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Why aren’t there electric airplanes yet?

As electric cars and trucks appear increasingly on USS. hways, it raises the
question: When will commercially viable electric vehicles take to the y
i are a number of ambitious effort

o build electric-powered airpl
and planes that can cover |

anes,

& to enable a type of air travel that m:

- aflyingcar.

A key challenge in building electric aircraft involves how much energy can be
stored in a given amount of weight of the on-board energy source. Althougl
best batteries store about 40 times less energy per unit of weight than jet fuel.
greater share of their energy is available to drive motion. Ultimately, for a giver
weight, jet fuel contains about 14 times more usable energy than a state-of-the-ar
lithium-ion battery.

That makes batteries relatively heavy for aviation. Airline companies are already
worri

1 about weight — imposing fees on luggage in part to limit how much
planes have to carry. Road vehicles can handle heavier batteries, but there are
similar concerns. Our research group has analyzed the weight-energy tradeoff in
electric pi

kup trucks and tractor-

iler or semi-trucks.
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This week's Paris Airshow saw the lsunch of the work®s first commercisl af-electnic
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“Thiz plane looks lke this not becsuse we wanied ta buid = coal planes. bot
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Electric aircraft - the future of aviation or just
wishful thinking?
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The emergence of distributed electric propulsion (DEP) concepts for aircraft systems has
enabled new capabilities in the overall efficiency, capabilities, and robustness of future air
wvehicles. Distributed electric propulsion systems feature the movel approach of utilizing
electrically-driven propulsors which are only connected electrically to energy sources or
power-generating devices. As a result, propulsors can be placed, sized, and operated with
greater flexibility to leverage the synergistic benefits of aero-propulsive coupling and provide
improved performance over more traditional designs. A number of conventional aircrafit
concepts that utilize distributed electric propulsion have been developed, along with various
short and vertical takeoff and landing platforms. Careful integration of electrically-driven
propulsors for boundary-layer ingestion can allow for improved propulsive efficiency and
wake-filling benefits. The placement and configuration of propulsors can also be used to
mitigate the trailing vortex system of a lifting surface or leverage increases in dynamic
pressure across blown surfaces for increased lift performance. Additionally, the thrust stream
of distributed electric propulsors can be utilized to enable new capabilities in vehicle control,
including reducing requirements for traditional control surfaces and increasing tolerance of
the wehicle control system to engine-out or propulsor-out scenarios. If one or more
turboelectric generators and multiple electric fans are wsed, the increased effective bypass
ratio of the whole propulsion system can also enable lower community noise during takeoff
and landing segments of flight and higher propulsive efficiency at all conditions. Furthermore,
the small propulsors of a DEP system can be installed to leverage an acoustic shielding effect
by the airframe, which can further reduce noise signatures. The rapid growth in flight-weight
electrical systems and power architectures has provided new enabling technologies for future
DEP concepts, which provide flexible operational capabilities far beyond those of current
systems. While a number of integration challenges exist, DEP is a disruptive concept that can
lead to unprecedented improvements in future aircraft designs.

Review of Distributed Electric Propulsion Concepts for






Introduction:

Vortices are harder to generate, also once generated it is very hard to destroy.
In this case we are not destroying the vorticity completely, but we talk about
an attempt to attenuate the vortex especially trailing vortex from the wing.
One such method is employing wing tip propellers.

In the present study, attenuation of a vortex of arbitrary strength by means of
another vortex of opposite spin is investigated.

Representation of a pair of coaxial counter
rotating vortices



Benefits of employing wingtip propellers:

> Benefit of Reduced induced drag on counter vortex rotation of the
propeller.

> Benefit of utilising the induced drag increase at the time of approach
and landing on co vortex rotation of the propeller.

» Better roll control.

Note: All these can be achieved by not adding any extra weight to the
aircraft, but by changing the placement of the propellers



A simple demonstration of vortex attenuation:

In this demonstration, two wings with NACA 0012 airfoil sections with 1.5 m span and
0.3m chord were placed as shown below. The upstream wing is at an AOA of -10° and the
downstream wing is at an AOA of 79, such that the tip vortices from those wings have
opposite spin. RANS simulation with SA turbulence model was carried out in SU2 open
source CFD tool with symmetry wall boundary condition. For better comparison, simulation
of only one wing at an AOA of 7° was also performed.

o -—.

AOA = -10° AOA =77

Computational layout for a simple demonstration of vortex attenuation



Coefficient of Pressure contours

Wing at AOA 70 Upstream Wing at AOA -10° and
Downstream Wing at AOA 79
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Velocity vectors at the tip of downstream wing

Formation of the secondary vortex on the suction

surface of the wing
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Secondary vortex convectlng downstream along with the
primary wing tip vortex of the second wing



Iso contours of Q-criterion:

Wing at AOA 7° Upstream Wing at AOA -10° and
Downstream Wing at AOA 79
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Comparison of iso contours of Q-criterion of two wing vortex cancellation simulation and only one wing, shows
the attenuation of tip vortex in the two wing configuration.



