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ABSTRACT

Precise modeling and analysis of closed bomb test(CBT) combustion using solid propellants was
performed. The fluid structure interaction(FSI) method was implemented to analyze the gas and
solid phases at the same time. The Eulerian analysis method was applied for the gas phase and
grain combustion, and the Lagrangian analysis method was implemented for the grain movement.
The interaction between the solid phase grains and the combustion gas was fully coupled
through the source term. The volume of fluid(VOF) method was used to simulate the burning
distance of the grain and the movement of the combustion surface. The force acting on the grain
was comprised of the pressure and gravity acting on the grain burning surface, and the grain
burning rate and grain movement speed were considered in the velocity term of the VOF. The
combustion analysis was performed for both one and three grains, and fairly compared with the
experiments. The acoustic field during grain combustion due to pressure fluctuations was also
analyzed.
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Nomenclature

: Speed of sound

: Chamber diameter

: Grain inner diameter

: Grain outer diameter

: Grain combustion energy
: Total specific energy

: Frequency

: Force

: Total specific enthalpy

: Longitudinal mode number
: Chamber length

: Grain length

: Tangential mode number
: Grain mass flow rate

: Radial mode number

: Pressure

: Regression rate

: Chamber radius

: Time

: Temperature

: I direction velocity

: Chamber volume

: Diffusion velocity

: Volume

: K™ species mass fraction
: Grain volume fraction

: Kronecker delta

: Viscous stress tensor

: Thermal conductivity

: Density

: Viscous work

: SGS species flux
: SGS species diffusive flux
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Fig. 2 Computational domain.

Fig. 3 Grain shape.
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Table 1. Computational geometry.
unit | experiment | 1 grain | 3 grains
L | mm 110.5 27.63 55.26
D, | mm 48.0 9.6 11.76
Vv, cc 200.0 2.0 6.0
L, | mm 9.68 9.68 9.68
D,; | mm 1.221 1.221 1.221
D, ., | mm 4.148 4.148 4148
Table 2. Operating conditions.
unit 1 grain | 3 grains
Grain mass g 0.2 0.6
Initial pressure | MPa 0.7 0.7
Yoo 0.4822 0.4822
Yo, 0.1986 0.1986
Yo 0.1759 0.1759
Y, 0.1334 0.1334
Y, 0.0099 0.0099
€grain MJ/kg | 2.7120 2.7120
Table 3. Burning rate constants.
Pressure range a n
0-10% 0.5655 0.5131
10-25% 0.6665 0.4750
25-100% 0.1979 0.8440
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Fig. 4 Temporal evolution of temperature field and
grain surface for single—grain burning.
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Fig. 5 Grain mass vs. time history.
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Fig. 8 Temporal evolution of temperature field and
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