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ABSTRACT

It is well known, that fossil fuel reserves all owae world are diminishing at an alarming
rate and a shortage of crude oil expected at thg @acades of this century. Probably in this
century, it believed that crude oil and petroleuradpicts become very scare and costly to
find and produce. Gasoline and diesel will becowsree and most costly. Alternative fuel
technology, availability and use must and will b@eomore common in the coming decades.
Any researchers did the several researches toitstiegossil fuel oil to another alternative
fuels and one of it is used natural gas for the &wissions and sustainable fuel energy.
Natural gas found in various locations in oil aras dpearing sand strata located at various
depths below the earth surface. The gas is usuatigr considerable pressure and flows out
naturally from the oil well. In addition to thisheé deteriorating quality of air we breathe is
becoming another great public concern and tighégulation of both local and global
emissions from engines anticipated. Natural gashé most favourable for fossil fuel
substitute. This paper is will to review the apalion of compressed natural gas (CNG) as an
alternative fuel and the effect in engines perfarogaand emissions. The review result shows

that the CNG is the low emissions and the perfooeas not too decreasing than liquid fuel.

We have done an experiment by using compressedahajas (CNG) as the main fuel
instead of gasoline in a 4-cylinder, 4-stroke spgrition Wagon-R car engine at different
loading conditions. The engine was converted topaer integrated bi-fuelling system from
a gasoline engine, and operated separately eititleigasoline or CNG. A personal computer
(PC) based data acquisition and control systemused for controlling all the operation. A
detailed comparative analysis of the engine perdmce and exhaust emissions using

gasoline and CNG has been made. It is observedhitba@@NG shows low power, low brake



specific fuel consumptions, higher efficiency aodiér emissions of CO, GOHC but more

NOx compared to gasoline.
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1. INTRODUCTION

1.1 Overview

It is well known fact that fossil fuel reserves drecoming exhausted at an alarming rate.
Moreover, the combustion of such fuels resultshm ¢mission of noxious pollutants which
threaten the very survival of life in this plandthe role of existing internal combustion
engines needs to be reviewed now in the contetttesfe two major crises in present. In view
of the versatility of internal combustion enging®ey will continue to dominate the existing
transportation sector. There is a considerablegdtion for the battery and fuel-cell powered
vehicles with regard to range and acceleration. ddrelich circumstances it becomes a
necessity that environment friendly technologiesusth be developed and alternatively-
fuelled internal combustion engines be designeshture safe survival of the existing engine
technology. Apart from the limited life period, thether problem with the unrestricted
combustion of fossil fuels is the level of g@mission into the Earth's atmosphere. There are
various alternative fuels e.g. CNG, LPG, Hydrogktethanol, Ethanol, Biogas, Producer

gas, and Vegetable oils etc. that are being sdyiaugestigated in several parts of the world

[1].

Over the past decade, alternative fuels have béadied for the possibility of lower
emission, economy, better (more secure) fuel avidithaand lower dependence on crude oil
generated fuels. Before any alternative fuels cdaddused as an alternative to petrol or
diesel, it has to full fill some criteria. Stratttvas listed some suitability factors that would
support alternative fuel to become a choice overofmum. It is necessary to finalize the
decision of alternative fuel type usage based @n diitability of each alternative fuels.

Natural gas, however, has many advantages comparthér alternative fuels. The Dennis



Dart, one of the United Kingdom bus manufacturbes already evaluated eight promising

alternative fuels [2].

Natural gas as a fuel for spark-ignition enginetersf the potential for extremely low
emissions. The evaporative emissions are essgnéifithinated and the exhaust emissions
can be extremely low. Unfortunately, first genaraticompressed natural gas (CNG)
conversion kits (gas mixers without feedback cdhtdo not always achieve low exhaust
emissions (Matthews 1996). To realize the low eimisspotential of natural gas, electronic
engine fuel metering systems, and even catalystsulated specifically for natural gas, are
required. The primary emissions problem associatéd natural gads that the volatile
organic compounds (VOCSs) in the exhaust are prignariburnt methane, a relatively inert
hydrocarbon (HC). This makes it relatively innocsioas far as tropospheric ozone
production is concerned, but also makes it diffital oxidize in the exhaust system. Some
current and future VOC emissions regulations sgecdn methane organic gas (NMOG)
levels, and the total hydrocarbon (THC) levels du dictate whether the vehicle is in
regulatory compliance. Because CNG is introducéal tine engine aa gas, cold starting the
engine does not require overfuelifgs in the case of liquid-fuelled engines), and the
emissions produced while the catalyst(s) are wagnuip are lower than they would be if
overfueling was required. Natural gas combustioengines produces emissions that respond
gualitatively the same agasoline to the various engine operating parametgech

component of interest is discussed briefly here [3]

The country's energy demand is expected to groanatnnual rate of 6.8 per cent over the
next couple of decades. Most of the energy requergsnare currently satisfied by fossil fuels
like coal, petroleum based products and natural Dasnestic production of crude oil can

only fulfil 25-30 percent of national consumptiast we are importing from other countries.

In these circumstances bio fuels are going to @layimportant role in meeting India’s

2



growing energy needs. Bio fuels offer an attracéiternative to fossil fuels, but a consistent
scientific framework is needed to gasoline and eli@gll become scarce and most costly.
Alternative fuel; technology, availability and us@ll become more common in the coming
decades. Researchers are engaged in finding thetitatd of fossil fuel replaced with
alternative fuels. The great problems of the wanldhe internal combustion engines usage
until today are focuses on environment protectioml anost optimum consumption of
available fuels. Presently in IC engines mainlyafjas and diesel engines are used to
generate the power for industries and transponsiig].

The alternative fuels can be used in place of gasobnd diesel to make friendly
environment, high power and efficient in fuel comgtion, but presently this needs a lot of
research work for the usage, storage and supptgregsof alternative fuels. Natural gas is
one of the proven alternative fuels which are foumdarious locations in oil and gas bearing
sand strata located at various depths below thb earface. The natural gas is usually under
considerable pressure and flows out naturally fitke oil well. Natural gas is the most
favourite for fossil fuel substitution. It has beeecognized as one of the promising
alternative fuel due to its substantial benefitanpared to gasoline and diesel. The
advantages include lower fuel cost, higher octamaber and cleaner exhaust gas emissions.
Therefore, the numbers of vehicle powered by cosga@ natural gas engine are growing
rapidly [4].

The power to weight ratio of the ICE is much mdrart that of the battery powered or fuel
cell operated vehicles [7]. These factors have dentists and researchers to develop
environment-friendly technologies, and to introducare clean fuels like natural gas (NG) to
power ICE for ensuring the safe survival of thesérg engine technology. The world’s total
reserve of NG as of January 1, 2004 was 6,07@tristandard cubic feet (Tscf) and on the

basis of current consumption rates, it is adeqi@telmost 65 years [8]. There are many



merits of compressed natural gas (CNG) as an audieenfuel over conventional fuels [9-
10]. Due to some of the favourable physio-chenpeaperties [11] of CNG, the gasoline run
spark ignition (SI) engines can be retrofitted td@&operation quite easily with the addition
of a second fuelling system [6].

Alternative fuel technology, availability and useishand will become more common in the
coming decades. Any researchers did the severahmds to substitute fossil fuel oil to
another alternative fuels and one of it is usedina@tgas. Natural gas is found in various
locations in oil and gas bearing sand strata lacatevarious depths below the earth surface
[13]. The natural gas is usually under considerabéssure and flows out naturally from the
oil well. In addition to this, the deteriorating ajity of air we breathe is becoming another
great public concern and tighter regulation of Hottal and global emissions from engines is
anticipated [14]. Therefore, the number of vehiptavered by CNG engine was growing
rapidly [15, 16]. According to [15,17 and 18] theoplems needed the new design, research
and technology to found the new design of the negire or its component so it can use of
the alternative fuels another gasoline and digsekect and friendly with the environment,
high power and efficient in fuel consumption [12].

The necessity of fuel has gained the ground foptdi@n of suitable energy policy for the
transportation sector in order to balance the demsrd supply of oil and to contain the
overall release of the greenhouse gases with thieteal undesirable environmental impacts.
Energy policy and planning with the related ori¢giotahave become a very important public
agendum of most developed and developing countrd@gdays, as a result of which, the
governments are encouraging the use of alternéiiis of petroleum oil in the automotive
engines. Solar powered car are still not markept@aa as it requires more dedicated design
features. Hydrogen fuel has low volumetric effidies and frequent pre ignition combustion

event because the power densities of premixed drfpel-injected hydrogen engines is



significantly lower than gasoline [20]. Many academesearchers on the hydrogen economy
have queried the rationale on why hydrogen migltbeothe best alternative transport fuel,
including safety, cost and overall efficien¢®1,22]. On the contrary, biodiesel and bio
ethanol require no engine modification for smootgberation, but they create various
problems in the long term operation and in the éighercentage usage, especially when bio
fuels are mostly derived from vegetable oils arapsrseeds. These alternatives are strongly
criticized for its environmental impact and phenodghreat to food securifit9, 23-25]

Lots of works have been done on engine operatintdy wiese fuels; few numbers of
publications have compared some of these fuelgheg§28-33]. Methane, the main content
of natural gas (up to 96%), is the most commonrtive fuel and is one of the cleanest
burning fuelg[30]. It can be used in the form of compressed nagaal(CNG) or liquefied
natural gas (LNG) to fuel vehicles. Dedicated rat@as vehicles are designed to run on
natural gas only. Dual-fuel or bi-fuel vehicles asgpable of operating on either gasoline or
natural gas. That allows alternative fuel usagectviis more economical without sacrificing
vehicle operating range and mobility with wide-smeavailability of gasoline or diesg0].
Ethanol and methanol are alcohol- based fuels hgdermenting and distilling starch crops,
such as corn. Both ethanol and methanol produsedesssion than gasolifigl]. In Brazil,
ethanol is well known as a clean, economic andaviai fuel for vehicles. But engines work
on alcoholic fuel will experience a decrement irake torque and power compared to
gasoline.

