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The Gasoline Spray Characteristics of Tapered Nozzle for a Swirl Injector
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Abstract

The swirl spray for direct-injection spark-ignition (DISI) engines was investigated using a nozzle whose exit surface shape
was cut with a certain tapered angle. The reason for the change in spray’s characteristics at various tapered angles was
explained by the data correlating the taper and flow angles. The spray tended to shift its characteristics from the symmetric
to asymmetric when the tapered angle was increased; furthermore, the spray penetration and spray cone angle were also
increased. When the tapered angle was greater than the 90° minus flow angle, an opened hollow cone spray was formed
because of the fuel impingement against the tapered surface area of the nozzle exit. This behavior indicates that the reduction
in the air pressure difference between the inner and outer spray of the spray can be achieved. This behavior also promises

the potential use of the tapered nozzle for the case where the independence of the spray performance from atmospheric pres-
sure and fuel temperature is desired.
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Fig. 1 Experimental setup for spray imaging
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Table 1 Experimental conditions

0°, 50°, 70°, 90°
OMPa, 0.5MPa, 1MPa
298K, 358K, 393K

Taper angle

Back pressure

Fuel temperature

Injection pressure 5MPa, TMPa
Injection duration 1.5ms
Fuel Commercial gasoline
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Fig. 2 Definition of taper angle and flow angle
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Fig. 3 Macroscopic spray images at different taper angles

Fig. 4 Geometric parameters for spray analysis
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Fig. 5 Main-spray penetration at different taper angles
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Fig. 8 Macroscopic spray images of tapered nozzle at dif-
ferent fuel temperatures
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Fig. 9 Spray angles of tapered nozzle at different fuel tem-
peratures
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Fig. 11 Bottom view spray images of tapered nozzle at
different fuel temperatures
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Fig. 12 Cross diameter of tapered nozzle at different fuel
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Fig. 13 Spray development of 70° tapered nozzle at differ-
ent back pressure conditions
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