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ABSTRACT

Many studies have reported that exhaust from biodiesel fuel has higher
oxides of nitrogen, whereas hydrocarbon (HC) and smoke emission are
significantly lower thanthat of diesel fuel. In diesel engines, NOx formation
is a highly temperature-dependent phenomenon and takes place when the
temperaturein the combustion chamber exceeds 2000K . In this paper there
are different types of technique discussed to control emission.
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INTRODUCTION

Thenumber of vehicles(2wheders, Cars, LCVSs,
HCVs) hasincreased rapidly in Indiaand globally.
Nearly 10 million vehiclesof different categoriesare
being produced annualy.

Similarly, inyear 2006-07, Indiaproduced 1.4 mil-
lion vehicleswhereasautomotive vehicles produced by
Chinaand USA stood at 5 million and 10 million, re-
spectively. It isestimated that by theyear 2025AD, the
number of vehicleson Indian roads shall be morethan
1 billionwhichwill so severdly aggravatethe scenario
intermsof fuel consumption and environmenta pollu-
tion™,

Out of dl emission, oxidesof nitrogen and particu-
late matter (PM) arethe most significantin diesel en-
ginesdueto high flametemperatureand diffusvecom-
bustion inthe combustion chamber. Sincenitric oxides
(NOx) and PM emissionsfrom current diesdl technolo-
giesarecloseto thelimitsprescribed by regulations
and these are likely to be even more stringent in the
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near future, thesetwo emissionswill becritical factors
inthedevel opment of new diesel engines. For example,
Euro 5will reduce NOx and PM emission limitsfor
passenger carsfrom 0.25 and 0.025g/kmto 0.18 and
0.005g/km, respectively (emissions tested over the
NEDC) chassisdynamometer procedure. Moreover,
Euro 5will consider both massand number based PM
emissionlimits, although the measurement method for
particlenumber must previoudy be established. For the
other regulated emission, carbon monoxide (CO) and
total hydrocarbon (THC), no further development in
engines seem to be necessary to meet futurelimitg?.
The estimated emissionsfrom motor vehiclesin
Chennai in 2005 were 431, 119, 46, 6 and 4575 tong/
daysrespectively for CO, VOC, NOx, PM and CO,,
Itisobserved fromtheresultsthat air quaity in Chennal
has degraded. The estimation reveal ed that two and
three-wheel ers emitted about 64 percent of thetotal
CO emissionsand heavy-duty vehiclesaccounted for
morethan 60 percent and 36 percent of the NOx and
PM emissionsrespectively. About 19 percent of total
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emissionswerethat of start emissions. The estimated
hedth damage cost of automobileemissonsin Chennai

isRs.6488.16 million (US$162.20 million)®. Mumbai

alsofacesaseriousair pollution problem caused, in
part from vehicles. Between 2000 and 2002, annual

average PM 10 was approximately 80g/m?® (World
Bank, 2005), higher than in Mexico City.1 In many
ways, however, Mumbal ismorefortunate than other
Indian cities. It hasan extensiverall and bus system and
amuch smdler vehiclefleet than Delhi, acity of com-
parablesizeand income. The problem facing Mumbai

istoreduceemissionsfrom diesal trucksand buses, as
well astaxisand auto-rickshawsand to prevent rapid
growth of theprivatevehicleflegt™. In devel oping coun-
triestheair quality crisisin citiesisoften attributed in
large measures (40-80%) to vehicular emissions. This
rapid growth of the urban population aso bringswithiit
anincreasing demand for energy-based goodsand ser-
vices. Urban Indiadepictsapictureof metamorphoss.

Thefeuda townshavechangedtoindugtrid cities, cit-
iesinto metropolises, and metropolisesinto mega opo-
lises. Owingto the expanding economic base, thereis
aninflux of peoplemigrating fromtherural areasand
urban fringesto the corecity in search of abetter life.
Theeconomic gatisticsreved anin-creasing contribu-
tion of urban areasto the GDP (gross domestic prod-
uct). These had contributed only 29% of the GDPin
1950-51, whichincreased to 47% in 1980-81 and to
60% in 2000-01°.. Diesdl enginesaremainly usedin
many fields, transport of passenger and cargo, indus-
trid and agricultura activities. Petroleum fuelsare be-
ing widely used in diesdl enginesand thedemand for
sameisincreasing multifold that cannot bemet for a
longtime. Any shortfall shal adversdly affect theenergy
sector and hencetheneed for aternativefuels. Inaddi-
tion, pollutantsare emitted by combustion of petroleum
based fuelsin diesel engines. Pollutantsfromdiesd en-
ginesinclude carbon monoxide (CO), carbon dioxide
(CO,), sulphur dioxides (SOx), Oxides of nitrogen
(NOx) and particul ate matter (PM). NOx and PM are
two the primary pollutants of diesdl engines®.

