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ANALYSIS ON COMPRESSIBLE FLOW WITHIN A SWIRL INJECTOR

YXK. Suh", SM. Kang' and H.S. Heo'

In the present, The theoretical and numerical results of gas flow characteristics inside a swirl injector are
presented. For this purpose a one-dimensional (theoretical) model and 2D/3D CFD models are proposed for use in
the design of the injector. It was found that contradictory to the classical theory about the compressible flow, the
swirl has a significant effect on the mass flow rate and the choking conditions. It was found that the
one-dimensional model provides reasonably accurate results compared with the 2D/3D numerical vesults, and thus
can be used at the initial stage of the swirl-injector design process.
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Fig. 1 Principle of cone flow
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Fig. 2 Perspective view of the swirl injector model
used for 3D CFD
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Fig. 3 Perspective view of the swirl injector used for 2D
CFD; (a) full axi-symmetric model, (b) planar
inlet model, (c) planar axi-symmetric inlet model
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Fig. 4 Dependence of the area ratio A/A, and the
swirl Mach number on the axial Mach
number ), for selected critical swirl Mach
numbers, M, at k=14
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Table. 1 Pressure ratio and mass-flow-ratio at the choking
condition calculated for various swirl Mach num-
bers, M,, at k=1 4(air)

My

MQ: pt/p* A*ﬂf'?k/RT;
0 1.89 0.579
0.2 1.94 0.567
0.4 2.08 0.535
0.6 2.32 0.486
0.8 2.70 0.427
1.0 3.25 0.364
12 4.02 0.304
1.5 5.77 0.223
2.0 113 0.125
3.0 46.8 0.037
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Fig. 5 Dependence of the swirl angle o, on the axial
Mach number j7, at selected critical swirl Mach
number M,, at £=1.4
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Fig. 8 Total pressure distribution [bar] (CFD-3D)
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Fig. 11 Distribution of the velocity components
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Table. 2 the swirl angle of outlet at s' = 1.20, 1.35, 1.50 for
same back pressure

Elk] v [ ve [owmen] -
5 1 -471.292 | -350.768 534 1.20
5 1 -483.508 | -350.371 54.1 1.35
5 1 -492.146 | -340.877 55.3 1.50

Table. 3 the swirl angle of outlet at s' = 1.35 for other back

pressures
gfti:] ﬁ% Vom V,, |Outanglef]| s
5 4 -228.757 | -88.120 68.94 1.35
5 3 -334.785 | -139.907 67.32 1.35
5 2 -422.753 | -211.727 63.40 1.35
5 1 -483.508 | -350.371 54.10 1.35

Table. 4 the swirl angle of inlet and outlet at axi-symmetric
inlet model for other back pressures

Pinfatm] | Poutfatm] | To_angle[] | Out_ang le [%]
5 3 45 36.00
5 2 45 30.00
5 1 45 25.34

Mass flow rate[g/s]

Pouthm

Fig. 12 Mass flow rate obtained by 2D(lines) and
3D(symbols® ) with the constant inlet
pressure Py, = 5 [atm]

Mass flow rate[g/s]

Pout/Pin

Fig. 13 Mass flow rate given from the ID
theoretical model with the constant inlet
pressure P = 5 [atm]
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