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Numerical Study for Kerosene/LOx Supercritical Mixing
Characteristics of Swirl Injector

Jun-Young Heo* - Kuk-Jin Kim* - Hong-Gye Sung** - Hwan-Seok Choi***

ABSTRACT

The turbulent mixing of a kerosene/liquid oxygen coaxial swirl injector under supercritical pressures
have been numerically investigated. Kerosene surrogate models are proposed for the kerosene
thermodynamic properties. Turbulent numerical model is based on LES(Large Eddy Simulation) with
real-fluid transport and thermodynamics over the entire pressure range; Soave modification of
Redlich-Kwong equation of state, Chung’s model for viscosity/conductivity, and Fuller’s theorem for
diffusivity to take account Takahashi’s compressible effect. The effect of operating pressure on
thermodynamic properties and mixing dynamics inside an injector and a combustion chamber are
investigated. Power spectral densities of pressure fluctuations in the injector under various

chamber pressure are analyzed.
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Fig. 1 Schematics of a Swirl Injector
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Table 1 Geometric Parameters of Injectors

dii/dno | dio/dno | dsi/dnoe | dso/dno

2.6x10" | 4.3x10" | 2.0x10° | 1.8x10°
doo/dno | dnt/dno ng No

1.3x10° | 2.0x10° 4 8

— 104 -



Table 2 Operation Condition

Injector Coaxial Swirl
Chamber Pressure 5.25, 8.0, 10.0 MPa
Oxidizer Liquid Oxygen; 103 K
Fuel Kerosene; 350 K
Mass Flow Fuel 0.232 kg/s
Rate Oxidizer 0.084 kg/s

Table 3 Components of Surrogate Models for the
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Species(mole ) T\ G0 1 | Model-2
n-dodecene 100 .
n-decane . 32.6
n-dodecane . 34.7
Methylcyclohexane : 16.7
Butylbenzene : 16
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Fig. 3 Flow Structure of Coaxial Swirl Injector
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Fig. 4 Density Contour under Various Chamber
Pressure
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Fig. 5 Z-Vorticity Contour under Various Chamber
Pressure
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Fig. 7 Power Spectral Densities of Pressure
Fluctuations; 5.25 MPa
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Fig. 8 Power Spectral
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Table 4 Thermodynamic Properties for Models

Properties Model-1 \ Model-2
Density | Oxidizer 1086.6
(kg/m’) | Fuel 6052 | 6039
Viscosity | Oxidizer 1.41x10™
(N's/m%) | Fuel 2.29x10* | 2.18x10*

I N

Density, kg/m3: 50 200 350 500 650 800 950 1100

(a) Model-1 (b) Model-2

Fig. 10 Density Contour for Kerosene Models
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