Iso contours of Vorticity magnitude.:

_ . Downstream Wing at AOA 79, in the
Wing at AOA 7 presence of an upstream wing at AOA -10°
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Comparison of iso contours of vorticity magnitude of two wing vortex cancellation simulation and only one
wing



Pressure recovery downstream the wing (C, contours) :

One wing simulation Two wing simulation

Coefficient of pressure contours with velocity vectors one Coefficient of pressure contours with velocity vectors one
span downstream of the wing(one wing case) span downstream of the second wing(two wing case)




Wing — Propeller interactio
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Studies in literature (Experiments):
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A drastic drag reduction around 5 - 20% is seen when wing tip propellers are used. Also, as
the thrust increases, the drag reduction also increases.

Ref: “Wingtip-Mounted Propellers: Aerodynamic Analysis of Interaction Effects and Comparison with Conventional Layout,”
Tomas Sinnige, Journal of Aircraft, Vol 56., No.1, Jan — Feb 2019.



Results (wing — propeller interaction):

For conducting studies on wing — propeller interaction, a wing with NACA 23018
section at root (0.3652m chord) and NACA 23015 section at the tip (0.24765m chord)
and a span of 1.2225m was chosen. The propeller diameter chosen is 0.381m. RANS
simulation with S-A turbulence model was carried out at a Reynolds number of 1.2
X 10° using SU2 open source CFD tool with symmetry wall boundary condition. The
propeller was modelled with BEM where propeller geometry and airfoil characteristics
at different sections has to be given a priori. A coupled blade element method
solver was used for carrying out the wing — propeller interaction studies.

Basic Wing



Results (wing — propeller interaction):
Configurations studied:

1. Wing, disk at 0.5 span rotating in the direction of wingtip vortex (co —vortex)

2. Wing, disk at 0.5 span rotating in the opposite direction of wingtip vortex (counter — vortex)
3. Wing, disk at tip rotating in the direction of wingtip vortex (co — vortex)

4. Wing, disk at tip rotating in the opposite direction of wingtip vortex (counter — vortex)
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Disk at half span of the wing, AOA =0 degrees—iso contours of vorticity magnitude

Co = vortex rotation Counter — vortex rotation
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Configuration Rotation Direction CL(wing) CD(wing)

Basic wing -NA- 0.0915 0.0109
Wing + disk Co-vortex 0.0881 0.0154
Wing + disk Counter - vortex 0.0952 0.0149



Disk at tip of the wing, AOA =5 degrees— iso contours of vorticity magnitude
Co — vortex rotation

Counter — vortex rotation
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Configuration Rotation CL(wing) CD(wing)
Direction

Basic wing -NA- 0.4782 0.0221
Wing + disk Co-vortex 0.4891 0.0263

Wing + disk Counter - vortex 0.5301 0.0249



Comparison of different configurations at AOA =5 degrees

Wing, Disk at 0.5 span, Wing, Disk at tip, Wing, Disk at tip,
counter - vortex rotation CO - vortex rotation counter - vortex rotation
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Pressure recovery downstream the wing (C, contours):

Co —vortex rotation Counter — vortex rotation

Coefficient of pressure contours one span downstream Coefficient of pressure contours one span downstream
from the leading edge, propeller rotating co — vortex from the leading edge, propeller rotating counter — vortex
direction. direction.



Difficulties in numerical simulations of propeller flows:

> Rotating parts are involved. So, numerical simulations are complex.
> Vortex generation and vortex transport

> Simulations become more complex when multiple propellers are
used.



Work in progress / future plans:

1. Actual propeller simulations using rotating frame and sliding mesh interface
2. Wing — propeller simulations using sliding mesh interface
3. Multiple propeller interactions using BEM

Trial unsteady simulation of a 3 bladed propeller without hub using sliding
mesh interface technique. Mach contours are shown in the figure.



Conclusion:

« Attenuation of a vortex is possible by making use of the coaxial counter rotating
vortex pair .

« This concept can be used in aircrafts to reduce the induced drag which is mainly
because of the vortices from the wing tip.

« A small demonstration of vortex attenuation is performed to understand the
concept, also some simulations were performed to know about the vortical
structures arising out when wing tip propellers are used.

« The counter vortex rotation of the propeller is the most beneficial configuration at
the wing tips. This reduces the wing drag by wing tip vortex attenuation.



Questions in mind:

 What effect does vortex(blade tip vortex) — vortex(wing tip vortex)

interaction have?
* When multiple propellers are distributed along the span, what about

wing loading?
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