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New Stagnation Arc Jet Model Design for Testing ADEPT 3-D Carbon Cloth
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The Problem The Solution (This project in red)
* The peak heating predicted for the ADEPT carbon cloth is <35 W/cm2 and resulting temperatures were predicted to be <1400K  Develop an engineering model to describe the recession rate of the carbon as a function of the partial pressure of monotomic
* Predictions for carbon mass loss were performed using equilibrium thermochemistry, which is only accurate for T>2000K oxygen, which could easily be implemented in the trade study computational stream
* Carbon oxidation is kinetically controlled at T<2000K, and mass loss drops off considerably from equilibrium values * The AHF uses Nitrogen, Oxygen and Argon rather than Air and Argon (like the IHF) for testing
* Equilibrium predictions resulted in a 15-layer carbon cloth design, with the cloth representing ~70% of the TPS mass * Develop a stagnation test article design that can be used in the AHF with varying levels of Oxygen

* Design of the cloth thickness and mass would be significantly reduced if kinetics were considered, but development of the * Develop a relationship for the recession as a function of the oxygen concentration

kinetic constants for Carbon in CO, would be costly and difficult to implement in the trade studies

2. Design Approach

The Approach

* Repurpose an existing nearly square fabric tensioning design from earlier ADEPT testing (Bilaterally Loaded Ablation Model [BLAM]) that was used
in a wedge holder to evaluate the response of the cloth in shear while under load

* Simplify the design by removing the load cell and therefore negating the need for a water cooled part
* Place an insulating collar around the tensioning section and a new back plate
* Build a prototype (in process)
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* Transverse isotropic properties included for thermal modeling -
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The Results i s
* Analysis shows that the collar material will survive heating due to the carbon cloth in proximity (T_,,,,<<T.,;: LI2200), as will all other materials in contact

* This design should work well in the AHF in flows with heatfluxes at or below 100 W/cm2 with no loss of material integrity

4. Summary

A new stagnation test article has been designed for developing an engineering model representing the mass loss of carbon cloth as a function of the
partial pressure of monatomic oxygen for more reasonable predictions of carbon cloth thickness requirements in low heating environments
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