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http://www.safe-landing.org/
https://www.youtube.com/channel/UCE8tv_Kk-bLBqLjwc0BkCfw

My Background: Future Concepts
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"A group of aviation
workers, looking to
navigate a sustainable
future for the industry”
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The goals of Flightpath 2050

In 2050 technologies and procedures available allow a:

* 75% reduction in CO2 emissions per passenger kilometre
* 90% reduction in NOx emissions.

* 65% reduction in perceived noise emissions

Relative to the capabilities of typical new aircraft in year 2000.


https://www.acare4europe.org/sria/flightpath-2050-goals/protecting-environment-and-energy-supply-0
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What is Drag? Hesearch
A

rag

To minimise fuel burn: Lift
v’ Lighter materials

v More aerodynamic surfaces
v' More efficient engines

Thrust

Drag is a mechanical force
generated by a solid object
moving through a fluid.




Force = Mass x Acceleration
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Three jet ages Compressor Combustion Turbine
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https://www.youtube.com/watch?v=ueTGjegTKoo

Increasing Engine Diameter
= increased mass of air
= propulsive efficiency
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https://www.youtube.com/watch?v=ueTGjegTKoo

Design Issue:
Increasing the diameter of the

engine also increases the weight
and drag of the engine nacelle...
eventually cancelling out the
efficiency benefit
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BOEING » FEATURES & MULTIMEDIA > TECHNOLOGY - BIG ENGINE QUESTION COULD HAVE "SHORT' ANSWER

Big engine guestion could have
'short’ answer

February 23, 2018 in Technology, Commercial

Boeing
“Short Inlet” Smaller nacelle =

less weight

lower manufacturing cost

less drag

Source:
Boeing
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https://www.boeing.com/features/2018/02/engine-test-02-18.page

Design Issue:
Shortening the engine nacelle = shorter engine inlet and bypass duct,

will decrease the space available for acoustic liners (noise damper
panels) within the nacelle.
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Location of acoustic liners in an aircraft engine.
Source:
Tamer Elnady, ResearchGate



https://www.researchgate.net/figure/Location-of-acoustic-liners-in-an-aircraft-engine_fig4_267306980

Design Issue (short inlet):

Shortening the engine nacelle = shorter engine inlet and bypass duct,
will decrease the space available for acoustic liners (noise damper

panels) within the nacelle.
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Location of acoustic liners in an aircraft engine.
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Shorter inlet & bypass duct



https://www.researchgate.net/figure/Location-of-acoustic-liners-in-an-aircraft-engine_fig4_267306980
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https://nap.nationalacademies.org/openbook/23490/xhtml/images/p-51-1.jpg
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Design Issue (Geared Turbofan):
Extra gearbox creates significant extra oil heat which requires extra oil
coolers in the bypass duct = less space for acoustic liners
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Variable Pitch Fan Variable Area Nozzle

Issue: both add
weight/cost/complexity but
also add noise sources



e
o
O

O
o)
vy

Opeﬁ Rotor |

O
0o
o

NextGen narrow body

CFM56-7B

Norops Propulsive Efficiency

0.85 ,
Ducted fan
0.80 ~limited by
nacelle
weight and
0.75 ~installation

drag

O
.
o

109 13 12 13 34 15 2o A& A8
Fan Pressure Ratio

Source:
Andrew Dorsey, ResearchGate



https://www.researchgate.net/figure/Open-Rotor-propulsive-benefits-lower-fan-pressure-ratios-result-in-higher-propulsive_fig2_343702389

Open Rotor:

* No nacelle duct for acoustic panels
 Counter-rotating blades

* Placement of engines?
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Noise : .
& Vibration Coum_e(:mtqln-gropellers,
/ noise optimised

~ Propellers
Pitch Change Control
Rotating
Nacelle Parts
A/C Installation and Operability
wake interaction & Power Management
Power gearhox

Communications via
rotating systems
Pmtectitfe _
Air Intake | Certificability Power Turbine
& Reliability

First ground test before end 2015

39

Clean Sky



Open Rotor
Engine
Configuration?

: } '_ﬁ@ﬁum
— \ ~




SUMMARY



Summary

The engine is major source of aircraft efficiency gains

Current turbofans increase propulsive efficiency by increasing engine
diameter but marginal gains due to increased engine weight and drag.

Shortening the nacelle to compensate reduces area for acoustic liners
which is an unresolved challenge.

Geared turbofans have an additional challenge due to heat exchanger
requirements.

Variable pitch fan / variable area nozzles could be additional noise
sources — these will be required below a certain fan pressure ratio.

Open rotor provides further fuel efficiency but nacelle lost completely,
and unclear how to reduce noise and where to place engines.



Other thoughts:

Tendency towards ‘stretched’ aircraft with higher passenger capacities
and higher load factors = greater take-off weight = greater take-off
thrust required = increased take-off and climb noise?

Tendency towards longer-range flights = more fuel on board at take-off
= greater take-off weight = greater take-off thrust required = increased
take-off and climb noise?

Higher day temperatures (due to global warming) = lower air density at
ground level = higher engine speed for same engine thrust = increased
take-off, climb, descent noise?



www.safe-landing.org



