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Abstract- Growing demand of energy efficient engines and-évereasing awareness about emission has forced
the engine manufactures to develop the engineshwdmie energy efficient and at the same time shorgddte
minimum emission. The both objectives can be felfilonly if the engine can ensure the complete awmtidn

and operate with as minimum specific fuel consumpés possible. This has led the development atiple in
which, the S| engine uses very lean air-fuel change high compression ratio for best possible ecgndhe
leanness also ensures the complete combustion. +¢owbe design of such engine is rather a chaldregause

a sustainable flame has to be maintained with semh air fuel charge. This paper explains the cphoélean
combustion and reviews different aspects aboutgdesonsiderations, performance and limitations rajiees
employing lean combustion.

Index Terms- S| Engine; stratified charge engines; lean coniboist

1.1 PHILOSOPHY OF LEAN BURNING

1. INTRODUCTION ) ) ) )
With the use of leaner mixture and slightly higher

Spark Ignition and Compression Ignition are twolwel compression ratio, In SI Engine a high performance

established methods in IC Engines to obtaifye| approaching the diesel engine can be achieved
combustion. The engines using both the theories _
working presently. However, both the engines havgonsider the Air standard efficiency of an Ottoleyc
the'.r own advantages and dis-advantages. The glgine for a carbureted engine the valug isf1.28 to
engines give good performance on full load. Such as3 approximately. As the mixture becomes leaner,
good air utilization, effective combustion and highpis value ofy approaches the value ¢ffor air i.e.
speed, however, their performance on part load {$-1 4 thus it is clear that with the use of leaner
rather poor. On the other hand, Diesel enginesr Oﬁ?nixture, there is a direct gain in thermodynamic
good performance at part load (up to 80% load) bfficiency due to increased valueofor mixture [2].
their full load performance is limited by objectaiie Further, in a lean mixture, the effect of dissdoiatis
smoke due to excessive local richening of air fuglery small due to lower peak cycle temperaturesThi
mixture during full load operation (high rate okdel 450 results into gain in efficiency. Low cycle
injection).  This has primarily led the Enginetemperature due to leaner overall A/F ratio witcal
developers to think of some means to combine theqyce the effect of variable specific heat thnslfy
advantages of both Cl and SI engines. This leghgyting into reduction of specific fuel consunopti
towards the development of stratified charge ergineag e know, the gasoline engines are quantitatively
The stratification means arranging into layers. "@;overned [3]. The closing of throttle results into
stratified charged engines, the charge near spagk p reduced quantity of charge intake resulting intssle
is essentially rich enough to initiate the combursti cylinder pressure but as the A/F ratio remains noore
but as we go away from spark plug in combustiofyss constant; the peak cylinder temperature resnain
chamber, the mixture becomes leaner and leaner §gn0st same. This directly results into increasssés
that, the overall A/F ratio in combustion chamb@r iiq the coolant and hence high BSFC at part load
lean. Thus, the charge is stratified into rich ¢(regzark operation (30 to 60 % throttle opening). This also
plug) and lean layers. But, what are the conse@®®nGmpjies that there is considerable effect of disatimn
of this stratification? during Part load operation. Also during idling, tBé
engine is subjected to charge dilution due to redid
exhaust gases left over in previous cycle. The tiyan
of residual gases increases with the increase in
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clearance volume i.e. reduction in compressiororatiutilization at part load, High cycle temperaturedan
for same cylinder dimensions. Thus, it is cleamfro increased pumping losses in manifold during paatilo
above discussion that, if we use higher compressidfse of dedicated injection system can improve fuel
ratio, with over all lean A/F ratio, it can resutto  injection and hence can shorten the physical delay
gain in part load as well as full load efficiendihis is the process of combustion. Thus, stratified charged
further explained below in this section. In additithe engines are usually fuel tolerant and will openatiid
higher compression ratio can ensure faster flamegide range of liquid fuels [4]

propagation in lean A/F ratio due to increased ghar

density and increased reaction and transportatiten r As the engine uses overall lean A/F ratio, the
in burning charge. As we know, for same compressiocombustion ensures low NOx due to lower peak cycle
ratio, efficiency of otto cycle is greater thanttltd temperature. In addition, the fuel injection eliaties
diesel cycle. It implies that, for higher compressi disadvantages of non-exhaust type HC emissions from
ratio in S| engines, efficiency comparable to tbét carburetor body. Also the presence of excess air in
diesel cycle can be achieved. Hence, by keeping tkembustion chamber ensures lowest CO emission and
compression ratio of an otto engine slightly ldsant HC emission from Engine exhaust. Stratified charged
that of diesel engine, and incorporating over @ln S| engines do not cause particulate pollution due t
A/F ratios in combustion chamber, most of thegresence of homogeneous charge. The stratified
advantages of diesel engines such as high thernwlarged engines offer smooth combustion (good rate
efficiency can be achieved. At the same time, aertaof flame propagation) and inherent resistance to
disadvantages of compression ignition can bknock. This can be explained from figure 1

eliminated. Such as compulsory use of very higkig shows the plan of stratified charged combustion
compression ratio for self igniting a heterogeneoushamber. The figure only shows the location of 1®pa