NOx isageneric term for mono-nitrogen oxides
namely NO and NO,, which are produced during com-
bustion at high temperatures. At ambient temperatures,
oxygen and nitrogen do not react with each other. How-
ever, inaninternal combustion engine, hightempera-
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tures|ead to reactions between nitrogen and oxygen to
yield nitrogen oxides. In the presence of excess oxy-
gen, nitricoxidewill beconverted to nitrogen dioxide™.

Inorder to meet the stringent automotiveemission
regulations, increasing number of diesd vehidlesaround
theworld use cataytic converters. Diesel exhaust after
treatment applicationsincludesDiesd Oxidation Cata-
lyst (DOC), Diesel Particular Filter (DPF) and NOx
absorber. In order to enable after treatment operations,
diesel enginescommonly require supplementa energy
torasetheotherwisereatively low exhaust tempera-
ture®,

Diesd engineisthemajor contributor toNOx and
parti culate emission (PM) dueto hightemperatureand
pressure combustion. The spraying of water in com-
bustion chamber isone of the strategiesto control ox-
idesof nitrogen (NOx). Themainintentionisto reduce
peak temperaturein the combustion zone. Itisbdieved
that thewater could lower thegastemperature by means
of water evaporation and thus deceasingintherate of
thermal -NOx formation by Zeldovich mechanismre-
action. NOx are also precursorsto ozone (O,) forma-
tion, which could jeopardizethe human health and veg-
etation aswdll. Finally, NOx contributesto acid depo-
sition, damaging thevegetation and aguatic system.

The combustion of petroleum based fuelsemits
emissionsthat threaten wild and human life. These
combustion products addsto globa warming, ama-
jor problem faced by world today. The globa warm-
ingiscaused by emissionslike carbon dioxide (CO,),
sulphur dioxide (SO,) and nitrogen oxides (NOXx).
Inall thistransport sector has played arole. Its con-
tribution to globa warming potential haveincreased
from year by year and now bigger than those of the
domestic and industrial sector, whileit highly consti-
tutesthetota emissionsof thispollutiontype™®. Due
to this many studies have been carried out to find
bio-fuelsto substitute diesel. The effect of compres-
sionratio, swirl ratio, coolant temperatures, com-
bustion chamber shapes, spray angle, nozzle hole
diameter, multi-injection, and otherson DI diesel
emissions has been d so extensively studied. Changes
ininjectiontimings changethe position of piston and
cylinder pressure and temperature at injection. Con-
sequently, some important influencing factorsfor
emissions such asignition delay, adhered fuel, and
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squish are changed. Retarded injection timings
showed significant reductionin diesel NOx[*%12,

EMISSION NORMS

Tominimizetheimpact of emiss onthegovernment
has progressively formulated stringent norms, some of
chart aregiveninTABLE 1and TABLE 2. TABLE 3
liststhe standardsbeing followedin Indiaand there-
gioninwhichtheseare applicable. TABLE 4 enumer-
ates the technol ogy option available to achieve that

norm.
TABLE 1: Emission standardsfor diesel truck and busen-
gines, g/lkwh

Year Reference (6{0) HC NOx PM
1992 - 17.3-32.6 2.7-3.7 - -
1996 - 11.20 240 144 -
2000 Eurol 45 11 8.0 0.36*
2005+ Euro 1l 4.0 11 70 015
2010+ Eurolll 2.1 0.66 50 0.10

