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Toward Numerical Simulation on Axial and Tangential Oxidizer Injection

in Altering-intensity Swirling Oxidizer Flow-type Hybrid Rocket Engine

Nobuyuki TSUBOI "', Shota GOTO™, Kohei OZAWA™

ABSTRACT

The preconditioned compressible viscous numerical simulations for the frozen flow with mass flow
rate of various axis-tangential injections are performed. The results show that the effective geometric
swirl number affects the density distributions in the combustion chamber. As the mass flow injected
from the axial injectors increases, the injected flow approaches the wall. Near the injectors, the
non-dimensional rotational flow is proportional to the injected mass flow. In the rear region of the
combustion chamber, the flow injected from the tangential injectors interacts with that from the axial
injectors, and the flow changes from the circumferential direction to the axial direction.
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Figure 1 Computational grid.
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Table 1 Simulation conditions.

HESS REERE| =R | @AR | ERAR
AT—I¥ | BEEBRE | EERE
No. (9/s) (g/s) (g9/s)
#01 23.9 15.66 62.64
#02 783 11.0 35.75 42 .55
#03 23.9 12.22 48.88
#04 611 11.0 27.90 33.20
#05 23.9 8.38 33.52
#06 419 11.0 19.13 22.77
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Table 2 Injection conditions.

Pressure 1.03 MPa
Temperature 273K
Specific heat 14
Working tluid 0,
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Figure 2 Calculation area.
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Figure 3 Computational grid system on side plane.
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Figure 4 Dimensionless density contours for case #01 on side plane.
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Figure 5 Dimensionless density contours for case #02 on side plane.

Figure 6 Computational grid viewing from injector side.

This document is provided by JAXA.



p p

IR O = IR O =
4.8 5.9 4.8 5.9
Figure 7 Dimensionless density contours Figure 8 Dimensionless density contours
for case #01 viewing from injector side. for case #02 viewing from injector side.
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Figure 9 Averaged axial velocity along circumferential direction
for case #01, #03, and #05 at J=20.
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Figure 10 Averaged axial velocity along circumferential direction
for case #02, #04, and #06 at J=20.
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Figure 11 Averaged rotating velocity along circumferential direction
for case #01, #03, and #04 at J=20.
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Figure 12 Averaged rotating velocity along circumferential direction
for case #02, #04, and #06 at J=20.
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Figure 13 Comparison between experiments and numerical results”).
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