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Optimization of Combustion Chamber Shape in High-efficiency Stoichiometric Combustion
Gasoline Engine
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The combustion chamber shape of an engine with
high compression ratio, long stroke, high-quantity
cooled EGR, and retarded intake-valve-closing
specifications was optimized to increase the EGR
limit and minimize unburned loss and time loss with
the aim of enhancing the brake thermal efficiency of
a stoichiometric gasoline engine. A piston shallow-
dish shape was adopted to optimize the tumble
center and the piston top surface distance from the
spark plug, and the combustion chamber peripheral
shape was optimized to minimize unburned loss. The
resulting enhancement of the external EGR rate limit
and increase in combustion speed reduced both time
loss and unburned loss, and achieved a brake thermal
efficiency of 45.2%.
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Table 1  Specifications of test engine
Bore (mm) x Stroke (mm) $81x121.6 S/B1.5
Compression ratio (=) 12.5
Expansion ratio (-) 17.0
Engine type DOHC 4-valve single cylinder
Number of cylinders 1
Displacement (cm?) 627
Intake port Tumble port
Air supply Supercharged
Fuel supply PI/DI
Piston shape Shallow dish
Ignition energy (mJ) 450
Gasoline RON91

Table 2  Specifications of visualization engine

Bore (mm) x Stroke (mm) $81x121.6 S/B1.5
Compression ratio (-) 11.0
Expansion ratio (-) 15
Engine type DOHC 4-valve single cylinder
Number of cylinders 1
Displacement (cm?) 627
Intake port Tumble port
Air supply Supercharged
Fuel supply PI
Ignition energy (mJ) 450
Gasoline RON91
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Fig. 1 Method of visualizing combustion
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Fig. 13 Combustion period by initial flame position

Table 3 Final piston shape

Piston shape Swallow dish (wide)
Piston top surface distance 6

from plug (mm)

Top land height (mm) 3.5

Squish height (mm) 0.8

Squish No squish
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Fig. 19 Unburned loss reduction by piston shape
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