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Closed Cycle Efficiency vs. Effective Expansion Ratio
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Is Gasoline An Option



Must Have High Expansion
Ratio Power Plants

e Spark Ignition Expansion Ratio Too Low
—Poor Efficiency

e Gasoline Engine Too Big To Fit Truck

e Diesel Provides High Expansion Ratios
— Lower Operating Cost
— Lower CO2 Emissions
— Must Control Particulates
— Must Control NOx
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Evolution of Engine Emission Control
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Emissions Control

90%+ Reduction In Particulate Emissions
85%+ Reduction In NOx Emissions

New Proposals Would Require Additional
90% Reductions In NOx And Particulate
Emissions

Requires 90% Efficient Aftertreatment
Systems For Both NOx And Particulates That
Last 435,000 Miles



Evolution of Engine Emission Control
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Summary - Overall Picture

Temperatures| 950K ~1600 K ~2700 K

Cold
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Chemistry
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Observations

Droplets Vaporize in a Short Distance Creating a
Reacting Gas Jet

— Mixture Temperatures Too Low for Chemical
Reactions

Temperature Rise and Start Low Temperature
Reactions (825K)

Fast Reactions at Temperatures Above 1100K
Consume All Available Fuel or Oxygen

Local Temperatures Drive Chemical Reactions

— 3 Critical Regimes
« 800 to 850K Weakly Bonded Hydrogen
» 1050 to 1100K Hydrogen-Peroxide Decomposition

* 1500 to 1600K Chain Branching, Yielding 19900 to 2000K
Flame temperatures



Observations cont.

e Fuel Burning Is a Two Stage Process

— Rich Premixed Reaction on Entry
 Forms Carbon Particulate Precursors

 Particulate Emissions Controlled By Early Completion of
Process

— Peripheral Diffusion Flame to Complete Fuel Burning
« Steep Concentration Gradients
e Consumes Particulates
 Forms NOx Because of Flame Temperatures Above 1900K

e Cooling the Flame Will Cause Incomplete
Combustion
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Limits of Diesel Engine Combustion

Diesel Flame Cooled With EGR
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In-Cylinder NOx Formation Limits
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Number Size Distribution Data from HEI Report
and 1979 CRC Roadway Study

dN/d(log(Dp)) (part./ch

1.0E+10 I
HOWEVER, 1979 roadway measurments
made on behind a truck powered by an
engine of the same family showed high
nanoparticle emissions! Other roadside
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Nanoparticle Measurements Made under Roadway Chase Conditions.

Normalized dN/dlog(Dp) (part./cm 3/mm?)

The Formation of the Nuclei Mode during atmospheric Dilution

Depends upon

Ambient Conditions.
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The Nanoparticle Mode Appears to Consist of
Mainly Volatile Materials
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The Combination of Low Sulfur Fuel and an Oxidizing
Catalyst Effectively Prevents Nanoparticle Formation
(courtesy C.Barnes, Perkins Engine Company)
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Particulates

e Carbon Particulate Formed During
Combustion Would Require Removal
With Actively Controlled Particulate

Traps

* Fine Particulate (Formec
Exit By Condensation) E
Requires Removal of Su
And Ol

At Tallpipe
Imination
fur From Fuel



Conclusions

Diesels Still Key To Transportation
Economics

Much Progress On Emission Control To Date

Active Aftertreatment For Both NOx And
Particulates Required In The Future

Aftertreatment Systems Require Much
Research and Development To Reach Tough
90% Effectiveness Target For 435,000 Miles





