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Temporal Change in Ship Diesel Engine Performance with Different Starting Conditions
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ABSTRACT
Due to requirement for keeping clean environments, strict legislations concerning emission reduction from ships
are coming into force both internationally and domestically. Thus, demanding to understand combustion and
emission characteristics of ship engines are still in high interests from maritime industries and institutions. This
study aims to clarify a transient performance characteristic of diesel engine, especially in an engine stating period.
In this article, experiments were conducted with two different types of engine, namely four stroke and two stroke
diesel engines. Engine starting condition was changed with two different cases, with/without warming up. Exhaust
emissions and fuel consumption were measured in variation of engine load, 50% and 75% of rated power of each
engine, respectively. The findings from experiments are: 1) specific fuel consumption and CO, emission gradually
decrease, while NOx emission tends to increase and residual O, slightly increases with time elapsing after engine
start for every test case; 2) CO emission tends to decrease with elapsing time except some test cases. Those increases
are supposed to be caused by CO; thermal dissociation at activated and higher temperature condition; 3) Therefore,
brake thermal efficiency is slightly increasing with elapsed time that leads to diminish portion of incomplete fuel
combustion.
(Received June 15, 2016)
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Table 1 Specification of test engines

(a) 4 stroke diesel engine (b) 2 stroke diesel engine
Item Description Item Description
Product Hansin S1F Product Hansin RLICA
Type 4 Stoke diesel engine Type 2 Stoke diesel engine
Cylinder number Single cylinder Cylinder number Single cylinder
Bore x Stroke 220mm x 350mm Bore x Stroke 210mm x 330mm
Displacement volume |0.0133m*(=13.3Liter) Displacement volume [0.0114m*(=11.4Liter)
Compression ratio 12.78 Compression ratio 13.5
Rated power 18.4kW(=25PS)@380min! Maximum power 40.5kW (=55PS)@465min’!
Combustion type Direct injection type Rated power 36.8kW (=50PS)@450min’!
Nozzle Hole type (¢0.35mm x 4) Fuel injection type Solid injection type
Injection pump Spill valve type Scavenging type Loop scavenging type
Injection pressure 29.4MPa (=300kgf/cm?) Scavenging air supply [Roots blower
Orifice
—-TA—\ FO P 4= FO strainer | 4== FO service tank
__w___j | (spill valve type |

( — —
Intake air [ | | Exhaust gas

Air surge tank Cylinder head Compressed
air cylinder

N

Water brake
dynamometer

Main engine CFW pump CFW tank

LO pump LO cooler

/ LO pan & tank
Rotary encoder Fly wheel

Fig.1 Schematic diagram of test engine and other apparatus (Case of 4 stroke diesel engine)



Table 2 Property of used fuel oil

Item Unit Description
Product Tonen General FOAO1
Type Low sulfur A fuel oil
Density @15°C [kg/m’] 845.2
Viscosity @50°C [mm?/s] 2.543
Flash point [°C] 82
Pour point [°C] -20

. 52 (JIS K 2280
Cetane index 54&SKnmgm
Sulfur content [wt.%] 0.079
Carbon residue [wt.%] 0.44
Nitrogen content [wt.%] 0.01
Lower calorific value  [MJ/kg] 42.8

Table 3 Experimental conditions for engine operation

Engine Engine start condition Load [%] Output Engine Dynamometer
Type Description | Temp. [*C] > Power [kW] | Speed [min] Load [kg]
cold start 22 ~28 50 9.2 302 344
4dS.tr01;e warm start | 38 ~41 i 1 1 1
195" T cold start | 22 ~28 75 13.8 345 45
engine
warm start 38 ~41 1 1 1 1
cold start 22 ~28 50 18.4 400 50.0
2dS.tr01;e warm start 38 ~41 1 T T T
1O I cold start | 22 ~28 75 27.6 1 75.0
engine
warm start 38 ~41 1 1 1 1
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(b) 2 stroke diesel engine (75% engine load)
Fig.2 Time history of Specific Fuel Consumption and NOx emission after engine start
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Fig.3 Change in CO emission with engine types (Case of cold start)
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Fig.4 Correlation between CO, emission and residual O, (Case of cold start)
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Fig.5 Change in Brake Thermal Efficiency with engine conditions
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