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Development of a Four-stroke Engine with Turbocharger for Personal Watercraft
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ABSTRACT

Recently, there is a movement to apply emission
control in marine engines in the United States.
Environmental measures for marine engines have become
severe. Honda has developed a personal watercraft of
three-seater that installed 4-stroke engine considering the
environmental suitability and the future. Using the
motorcycle CBR1100XX engine of 4-stroke, in-line 4-
cylinder, and displacement of 1100cc as the base engine,
the specifications were modified for marine engine to
satisfy such as engine performance, function, and
corrosion resistance, as PWC engine. Moreover, the
turbocharger was employed to obtain the power/weight
ratio more than that of PWCs installed 2-stroke engine.
The driveability and the durability exceeding
conventional PWCs installing 2-stroke engine were
achieved. Emission performance of the engine satisfied
EPA2006 and CARB2004 regulations, fuel economy also
improved by 16 % compared to conventional 2-stroke
engine model.
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Fig. 1 EPA exhaust emission standards
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Table 1 Test procedure specified in ICOMIA

. Engine torque
Mode Engine speed as a percentage of que .
as a percentage of ; weighting
number ) maximum torque
engine rated speed factor
at rated speed
1 100 100 0.06
2 80 71.6 0.14
3 60 46.5 0.15
4 40 25.3 0.25
5 IDLE 0 0.40
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Fig. 2 CARB exhaust emission standards
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Fig. 3 Based motorcycle model

Fig. 4 Developed turbochaged model

Table 2 Specification of based motorcycle model and developed turbocharged model

ltems Based motorcycle model Developed turbocharged model
Engine type 4 stroke inline 4 cylinder 4 stroke inline 4 cylinder
Valve train DOHC 16 valve DOHC 16 valve
Displacement (cmd) 1137 1235
Bore x stroke (mm) 79 x 58 79 x 63
Compression ratio 11.0 8.5

Cooling system Liquid cooled, closed loop Water cooled, open loop

Lubricating system Wet sump Dry sump

Fuel supply system Programmed fuel injection Programmed fuel injection

Intake system -

Turbocharger and intercooler

Balancer shaft Applied Applied
Max. power / ne (kW/rpm) 105.6 / 9500 121.4/6100
Max. torque / ne (N-m/rpm) 111.9/7250 191.8 /5500
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Fig. 5 Engine breather system
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Table 3 Specific fuel consumption of emission test mode

(9/kW h)
ICOMIA Conventional 2-stroke model
Mode . . . ; Developed turbocharged model Developed normal aspiration model
with activated radical combustion
Number
1 389 310 286
2 343 307 305
3 330 329 341
4 350 418 421
5 (No load) (No load) (No load)
50 0omooooooooobbobobbbbbobbbobooboo
sl gooooooooooooooobooboooooo
g gooooooooooobbobobbobbbobbo
.§30* goooooooooooooooboobooobooo
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Fig. 16  Fuel consumption of actual riding
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