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Advanced Stirling Duplex
Project Abstract: RPT has begun the development of a combined Stirling cycle power and cooling system (duplex) to enable the long-
lived surface exploration of Venus and other harsh environments in the solar system. The duplex system will operate on the heat provided
by General Purpose Heat Sources or a fission reactor. Since the surface of Venus has a thick, hot, and corrosive atmosphere, it is a
challenging proposition to maintain sensitive lander electronics under survivable conditions. This development effort requires the
integration of at least a heat source, heat pipes, high temperature, corrosion resistant materal, multi-stage cooling, a novel free-displacer
Stirling convertor for the lander, and a minimal vibration thermo-acoustic Stirling convertor for seismometer operations. The first year effort
includes conceptual system design and control studies, materials development, and prototype hardware testing.

Environmental Testing:  A first-of-its-kind test chamber is being developed over several 
phases to enable simulated Venus, Jupiter, Io, and Kuiper belt in situ operations. 
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Variable Conductance Heat Pipes:
Enables the modulated delivery of heat from the
source to the engine or radiator-insuring the duplex
receives 16kW of heat while operating.
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First Stage Cooler
• Lifts 400W
• Rejects 1358W

Second Stage Cooler
• Lifts 2050W
• Rejects 5363W

Stirling Duplex
(Pneumatic)

Insulated Inner Vessel

Heat leak-in from
Venus surface
700W at 500º C

Protected InstrumentsGPHS modules
15449Wth
1200º C

Mission Objectives:
Long-lived surface Exploration including:
Mineralogy, seismometry, meteorology,
and spectroscopy. Lander
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Heater Temperature, °C

Relative Heat Input vs. Head Temperature
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High temperatures on the surface of Venus
(500 ˚C), require eliminating moving parts in
the hottest parts of the engine by shortening
the displacer or using thermo-acoustics.

Stirling power cooling
offers most potential

when combined 
into duplex

30% Design Review 
Completed  

Phase II : 7’ x 7’
Lander Testing  

Phase III : >10’ x >10’
Mission Testing  

Phase I : 3’ x 4’
Prototype Testing  
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