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HEAT REGENERATION

HEAT2POWER SAYS THAT WASTE HEAT REGENERATION (WHR] CAN REDUCE
MOTORSPORT LAP TIMES. LMS/ALMS SHOULD SEE THE FIRST APPLICATION

Heat2power, a powertrain

innovation company based
in Paris, France, is convinced it
has technologies that can really
save fuel and reduce the CO
emissions of tomorrow’s cars,
trucks, and ships. It is now
starting to use that same
technology in racing applications
to increase power output while
complying with regulations

When the company founders

investigated all possible means
for better fuel economy of

internal combustion engines,
great potential was found in
improved combustion processes,
VCR, overexpansion, and
variable-valve actuation, but
also on reuse of energy that is
normally wasted. Analysis of the
distribution of power flows made
clear that exhaust waste heat
represented a major potential
for fuel economy because of
its high temperatures.

[nitially, the idea arose to use a
Stirling engine on the exhaust to

Above: Exhaust waste
heat represents a major
potential element in
fuel economy research

produce ‘free’ additional

power — that is, without extra
fuel consumption. However,

the Stirling engine was found

to be too heavy and too big for
the regenerated power in mobile
applications. An investigation
into thermo-electrics (TE) found
that state-of-the-art power levels
and regeneration efficiencies

are still too low, and the various
TE systems will take too long

to reach reasonable targets in
terms of cost and packaging.

The company also investigated
thermo-chemistry and found
from extensive research that
generating hydrogen-rich gas
from a hydrocarbon, water, or
a combination of the two is the
most effective means. Although
this family of technologies is
widely used in the petrochemical
industry today, and is the origin
of over 90% of the worlds
hydrogen production, the
OEMs are very reluctant to
add water into their engines,
and this path was not pursued.

Putting a second turbine
in the exhaust is called turbo-
compounding and only
has a narrow RPM band of
effectiveness at part load. It is
therefore not of great benefit for
road applications. However, on
a race car, this method can be an
excellent tool to gain extra power
with little extra mass, but it also
adds counter pressure, which
is not desirable with regard to
overlap in the ICE. When the
car is equipped with electric
KERS, which delivers power
for just a few seconds and
mainly acts as ballast for the
rest of the time, some synergy
can be obtained because both
systems would use the same
motor. The turbo-compound
then fills in the blanks between
the KERS power bursts.

From all the knowledge
acquired in the search,
combined with the experience
in automotive mass production,
it was found that no existing
technology was perfectly
adapted for regenerating the
automotive ICE’s waste heat.

Heat2power is focusing
on developing cost-effective
technology based on
conventional components,
without using additional liquids.
It must be easy to adopt on
current engine production lines,
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and be able to deliver good heat
regeneration efficiency and high
specific power.

A new concept was patented
and is currently being developed.
It is basically a new variant of
the hot-air engine, but is different
in that high specific power can
be developed. The small level
of counter pressure it develops
also makes it appropriate for
race engines.

Simulations of the system
connected to the exhaust of an
ICE have now also been run
by a major OEM, and are
showing impressive results.

The company has completed
its first prototype and expects
to confirm the simulated results
in the second half of 2008.

The understanding of the
available enthalpy in the exhaust
under various driving profiles
enables Heat2power to focus on
products that closely match OEM
and race team requirements.

In racing applications, the
measurements show very high
thermal power in the exhaust.
For example, in an LMP2 3.4-
liter V8 the amount of thermal
power in the exhaust can be as
high as 1.8 times the crankshaft
power at 8,000-11,000rpm.
Because of this high ratio, the
WHR device could then generate
a considerable amount (>35%)
of ‘free additional’ power while
respecting the regulations,
bringing the total power close to
that of an LMP1 engine. The only
drawback is adding some weight
at approximately 0.8kg/kW, but
when the ballast can be reduced,
some cars can increase their
power-to-weight ratio.

WHR can be combined with
KERS. KERS is mainly active
before and after the corners,
with its high braking and
accelerating dynamics. WHR,
on the other hand, works all
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the time when the engine is
producing exhaust heat. On a
track with long straights such
as Le Mans, the KERS power
supply would be inactive most of
the time, whereas WHR would
run at full regeneration power
for more than 95% of the time.
If one system is to be chosen,
the decision depends upon
the system efficiencies and the
track profile. However, the ideal
solution is to use both systems.
Regarding the introduction
of WHR in Formula 1, the FIA
recently made it known that
WHR from cooling systems
would be allowed in 2012, and
WHR from exhaust in 2013.
These dates could be brought
forward, so Heat2power hopes
that the WHR from exhaust
regulations will be brought
forward by one or two years.
Heat2power considers the
potential from the exhaust

* Modules of ~50-200kW

* Powerincrease up to >35%
or equivalent fuel economy

* Specific power ~1.2 kW/kg

* Excellent dynamic behavior

higher than that from the cooling
system because of its higher
temperature. Its engineers believe
that the device for regenerating
exhaust heat will offer higher
specific power and less risk of
engine damage than a device
designed to regenerate heat

from the engine block or cooling
system. It would therefore

be logical to concentrate

on the exhaust first.

The first application of WHR
in racing will most probably be
in LMS/ALMS, and Heat2power
has already been contacted by

Race car units

several teams. The technology is

100% transposable to road cars,

for which the benefit would

then be fuel economy rather than
extra power.

On a wider level, Heat2power
is pleased with the current
initiatives in the racing industry
that aim for better social
acceptance of motorsport
and greater relevance to road
applications by better use of
energy. Efforts from the likes of
the MIA/EEMS program and the
FIA will be of help to companies
such as Heat2power or Flybrid
when introducing their efficiency
technologies in racing and road

car applications. E
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heat2power :

2 high performance technologies for regenerating waste heat of IC engines
INncreases the engine power output by 18 - 35% with no extra fuel
Technologies reduce CO2 emissions on road applications : Green image
Light weight for racing applications

Regenerates within the existing engine block or with add-on module
Increases the efficiency over the full range of power and torgue
Technologies apply to all fuel types

Compliant with many racing regulations

wwWw . heat2power . net



