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Main Project Goals

- _ _ _ Thermochemical imaging to investigate swirl injectors to assess relative = The results from this partnership are the first in-situ quantitative 2D measurements of
. Devel_op a new m-sﬂg sgnSIng methOd using laser absorption tomog_raphy performance and swirling flow effects temperature and species (CO, CO,, H,0O) in the oxidation layer of a hybrid rocket fuel
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measurements in a hybrid combustion reaction layer = Hybrid rocket oxidizer injectors W|’Fh.var|able initial swirl tq axial velocity ratios were designed = Spatially-resolved thermochemical measurement studies of both axial and swirl injection
and manufactured to evaluate their influence on combustion zone development with PMMA effects illustrated the importance of the oxidizer injector in hybrid rocket combustion
: : . : . . : performance particularly in the region immediately downstream of the injection point
" US? the thermochemical Imaging technique to _'nveSt!g_ate hybrid rocket motor = Spatially-resolved thermochemical results indicate that improved performance from swirling inlet
design elements and assess/improve combustion efficiency flow is largely contained to a region immediately downstream of injection with low L/D ratios » Extended capability to obtain measurements at elevated pressures provides additional
Annual Objectives 1000 1500 2000 2500 3000 020 insight into the pressure dependence of the flow field

2019 Develop in situ sensing method to visualize thermochemical structure
: : . Axial showerhead injector - ' /
(species, temperature) of a hybrid rocket reaction layer _ _ = Beneﬁts to JP and N AS A

2020 Investigate hybrid combustion under varying injector design / conditions via
guantitative thermochemical imaging — improve c*

* The technique developed in this study can be implemented to better understand hybrid rocket
performance as it relates to SmallSats being developed at JPL

E g bil ke in-chamber th hemical o Xco g, e A = |tis envisioned that results from this method could be used to constrain complex multi-physics
2021 Xpand measurement capability to take in-chamber thermochemica 0 Canted swirl injector e R - UGS models of solid-fuel oxidation and inform design considerations for hybrid rocket motors and
measurements at elevated pressures g ™ extended to other propulsion systems under development
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BaCkgrOund Figure 2: Two-dimensional thermochemistry measurements demonstrating combustion eSUllS Trom this work have aiso been used 1o anchor computational resufts from a
modeling PMMA combustion.

progress in the axial showerhead, tangential swirl, and canted swirl injectors

Hybrid Rocket Combustion

Obtain localized characteristic velocity (c*) based on gas temperature and
composition measurements to assess hybrid combustion

Publications

= Hybrid rocket motor have potential performance, safety, and cost advantages over purely
liquid- or solid-propellant rockets and are, thus, attractive for new space propulsion applications
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temperature and gas composition.
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