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Abstract : The purpose of this study is to investigate the effect of the in-cylinder flows and different injection timings
on fuel behavior in the cylinder of a GDI engine. Three different flows types induced by using masked port, unmasked
port, and port deactivation were tumble, swirl&tumble, and high swirl respectively. LIEF technique was applied to
investigate the mixture formation and fuel distribution at ignition time in the transparent engine with optical access
through the piston top and upper part of cylinder liner. Injection timings of 180, 90, and 60 degrees before TDC were
examined.

It was found that tumble flow was more effective on the homogeneous mixture formation than other flow and swirl
flow transported more fuel vapor to the exhaust side at early injection mode, and swirl and swirl & tumble flow made
fuel vapor concentrate around the cylinder center at late injection mode.
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Fig. 1 Schematic diagram of experimental setup
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Fig. 2 Visualization area

Table 1 Engine specification

Specification Resource

Engine type 4-stroke,4-valves/cylinder
S.I. Engine
BorexStroke 86x86 (mm)
Displacement 500 (cc)
Combustion chamber Pentroof
Compression ratio 10

1LV.O BTDC 0°
v L Iv.C ABDC 60°
alve timing EVO BTDC 45°
EV.C ATDC 0°
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Table 2 Swirl and tumble ratio

Flow type . Swirl/
Ratio Swirl | g bl | Tumble
Swirl 3.6 14 0
Tumble 2.1 1.6 1.2
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Fig. 3 Schematic of intake port shapes
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Table 3 Experimental conditions

Injection time Early 180°
(BTDC) Late 90°, 60°
Injection pressure (MPa) 5.1

Injection duration (ms) 2
Engine speed (rpm) 450
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Fig. 4 Fuel delivery characteristic of injector with injection
signal duration
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Fig. 5 Spray fluorescence image according to crank angle
(SOL: BTDC 180°, Side view)
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Fig. 6 Fluorescence intensity ratio profiles according to
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Fig. 7 Fluorescence intensity fluctuation at BTDC 40°CA
(SOL:BTDC 180°, z=5, 10, 15mm)
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Fig. 8 Vapor-phase distributions for different flows
(SOI: BTDC 180°, Bottom view, z=15mm)
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Fig. 9 Spray fluorescence image according to crank angle
(SOIL: BTDC 90°, Side view)
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Fig. 10 Vapor-phase distributions for different flows
(SOIL: BTDC 90°, Bottom view, z=15mm)
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Fig. 11 Change of intensity of vapor at spark region for
different flows (SOI: BTDC 90°, z=15mm)
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Fig. 13 Vapor-phase distributions for different flows
(SOL: BTDC 60°, Bottom view, z=15mm)
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