Propane or liquefied petroleum gas (LPG) is a claaming fuel that can be used to power
internal combustion engines (ICEs). LPG fuellediviels produce fewer toxic and smog-
forming air pollutants [26].

The current world crisis such the war in Iraq ahd tense of Iran nuclear program with

certain country make the fossil fuel price incredeethe other hand, fossil fuel contribute a



large pollution is a large problem. Both derivasivikom the hydrocarbon fuel itself like
carbon dioxides and impurities like heavy metaldplsur, and uranium contribute to the
pollution. The exploitation of full potential oftatnative fuels, as means of reducing exhaust
emissions irrespective of whether they are renesvabhot requires dedicated engines rather
than retrofitted ones, or bi-fuels ones or dualduenes. Obviously, a dedicated engine
requires extra cost compare to retrofitted or otiyee of natural gas vehicles and also require
adequate fuel distribution network. It makes theliclted engine uncompetitive and
impractical at the present days. However, as theidi fossil fuels will be finished, the
research of applying natural gas fuel on engineclehvill be an important activity. Natural
gas is being used mainly in road transport; bothpressed and liquefied, used also in other
modes of transport, although rarely so far 35jslused in water transport (LNG tankers,
ferries, CNG pleasure boats), and rail transpokGLshunting locomotives. As the natural
gas is being environmentally friendly, natural gas be used in enclosed areas for forklifts
in storerooms, or anywhere where clean air is @ripyi[36]. Natural gas, commonly referred
to as gas, is a gaseous fossil fuel consisting grfiynof methane (Ckj, the shortest and
lightest hydrocarbon molecule. It is lighter thain, @and so tend to dissipate. Explosive
concerns with CNG used in vehicles are almost nistexx, due to the escaping nature of the
gas, and the need to maintain concentrations betwé& and 15% to trigger explosions.
Compressed natural gas, or CNG, is a natural gaerupressure which remains clear,
odourless, non poisonous, and non-corrosive. Nlagiaig can Kill, however if it is present in
large concentrations and thus reduces the amouokygfen available in the air, such that
amount of oxygen remaining in insufficient to sustiéfe. Although vehicles can use natural
gas as either a liquid or a gas, most vehiclesthesgyaseous form compressed to pressures

above 200bar [34].



The vast majority of fuels currently in use aresibfuels, essentially natural gas, oil-based
fuels or coal. The use of natural gas is primarégtricted to fixed installations and the
domestic heating market because of storage diffeuffor mobile use. Similarly, coal is
predominantly used by fixed installations for comesice. The major fuels for transport are
petrol and diesel. Since there has been a drivexdlace fossil fuels, many alternative fuels
have been proposed for fixed installations as agltransport. Whilst some alternative fuels
that have been proposed are essentially small swmalgpecialised use, many have the
potential for general use as substitutes for exgstilels. In this context, “alternative fuel” is
taken to mean also a fuel which is currently nadughn commercial quantities in specific
applications, but could be so used. As an exanmalejral gas is used on the very large scale
for heating and power generation in fixed instala$, but is rarely used for automotive
purposes. This paper discusses alternative usexisting fuels, as well as fuels not
currently commercially used or available. The alé¢ive fuels that are readily available or
easily prepared and identified for potential use aEthanol, Methanol, Compressed or
liquefied natural gas for transport, Liquefied pé&tum gases (propane and butane) for
transport, Hydrogen, Waste solvents, Chem-fueln@gel combustible waste from chemical
works), Rubber crumb, Bitumen-in-water emulsion, sféaoils, Biomass, Gasified solids,
Sewage sludge.

The above list of fuels is not exhaustive, anch@sseé most likely to be acceptable for use in
the near future. Clearly some fuels will be acceletdor general use, whilst others will
require specialised technology to be useful. Sorhethese alternative fuels may be
considered direct substitutes for conventional bgdrbon fuels and can be used in existing
technology, possibly with minor modifications. Aitative fuels will vary in their use, from
use by large corporate bodies, to use by membetgeqgiublic. Clearly for use by the public,

they will have to be relatively simple to use ateba to handle, and be perceived to be safe



to make any market penetration. It is unlikely ttregt public will be attracted to an alternative
fuel that is perceived to be difficult to use ozhalous, even if the cost is much lower. For
example, gas has superseded solid fuel as the domrestic heating fuel, mainly on the
grounds of ease of use, despite there being sedenaéstic gas explosions in the UK each
year compared with none for solid fuel heating epes, and the lower cost of solid fuel

[37].Some of the potential fuels used in S.I. eagire discussed below.

1.1.1 GASOLINE

Gasoline is a complex mixture of over 500 hydrooadhthat may have between 5 to 12
carbons. Smaller amounts of alkane cyclic and aticnsampounds are present. Virtually no
alkenes or alkynes are present in gasoline. Gasd@imost often produced by the fractional
distillation of crude oil. The crude oil is sepa@into fractions according to different boiling
points of hydrocarbons of varying chain lengthsisTinactional distillation process yields
approximately 25% of straight-run gasoline fromteaarrel of crude oil. It is a translucent,
yellow-tinted liquid mixture, derived from petrolew which is primarily used as a fuel in
internal combustion engine. It consists mostly ofadiphatic hydrocarbon obtained by the
fractional distillation of petroleum, enhanced witooctane or the aromatic hydrocarbons
toluene and benzene to increase its octane réim@ll quantities of various additives are
common, for the purposes of tuning engine perfoeaor reducing harmful exhaust
emissions. Some mixtures also contain significalatngjties of ethanol as a partial alternative
fuel. It is not a genuinely gaseous fuel, unlike; éxample, LPG which is stored under
pressure as a liquid, but is returned to a gasetaie before combustion. Early refineries
used a simple distillation process to separateecnildinto its components according to their
boiling points. The petrol produced by this metiveaks only that naturally occurring in the

crude oil. As demand for motor spirit grew, engirseeand chemists found that more severe



heating of the higher boiling points hydrocarbonskle them down, or 'cracked' them, into
smaller, lower boiling hydrocarbons more suitaldedetrol production. From 1913, thermal
cracking was used to increase petrol productionbstnces known as 'catalysts' were later
found to do a better job of cracking hydrocarbohant heat alone, by speeding up the
reaction and producing a greater yield of highetaoe petrol. Petrol is a derivative of

petroleum. It is essentially a complex mixture péltocarbons that boils below 180 °C.

Paraffin, such as hexanesffi4), and octane (§H1s)

* Olefins, such as hexanegtdi,)

eAromatics such as benzene (CH) and toluene

Petrol can vary considerably in composition, defregndpon the source of the original crude
oil, and the processes used in production. Whe tiseenough oxygen, hydrocarbons can be
burnt to form CQ and water vapour, releasing heat. Exhaust emsdiam petrol-driven
cars include, in addition to GGand water vapor, hydrocarbons, nitrogen oxides @@d
These latter emissions may be effectively reduceéitting a three-way catalytic converter
that converts these three types of exhaust comp®ireio less reactive substances. Volatile
organic compounds are also emitted into the atmeyspimrough evaporation from fuel tanks,
carburettors and refuelling stations. These emmssioan be reduced by using carbon
canisters containing activated charcoal which disstrese vapours. Evaporation can also be
controlled during manufacturing and distributiortiwdlouble tank roofs, improved tank seals
and vapour recovery units. An important elemenhaefficiency of petrol combustion is the
octane number. This indicates the ability of thel i resist detonation, which is referred to
as engine pinging or knocking. Such detonatioraissed by the spontaneous igniting of the
fuel and air in the engine cylinders before therlspa fired. Higher octane fuels are less

susceptible to detonation and thus prevent engioekand in turn maintain engine power.



Lead has traditionally been added to petrol asffectere and economic method of boosting
octane quality. However, concerns have recentlyeariabout the possible health effects of
lead in vehicle exhaust emissions. Concerns aleataimospheric 'smog' pollution have led
to the desire to remove up to 90% of the smog psecs present in engine exhaust gases by
the use of catalytic converters. This in turn reggiithat the petrol be lead free if the catalyst
is to function properly. In Australia this resultieda decision to change to cars which operate
on unleaded petrol with a lower octane than prestipwsed, so that changes to refinery
configurations, to make up for the octane loss uperremoval of the lead, would not be too
extensive. This change is not without its disadages, since a lower octane fuel results in a
less efficient engine, and an overall increaseairban dioxide emissions. Some additional
CO, emissions also arise from the changed refininggsses. Thus, although the move to
unleaded petrol may be successful on a local lewel a smog point of view, it is likely to

have an increased impact upon global air qualitgims of CQ.

