that, the higher the engpeed, the lower the estimated marginal meahkOo#t
constant engine load.
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From Fig. 10, at constant engine load, the engieed is directly proportional to the estimated riveigmeans of
the HC emission. It also shows that, the higherethgine speed, the higher the estimated marginahsnef HC at
constant engine load.

From Fig. 11, at constant engine speed, the engatkis directly proportional to the estimated niraafymeans of
the HC emissionThis shows that, the higher the engine loads, thleeh the estimated marginal means of HC at
constant engine speeds.
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Fig. 10: Relationship between EMM of HC Fig. 11: Relationship between EMM of HC
and engine speed at constant engineload and engine load at constant engine.

Also the profile plots of the results obtained @t engines during the exhaust gas analysis aresepted in the
figures below:
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From the Fig. 12 at constant engine speed, thenerigad is directly proportional to the estimateargnal means
of the HC emissions. This shows that, the higherethgine loads, the higher the estimated margieains of HC at
constant engine speeds.
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From fig. 13, the load is kept constant and asrengpeed increases, the estimated marginal med@ afcreases.
Invariably, the engine speed is directly proporioto the estimated marginal means of HC, whileirendpads is
kept constant. The emissions are measured in partsillion (ppm).
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From the Fig. 14 at constant engine speed, thenergad is directly proportional to the estimateargnal means
of the CO emissions. This shows that, the higheretigine loads, the higher the estimated margiealns of HC at
constant engine speeds.

From fig. 15, the load is kept constant and asrengpeed increases, the estimated marginal med€ afcreases.
Invariably, the engine speed is directly proporioto the estimated marginal means of CO, whildrentpads is
kept constant. The emissions are measured in partsillion (ppm).
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Fig.16 Relationship between EMM of NO and Fig.17: Relationship between EMM of NO and
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From Fig. 16, at constant engine speeds, the elhggakis inversely proportional to the estimatedgireal means of
the NO emission. It also shows that, the higherethgine loads, the lower the estimated marginainmef NO at
constant engine speeds.
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From Fig. 17, at constant engine loads, the engjieed is directly proportional to the estimatedgimal means of
the NO emission. This shows that, the higher ttgirenspeeds, the higher the estimated marginal sneaNO at
constant engine speeds.

From Fig. 18, at constant engine speeds, the elhggakis inversely proportional to the estimatedgireal means of
the NG emission. It also shows that, the higher therantpads, the lower the estimated marginal meaiNOxfat
constant engine speeds.

From Fig. 19, at constant engine loads, the engjieed is directly proportional to the estimatedgimal means of
the NG emission. This shows that, the higher the engieeds, the higher the estimated marginal mean©gfal
constant engine speeds.
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CONCLUSION

The experiment to determine the effect of enginerajing parameters on exhaust emission was peréband
results were presented in this paper. For the i&girtes, it was shown that as the engine speedasese both HC
and CO emission increases sharply while NO and &l@issions decreases marginally. Also, as thénerigad
increases all the four exhaust gas emissions isesedt has been shown that the emission of N®@asita3 times
that of NQ and CO emission is about four times that of HCssion. However, the obtained results for the C.1
Engines are similar to those obtained in S.I Ergi@nly that the S.I emission results are far betenpare to C.1
emission results. This is an indication that Sngires are far better in terms of pollution redugatilt is highly
recommended that lower values of loading (20%) spekeds (600 rpm) be used while operating the esgime
reduce the values of HC, CO, NO and Ngbnissions in automobile four stroke spark igmitEngines. Apart from
engine loads and engine speeds, factors like n@ixtirength; compression ratio could also be inget#d to
determine their effect on emissions. Governmentastablish vehicle emission testing centers whaeeaan carry
out the analysis at cheaper rate, even generaicptdoh test exhaust emissions, for them to know tmwaintain
their car engines which will also lead to polluti@duction (safe environment).
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