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ENHANCING POWER PLANT RELIABILITY AND EFFICIENCY

Power plant development for off-road and industrial applications has always been a sector that
demands both performance and reliability. The latest developments that can bring increased power
and efficiency must be introduced in such a way that reliability is not compromised. Equipment out
of commission constitutes a significant on-cost for any operation, and often one that cannot be passed
to the customer.

Customers are looking for continuous improvements in
fuel efficiency both to enhance process efficiency and
to meet increasingly stringent emissions agreements
around the world.

Power plant and drivetrain technology is now moving at
a pace rarely seen before as the plant and process
manufacturers take up the latest technology from the
heavy automotive sectors and utilise the best in
turbocharging and intercooling to give competitive power
outputs and process efficiencies. In doing this, reliability
issues at a time when industry looks for an increasingly
dynamic technology base to meet the customer
requirements and legislation are not an option; therefore
the shortcomings of existing charge air coolers or
intercoolers need addressing.

The pace of power plant development is not about to slow. The next decade will bring even faster
advances. Furthermore, much of the developing world is now following the lead of the developed
markets in implementing emissions legislation imported from Europe and the US more quickly
than was the case a few years ago. Because of this, advances that enable Euro IV and V, and
EPA 2007 to be met will quickly be implemented to meet upcoming standards in India and other
developing nations.

CHARGE AIR COOLERS – AT THE HEART OF DEVELOPMENT

Turbochargers are indispensable for improving the power to weight ratio, emissions
and fuel efficiency of today’s power plant. Furthermore, many applications require
fast response times from the turbocharger and high performance turbochargers
have been developed with ceramic or TiAl alloy turbines and variable geometry.

As power plant development continues to make use of the latest variable geometry
turbochargers which give increased boost pressure at low engine speeds and
improved maximum power output, the performance envelope of the intercooler
needs to be improved. This can be achieved through CuproBraze® technology
Charge Air Coolers (CACs).

Power plant and drivetrain technology is

now moving at a pace rarely seen before.
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COMPLIANCE WITH INCREASINGLY STRINGENT EMISSIONS STANDARDS

Since the implementation of Stage I of EU directive 97/68/EC during 1999, the requirements for non-road
diesel engine emissions performance have been getting steadily tighter. Stage II of this regulation was
implemented between 2001 and 2004 and a proposal for Stage III was finalised in December 2002.  This
standard will be implemented in two phases. The first phase - Stage III A - covers gaseous pollutants and
will come into force between 31 December 2005 and 31 December 2007. The second phase - Stage III B
- covers particulate emissions and will come into force between 31 December 2010 and 31 December 2011.
The Stage III standards also increase the coverage of the engine categories regulated at Stage I/II from
industrial drilling rigs, compressors, construction wheel loaders, bulldozers, off-road trucks, highway
excavators, forklift trucks, road maintenance equipment, snow plows, ground support equipment in airports,

The Charge Air Cooler and its Role in the Modern
Diesel Engine

Modern turbocharged diesel power plants are the
power source of the future because of their
exceptional fuel economy, power and durability. A
Charge Air Cooler (CAC) is an integral part of any
turbocharged diesel engine and is located between
the turbocharger and the engine air inlet manifold
(see figure 1). The purpose of a CAC is to reduce
the air inlet temperature and therefore increase the
inlet air density to produce an increase in engine
efficiency. Typically, the CAC will cool air moving
at high velocity from 200ºC to 45ºC, operating in a
difficult environment of both physical and thermal
shock loading and constant vibration.

Existing CAC Technology is a Limiting Factor in Clean Engine Technology

To meet the challenge of increasingly stringent emissions legislation around the world, power plant
manufacturers have needed a comprehensive review of engine design and are examining closely a
number of options including exhaust after treatments and improvements in fuel quality.

So far, one of the most effective means devised for tackling the reduction targets for nitrogen oxides is
Exhaust Gas Recirculation (EGR) technology, which mixes some exhaust gases with air on the inlet
side of the combustion process. This reduces the temperature of combustion and thus the propensity
of the engine to produce NOx for release into the atmosphere.

Fig 1. The CAC within the diesel engine
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aerial lifts, mobile cranes and
agricultural and forestry tractors, to
also cover marine engines used
for inland waterway vessels.

Regulatory authorities in the EU,
USA, and Japan have been working
together towards wor ldwide
harmonisat ion of  emissions
standards, to streamline engine
deve lopment  and emiss ion
c e r t i f i c a t i o n  f o r  e n g i n e
manufacturers. Stage I/II limits were
in part harmonised with US
regulations. The proposed Stage III
A l imits and their t iming is
harmonised with the US Tier 3
standards.
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Existing CAC technology uses aluminium alloys that at increased temperatures and thermal stress
levels are approaching performance areas in which they will fail. The aluminium construction of CACs
is one of the limiting factors causing problems with the adoption of engine technology such as EGR
to meet the emissions standards of the future. Furthermore, to enable the current generation of
aluminium CACs to be used, an additional pre-cooler would be needed. This causes further system
complexity and increases costs.

Alternatively, new materials technology in the form of CuproBraze CACs can be used, providing a
more efficient engineering solution in terms of both cost and performance.

Existing Aluminium CACs Fail at an Alarming Rate

Even without the increased performance requirements
demanded by new emission standards, existing aluminium
CACs fail at an alarming rate. Published reports estimate
that the average life of a CAC is currently about 3,500
hours. This indicates that as many as 100,000 CACs fail
annually in the United States alone.

Thermal cycling of the aluminium creates weak spots in
the aluminium tubes, which cause the CAC to fail. The
CAC must be able to withstand increasing pressure and
temperature. These higher temperatures and pressures
will cause an increasing amount of aluminium CACs to
fail, and as the limitations of aluminium as a material are
approached, this situation is becoming unacceptable.

