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Measurement and Analysis of Liquid Film Thickness of Pressure-Swirl
Spray for Direct-Injection Gasoline-Engines
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Abstract

The liquid film thickness inside a pressure-swirl nozzle was measured, and then the measured liquid film thickness was
compared with the results from previous empirical equations. The liquid film inside the nozzle was visualized using extended
transparent nozzles and a microscopic imaging system, and then the measurement error was evaluated using optical geometry
analysis. The high injection pressures up to 7MPa were adopted to simulate the injection conditions of the direct-injection
spark-ignition engines. The totally different two injectors with different fuels, nozzle lengths, nozzle diameters and swirlers
were utilized to obtain the comprehensive equations. The results showed that the liquid film thickness very slightly decreased
at high injection pressures and the empirical equations overestimated the effect of injection pressure. Most of empirical equa-
tions did not include the effect of nozzle length and swirler angle, although it caused significant change in liquid film thick-
ness. A new empirical equation was suggested based on the experimental results with the effects of fuel properties, injection
pressure, nozzle diameter, nozzle length and swirler angle.
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Table 1 Injector specifications and experimental conditions

Injector 1 Injector 2

Nozzle diameter [mm] 0.9 1
Nozzle length [mm] 1.7 4.5
Transparent nozzle

. 0.9 1

diameter [mm]
Transparent nozzle 13 3
length [mm] ’
Trarglzfea;:n nozzle Perspex Quartz
L/D ratio 1.89 4.5
Swirler angle [deg] 30 30
Fuel White spirit | Gasoline
Fuel density [kg/m’] 785 730
Fuel viscosity [kg/m-s] 0.00094 0.000438
Injection pressure [MPa] 3,57 3,57
Mass flow rate at SMPa | ) 5 0.0135
injection pressure [kg/s]

Fuel Temperature [K] 298 298
Ambient Pressure [MPa] | Atmospheric | Atmospheric
Ambient Temperature Atmospheric | Atmospheric
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Fig. 3 Liquid film images of each injector at different
injection pressures [Time after injection: 1 ms]
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Fig. 4 Quantified liquid film thickness of each injector
at different injection pressures [Time after injec-
tion: 1 ms]
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Fig. 5 Schematic of the optical geometry analysis for the
determination of measurement error
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Table 2 Empirical equations
Input parameters
Fuel Injection | Nozzle | Nozzle | Swirler
properties | pressure | diameter| length angle
_ [1560u,m, 1+X }“5
Ritz & Lefebvre doAP  (1-x)*
(1985) 2h\? 0 0 o X X
where, X=(1———)
do
25
Suyari & Lefebvre h=3. 66(‘10’“1/11)
(1986) PAP © ° © X X
. Myl I\%6
Kim et al. (2006) =144dy ——) |~ o] 0] 0] 0 X
PAPdy (
(ﬁLf:éQzﬁ
2Rd,; 32 ¥
Lefebvre (1989) X X (0] X X
where, X—(l—%g)
= mpuh(dy—h)
where,
Schmidt et al. (1999) 4 AP 0] X 6] X X
u = max 0.7,2—' ,ﬂ 122 cos B
7decosON2AP W p,
dy 2
Badami ez al. (2004) | k= E(]—k) where, 0 = 2arctan y X X o X e}
h = liquid film thickness, M = liquid viscosity,
m; = mass flow rate, dy = nozzle diameter,
AP = injection pressure, p = liquid density,
lo = nozzle length, u = injection velocity,
0 = spray angle, R = nozzle radius,

A, = swirler exit area
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Fig. 7 Comparison between results from experiment and
empirical equations with the effect of injection pres-
sure
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