NASA Systems
Analysis

Carl Recine — NASA Ames
8/20/2025

Dahlia Pham — NASA Ames
Robert Fong — NASA Ames
Noah Listgarten — NASA Ames

Uncontrolled unclassified information Electrified Powertrain Flight Demonstration



EPFD Systems Analysis Team

Dahlia D. Pham: Aircraft Synthesis Assessment Shannon J. Zelinski: NAS Wide Assessment

Carl Recine: magniX Synthesis Assessment Robert K. Fong: NAS Wide Assessment
James Joseph: magniX Synthesis Assessment Caroline A. Kuhnle: Aircraft Propulsion
Carlos D. Natividad: Gascon Synthesis Modeling Jeffryes W. Chapman: Aircraft Propulsion SME
Noah S. Listgarten: Aircraft Propulsion Michael Schuh: Aero CFD SME
Jimin Park: Aircraft UQ Assessment Gregory G. Zilliac: Aero/Fluid Mech SME
Akshay Naik: Aircraft Noise Assessment Mehdi R. Khorrami: Aeroacoustic/CFD SME

Kevin D. James: Systems Analysis Lead
Joseph A. Garcia: Systems Analysis Co-Lead
Andrew J. Meade: former Systems Analysis Co-Lead

Uncontrolled unclassified information Electrified Powertrain Flight Demonstration



Near Term Hybrid Regional Turboprop Analysis




Baseline Vehicle Synthesis & Fleet-Wide Payload-Range Analysis

Aircraft Type "
e Beech 1900 A/B/C/D De Havilland DHC8-300 + Saab-Fairchild 340/B  85ft {- - 11255 A=t b T ﬁ‘ L__ L
De Havilland DHC8-100 =  Dornier 328 —— NASA 34 PAX (LCT) L = U
Saab 2000 Aerospatiale/Aeritalia ATR-42 —— NASA 50 PAX (McT) ' LCT - | |
v De Havilland DHC8-400 *  Aerospatiale/Aeritalia ATR-72 —— NASA 80 PAX (HCT) ' mil
Payload vs. Range for Turboprop Aircraft %__ *} | l 5
. = L |
i:vv VWYV VW V I | i": X
70 PRSI ¥ IO . |
64.32 ft = o §
|
=601 o
X 76.69 ft
<
o -
;:;50_ 106.49 ft
Parameter
3
2301 Max. Gross Takeoff 29,000 42,000 63,380
5 Weight, Ib
o 20 0200)(0r50)10)0(03¢00E © O 00 .
PAX Capacity 30-34 45-50 76-80
10- _ :
Wing Loading, psf 64.44 72.04 86.77
0_
| | | | | | | | Max. Takeoff Power, shp 3,500 4,480 9,184
0 200 400 600 800 1000 1200 1400
Average Distance (NM) Percent Total Departures 36% 67% 99%
Captured

4 Performance Scaling of Multi-Class Parallel Hybrid-Electric Regional Turboprop Airliner Concepts — EATS 2025




Hybridization Impacts on Fleet-Wide Route Capture

Number of Aircraft Type
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» Hybrid-electrification yields significant reduction
in mission capability particularly in the realm of
payload capacity where smaller seat-classes
are more heavily penalized

» Retrofit: battery + fuel + payload = constant
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» Route accessibility scales with aircraft size —
may require larger aircraft to maintain coverage
for majority of flights where hybrid HCT
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Crossover points mark the range at which each hybrid-electric concept achieves a balance

Scaling/Crossover Analysis Results

between payload efficiency and fuel savings relative to its baseline counterpart
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50 PAX Near-Term Regional Turboprop Operations Tradespace

50/50 Cruise Power Split
At 20% of Design Payload
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For the same aircraft, A
improvements in Battery Specific
Energy expand maximum range

performance, allowing for
improved market coverage
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Hybrid-Electric 50 PAX Regional Turboprop Payload-Range
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Variable Operational Power-Splits to Set Range Capabilities
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Payload capacity and range
performance expands with
improvements to battery
technologies

Parallel-hybrid architecture
enables flexibility in efficient
power-split throughout flight to
achieve target ranges at optimal
fuel savings

\_

Potential for purpose-built,
“mission-optimized” EAP to meet
operational demands of specific
routes, markets, and policy goals

m Electric @ Max. Continuous ®m75% Electric / 25% Turbine m50% Electric / 50% Turbine = Turbine @ Max. Continuous
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Hybrid Electric Turboprop Commercial Freighter Analysis




Hybrid Electric Turboprop Commercial Freighter (HETCOF)

» Hybrid turboprop intended for regional
cargo operations.

« Significant portion of total mission
energy for economic mission stored in
batteries

« Study done at a range of technology
assumptions to determine key
performance parameters for
components and subsystems like
power, energy storage, thermal, etc.