*0.612 for engines below 85 KW
+earlier introduction in selected regions

TABLE 2: Emisson standar dsfor light duty diesel vehicles,
o/km

Y ear Reference CcoO HC HC+NOx NOx PM
1.73- 2.7-
1992 26 37
1996 5.0-9.0 2.0-4.0 -
2.72- 0.14-
2000 Euro 1 6.90 0.97-1.70 0.25
0.08-
2005+ Euro 2 1.0-1.5 0.7-1.2 017
0.64 0.56 0.50 0.05
2010+ Euro 3 0.80 0.72 0.65 0.07
0.95 0.86 0.78 0.10
0.50 0.30 0.25 0.025
2010 Euro 4 0.63 0.39 0.33 0.04
0.74 0.46 0.39 0.06

TABLE 3: Indian emission standar ds(4-wheel vehicles)

Standard Reference Date Region
India 2000 Euro 1 2000 Nationwide
NCR*, Mumbai,
2001 Kolkata, Chennai
Bharat stage I Euro2 200304 NCR*, 10 Cities+
2004-05 Nationwide
2005-04 NCR*, 10 Cities+
Bharat stage I11 Euro 3 ) ]
2004-10 Nationwide
Bharat stage IV Euro 4 2010-04 NCR*, 10citiest+

Emission standardsfor new heavy-duty diesel en-
gines-gpplicabletovehiclesof GVW>3,500kgarelisted
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TABLE4

L evel of
emission
norms

Technology options

Retarted Injection timing

Open/re-entrant bowl,

Intake, exhaustand combustion
optimization

FIP~700-800 bar, low sac injectors
High swirl

Naturally aspirated

Turbocharging

Injection pressure>800 bar, moderate
swirl

High pressure inling/rotary pumps,
injection rate contral

VO nozzles

Re-entrant combustion chamber
Lube oil consumption control
Inter-cooling (optional, depends on
specific power), EGR (may be required
for high speed car engines)
Conversion to CNG with catalytic
converter

Multi valve, Low swirl- high injection
pressure>120 bar

Rotary pumps, pilot injection rate
shaping Electronic fud injection
Critical lube oil consumption control
Variable geometry turbocharger (VGT)
Inter-cooling

Oxycat & EGR

CNG/LPG

High specific power output
Particulate trap

NOKx trap

On board Diagnostics system
Common rail injection-injection
pressure>1600 bar

Fuel cdl

CNG/LPG

inTABLE 1. Emissions aretested over the ECE R49
13-modetest (throughthe Euro II stage).

Emission standardsfor light-duty diesel vehicles
(GVW<3,500kg) aresummarizedinTABLE 2. Ranges
of emissionlimitsrefer to different classes (by refer-
ence mass) of light commercia vehicles; comparethe
EU light-duty vehicle emission standards pagefor de-
tallsontheEuro 1 andlater sandards. Thelowest limit

Euro l/India
2000

Euro
[1/Bharat Stage
I

Euro
[1l/Bharat stage
"

Euro
IV/Bharat
Stage IV
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in each range appliesto passenger cars (GVW<2,500
kg: upto 6 seats).

For 2-and 3-wheelers, Bharat Stagell (Euro 2) is
be applicablefromApril 1, 2005 and Stage Il (Euro
3) standardswould comeinforcepreferably fromApril
1, 2008, but not later than April 1, 2010.

Nationa Capita Region Delhi, Mumbai, Kolkata,
Chennai, Bangal ore, Hyderabad, Ahmedabad, Pune,
Surat, Kanpur and Agra. Thetest cycle has been the
ECE+EUDC for low power vehicles (with maximum
gpeed limited to 90 knv/h). Before 2000, emissonswere
measured over an Indian test cycle. Enginesfor usein
light-duty vehiclescanbea so emissontested usingan
enginedynamometer.

The above standards apply to al new 4-whed ve-
hicles sold and registered in therespectiveregions. In
addition, theNation Auto Fuel Policy introducescertain
emission requirementsfor interstate buseswith routes
originatingor terminatingin Delhi or theother 10cities.

For 2-and 3-whedlers, Bharat stagell (Euro) will
be applicablefromApril 1, 2005 and stage |11 (Euro)
gandardswould comeinforcepreferably fromApril 1,
2008, but not later than April 1, 2010.

On October 6, 2003, the Nationd Auto Fudl Policy
has been announced, which envisages aphased pro-
gramfor introducing Euro 2-4 emission and fuel regu-
lationsby 2010.

