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Dynamic Radioisotope Power – Stirling Conversion

 The efficiency of conversion from thermal to electrical can be increased significantly by using the 
Stirling thermodynamic cycle

• Alternate heating and cooling on volume of gas creates a pressure wave that drives a piston attached to an 
alternator
• Heat can be supplied by any source – radioisotope
• Cooling must also be provided for the waste heat portion of the cycle –radiant heat transfer to space
• Up to 40% thermal-to-electric efficiency
• Dynamic : has moving parts

Cycle operation: 
• A displacer shuttles gas between the hot and cold ends to raise and lower 
the gas pressure
• With displacer at the top, gas is pushed towards cold end, lowering the 
pressure
• With displacer at the bottom, gas is pushed towards the hot-end, raising the 
pressure
• The piston’s mechanical energy can then be utilized as desired – for 
electrical power it is coupled to an alternator
• The motions of the piston and displacer can be controlled by mechanical 
linkages (kinematic) or by the working gas pressure (free piston)

•NASA is developing free piston Stirling convertors – eliminates wear 
mechanisms
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Radioisotope Power – Free-Piston Stirling Conversion

  Non-contacting operation of a flexure-based Stirling conversion device
Linear Alternator – converts 
linear motion to electric power

Piston Flexures - support and 
spring the Piston/Alternator 
assembly Non-Contacting Seals - isolate 

gas working spaces

Displacer Flexures - support and 
spring the displacer 

Displacer – shuttles the working fluid 
between expansion and compression 
spaces 

Cold End Hx - 
rejects heat from 
the working fluid

Moving Components in blue

Linear Alternator Mover,  
reciprocates with the piston Regenerator - improves 

engine cycle efficiency

Hot End Hx - heats the 
working gas

Power Piston - 
reciprocates and drives 
the alternator

Displacer Rod - drives the 
displacer

Stirling TDC manufactured by Infinia, Corp.
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DRPS and RTGs

DRPS RTGs

Efficiency > 20 % Efficiency > 5 %

Successful environmental testing on Earth Successful space missions

“very little conversion degradation” 4 %/year degradation: thermoelectrics

Demonstrated kW Demonstrated hundreds of W

OD (fin-to-fin): 30 in. | Height: 30 in. OD (fin-to-fin): 25 in. | Height: 26 in.

2.6 We / kg 2.8 We / kg

S. Oriti, E. Wozniak, and M. Yang. "Status of Dynamic Radioisotope Power System Development for NASA Missions." in Nuclear and Emerging Technologies for Space (NETS). 2023.
L. Qualls, et al. "Dynamic radioisotope power system development for space exploration." 2017 IEEE Aerospace Conference. IEEE, 2017.
https://mars.nasa.gov/internal resources/788/

M
M

RTG
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Dynamic Radioisotope Power – “Mission” Scope

 Aerojet Rocketdyne was awarded a one-year design contract in 2021

Item  NASA Requirement AR System Model
Design life  17 years  > 17 years
Power output BOL 300 We  293 We
Power output BOM 289 We  284 We
Power output EODL 241 We  242 We
Conversion eff. > 20 %  19.5 %
Specific power > 2 We / kg  2.6 We / kg
Mass  < 150 kg  112 kg

BOL = beginning of life =  0 years after fueling
BOM = beginning of mission = 3 years after fueling
EODL = end of design life =  17 years after fueling

S. Oriti, E. Wozniak, and M. Yang. "Status of Dynamic Radioisotope Power System Development for NASA Missions." in Nuclear and Emerging Technologies for Space (NETS). 2023.
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DRPS at NASA GRC – Stirling Research Lab

 SRL has long history of testing Stirling convertors

 
Current fleet of 16 convertors under test

SRSC #3, 4, 5

ASC-0 #3

TDC #13 SES #2

SRSC #2

Sunpower Robust Stirling Convertor
 Most advanced design
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DRPS at NASA GRC – SRSC Environmental Testing

 Qualification-level vibration testing
 Simulate launch
 BOM
 7.7 grms random vibe in 3 axes

SRSC #3
Y-axis
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DRPS at NASA GRC – SRSC Environmental Testing

 Qualification-level static acceleration testing
Simulate booster, spin, and parachute
 EODL
 6.3 g for 120 minutes in 3 axes
 22.5 g for 5 seconds in 3 axes

SRSC #3
6.3g
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DRPS at NASA GRC – SRSC Environmental Testing

