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o Over'lOO years of diesel engine lubricant
«_development

: Engine, fuel, and lubricant development are-
interdependent E o
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Interdependency

. . . Satisfactory oil under one set of conditions may
. be unsatisfactory in the same engine under another set.
~of conditions. This emphasizés the necessity for

matching these four factors: oil, fuel, engine desig

Background
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- Fuel composition impacts lubricant forrinulation
-Lubricant exposed to unburned fuel

-Lubricant exposed to fuel combustion
. products

fuel-composition yic




Presentation Overview

Brief history of fuel development in last century
Current research fuel formulations
Future fuel composition

The first advanced fuel from last century —
1903

< Fuel distilled from Pennsylvania crude oil
| Octane number estimated to be 38
y .. Half gallon, gravity feed fuel tank .
Ry fixed 1200
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Cr Wright brother's engine




Early Fuel Research

Detonation discovered by Gibson 1915

TEL discovered 1921 by Mldgley & Boyd
- Ricardo explains detonation 1923
Waukesha CFR englne 1929

Results of Technical Cooperation -- The
Battle of Britain™

"The RAF fighters, outnumbered almost three to

one by the Luftwaffe, won the Battle of Britain by

~ a narrow margin . . . Had the Luftwaffe gained
) control of the air . . . the then Vastly supenor




A Century of Cooperative Research in
Review |

Cooperative Fuel Research Comm., 1922
War Dept. Comm. 100 Octane Fuel, 1935
Coordmatmg Research Council, 1942

> CLR 011 Test Engme Group, 1950

Selected Diesel Fuel Formulation Research

“«

CRC Report #120 "Investigation of High and Low Sulfur Diesel Fuels" 1945
CRC Report #507 "Diesel Exhaust Odor Analysis System (DOAS)" 1979

CRC Project #CAPE-32-80, "Effects of Fuels and Engine Variables on nght-
Duty Diesel Engine Emissions" 1985

.- CRC Project #VE-1, "Evaluation of Fuel and Engine Variables on Heavy-Duty
: Djesel Engine Emlssmns" 1990

""“CRC PI’O_]eCt #VE 10, "Effects of F uel Oxygenates, Cetane Number and
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Fuel Properties

Synthetic
Callfomia |Low-Sulfur, Diesel
Diese! Diesel Blend | DMM Blend
Propenty (CARB) (L.S) {FT20) (DMM15)

Density @ 15°C ' 0.831 0.811 ; 0.806 0.817
Distillation
1BP 194 241 ] 238 42
10% 246 61
50% 251 255
90% 261 259
5% 266 301 262
End Paolnt 285 322 281
Cetane Number 67 84 79 63
Aromalics 1.2 X 0.6 0.7
Flash Polnt 101 100 <9
Kin, Viscoslty, 40°C 2.41 4 255
Carbon A A 80.8
Hydrogen
Oxygen
Sulfur
Nitrogen
Net Heat of Comb,

Range of Fuel Properties Tested

- Density, g/mL: 0.849 to 0.781
IBP, deg C: 194 to 42 (241)
:. BP,deg C: 344 to 281 (347)
.Cétane No.: 46 to 84.(45)
s, vol%: 33.t6:0:
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NO, vs. PM
Equally weighted average of 13 modes
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0.940 0.960 0.980 1.000
Normalized NOx, fraction of 2D
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Particulate Emissions Correlated
Hydrogen/Carbon Ratio

PM Relative to 2D

1.95 2.00
HIC Ratio

- Fuels w/o 02 +02 fuels
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- Significant differences in fuel composition

- Fuel/lubricant compatibility
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o ‘Lubricant performance requirements |

benefits in unmodified engine’




- EPA emissions standards
- Energy efficiency
. _-Resource availability

technology develppments‘ |

The Process for Change Historically
Established

"~ Continuous improvement path?
Engine and emission control systems modified }
~ Fuels modified for improved systems -

+ Lubricants modified for 1mproved Systems e
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