2018-01-1151

Engine Efficiency Optimization under Consideration of NOx- and Knock-Limits for
Medium Speed Dual Fuel Enginesin Cylinder Cut-Out Operation

Author, co-author (Do NOT enter thisinformation. It will be pulled from participant tab in

MyTechZone)

Affiliation (Do NOT enter this information. It will be pulledoim participant tab in MyTechZohe

Abstract

As a consequence of the global warming, more straitime
emission regulations are globally in force or Wilcome applicable
in the near future (e.g. NCGand SQ emission control areas). The
tough competition puts economic pressure on théimartransport
industry. Therefore, the demand for efficient amabtly
environmental neutral propulsion systems that rireet
environmental legislations and minimize the cargsis are
immense. Medium speed dual fuel engines are inrdance with the
strict maritime emissions legislation IMO Tier IThey do not
require any exhaust gas aftertreatment, are ecaadlyncompetitive,
and allow fuel flexibility. These engines delivlethighest efficiency
in high load operation. A valuable approach to iowerthe efficiency
and reduce the environmental impact in low and lpad is
represented by the electronic cylinder cut-out.rébg, the natural
gas admission is deactivated and the valves ategkéipated. It is
investigated with the help of a developed 1D GT-Bogimulation
model of a medium speed dual fuel engine. The ptigdimodel is
adjusted to a measured engine map (test benchigata)
optimization workflow that is set up in Optimus.éelbylinder cut-out
is analyzed with special emphasis on efficiency, &issions, and
methane slip. Different static cut-out scenarieassamulated and
assessed for constant relative air/fuel ratiosvamging load. An
optimization workflow is developed and set up inti®ps. The
selected evolutionary algorithm changes the nurabeut-out
cylinders and the relative air fuel ratio to optzeithe engine
efficiency under consideration of IMO Tier Il NGemission
regulations and the knock onset. The optimizatsoronducted for
discrete engine operation points in a load range ft0% to 50%.
The optimization predicts a significant increas¢hef brake
efficiency and reduced methane slip at low and lpad operation.
This depends on an increased turbocharger effigjgeduced
pumping work, richer combustion, and higher indécatean
effective pressures of the fired cylinders thatket an improved
combustion (shifted from diffusion to premix) anie efficiency
without exceeding the NO- and knock-limits.

Introduction

In maritime business the internal combustion engiilemaintain its
important role in a long term [1]. Efficiency, rafiility, and energy
density, combined with the global availability @fuid fuel, are some
of their major advantages. The economic aspectefageeat
importance but next to them the maritime industy to consider
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and fulfil the strict IMO Tier Il emission reguians of airborne
oxides of sulphur (S£) and oxides of nitrogen (NQ. A growing
number of S® Emission Control Areas (SECA) has been in force
since 2006. Furthermore, the fuel’s sulphur conietimited to 0.1%
in the SECA and will be worldwide limited to 0.5%6i 2020 [2].
NOx Emission Control Areas (NECA) are already establisin
North America and will follow in the Baltic and NbrSea after
January 1, 2021 [3, 4]. Globally, further ECA averently under
discussion, e.g., Mexico, the Mediterranean Seafla®Black Sea,
and some of them will probably become in forcehia hear future
[5, 6].

The tough competition puts economic pressure omigtime
transport industry. Therefore, the demand for effitand mostly
environmentally neutral propulsion systems thattrtiee emission
legislations and minimize the cargo costs is immeAsgood match
of these entire requirements is represented bgluhkfuel engine.
Fuel flexibility, combined with high efficiency arttle possibility of
fulfilling all environmental demands without exhagas
aftertreatment, makes this kind of engine hightgiiesting for the
maritime industry.

Medium speed dual fuel engines are designed toatdte highest
efficiency and the most economic performance it thbgd operation
[7]. However, in maritime transportation of passersgand goods,
economic and punctual operation is the most impario achieve
planned arrival times and to avoid anchoring, lowd part load
operation can be necessary. Furthermore, low aridgaa operation
is also applied for maneuvering, nautical statieeging, dynamic
positioning, as well as auxiliary energy supply.

Medium speed engines typically operate with rotatispeed in the
range from 300 rpm to 1000 rpm and do not havetthrg valves

[8]. On the one hand, this has the positive effiéceduced pumping
losses, yet, on the other hand, the desirabldatstr of the air flow
in low load is not possible. This leads to a vegn fuel air mixture
in low load [9]. Due to the increased energy demandnite the lean
mixture, the share of pilot fuel has to be elevated a shift from
mostly premixed to distinct diffusion combustioraigsonsequence.
This results in high combustion temperatures artndueced formation
of NOx [10]. If the mixture is too lean, ignition is npossible and
misfiring emerges [9].

A valuable approach to improve the efficiency, reglthe
environmental impact in low and part load, and premisfiring is
represented by the cylinder cut-out. The cut-oudra or more





