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Study on Spray Vaporization and Combustion in High Pressure

Environment

Taejoong Wang, Seungwook Baek

ABSTRACT

The present study is mainly motivated to investigate the vaporization, autoignition,
and combustion of liquid fuel spray injected into high pressure environment. In order to
represent these phenomena realistically, discrete droplet model (DDM) which simulates
the spray using finite number of representative droplets was adopted for detailed
consideration of the finite rate of transport between liqguid and gas phases. The
Eulerian-Lagrangian formulation was used to analyze the two-phase interactions. The
high pressure vaporization model was applied using the thermodynamic and phase
equilibrium at droplet surface. The high pressure effect as well as high temperature
effect was considered in the calculation of liquid and gas properties. The characteristics
of spray in high pressure environment were explained by comparison with normal
pressure case.

Key Words @ vaporization, autoignition, combustion of liquid fuel spray, discrete droplet
model, high pressure vaporization model
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Table 2 Variables and source terms appearing in gas field governing equation

Equation | Iy Sse dV 4Ss
Continuity 1 0 0 Snm
Axial momentum u| p jﬁ*’ﬁ%(“%)*%%(”‘ gz) Z(n Mu*gﬂpdr;}nF‘,)
Radial momentum v 17 *_35_2;%4_&;11&%(#%)4_% 51,( g—s) Z(n fnv——g‘ﬂpdr?mfh)
Energy il r —%’,lmm WQR, S{-nmicAT,— Ta+Ll)
Mass fraction (fuel) Y, r - W/, Snm
Mass fraction (others)|| Y, | I” Fv,WR, (- for 0, + for products) 0
where, 1= 6=7{(34) +(32) +(3) ]+ (G 32) Fum
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Table 3 Calculation methods for gas and liquid properties
Phase Property Baseline method High pressure correction
Heat capacity 3rd-order polynomial of temperature
G Thermal conductivity 3rd-order polynomial of temperature Stiel and Thodos, 1964
as
Viscosity Chung et al., 1986 Reichenberg, 1975
Diffusivity Fuller et al., 1969 Takahashi, 1974
o Density Exponential function of temperature
Liquid - -
Heat capacity Rowlinson, 1969

(Baseline method means that properties are calculated at 1 atm.)
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Fuel n-heptane
Oxidizer Air
Initial gas temperature 1000 [K]
Initial droplets temperature 300 [K]
Initial droplets diameter 100 [zm]
Spray injection velocity 15 [m/s]
Fuel inflow rate 0.001 [kg/s]
Injection time duration 1 [ms]

Table 4 Operating conditions
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