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A Study of Cycle-to-Cycle Variations with Dwell Angle in
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Abstract

The diagnostic used to observe the early flame development was a fiber optic spark plug, which
enabled measurement of the flame front arrival times on a cycle-to-cycle basis. The data
obtained with this fiber optic spark plug were analyzed to obtain two parameters to describe the
behavior of the flame kernel . an expansion speed and a convection velocity. In addition,
synchronized cylinder pressure data were taken to compare with the fiber optic spark plug data
on a cyclic basis. Heat release analysis was performed on the cylinder pressure data to obtain the
mass burning profile of the charge for each cycle. There was a significant correlation observed
in the initial flame duration and the kernel expansion speed with dwell angle.
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Table 1 Specification of test engine

Engine type

Bore

Stroke

Clearance volume
Displacement
Compression ratio
Valve timing

4-cylinder, 4 valves/cylin-
der

86 mm

86 mm

58.8cc

1998cc (499¢c/cylinder)
9.5

IVO 13 BTDC

IVC 55 ABDC

EVO 57 BBDC

EVC 3 ATDC
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Fig. 2 Fiber optic spark plug probe instrumented
with eight optical fibers
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Fig. 11 Typical flame contours :
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Fig. 12 Expansion velocity vs. flame center velocity:
dwell angle, 1.5ms
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