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Study on Compressible Swirl Flow within an Injector

Y. K. Suh, S. M. Kang and H. S. Heo

In this paper, we present the theoretical and numerical results of flow characteristics of

a

gas in a swirl injector. Proposed in this study are one-dimensional (theoretical) model and 2D/3D

CFD models for use in the design of the injector.

It was found that contrary to the classical theory

about the compressible flow, the swirl gives a significant effect on the mass flow rate and the
choking conditions. The one-dimensional model was found to provide reasonably accurate results
compared with the 2D/3D numerical results, so that it can be employed in th initial stage of the

swirl-injector design process.
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Fig. 1 Principle of cone flow
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Table. 1 Pressure ratio and mass-flow-ratio
at the choking condition calculated for
various swirl Mach numbers, A, at

k=14
M, d? .
. A\ HIRT,

0 1.89 0.579

04 2.08 0.535

1.2 402 0.304

15 5.77 0.223

20 113 0.125

(a) 3.0 46.8 0.037

inlet k 2 mmy inlet
E&iL_‘\%:S
0.22 mm 2 mm

J’ 1 mm

} outlet }

(b)
Fig. 2 Perspective view of the swirl injector
model for use in the CFD:(a)3D (b) 2D
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Fig. 4 Dependence of the swirl angle @, ON
the axial Mach number jJf at some
critical swirl Mach number M, at
k=14
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Fig. 5 Streamline distribution (CFD-3D)
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Fig. 6 Total pressure distribution (CFD-3D)
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Static Temperature
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Fig. 7 Static temperature distribution (CFD-3D)
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Fig. 8 Mach number distribution(CFD-3D)
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Fig. 9 Distribution of the velocity components
along the @direction at the circle of
1mm radius at the inlet section pressure
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Fig. 10 Mass flow rate obtained by 2D(lines)
and 3D(symbols:O)

Mass flow rate{g/s)

Fig. 11 Mass flow rate given from the 1D
theoretical model with the constant inlet
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