The above standards apply to al new 4-whed ve-
hicles sold and registered in therespectiveregions. In
addition, theNational Auto Fuel Policy introduces cer-
tain emission requirementsfor interstate buses with
routesoriginating or terminatingin Delhi or theother 10
citieg™d.

MECHANISM OF EMISSIONS

NOx for mation

A mgor hurdlein understanding themechanism of
formation of NOx and itscontrol isthat combustionis
highly heterogeneousand transient in diesel engines.
WhileNO and NO, arelumped together asNOx, there
are some distinctive differences between these two
pollutants. NOisacol ourlessand odourlessgas, while
NO, isareddish-brown gaswith pungent odour. Both
gasesare consideredtoxic, but NO, hasaleve of tox-
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icity that is5timesgreater than that of NO. Although
NO, islargely formed from oxidation of NO, attention
has been given on how NO can be controlled before
and after combustion.

NO isformed during the post flame combustion
process in ahigh temperature region. The principal
sourceof NO formation isthe oxidation of thenitrogen
present inatmosphereair. Thenitric oxide formation
chainreactionsareinitiated by atomic oxygen, which
formsfrom the dissociation of oxygen moleculesat the
high temperaturesreached during the combustion pro-
cessasshown below,

N,+O — NO+N
N+O, > NO+N

N+OH — NO+N

Chemica equilibrium considerationindicatesthat
for burnt gases at typical flametemperature, NO,/NO
ratiosshould benegligibly small. Whileexperimenta
data show that thisistrue for spark ignition engines,
engineexhaust NO, can be 10to 30% of total exhaust
emissionsof oxidesof nitrogenindiesd engines A plau-
sible mechanism for the persistence of NO, isasfol-
lows. NO formed in the flame zone can rapidly con-
vertedtoNO, viareactionssuch as

NO+HO, —> NO,+OH

Subsequently, conversion of thisNO, to NO oc-
cursvia

NO+0 —> NO+ O,

UnlesstheNO, formedintheflameisquenched by
mixingwith cooler fluid. Theloca atomic oxygen con-
centration depends on molecul ar oxygen concentration
aswell aslocal temperatures. Formation of NOx is
absent at temperaturesbel ow 2000 k. Hence any tech-
nique, that can keep theinstantaneous|oca tempera-
turein the combustion chamber below 2000k, will be
ablereduce NOx formation.

Carbon monoxide (CO)

Carbon monoxide, acolorless, odorless, poison-
ousgas, isgenerated in an enginewhenit isoperated
with afuel-rich equivalenceratio. When thereisnot
enough oxygento convert dl carbonto CO,, somefuel
does not get burned and some carbon endsup as CO.
Not only is CO considered an undesirable emission,
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but it aso represents|ost chemical energy that wasnot
fully utilizedintheengine. COisafud and can becom-
busted to supply additional therma energy:

CO+%O2 — CO, + Heat

Maximum CO isgenerated when an engineruns
rich, suchaswhen starting or when accd eratating. Even
whentheintakeair-fuel mixtureisstoichiometricor lean,
some CO may beformed Cl enginesthat operateina
lean manner overal generdly havevery low CO emis-
sons.

Carbon dioxide(CO,)

At moderatelevelsof concentration, carbon diox-
ideisnot considered an air pollutant. However, itis
considered amagjor greenhouse gasand at higher con-
centration, isamajor contributor to globa warming.
CO, isthema or component of theexhaust inthecom-
bustion of any hydrocarbon fuel. Because of the grow-
ing number of motor vehicles, alongwith factoriesand
other sources, theamount of carbon dioxidein the at-
mosphere continuesto grow. Thehigher concentration
of carbon dioxideinatmosphere, dongwith other green-
housegases, createathermd radiation shidd, thisshidd
reducestheamount of therma radiation energy dlowed
to escapefrom the earth, raising slightly the average
earth temperature. The most efficient way of reducing
theamount of CO, isto burnlessfuel™.