1.1.2 CNG

Natural gas was first used as fuel in China. The ghatained from shallow wells near
seepages and was distributed locally through pipmagle of hollowed-out bamboos. Since
then, there are no records on usage of naturaligéisthe early 1 century in Northern
Italy, where it was used as a fuel to provide ligiptand heating. As the time moves on the
usage of natural gas spread to North America, Gandedw Zealand and Europe. The usage

was limited to domestic and industry heating.

When the world turned into the t?@:entury, the usage of natural gas expanded to paost
of Western Europe and USA. Exploration of naturas gource was more active after the
post-war years. It became a commercial item infoine of liquefied natural gas for exports

and imports. The gas fields or the natural gasuresoare mainly found in Asia and Middle

10



East countries. These include Malaysia, Brunei,eAly Libya, Saudi Arabia, Kuwait and

Iran. By 1980s, these countries became the maiorteqg of natural gas.

Natural gas is produced from gas wells or tied itlhwrude oil production. Natural gas (NG)
is made up primarily of methane (@QHout frequently contains trace amounts of ethane,
propane, nitrogen, helium, carbon dioxide, hydrogelphide, and water vapour. Methane is
the principal component of natural gas. Normallyrenthan 90% of natural gas is methane.
Natural gas can be compressed, so it can storeisedl as compressed natural gas (CNG).
CNG requires a much larger volume to store the saas of natural gas and the use of very
high pressure. Natural gas is safer than gasalineainy respects and ignition temperature for
natural gas is higher than gasoline and diesel Additionally, natural gas is lighter than air
and will dissipate upward rapidly if a rupture orcuGasoline and diesel will pool on the
ground, increasing the danger of fire. Compressatral gas is non-toxic and will not
contaminate groundwater if spilled. CNG has highetane number than petrol. CNG Octane
number would range from 120 to 130 octane compa@3tOctane for gasoline. The engine
can be operated at a relatively higher compressitia, without any abnormal combustion
problems, e.g. detonation. Higher self ignition pemature (SIT) of CNG (580) compared

to gasoline (470°C) results in a lower risk of anfilmation or explosion in the event of
leakage. Advanced compressed natural gas engirsgargee considerable advantages over
conventional gasoline and diesel engines. HowevBRIG has some advantages compared to
gasoline and diesel from an environmental perspect is a cleaner fuel than either gasoline
or diesel as far as emissions are concerned. CNearisidered to be an environmentally

clean alternative to those fuels.

It is more relevant as an alternative fuel for théomotive and transport sector, as it is

already well established as a primary fuel for dsticeand commercial heating and large
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scale electricity generation. However, as the ldgksity of the gaseous form is very low, it
would be necessary to store it either as the casspregas (CNG) or in the liquefied form
(LNG) to make it practical to use it for transpoBiogas produced from the anaerobic
digestion of sewage can be purified to about 95%hare and used directly in engines for

electricity generation or in the compressed formampressed biogas (CBG).

Compressed Natural Gas (CNG) is one of the moshiging alternatives to traditional fuel
energy resources for internal combustion enginegadbus types. Over two million natural
gas vehicles (NGV) are in operation worldwide. TAeto-ignition temperature, Octane
rating and Calorific value of methane is much brefite use in internal combustion engines
compared to gasoline. Natural gas being a gaselisif normal atmospheric conditions has
the inherent advantage of high level of miscibikiyd diffusion with gaseous air, which is
essential for good combustion. On the other handofodevelopment of the engine fuel
system have been dedicated to proper mixing of eatmnal liquid fuel with gaseous air in
modern internal combustion engines. As a resultaiSéNG in more conventional engines
like those using carburettor and older versionslettronic fuel injection system results
drastic improvement in exhaust emissions. The eomsmprovements are less dramatic for
engines with sophisticated closed loop fuel suggistems and post engine emission control

devices.
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Table 1 Properties of Gasoline and CNG

Properties Gasoline CNG
Minimum Ignition Energy(mJ) 0.24 0.29
Flame speed (cm/s) 415 42
Quench Gap (cm) 0.2 0.2
Diffusion coefficient 0.05 0.16
Higher Heating Value (MJ/kg) 47.3 55.5
Lower Heating Value (MJ/kQ) 44 50
Octane number (Research) 90-98 120
Stoic. A/F ratio mass 14.6 17.23
Flammability in air vol. % 1.4-7.6 5.3-15
Adiabatic Flame Temperature(K) (| 2266 2227
stoichmetric ratio)

Auto ignition temperature (K) 743 853

1.2 Motivation for present work

The sharp rise of conventional fossil fuel priceisating a huge effect on world economy.
The issue of environmental pollution created byvemtional fossil fuels is becoming more

important, as we are getting more concern aboutetidronment of our planet. These
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concerns as well as emission standards enforceegislation, have led the research for the
use of alternative fuels in different prime movergluding the extensively used internal
combustion engines. Fuels, which have been studiedeplacing petrol, include - natural
gas, compressed natural gas (CNG) liquefied petmolgas (LPG), hydrogen, bio-gas,
HCNG. Considering the energy crises and pollupooblems today, investigations have
concentrated on decreasing fuel consumption bygusiternative fuels and on lowering the
concentration of toxic components in combustiordpats. Also the time of finding suitable
fuel and their cost effectiveness are the natwastaints. So there is a need of identification
of alternative fuels that can suitably substitute tonventional fuels which can give high

performance and can also reduce the emissions.

1.3 Organisation of the report

» Chapter 1 includes the properties of CNG and Gasals an alternative fuels for S.I
engine.

» Chapter 2 includes literature survey.

« Chapter 3 includes study of experimental set up.

* Chapter 4 includes the performance of engine feplyae and CNG fuel and results
and discussion of the experimental work.

» Chapter 5 includes conclusion obtained by the wamk recommendation for the
future work.

* Chapter 6 includes the references.
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2. LITERATURE REVIEW

2.1 Performance and emission characteristics of sgaignition engine with alternative

fuels

The literature survey includes various alternatiieds such as CNG, Hydrogen.

According tolsmail [38] it is well known, that fossil fuel reserves allesvthe world are
diminishing at an alarming rate and a shortagerodie oil expected at the early decades of
this century. Probably in this century, it believétht crude oil and petroleum products
become very scare and costly to find and produe@solthe and diesel will become scarce
and most costly. Alternative fuel technology, a&hility and use must and will become more
common in the coming decades. Any researchers hdidséveral researches to substitute
fossil fuel oil to another alternative fuels andeoaf it is used natural gas for the low
emissions and sustainable fuel energy. The gasually under considerable pressure and
flows out naturally from the oil well. In additia this, the deteriorating quality of air we
breathe is becoming another great public concethtter regulation of both local and
global emissions from engines anticipated. Natges is the most favourable for fossil fuel
substitute. This paper is will to review the apalion of compressed natural gas (CNG) as an
alternative fuel and the effect in engines perfarogaand emissions. The review result shows

that the CNG is the low emissions and the perfogeas not too decreasing than liquid fuel.

Bakar et al. [2] finds that the alternative fuels used in gasolamel diesel engines are
becoming the subjects of interest today, drivervérgous new laws pertaining to clean air
and/or energy independence. The major alternatie¢s funder consideration are propane,

methanol, ethanol and natural gas. Natural gasomasnented by many organizations and
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government officials as the fuel for the future ieéh Natural gas clearly has some
substantial benefits compared to gasoline and ldi#sese include lower fuel cost, higher
octane content; lower maintenance cost and prodtleaser exhaust emissions. There are at
least two trends in the Compressed Natural Gas (dRt@ine research. Car manufacturers
such as Honda, Ford, Chrysler and John Doo foceg tlesearch in converting and
modifying the gasoline or diesel engine to be fokby the CNG. The trend is just doing the
modification. The fuel storage, fuel metering, powain and emission control system, the
injector timing, spark advance and the implemeotatbf EGR were included in the car
manufacturer’s trend. University researchers aedréisearch organizations, however tries to
look for into the fundamental research. Area ofeiiests includes flame speed, the
combustion process and the burning process. A npagislem of the CNG Engine was low
in volumetric efficiency, low flame speed, low coragsion ratio usage, inappropriate air/fuel

ratio usage and high ignition temperature and Fggition pressure.

Aslam and Masjuki [6] investigated experimentally that the potentialsisihg compressed
natural gas (CNG) as the main fuel instead of gasah a 1.5 litre, 4-cylinder, retrofitted
spark ignition car engine at different loading citiods have been investigated
experimentally. The engine was converted to compuategrated bi-fuelling system from a
gasoline engine, and operated separately eithargaisoline or CNG using an electronically
controlled solenoid actuated valve system. A peaakoomputer (PC) based data acquisition
and control system was used for controlling alldperation. A detailed comparative analysis
of the engine performance and exhaust emissiong ggisoline and CNG has been made. It
is observed that the CNG shows low power, low brsfecific fuel consumptions, higher

efficiency and lower emissions of CO, g®C but more NOx compared to gasoline.