SPARK PLUG

A/F14:1 MINIMUM IGN LAG

AfF16:1

AfF19:1

AfF24:1 MAXIMUM IGN LAG

A

HOT COMBUSTION CHAMBER WAILL
Figure 1 Charge stratification in Combustion char

mixture. The use of Spark plug for ignition inPlug’ with respect to walls of combustion chamber.
stratified charged Sl engine gives a direct contk@r This may not be always same in all engines butHer

the combustion thus, eliminating the requirement ofake of understanding the effect of stratificatitns

low ignition lag of fuel as demanded by diesel eegi shown in this fashion. The charge strata that e
The stratified charged engines employ direct impect vicinity of spark plug is rich in concentration and
of gasoline into combustion chamber like diesefjives minimum ignition lag. This ensures
engines. This enables an Sl engine to be goveiked linstantaneous pre-flame reactions and hence efecti
Cl engine and hence eliminates certain disadvastageurning of charge near the spark plug at all speeds

of quantity governing (employed in Sl Engine) likeloads. As the flame advances towards the combustion
low manifold pressure during part load, poor aichamber walls, it compresses the charge ahead of it
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but since the charge in contact with hot walls of. DI operation is capable of achieving higher
combustion chamber is leaner, it is consumed by thedficiencies and lower NOx emissions [9]

flame before it can auto ignite due to its maximum

(longer) ignition lag. This introduces an inherenB. Hydrogen has an extremely higher burning vejocit
resistance to detonation and hence promotes thefuseand wider flammable limits compared with

low MON( Motor octane Number) fuel for use. hydrocarbon fuels. Hydrogen addition to methane has
been reported to be effective to promote combustton
2. VARIOUSASPECTS lean operation [10]

In this section, we will see the various aspect pijrect injection in spite of its high cost, isills
regarding the charge stratification process an@d&f \\igely used in case of stratified charged engines.
unlquely- as;omated with it. As we know, theggnislaw Sendyka and Mariusz Cygnar [11] reported
combustion is a complex phenomenon and there &jgat the increase in the total efficiency of GDbre
various aspects associated with this phenomenofetermined on the basis of test bed investigations
Here we will su_mmarlze some of the interesting,aries considerably (10 to 17%) depending upon on
aspects related with lean burn combustion. the rotational speed and load of the engine.

The combustion studies suggest that the ignition

cannot be defined as only a chemistry-baseghere are various advances in Stratified chargéneng
phenomenon and physical mixing should be includeg:hnology the two of which are mentioned below.

in the prediction of ignition delay in case of lean

burning [3]. This implies that, the physical mixiod A The system producing effective Rich mixture in
charge in lean combustion chamber has significargpark plug zone e.g In PSC system, a passage is
impact on combustion process. The main challenggijied in the metal cladding of the spark plug to

for lean burn technology is that, under lean opegat accommodate a small section of capillary tubing,
conditions, the conventional three-way catalyst TWGnich is used to introduce the pilot fuel. [12]

system is no longer effective in reducing NOX

pollutants. A special TWC with NOx trapping andg, The system with better combustion and achieging
conversion capabilities, known as Lean NOx Trag stainable flame front in over all lean mixture by
LNT, has to be used downstream of the convention%mememmg high heat release rates in the vigiaft
TWC. This LNT requires proper control of storagespark plug as in case of MITSUBISHI® lean burn gas
and purge cycles to get good fuel economy andngines. In this case, they adopted pilot liquigl fu
controlled NOx emission in case of lean burn gasoli injection in place of spark plug. The pilot fuelviery

engine. [6] small in quantity but has powerful ignition energy

Also researches has reported that higher peggog times that of a spark plug, so that combusiion
temperatures can increase the pollutant emissi le ¢i5pje and efficiency is improved. Moreover, owiog

