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Numerical Analysis of Liquid Atomization with a Swirl-type injector

A swirl-type injector is commonly used in the gasoline direct injection systems.
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To clarify

the very early fuel injection process with a swirl type injector, a numerical analysis of the fuel

flow inside the injector and also the break-up process outside the nozzle was carried out. The

VOF model which stands on the Eulerian coordinates for problems involving free boundaries was

employed to track the free fluid surface of the liquid fuel spray. As a result, a very fine mesh

with minimum size of 30 1 m was required to realize the break-up process with an injection

pressure of 0.5MPa, and the possibility of a quantitative prediction of the fuel spray formation

process using the VOF model was found.
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Table 1. Physical properties

Density Viscosity | Surface tension
(kg/m?) (kg/m-s) | coefficient(N/m)
Air 1.293 1.7X10°®
CeH,, 677.9 3.1X10* 0.0184




115 #&ifk Vol.8, No.23 (1999)

Table 2. Boundary conditions

Pressure(MPa) ’I\lll-::gl:;: °® | Turbulence VOF
Casel | Case2 | Case3 | scale(mm) intensity fraction
Inletl 0.5 0.5 6.0 0.8 5% XU 1
Inlet2 0.1 0.05 0.1 1.0 15% XU 0

(U: mean velocity)
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(a) Swirl injector (b) Calculation geometry and its boundaries

Fig 1. Schematic of swirl injector
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Fig 2. Effect of calculation mesh size
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Fig 3. Experimental setup for cross sectional
visualization of a fuel spray
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Fig 4. Photographs of a fuel spray (injection : 0.5MPa, environment: 0.1MPa)
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Fig 5. Spray formation process on vertical cross section
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Fig 6. Spatial profiles of velocity and liquid surface on vertical cross sections in case2
(injection pressure: 0.5MPa, environment: 0.05MPa)
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