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A study on combustion instability of solid rocket motor with
cylinder-slot grain
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ABSTRACT: Combustion instability occurred in the combustion test of solid rocket motor with large aspect ration
Length/Diameter (L/D) and cylinder-slot grain. As a result of spectral analysis of the pressure perturbation, it was
confirmed that the central axis longitudinal frequency was dominant, so that the length of the cylinder part was
increased to eliminate the coincidence with acoustic node. In addition, acoustic modal analysis and flow analysis
were performed to analyze the cause of instability by unsteady flow structure in solid rocket motors. It was
confirmed that the combustion instability is reduced by quantitative comparison of the amplitude and frequencies
of the pressure inside the combustion chamber using the grain shape before and after the design change. Finally,
a combustion test was performed to verify that the combustion instability was resolved as in the flow analysis.
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Fig. 1. (Color available online) Rocket motor and
cross section diagram.
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Fig. 2. Pressure of solid rocket motor (Case 1).
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Fig. 3. (Color available online) Result of spectrum analysis (Case 1).
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Fig. 4. (Color available online) Comparison of rocket
motor and cross section diagram.
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Table 1. Natural frequency derived from acoustic
mode analysis.

Mode 1 Case 1 Case 2
1 307.0 Hz 299.5Hz
2 615.0 Hz 6113 Hz
3 884.6 Hz 884.4 Hz
4 1,182.4 Hz 1,1742 Hz

Mass flow inle

Mass flow inlet

Viscous
wall

Case 1

Mass flow inl.

Case 2

Fig. 5. Boundary condition and grid system.
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Fig. 6. (Color available online) Pressure perturbation history at 1, 3, 5 points of case 1 (left), case 2 (right).
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Fig. 7. (Color available online) Power spectral densities of pressure at each points of case 1 (left), case 2 (right).
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