 Qualification-level thermal cycle testing
Simulate ground tests during generator processing
 13 thermal cycles

Parameter Pre-T. Cycle Post-T. Cycle

Alternator power [We] 55.78 55.75

Avg hot end [°C] 701.0 700.2

Avg cold end [°C] 100.1 99.6

Avg pressure vessel [°C] 110.7 110.6
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DRPS at NASA GRC – Extended Operation Testing

As of Sept 22, 2025, the currently operating convertors are:

TDC #13 161,566 op hours
TDC #15 158,870 op hours
TDC #16 158,870 op hours
SES #2 54,360 op hours
SES TB #5 1,382 op hours
SES TB #6 1,382 op hours
ASC-0 #3 128,275 op hours
ASC-L 74,875 op hours
ASC-E3 #4 60,314 op hours
ASC-E3 #9 46,457 op hours
SRSC #1 13,903 op hours
SRSC #2 20,121 op hours
SRSC #3 24,990 op hours
SRSC #4 18,751 op hours

Total 924,116 op hours
 38,504 days
 105 years

#2 – non-hermetic
#3 – hermetic 



11

DRPS at NASA GRC – Pu-238 Generator Testbed

 Arrayed co-planar, dual-opposed pairs of Stirling convertors – cancel vibration
 Can simulate 2 or 3 GPHS modules

 Heat source is identical in size and form of 3 GPHS modules
 Capable of dissipating waste heat while maintaining convertor cold ends at 100 °C 

S. Oriti, E. Wozniak, and M. Yang. "Status of Dynamic Radioisotope Power System Development for NASA Missions." in Nuclear and Emerging Technologies for Space (NETS). 2023.

Alt power [We] Avg hot end temp [°C] Avg cold end temp [°C] Avg pressure vessel temp [°C]

Convertor 1A 22.8 501.5 62.0 57.3

Convertor 1B 23.3 497.9 63.4 55.9

Convertor 2A 19.2 496.4 69.4 49.7

Convertor 2B 19.0 497.4 68.0 47.0

Total 84.3 - - -
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DRPS at NASA GRC – Am-241 Generator Testbed

 3 arrayed co-planar, convertors/simulators + balancers 
Can simulate 4 ELHS modules

 Heat source is identical in size and form of 4 ELHS modules

R. Mesalam, et al. "Americium fuelled radioisotope stirling generator for lunar surface mobility systems." in Acta Astronautica 228. 2025.
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Stirling Alternator Radiation Test Article (SARTA) - 2009

 Free-piston Stirling engine linear alternator

 Sandia National Lab Gamma Irradiation Facility
 40 Mrad (!)

 DRPS expected to expose PCS to about 5 Mrad over mission duration
 

 Disassembled and inspected at GRC 
 Organics looked good

 Operation of alternator was largely unchanged at 40 Mrad
 Post-processing suggests a short in stator coil windings

O. Mireles, E. Shin, C. Bowman and L. Vasudevan, "Mixed Neutron & Gamma-Ray Testing of Stirling-Alternator Candidate Organic Materials," in Energy Conversion Engineering Conference, 2010.
O. Mireles, E. Shin, and C. Bowman. "Post-irradiation evaluation of the Stirling alternator radiation test article." Proceedings of the 2010 International Congress on Advances in Nuclear Power Plants. 2010.
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Irradiation of Stirling Organics - 2025

Organic Component Quantity 
Xylan Piston (and displacer) 1 whole piston per vessel 
Hysol 
Nomex 
Polyimide coating 

Coil windings 1 half coil per vessel 

ETFE Electrical lead insulation 60 mm per vessel 
PEEK Heat shrink tubing 15 mm per vessel 
Loctite 246 Nuts and bolts 5 nuts/bolts per vessel 
Markez O-ring 1 half of o-ring per vessel 
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What is next for RPS?

https://www.nasa.gov/wp-content/uploads/2025/05/fy-2026-budget-technical-supplement-002.pdf.
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What is next for RPS?

https://www.nasa.gov/wp-content/uploads/2025/05/fy-2026-budget-technical-supplement-002.pdf.
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What is next for RPS? (This is not an exhaustive list)

https://techport.nasa.gov/projects/147008

https://www.zenopower.com/news/zeno-awarded-contract-to-build-and-demonstrate-radioisotope-power

https://www.intuitivemachines.com/post/intuitive-machines-advances-radioisotope-power-system-for-afrl-space-vehicles-directorate



Questions

tyler.r.steiner@nasa.gov
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