Jahirul [19] concluded by making a comparative analysis onnentpr performance and

exhaust emission on a gasoline and compressedahgas (CNG) fuelled retrofitted spark
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ignition car engine. A new 1.6 L, 4-cylinder peteatgine was converted to the computer
incorporated bi-fuel system which operated withhe&it gasoline or CNG using an
electronically controlled solenoid actuated valvecimnism. The engine brake power, brake
specific fuel consumption, brake thermal efficienexhaust gas temperature and exhaust
emissions (un burnt hydrocarbon, carbon mono-oxikygen and carbon dioxides) were
measured over a range of speed variations at 509%688f6 throttle positions through a
computer based data acquisition and control syst€@omparative analysis of the
experimental results showed 19.25% and 10.86% teduim brake power and 15.96% and
14.68% reduction in brake specific fuel consumpt{@SBFC) at 50% and 80% throttle
positions respectively while the engine was fueleith CNG compared to that with the
gasoline. Whereas, the retrofitted engine producééo higher brake thermal efficiency and
24.21% higher exhaust gas temperature at 80% Idrbtid produced an average of
40.84%higher NOx emission over the speed rangb00d5500 rpm at 80% throttle. Other
emission contents (unburnt HC, CO; &hd CQ) were significantly lower than those of the

gasoline emissions.

Semin [39]According to him, CNG is a gaseous form of natgas, it have been recognized
as one of the promising alternative fuel due tcsitbstantial benefits compared to gasoline
and diesel. Natural gas is produced from gas wallsied in with crude oil production.
Natural gas is promising alternative fuel to mddtsengine emission regulations in many
countries. CNG has long been used in stationarynesgbut the application of CNG as a
transport engines fuel has been considerably aédarmver the last decade by the
development of lightweight high-pressure storagéindgrs. The technology of engine
conversion is well established and suitable conerrequipment is readily available. For
petrol engines or spark ignition engines thereta@ceoptions, a bi-fuel conversion and use a

dedicated to CNG engine. The diesel engines coewvast designed to run on natural gas,
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there are two main options discussed. There arkefdelengines and normal ignition can be
initiated. Natural gas engines can operate at lan and stoichiometric conditions with

different combustion and emission characteristics.this paper, the low exhaust gas
emissions of CNG engines research and developmertighlighted. Stoichiometric natural

gas engines are briefly reviewed. To keep the ayipwer, torque and emissions of natural
gas engines comparable to their gasoline or daseiterparts. High activity for future green
CNG engines research and development to meet figiniregent emissions standards is

recorded in the paper.

Cho [40] By doing thorough theoretical study he expreskatl tthe operating envelope, fuel

economy, emissions, cycle-to-cycle variations idigated mean effective pressure and
strategies to achieve stable combustion of leam matural gas engines are highlighted.
Stoichiometric natural gas engines are brieflyeesd. To keep the output power and torque
of natural gas engines comparable to those of gfaesioline or Diesel counterparts, high boost
pressure should be used. High activity catalystrfmthane oxidation and lean de NOx

system or three way catalyst with precise air—fatb control strategies should be developed

to meet future stringent emission standards.

Md. Ehsan [41] investigated experimentally and finds that Retr@ines can run on natural

gas, with little modification. The combustion cheteristics of natural gas are different from
that of petrol, which eventually affects the engegformance. The performance of a typical
automotive engine was studied running on natural fiestly at a constant speed for various
loads and then at a constant load for a range eédsp and results was compared with
performance using petrol. Variation of the spark/aadte, consisting of centrifugal and

vacuum advance mechanisms, was investigated. Reshubwed some reduction in power
and slight fall of efficiency and higher exhaushperature, for natural gas. The air-fuel ratio

for optimum performance was higher for gas than petrol. This variation in spark
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requirement is mainly due to the slower speedarh# propagation for natural gas. For both
the cases, the best power spark advance for ngasalvas found to have higher values than
petrol. This issue needs to be addressed durimgfitehg petrol engines for running on

natural gas.

Economides [42]He examined carefully and presented here sourcewatoiral gas, their
limitations and potential. As global energy demaisds, natural gas now plays an important
strategic role in energy supply. Natural gas isdleanest and most hydrogen-rich of all the
hydrocarbon energy sources and it has high eneogywetsion efficiencies for power
generation. Of more significance is that gas resmurdiscovered but as yet unexploited
remain plentiful. The sector is poised for consadkée growth over the next two decades and
some believe that it may even overtake oil as tiragfuel between 2020 and 2030. There is
a fundamental turn towards natural gas which toalegounts for about 23% of the world
energy demand. Large capital investments in infuatire to enable increased gas
consumption are being made on both demand and ysiugges. Several gas-producing
countries have embarked upon very ambitious plansfirkedly increased gas output. Many
new LNG facilities are being built supply chainsvetisifying and becoming ever more
flexible. There is a growing recognition that uneentional sources of gas, such as shale gas,
coal bed methane (CBM) and deep tight gas will Woate a significant component of future
gas supplies as technologies evolve. Other gasecsion technologies such as GTL and
CNG are attracting more serious attention, but gnefficiency, cost and cost inflation
remain barriers for these promising alternativestuial gas is also competing strongly with
other fossil fuels from an efficiency and emissipesspective as the fuel of choice for power
generation. However, gas price volatility and sggwf supply concerns means that some
power generators still favour coal and nuclear comemts in their power generation

portfolio. As the cost of carbon emissions havéggdr impact around the world, gas has the
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potential to increase its share of the power gdimeranarket significantly over the coming
decade. A rapid growth opportunity exists for natugas in its potential contribution to
transportation either directly or by electrifyinget sector. Real and imagined environmental
concerns and restricted access for OECD nationsnigp-term oil reserves are expected to
accelerate the emergence of hydrogen fuel cellee@tly available technologies dictate that
the most commercially viable source of hydrogenlange quantities is natural gas,
particularly methane through the reforming procestbat yield synthesis gas (i.e. carbon
monoxide and hydrogen). Current technologies, iimrests and consumption trends suggest
that natural gas will be at the centre of a worltkviransformation resulting in a greatly
expanded market share of gas in the energy mixptwer generation, space heating,

petrochemical feed stocks and transportation fuels.

Bhandari et al. [43] By doing experiments on engine he prepared apcehensive review

of various operating parameters have been predaretetter understanding of operating
conditions (spark and compression ignition enginé®) natural gas fuelled internal

combustion engine. It was estimated that a CNG watige and power equivalent to the
gasoline model would be less efficient (25%). Thelg finally concluded that CNG duel

fuel retrofitted vehicle could provide very larg®©Ceduction (80-95%) compared to current
gasoline vehicles. The NMHC and NOx emission impadépended upon conversion
techniques. Emission benefits in CNG engine wowddgbeater in dedicated vehicle. The
maximum level of CO emission was 0.325 percent. rBsalts showed that an improvement
in the performance emission characteristics of Cfi€lled S| engines using specially

designed Electro Mechanical fuel systems wouldbiained.

How et al. [44] investigated after doing experiments that thégsmance of the engine with
respect to brake torque, brake power, brake mdantek pressure (BMEP), brake specific

fuel consumption (BSFC), fuel conversion efficierayd exhaust emissions for gasoline and
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CNG fuels under various steady state operationdu&mn of 8-16% brake torque and brake
power with CNG operation over a speed range of 1508000 rpm was obtained. It was
found that the maximum brake torque obtained wérfe Nm at 3500 rpm for gasoline and
100 Nm at 3000 rpm for CNG. The BMEP of CNG is &4lkss than gasoline. In addition,
the displacement of air by CNG in the cylinder reshi the volumetric efficiency and
consequently causes the BMEP loss. Volumetricieffiy is an important factor in internal
combustion engine because lower volumetric efficyereduces the heating value of cylinder
charge, thus decreasing the potential of outputepo®n average, CNG operation yields
22% improvement in BSFC and 13% higher fuel conwerefficiency (FCE) compared to
gasoline. It was also found that CNG operation wgluential port injection achieved lower
BSFC and better fuel conversion efficiency compateadnixer type of CNG operation in
carburetor system of the same engine where 17-28%BSFC and 2.90% higher FCE. CNG
produces steadily lower unburned hydrocarbon eomss$hroughout the speed range as
compared to gasoline. The emission of HC is sigaiftly reduced by 40-87% with CNG
operation due to a more complete combustion of Gid@ompared to gasoline. In addition,
CNG operation shows significantly lower of CO an@,&mission. It was found that CNG

produced less 20-98% and 8-20% of CO and &Gpectively.

Srinivasan [45] According to him natural gas contains more th&%9nethane. Natural gas
can be compressed, so it can be stored and us€drapressed Natural Gas (CNG). NG
requires a much larger volume to store while ah Ipgessure, about 200 bar the same mass of
natural gas can be stored in a smaller volumedrfdim of Compressed Natural Gas (CNG).
CNG is safer than gasoline in many respects antagriemperature for natural gas is higher
than gasoline and diesel fuel. Additionally, nakwas is lighter than air and will dissipated
upward rapidly if a rupture occurs. Gasoline anesdi will pool on the ground, increasing

the danger of fire. Compressed natural gas is agig-ind do not contaminate groundwater
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if spilled. Advanced CNG engines guarantee conalder advantages over conventional

gasoline and diesel engines.

