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Abstract The improvement of emissions, fuel economy, and combustion noise is a primary target in the
development of heavy-duty diesel engines. Multiple injection has been introduced as one of the most
promising strategies for this goal. In this research, various multiple injection methods were applied to
achieve the optimal strategy in terms of emissions, fuel economy, and combustion noise. In the case of
one pilot injection, the smoke emission deteriorated, while the NOx emission was reduced. In the case
of 2 pilot injections, the NOx and smoke emissions were reduced by 73% and 84%, respectively. In this
case, the combustion noise was analyzed with the maximum pressure-rise rate, and the fuel economy
was evaluated with the help of the indicated specific fuel consumption. A 15%:15% 2-pilot injection
strategy accomplished improvements of 32.9% for NOx, 60.4% for smoke, 1.95% for fuel consumption,
and 19.4% for combustion noise compared to the case of single injection. Based on the data, an optimal

injection strategy will be developed for a greater operating range in future work.
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Fig. 1. Schematic diagram of experimental facility

Table 1. Engine specification

Single-cylinder, direct injection,

Engine four-valves, optical diesel engine
Bore x Stroke [mml] 128 x 142
Displacement [cm’] 1817.6
Compression ratio 17:1
Max. Power [PS] 420
Max. Torque [N'm] 1833
Max. Speed [rpml] 1900

Common-rail injection system
(up to 1800bar)
8 holes, HFR(hydraulic flow rate)
860cc/30s, injection angle 146°

Fuel injection type

Injector
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Table 2. Experimental conditions for multiple injection

strategy
Engine speed [rpm] 1200
Injection quantity [mg/stoke] 60
Single pilot injection quantity 6. 18. 30
[mg/stroke]
Double pilot injection quantity
for Ist and 2nd pilot injection 9, 15
[mg/stroke]
Main injection timing [CAD 20
ATDC]
Single pilot injection timing
[CAD BSOIl 10, 20, 30, 40, 50, 60, 80
Double pilot injection timing 10, 20, 30, 40, 50, 60, 80/
[CAD 1BSOI/2BSOI] 10, 30, 50
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Fig. 2. Injection profile for (a) Single pilot injection
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