TECHNIQUESFOR EMISSION
REDUCTION

Exhaust gasrecirculation

EGR isauseful techniquefor reducing NOx for-
mationin the combustion chamber. Exhaust cons stsof
CO,, N, and water vapoursmainly. Whenapart of this
exhaust gasisre-circulated to the cylinder, it actsas
dilutant to the combusting mixture. Thisalso reduces
the O, concentrationin the combustion chamber. The
specific heat of the EGR ismuch higher than fresh air,
hence EGR increasesthe heat capacity of theintake
charge, thus decreasing the temperature rise for the
same hegt rel easein the combustion chamber,

VOLUME OF EGR
TOTAL INTAKE CHARGE INTO THE CYLINDER

%EGR =

Ci engine using diesel/biodiesel as a fuel
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Another way to definethe EGRratioistheuseof CO,
concentration.

[CO,]int ake—[CO,]ambient

Threepopular explanationsfor the effect of EGR
on NOx reduction are, increased ignition delay, in-
creased heat capacity and dilution of theintake charge
withinert gases. Theignition delay hypothes sasserted
that because EGR causesanincreaseinignition delay,
it hasthe same effect asretarding theinjection timing.
Theheat capacity hypothes s statesthat the addition of
theinert exhaust gasinto intakeincreasesthe heat ca-
pacity (specific heat) of the non-reacting matter present
during the combustion. Theincreased heat capacity has
the effect of lowering the peak combustion tempera-
ture. Accordingtothedilution theory, theeffect of EGR
on NOx iscaused by increasing amountsof inert gases
inthemixture, which reducesthe adiabatic flametem-
perature. Thistechniqueiseffective but increasesfuel
combustion by 10-15%, which necessitates the use of
moreeffective NOx reduction techniques. At highloads,
itisdifficult toemploy EGR dueto deteriorationin dif-
fusion combustion and thismay result in an excessive
increasein smoke and particulate emissions. At low
loads, unburnt hydrocarbons contained in the EGR
would possibly re-burninthemixture, leadingtolower
unburnt fuel in the exhaust and thusimproved brake
thermd efficiency. Apart fromthis, hot EGRwouldraise
theintake chargetemperature, thereby influencing fa-
vorably combustion and exhaust emissong®®. Exhaust
gasrecirculation (EGR) wasextensively gppliedtoini-
tiatelow temperature combustion (LTC) modeat me-
diumandlow |load conditions. Anintakethrottlingvave
wasimplemented to increase thedifferentia pressure
between the intake and exhaust in order to increase
and enhancethe EGR. Simultaneousreduction of NOx
and soot wasachieved whentheignition delay waspro-
longed by morethan 50% from the casewith 0% EGR
at low load conditions. Ultra-low engine-out levels of
NOx and soot were achieved in a narrow region of
operation between 55 and 65% EGR!*,

Thermal converters

EGR ratio=

Some engines are equipped with thermal convert-
ersasameans of lowering emissions. Thermal con-
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verters are high-temperature chambersthrough which
the exhaust gasflows. They promote oxidation of the
COand HC that remainintheexhaust.

CO+%O2 —CO,

For thisreactionto occur at auseful rate, thetempera-
ture must be held above 700°C. Now consider there-
action.

CH,+z0,»xCO,+yH.O
Where z=x+0.25y.

The above reaction needs a temperature above
600°C for at |east 50 millisecondsto substantialy re-
duceHC. Thermd converter shoulddsobelargeenough
to provide adequateres dencetimeof the exhaust gases
to promote the occurrence of these secondary reac-
tions. Most thermal convertersare essentially an en-
larged exhaust manifold connected to theengineimme-
diately outsidethe exhaust ports. Thisisnecessary to
minimize heat lossesand keep the exhaust gasesfrom
cooling to non reacting temperatures.

Catalyticconverters

Themost effectiveafter treetment for reducing en-
gineemissionsisthecatal ytic converter found on most
automobiles and other modern engines of medium or
large size. CO and HC can be oxidized to CO,and
H,Oin exhaust systems and thermal convertersif the
temperatureisheld at 600-700°C. If certain catalysts
are present, the temperature needed to sustain these
oxidation processesisreduced to 250-30°C. A cata-
lyst lowerstheenergy needed for thechemical reaction
and isnot consumed in the reaction and so functions
indefinitely unless degraded by heet, age, contaminants
or other factors. Catalytic convertersgenerally made
of stanlesssted, aremounted in theflow systemthrough
which the exhaust gases passthrough.

Generdly, catdytic convertersarecdled three-way
converters because they are used to reduce the con-
centration of CO, HC, and NO, inthe exhaust.