Pourkhesalian et al. [26] finds after making analysis that the strict regolat of
environmental laws, the price of oil and its red&d resources, has made engine
manufacturers use other energy resources insteaitlarid its products. Despite the fact that
now days alternative fuels are not currently wideded in vehicular applications, using these
kinds of fuels will be definitely inevitable in thieiture. In this paper, a computer code is
developed in Mat lab environment and then its tesale validated with experimental data.
This simulated engine model could be used as a fomteol to investigate the performance
and emission of a given Sl engine fuelled by alitwe fuels including hydrogen, propane,
methane, ethanol and methanol. Also, the supefialternative fuels is shown by comparing
the performance and emissions of alternative fdedlegines to those in conventional fuelled
engines. Eventually, it is concluded that voluneeeificiency of the engine working on
hydrogen is the lowest (28% less that gasolinBedengine), gasoline produce more power
than the all being tested alternative fuels and @8F methanol is 91% higher than that of

gasoline while BSFC of hydrogen is 63% less thasoljee.

Baldassarri [46] investigated that the emissions from a spark-igmi{Sl) heavy-duty (HD)
urban bus engine with a three-way catalyst (TWa@glléd with compressed natural gas
(CNG), were chemically analyzed and tested for tgenoity. The results were compared
with those obtained in a previous study on an exjeit diesel engine, fuelled with diesel oil
(D) and a blend of the same with 20% vegetablgRifl0). Experimental procedures were
identical, so that emission levels of the CNG eagiere exactly comparable to the ones of
the diesel engine. The experimental design wassttwon carcinogenic compounds and
genotoxic activity of exhausts. The results obtdiskow that the SI CNG engine emissions,

with respect to the diesel engine fuelled with 2revnearly 50 times lower for carcinogenic
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polycyclic aromatic hydrocarbons (PAHSs), 20 timewér for formaldehyde, and more than
30 times lower for particulate matter (PM). A 20-#8@ reduction of genotoxic activity was
estimated from tests performed. A very high reducof nitrogen oxides (NOX) was also

measured.

Hodgson [3] gives the information that the use of compressemirabigas (CNG) as
transportation fuel has been identified ase strategy that can help ameliorate some
problems, which include a growing dependence onomegd oil and the persistent
contributions that mobile sources make to urbanpaltution, associated with the use of
conventional petroleum fuels. The attributes amditéitions of CNG asa fuel for spark-
ignition engines have been presented. The attsharte associated with its high octane rating,
low cost relative to other alternative fuels, itiability, the absence of running and diurnal
evaporative emissions, and its demonstrated patefoti producing extremely low exhaust
emissions-particularly if the volatile organic conunds emitted are expressed in terms of
reactivity adjusted non-methane organic gases. lifhigations associated with the use of
CNG include its limited refuelling infrastructurdie cost of refuelling facilities, the cost of
on-board fuel storage tanks, and its relatively lemergy density. In order for the higher
(relative to the gasoline-fuelled baseline vehidajal cost of a CNG fuelled vehicle to be
recouped by the lower fuel price, CNG is most ativa in high fuel use applications. The
use of CNG in small vehicles is especially challeggn that the incremental cost associated
with the CNG system typically represents a highaction of the total vehicle cost than
would be the case with larger, more expensive ehidn addition, because small vehicles
are typically very fuel efficient, fuel costs magtrrepresent an important factor for the

vehicle owner.

Semin [12]concluded that CNG has long been used in staticgragines, but the application

of CNG as a transport engines fuel has been caadilyeadvanced over the last decade by
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the development of lightweight high-pressure steraglinders. The technology of engine
conversion was well established and suitable camerequipment is readily available. For
petrol engines or spark ignition engines theretaceoptions, a bi-fuel conversion and use a
dedicated to CNG engine. The diesel engines caenvest designed to run on natural gas,
there were two main options discussed. There aaéfdal engines and normal ignition can
be initiated. Natural gas engines can be operdtésha burn and stoichiometric conditions
with different combustion and emission charactesstin this study, the low exhaust gas
emissions of CNG engines research and developmené Wighlighted. Stoichiometric

natural gas engines were briefly reviewed. To keepoutput power, torque and emissions of
natural gas engines comparable to their gasolindiesel counterparts. High activity for

future green CNG engines research and developnoemieet future stringent emissions

standards was recorded in the study.

Lumato [47] after doing experiments finds that the amount afntful exhaust emissions
from diesel and petrol engines has been calcukatedthe reduction on the emissions after
conversion to CNG established. It was found that tise of petrol and diesel produces
approximately 9861, 1205, 6629 and 219 tonnes/ydaiCO, CH, NOx, and PMs,
respectively; and that if all Dar Es Salaam citgdsiwere converted into CNG the reduction
in these emissions would be 49% of CO, 55% of N@a 82% of PMs. Also, adoption of
CNG would save the foreign currency used to impatrol and diesel as natural gas is
produced locally and that there is a large natgaal resources in Tanzania. It was therefore
concluded that the CNGV technology is advantageanus$ suitable for use in Tanzania,
starting with the commercial city of Dar Es Saladfmally, it was recommended that the
Government of Tanzania, through the Ministry of Ejyeand Minerals, forms a board to
coordinate implementation of this project, in cbtaations with other stake holders such as

natural gas producers and transport authorities.
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Kaleemuddin [48] has done an experiment on dual fuel single cylimdgural gas engine
and finds that the experimental investigationsied and up gradation of 395 cc air cooled
engine to dual fuel (CNG/Gasoline) application. Dhiginal 395 cc direct injection naturally
aspirated, air cooled diesel engine was first cadedeto run on Gasoline by addition of
electronic ignition system and reduction in compi@s ratio to suit both gasoline and CNG
application. CFX software has been employed toutaie and improve the cooling capacity
of engine with the use of CNG. Materials of majogime components were reviewed to suit
CNG application. The engine was subsequently tuvigddual multi-mapped ignition timing
for bi-fuel stoichiometric operation on engine dyrmaneter and then fitted on a 3-Wheeler
vehicle. The vehicle was optimized on a chassisathometer to meet the proposed Bharat
Stage-lll norms. The engine has passed currentl B&ission norms with 48% margin in
CO emission and 76% margin in NMHC (Non-Methane tdgdrbons) and Extensive trials
were conducted on engine and vehicle to optimiza @NG kit and minimum loaded three

way cat-con to finally to met proposed BS-IIl norms

Molla et al. [49] concluded from his experimental investigationg #raong alternative fuels
for internal combustion engine, natural gas casdesidered as the single largest alternative
fuel. Natural gas can substitute totally or pali#te liquid fossil fuels (gasoline and diesel).
This research work was intended to study the pevdoce characteristics of a two cylinder
diesel engine converted to spark ignition (SI) aegb run on 100 percent CNG. In this study
the test emissions were measured with the advamtemmegnition timing which is very
uncommon with other available test reports and g¢inves new relation of emissions level
with ignition timing change. From the experimentgults, it is seen that a converted natural
gas fulled SI engine can deliver approximately écuaput to its diesel counterpart. The
combustion of natural gas in CNG fuelled S| engsdound to be more efficient at the

equivalence ratio of 0.9. The exhaust gas temperaiti natural gas fuelled S| engine is

25



found to be 120 °C to 180 °C above that of diesel petrol engine of similar type. The
exhaust gas emissions (CO and HC) of natural galtetLlSI engine are found to be much
lower than their respective admissible limits. Natugas fuelled engine is friendly to

environments for its lower level of air pollutionalower level of green house gas emission.

Mansha [50 finds in the present study, the detailed reactimechanisms were developed
and was implemented to predict the formation ofytaht species in compressed natural gas
(CNQG) fired internal combustion (IC) engine. Theposed mechanisms were developed by
coupling the EXGAS (an automatic mechanism germratool for alkane oxidation)
mechanisms with the Leed’s NOx mechanism. The sitiunl results of each proposed
mechanism were validated by the experimental measemts for profiles of temperature,
pressure and pollutant species (CO, NOx). The waiteproduction analysis of each
mechanism identified the important reactions inheaechanism which contributed to the
formation of pollutant species. In spite of somesctepancies, the experimental
measurements indicate that Mechanism-1V (consisth@08 reactions and 78 species)
showed closer agreement for each of the predictetilgs of temperature, pressure and

pollutant species (CO, NOXx).

Purwaha et al. [51]According to him vehicular emission is the maimtcilbutor to urban air
pollution. In line with public concern over the ltbaeffects of traffic pollution, regulatory
bodies and the public at large have contributedifsagntly towards the progressive
improvement of vehicular emission standards whicpefully alleviate the worsening of our
urban air quality. California Air Resource BoardA®B) and the European Commission
have introduced a set of stringent emission targedsis anticipated that these standards will
become the basis for the similar emission legshato be introduced all over the world.
Natural gas has been considered as the most propa@liernative fuel for its cleanliness and

abundance. With the growing concern for environmentGeneral and air quality in
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metropolis in particular, Government of India hadrested GAIL(India)Ltd, a leading public
undertaking natural gas transmission & distributtmmpany, the job of implementation of
CNG as alternative fuel for vehicles. GAIL conduti@ pilot program in early 1993 in 3
cities namely Delhi, Mumbai and Baroda to underdttre technology and to provide the
framework for a commercial program. After succelssfyplementation of the pilot program,
joint venture companies were formed in Delhi andnibai for developing the CNG market.
This paper presents the experience, challengepraitems encountered in the development

of CNG in India.

