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Wall Impingement Behavior and Liquid Film Formation of Gasoline Spray Impinging under
High-Temperature and High-Pressure Ambient Conditions
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The recent strict regulation of emission for internal combustion engines requires the reduction of pollutant emissions
such as soot. The direct-injection spark-ignition (DISI) engine, which has been widely used for passenger cars, can
improve thermal efficiency and reduce the emission of carbon dioxide. However, as fuel is injected directly into the
cylinder, it is difficult to avoid the wall impingement of spray on the combustion chamber. And liquid films inevitably
form on the piston and cylinder surfaces. These films are possible sources of unburnt hydrocarbons and soot
emissions. In addition, liquid films have a significant influence on combustion efficiency. To improve the combustion
performance of DISI engines, better understandings of the spray-wall interaction and liquid film formation processes
are needed. This work investigated the wall impingement and liquid film formation by sprays injected from a
mini-sac injector with a single-hole. The experiments were conducted in a constant-volume vessel under various
ambient pressure and temperature. A quartz glass with rough surface was used as the flat wall. The refractive index
matching (RIM) technique was applied to investigate the spatial distribution and formation process of liquid films.
The results showed that the adhered liquid mass and spatial distribution of liquid films, liquid film formation process
are affected by the ambient pressure and temperature. In particular, the effect of ambient temperature on liquid film
formation is significant. The results of RIM method provided insights into the effects of ambient conditions on the
wall impingement behavior and liquid film formation processes.
Keywords: Gasoline Engine, Direct Injection Fuel Spray, Wall Impingement, Fuel Film Thickness, Refractive
Index Matching
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Fig.3 Schematic of RIM experiment setup

Table 1 Characteristics of fuel and quartz

Refractive | Density Boiling Kinematic Viscosity Surface Tension

Tndex | (kg/m®) | Point (C) 10°m’ss™) (N/m)

Toluene 1.49 866 110.6 0.68 0.0285

Tridecane 1.43 756 235.4 2.35 0.0303
Quartz 1.46
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Fig.4 Temporal evolution averaged A/ (Dripped volume: 0.4 pl)
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Fig.5 Calibration curve for RIM experiment

Table 2 Experimental conditions

Injection Conditions

Single-hole
0.155 mm

Fuel Toluene

Injector type

Nozzle hole diameter

4 mg
10, 20, 30 MPa
2.9,2.1, 1.7 msec

Ambient Conditions

Injection mass

Injection pressure: P;

Injection duration

Ambient gas Nitrogen
Ambient temperature: T, 298,433 K
Ambient density: p, 1.1, 5.7 kg/m’®
Impingement Condition
Distance: D 22 mm
Angle: 0 45 deg
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Fig.6 Temporal evolution of impinging spray (P; = 10 MPa)
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Fig.7 Temporal evolution of impinging spray (P; =30 MPa)
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Fig.8 Liquid length of impinging spray
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Fig.9 Spray height of impinging spray
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Fig.12 Temporal evolution of adhered liquid film thickness
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