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Abstract : The engine performance and exhaust gas emissions of a ship equipped with a controllable pitch
propeller and a medium-sized medium-speed diesel engine were compared according to the engine load in
constant and combined mode. The cylinder pressure diagram, indicated mean effective pressure, specific
fuel consumption, navigation distance to unit fuel consumption and air ratio were used to evaluate the
engine performance and the emission rates of carbon dioxide, carbon monoxide, nitrogen oxides and
smoke concentration were used to evaluate the exhaust gas emissions. According to the results, the engine
performance and exhaust emission characteristics under a high load were similar in constant mode and
combined mode. In the case of operating an engine under medium load, it was possible to reduce the fuel
consumption and carbon dioxide emission rate by setting the operation mode of a controllable pitch
propeller to the combined mode, but the emission rate of nitrogen oxides was slightly increased. It is
thought that results of this study can provide the reference data that can reduce the carbon dioxide
emission to prevent global warming and that can also improve the engine performance when selecting the

operating mode of a controllable pitch propeller on the ship with a controllable pitch propeller equipment.

Key Words : Engine Performance, Exhaust Gas Emissions, Controllable Pitch Propeller, Indicated Mean

Effective Pressure, Specific Fuel Consumption
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Table 1 Specification of test engine

Turbo-charged,

Type 4 stroke DI diesel engine
water cooling type
Number of cylinder 7
Bore x Stroke 320 x 400 mm
Compression ratio 15
Injection pressure 37.5 MPa

Multi-hole nozzle

Injection nozzle (12 holes, ¢ 0.3 mm)

Output x Speed

3,500 kW x 750 rpm
[MCR]

F 1
Gas analyzer L

Opacimeter

Fuel flow meter [ Electronic indicator ]
1

Viscosity meter

RPM
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Fig. 1 Schematic diagram of experimental apparatus
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Table 2 Power & operating condition” with CPP
mode
power rpm torque | pitch
CPP mode
kW | eng. | shaft | kN-m | deg.
3045 | 747 |217.15| 134.0 | 20.38
2719 | 751 |218.31| 119.0 | 19.38
Constant | 2308 | 751 |218.31| 101.0 | 17.83
1785 | 751 |21831| 78.0 | 15.45
1260 | 753 |218.89| 55.0 | 12.0
3055 | 755 |219.47| 133.0 | 20.8
2769 | 728 |211.62| 125.0 | 20.8
Combined | 2328 | 674 | 19593 | 113.5 | 20.8
1703 | 604 |175.58| 92.6 20.8
1252 | 542 | 15843 | 76.0 20.8
Table 3 Properties of test fuel
Fuel M.G.O
Density (kg/m* at 15C) 850
Kinematic viscosity (¢St at 40°C) 3.0
Flash point (C) 65
Sulfur wt (%) 0.04
Water & sediment wt (%) 0.01
Energy density (MJ/kg) 42.8
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at high and low load
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Fig. 3 Indicated mean effective pressure and COV

of IMEP according to shaft horse power
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Fig. 4 Specific fuel consumption according to shaft

horse power
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