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The surface of Venus has been explored by previous missions. Russia’s Venera 13 lander is reported as
the longest lived mission lasting 127 minutes. Short-lived mission durations are due to extreme Venus
surface environments, where the temperature is 740K (467 °C, 872 °F) with a pressure of 9.3 MPa. This
presentation discusses a cascaded hybrid refrigeration system, which is being proposed so that future
science instruments may survive this harsh environment for durations spanning several weeks, and perhaps
months. The cascaded refrigeration cycle is composed of four stages, with the working fluids i) NH3, ii)
Transcritical CO2, iii) Supercritical CO2, and iv) Methyl Linoleate (MLL) Fatty Acid Methyl Ester
(FAME). The MLL-FAME working fluid is a biofuel usually obtained from vegetable oils by
transesterification. It will be used in the topping cycle and will experience the highest temperature at 773
K (500°C, 932°F). The system is design to lift 200W of thermal energy while maintaining a payload
environmental temperature of 100°C. The presentation will focus on the following challenging engineering
aspects of the project: Optimization of the cycle for input power and heat lift. Thermodynamic
characterization of the MLL-FAME working fluid. Development of a high temperature compressor. Key to
the above cascaded thermal control system’s ability to function is the compressor. The compressor serves
to increase the working fluid’s pressure allowing it to reject heat to the environment. The presentation will
outline the development of a reciprocating compressor unit, including an appropriate seals and lubrication
system that will be able to handle working fluids in excess of 500°C while maintaining operational
longevity and reliability.
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