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i)

ii)

lif)

Shift from gasoline to diesel driven by CO2/fuel economy (FE) regulatory structure,
Manufacturers are fined significant amounts of money if their fleet average CO2/FE
exceeds set levels — in the EU for example this is presently €95 per gram CO2/km
exceedance on the standard drive cycle. Like-for-like performance diesel engines are
significantly more efficient as they are unthrottled, run lean and have a higher
compression ratio.

Electric vehicles are attractive to the vehicle manufacturers as they are incentivised by

the regulatory authorities via a significantly beneficial effect on CO2 exceedance fines.

For gasoline engines, reducing noxious emissions to the regulatory levels is {compared to

diesel engines, cheap and effective). This is because nearly all gasoline engines run at

stoichiometry (“lambda 1”) and at this condition simultaneous oxidation of unburnt
hydrocarbons (uHCs) and carbon monoxide (CO), and reduction of oxides of nitrogen

(NOx} is possible, Particle matter (PM} is usually at levels that do not require

aftertreatment.

For diesel engines, as well as the need to reduce uHCs, CO and NOx, PM also has to be

dealt with. With respect to NOx the issues are however very much more severe than

with the gasoline engine. Diesel engines generally run lean of stoichiometric, but the
reduction of NOx requires (in practice) chemically reducing reactions. Two methods of
performing this function have become established.

a. One is so-called SCR (selective catalytic reactor) system, where via urea injection,
other complicated hardware and a complicated sequence of reactions, the NOx is
effectively removed.

b. The other is the so-called LNT (Lean NOx Trap) system, where the trap consists of a
monolith coated with compounds that can store NOx during normal lean running,
and also catalytic material that can convert the stored NOx to benign products, via
reducing reactions, during occasional rich running of the engine. The LNT system is
significantly cheaper than the SCR methed, but effective operation is much more
sensitive to exhaust temperature and poisoning.
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Working round the cycle:-
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(isentropic compression)

{constant volume heat addition)

{constant pressure heat rejection)

(constant-volume heat rejection})

Substituting into the relationship for efficiency
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c) For the Atkinson cycle, we have T, =T
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Comments.

The absolute efficiencies are wildly optimistic, of course. The Atkinson cycle engine with an
expansion ration 3.3 time the compression ratio would be very bulky ~ and frictional losses would be
greater too. The mechanical realisation is expensive too. The use of variable valve timing to achieve
something of the same effect is more realistic.





