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Abstract:
Solid propulsion systems are used in many space exploration and national defense applications. Fuels and propellants for the
next generation of solid fuel ramjets (SFRJ) and solid rocket motors (SRM) require understanding the fundamental physics and
chemistry of manufacturing, aging, and combustion. In this talk, experimental and computational results are presented
exploring each of these areas. Sessile droplet and droplet impact experiments are shown to quantify the wettability of
ammonium perchlorate (AP, a common oxidizer) with changes to the polymeric binder structure and AP surface for
manufacturing applications. Partially decomposed AP particle studies demonstrate the role of strain within the crystal lattice
on low temperature decomposition for aging and storage issues. Several aspects related to SFRJ and SRM combustion are also
reported. To study SFRJ combustion, computational studies of high enthalpy air diffusion flames determines the role of
hydrogen abstraction reactions play to increase the extinction limits. Additionally, recent advances with boron-based materials
for ramjet applications are shown to alter ignition and combustion rates through the inclusion of combustion aids. Finally,
challenges with measuring aluminum agglomerations at rocket motoring pressures are investigated. Uncertainty of
agglomerate size measurements at high pressures are quantified through ray tracing calculations in simulated propellant
flames. The changing flame structure as pressure and AP particle size increase refracts light more leading to additional
measurement error. A synchrotron-based x-ray technique to study Al agglomerates at 1000 psi is used to mitigate the influence
of refraction. The first of its kind, these measurements provide a quantitative measure of agglomerate size with
unprecedented fidelity. Additional details of the agglomeration process never before observed by an in situ technique are
presented. The future direction based on these results is also discussed.
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