Ristovski [52] The purpose of this work was to evaluate the miaysind chemical properties
of emission products from a six cylinder sedanwader a variety of operating conditions,
before and after it has been converted to compiesatural gas (CNG) fuel. The specific
focus of the measurements was on emission levelsharacteristics of ultra fine particles
and the emission levels together with the emissimingaseous pollutants for a range of
operating conditions before and up to 3 monthg dfie vehicle was converted are presented
and discussed in the paper. The investigations sticivat converting a petrol operating
vehicle to CNG has the potential of reducing sohthe emissions and thus risks, while it
does not appear to have an impact on others. ticpiar there was no statistically significant
change in the emission of particles for the vehaglerating on petrol, before the conversion,
compared to the emissions for the vehicle operatim@NG, after the conversion. There was
a significant lowering of emissions of total polgtlg aromatic hydrocarbons and
formaldehyde when the vehicle was operated on C&tfd, a reduction of global warming
potential was also observed when the vehicle wasoruCNG, but the later gain is only at
high vehicle speeds loads, and would thus haveet@dnsidered in view of traffic and

transport models for the region.
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2.2 Important findings from literature review

1. From the studies reported it could be concludetlithgeneral CNG engines result in
lower emissions of toxic compounds, however, foaregle, one study found that
formaldehyde emissions are comparable to emis$ionsgasoline engines.

2. All the studies conducted showed that CNG emissimange a low ozone forming
potential.

3. The range of emissions, levels of individual pahits from vehicles operating on
CNG quoted in the literature were: CO from 0.1 #21g/km, NOx from 0.05 to 7.5
g/km (the last value is for buses) andG@m 290 to 390 g/km.

4. The diesel engine volumetric efficiency and thealtdtiel consumption per cycle is
higher than the port injection dedicated compressddral gas (CNG) spark ignition
engine.

5. The CNG has higher octane number than petrol ag@fibre permits higher CR that
helps in resisting knocking and throttle at intake.

6. Inlow-load condition for a DF engine, the exhagstlways smokeless; even in case
of full-load condition, smoke is still less tharattirom diesel engine.

7. NOXx level is high but the CO level remains low.

8. The maximum automotive engine power produced wh@ning on natural gas will
be lower compared to when running on petrol. Thisutd not have very visible
effect during normal cruise of a vehicle. Howevemay increase the time taken by
the vehicle to accelerate when

9. Brake mean effective pressures of natural gas esgame limited by knocking and
thermal loading. EGR can improve knock limit by weohg combustion temperature.

10. Its use extends petroleum supplies, and thereaege fuantities of the fuel available

in the world.
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2.3 Objective of present work

1. Experimentally determining the performance charésttes of CNG and gasoline.

2. Experimentally determining the emission charactieesof CNG and gasoline.
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3. EXPERIMENTAL SETUP

3.1 Description of experimental set up

The setup consists of four cylinder, four strokiéstirol (MPFI) engine connected to eddy
current type dynamometer for loading. It is proddwith necessary instruments for
measurements of combustion pressure and crank-ambkese signals are interfaced to
computer through engine indicator folfR PV diagrams. The set up has stand-alone panel
box consisting of air box, fuel tank, manometegl faneasuring unit, transmitters for air and
fuel flow measurements, process indicator and enigidicator. Rotameters are provided for
cooling water and calorimeter water flow measuremdthotograph of engine setup,
schematic diagram of engine and photograph of galy/zer is shown in Figure 3.1, 3.2, 3.3
and 3.4 respectively.

The setup enables study of engine performancertdebpower, indicated power, frictional
power, BMEP, IMEP, brake thermal efficiency, inde thermal efficiency, Mechanical
efficiency, volumetric efficiency, specific fuel msumption, A/F ratio and heat balance.
Windows based Engine Performance Analysis softyaekage “Engine soft” is provided

for on line performance evaluation. Gas analyzeised for emission measurements.

The main aim of this experiment is to investigdte éffects on performance of gasoline and

CNG in four cylinder Wagon R engine.
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Figure 3.1 Experimental setup
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Figure 3.2 Schematic diagram of engine setup
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Figure 3.3 Gas Analyser
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3.2 Enqgine specifications

Engine

Dynamometer

Propeller shaft

Air Box

Fuel tank

Fig. 3.4 CNG Conversion Kit

Make-Maruti, Model Wagon-R MPFI, Type 4 Cylinder, 4
Stroke, Petrol (MPFI), Water cooled, Power 44.5 I©&\6000
rpm, Torque 59 NM at 2500 rpm, Stroke 72 mm, b&arin,
1100 CC, CR 9.4:1.

Type eddy current, Water cooled, with loading ukiake — Saj
test plant Pvt. Ltd, Model AG8O0.

With universal joints, Make Hindustan Hardy Spice

M S fabricated with orifice meter and manometrifice Dia.
40 mm).

Capacity 15 litre with glass fuel metering cuolu
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Calorimeter Type Pipe in pipe, 25-250 LPH.

Rotameter Make-Eureka Model PG 5, Range 25-250 Iph, Conoect
BSP vertical screwed, packing Neoprene.

Rotameter Make-Eureka Model PG 9, Range 100-1000 Iph, Caiorec
1" BSP vertical screwed, packing Neoprene.

Piezo sensor Make-PCB Piezotronics, Model HSM111A22, Range 50810
Diaphragm stainless steel type & Hermetic Sealed.

Crank angle sensor Make-Kubler-Germany Model 8.3700.1321.0360, [3@:mm
shaft size: size 6mm x length 12.5mm, Supply Vataeg30 V
DC, Output Push Pull (AA,BB,00), PPR:360, Outleblea
type axial with flange 37mm to 58mm.

Load Indicator Make-Selectron, Model PIC 152-B2, 85 to 270 V AC,
Retransmission output 4-20 mA.

Battery Make-Exide, Model MHD 350 06687, 12 V DC.

Engine Indicator Input Piezo sensor, Crank angle sensor, No. ahméls 2,
Communication RS232.

Digital millivoltmeter Range 0-200mV, Panel mounted.

Temperature sensor Make-Radix Type K, Ungrounded, Sheath Dia.
6mmX110mmL, SS316, Connection ¥ BSP (M), Adjulgtab

compression fitting.

Fuel measuring unit Make-Apex, Glass Model FF0.090.

Temperature Make-Wika, model T19.10.3K0-4NK-Z, Input thermopte.

Transmitter (type K), Output 4-20 mA; Supply 24 V DC, Caliboat O-
1200 deg C.

Load Indicator Digital, Range 0-50 Kg, Supply 230 V AC.
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Load Sensor

Fuel flow transmitter
Air flow transmitter
CNG Conversion Kit

Gas Analyser

Make-Sensotronics Sanmar Ltd, Model 60001, Typee&m,
Universal Capacity 0-50 kg.

DP transmitter, Range 0-500 mm WC.

Pressure transmitter, Range (-) 250 mm WC.
Make-Tomasetto Achilles.

Make- AVL, (AVL for DIGAS) for emission

measurement.
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4. RESULTS AND DISCUSSION

This chapter includes experimental results andoperdince studies on S.|I engine using
gasoline and CNG.

Table 4.1 Test engine specifications

Parameters Value
Bore 69 mm
Stroke 72 mm
Connecting rod length 112.5 mm
Compression rat 9.4:1
Cylindel Fou

4.1 Collection of experimental data

For doing comparative analysis of performance an&ons, experiments were carried with
S.I engine running on gasoline, CNG. The experisi@mre conducted on a 4-cylinder, four
stroke Wagon-R engine. The experimental data obdadme shown in Table. It shows that the
operating conditions in which speed, load are chdngidely for gasoline and CNG. The
experimental data of B-curve on the following operating conditions ar¢aited by ‘engine
soft’ software.

4.2 Performance Evaluation

The data measured during the tests included ergpeed, brake power, torque, and fuel
consumption, SFC. During the test engine load wasest while maintaining a constant
engine speed. The tests were performed with fivierdnt speed range 2500, 3000, 3500,
4000, and 4500 rpm. Fuels that have been usedaaddige and CNG. Formulations used for
calculation of various parameters are describeavioel
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Torque (kg m) = Load x Arm length

Brake power (kW) = (2 x x Speed x Torque x 9.81) / (60 x 1000)

Brake power X 3600 x 100

Brake Thermal Efficiency (%) =
fuel fow (Ej *® calorific valus (E—]Ej

k,
F K Fuel flow (=5)
Specific fuel consumption ( g ) hr

lwhr/  Brake power (kW)

SFC x Calorific value
Specific energy consumption(M]/kWhr) =

1000

Brake power (kW) x 100
Indicated power (kW)

Mechanical Efficiency (%) =

4.3 Results and discussion

All the tests and data analysis were performedjésoline and CNG on Sl engine in the I.C.

