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Background — Thermal Protection System Modeling

» Interest in modeling thermochemical response of ablative TPS materials
»Focus: Modeling of reacting pyrolysis gas in char layer; Surface
reactions with pyrolysis gas + atmospheric species
»Interests: thermal transport, gas-phase chemistry
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Modeling Ablator Energy Balance

»Pyrolysis gas enthalpy is critical Boundary L
» Different composition -> Different thermal response m U s
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Pyrolysis Gas Chemistry — Legacy Assumption

»In modeling of pyrolysis gas in ablation codes, two assumptions are common:
»Equilibrium Chemical Composition
»Uniform Elemental Composition
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Pyrolysis Gas Chemistry — Legacy Assumption

»Is this assumption accurate?
» Experimental results show large variation in Primary Pyrolysis elemental composition
»We will examine the kinetics of these species with a coupled simulation
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Analysis — Coupled Aria/Cantera Simulation
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Aria — Ablation Workshop Test Cases 2.2 & 2.3

» Aria — Galerkin finite element porous flow solver
»Part of Sandia’s SIERRA Multitool
»Used to run Lachaud’s 1D Ablation Test Cases using the TACOT Material:
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Aria Simulation Results
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Holistic Cantera Results — Gas Enthalpy over T & Time

» Shaded regions are bounded by recorded maximum and minimum values.
»Little variation is seen transiently or between the two test cases.
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Specific Enthalpy (kJ//kg)
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Case1-T =120 seconds
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Case1-T =120 seconds

» Strong variations in chemical composition seen, only approaching equilibrium
at very high temperatures; PAH peaks at around 5% mass fraction
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Case1-T =120 seconds
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Qdecom
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Heat Absorbed (W/em?)
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Total Heat Transfer: Case 1 (Left) vs 2 (Right)
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Conclusion

» Non-equilibrium pyrolysis gas

conditions in ablator is common Finite-Rate; 22-species reduced Blanquart mech.
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Backup — Batch Reactor Tests

» Used to validate achievement of equilibrium with Blanquart mechanism & identify

relevant timescales for chemical kinetics
» Initial mixture: Gas composition taken from Minton 25 C/s experiment at various Ts
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Backup — Heat of Decomposition (Case 1, t=120 seconds)
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