of a stratified lean-charge engine much more age potent ignition energy, there is no need tpare
compared to a homogeneous lean-charge engine Y] high-concentration air-fuel mixture in the pre-
Further, the NOx storage capacity of the LNT, ofie q.ompystion chamber as required in spark ignition
the most critical parameters for its control siyés, engines; hence, production of NOx in the pre-
varies _dynamically. This_ is _ because the trap _iéombustion engine is lowered [13]. Like stratifistl
susceptible to sulphur poisoning. As sulphatesdbunengine& Stratified diesel engines are also getting
up in the trap, the effective LNT trapping capady pnopylarity. The main reason is that. Certain
reduced [8]. This restricts the use of high Sulpfun  mogification in Diesel-like stratified charge engin
gasoline. A vast work has been carried out Ofakes it possible to avoid unwanted pollutionshie t
hydrogen direct injection for stratified chargedjg®s oynaust gas and building cheap engines without Oxi-
mainly due to following reasons. cat and soot filters. [14]

1. In case of Direct hydrogen injection stratifieds cHALLENGESIN DESIGN
charged engines, It is found that, NOx emissiors an

engine efficiency are strongly dependent on thene charge stratification can be done with the lodlp
equivalence ratio, which can be easily modulateith wi generating swirl and using Spark ignition. This

electronic fuel injection system. requires open combustion chambers. Some of the
examples of this are.
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1 TCP (Texaco combustion process) Broderson method can lead to over richening of &tel

2 FCP (Ford® combustion process) high load and poor scavenging of pre-chamber

3 ‘Witzkey Swirl Combustion Process’ resulting in poor full load performance. As fareedS
4 AD Process (Engine Management System) is concerned, it should

be precise to control load variations. The desigthe
5 PROCO ( Developed by Ford®) Stratified combustion chamber is rather complex and

requires advanced techniques like CFD to validate t
Also, the stratification can be produced by partingequired charge motion inside the combustion
combustion chamber as in case of Broderson methathamber. Their power to weight ratio is somewhss le
In this case, the load control is achieved by viama due to employment of high compression ratio and
in injection timing i.e. injecting during compressi induction of less heating value charge (lean mejtur
stroke or Suction stroke. However, parting thd®" working cycle.
combustion <_:hamber can lead to over r_ichening %EFERENCES
charge at high load and poor scavenging of preq; .| Mathur, R.P. Sharma, Internal Combustion
chamber. Engine, pp 778-798, Eight edition, Dhanpat Rai
To achieve combustion in stratified combustion publication (P) Ltd. ISBN 978-81-89928-46-9

chamber, the rate and most important the timing g2] Yunus A. Cengel, Michael A. Boles,
fuel injection has to be precisely controlled. E.g.  Thermodynamics — An Engineering Approach, pp
Broderson method of stratification works on proper 494- 498, Fifth edition McGraw Hill Education
timing of fuel injection [1]. Even a small error in[3] V Ganesan, Internal Combustion Engines, pp 189-
injection timing can worsen the performance of angi 200, fourth edition, McGraw Hill Education
leading to poor power output and efficiency or even (India) Pvt. Ltd ISBN 1-25-900619-0

misfire. In addition to this, the design of intagert [4] John B. Heywood, Internal Combustion Engine
and over- all design of combustion chamber is rathe = Fundamentals chapter 1, McGraw Hill,Inc

difficult task for charge stratification. Especialin  [5] S. HONG, M. S. WOOLDRIDGE and D. N.
swirl stratified charged engines. In these engities, ASSANIS; Modeling of Chemical And Mixing
stratification is obtained by high degree of s\ in Effects on Methane Auto Ignition Under Direct
case of ‘Texaco combustion process’ and ‘Witzkey Injection, Stratified Charged Conditions;
Swirl Combustion Process’). For proper charge Proceedings of the Combustion Institute, Volume
stratification, it is utmost important that a swflvery 29, 2002/pp. 711-718

high degree has to be generated inside the corbusti6] Feng Zhang, Karolos M. Grigoriadis, Matthew A.
chamber. This is possible only when the intake Franchek, Imad H. Makki; Linear Parameter-
manifold, intake port, shape of combustion chamber Varying Lean Burn Air-Fuel Ratio Control for a
are properly designed. In addition to this, locataf Spark Ignition Engine, Transactions of the
Spark plug plays a vital role in initiation of ASME, Vol. 129, July 2007, 404-414

combustion (e.g. in TCP) and placement of fugl7] C. Jiménez, D. Haworth, T. Poinsot, B. Cuenot
injector at appropriate location ensures proper And R. Blint; Numerical simulations of
breaking of jet which is necessary for effective combustion in a lean stratified propane-air
stratification. Thus the design cost of Stratified mixture, Center for Turbulence Research,
engines is much more than that of conventionalngl a Proceedings of the Summer Program 2000, pp
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