Engine Laboratory. The test results were used bas&é for the comparison of the engine

performance and emissions of the two differentswid it will be also useful for the Indian

new CNG/DI engine in future. The performance chiristics of the engine operated by

gasoline and CNG obtained are given below.
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4.4 Performance Studies

4.4.1 Comparison of P8 diagrams

Figures 4.1 to 4.5 shows the cylinder pressureatian for gasoline and CNG at WOT for
speeds 2500, 3000, 3500, 4000 and 4500 rpm. Asrsiowhe Figures of the B-diagram
peak pressure is relatively high for gasoline asmared to CNG. Factors that contribute to
the rise in peak cylinder temperature are inlesgues, compression ratio, equivalence ratio
ignition timing, and speed. Considering the fisttbr the inlet pressure of CNG is less than
gasoline, which results in the lower pressure, @& Wigher inlet pressure the cylinder
pressure rise. Since the compression ratio wasdastant throughout the engine operation,
therefore it does not contribute much in cylindexssure variation.

Equivalence ratios are having a strong influence rise of cylinder pressure and
temperature. Peak cylinder pressure and temperatarease with increasing equivalence
ratio towards the richer side. As more fuel is llde combustion rate increase and complete
combustion of fuel takes place. This results inhhoglinder pressure and high burned gas
temperature. This effect can be vividly seen igukés 4.1 to 4.5. One important factor that
influences the results is ignition timing. With ading ignition (spark advance) the peak
cylinder pressure will raise because the comprassiarge is ignited and the rising piston in
the compression phase compress the burned chasg#ing in high peak pressure and
temperature. For the gaseous fuel ignition timegeiquired to be in advance. But the engine
where test has been performed is designed for tmwentional fuel (gasoline). When
operating the engine by CNG the peak cylinder preswill be low as compared to the result
obtained by gasoline. Therefore in Figures 4.1 .t at different speeds we get the above

results.
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4.4.2 Engine performance

The performance of an engine running on naturalngaisly depends on the composition of
NG, A value, sophistication of the engine and whethereihgine is dedicated for natural gas
or not. In the present study the performance test® done in two different conditions as

mentioned earlier

(1) Brake specific fuel consumption

The BSFC curve of Fig. 4.6 is for full throttle,nable speed operation. At any speed, it
represents the BSFC which will result when the eags carrying its maximum load at that
speedlt is seen (Fig.4.6) that BSFC drops as the spedétcreased in the low speed range,

nearly levels off at medium speeds, and increasésel high speed range. This is because of
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this, at low speeds, the heat loss to the combustiamber walls is proportionately greater
resulting in higher fuel consumption for the poweoduced. At high speeds, the friction
power increases at a rapid rate, resulting in wesldncrease in brake power than in fuel
consumption with a consequent increase in BSF{S.deen that BSFC for CNG was always
less than gasoline throughout the speed ranges wWas mainly due to the higher heating
value of the CNG (47.669 MJ/ kg) as compared td tiahe gasoline (44 MJ/kg) and the
slow burning of CNG as compared to that of the ljascorhe lowest BSFC occurs at 3500
rpm for both the fuels, and it was 1000 gm/kWh &@5%@ gm/kWh for gasoline and CNG
respectively, and on average, BSFC of CNG was aleaut 18% lower than that of gasoline.
Figs. 4.6 to 4.11 show the variation of BSFC witinstant speed of 2500, 3000, 3500, 4000
and 4500 rpm respectively with the variable endirael of 4 kg to 17 kg of engine full load.
The reason for the rapid increase in BSFC withréfuleiction of load is that the friction power
remains essentially constant, while the indicatedqy is being reduced. So, the brake power
drops more rapidly than fuel consumption, and tnerdne BSFC rises. The lowest BSFC
was attained at 17 kg of engine full load for bgésoline and CNG, and there were 420, 590,
660, 800 and 820 gm/kWh for gasoline and 340, 4920, 500 and 550 gm/kWh for CNG. It
is found that BSFC for both the fuels was increaslgghtly with increasing speed. As the
load is fixed, the rate of increase of friction mawith speed was more than that of indicated
power in this condition, which results in more BSH®e difference of BSFC for gasoline

and CNG at different speeds varied a little bit ahdws an average difference of 17.3%.
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2) Brake Power

Referring to Fig. 4.6, it can be seen that the érp&wer developed by the engine running
with CNG was always lower than gasoline fuel thiomgt the speed rangeisplacement of
air by natural gas and by the slower flame velooityCNG were the main reasons of the
lower brake power as compared to that of the gaspols a result of which both the air
volumetric efficiency and the charge energy denpiy injection into the engine cylinder
reduced the CNG content. CNG produced nearly amageeof 16% less brake power
compared to gasoline fuel. This happened due toldiver volumetric benefits and less
energy density of CNG in comparison with gasoliee power stroke of the engine. In case
of liquid fuels, it is considered that the fuel da®t reduce the amount of air captured in the
cylinder. Hence, a gasoline-fuel-designed engineveded to CNG will be capable of
significantly lessening peak power. The curve'sidrés nearly same for both the fuels due to

the fact that every operating condition was theesamhile the only change was fuel itself.

4.4.3 Comparison of Engine Emissions

(1) CO emissions

Exhaust emissions of a CNG operated S| engine saongly with air-fuel ratio. Poor
mixing of air and fuel, local rich regions and ingolete combustion produces CO when
value is lower than stoichiometric value. CO enaissiversus engine speed at WOT and CO
emissions versus engine load for speed values Z50@), 3500, 4000 and 4500 rpm are
shown in the Figures 4.12 4.17 respectively forojas and CNG. CO emission is lower
with CNG as compared to gasoline because it e&sitjs more homogenous mixture with
air and can run leaner than gasoline engines. MG carbon content percentage is much

lower compare to gasoline. From fig. 4.12, it isetved that CNG produced much less CO
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(80%). Thus, the CNG is more combustible than the gasdiugt. Higher combustion
temperature was another reason of the low CO eonisdithe CNG fueled engine. Gasoline

is basically iso-octane gelg) and CNG is basically (CH From the chemical equilibrium, it

is evident that for higher hydrogen to carbon réitiéC) of a fuel, the amount of CO will be
lower. Hence the above emissions of CO for gas@imd CNG are fairly expected as CNG

has the favorable hydrogen/carbon ratio of almds{dasoline 2.3:1).

(=}

CO (%)
w

<W" CO{CNG}
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Fig.4.12 CO emissions v/s engine speed at WOT
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(2) HC emissions

The rate of HC release is influenced by the mokculeight of the respective fuel. The
molecular weight of gasoline (114) is much higheart NG (16.04)Being light weight fuel,
NG can form much better homogeneous air fuel mext@n the other hand, liquid fuel
requires time for complete atomization and vapdiwra to produce a homogeneous
mixture.HC emissions versus engine speed at WOTHEh@missions versus engine load for
speed range 2500, 3000, 3500, 4000 and 4500rpnshemen in the Figure 4.18 to 4.23
respectively for gasoline and CNG. The trend shawthe figure 4.19 to 4.23 is that at the
maximum load the HC concentration is lower. At l@ghower, expansion and exhaust stroke
temperature is higher and the in-cylinder oxidatiate, if oxygen available will be higher.

However, as the exhaust gas flow rate increasegetsidence time in critical sections of the
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exhaust system decreases and a reduction in expadC oxidation occur. The net trend
is for HC concentration to decrease modestly ad isancreased. In comparison to gasoline

fuel, CNG produced less emissions of HC.
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Fig.4.19 HC emissions v/s Engine Load at 2500 rpm

51



HC (ppm)

120

100

80 -

4a

20

X

—4—HC(CNG)
—B— HC(GASOLINE)

4 & 12 16 20

ENGINE LOAD (kg)

Fig. 4.20 HC emissions v/s Engine Load at 3000 rpm

HC (ppm)

120

100

3u

40

20

—4— HC(GASOLINE)
== HC (CNG)

4 8 12 16 20

ENGINE LOAD (kg)

Fig.4.21 HC emissions v/s Engine Load at 3500 rpm

52




HC (ppm)

120

100

30

40

20

—¢— HC{CNG)
== HC{GASOLINE)

0 1 8 12 16 2

ENGINE LOAD (kg)

0]

Fig.4.22 HC emissions v/s Engine Load at 4000 rpm

HC (ppm)

120

100

30

40

20

N

0] 4 8 12 16 20

ENGINE LOAD (kg)

—¢—HC (CNG)
== HC (GASOLINE)

Fig.4.23 HC emissions v/s Engine Load at 4500 rpm

53




(3) CO, emissions

The composition of gas showed that the CNG corsistestly of Methane (Ckl whereas

the gasoline (ngB) compound packed less hydrogen per carbon (2ta)s,Tthe percentage

of carbon in the methane, i.e., the CNG was lowantthat of the gasoline. THexl to the
lower emission of Cofor the CNG than the gasoline fuel. The fnission increased with
the increase of engine speed for both the CNG hadjasoline fuels. This was due to the
increase of fuel conversion efficiency.

