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Fan Spray Simulation for Gasoline Direct Injection Engines
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Yukinobu ANEZAKI

It is important for gasoline direct injection engines to optimize fuel spray characteristics, for they have a great
influence on the stratification of the combustion process. The spray simulation is expected to be an available tool
for the optimization of the nozzle design, but the conventional models that are based on experimental data and/or
empirical laws for the boundary condition of the spray at the nozzle exit can not predict the effect of the various
nozzle geometries on the spray characteristics.

Recently in Japan, a fan spray injected from a slit type nozzle is adopted for the gasoline direct injection engines.
In this paper, a computational model for the fan spray is proposed. The structure of two-phase flow inside the
nozzle is numerically analyzed with VOF method in a 3D-CFD code based on the nozzle geometry. Applying the
results of these analyses to classical linear instability theory, the mean diameter of fuel droplets at the nozzle exit
is calculated. These results lead the boundary condition at the nozzle exit for the spray simulation. Discrete
Droplet Model (DDM) and many sub-models are used for spray calculation. The verification of spray tip

penetration, Sauter mean diameter (SMD), and the distribution of mass flow in the spray is carried out for various

atmospheric pressure and nozzle geometry.

Key words : Fan spray, Slit nozzle, Direct injection, Simulation, Breakup model, VOF method, Discrete

droplet model
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Table 1 Experimental conditions

Fuel n-heptane
0.5MPa-abs

Injection pressure

Injection pulse 3.0ms

Phtographing timing | 2.0ms after injection start
101kPa-abs
Ambient temperature 293K

Ambient pressure
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Fig.3 Observation result
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Table 2 Nozzle internal flow calculation conditions

CFD code STAR-CD

Fuel n-heptane
Injection pressure 11MPa-abs
Ambient pressure 280kPa-abs

Needle lift 50um
Standard k-¢

Turbulence model
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Fig.7 Nozzle internal flow calculation result
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Table 3 Spray calculation conditions

CFD code FIRE
Fuel n-heptane
Injection pressure 11MPa-abs
Ambient pressure 280kPa-abs
Injection quantity 13.6mm?3/st
Turbulence model Standard k-¢
Ambient temperature 293K
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