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Three-Dimensional Computations of Rocket Exhaust Plume
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ABSTRACT: The base flow regions of a three-body sounding rocket containing multiple
exhaust plumes were numerically investigated in three dimensions for a free stream
Mach number of 2.7 at flight altitude 18.5 km. The flowfields were calculated usiag the
full compressible Navier-Stokes equations with an one-equation turbulence model of
Baldwin-Barth. The present calculations were executed based upon a chemically {rozen,
single perfect gas model assumption. Due to the symmetry of the three-body rocket of
each single nozzle, only one fourth of the computational domain was considered for the
analysis. The results indicate that a base heating effect is not considerable due to the
small expansion of the plumes. In the base, however, a low speed recirculating flow
dominates the region.
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Table 1 Computational grid Table 2 Operating paramsters

Block | Grid density | Computational domain Chamber temperature, K 3388.0
1 51x81x31 | 1lst stage nozzle interior Chamber pressure, kPa 13789
2 31x21x31 | 1st stage base region Ambient temperature, K 209.5
3 61x51x31 | 1st stage plume region Ambient pressure, kPa 6.997
4 31x21x21 | 2nd stage base region Molecular weight 929043
5 61x51x21 | 2nd stage plume region Specific heat ratio 1.267
6 105x51%x71 | External flow region Prandtl number 0.8

Total 624,840
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Fig. 1 A three-body rocket configuration
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Surface grids of the rocket configuration
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Fig. 5 Temperature distribution in the

symmetry plane
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Fig. 6 Close-up view of temperature
distribution in the symmetry
plane (K)
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Fig. 8 Temperature distribution in the base
and nozzle

Fig. 7 Streamlines with Mach number
distribution in the symmetry
plane
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Fig. 9 Pressure distribution in the base
and nozzle



