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Europe, USA, Japan and China are some of the leading --¢- USA
economies striving to reduce nitrogen oxide (NOx) emission 07 - =HF=Japan 71994
levels in the environment. NOx is one of the harmful pollutants /

emitted by automobile engines. g 08 /
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NOx emission from engines has been under the spotlight of E /
various environmental protection agencies all over the world. g 04 ] - oo
For instance, regulators in Europe, USA and Japan have set 8 03 / * /

up stringent limits for both NOx and particulate emission from
heavy-duty diesel vehicles (Fig 1).

Fig 1: International emission legislation for heavy-duty diesel vehicles
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The Euro IV Emission Legislation in 2005 will require NOx
emission from heavy-duty diesel vehicles to drop from the
current level of 5 g/kWh to 3.5 g/kWh, a reduction of 30%.
Also, the US EPA standard is targeting a steep reduction from
the current level of 3.35 g/kWh to 0.27 g/lkWh, a 95% reduction
by 2007. Similar trends can be seen for the other applications
of diesel engines, such as cars, light commercial vehicles, etc.
Fig 2: Huge reductions in NOx emission levels from heavy-duty diesel vehicles in the future
EXISTING FUTURE
30% reduction in NOx emission (Euro 1V, 2005)
95% reduction in NOx emission (USA EPA, 2007)
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Most diesel vehicle manufacturers acknowledge that existing technologies and designs may need to
change to meet the more stringent emission standards. The question is: Are organisations geared up
to meet the challenges of reduced emission levels?
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BENEFITS OF EGR

Figure 4 shows how EGR can lead the way for diesel engines to comply with the EURO V - the European emission standards.
With EGR technology, NOx values as low as 2g/kWh are possible with particulate emissions ranging between 0.05g/kWh
and 0.1g/kWh. To achieve NOx values even lower than 2g/kWh, manufacturers can use a particulate trap.

Fig 4: How EGR can meet future emission standards

EUROPE u.s.
0,14 T T T 0,14 T T
1 : current engine : : Usoa JI e
el wEies : technology (2l/cyl.) : : o0 :
0121 cooled EGR - -jmim === =5-=----b-oooon 0124------ Beted B8 FECEEE !
1 1 1 1 1
1 1 1 1 1
1 1 1 1
0,10 " 010+---
= =
= Z
3 0,08 5 0084-----
2 o projected v
£ < cooled EGR
£ 0,06 3 0,06-------{-
& g '
]
]
0,04 0,04 ===="" " Ypartcuiats "
]
]
0,02 - » 0,02-------% I S
N i USO7, !
]
Q | 1 >T0%upto>90% Q i"sﬁ"r-eduction >90% _
0 2 4 6 8 10 0 2 4 6
NOx [g/kWh] NOx [g/kWh]




@ Part 1 - EMISSION STANDARDS a new, better process
to make heat exchangers

NOy EMISSION LEVELS: SOLUTIONS - conrd

IMPLICATIONS OF EGR

The use of an EGR system in an engine, however, leads to certain changes for the total cooling system. In the EGR cooler,
heat is transferred from the exhaust gas to the coolant, which places an extra burden on the cooling system.

Also in EGR, mixing exhaust gas with the charge air leads to a reduced air ratio in the combustion process. This is not acceptable
because of the particulate emission factor. Boost pressure must be increased to achieve the same value of air ratio as before
EGR was applied. Higher boost pressure leads to higher charge air cooler (CAC) temperatures after the compressor.

Therefore, with EGR, the CAC requires a higher cooling performance and also the strength to withstand higher thermal and
mechanical loads.
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DEMAND FOR REDUCTION
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THE IMPACT ON CAC

HIGHER COOLING PERFORMANCE &
STRENGTH TO WITHSTAND HIGHER
TEMPERATURE
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THE TURNING POINT
WHICH HEAT EXCHANGER TECHNOLOGY

CAN MAKE IT TO THE FUTURE?

[ A significant advantage of CuproBraze is that it allows the use of thinner

fin and tube material. This in turn affects thermal performance. Wind tunnel

tests confirm that this feature leads to lower airside pressure drops ]
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FIEAT EXCFHANGER TECHNOLOG|ES

There is one alternative to aluminium heat exchangers - using copper and brass. CuproBraze is a technology
that uses both brass tubes and copper fins, involving a special brazing alloy for copper/brass joints.

Used for manufacturing a new generation of high-performance heat exchangers, CuproBraze provides heat
exchanger and auto manufacturers with a way to produce brazed copper-brass heat exchangers of high strength
and reliability.

General Benefits of CuproBraze

«[0The brazing alloy, based on CuNiSnP, is non-toxic.

«[JCopper and brass have advantages of lower specific heats, lower coefficients of thermal expansion and better [
corrosion resistance compared to aluminium.

*JEmploying the latest, no flux, lead-free brazing alloy and anneal-resistant materials, the brazed copper/brass O
heat exchanger has better performance than thick-walled aluminium heat exchangers.

«[IThe manufacturing processes have overall lower energy consumption, thus saving cost; less scrap; and higher [
throughput rates.

«[JCopper has higher conductivity.
«[JCopper is virtually 100 percent recyclable.

Higher thermal & strength performance

In contrast to aluminium’s limitations at high temperatures, tensile strength for
tube brass is more than 300 MPa at 200°C and is still well above 250 MPa even -
at 300°C. Fig 6 shows the difference between the tensile strengths of the two 300
materials. A CuproBraze CAC can withstand very high inlet temperatures
of up to 300°C, retaining much of its strength and avoiding metal fatigue.

Fig 6: Effects of higher temperatures on strength of aluminium and brass tubes
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A significant advantage of CuproBraze is that it allows the use of thinner fin and 0 0o I

tube material. This in turn affects thermal performance. Wind tunnel tests confirm 130°C 210°C 270°C

that this feature leads to lower air pressure drops. It is estimated that a copper- Tempertaure (°C)

brass heat exchanger will have a 20% to 30% lower air pressure drop for the -

same heat transfer, compared to aluminium. This advantage, along with the potential
to use innovative fin and tube designs, translates to more efficient heat exchangers.

Therefore, from an EGR standpoint, the two key benefits of CuproBraze are:

«[J Capability to withstand high temperatures
*[J Superior thermal performance
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CONCLUSION

It is clear that future emission standards for diesel engines require sharp reductions in the NOx
emissions. EGR is one of the most effective means to bring about reduction in NOx emission
levels. EGR would however require higher performance from the CAC in terms of the ability
to withstand high temperatures and superior thermal performance.

Contemporary aluminium heat exchangers have the inherent limitation to withstand elevated
temperatures. CuproBraze, the latest heat exchanger technology, can overcome the limitations cuproBruze®
imposed by aluminium heat exchangers and meet the twin requirements of EGR: The ability
to withstand high temperatures and superior thermal performance.

Useful References:

www.dieselnet.com
An online information service on diesel emissions,
emission control, diesel engines, fuels, and more...

Www.sae.org
Website of The Engineering Society for Advanced
Mobility in Land, Sea, Air and Space.

www.behrgroup.com

Website of Behr GmbH & Co, a specialist in
environmentally compatible vehicle air-conditioning
and engine cooling. Behr is one of the leading original
equipment manufacturers for passenger cars,
commercial vehicles.

www.narsa.com/acj/
Automotive Cooling Journal of the U.S. National
Automotive Radiator Service Association

WWW.copper.org
A service of the U.S. Copper Development Association

Resources:

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

wwWw. CuproBraze.com

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

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.




