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Background Credit: Sefjo, available at https://commons.wikimedia.org/wiki/
File:Czech Airlines ATR 42-500 OK-KFO.jpg, licensed under CC BY-SA 3.0.
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Turboprop Electric Propulsion
Without

Synergistic Integration or Operations

Determine if a hybrid-electric ATR-42-like 48 passenger aircraft
introduced in the 2030 time frame would be competitive with
conventional aircraft for a regional, short-haul mission.

Assumptions:

* Year 2030 airframe technology level

« Parallel hybrid-electric propulsion (with varying degrees of hybrid)
 Battery portion fixed at 25%, 50%, 75% power required

» Battery specific energy of 500, 750, and 1000 Wh/kg
 Identical propulsion-airframe integration as baseline
 Wing loading and thrust-to-weight optimized

e Range: 600 nm
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Without Synergistic Integration or Operations Gross Weight and
Empty Weight versus
Percent Electric

Comparing the advanced
75% electric to 0% electric:
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Without Synergistic Integration or Operations Battery FUE' and Tota|
Energy versus Percent
Electric

Battery energy and fuel
energy are equalat
~76% electric power

Energy, kWh

At 500 Wh/kg, total
energy remains relatively
constant
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Without Synergistic Integration or Operations Total Energy Cost
versus Percent Electric

o $3.33per gallon for Jet-A
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for the 75% Electric

| /\ Advanced Turboprop
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% Electric Units

0% 5%

Range

nm

600 600

Total Fuel Weight

Ib
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Turboprop Electric Propulsion
With
Synergistic Integration and Operations

Integration:

Electric propulsion enables increased freedom to locate the
propulsors wherever a synergistic benefit can be achieved

Ty
Baseline Without Synergy With Synergy
: Turbine : Turbine-Electric Motor : Electric Motor

o]0] VRTIale]of LV E ek el Assumption: Consistent payload, fuselage parameters, & design constraints g




Turboprop Electric Propulsion
With

Synergistic Integration and Operations

Operations:

Sizing a hybrid-electric propulsion system should be based on
the distribution of trip range required.
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Turboprop Electric Propulsion
With

‘l | synergistic Integration and Operations

= = Assumptions:

« Removalofthe inboard turboprop propulsion effects
results in a 10% improvement in the induced drag (non-
optimal spanwise lift loading caused by propeller swirl,
engine wing blockage effects, lift losses)

S  Wingtip propulsion integration to take advantage of the
| vortex flow field results in a 18% increase in effective
propulsive efficiency (induced drag reduction).
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e Fuselage BLIPropulsion results in a 10% increase in
effective propulsive efficiency (wake filling, inviscid effects)
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With Synergistic Integration and Operations Gross Weight and
Empty Weight versus
Percent Electric

/" Comparing the non-
/ synergistic 75% electric to
———s - . the syner_g/sz‘/c hybrid and
e Q "MW a/-electric models:
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e 29,31% heavier TOGW 11



=

With Synergistic Integration and Operations Battery Fuel. and Total
Energy versus Percent
Electric

Total energy decrease from
non-synergistic approach at
500 Wh'kg:

e 400 nm:50% decrease
e 200 Nnm:82% decrease
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With Synergistic Integration and Operations Total Energy Cost verus
Percent Electric
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Concluding Remarks

Designing with a reduced range and a propulsion integration
strategy that is synergistic to electric propulsion dramatically
improves the economics

Relatively near-term batteries are as compelling of an
economic proposition as long-term batteries

Caveats

Battery amortization was not included in these costs
(however, the economics are still quite compelling)

This study hinges of operators who willaccept an aircraft
capable of only flying a 400 nm distance

Current regulations do not allow an aircraft to start a gas
turbine during flight- this would have to be altered for this
concept 14
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