• Ingenia 28

14/8/06

2:37 pm

Page 18

SUSTAINABILITY

LLOYD’S REGISTER

LLOYD’S REGISTER

LECTURE 2006

This year’s lecture,‘Public Perception of Risk’, was given by Professor Sir Robert Worcester
KBE DL, founder of MORI, on 26 June 2006.

Dr Scott Steedman, an Academy
Vice-President, chaired this year’s
event, which took place at the
Royal Society. He introduced Sir
Robert Worcester as a man who
has spent a lifetime studying
people’s perceptions, as founder
of Market & Opinion Research
International (MORI).
Sir Robert began his lecture
by stating that three elements
affect the public’s perception of
risk: opinions, attitudes and
values. Opinions are frequently
modified by contact with family
and friends, and exposure to the
media. Attitudes run deeper but
are nevertheless open to change
when exposed to new
information from respected and
Sir Robert Worcester © Mark Crick

trusted sources. Values, he
continued, run much deeper, and
are based on the ‘core feelings’
that have been acquired through
discussion, argument and
education. It is rare, he said, for
anyone over the age of 25 to
change their core values.
Sir Robert then went on to
consider ‘perception’. He had
come across a useful definition
of the word from the Greek
philosopher Epictetus, who said:
“Perception is truth because
people believe it”. “That is the
problem” Sir Robert said,“because
[people] can be wrong, and you
can objectively know they are
wrong, but, if they do not trust
you to correct their misimpression,

you will lose the argument.” He
went on to refer to the Jenkin
Report from 2000, which said that
science and engineering “are at
risk if we do not learn how to
have a dialogue with the public
and learn that we can no longer
work alone on the issues that we
believe are the most important”.
The lecture then turned to
consider general views about
public trust. Sir Robert said it is
generally held that trust in a
number of authoritative groups,
such as doctors, politicians,
scientists, civil servants and the
police, has fallen over the past
ten years. In fact, he claimed, it is
rising – the perception that it is
falling has come from the media.

The nuclear debate was touched
upon as a case study, and the
lecture concluded with the
advice that to gain the trust of
the public, whatever the context,
consistency, reassurance and
transparency are critical. A
general debate followed, in
which the nuclear issue was
discussed in some detail in
the light of Sir Robert’s views.

Further reference
A full transcript of the lecture
plus the visual presentation
can be found at
www.raeng.org.uk/Lloyds2006

AERO-ENGINES
OF THE FUTURE
MEETING THE ENVIRONMENTAL CHALLENGE OF NOISE
AND ENGINE EMISSIONS
A test rig at Rolls-Royce Hucknall, supporting some SILENCE(R) programme research © Rolls-Royce plc
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Aviation is under increasing pressure to reduce its environmental impact in terms of
both noise and engine emissions. The research and development organisations of many
aerospace companies are working together in order to meet these technical challenges.
Ric Parker FREng of Rolls-Royce plc outlines the progress made so far.
A series of demanding
environmental goals were set
by the Advisory Council for
Aeronautics Research in Europe
(ACARE) in September 2001,
in its 2020 Strategic Research
Agenda for the aviation industry.
The underwriting of these
targets gave impetus to the
industry, encouraging it
to push its R&D efforts further
and faster than before.
Among the targets set by
ACARE were a 50% reduction
in fuel consumption and carbon
dioxide (CO2) emissions, a 50%
reduction in perceived external
noise levels, and an 80%
decrease in emissions of oxides
of nitrogen (NOx). ACARE noted
that the industry should find
ways of minimising impact on
the environment during
manufacture, maintenance,
overhaul, repair and disposal
of aircraft and engines.
Rolls-Royce, with Airbus,
Snecma and other related
companies, is involved in a
number of collaborative
ventures, both in Europe and
the USA, in order to achieve
these objectives. In addition,
Rolls-Royce is carrying out its
own internal research with a view
to meeting the 2020 targets.