* Range:
« Economic — 750 NM
* Design — 2400 NM

 Electric Power level — up to 8 MW total
(2x ~4 MW electric engines)

« Market — domestic freight operations

EI ""'* [=
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Mid-Term (2035) EAP Turboprop Freighter Operations Tradespace
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Airspace Integration Analysis




NAS Level Assessment of EAP Operations
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NAS Level Assessment of EAP Operations
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Conclusions




Concluding Remarks

Flexible Payload and Range

For the same aircraft, improvements in Battery Specific Energy expand maximum range
performance, allowing for improved market coverage

Electrified aircraft propulsion unlocks the potential for purpose-built aircraft with flexible
payload and range performance for energy-efficient regional air cargo and passenger
operations

Efficient Power Splits
Parallel-hybrid architecture enables flexibility in efficient power-split throughout flight to achieve
target ranges at optimal fuel savings

Battery Technology Performance

Payload capacity and range performance expands with improvements to battery technologies




NASA Systems Analysis Posters

1) HETCOF (TPH):

Overview of NASA’s Hybrid Electric Turboprop Freighter Opportunity (HETCOF)
POC(s): Ralph H. Jansen (GRC) & Dahlia D. V. Pham (ARC)

Concept Introduction & Background

Initial MW-class hybrid-electric C-130 concept
studies demonstrate range capabilities of 485-
1,028 NM & block fuel savings of 27-44% based
on projected 2030 to 2050 technology levels

True Parallel Hybrid (TPH) C-130H Studies

Regional air freighter market explored as viable early
pathway to realize significant reductions in fuel usage,

maintenance costs, and emissions for short-haul missions |l
Narrowbody Freighter Operations
s oocrmert s arporoon T = i = = =
Distance Band = 5 G e P
Volpe Center No. of lights _Total 2019 Fiights.
0250 miles 34352 2%
-500 %8 53%

= 261 31,

ARPAI s01750 28219 3%

// ~ Total (<750) 89,729 3%
HETCOF System Design and Analysis

Parametric sizing and design of MW-
class power, electrical, and thermal
systems for HETCOF (GRC)

Wright Electric is developing the WM2500 powertrain (2.5
MW) where NASA's HETCOF and TPH C-130H studies
were cited to support their proposal

Nacelle fit check validated at Air  Wwig
Force facility of the WM2500
integrated within C-130 engine pod
with gearbox attachment

HETCOF National Airspace System
(NAS) impacts and aircraft noise
assessments (ARC)

The 2.5 MW-class WM2500 s the
most powerful electric motor tested
in NASA's Electric Aircraft Testbed
(NEAT) facility, performing at full
voltage (800 V) and simulated
altitude of 40,000 feet

NASA Ames Research Center Electrified Powertr

2) Dash-8 (MPH):

Hybridized Model
Hybridize the model
Preserve: range and fuel capabilties
Study tradeoffs: battery capacity vs payload weight
Assume: SOTAInear-term technology levels,
retrofit-style approach, see table below

Parameter ional b
Takeoff woight X 63,750 1bm.
Range at MTOW. 7
Design payload

Battery specific energy

Hybridizing a DHC-8-400

Results

Left: Off-design range sweep
Block fuel savings: up to 6%
“Conv aircraft GTOW allowed to fluctuate

Right: 750 NM cruise power split
40/60 (electric/conv) power split:

Up to 20% Block Fuel Savings

Small payload capacity (as low as 20 pax)

Propetr

Conclusions
Mission optimization for hybrid 82 passenger turboprop
20 pax /750 NM range: 20% block fuel savings
= 62 pax /300 NM range: 6% block fuel savings
Performance is sensitive to electrical charge management
+ Need increased battery SE and optimized motor usage
E-Boost: reduce time to climb, allow higher service ceiling
Retrofitting approach likely does not provide commercial
benefit unless significantly sacrificing payload and/or range
Opportunities for study improvement:
Better optimization of hybridization scheme
More hybrid usage including e-taxi, e-boost for takeoff
Look at new/re-sizing engines, higher battery SE
Find acceptable range penalty for competitive design
Ground-up hybrid turboprop instead of retrofit
Range of turboprop sizes: 14-150 passengers

Block Fuel Savings.

Fuel Burn Metric: Optimizing Power Split

Paper: Tha ul paper detaing s work was pubished
a1 SciToch 2025, Nipsd0i ot 10 251416 2025-1435

Electrified Pow

train Flight Demonstration

3) Airspace Assessment:

System Level Assessment Of EAP Vehicles

« EAP aircraft have less range and payload than conventional vehicles; direct replacement of conventional vehicles challenging
« Alternate pathways for introducing EAP into the National Airspace System show potential for widespread deployment of EAP
« EPFD developed a methodology that can simulate these “what if” scenarios to assess their associated costs and benefits

+ Modeled EAP aircraft can be “flown” in a NAS simulator to assess Cost and Benefit of proposed operational changes

+ Data driven methodology for introducing EAP into the NAS which considers airport capacity, fuel savings, flight time, noise

EAP Vehicle Design

Roquired Battery
W

EAP “What-If”

N System Level
Thrust Spit Scenario Development

Metrics

National Airspace System
Simulator

Aorodynamics

o Payload vs Range y Moo npact

Papor:Tho ul paper otaing s work was.
U SciToch 2025, Hips/d0i 0/ 10 251476 2

What-If' Example represented: Replacement
opportunities for flights within 300 miles,

- 1 vehicle replaced by 1 EAP Hybrid

+ 1 vehicle replaced by up to 2 EAP Hybrid

+ 1 vehicle replaced by up to N EAP Hybrid

Simulate proposed operational ’
changes that can provide a pathway
o introduce electrified vehicles o the
NAS

Obtain relevant metrics to
assess Cost and Benefit of

proposed operational changes.

Electrified Pow

train Flight Demon
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