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Abstract

Re-ignition, throttability and thrust modulation represent important features of hybrid rocket engines.
They are peculiar factors for vehicle maneuvering and impulse management to extend hybrid technology
to new missions, not yet affordable. Although theoretically feasible, these features require further inves-
tigation in order to achieve a deeper understanding of the transient combustion processes involved and
assess the system response to the transient conditions imposed. The diffusion limited turbulent bound-
ary layer configuration involved, requires to identify the physical and chemical phenomena affecting the
transient behavior of such a complex system. To contribute to hybrid rocket technology development,
a new experimental lab-scale test rig was designed and developed at SPLab of Politecnico di Milano for
the investigation of typical transient phenomena (ignition, shut down, throttling) occurring during hybrid
rocket engine operation. The test facility includes a mass flow controller, pressure transducers and thermo-
couples. A careful investigation of the temperature profiles, performed by means of micro-thermocouples
inserted in the solid fuel grain, allows correlating the regression rate response and the temperature profile
for different throttling ratios; ad hoc probes are developed for the local and instantaneous regression
rate measurement. The test rig is designed for fuel sample testing in slab configuration, suitable for
high-speed video recording and the analysis of the flame structure behavior during transient conditions.
The results show the system dynamic response to imposed oxidizer mass flux variations. Observed over-
shooting phenomena are presented and discussed for different fuels (conventional, HTPB-, and liquefying,
paraffin-based) and correlated to the thermal lags of the system. Important phenomena, establishing the
overall transient behavior, are identified.
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