ENVIRONMENTAL
ISSUES AND
SOLUTIONS
The main environmental issues
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INGENIA

that concern the aviation
industry are noise, local air
quality and climate effects.
Noise can be tackled at the
source, ie the engine and the
aircraft. There are administrative
strategies, such as land
management and operational
procedures, that can also be
effective in reducing the
impact of the noise that is
generated by the aircraft.
The local air quality is
affected by oxides of nitrogen,
smoke, unburnt hydrocarbons,
carbon monoxide and
particulates. These problems
can be mitigated mainly
through engine improvements,
although there remain some
fundamental conflicts in
minimising NOx, fuel-burn
and noise simultaneously.
Operational strategies can
reduce the impact on the
environment, such as how long
the aircraft waits before take-off,
route, angle of descent and
access to landing slots.
Aviation contributes to
climate change by engine
emissions. The effects of water
vapour, CO2 and NOx generated
by engines at ground level have
the same results as when these
gases are emitted by any source.
But when NOx gases are emitted
at high altitude they form ozone
and reduce the methane level.
In addition, if atmospheric
conditions are appropriate,
vapour trails are formed when

the aircraft is flying, which
reflect sunlight. Cirrus clouds
can also be triggered by
emission of particulates. New
aero-engine technologies
can help in creating a more
sustainable future for aviation.

FOCUSING ON FUEL
The most efficient way to reduce
aircraft engine emissions is to
reduce fuel consumption. This
is particularly true for emissions
of CO2, which are directly
proportional to fuel burn – each
kilogram of fuel burnt produces
over 3 kilograms of CO2, assuming
that kerosene remains the
standard fuel for aviation use.
Since 1950 fuel usage has fallen
by 70% (see figure 1), and air
travel currently represents only
3% of global CO2 emissions. A
typical figure for fuel burn of
today’s modern aircraft is 0.035
litres per passenger per km (81
miles per gallon per passenger).
To achieve the full 50%
reduction in fuel burn from
2000 levels demanded by
ACARE, 20% will be reduced
from the engines and 20% from
more integrated aircraft design
(see figure 2). The remainder
will be found from air traffic
management and operations
improvements, which will enable
the aircraft to travel more
directly to its destination and
land immediately, achieving
significant fuel savings.

IMPROVING
PROPULSIVE
EFFICIENCY
Engine improvements for
reducing carbon dioxide
emissions fall into two broad
categories: increasing the
propulsive efficiency and
increasing the thermal efficiency.
Increasing propulsive efficiency
tends to be achieved by
increasing the bypass ratio –
that is the ratio of air going
through the fan to air going
through the core. In a turbojet
all the air entering the intake
passes through the ‘core’, ie the
gas generator (comprising the
compressor, combustion
chamber, and turbine). No air
bypasses this core, and the
bypass ratio is said to be zero.
In a turbofan most of the air
bypasses the core and generates
thrust using energy from the
core to drive the fan. This
improves the propulsive
efficiency, thus improving fuel
consumption and also reducing
noise. However, as the bypass
ratio is increased so the engine
becomes larger and heavier,
requiring more power from the
engine to fly the aircraft. With
today’s technologies, the point at
which the increase in weight of
the engine begins to overtake
the propulsive efficiency benefits
is at a bypass ratio of about 10.
Future aircraft with lightweight
systems will move to a bypass

Figure 1. Aircraft fuel efficiency – past and predicted Rolls-Royce schematic drawn by Simon Roulestone

Figure 2. Achieving the fuel burn target Rolls-Royce schematic drawn by Simon Roulestone

ratio of 12 and beyond.
A major Research and
Technology (R&T) effort, partly
supported by the EU collaborative
research programme VITAL, is now
running to enable the optimum
bypass ratio to be increased up to
15 by reducing the weight of the
fan system whilst still operating

effectively and safely. Even now
fan blades must function under
highly stressful conditions.
Typically they can be nearly
three metres in diameter – in
the Trent engine for example –
and the tip speed can be over
1600km/hr.
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The control room of the final ANTLE testing on the INTA test bed in Spain © Rolls-Royce plc

count, complexity, weight and
cost. Advanced aerodynamic
rig testing on compressor
and turbines has improved the
understanding of how to
achieve parts count reduction
without losing efficiency.
A new, lean-burn, staged
combustor has been developed,
which performs well,
demonstrating a NOx reduction
of 62% relative to the ACARE
baseline, with potential for
greater reduction and further
optimisation of the technology.

