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THE WORLD WANTS CLEANER CARS

The real threat of global warming is beginning to make people think. Not only are governments taking
real measures to address the problems of CO, emissions, exhaust gas emissions and recycling, but
the issues are also gaining much more importance with consumers. This is not just happening in the
developed markets of Europe and North America, but across the world, with standards that were
introduced in the EU and the US in the relatively recent past, now progressing quickly as the basis for
legislation in Asia and Eastern Europe.

The automotive industry is working very hard to develop cars that are both desirable and green, and
technology is moving at a considerable pace. In terms of fuel efficiency and CO, emissions the
turbocharged diesel engine is fast becoming the power plant of choice, and the advent of CuproBraze®
technology for the manufacture of intercoolers has allowed the development of new techniques for
exhaust treatment and engine management to work reliably.

Not only is CuproBraze technology a real contributor in the progress of the engine, it also contributes
in the increasingly important environmental issue of clean manufacturing and recyclability.

Diesel Engine Technology is Rising to the Challenge

While the diesel engine has been, and remains, the preferred
source of power in commercial vehicle and heavy duty applications,
a major transformation in its fortunes for use in passenger car 6o
applications has taken place in the last decade. The most obvious
proof of this change has been the spectacular rise in the share
of the West European passenger car market captured by diesel
engines (figure 1).
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There are many reasons why the climate in Western Europe has
been particularly favourable, including the high price of gasoline,
combined with a fuel tax system, which, in many countries, imposes 101 B
much smaller burdens on diesel fuel. Other factors bolstering
European diesel growth have been the implementation of advanced
diesel technology, which has led to a further reduction in emissions forecast
and other problems associated with diesel engines. This, in turn,
has led to a marked change of perceptions towards diesel-powered
private vehicles.
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Fig 1. Diesel engine share in Europe

The traditional advantages of the diesel engine, in terms of torque and fuel economy, remain as strong
as ever, while the advent of common rail technology is now widely accepted as the way forward in
passenger car diesel engine design.

Over the next few years the most dramatic possibilities for meeting emissions targets lie in the air system
and the development in turbocharger technology, which will evolve to include variable compressors
supplementing existing variable turbines, electrical assist and two stage operation.

Car manufacturers around the world are now following the European lead in the use of diesel engines.
Even in the US market, long resistant to the diesel engine, consumers are starting to take notice of the
latest generations of engines and both VW and Mercedes Benz are preparing to launch diesels into the
mainstream car market.

CHARGE AIR COOLERS - AT THE HEART OF DEVELOPMENT

Turbochargers are indispensable for improving the power to weight ratio, emissions and fuel consumption of diesel
engines. In today’s automotive engines, fast response times are needed from the turbocharger.

As engine development continues to make use of the latest turbocharger technology to give increased boost
pressure at low engine speeds and improved maximum power output, the performance envelope of intercoolers
needs to be improved and this can be achieved through CuproBraze technology Charge Air Coolers (CACs).



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

Modern turbocharged diesel engines 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
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the engine air inlet manifold (see figure 2). 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 200°C to 45°C,
operating in a difficult environment of both physical and
thermal shock loading, and constant vibration.
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Fig 2. The CAC within the diesel engine

MEETING THE CHALLENGE OF EMISSIONS STANDARDS

European emissions regulations are designed aggressively to reduce diesel emissions such as nitrogen
oxides (NOx) and particulate matter (PM), but are structured to maintain the market viability of diesel engines
as emission reduction technology advances. This approach takes full advantage of diesel's inherently low
emissions of carbon monoxide, hydrocarbons, and carbon dioxide.

In contrast to Europe, the light-duty diesel market in the US is currently small, but predicted to grow at a
significant rate over the next decade as engine performance begins to meet consumer expectations and the
diesel engine’s inherent fuel efficiency advantages become more important. The upcoming Tier 2 regulations
in the US establish emissions levels that constitute a significant challenge for the future of diesel vehicles
in America. Therefore it is only through significant technology development that American consumers will
enjoy the opportunity to experience the performance advantages and fuel savings inherent in the latest
engines. The diesel engine also constitutes an opportunity to reduce greenhouse gas emissions and limit
dependence on foreign oil.

Existing CAC Technology is a Limiting Factor in Clean
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So far, one of the most effective means devised for tackling

the reduction targets for nitrogen oxides is Exhaust Gas

4 ® Recirculation (EGR) technology, which mixes some exhaust

& o1 - 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.
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The use of EGR technology, however, leads to a number
of changes in the total cooling system. There is a transfer
of heat from the exhaust gases to the coolant, placing
extra burden on the cooling system and this mixing of 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, so that the
boost pressure developed through the 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.

Fig 3. European and US emissions standards

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.
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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 will cause an
increasing amount of traditional 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.

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 automotive industry must turn its attention to new
CAC technology.

CUPROBRAZE: A NEW GENERATION OF CACs ' _Brass Tube !

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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A CuproBraze CAC can operate at temperatures as high as 290°C ‘ °

without metallurgical problems such as creep and fatigue affecting : 20ee

performance or causing failure. Temperature (°C)

The average inlet temperature in current charge air coolers is 190°C. Fig 4. Tensile strength versus temperature for aluminium and brass,
However, to comply with new emission standards around the world, illustrating the superior high-temperature properties of brass tube.

