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Numerical Investigation on Combustion Characteristics of
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Abstract: To study the combustion process of kerosene droplet which was injected into the combustion
chamber of LOX/kerosene rocket engine, based on the equation of state for actual gases, the correction of thermal
physical properties under high pressure, vapor-liquid equilibrium under high pressure and detailed chemical-ki-
netic mechanisms, a one—dimensional transient droplet combustion model was established. The model was used
to simulate the combustion characteristics and the influence of the initial droplet diameter of the bicomponent ker-
osene surrogate droplet in supercritical environment. The results show that, in supercritical environment, the mi-
gration time of combustion for kerosene droplet is much earlier than that of pure evaporation. The kerosene droplet
enters the supercritical combustion stage soon after ignition and the droplet combustion process can be regarded
as the diffusion combustion process between the high concentration of fuel near the center and the high concentra-
tion of oxygen outside. The flame radius of kerosene droplet first increases, and then decreases to zero after reach-

ing the maximum. The flame temperature rises rapidly to the maximum after ignition, then almost keeps steady,
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and finally reduced after the flame radius decreases to zero. With the increase of initial droplet diameter, the vari-

ation tendency of flame characteristic and droplet center parameter is almost unchanged, only overall delay. The

ignition time, migration time and droplet life increase as the initial diameter of the droplet increases.

Key words: Kerosene surrogate; Droplet; Supercritical environment; Combustion characteristic; Nu-

merical simulation
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Fig.1 Schematic diagram of the grid nodes and the control

volume
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Table1 Component of RP-3 kerosene

Component Content/%
Alkane 42.33
Cycloparaffin 21.35
Benzene series 24.05
Naphthaline 8.18
Other 4.09

Table 2 Component and properties of bicomponent

surrogate fuel for RP-3 kerosene

Component n-C,,H,, TMB
Mass fraction/% 80.0 20.0
Critical pressure/MPa 2.1 3.2
Critical temperature/K 617.7 649.1
Boiling point/K 4473 4425
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Table 3 Calculation model of fluid properties at high pressure
Properties Liquid

PVT relation of real gas and liquid
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Fig. 4 Comparison of droplet evaporation and combustion
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