MANAGING POWER
The test cell of the final ANTLE testing on the INTA test bed in Spain © Rolls-Royce plc

THERMAL EFFICIENCY
Improvements in thermal
efficiency are generally achieved
by reducing aerodynamic losses
in the turbomachinery, and
increasing pressures and
temperatures in the core of the
engine. However, NOx emissions
increase with pressure and
temperature, hence improved
combustion technology is
needed to keep NOx discharge
to a minimum.
The core of a gas turbine
is an extremely demanding
environment. Critical
technologies include those
20
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which minimise the need for
cooling air (which itself may be
over 600°C) by improved cooling
configurations for the blades,
improved materials and thermal
barrier coatings. These result
in a turbine blade configuration
which is highly complex,
involving advanced
manufacturing processes.
Each blade will extract the
equivalent power from the gas
as a Formula 1 racing car, yet
last thousands of hours of
operations in gas stream
temperatures that can exceed
1700°C (400°C beyond the

melting point of the raw
material), with centripetal loads
equivalent to the weight of a
double-decker bus.
At the forefront of research
in these areas is the recentlycompleted ANTLE, (Advanced
Near-Term Low Emissions)
project, led by Rolls-Royce and
supported by the EU, UK DTI
and Spanish government.
Rolls-Royce has developed a
test-bed engine with fewer
stages of blading and fewer
blades per stage in both the
compressor and turbine,
resulting in a reduction in parts

Overall aircraft system efficiency
can also be improved indirectly
by minimising the power
requirement from non-propulsive
systems. Peak demands occur,
for example, during landing and
take-off when manipulating flaps,
actuating doors and operating
landing gear. Optimisation of
these demands is being directed
under the POA (Power Optimised
Aircraft) programme, led by
Liebherr.
Rolls-Royce, as a partner,
is demonstrating the engine
technologies to support this
work, including embedded
electric motors and generators,
as well as electrically powered
fuel, oil and actuation systems.

The Trent 1000 engine powers the Boeing 787 © Rolls-Royce plc

DEALING WITH NOISE
Also running over a number of
years, SILENCE(R), as its name
suggests, is a noise technology
demonstration programme. This
has showcased technologies
such as a low noise fan and
outlet guide vane assembly, low
noise turbine and optimised
acoustic liners. This EU research
project, involving more than
50 organisations, will conclude
during 2006.
SILENCE(R) has also
employed a negatively scarfed
intake, designed to deflect fan
noise upwards away from the
ground and the general public.
Various phases of testing have
been undertaken to validate
these technologies – in rigs or
in a full engine mounted on
a specialist exterior noise stand
at the company’s Hucknall
facility – and some in the
ANTLE vehicle or in flight.

A COLLABORATIVE
APPROACH
The travelling public expects
to fly to ever more destinations
– on business and for pleasure –
but also demands a greener
world. It is a difficult equation
that the aviation industry in
particular must balance. By
continuing the collaborative
approach that Rolls-Royce
and other bodies have been
following, a combination
of further technology
improvements, operational
efficiency and emissions trading
should be able to achieve a
sustainable aviation industry.

ANTLE (Affordable Near-Term Low Emissions)
Partners:
• Lead: Rolls-Royce plc – UK
and Germany
• Avio SPA – Italy
• Volvo Aero Corporation AB –
Sweden
• lndustria de Turbo Propulsores
SA – Spain
• Goodrich Control Systems
– UK
• Hispano-Suiza – France

• Eldim BV – Holland
• Calidus Ltd – UK
• Techspace Aero SA – Belgium
• Lulea University of
Technology – Sweden
• University of Florence – Italy
• INTA – Spain
• Howmet Ltd – UK
• Airbus – France

BIOGRAPHY – Richard J Parker FREng
Richard (Ric) Parker was appointed Director of Research and Technology at Rolls-Royce Group in
2001. He was recently appointed Visiting Professor in Aerospace and Transport at Loughborough
University and is based in Derby. He is responsible for direction and co-ordination of R&T
programmes across all the Rolls-Royce businesses.
Ric joined Rolls-Royce in 1978, and has held various posts including Chief of Composites and
Ceramics, Chief of Compressor Engineering, Managing Director – Compressor Systems, and Director
of Engineering and Technology, Civil Aerospace. Ric was elected a Fellow of The Royal Academy of
Engineering in 2004.
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