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Abstract

Performance of a Light-Weight Ablative Thermal Protection Material 

for the Stardust Mission Sample Return Capsule

M.A. Covington

New tests and analyses are reported that were carried out to resolve uncertainties in testing done for the original development and qualification of a light-weight ablative material used for the Stardust spacecraft forebody heat shield.  These additional arcjet tests and analyses were carried out to confirm the ablative and thermal performance of low density Phenolic Impregnated Carbon Ablator (PICA) material used for the Stardust design. Testing was done under conditions that simulate the peak convective heating conditions (1200 W/cm2 and 0.5 atm) expected during Earth entry of the Stardust Sample Return Capsule.  Test data were used to adjust iteratively the thermophysical properties used in an ablative material response computer code to match the experimental in-depth temperatures.  The PICA recession rates and maximum internal temperatures were satisfactorily predicted by the computer code with the revised properties.  Predicted recession rates were also in acceptable agreement with measured rates for heating conditions 37% greater than the nominal peak heating rate of 1200 W/cm2.  Although the experimental and computer model maximum internal material temperatures were in agreement and are considered to validate the Stardust heat shield design, the measured in-depth temperature response data show consistent temperature rise deviations that may be caused by an undocumented endothermic process within the PICA material that was not accurately modeled by the computer code.  Predictions of the Stardust heat shield performance based on the present re-evaluation provide evidence that the maximum adhesive bondline temperature will reach about 115˚C, considerably less than the maximum allowable of 250˚C and the design condition of 190˚C.  The re–evaluation also suggests that even with a 25 percent increase in peak heating rates, the total recession of the heat shield would be 1.5 cm, a small fraction of the as-designed thickness of 5.82 cm. Together, these results give confidence in the Stardust heat shield design and confirm the potential of PICA material for use in new planetary probe and sample return applications.

