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Abstract

The supersonic flow around multi-stage rocket system 1is analyzed using 3-D
compressible unsteady flow solver. A Chimera overset grid technique is used for the
calculation of present configuration and grid around the core rocket is composed of 3
zones to represent fins in the core rocket. Flow solver is parallelized to reduce the
computation time, and an efficient parallelization algorithm for Chimera grid technique is
proposed. AUSMPW+ scheme is used for the spatial discretization and LU-SGS for the
time integration. The flow field around multi-stage rocket was analyzed using this
developed solver, and the results were compared with that of a sequential solver. The
speed-up ratio and the efficiency were measured in several processors. As a result, the
computing speed with 12 processors was about 10 times faster than that of a seguential
solver. Developed flow solver is used to predict the trajectory of booster in separation
stage. From the analyses, booster collides against core rocket in free separation case. So,
additional jettisoning forces and momenis needed for a safe separation are examined.

Key words : Chimera Overset Grid, Parallel Computation, Multi-stage Rocket System,
Separation Dynarmics
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Fig. 1 Core rocket grid & booster grid
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Fig. 2 Pressure contour along the XZ-plane
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Fig. 3 Cp Distribution of core rocket &
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Fig. 4 Comparison of Cp distribution between
serial solution and parallel one
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Fig. 5 Comparison of Euler and Navier-Stokes
solution in the surface of booster

a) Time = 0.00 sec b) Time = 0.06 sec

0.18 sec

e) Time = 0.24 sec

f) Time = 0.30 sec

Fig. 6 Pressure Contours in Separation Stage

1CPU 6 CPUs 12 CPUs
Precalculation 16.441 3.834 1,508

() 4.288) 10.903)

Chimera 3181.651 1154.977 643.278
Calculation [¢3] 2.755) (4.946)

Metric 1.886 0.305 0.157
Calculation ) (6.184) {12.013)
Flow 36724.768 6526.105 3384.893
Calculation 1) (5.627) (10.850)
39924.746 7685.221 4029.836

Total
(¢3] (5.195) (9.907)

Table 1. Calculation Time of Parallel Code
and Serial One



