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3. OPTIMAL FUEL ECONOMY:
FORMULATION OF THE PROBLEM
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The brake-specific fuel consumption BSFC is de∗
fined as the fuel mass flow mf divided by the
generated power P
BSFC !
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Fig. 1. Overview of the engine. The model consists
of six receivers for each of which the pressure
variable is shown.

speed at its highest possible level, which provides
a fast transient response, or to lower the back
pressure, which ensures good fuel economy. This
leads to two diﬀerent control strategies that will
be described in section 6.
Matching up a compressor, a turbine, and an
engine is a complex task that involves several
steps. The following procedure is a simplification,
but it illustrates the key steps: 1) Determine
engine displacement and maximum engine power,
which results in data on the boost level and on
the maximum air mass flow. 2) Determine the
compressors that fulfill those requirements and
that reach the desired boost pressure without
surging at the lowest flows possible. 3) Determine
the turbines that drive the compressors as closely
to the surge line as possible without generating
too high a back pressure. Based on this procedure,
simulations and experiments are done to find the
compressor and the turbine that best match a set
of given performance criteria.
Three-way catalytic converters are typically used
to reduce emissions by requiring the engine to
operate at stoichiometric conditions, i.e., λ =
1. We thus focus our investigation on engines
operating at λ = 1, thus ignoring the problem
that current turbine materials cannot withstand
temperatures above 1300 K. Current practice is to
protect the turbine at high air mass flows by fuel
enrichment, which significantly raises the levels of
pollutants and the fuel consumption.
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mf
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Tq 2π N

where N is the engine speed in revolutions per
second. One problem with the definition of BSFC
is that there is a singularity at zero torque.
1
Therefore it is advantageous to look at BSFC
=
∗

T q 2 π N /mf which then has to be maximized
for best fuel eﬃciency. Optimizing the cruising
scenario with constant speed for the best fuel
∗
economy is thus the same as maximizing T q/mf .
For cruising we now also consider the maximization under limited resources, that is a desired fuel
∗
flow mf,des , which now becomes
∗

max
T q(uth , uwg , mf )
∗
∗
subject to mf (uth , uwg ) = mf,des
A constant fuel flow corresponds to a constant
air flow, since we are restricting engine operation
to stoichiometric conditions. This leads to the
following formulation of the problem
∗

max
T q(uth , uwg , ma )
∗
∗
subject to ma (uth , uwg ) = ma,des

(1)

4. MODELING OF A TURBOCHARGED
ENGINE
The structure incorporates a number of control
volumes which are separated by flow restrictions
(see Figure 1). As a detailed explanation of the
complete model would exceed the scope of this
paper, only the components necessary for studying the problem of fuel optimality are described
in the following paragraphs.
The formulation of the fuel-optimal operation of
turbocharged SI engines shows that models for
engine torque and engine air-mass flow are necessary. Since the control inputs aﬀect the intake
and exhaust manifold pressures, the models must
describe how these pressures influence the torque
levels and the air flow.

4.1 Engine Air Mass Flow
The air mass flow to the engine is modeled using
the volumetric eﬃciency ηvol which provides the
data necessary to calculate the amount of fresh

