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Close-Coupled Pilot Injections

Enabling Quieter Diesel Engines
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Controlling combustion noise is a key factor in getting advanced, A simple thermodynamic model is developed to model the

high efficiency engine technology into the marketplace relationship between heat release and cylinder pressure
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. « o . - 86 : ! ? i |
Pilot |nject.|ons haveolong been understo?d to reduce noise, but . Combustion noise trends are wel S——————
further noise reductions are observed with close-coupled pilots approximated by the simple model g / _ T ,&ﬁ _____
. . —_ i = Py l .
* A collaborative project between GM and SNL N | | _Single injection + Noise reduction is independent of main % ! _ EU
was devoted to the StUdy of C|OS€-COUp|€d pIIOtS 90 g ::}:2:2::21{,) ﬂ -------- _'- - __F_A@ injection rate sha pe Changes % ] o
. : . ] S 8of| ¥ nector2ia) . ; L
* Fortixed load, combustion phasing, and pilot g | T TECS0) | e 1937 e Main injection vaporization coolingcan g4l .
mass, pilot-main delay (dwell) is varied e L further reduce combustion noise E "
2P [ IS S I N S B o
* Engine combustion noise is measured for each gf ________ 2 A B T + Further analysis shows the phasing of R R e At S
dwell e ctor solenoid current § S e S NN S L heat release events destructively alters | | | | |
ri\varye"ergm"g , \___.‘ Sl Facterof 2 the pressure trace’s frequency content %hoo too0 800 600 _ 400 200 0
Ml Twe" > 82 ._________E acous:tlc pov:ver "__E"mmc_li_se co:;;d Energizing Dwell Time (ps)
} 1200 1000 800 600 400 200 0
Pilot Main Dwell Time /s
10.8 9.0 7.2 54 3.6 1.8 0

Dwell Time / Crank Angle Degrees

1 Combustion noise calculated according to:
Shahlari, A., Hocking, C., Kurtz, E., and Ghandi, J., “Comparison of Compression
Ignition Engine Noise Metrics in Low-Temperature Combustion Regimes”, SAE
Int. J. Engines 6(1):541-5652, 2013, doi: 10.4271/2013-01-1659.
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B Bl 07 This combustion noise reduction enables improvements in the noise-
. y soot tradeoff and may be applicable to other combustion modes
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Close-coupled pilot injections may be a valuable tool to reduce combustion noise, but more importantly to
break the traditional tradeoffs between combustion noise, NOx, soot, and efficiency

New understanding of the close-coupled pilot-injection combustion-noise reduction mechanism should
help advanced combustion technologies reach the market
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