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Abstract 

A linear model for the analysis of longitudinal fluid dynamic oscillations in solid rocket motors is 
developed and applied to the Ariane 5 boosters. The natural frequencies are corrected as proposed by 
Culick in order to account for the effects of mean flow, mass addition from the burning grain, pressure 
coupling, nozzle admittance, and internal geometry of the combustion chamber. In segmented solid rocket 
motors, the main driving source of acoustic oscillations is often represented by the coupling between the 
vortices shed by the inhibitors at the intersegments and the acoustic field in the combustion chamber. 
This interaction is analyzed using Flandro's model, which provides the vortex-related contribution to the 
amplificationldamping of the acoustic oscillations. The natural acoustic frequencies are considered as 
known inputs for vortex development in the shear layer, which is described by means of classical linear 
stability theory of parallel flows. The risk assessment of vortex-inducedfluid dynamic instabilities in a 
small scale and full size configuration of the Ariane 5 boosters is carried out for the leading modes at 
several burn times. Model predictions are in good agreement with the available experimental results for 
the scaled configuration. 

1. Introduction 

Fluid dynamic oscillations in combustion chambers represent today one of the most stringent 
limitations to rocket motor performance, since they often are responsible for very serious problems, ranging 
from the development of unacceptable pressure/thrust fluctuations to the occurrence of irreversible 
destructive damage to the motor. In general, fluid dynamic oscillations can sustain themselves through 
energy coupling with either the combustion process itself, or the propellant mean flow. In both cases, but 
especially in the first one, even relatively inefficient coupling mechanisms can be sufficient to produce 
significant damage, given the high energy released by propellant combustion, or associated with its flow 
through the chamber. In solid propellant rockets, the coupling with the combustion process is usually 
determined by the response of the burning rate to pressure and/or velocity perturbations. This effect is 
further complicated by the influence of the oscillation frequency, and, at least in linearized theories, is 
usually accounted for by means of suitably defined admittance functions. On the other hand, global fluid - 
dynamic oscillations in the combustion chamber can also be sustained by the occurrence of local 
instabilities of the mean flow capable of interfering with the rest of the flow field. Typical in this respect 
and quite important in practice are the unsteady vortical layers originating from the inhibitors in segmented 
solid rocket motors, as they gradually protrude in the mean flow with progress of grain combustion. 
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