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Increase of Knock Limit in Outboard Motor Through Employment of Dual Control Direct Cooling System
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ABSTRACT

Cooling performance of the outboard engines, which
pump the ambient water to cool the engine and discharge
it to the ocean or rivers, has been improved in a direct-
cooled outboard motor without a radiator in order to
increase knock limit.

The research project leading to this improvement
tested a conventional single control cooling system and
anew dual control cooling system in which the cylinder
head and cylinder blocks were made independent and
each provided with a thermostat to enable temperature
to be controlled.

Tests were conducted under full engine load.
Measurements of the temperature of cooling water inside
the water jacket were taken to evaluate cooling
performance. Knock limit was evaluated through
measurements of combustion chamber pressure taken
using a gasket type combustion pressure sensor
positioned at the spark plugs.

These measurements confirmed that the dual control
cooling system increased knock limit by 8 deg against
the conventional single control cooling system.
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Fig. 1 Cooling water route for single control cooling
system
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Fig. 2 Cooling water route for dual control cooling
system
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Table 1 Engine specifications
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Engine type 4-stroke vertical
L-4 cylinder
Displacement (cm?®) 2354
Bore (mm) x stroke (mm) 87 x 99
Combustion chamber form Half-globular
Compression ratio 96:1
Valve train DOHC VTEC 16 valve
Valve number 4/cylinder
Fuel supply system Programmed fuel
injection
Ignition system Programmed ignition
(with Plug hole coil)

Table 2 Environmental condition for tests

WOT Trolling
running running
Air temperature 20°C 10°C
Cooling water
temp at water 15°C 5°C
intake

Cylinder head

C H'J/ | No. 1 cylinder |
. / | No. 2 cylinder |

Intake side

Exhaust side

| No. 3 cylinder |

| No. 4 cylinder |

Fig. 3 Temperature measurement points

. Head exhaust Cylinder - Head intake .
No.1
No.2
No.3
No.4
100 50 0 0 50 100

Temperature of cooling water in water jacket (°C)

Fig. 4 Single control cooling system

Cylinder . Head intake
No.1
No.2
No.3
No.4
100 50 0 0 50 100

Temperature of cooling water in water jacket (°C)

Fig. 5 Dual control cooling system
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Table 3 Comparison of temperature in head

Single Dual Mean

control control effect

Intake side 63°C 37°C -26°C
(4 points avg)

Exhaustside | 7, o 54 °C 20°C
(4 points avg)

All 8 points 68 °C 45°C -23°C

avg
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Fig. 7 Comparison of ignition timing when knock
occurs single and dual control cooling
systems
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