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WP1:  Systems for increased fuel flexibility

To develop engines able to switch 

between fuels, whilst operating in the most 

cost effective way and complying with the 

regulations in all sailing regions. 

Objectives

1

1.2 Feasibility study (RCEM)

Assessment, identification and reporting 

of existing systems 

2-Stroke:Winterthur Gas & Diesel Ltd.

4-Stroke:²ŅǊǘǎƛƭŅ CƛƴƭŀƴŘ Oy

ω Developmentof a fuel injection system for 

multi fuel purposes

ω Demonstrationof fuel flexible engine 

operation

ω Feasibility study on rapid 

compression/expansion machine (RCEM)

1.1 Fuel flexible engine

Identify, design, manufacture, test, and 

validate systems for flexible engine 

operation 

WP Leader: Andreas Schmid
DWP leader: Kaj Portin 
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Structure: Partners, roles

2

FHNW 
University of Applied Sciences and Arts Northwestern Switzerland

ÅSupport during the literature research (SP 1.1)
ÅFeasibility study on RCEM (SP 1.2)

OMT
O.M.T. OFFICINE MECCANICHE TORINO S.p.A.

ÅManufacturing of injection system (SP 1.1)
ÅFunctionality tests of injectors (SP 1.1)

WinGD
Winterthur Gas & Diesel Ltd.

ÅWP-lead 
ÅInvestigate fuel properties (literature study & experiments)
ÅDesign of injection system
ÅDemonstrate fuel flexible engine

PSI
Paul Scherrer Institute

ÅSupport laser optical measurements at the SCC (SP 1.1)
ÅConcept study on RCEM (SP 1.2)

WP1: Systems for increased fuel flexibility (2-stroke)

WP Leader: Andreas Schmid
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Outline of work performed

WP Leader: Andreas Schmid

WP1: Systems for increased fuel flexibility (2-stroke)

Å Literature review to identify the possible fuel candidates.
Å There is not a single fuel which could replace HFO
Å Several possible solutions, depending on the individual case. 

=> A high fuel flexibility is expected.
Å ETHANOL and Diesel were chosen to representthis broad 

fuel spectra
Å A system was developed able to switch between fuels
Å Common Rail system with activation close to the nozzle 
Å Made of stainless steel to withstand ethanol and other fuels
Å Variable flow area (two step FAST)

Å The system was tested on the injection rig to understand the 
hydraulic behaviour
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Outline of work performed

WP Leader: Andreas Schmid

WP1: Systems for increased fuel flexibility (2-stroke)

Å Injector was taken to the Spray Combustion 
Chamber to understand spray, ignition and 
combustion of the injector
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Outline of work performed

WP Leader: Andreas Schmid

WP1: Systems for increased fuel flexibility (2-stroke)

Å The system was then taken to the RTX-6 test engine
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Final results & Achievements

WP Leader: Andreas Schmid

WP1: Systems for increased fuel flexibility (2-stroke)

Å The system was tested with diesel and ethanol as 
fuel.
Å Due to budget and time constraints the nozzle 

tips could not be optimised, yet.
Å The RT-Flex injectors which were used to pilot, 

could not be operated with their optimum 
performance

Å The consumption (including the non-ideal piloting) 
was higher compared to the standard system. The 
reason for this is still investigated as there was a 
problem with a flow sensor. The values shown here 
are the values from the problematic sensor 
(conservative)

Å NOx shows a similar trend for the new system, 
ǿƘŜǊŜŀǎ ǘƘŜ ŜǘƘŀƴƻƭ ŘƻŜǎƴΩǘ ǎŜŜƳ ǘƻ ǊŜŘǳŎŜ ǘƘŜ 
NOx emissions

Fuel flow 
uncertainty

5g/kWh

5g/kWh
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Final results & Achievements

WP Leader: Andreas Schmid

WP1: Systems for increased fuel flexibility (2-stroke)

Å In case of problems with the fuel supply, the system 
would automatically trip to diesel mode

Å¢ƘŜ ƭƻǎǎ ƛƴ ŜƴƎƛƴŜ ǎǇŜŜŘ ŎŀǳǎŜŘ ōȅ ǘƘŜ άƘŀǊŘέ 
changeover from alternative fuel to diesel was 
within reasonable limits
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Final results & Achievements

WP Leader: Andreas Schmid

For the feasibility study an extensive 
investigation was made with very good 
results: Such a system would be possible 
to build. It would allow for very good 
optical accessibility and could run on 
both, Otto and Diesel cycle

WP1: Sub project 1.2 Feasibility study RCEM (2-stroke)

Cost roughly 2-3 Mϵ
















