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Liquid Film Behavior of PFI Spray Impinging on a Flat Wall
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In port fuel injection (PFI) and direct injection gasoline engines, fuel spray impinges, adheres and forms a fuel
film on the wall of intake ports, valves and pistons. These films affect exhaust emissions and transient performance.
Therefore it is important to understand the fundamental behavior of these films. It is also an effective way to
improve the accuracy of CFD (Computational Fluid Dynamics) that is widely adopted to calculate the spray, film
and mixture in engines.

In this paper, the behavior of the film on the wall was investigated by impinging PFI spray against a flat wall.
Using a high-speed camera, the effects of the impinging angle, distance from the wall, and wall temperature
were qualitatively clarified. Where the spray characteristics are the same, the spreading velocity of the film is
proportional to the parallel component to the wall of the spray velocity. The surface undulation of the film grows as
the wall temperature rises in the case of n-heptane. In the case of gasoline, the surface of the film is smoother than
n-heptane. The behavior of the gasoline film can be accurately replicated using a three-component surrogate fuel
which possesses a distillation rate similar to gasoline. This implies there is a potential to improve the accuracy of

CFD without an extreme increase in the calculation load.
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Fig. 4 Distillation rates of test fuel

Table 2 Experimental conditions

Distance against wall L (mm) | 70, 80, 90

Angle against wall 9 (°) 30, 60, 90

Wall temperature Tw (°C) 30, 60, 80, 100, 120, 150

Ambient temperature (°C) 25
Component Weight (%) Test fuel n-heptane, gasoline, 3-component
Toluene 45 surrogate fuel
N-pentane 35 Fuel pressure (kPa.gauge) 300
1, 3, 5-Trimethylbenzene 20 Injection period (ms) 10
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