Many costly problems can and do arise from leaking or
damaged CACs. Incomplete combustion results in a loss
of engine power and unburned fuel in the exhaust gases
can cause loss of power, increased emissions, increased
fuel consumption and increased exhaust temperatures
leading to excessive engine wear and other damage. This
in turn elevates exhaust temperatures, which will lead to
premature exhaust manifold failure.

Lack of boost density also leads to increased cylinder
wall temperatures and thus premature failure of piston
rings and valves, and increased overall engine block
temperatures. CAC leaks can also cause turbocharger
over-revving and failure due to insufficient backpressure.

The high failure rate of the current generation of CACs
is primarily due to the shortcomings of aluminium as an
engineering material for this application. The increasing
demands of new emissions standards and better engine
performance mean that the power plant industry must
turn its attention to new CAC technology.

The use of EGR technology, however, leads to a number of changes in the total cooling system. Within
the EGR system there is a transfer of heat from the exhaust gases to the coolant, placing extra burden
on the cooling system.

Also, using EGR and mixing exhaust gas with the charge air leads to a reduced air ratio in the
combustion chamber. This in turn leads to an increased production of particulates, which is not
desirable. Therefore the boost pressure in the compressor or turbocharger must be increased to
achieve the same value of air ratio in the fuel/air mixture as prior to the introduction of exhaust gases.
Higher boost pressures lead to higher CAC temperatures. Therefore EGR technology leads to a
requirement for better cooling performance in the CAC which necessitates an enhanced ability to
withstand thermal and mechanical loads.



Besides producing more environmentally friendly radiators/heat
exchangers, CuproBraze has been widely acclaimed as being
cost-effective. Copper is among the most environmentally friendly
materials available for use in vehicle manufacture and can be
easily recovered for recycling. The thermal properties of CuproBraze
are far superior to those of aluminium and it is applicable to a
wide variety of heat exchangers, such as radiators, oil coolers,
charge air coolers, condensers and evaporators.

A CuproBraze CAC can operate at temperatures as high as 290°C
without metallurgical problems such as creep and fatigue affecting
performance or causing failure.

The average inlet temperature in current charge air coolers is
190°C. However, to comply with new emission standards around
the world, the industry expects the average inlet temperature to
reach 246°C. As the physical properties of aluminium such as
tensile strength deteriorate rapidly above around 150°C, a situation
further aggravated by thermal cycling between 150°C and 200°C,
the truck industry needs to turn to the copper technology of
CuproBraze (see figure 3).

Fig 3. Tensile strength versus temperature for aluminium and brass,
illustrating the superior high-temperature properties of brass tube.

"CuproBraze technology takes advantage of copper’s
superior conductivity and our advanced copper technology
increases the capacity of the charge air cooler to dissipate
heat," says Anthony Lea, Vice President of the International
Copper Association. "These features provide automotive
manufacturers with the technology to address the current
and future emission standards in the US and EU."

CuproBraze technology is licensed by the International Copper
Association (ICA) to qualified manufacturers, and as the
technology is increasingly demanded by the automotive
industry as a whole, CuproBraze manufacturing plants are
being installed throughout the world.

Charge air coolers made from a combination of brass and copper, manufactured by using new
CuproBraze technology, can cope easily with the increased temperatures and pressures associated
with the next generation of truck engines.

CuproBraze is a revolutionary, new technology for manufacturing radiators and heat exchangers from
brass and copper for the tubes and fins respectively, using a special brazing alloy of copper, tin, nickel
and phosphorus. CuproBraze has been developed by the International Copper Association (ICA) and
is being implemented by members of the CuproBraze Alliance.
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Superior Thermal and Corrosion Performance

CuproBraze uses copper, together with new and innovative
process technology to give superior thermal performance when
compared to current technology.

The use of copper in CuproBraze brings the benefits of superior
thermal conductivity over aluminium, including thinner fin and
tube dimensions for a given thermal performance. This means
that for the improved thermal performance requirements of the
future, CuproBraze CACs can be smaller than aluminium units,
bringing significant packaging benefits.

CuproBraze Technology will Play a Vital Role as the
Technology of Choice for Advanced Cooling Systems

Today, the development of power plant technology is moving
faster then ever before and one of the limiting factors to
technological improvement is the current generation of
CACs. Most manufacturers agree that the technology for
engine cooling needs to undergo major changes in order to
comply with the increasingly stringent emission standards.
CACs are a critical component of turbocharged diesel power
plants, and key to unlocking the benefits available through
this technology.
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Disclaimer

The information in this brochure is obtained or derived from sources believed to be accurate.  The CuproBraze Alliance does not guarantee the accuracy or completeness of the information nor shall it be
liable for any errors in or omissions from the information or actions taken in reliance thereon.

For more information about CuproBraze, free literature and technical tips,
you can look up the website of the CuproBraze Alliance at:

www.cuprobraze.com

If you have any questions or requests for information, you can email to:
info.cuprobraze@cuprobraze.com

A publication of the

The existing CAC technology, based on aluminium, has proved
inadequate due to inherent material performance limitations at
high temperatures. Whatever type of clean diesel engines are
developed in the next few years, CuproBraze technology is
likely to play a vital role as the technology of choice for advanced
cooling systems.

Aluminium CACs are particularly vulnerable to corrosion due to road salt. The special alloys developed
for CuproBraze CACs have allowed the galvanic difference in the core to be largely eliminated.

Fig 7. The results of a 336-hour Road Environment Pollutant (REP) test of a
radiator. Unlike aluminium, CuproBraze shows no corrosion at the joints.


