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Abstract : It is important to make better premixed combustion engines to reduce harmful engine emissions, such as nitrogen
oxides(NOx) and smoke, by enhancing thermal efficiency in the internal combustion engines(ICEs). Specifically, since diesel
compression ignition(Cl) engines are based on the auto-ignition function of diesel fuel in the co-existence of some premixed
combustion and most of diffusive flame, homogeneity between air and fuel must be improved. To solve this problem,
multi-holes and narrow injection angles for the diesel injector are recommended. If the number of holes in the injector is
increased, it could help air utilization and shorten diesel spray penetration. Also, a narrow injection angle could help reduce
wall impingement of the diesel spray, when the diesel injection timing is advanced, compared to conventional conditions.
Therefore, in this research, the effect of a double-row nozzle was verified in a 6 L diesel engine under low load condition by
varying the diesel injection timings from top dead center(TDC) to 70 © before TDC(BTDC) in the intervals of 10 degrees. All
the results were compared with original single-row nozzle cases. The result emphasized that the benefits of a double-row
nozzle on reducing NOx and smoke improved thermal efficiency under premixed combustion regimes when diesel injection
timing was advanced earlier than 40 ° BTDC.

Key words : Brake thermal efficiency(#l]-s & & &), Compression ignition( %= 2}3}), Diesel injection timing(t] & A}
A]171), Double-row nozzle(2€ &), Narrow angle nozzle(g 2t AF=-Z), Nitrogen oxides(Z A~2FsH=)
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Blue circles: original wide nozzle
Red circles: modified narrow nozzle

Fig. 2 Side view of actual modified injector (a) and nozzle
descriptions (b). (Red circle: modified narrow nozzle/
Blue circle: original wide nozzle)
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Fig. 3 Schematic diagram of experimental setup

Table 1 Engine specifications

Parameters Specification
Cylinder number [-] 6
Displacement [L] 6
Bore x Stroke [mm] 103.0x 118.0
Connecting rod [mm] 200.0
Compression ratio [-] 15
The maximum power output [kW] 165.4 @ 2,500 rpm
The maximum torque [Nm] 686.0 @ 2,500 rpm
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Table 2 Experimental conditions

Engine speed [rpm] 1,200
Coolant temperature [°C] 75
Intercooler-out temperature [°C] 40
Intake pressure [MPa] 0.11
Diesel injection pressure [MPa] 95
Equivalent ratio () [-] 0.37
Total input LHV per a cylinder [J/str/cyl] 1,000
External EGR [%)] 0

. L . 660 for original injector
Diesel injection duration [us] 650 for modified injector

Diesel injection timing ["BTDC] 0(TDC)~70
iesel injection timin,
y & (Interval of 10 degrees)
CoV of gIMEP constraint [%] Below 5 %
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Fig. 4 Heat release rate(HRR) results comparison between
original and modified nozzles under diesel start of
injection(SOI) at TDC (a), 70 °BTDC (b)
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Fig. 6 Comparison of the maximum in-cylinder pressure
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rate(PRRmax) (b) results between original and
modified nozzles as varying diesel SOIs
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Fig. 9 Comparison of the BSTHC (a) and BSCO (b) results

between original and modified nozzles as varying
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Effect of Various Diesel Injection Timings on Combustion, Efficiency and Emissions by Using the Double-row Nozzle with Narrow and
Wide angles in a 6 L Diesel Engine
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