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Development and Validation of a Flow Solver for Moving Multiple Particles at High Mach number
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The aim of this work is development and validation of a flow solver that the flow around the multiple particles at high
Mach number and low Reynolds number using direct numerical analysis of the three dimensions compressible
Navier-Stokes equation for the purpose of high accurate prediction of the acoustic field around a rocket. These particles
are imitation of alumina particles exhausting from the rocket nozzle or water drops surrounding the rocket. The
condition of flow field is the Mach and Reynolds number are set to be 0.3-2.0 and 50-300, respectively. The static
particle is compared the drag coefficient with result obtained from a high-order boundary-fitted-coordinate (BFC)
solver. We investigated the flow around moving particles of number of up to 16.
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Table 1 Test cases.
Re  Uniform flow Mesh size  Mesh number Case
0.3 0100D 100.100.100 100-03-10-100
0.8 0100D 100.100.100 100-08-10-100
' 0050D 100.100.100 100-08-20-100
100 12 0100D 100.100.100 100-12-10-100
' 0050D 100.100.100 100-12-20-100
20 0100D 100.100.100 100-20-10-100
' 0050D 100.100.100 100-20-20-100
0.3 0100D 100.100.100 200-03-10-100
0.8 0100D 100.100.100 200-08-10-100
' 0050D 100.100.100 200-08-20-100
200 19 0100D 100.100.100 200-12-10-100
' 0050D 100.100.100 200-12-20-100
20 0100D 100.100.100 200-20-10-100
' 0050D 100.100.100 200-20-20-100
0.3 0100D 100.100.100 300-03-10-100
0.8 0100D 100.100.100 300-08-10-100
' 0050D 100.100.100 300-08-20-100
300 19 0100D 100.100.100 300-12-10-100
' 0050D 100.100.100 300-12-20-100
20 0100D 100.100.100 300-20-10-100
' 0050D 100.100.100 300-20-20-100
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Figure 1 Computational domain.
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Figure 2 Computational grid around a particle.
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Figure 3 Aerodynamic coefficients at Mach 0.3.
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Figure 5 Aerodynamic coefficients at Mach 0.8.
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Figure 6 Pressure contours.
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Figure 7 Aerodynamic coefficients at Mach 1.2.
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Figure 9 Aerodynamic coefficients at Mach 2.0.
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Table 2 Evaluation of test cases.

Re Uniform flow Mesh size  Mesh number

Case

Evaluation

0.3 0100D 100.100.100  100-03-10-100 @]

0.8 0100D 100.100.100  100-08-10-100 (@)

0050D 100.100.100  100-08-20-100 ©

100 12 0100D 100.100.100  100-12-10-100 (@)
0050D 100.100.100  100-12-20-100 (@)

20 0100D 100.100.100  100-20-10-100 x

0050D 100.100.100  100-20-20-100 [©)

0.3 0100D 100.100.100  200-03-10-100 ©

0.8 0100D 100.100.100  200-08-10-100 ©

0050D 100.100.100  200-08-20-100 ©

200 1.2 0100D 100.100.100  200-12-10-100 (@)
0050D 100.100.100  200-12-20-100 (@)

20 0100D 100.100.100  200-20-10-100 x

0050D 100.100.100  200-20-20-100 ©

0.3 0100D 100.100.100  300-03-10-100 ©

0.8 0100D 100.100.100  300-08-10-100 (@)

0050D 100.100.100  300-08-20-100 ©

300 1.2 0100D 100.100.100  300-12-10-100 (@)
0050D 100.100.100  300-12-20-100 O

20 0100D 100.100.100  300-20-10-100 X

0050D 100.100.100  300-20-20-100 ©
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Table 3 Test Cases.

Particle number Mesh size  Mesh number Case
4 0100D 100.100.100 04-10-100
16 0050D 200.200.200 16-20-200
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Figure 11 Computational domain.
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Figure 12 Temporal variation of force coefficient.
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Figure 14 Pressure contours.
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