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, engine manufacturers need
to turn to the copper technology of CuproBraze (see figure 4).

"CuproBraze technology takes advantage of
copper’s superior conductivity and our
advanced copper technology increases the
e capacity of the charge air cooler to dissipate
heat," says Anthony Lea, Vice President of
the International Copper Association. "These
Controllable Valve features provide automotive manufacturers
with the technology to address the current and
Exhaust Gas Cooler future emission standards in the US and EU."
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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.
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Fig 5. Exhaust Gas Recirculation (EGR)
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MATERIAL SCIENCE FOR THE NEXT GENERATION OF POWERPLANTS

The automotive power plant is at the beginning of a revolution. Clearly, our reliance on fossil fuels to
power vehicles will soon be unacceptable and much of the technology needed for the next generation
of power plants is being introduced or prototyped now. The heat exchanger has an increasingly important
role to play in this revolution and CuproBraze technology is part of the key to its success.

Many of the world’s car manufacturers are now marketing hybrid vehicles based on using a fuel cell as
a primary power source and supporting this, when additional output is required, with a smaller gasoline
engine. The hydrogen fuel cell is currently two to three times as efficient as an internal combustion engine
in converting fuel to power, and the hybrid vehicles are correspondingly frugal in fuel consumption.

Hybrid vehicles themselves are seen as a stopgap technology on the way to pure fuel cell vehicles.
However, maintaining the correct operating temperature is critical to operation of the fuel cell.

Unlike internal combustion engines, fuel cells and their reformer units are temperature critical in operation
and need to be maintained at much lower temperatures than the normal operating range of the internal
combustion engine. Typically, fuel cell hybrid power plants need around 15 heat exchangers to manage
temperature throughout the apparatus and to maintain the reaction at the correct temperature.

The Next Generation - Proton Exchange Membrane (PEM)
Fuel Cells

PEM fuel cells use solid polymer membrane (a thin plastic film)
as an electrolyte. They are compact and produce a powerful
electric current relative to their size.

The first practical application for PEM fuel cells was in the Gemini
space programme. Most automotive manufacturers believe that
PEM fuel cells are the only fuel cells appropriate for providing
primary power on-board a vehicle and today a significant number
of fuel cell powered prototype vehicles are being tested around
the world.

PEM fuel cells deliver higher power density in comparison to
older designs, resulting in reduced weight, cost and volume and
improved performance. An immobilised electrolyte also simplifies

Fig 6. Proton Exchange Membrane (PEM) Fuel Cells sealing in the production process, reduces corrosion, and provides
for longer cell and stack life.

PEM fuel cells operate at low temperatures (less than 100°C), allowing faster start-ups and immediate
responses to changes in the demand for power. They are ideally suited to transportation and smaller
stationary applications and have been demonstrated in systems ranging in size from 1 watt to 250 kW.
However, these requirements for lower operational temperatures and better temperature stability only
serve to increase the demands on the system’s heat exchangers. CuproBraze technology based heat
exchangers not only allow better management of the temperature through its superior thermal properties,
but with so much of the system devoted to temperature control, the packaging benefits of using smaller
heat exchangers become very significant.

SUPERIOR THERMAL AND CORROSION PERFORMANCE

CuproBraze uses a unique combination of copper and brass, 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.
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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.

Soldered Aluminium

Good Environmental Performance

Fins: Moderate corr. Fins: Moderate corr. Fins: Moderate local corr.
The CUprOBraZe manufacturing process uses Jomts:;g/:«;derate Joints: Slight moderate local corr.

environmentally friendly materials in copper and brass,
eliminates the use of hazardous substances and uses a
relatively small amount of energy. The brazing process — ™
used is self-fluxing, so no separate fluxing operation is
required. This also eliminates the traditional degreasing
stage, which is hazardous to the environment, and as no
rinsing is needed, no hazardous wastes are produced. Fig 7. The results of a 336-hour Road Environment Pollutant (REP) test of a
CuproBraze uses a non-toxic brazing aIon Composed radiator. Unlike aluminium, CuproBraze shows no corrosion at the joints.
of 75% copper, 5% nickel, 15% tin and 5% phosphorus.

This melts at a relatively low temperature and the absence

of lead in the alloy means that the product and process

are free of toxicity.

Current legislation within the European Union is calling for an increasing proportion of recyclability in its
automobiles. This is a common theme all over the world, and although the new ELV (End-Of-Life of vehicle)
legislation is headline news now in Europe, the ability to recycle is increasingly important everywhere. For both
copper and brass, as used in CuproBraze manufacturing, there are well-established industries for recycling.
Furthermore, one ton of copper will consume only 60% of the energy in recycling than is required by one ton
of aluminium.

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

Today, the development of car engine 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 stringent emission standards. CACs are a critical
component of turbocharged diesel engines, and key to unlocking the benefits available
through this technology. 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.

For more information about CuproBraze, free literature and technical tips, A publication of the
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

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.



