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Supercritical Pyrolysis of Fuels for Future High-Speed Aircraft:  Mechanisms of PAH Growth
Dr. Judy Wornat
Louisiana State University
Department of Chemical Engineering and College of Engineering

Abstract
In order to meet aircraft-cooling requirements in future high-speed aircraft, fuels will be expected to sustain temperatures and pressures of up to 700 °C and 130 atm in the fuel lines and injection system, where residence times may be on the order of minutes.  Such conditions, supercritical for most hydrocarbons, will cause the fuel to undergo pyrolytic reactions, which can lead to polycyclic aromatic hydrocarbons (PAH), precursors to carbonaceous fuel-line deposits, a problem of critical importance to avoid, for safe aircraft operation.  Solids formation has proven to be particularly problematic for alkane fuels.
In order to investigate the mechanisms of PAH formation and growth in the supercritical alkane pyrolysis environment, we have performed supercritical pyrolysis experiments in an isothermal, isobaric flow reactor, with the model fuel n-decane (344.5 °C; critical pressure, 20.7 atm)—to which, in some experiments, certain dopants have been added.  The experiments are conducted at temperatures up to 600 °C and pressures up to 100 atm, and the pyrolysis products are analyzed by gas chromatography and high-pressure liquid chromatography.  The identification of the reaction products—along with the quantified effects, on product yields, of the added dopants—reveals the important roles of alkenes, arylmethyl radicals, and phenalenyl-type radicals in the reactions of PAH growth in the supercritical alkane-fuel pyrolysis environment.
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