Ins dethe container theexhaust gasflow through a
porous ceramic structure passages. Some converters
use loose granular ceramic with the gas passing be-
tween the packed spheres. Volume of the ceramic struc-
tureof aconverter isgenerally about half thedisplace-
ment volume of theengine. Thisresultsinavolumetric
flow rate of exhaust gas such that there are 5 to 30
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changeoversof gaseach second, throughthe converter.
Catalytic convertersfor Cl engines need large flow
passages because of the solid soot inthe exhaust gases.

Thesurfaceof the ceramic passagescontainssmall-
embedded particlesof cataytic materid that promote
theoxidation reactionsin the exhaust asit passes. Alu-
minum oxideisthebase ceramic materia used for most
caayticconverters Aluminacanwithstand thehightem-
peratures, it remainschemicaly neutrd, it hasvery low
thermal expansion, and it does not thermally degrade
with age. The catalytic materialsmost commonly used
areplatinum, paladium, and rhodium.

Pdlladium and platinum promote the oxidation of
COandHC asin equations, with platinumectiveinthe
hydrocarbon reaction. Rhodium promotesthereaction
of NO_inoneor moreof thefollowing reactions.

1
NO+CO—)EN2+CO2

2NO+5CO+3H ,0-»2NH,+5CO,

2NO+CO—-N +CO,

Also often used iscerium oxide, which promotesthe
so-called water gas shift
CO+H,0—»CO,+H,

Thisreduces CO by using Water vapor asan oxi-
dant instead of O,,, whichisvery important when the
engineisrunning rich™, Using copper plate catalytic
converter isdesigned and devel opment for avolume of
1000 cm®. Theexperiment iscarried out on four-stroke
singlecylinder ClI engine. The optimum valuesof ex-
haust emissionsfound at full load are HC (35.2ppm),
CO (0.1%), and NOx (87ppm). The conversion effi-
ciency of thecatalytic converter iscalculated anditis
found that it isincreasing with increasein number of
copper plates. Thetota numbersof copper baffleplates
tried inside the converter shell are 28 out of which 20
numbersof platesfound to give optimum resultswith
maximum convers on efficiency for HC (55.44%), CO
(62.96%0) and NOx (40.41%) emission a full load. With
increasing thenumber of copper platesbeyond 20 does
not show any improvement in emissonreduction hence
it is concluded that the 20 numbers of copper plates
areoptimum for emission reductioni*”,

Using advanceinjection strategies

Different combustion modeswith multiple-injection
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drategieswerestudiesfor purediesd and biodiesd (soy-
bean) fuels. Theinjection strategiesincluded asmall
firstinjectionwith early pre-TDC timingand amain
injectionat or after TDC. Thefirstinjectionfud quan-
tity wasfixed at1.5mm?for both fuels. Theinjection
timing was changed to achieve different combustion
modes. Thefirg injectiontiming changed from-40 CAD
to -20 CAD ATDC by astep of 10 CAD. Themain
injection timingstiming were chosenat TDC and 10
CAD ATDC. Under acertain injection strategy with
retarded main injections, it ispossible to have up to
34% lower NOx emissions for B100 than B0, To
reducethe NOx emission from thediesd enginesem-
ploying bio diesel blend asfuel, theinjection timing of
fuel isdtered by ether addition or removd of shimsin
the pump. Theeffect of changingtheinjectiontimingon
BSEC, Brake Therma Efficiency, CO, HC and NO
emissonsarestudied at different injectiontimingssuch
as18, 21, 24, 27 and 30 CA bTDC. From the experi-
mentsitisfound that on retarding theinjectionto 18
CA bTDCfrom 24 CA bTDC, theorigina injection
timing, the NOx emission reduced to about 35% while
advancing to 30 CA bTDC, the NOx increased by
25%. TheBSEC, CO, HC havebeenfoundtoincrease
by about 3%, 12.65% and 10% respectively on re-
tarding to 18 CA bTDC while decrease by 6.27%,
32%, and 14.44% respectively on advancing theinjec-
tionto 30 CA bTDC. Thebrakethermal efficiency is
reduced by 3.08% on retarding to 18 CA bTDC
whereasitisimproved by 5.09% on advancing thein-
jectiontimingto 30 CA bTDC™,

