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Analysis of Flash-boiling Spray Characteristics
in Multi-hole Nozzle for Port Fuel Injection SI Engine
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In a port fuel injection SI engine, the gasoline fuel pressure reaches saturated vapor pressure when the fuel injected into
the intake port, which is under negative pressure due to the intake throttle. This causes flash-boiling, which significantly
changes the fuel evaporation and atomization processes at the nozzle exit, also the following spray formation process.
Using the multi-hole nozzle for port fuel injection, gasoline flash-boiling spray were visualized by the shadowgraph
and schlieren photography. The effect of ambient pressure on the spray characteristics was investigated. Also, the
estimation model based on the thermal energy of the flash-boiling process is proposed to evaluate the vapor generation
by flash-boiling in the nozzle. As a result, vapor jet which injected as vapor generated by flash-boiling can be observed.
Also, spray collapse was observed at the ambient pressure 0.02 MPa which the strongest flash boiling condition.
Measurements of the penetration showed that the vapor penetration which injected as vapor at nozzle exit was shorter
than that of the liquid spray in all conditions. Except for the condition under collective spray formation, the time
exponents of the liquid penetration decreased with increasing ambient pressure, and the time exponents of the vapor
penetration were approximately 0.5, in agreement with the jet theory. The estimation of phase change by flash boiling
can revealed the vapor quantity generated by flash-boiling and discharge coefficient reduction due to vapor generation
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inside the nozzle.
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Fig. 1 Phase change process assumption of flash-boiling
in this analysis in P-T diagram and P-H diagram.
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Fig. 2 Vapor pressure curve of some components
in regular gasoline in P-T diagram.
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Fig. 3 Nozzle specifications
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Table 1 Experimental conditions.

Test Fuel n-Pentane (n-C;H,,)

Fuel Density pr [kg/m?] 688

Fuel Temperature T [K] 323

Differential Pressure 03

of Injection AP, [MPa] :

Injection Duration  t,; [ms] 24

Ambient Gas N,

Ambient Pressure P, [MPa]| 0.02, 0.04 , 0.06, 0.08 , 0.10

Differential pressure
of saturation AP, [MPa]

Ambient Density 0, [kg/m%]| 0.21 ,0.42,0.63,0.83,1.04
Ambient Temperature T, [K] 323

-0.14, -0.12, -0.10, -0.08, -0.06

Before image processing Noise cut and binarization
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Fig. 4 Images of before and after image processing. Right side is
droplet visualization by shadowgraph photography, left
side is vapor visualization by schlieren photography.
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Fig. 5 Flash-boiling spray with different ambient pressure at tasor= 2.4 ms, finj=2.4 ms, 7a=323 K, 7t=323 K,
APinj=0.30 MPa, Psat= 0.16 MPa. Flash-boiling was occurred in all experimental conditions.
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Fig. 6 Definition of spray half angle in this measurements.
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Fig. 7 Spray half angle of vapor jet and liquid spray measured at
X=0~2mmand X=2~6 mm. 7a=323 K, 7t=323 K,
APinj=0.30 MPa, Psar=0.16 MPa. Spray under the condition
at Pa =0.02 MPa was spray collapse.
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Fig. 8 Temporal change in penetration of vapor jet and liquid spray
at T7.=323 K, Tt=323 K, 4Pinj=0.30 MPa, Psui= 0.16 MPa.
Liquid shows the spray droplet penetration and vapor shows
the vapor jet injected as vapor from nozzle exit.

Table 2 Time exponent of liquid spray penetration and vapor jet
penetration at 7a= 323 K, 7r = 323 K, 4Pinj = 0.30 MPa,
Psat=0.16 MPa, tasor = 1.5 ~ 2.5 ms.

Amb|enporessure Vapor Liquid
a
0.02 MPa S oc 070 S oc 066
0.04 MPa S oc 082 S oc 051
0.06 MPa S oc 080 S oc 049
0.08 MPa S oc 076 S oc 049
0.10 MPa S oct0.75 S oc 050
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Fig. 9 Injection velocity of vapor jet and liquid spray with different
ambient pressure calculated by the model. Dotted line
indicates critical velocity, and the vapor jet reaches it at

0.056 MPa.
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Fig. 10 Vapor and liquid mass flow rate at the nozzle exit with
different ambient pressure calculated by the model.
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Fig. 11 Comparison of liquid spray droplet and vapor jet
penetration between calculated results by the estimation
model and experimental results at #= 2.4 ms. Spray under
the condition at Pa = 0.02 MPa was spray collapse.
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