
 

Morphing is one way to make aircraft more
efficient
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More like a bird. Credit: NASA

It is estimated that by 2050 there will be a six-fold increase in the
number of flights there are today. This is going to be an environmental
problem, and it will need radical change in aircraft design to deal with it.
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Over the past 50 years, as the world has become more interconnected,
the annual growth rate of the number of flights within Europe has
remained consistent at 3.9%. The rise of Asia and cheap flight carriers,
like Ryanair, making weekend trips away affordable to the masses have
pushed the rate up. This is expected to level out at 5.3%.

Not only is the air transport industry the fastest growing within the
transport sector, it is historically the hardest to make greener. The
transport sector as a whole is increasing CO2 emissions at such a rate that
it has cancelled out two decades' worth of green gains made across the
manufacturing, power generation, district heating, residential, services
and agriculture sectors combined. This devastating disparity is forecast
to grow.

The goal set by the EU to reduce aircraft CO2 emissions by 75% by
2050 is totally unrealistic. Even if Europe were to meet these goals, its
aircraft industry will at the very least double its greenhouse emissions by
2050. The bleak reality is that we will probably see a quadrupling in the
aircraft industry CO2 emissions by then – unless it totally reinvents the
concept of the commercial aircraft.

Boeing and Airbus both claim their aircraft are up to 20% more efficient
than their "nearest competitors" or more hazily "similarly sized airplanes
", but the numbers just don't add up. Today's new aircraft are
approximately 5% to 10% more fuel efficient than the previous
generation. The effect of green innovations have been dulled by the 
increase in aircraft weight per passenger with, for example, the
introduction of burdensome interiors like hefty entertainment systems or
a sit-down drinks bar in the Business Class Lounge.

Back to nature

The past decade has shown the least improvement in aircraft fuel
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http://www.eurocontrol.int/articles/challenges-growth
http://kanada.ahk.de/fileadmin/ahk_kanada/Newsletter/2013_Newsletter/January_2013/Air_transport_industry_forecast_Dec_2012.pdf
http://www.gppq.fct.pt/h2020/_docs/brochuras/transportes/A%20Background%20Document%20from%20ACARE.pdf
http://www.gppq.fct.pt/h2020/_docs/brochuras/transportes/A%20Background%20Document%20from%20ACARE.pdf
http://www.gppq.fct.pt/h2020/_docs/brochuras/transportes/A%20Background%20Document%20from%20ACARE.pdf
http://www.caa.co.uk/docs/2561/20111108HSRMCPresentationFlightpath2050toSRIA.pdf
https://phys.org/tags/aircraft/
https://www.emiratesgroupcareers.com/english/about/environment/A380_environmental_facts.aspx
http://www.boeing.com/boeing/commercial/787family/programfacts.page
http://www.lissys.demon.co.uk/samp1/index.html
http://www.greenerbydesign.co.uk/_files/publications/3068.pdf
http://arc.aiaa.org/doi/pdf/10.2514/6.2014-0763


 

efficiency when compared to advances over the past century. The "tube
and wing" template we use is a fossil. It is constrained by limitations that
no longer exist today. Though we have near perfected aircraft design
within this template, the template itself does no justice to what nature
has achieved when considering flight efficiency.

  
 

  

Forecast of CO2 emissions of the European Aircraft Industry: a) 5.8% growth
rate, 0.75% green progress rate, b) 5.3% growth rate, 1.0% green progress rate,
c) 5.3% growth rate, 1.5% green progress rate, d) 3.9% growth rate, 1.5% green
progress rate.

Inspiration from nature, along with the complexity made possible in
manufacture through methods such as 3D printing, has allowed new
ideas to flourish. As Mike Griffin, President of AIAA, stated at SciTech
2014, "Biology is becoming the new basis for technology."

There are an untold number of inventions and innovations hidden within
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https://phys.org/tags/aircraft+design/
http://adsabs.harvard.edu/abs/2004SPIE.5390..202W
http://youtu.be/8HGczYNFmfk?t=10m33s
https://phys.org/tags/number/


 

nature. As Richard Feynman put it, "Nature's imagination is so much
greater than man's, she's never going to let us relax."

The future

As rigid structures, aircraft today are intrinsically built to fly efficiently
at one hypothetical point: at a certain speed, altitude, temperature. Stray
from that point and aircraft fuel efficiency drops as the aerodynamics
have changed.

Allowing the parameters of an aircraft's geometry to become adjustable
during flight would lead to large gains in efficiency throughout the flight
envelope – that is, from take-off to landing. This is the idea behind
aircraft morphing. Research suggests that by allowing for variations in
wing span and width during flight, with for example morphing
honeycomb structures, a typical commercial flight would be
approximately 20% more aerodynamically efficient.

Morphing means tailoring the shape of the aircraft to best fit the
objective at hand – be it maximising fuel efficiency, speed or
manoeuvrability. Examples of morphing devices are found in 
commercial aircraft today, including retractable undercarriages and wing
flaps.

Though morphing technologies have shown to be promising in academic
circles, the industry is yet to tap into it. Changing the template, and
therefore the game, requires a great deal of investment. Industry has not
yet been motivated by the threat of taxes or changes in legislation.
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http://www.youtube.com/watch?v=jrk3GbJU0k0
http://dnc.tamu.edu/projects/flowcontrol/Morphing/public_html/papers/spider.pdf
http://dnc.tamu.edu/projects/flowcontrol/Morphing/public_html/papers/spider.pdf
http://www.intechopen.com/download/get/type/pdfs/id/28802
http://arc.aiaa.org/doi/abs/10.2514/6.2013-1510
http://jim.sagepub.com/content/22/9/823.full.pdf+html
https://phys.org/tags/fuel+efficiency/
https://phys.org/tags/commercial+aircraft/
http://scholar.google.co.uk/scholar?hl=en&q=%22morphing%22+%22aircraft%22+&btnG=&as_sdt=1%2C5&as_sdtp=
http://scholar.google.co.uk/scholar?hl=en&q=%22morphing%22+%22aircraft%22+&btnG=&as_sdt=1%2C5&as_sdtp=


 

  

The fighter jet can never be fuel efficient and the refuel aircraft can never be
agile. The hawk can morph.

As the famous aircraft designer Sir Sydney Camm claimed: "All modern
aircraft have four dimensions: span, length, height and politics."

Morphing technologies may not be the sole solution to the problem we
are facing, but they will play an important role. All-electric propulsion,
energy harvesting systems, prolific use of light-weight composite
materials, and formation flying will all go some way to resolving the
issue.

Adoption of a new aircraft technology, from sketches to research to
testing to full integration, is typically a decade-long process. The
situation is desperate. Unless we accept that flights of the future will be
restricted to the wealthy, we are in dire need of a paradigm shift in the
way we fundamentally design aircraft.

This story is published courtesy of The Conversation (under Creative
Commons-Attribution/No derivatives).
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http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&ved=0CDcQFjAE&url=http%3A%2F%2Fm.airbus-group.com%2Fservice%2Fmediacenter%2Fdownload%3Fuuid%3D72025fdd-9d2b-4929-b35e-eb0f8ce30730%26language%3Den&ei=rJkYU_PdK4OzhAfc5YCgBw&usg=AFQjCNHQkPxae2Q4fLApt_9IgSkr8gz3oQ&bvm=bv.62577051,d.ZG4&cad=rja
http://www.airbus.com/galleries/photo-gallery/dg/idp/24359-airbus-concept-plane-formation-flight-6/?share=1
https://phys.org/tags/flights/
http://theconversation.edu.au/
https://phys.org/news/2014-03-morphing-aircraft-efficient.html
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