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Abstract

The present research has been conducted to numerical simulation and phenomenology
of the pressure fluctuations and instability of the diffuser with the area ratio of the
diffuser inlet to the nozzle outlet of 1.91. The numerical simulation has been done with
both steady and unsteady methods for the nozzle with an expansion ratio of 30.
Validation of the numerical solution has been done with the help of the experimental
test data of the high-altitude test simulator available in the Space transportation
research institute. Investigations indicate that two types of start occur in the system,
stable and unstable start. In the stable start process, which occurs in high motor
pressure tests, the flow is supersonic over much of the length of the diffuser. On the
contrary and in the unstable start, the flow detection and study shows that the flow is
not supersonic in most of the length of the diffuser and the thickness of the boundary
layer in the supersonic region is very thick. This causes the downstream disturbances
of the diffuser to be transferred to the upstream. These disturbances are mainly caused
by unstable structures of turbulence separation in the flow. The fluctuation of the
separation zones in the diffuser causes the fluctuation of the internal shock train
structure. The change in the structure of the shocks as well as the instabilities created in
the shock train and their movement upstream creates a flow separation zone at the
entrance of the vacuum chamber and mass suction occurs inside the chamber, which

results in the diffuser leaving the starting condition. As the time increases and the

pressure of the vacuum chamber increases, the momentum of the exiting flow from the
nozzle dominates again and creates a quasi-starting state in the diffuser, and this
repetition loop continues intermittently.
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