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Probing the hot, dense atmospheres of planets Venus, Jupiter and the other gas giants is a challenge because of their extremely high hydrostatic pressure, high temperature, and high radiation environments. For the Pioneer Venus mission, the problem was solved [1] by encasing the sensors and communication instruments in an insulated titanium sphere, called the pressure vessel designed to withstand the enormous hydrostatic pressure and high temperatures of Venus atmosphere (97 atmospheres and 740 °K on the surface). For the Pioneer Venus Small Probes, technology innovations to meet these challenges included (a) titanium sphere 46 cm in diameter with wall thickness of about 0.3 cm, (b) internal pressurized atmosphere of xenon to minimize internal convective heat transfer, and (c) specially designed flat graphoil seals to withstand very high pressures. The probe pressure vessel weighed 18 Kg and successfully descended to the surface. One small probe functioned for over an hour on the surface. 

For the Galileo probe, that was required to descend to 25 atmospheres, while being subjected to temperatures significantly lower than those experienced by the Pioneer Venus probes, a vented design was selected to save the weight that a sealed pressure vessel would have required. The Galileo probe was successful in reaching 22 atmospheres before the probe transmitter failed due to temperatures well beyond the operational limit.

With the advent of nanotecholology, concepts for many new, advanced multifunctional materials such as carbon and ceramic nanotube composites in metal matrixes for flight-weight systems with exceptional structural and thermal characteristics enhancements appear to be feasible. In this talk, we will present preliminary estimates for incorporating the carbon and ceramic nanotubes and nanowires, respectively, in the titanium metal matrix composites for the load bearing structural and thermal shielding applications for the design of next generation of planetary atmosphere probe under extreme conditions.
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