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The Spray Characteristics of Swirl and Slit Injector to DISI Engine Using LIEF
and Mie-scattering Method
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Abstract

The spray characteristics of DISI injector have a great role in gasoline engine efficiency and emission. Thus,
many researchers have studied to investigate the spray characteristics of swirl and slit injectors that are used in a
DISI engine. In this study, we tried to provide spray parameters, which affect on the spray characteristics such as
injection pressure, ambient pressure and ambient temperature. In addition, we calculated t, and t. to investigate
the break up mechanism of test injectors and obtained C, to evaluate the spray characteristics. As the ambient
pressure increases in case of slit injector, C, decreases. The laser-induced exciplex fluorescence (LIEF)
technique, which is based on spectrally resolved two-color fluorescent emissions, has applied to measure the
liquid and vapor phases for on evaporating spray simultaneously. The TMPD/naphthalene proposed by Melton is
used as a dophant to detect exciplex signal. The temporal and spatial distribution of liquid and vapor phases
during the mixture formation process was measured by this technique. In the LIEF technique, the vapor phase is
detected by the monomer fluorescence while the liquid phase is tracked by the exciplex fluorescence. From this
experiment, we found that the spray area of the vapor phase is increased with elapsed time after injection and the
area of liquid is decreased when the ambient pressure is 0.IMPa. However, the area tends to increase until the
end of injection when the ambient pressure is 1.0MPa.
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Table 1 Experimental conditions
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Ambient pressure 0.1,0.5and 1.0
[MPa]
Spray | Injector Swirl, Slit s
Fuel Gasoline, n-Octane, n- (@) Swirl injector
Heptane . Side vi
Inj. Press.[MPa] | 5, 8, 10, 12 Frontl view ! eIV'eW
Injection period | 3 msec i i
Table 2 Specification of test injectors I '
Injector hole | Injection Rate
Type & % [mm] [mm?/sec] ,',l
Swirl (a) | %= 0.5 10 % &
. =60 =11 .
Slit (b) % =6 2 —0.15 11.3 (b) Slit injector
i Fig. 4 Schematic diagram of swirl and slit injector
Table 3 The properties of test fuels
Boiling Vapor Latent heat Surface Density Critical Critical
point press. of vapor at tension temp. press.
0.1MPa
[K] [MPa] L[kj/kg] [mN/m] [kg/m®] [K] [MPa]
n-Octane 399 0.0109 301.26 213 703 568.8 2.49
n-Heptane 372 0.0067 320 20.1 678 540 2.74
Gasoline 320~470 320 25.1 746
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Fig. 18 Spray penetration of the liquid and vapor phase
at 0.1MPa and 1.0MPa of ambient pressure
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Table 4 The determination of ¢}, values

Cy

Conditions
Range Ave.

Pinj =5 MPa
P.=0.1,0.5,
1.0MPa

Ta =283, 373,
432K

Three fuels

Swirl
injector
(60°)

0.33~0.41 | 0.37

Py = 10 MPa
Pa=0.IMPa
Ta=1283,373,
432K

Slit injector Three fuels

0.36~0.41 | 0.385

(60°) Pinj = 10 MPa
Pa=0.5 MPa
Ta =283, 373,
432K

Three fuels

0.28~0.33 { 0.31
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