Fuel injection and injection pressure

Injectiontimingsfrom 15 deg beforetop dead cen-
ter (BTDC) to top dead center (TDC) and injection
pressures from 20MPa to 120M Pa were tested. In
emissions, exhaust odor, irritation, al dehydes, totd hy-
drocarbon and hydrocarbon component are compared
for differentinjectiontimingsand injection pressurescon-
dition, Injection timingswhere main combustion takes
placevery closeto TDC arefound to slow minimum
odors emissions, Moderate injection pressures (60-
80MPa). Andthiswill show lower emissionsincluding
odor and irritation due to proper mixture formation.
Before the injection pressure of 40MPa, and over
80M Pa, emissions becomeworse. The THC becomes

Ci engine using diesel/biodiesel as a fuel
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30-40% lower at theinjection pressure of 40M Paand
abovethanthat a 20MPaat dl injectiontimings. Com-
bustion analysisisperformed by taking cylinder pres-
sures after enginewarm-up for different injection pres-
suresand andyzing cylinder temperaturesand hest re-
leaserates. Cylinder pressures and temperatures are
gradualy deceased wheninjectiontimingsareretarded.
Ignition delay becomes shortest at 5-10 deg BTDC
injection timing. The peak cylinder pressureand tem-
peratureareincreased with higher injection pressures.
The shortest ignition delay and minimum emissionsis
found at around 60M Paof injection pressure?,

Variablestrokelength and constant compression
ratio

Theeffect of variable strokelength technique on
the emissions of afour-stroke, water-cooled direct
injectionsdiesal engine was studied with the hel p of
experimentally verified computer software designed
mainly for diesel engines. Theemission levelswere
studied over the speed range (1000rpm to 3000rpm)
and strokelengths (120mm to 200mm) and were com-
pared with those of theoriginal enginedesignl*®. The
simulation resultsclearly indicate the advantagesand
utility of variable stroke techniquein the reduction of
theexhaust emissionleves. A reduction of about 10%
to 75% was achieved for specific particulate matter
over the entire speed range and bore-to-strokeratio
studied. Further, areduction of about 10% to 59%
was achieved for the samerange. Asfor carbon diox-
ide, areduction of 0% to 37% was achieved. Onthe
other hand, aless percent change was achieved for
the case of nitrogen dioxide and nitrogen oxides as
indicated by theresults. Thisstudy clearly showsthe
advantageof V SE over fixed strokeengines. Thisstudy
showed that the variabl e stroke technique proved a
good way to curb the diesel exhaust emissionsand
hence hel ped making these enginesmore environmen-
tally friendly!?. The advantage of varying the stroke
length and compression ratio may be noticed that the
engine’sindicated power hasregistered an increase
up to 62% over that of the ordinary constant-stroke
engine. Therewasachangein theenginesindicated
specific fuel consumption at |arge bore-to-strokera-
tios of about -6 to +4%. And the engine carbon-mon-
oxide emission increased by 2.5-1.5% and that for
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nitric oxides increased by 2-58% at large bore-to-
strokeratiog?.

CONCLUSION

Sustained effortsare being madeto reduce emis-
sonand maximizetheutilization of environment-friendly
energy source. Theemissionsparticularly NOx, CO,
PM etc arevery harmful to the environment. Several
feadbleoptionsfor control of theseemissonshavebeen
employed and thereported worksintheliterature has
been discussed. Thesesix techniques are Exhaust Gas
Recirculaion (EGR), Thermd Converter, Catdytic con-
verters, Using advanceinjection strategies, Fudl injec-
tion and injection pressure and Variable strokelength
and constant compression ratio. Each technique has
someadvantagesand limitations. Among themfud in-
jection andinjection pressuretechnique havebeen found
to bequiteeffectivefrom thedesign point of view. They
areeffectivein controlling the generation of harmful
emissions, viz. SOx, etc. EGR hasaso beenusedin
someworksand wasfound to beeffective. The Ther-
mal convertersand cataytic convertersaredevicesthat
areused to control theharmful emission after they have
been generated in the engine. Compared to thermal
converters, catal ytic convertersare used very widely
used. Theuseof bio-diesel hasa so beenfoundtore-
ducetheemissonsfromdiesdl engines.
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