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Fuels specifications are Property based

SI Fuels (ANSI  D4814):
• Vapor pressure

• Distillation curve (& driveability index)

• Distillation residue

• Corrosivity

• Gum content

• Oxidation stability

With the exception of sulfur, lead, 
benzene, and overall O2 content, details of 
the chemical composition of the fuel are 
not regulated*

How do we characterize fuels?

* The Co-Optima fuel 
down-selection process 
is more rigorous
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What do engines want?

For conventional SI engines fuel effects on engine
efficiency are well known –
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For K = -0.5
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For K = -0.5

Much work remains to understand fuel effects on 
advanced, Thrust II combustion modes…

HT Jim Szybist, ORNL



Increased auto-ignition resistance (RON, octane 
sensitivity) enables increased SI engine efficiency –

• Increased compression ratio Rc

• More advanced timing

• No enrichment 

SAE 2014-01-2599

Efficiency Opportunities



Opportunities for improved emissions

SAE 2010-01-2115

Particulate number

Particulate mass



Oxygenated fuels can enable advanced 
CI combustion modes

• Moderate load, sustained “Leaner Lifted Flame Combustion” is 
achieved using a 50/50 volume % blend of diesel fuel with C10H22O4

• Promises highly efficient combustion with greatly reduced after-
treatment needs

Natural Luminosity OH* Chemiluminescence
HT Chuck Mueller, SNL



Some fuels may be advantageous for 
both SI and advanced CI combustion

M. Harpster, UW Symposium 2015

Octane Index is often considered a measure of the true antiknock quality 
of a fuel:

OI = RON – K * (RON – MON);             Sensitivity = (RON – MON)

K is an empirical engine constant, independent of the fuel

Down-sized, 
boosted SI: K = -1

Advanced CI: K = 2



Auto-ignition kinetics of fuel blends

Innovation Opportunities in 
Physical/Chemical Science



Science-based 
prediction of blend 

vapor pressure
(a regulated 

quantity) 

Innovation Opportunities in 
Physical/Chemical Science



Innovation Opportunities in
Testing and Standards Development

• Need improved metrics and 
methods for autoignition 
testing

• Development of improved 
fuel specifications

• Improved property testing 
methods (Cu contaminants, 
Heat of Vaporization)



Innovation Opportunities in
Engineering & Design 

Development of 
specialized air 
handling 
systems and 
components is 
needed

Fuel injectors:

• Dynamic geometry variation?

• Dual fuel? Low-emission, 
high-efficiency
operation

High power
operation

Caterpillar mixed-mode injector concept

Delphi GCI air-handling system: 



Co-optimization opportunities offered by 
unusual architectures remain unexplored  

Unique combustion chamber 
geometries offer opportunities 
& challenges for fuel-
dependent mixture formation  

Compatible with conventional 
and advanced combustion 
systems

HT Achates Power

HT EcoMotors



Thank you!

Questions?


