FEV GT² - Reducing CO2 of SIEngines by 2-stage Turbocharging
Downsizing in combination with turbo charging has been
established at most of the vehicle-manufacturers as a cost
effective measure for further reduction of CO2-emissions.
Taking into account the limits of today’s turbocharger maps
and the response time at low engine speeds, 1-stage turbocharging is limited to a specific power level of approx. 90
kW/l. This is equivalent to a downsizing level of about 40 %
compared to a vehicle equipped with a larger N.A. engine
with similar driving performance. For higher degrees of
downsizing, 2-stage charging systems are one possible solution for further CO2 reduction.

The high degree of downsizing towards 120 kW/l aims at
substituting large displacement engines. Based on this, a
target torque curve was fixed for the 2-stage turbocharged
engine FEV-GT².
The full load realizes a significant increase in torque compared to the 1-stage turbocharged baseline. Also shown is
the state-of-the-art full load curve of a 3.5ltr V6 NA engine,
which serves as the baseline for evaluation of the GT²concept.
Based on these full load targets, different architectures
such as register and serial 2-stage charging as well as different control concepts were investigated. Finally, the system shown in Figure 3 was chosen, which shows the highest potential to fulfil the full load targets.

Based on the realized FEV vehicle development platform
“SGT” (Ford Focus) for future powertrain technologies,
equipped with a direct-injection, turbocharged 1.8l-SI engine with central injector position and λ=1-operation, a serial 2-stage turbocharger system was integrated into the
vehicle.
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Fig. 3: GT² System Architecture
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Fig. 4: Full Load Matching of the 2-stage System

Fig. 2: Full Load Curve GT²

It is characterized by a high-pressure turbine-bypass in
combination with a standard wastegate control on the large

low-pressure-turbine. On the compressor side, a bypass
for the high-pressure-compressor is used.
This concept is well known from in-series diesel engine
applications and in modified form also is used on FEV’s
diesel demonstrator engine with HECS combustion system. The detailed layout was discussed with Borg Warner
Turbo Systems, who supported the project by providing
turbocharger hardware.

Tumble Ratio

The combustion system of the 1-stage turbo base engine
was optimized by means of FEV’s ChargeMotionDesignprocess, leading to a new high tumble intake port design
with increased tumble and turbulence level in combination
with an adjusted compression ratio, see Figure 5.
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Fig. 6: CO2-reduction and Transient Behavior

The challenging package situation required a complete
new designed exhaust manifold, and it was achieved to include an in-series catalyst in the same position as with the
baseline configuration.
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Combustion System

On base of the final turbocharger layout and estimated
combustion behaviour, transient and NEDC simulations
were carried out, which show a reduction of CO2 by 17%
and advantages in acceleration compared to the 3.5ltr
base engine. The use of a variable compression ratio can
decrease fuel consumption even more to an overall reduction of 23% (figure 6).
The fuel consumption will be reduced also under real driving conditions due to the high torque reserves at low engine speeds enabling the intuitive selection of higher gears
by the driver.
The 2-stage control concept aims at separation of control
loops to ensure stable engine operation and is realised on
a d-Space rapid prototyping system. The concept was
tested first on a steady-state engine testbench and was
validated during vehicle calibration.

Fig. 7: Packaged 2-stage GT²-T/C System
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17% CO2-reduction possible (NEDC)
Small HP-stage -> good transient response
Real life fuel consumption improvement due to
high torque reserves at low engine speeds
Combustion system optimized by FEV’s
unique CMD-Process
Complete bypass of HP-stage minimizes heat
loss during cold start
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