Cooled EGR (exhaust gas recirculation) - A Key Technology for Future Efficient HD (heavy-duty) Diesels
With turbocharged and intercooled HD diesel engines there is a variety of options for routing EGR from the exhaust to the intake side, in order to overcome with a well tuned turbocharger (where boost pressure is normally

always higher than the pressure before turbine) the inadequate pressure difference for a self-sustained EGR flow rate, namely EGR flowing from:

a) Turbine In to Compressor In

b) Turbine Out to Compressor In

= low pressure routes

c) Turbine In to Compressor/Intercooler Out, by means of by-pass or full-flow venturi high pressure route

d) Turbine In to Compressor/Intercooler Out, via EGR pump

e) Turbine Out to Compressor/Intercooler Out, via small air turbine driven turbo compressor, pumping EGR to boost pressure level.
There are a number of pros and cons of these options, primarily in view of the following criteria:

1) Achieving sufficiently high EGR rates in the heavy-duty emission test relevant load-speed map areas, especially at higher loads;
2) Controllability of EGR rates and their response to command signals under steady-state and transient conditions;
3) Space requirement of EGR system components and their packaging complexity within the constraints of the vehicle’s engine compartment;
4) Fouling of components, such as compressor, intercooler, intake system, EGR cooler, EGR pump, etc.;
5) Handling of heat rejection of EGR cooler;
6) System complexity and associated costs of EGR components.
Applying these criteria to the various EGR options above leads to the conclusion that only the high-pressure route options c) through e) deserve further attention, as the low pressure systems had to be excluded due to the “killer criterium”: Fouling of components, i.e. compressor and intercooler, if EGR is fed unfiltered into the compressor inlet.

From the remaining options, system c): “Turbine In to Intercooler Out via a By-pass venturi” was given the highest weighting, and based on this assessment, a system lay-out as shown schematically in Fig. 5 was conceived for the EFFLED (EFFicient Low Emission Diesel) project (Patents applied for).
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