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Advanced Engineering Centre
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World leading facilitiesDroplets and sprays

Heat and mass transfer

Combustion

Recent industrial collaborators



Why do we need an efficient engine in an electric world?
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Source: Report from ERTRAC CO2 integrated approach, 

http://www.ertrac.org/uploads/images/3.%20CO2_Evaluation_Group_%20ERTRAC2017.pdf

Improvements in powertrain efficiency are required to reduce

the demand for sustainable fuels 



New emission cycle, tighter limits, RDE
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Are we at to the end of the road
with conventional engine cycles?
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Mechanical losses 3%

Finite combustion 3%

Blowby 1%

Cycle to Cycle variations 2%

Gas exchange 2%

Heat transfer 7%

TOTAL 18%

Stone 2012

Mercedes F1

Wartsila

RT-flex58T
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How does the recuperated split cycle engine work?
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Key Facts:

o Twice as many cylinders but it’s a 

two stroke cycle

o Compressor – combustor cylinders 

are in the ratio of 1 to 2 or 3

o Isothermal compression is critical to 

the cycle, and can be achieved in 

may ways

o Peak pressures are lower than in a 

conventional diesel engine

o Peak temperatures are also lower, 

but sustained for longer than in a 

comparable diesel engine



What makes the cycle efficient?
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Less work of compression

Pre combustion waste

heat recovery

1. Isothermal compression

2. Isobaric heating

3. Mixed cycle heat addition 

4. Expansion

Independent 

optimisation of the 

compression & 

expansion cylinders 
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Progress to date
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Whats difficult about the implementation?
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• Starting:

• The exhaust and therefore recuperator are cold

• The combustion chamber is also cold

• Combustion:

• Very little time to get the air into the combustion chamber

• Also not much time to get the air and fuel mixed

• So very little time to get the fuel burnt!

• Hot end thermal load:

• Although peak temperatures are lower than in conventional 
diesel engines, the high temperatures are sustained for 
longer

• There is also no charge air cooling of the cylinder during 
induction

• This results in higher thermal loading than in a conventional 
engine

2004 “ISOENGINE”



What are we looking for?
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Inlet pressure
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Exhaust valve lift
Inlet valve lift 
~30° period

TDC

Crank angle

Rapid burn,
12-20°ATDC

Pressure rise caused by air 
induction, not compression!



Split cycle test facility
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• One l/cyl. Single cylinder test rig, based on a Ricardo 

Titan engine

• Fully configurable hydraulic valves (research rather than 

production solution)

• Prototype recuperator, heated by a gas burner to 

replicate the exhaust

• High pressure gas supply in place of the isothermal 

compressor

• Two independent oil and three independent coolant 

circuits



Results - starting
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• Starting is one of the biggest challenge 

in a split cycle engine

• Initial tests used high cetane fuel and 

compression of trapped residuals

• Advancing the inlet and exhaust valves 

was found to provide sufficient charge 

air heating to start the engine from cold

• The valves could be progressively 

retarded to the ideal split cycle timings



Combustion results at 1200 rpm
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• Fuel is injected together with the intake 

air

• Classical and CFD analysis show the air 

flow is choked across the inlet valve

• Very high cross chamber air motion

• The air motion provides significant 

mixing energy and is thought to by why 

the fuel burns so quickly

• Preliminary kinetic analysis suggests 

the fuel is burning highly premixed
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Efficiency walk
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Conclusions
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�There is still a role for a chemically fuelled engine in an electric world

�Massive challenge in achieving high efficiency and zero emissions from an 

internal combustion engine

�What do we need?

- Practical lean compression ignition compatible with RDE

- New approaches to achieve >break efficiency