CO, emissions versus engine speed at WOT and @®issions versus engine load for
constant speeds 2500, 3000, 3500, 4000 and 450@mp shown in the Figure 4.24 to 4.29
respectively for gasoline and CNG From above figuteis observed that CNG produced

less CQ emission compared to gasoline.
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Fig.4.24 CQ emissions v/s engine speed at WOT
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5. CONCLUSIONS AND RECOMMENDATIONS FOR

FUTURE WORK

5.1 Conclusion
A comparative study of Sl engine performance anldaast emissions using gasoline and
CNG has been made. Measurements were conductecaaegrge of speed and load. The
following inferences can be drawn from the prestidly.
* The peak cylinder pressure and the area Gfdarve for CNG is lower as compared
to gasoline.
» The BSFC is higher for wide range of speed andifégrdnt loads for gasoline as
compared to CNG.
 CO, HC and C@emissions of CNG are much lower as compared toligas
* The CNG produces lower brake power than the gasdtiroughout the speed range.
* CNG does have its shortcomings like less poweryibeduel storage tank, etc., but
its advantages are far too favourable to avoid @raalternative clean fuel.
« The CNG has an advantage of higher brake therniigiegicy on an average of
1.1% and 1.6% than gasoline.
* The engine exhaust gas temperature produced bgNt& burning is always higher

as compared to the gasoline.
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5.2 Recommendations for future work

Experiments should be carried out for wide rangadvance spark timing and HCNG

blends in S.I engine.

For Indian scenario, the implementation of CNG eagn a passengers cars will be
depend on three factors: the government, the asershe car manufactures.

By having a clear policy in encouraging the impletagon of CNG cars, not only the

user and the car manufacturers will have the adgast but the future generation will

also have the benefit by having a clean and healtmd.
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APPENDIX A:Experimental Data

Table A-1 Performance parameters for CNG and gasoline at WOT

SPEED BP(CNG) BP(GASOLINE) BSFC(CNG) BSFC(GASOLINE)
(rpm) (kW) (kW) (kg/kWh) (kg/kwWh)
507¢ 2.34 2.72 3.6 4.1
450¢ 4.6€ 5.7¢ 1.16 1.7¢
3933 5.91 6.41 0.72 1.35
3512 6.9€ 8.4¢ 0.45 1
3006 7.07 9.4 0.51 1.05
250¢ 6.6€ 9.32 0.72 1.3

Table A-2 Performance parameters for CNG and gasoline at 250(pm

LOAD BSFC(CNG) BSFC(GASOLINE)
(kg) (kg/kWh) (kg/kWh)
15.93 0.34 0.42
11.75 0.3 0.41
7.3 0.61 0.8
4,24 1.31 1.6¢

Table A-3 Performance parameters for CNG and gasoline at 300(pm

LOAD BSFC(CNG) BSFC(GASOLINE)
(kg) (kg/kWh) (kg/kWh)
16.91 0.41 0.5¢
10.€ 0.2 0.€
7.2€ 0.6 1.01
3.48 1.06 1.93
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Table A-4 Performance parameters for CNG and gasoline at 350(pm

LOAD BSFC(CNG) BSFC(GASOLINE)
(kg) (kg/kWh) (kg/kWh)
16.7¢ 0.4¢ 0.6€
10.9 0.49 0.6
7.57 0.55 0.7
3.33 0.89 0.99

Table A-5Performance parameters for CNG and gasoline at 400(pm

LOAD BSFC(CNG) BSFC(GASOLINE)
(kg) (kg/kWh) (Kg/kWh)
19.47 0.5 0.8
13.49 0.4 0.75
9.92 0.62 0.99
3.01 1.23 1.8

Table A-6 Performance parameters for CNG and gasoline at 450(pm

LOAD BSFC(CNG) BSFC(GASOLINE)
(kg) (kg/kWh) (kg/kWh)
19.32 0.55 0.65
12.45 0.71 0.79

8.6 0.82 0.95
3.94 1.66 1.9
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Table A-7 CO emissions for CNG and gasoline at WOT

SPEED CO(CNG) CO(GASOLINE)
(rpm) (% vol.) (% vol.)
507¢ 2.46 5.66
450¢ 2.33 5.12
393¢ 2.19 5.07
3513 2.53 5.8
3006 2.28 5.4
2503 2.77 5.9

Table A-8 CO emissions for CNG and gasoline at 2500 rpm

LOAD CO(CNG) CO(GASOLINE)
(kg) (% vol.) (% vol.)
1593 1.87 4.96
11.75 1.63 2.2

7.2 0.84 13
4.24 0.85 1.5
0 0.6 1.2

Table A-9 CO emissions for CNG and gasoline at 3000 rpm

LOAD CO(CNG) CO(GASOLINE)
(k) (% vol.) (% vol.)
16.91 3.79 5.73

10.€ 2.4 4.1

7.26 2.27 4.15

3.4¢ 1.73 3.79

0 0.61 0.82
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Table A-10CO emissions for CNG and gasoline at 3500 rpm

LOAD CO(GASOLINE) CO(CNG)
(kg) (% vol.) (% vol.)
16.76 435 2.47
10.9 4.31 2.46
7.57 4.38 1.89
3.3t 4.44 1.37

0 4.14 1.28

Table A-11CO emissions for CNG and gasoline at 4000 rpm

LOAD CO(CNG) CO(GASOLINE)
(kg) (% vol.) (% vol.)
19.45 3.5 3.65
13.4¢ 2.25 3.32
9.92 2.12 2.99
3.91 1.91 2.7

0 1.98 2.5

Table A-12CO emissions for CNG and gasoline at 4500 rpm

LOAD CO(CNG) CO (GASOLINE)
(kg) (% vol.) (% vol.)
19.32 3.06 52
12.45 2.25 3.8

8.6 2.4 2.8
3.94 2.12 2.6
0 2.54 2.95
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Table A-13HC emissions for CNG and gasoline at WOT

SPEED HC(CNG) HC(GASOLINE)
(rpm) (ppm) (ppm)
507¢ 107 180
4506 97 120
3932 83 103
3513 89 95
300¢ 82 89
2503 65 76

Table A-14HC emissions for CNG and gasoline at 2500 rpm

LOAD HC(CNG) HC(GASOLINE)
(kg) (ppm) (ppm)
15.93 38 55
11.75 67 72

73 66 70
4.24 60 64
0 42 58

Table A-15HC emissions for CNG and gasoline at 3000 rpm

LOAD HC(CNG) HC(GASOLINE)
(kg) (ppm) (ppm)
16.91 60 65
10.9 82 91
7.26 81 85
3.4€ 83 87

0 71 76
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Table A-16 HC emissions for CNG and gasoline at 3500 rpm

LOAD HC(GASOLINE) HC (CNG)
(kg) (ppm) (ppm)
16.7¢ 78 71
10.¢ 92 82
7.57 90 79
3.3¢ 96 83

0 101 85

Table A-17HC emissions for CNG and gasoline at 4000 rpm

LOAD HC(CNG) HC(GASOLINE)
(kg) (ppm) (ppm)
19.47 73 79
13.49 91 98
9.92 86 94
3.91 88 99

0 82 90

Table A-18 HC emissions for CNG and gasoline at 4500 rpm

LOAD HC (CNG) HC (GASOLINE)
(kg) (ppm) (ppm)
19.3: 66 69
12.45 85 92
8.6 89 97
3.94 92 99
0 99 102
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Table A-19CO, emissions for CNG and gasoline at WOT

SPEED CO,(CNG) CO,(GASOLINE)
(rpm) (% vol.) (% vol.)
5079 10.1 12.5
450¢ 10.2 13.5
393: 104 14
351¢ 10.1 14.2
300¢ 10.2 14.2
250¢ 10.5 144

Table A-20CO, emissions for CNG and gasoline at 2500 rpm

LOAD CO,(CNG) CQO(GASOLINE)
15.93 108 12.2
11.75 10.8 15.1
7.3 11.3 15.1
4.24 11.2 15.1
0 115 15.3

Table A-21 CO, emissions for CNG and gasoline at 3000 rpm

LOAD CO,(CNG) CO,(GASOLINE)
(kg) (% vol.) (% vol.)
16.91 9.3 11.6
10.9 10.2 14.9
7.2€ 10.2 14.9
3.4¢ 10.5 14.6

0 11.2 14.6
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Table A-22CO, emissions for CNG and gasoline at 3500 rpm

LOAD CO,(GASOLINE) CO,(CNG)
(kg) (% vol.) (% vol.)
16.7¢ 12.5 10.2
10.9 15 10.1
7.57 15 104
3.33 15 10.8
0 14.5 104

Table A-23CO, emissions for CNG and gasoline at 4000 rpm

LOAD CO,(CNG) CO,(GASOLINE)
(kg) (% vol.) (% vol.)
19.47 9.3 12.3
13.4¢ 10.1 12.9
9.92 10.3 15.1
3.91 10.3 15.1

0 11.2 145

Table A-24CO, emissions for CNG and gasoline at 4500 rpm

LOAD CO,(CNG) CO, (GASOLINE)
(kg) (% vol.) (% vol.)
19.32 9.6 11.6
12.45 10.1 12.8
8.6 10.3 135
3.94 11.2 15.2

0 112 15.1
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