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1. Introduction

Aim of this paper is to the analyze of the effects of a flying object, advected by the motor internal flow, on the internal
ballistics of an aft-finocyl SRM, with typical characteristics of a stage or a small booster. The objective is to provide
a preliminary study able to give an assessment of the effects on SRM internal ballistics of the outflow from the nozzle
of pieces of the SRM components (i.e. expendable igniter) or, more realistically, pieces of thermal protections of
relevant dimensions (with respect to the nozzle throat area of the SRM) detached from SRM components (floaters,
igniter, casing thermal protections). The numerical simulation of the moving object will be performed with a Q1D
unsteady model of the SRM internal ballistics, as presented in the following section. The idea is, in fact, to obtain from
the simulations a feeling about the physics of the problem, without having to face too high computational costs and
complexities for the simulation. In fact, the use of more simplified approaches like 0D models, both steady and quasi-
steady, may imply the risk that too rough simplifications of the problem analyzed may brings to useless qualitative and
quantitative comparisons with the experimental data. On the other hand, the computational costs and complexity of
the problem faced with axisymmetric or 3D approaches is prohibitive and not useful for a preliminary study. For these
reasons, the analysis will not cover the simulation of an object carried by the flow in the nozzle, with the scope to prove
or not the possibility that the flying object can impact the nozzle itself (which in the typical flowfield conditions of the
nozzle seems to be possible only for an object with a irregular - e.g. not a sphere). A grid convergence analysis for the
computed solutions and a parametric analysis will be performed in order to achieve the objectives of the work.

2. Model for SRM Internal Flowfield carrying Big Inert Particles

The model considered for the simulation of an object of relevant dimensions carried by the flowfield is a Q1D unsteady
model of SRM internal ballistics, properly adapted to account for the possible presence of a big particle in the flow.
The model is a derivation of the SPIT model[1, 2, 3, 4, 5, 6] developed for a simplified study of the fluid/structural
interaction during SRM ignition transient, presented Ref. [7], properly adapted for the study of the problem under
investigation (Eq. (1)). 
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PROPULSION PHYSICS

For the droplet, the basic hypothesis is that it can be assumed inert and locally in thermal equilibrium with
the surrounding flowfield. As a consequence the effects of the particle on the carrier flow are only related to the
momentum equation, because of drag force acting on the particle itself and volume effects, because particle volume is
not negligible. A further simplification assumed is that the particle is a sphere with imposed radius.

Under such hypotheses, the motion of the particle can be expressed as given by Eq. (2), using the classical
set of Lagrangian equations for a droplet in a high Reynolds flowfield, in which only the drag term is retained, since
virtual mass force, lift force and buoyancy force become negligible for the problem under investigation (big and heavy
particle, ρp/ρ � 1 )
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Now, since a strong deviation from the situation Rep = 1 and Mp � 1 is expected, a correction to the classical
Stokes solution has to be considered for the CD evaluation. This is done employing the expression of the compressibil-
ity/high Reynolds correction provided in Ref. [8], that is a modification of the Clift-Gauvin drag coefficient expression
[9].
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In Eq. (3), the following coefficient are introduced.{
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3. Preliminary Results

In this section, even if further simulations are going to be run and analyzed, preliminary results of the simulations
already performed are briefly discussed.

The simulation has been set-up considering the internal geometry (propellant grain shape and nozzle profile) and
the characteristics of a typical aft-finocyl SRM for stage/small booster-like applications.

Starting from a properly selected initial condition, once the steady state conditions of the SRM flowfield are
attained, the particle is injected and advected within the flowfield.

Results of a case simulated, for which a grid convergence analysis has been performed in other to have confidence
in the numerical solution achieved, are briefly depicted in Fig. 1 (zero time is the time in which the particle is injected
in the flow). Fig. 1(a) shows the pressure perturbation, with respect the steady state solution, at the head end and at
the nozzle throat. Fig. 1(b) depicts, instead, the evolution of the pressure perturbation in a x/t (x: motor axis) plane,
where the path of the particle can be visualized, together with the characteristic lines u − a and u + a. This last figure
shows that the flowfield is almost unaltered by the motion of the particle within the bore of the SRM, before around the
nozzle throat, a part from small level pressure waves emitted at the nozzle entrance section. In fact, the major pressure
fluctuation due to particle motion in the flowfield (Fig. 1(a)) is directly caused by the pressure wave generated by the
particle when it crosses the nozzle throat. Then, a system of pressure waves travels back and forth in the SRM and
is damped in a short period of time. Looking at Fig. 1(a), moreover, the different scale of the pressure perturbation
created when the particle crosses the nozzle throat, with respect to the one that reaches the head end of the SRM can
be underlined.

The complete analysis of the results will be provided in the full paper, where a parametric analysis and a grid
convergence analysis will be discussed.
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(a) Head End vs. Nozzle Throat Pressure Perturbation Time History (b) Pressure Perturbation Field (x, t)

Figure 1: Particle Effects on Pressure Field during the Steady State
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