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Performance Development with a Single-cylinder Engine
— Combustion System Improvement for Optimizing Engine Performance
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Abstract

In recent years, many 4-stroke outboard motors have been developed in response to market
demand. Because of the complicated engine structure of a 4-stroke, however, they tend to be
larger and heavier than a 2-stroke outboard. Contrary to this tendency, an outboard motor by
nature should be lightweight and compact so that it does not detract from the inherent character
of the boat it is mounted on. In addition, due to the nature of boat use, an outboard needs to
deliver a high level of torque in the mid-speed range. In this kind of high-load use in the mid-
speed range, knocking can be a factor limiting specific torque (torque/liter). In this research we
used the latest analysis and developmental technologies to attempt to improve performance on
a single-cylinder prototype engine by improving combustion characteristics. Here we report on

the process and results of our performance development project.
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Spray targeting

Avoid flow
separatio

Improvements expected with

-Symmetric ports

-Injector near intake valves

-Intake runner for minimum flow speparation

modifications for symmetric port design
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upward flow down

470 deg CA,z=-30mm
Flow modeling in motored engine,axial flow field

b. CFD flow analysis

exhaust

intake
Valve lift : 8.12mm
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Axial flow field in stationary flow rig test

c. stationary flow test results
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Base design Final design

Flame front:
Flow field

Endgas
heterogeneity:
Lambda,EGR

B9 Combustion analysis at borderline
knock at 4,000rpm
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combustion less knocking:piston surface
chamber and modified squish area design, better outflow at
piston valve seat area increase volimetric efficiency ~ 2%

port / manifold: | less knocking:better charge distribution and

symmetrical in-cylinder flow
smoother curvatures increase volumetric effciency
~ 1.5%

injector near less knocking:better fuel distribution

intake valve less wall film

« less HC emission
- faster combustion
+ better dynamic response

Squish gap:Tmm | less knocking:flame propagation after TDC
All modifications combined | BMEP improvement up to 1 bar in wide rpm range

10 Design elements and their benefits for the target configuration
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