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PRESERVING THE ‘BRAIN’: PASSIVE THERMAL SURVIVAL FOR VENUS SURFACE PROBES

Abstract

Venus has always fascinated planetary scientists. Understanding its atmosphere, surface, and cli-
mate history can reveal why two similar planets, Earth and Venus, evolved so differently, offering clues
about planetary habitability and the potential for life in conditions harsh to us. Yet the planet’s ex-
treme environment makes exploration extraordinarily difficult. Surface temperatures approach 460degC,
pressures rise to 92bar, and the dense, corrosive atmosphere quickly degrades conventional spacecraft
systems. Historical missions, such as the Soviet Venera 13, survived only briefly, with most subsystems
failing within hours. These challenges prompted a key insight: for a mission to achieve meaningful ex-
ploration, not all components must endure, but the electronics, the mission’s “brain” must survive. To
address this, we propose a passive thermal cube architecture capable of maintaining survivable conditions
for mission-critical electronics for up to 24 hours. By prioritizing the brain, other subsystems that is
cameras, instruments, power modules, can be modular, replaceable, or disposable. The cube relies on
high thermal mass, multilayer insulation, reflective coatings, and structural isolation to slow heat ingress,
creating a protective buffer around the core systems. This approach allows short-duration, distributed
missions to operate autonomously, collect in-situ measurements, and perform surface science even in the
absence of advanced technology for all components. Venus may be unforgiving to humans, yet it remains
a world full of opportunities. Protecting the mission’s brain first demonstrates that even in extreme
environments, exploration is possible. By focusing on what truly matters, we can unlock new ways to
study harsh planets, expand the boundaries of robotic exploration, and uncover discoveries that would
otherwise remain hidden beneath Venus’s hostile surface. This concept illustrates that with thoughtful
design, the planet’s challenges do not limit our curiosity, they amplify it.
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