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HEATheR
High-efficiency Electric Aircraft Thermal Research

Problem Statement: 
Megawatt Electrical Aircraft  Propulsion (EAP) systems: 

• Produce large amounts of low-grade (<200C) waste heat
• Require large, heavy thermal management systems that cause drag

PI:  Ralph Jansen (GRC) / Co-PI:  Kevin Antcliff (LaRC), Aircraft Modeling Lead:  Sydney Schnulo (GRC), Hardware Lead:  David Avanesian (GRC)
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Product  /  Market  Appl icabi l i ty
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Market Urban Air Mobility Regional Air Mobility Regional Turboprops & 
Turbofans

Single Aisle

Passengers 1-19 1-19 20-150 150-more

Speed ≈50-200 mph ≈150-250 mph ≈300-400 mph ≈500-700 mph

Range ≈25-200 miles ≈100-500 miles 500-1500 miles 1500-3500 miles

Power ≈1MW ≈1MW 1 to 5 MW 3 to 30MW
Heat ≈200 kW heat ≈200 kW heat 200kw to 1MW heat 600kW to 6MW heat

Air vehicle applications that utilize Electric Aircraft Propulsion (EAP) systems with: 
• Megawatt level power systems
• Electric, hybrid, or turboelectric EAP Systems
• Fixed wing or vertical takeoff and landing (VTOL) aircraft 
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HEATheR’s Two-Par t  So lu t ion
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• Reject heat from electric machines and converters 
through the Outer Mold Line (OML) skin of the 
aircraft to reduce drag and power penalties.

• Transfer heat from the electrical components to 
the OML using passive heat transfer methods

2. PROVIDE LOCAL, PASSIVE 
THERMAL MANAGEMENT

1. MINIMIZE THERMAL LOAD
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• Reduce electric machine and converter losses by a 
factor of two or more relative to state of the art (SOA)

• Reduce the number of conversion steps

OML Heat Transfer Limits Estimated

February 4th, 2021
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A i rc ra f t  L e v e l  Fe a s i b i l i t y  a n d  B e n e f i t
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Analytical Aircraft Modeling was used to:
• Show the feasibility of the Outer Mold Line 

cooling approach
• The mission energy reduction benefits for 

three NASA conceptual aircraft.
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Maximum Benefit:
• Single-Aisle: 3.3% fuel burn benefit
• Regional: 2.6% total energy benefit
• UAM: 15% fuel burn benefit



www.nasa.govHEATheR

E l e c t r i c a l  C o m p o n e n t  Fe a s i b i l i t y
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• Partially superconducting, synchronous, wound field machine
• Can operate as a motor or generator
• Combines a self-cooled, superconducting rotor with a slotless stator 
• Exceptional specific power (>16kW/kg) and efficiency (>98%) 
• No external cooling weight penalty 
Current Status
• Preliminary design is complete
• Hardware demonstration of super conducting coil, statorette, and parts of 

the cryocooler of the motor was completed (TRL1-2)
• HEMM development continues under the AATT/Power & Propulsion 

Project  (TRL3-4)

HEATheR ConverterHigh Efficiency Megawatt Motor

                    
                                   Prototype 
                                  Description

Achievements

Statorette #1 Statorette #2 Statorette #3 Full Size Thermal Test Stator

•Developed process for low 
resistance termination in fluid 

cavity

•Potting method used could not 
scale to full stator

Performance
500A current < 200°C required

•325 Amps@200°C
Limited by wire temp. outside of 
fluid cavity

•Achieved 500A operation and 
temp's <200°C  for 4 LPM
Limited by Wire temp of end turns

•<200°C @ 500A for 18 LPM
Limited by wire temp of end turns

•500A @<200°C minimizing temp of 
wire and pump losses

Analytical Techniques Verified

•Could not verify due to leaks and 
mixed inlet/outlet flow.  
•Pressure and temp readings too 
far downstream

•Verified Analysis - results agreed 
with test results within 5°C

•Met Performance goals, but test 
temps disagreed with analytical 
results by 48°C

•Analysis results to agree with test 
results

Lessons learned

•Terminate entire insulated length 
of wire in fluid cavity
•Quality of fabrication matters, 
leaks resulted in uncertaintly in 
data.  
•Instrumentation location and 
quantity are important

•Design met all performance goals.
• Need to scale potting process for 
full size stator (vertical orientation)

•Flow not driven by viscous losses.  
Increase port sizes to reduce 
pressure losses 
•Need to control Epoxy buildup on 
exterior surfaces  to avoid thermal 
resistance
•Test when possible - difficult to 
capture all variables in analysis

•N/A-To be built

Manufacturing
•Developed potting process. 1st  
gen made with custom Litz wire

•Developed potting method that can 
scale to full stator

Demonstrate ability to scale:
•Build full size laminated core
•Pot full size stator
•Wind full size stator

• Bidirectional AC to AC converter
• Specific power goal of >10kW/kg
• Efficiency goal of 99% 
Current Status
• Concept design is complete
• Hardware demonstration was completed for some 

control and power features (72kW prototype, TRL1-2)
• 250kW HEATheR converter development continues 

under the AATT/Power & Propulsion Project (TRL3-4)

February 4th, 2021
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F u r t h e r  I n fo r m a t i o n
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For further information or inquiries please 
contact the Convergent Aeronautics Solutions 
Transition Manager: Jessica Reinert 
jessica.m.reinert@nasa.gov 

HEMM Publications Document ID
"High Efficiency Megawatt Motor Preliminary Design" AIAA 2019-4513
"Thermal Analysis of Potted Litz Wire for High-Power-Density Aerospace Electric 
Machines"

AIAA 2019-4509

"Progress Toward the Critical Design of the Superconducting Rotor for NASA’s 1.4 MW 
High-Efficiency Electric Machine"

AIAA 2019-4496

High Efficiency Megawatt Machine Rotating Cryocooler Conceptual Design" AIAA 2019-4515
"High Efficiency Megawatt Motor Risk Reduction Activities" AIAA-2020-3559 
"Electromagnetic Redesign of NASA’s High Efficiency Megawatt Motor" AIAA-2020-3600
"High Efficiency Megawatt Motor Thermal Stator Preliminary Design" AIAA-2020-3602
"Design, Analysis, and Testing of the HEMM Cryocooler Linear Motor" AIAA-2020-3601
"Select Variables Affecting Thermal System Design of a Liquid-Cooled Stator"

HEATheR Aircraft Modeling Publications Document ID

"Outer Mold Line Cooled Electric Motors for Electric Aircraft" AIAA-2020-3573

"Heat Flux Requirements for Electrified Aircraft Wing Anti-Ice Systems "
"Development of a Thermal Management System for Electrified Aircraft" AIAA–2020–0545

NASA/TM—2020-220473
"Computational Evaluation of an OML-based Heat Exchanger Concept for HEATheR" AIAA 2020-3575
"Assessment of the Impact of an Advanced Power System on a Turboelectric Single-Aisle 
Concept Aircraft'

AIAA 2020-3548

"Thermal Management System Design for Electrified Aircraft Propulsion Concepts" AIAA 2020-3571

HEATheR IP and Publications

Patent IP Filed or under consideration for future filing Status
"Wound Field Synchronous Machine" Patent Application
"Novel Motor Drive Technology" Abandonded
"Single Engine Transport Class Aircraft" Provisional Patent

"Enabling Cable Technology for Megawatt Electrified Aircraft Propulsion" New Technology 
Disclosure

"Waste Heat Anti-Ice System for Aircraft" New Technology 
Disclosure


