Vol. 1 No. 11996 AR

65

7H&AAR A 2] 2319 34 7}A) 5
o 5 4

2-Dimensional Visualization of the Flame Propagation
in a Four-Valve Spark-Ignition Engine

Choong-sik Bae*
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ABSTRACT

Flame propagation in a four-valve spark-ignition optical engine was visualized under lean-burn conditions
with A/F=18 at 2000rpm. The early flame development in a four-valve pentroof-chamber single-cylinder engine
was examined with imaging of the laser-induced Mie scattered light using an image-intensified CCD camera.
Flame profiles along the line-of-sight were also visualized through a quartz piston window. Two-dimensional
flame structures were visualized with a Proxitronic HF-1 fast motion camera system by Mie scattering from
titanium dioxide particles along a planar laser sheet generated by a copper vapor laser. The flame propagation
images were subsequently analysed with an image processing programme to obtain information about the flame
structure under different tumble flow conditions generated by sleeved and non-sleeved intake ports. This allowed
enhancement of the flame images and calculation of the enflamed area, and the displacement of its center, as a
function of the tumble flow induced by the pentroof-chamber in the vicinity of spark plug.

Image processing of the early flame development quantified the correlation between flame and flow
characteristics near the spark plug at the time of ignition which has been known to be one of the most important
factors in cyclic combustion variations in lean-burn engines. The results were also compared with direct flame

images obtained from the natural flame luminosity of the lean mixture.
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Figure 1. Optical single cylinder engine
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Table 1 Parameters of four-valve pentroof engine

Bore 83 mm
Stroke 92 mm
Mean Piston Speed, Vp 6.134 m/s
Compression ratio 10.5
Connecting rod 154 mm
Intake Valves: diameter 33.5 mm
seat angle 450
open at 6’ BTDC
0
close at 224° ATDC
Max. lift 9.13 mm
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Figure 2. Schematic of the experimental set-up for two-dimensional visualization with laser Mie scattering
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Figure 4. Combustion angles of a lean mixture

after
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(a) before processing (b) smallest circle around the centre of the combustion

chamber that compromises the flame

(c) after thresholding the image (d) 2-D slice of the image in y-direction through the
flame front (x = 330)
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Figure 5. Processing steps of an image array

16 °CA 21.3°CA 26.3°CA 31.5 °CA after ignition (351.2 °CA ATDC)
Figure 6. Images of the developing flame obtained with direct imaging with sleeved inlet ports under part throttle
condition (A/F=18.0, 2000rpm, 2.1bar IMEP)
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