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Abstract

The Gasoline Direct Injection(GDI) system has been highlighted due to the improvement of fuel
consumption and the control of exhaust emission from gasoline engines. The GDI system includes a high
injection pressure, smaller mean diameter, good spray characteristics and stability. We were interested in
the development for gasoline direct swirl injector(GDSI) in which the swirler is specially designed with
an incident angle. Numerical analysis was utilized to investigate the internal flow of GDSI with a goal
to determine the swirl incident angle and needle lift. Accordingly, it describes characteristics of a GDSI
in which the flowrate and spray characteristics are satisfied. especially the spray tip penetration decreases,
compared with other type GDI, mean diameter of droplets is from 20um to 25um and spray angle ranges
from 64 ° to 66 °.
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2.1 Numerical Analysis
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Fig. 1 Conception of new
gasoline direct injector

Fig. 2 2-D Grid Setup

Table 1 Numerical analysis condition and variables

Items Specifications

SIMPLEC

Incompressible,
Unsteady, Non-swirl
p 751kg/m

: 7.04% 10 ni'/s
Inlet Pr 3.0MPa
Outlet : P+ 0.1MPa

Algorithm
Flow condition
Liquid properties

Boundary condition

Grid Axisymmetric condition
Swirler incident angle 90, 110, 120, 130°
Needle tip angle 140°

Needle lift 50, 70, 100, 120um
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(a) Pressure contours with variable swirl incident angle(needle lift 70.m)
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(b) Pressure contours with variable needle lift(swirl incident angle 120° )
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Fig. 3 Characteristics of internal flow of the GDSI in a non-swirl condition
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Fig. 4 Mass flowrate

Fig. § Gasoline Direct Swirl Injector (GDSI)
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2.2 Gasoline Direct Swirl Injector (GDSI)
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Table 2 Specifications of the GDSI

Items Specifications

d, 0.9

1./do 1.0

D/d, 337

L/D 034

Swirl incident angle 120°
Needle cone angle 140°
Needle lift 100¢m

Coil resistance 1.67Q,20C°
Number of turns 252
Ampere-turn 2,250

Swirler Insert

Seat Case

(a) Axial view (b) Horizontal view

Fig. 6 Swirl generator inside GDSI
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Fig. 9 Time history of GDSI spray

(a) 4.0MPa

(b) 5.0MPa

I.1ms 1.3ms

1.9ms 2.lms

2.7Tms 2.9ms
phenomena ( P,; =4.5MPa ,T,; = 2.5ms)

Fig. 10 Visualization of counter-rotating recirculation zone
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