Advantages and Disadvantages of Downsizing and Turbocharging
as Related to Fuel Economy and Emissions

For a given power requirement at
constant speed, a downsized engine
operates at increased BMEP (i.e.
brake mean effective pressure)
which results in greater overall
efficiency (or lower bsfc). Also,
downspeeding has become
attractive as well. Maintaining a
given vehicle power requirement at
reduced speed also requires that
engine operate at higher BMEP ( or
specific load) which again results in
greater overall efficiency and
reduced bsfc. Hence, combining
downsizing with downspeeding is
particularly effective for reducing
fuel consumption and CO,

Advantages of the Boosting and Downsizing in GDI
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emissions. However, sufficient engine torque is required at lower speeds to maintain vehicle gradeability
and takeoff performance. For this, turbocharging / intercooling are used to increase specific torque and
specific power. But engine knock is the limiting factor at high load with turbocharging. At low rpm, with

increased cycle time, increased
reaction rates (due to high
temperature at increased load) can
lead to knock. Consequently, the
GDI engine is the best configuration
to take advantage of this
downsizing/downspeeding strategy.
Also, the turbo lag is another
concern that is to be addressed and
generally is not a difficult issue.

From the emission perspective, a
smaller engine which provides
higher efficiency, means reduced
fuel consumption relative to the
larger engine. This contributes to all
regulated emissions and in particular
to the CO..

Boosting and Downsizing

* Boosting in conjunction with L ot |
downsizing is known as effective 1
measure to increase fuel econamy
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* Patenbal theoretical gain of tha downsizing has been dificut In practice
® Ondy small fraction of the downsized achieved full fusl efficiency potential
® Most often the downsized boosted engines had inferior drivability problems wirt. the larger-
displacement naturally aspirated #F1 engnes

* Boosting generally has the following problems:

Raduced low- and mid-range torque due to knocking

Increased fuel consumption at high load due to lower knock-limited compresson ratio

Turbocharger iag in the nitial stage of scceleration when turbocharger is usad for boosting

Incresssd octans requirement (OR}

When bocsting, generally, the geometric compression ratio must be reduced to aveld engine knodk
(GD1, however can operate at a higher boost level with the same or hgher compression ratio due to
reduced OR by the charge cooling effect & raduced residence tima of the fuel-air mixture to Atsignite)
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