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Quick ReferenceData

In a spark-ignition(SI) engine,thefuel/air mixture is compressedto a pressure
and correspondingtemperature(400°-600°C)generallybelow its auto-ignition
threshold,with the mixture being ignited by a sparkshortly before the piston
reachestop-dead-center.

In a compression-ignition(CI) engine,air is compressedto a sufficiently high
temperature(700°-900°C)to causeauto-ignitionof fuel upon injection into the
cylinder shortly beforethe end of the compressionstroke.

Pthzcipal D&s~ignParameters for an SI Engine

• Compression Ratio (CR): increasingCR increasesfuel economywith
two drawbacks: increasedtendencyto knockandhigherNO~emissions.

• Combustion Chamber Design: recent researchhasfocusedon faster
burningdesigns,i.e.,compactchamber,centrallylocatedsparkplug, high
turbulenceswirl induction, and four/five valvesper cylinder.

• Valve Timing: the openingandclosingof the intake andexhaustvalves
for the exchangeof gasesin the cylinders of a four-stroke, internal
combustionengine. Ideally, a largervalveoverlap(a very short time in
which both the intake and exhaustvalves areslightly open) is needed
at high speedsfor performance,and a smalleroverlapis neededat idle
and slow enginespeedsto lower emissions.

• Fuel Management: sequentialport fuel injection hasshown favorable
results over carburetion when used in an alcohol-burning engine
(especiallyfor methanol) becausethe mean effective pressureand
thermal efficiency improve significantly over most of the operating
range.

The Key Operating Parameters for SI Engines

• EquivalenceRatio:

-- At lower equivalenceratios (lean burn conditions), engines

operatemore efficiently.
-- Leanburn conditions,while providing betterthermalefficiency

andlower hydrocarbon(HC) andCO emissions,producehigher
NO1 emissions.
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• Spark Advance: optimumspark setting will dependon rateof flame
developmentand propagationand the length of the flame path across
the combustionchamber.

-- As the spark is advanced,HC emissionsincreaseup to the lean
misfire limit.

-- As the timing is advanced,combustiontemperatureis increased
and NO1 formation increases.

-- The influenceof ignition timing on fuel consumptionis opposite
to the influenceit exerts on pollutant emissions.

• Exhaust Gas Recirculation (EGR):

-- Increasing amount of EGR decreasesNO,, emissions, but
increasesHC emissionsandfuel consumption.

-- Increasingamountof EGRrequiresadvancingthespark timing
asthe equivalenceratio decreases.

Key Design Parameters for Akohol Combustion

• Higher octane
• Greaterenthalpyof formation
• Lower flame temperature
• Extendedleanlimit of operation

Useful Termsand Definitions (also seeGlossary)

• Adiabatic: occurring without loss or gain of heat.

• CompressionRatio (CR): the maximumcylindervolume divided by the
minimum cylindervolume.

• Enthalpy Requirement: the additional heat input required by the
engine’s fuel induction systemto achievethe required degreeof fuel
vaporizationfor smoothoperation.

• EquivalenceRatio: measureof the actual fuel/air mixture to the
stoichiometricfuel/air ratio.

• ExhaustGas Recirculation (EGR): the recirculationof exhaustgases
to thecombustionchamberto reducethepeakcombustiontemperature
for the reductionof NO,, emissions.




