
AdvAnced combustion engine 
technologies 

vehicle technologies ProgrAm 
Less dependence on foreign oil today,


and transition to a petroleum-free,

emissions-free vehicle tomorrow.


 2 0 0 7
a n n u a l  p r o g r e s s  r e p o r t  





U.S. Department of Energy 
1000 Independence Avenue, S.W. 
Washington, D.C. 20585-0121 

FY 2007 Progress rePort For 

AdvAnced combustion engine technologies


Energy Efficiency and Renewable Energy 

Office of Vehicle Technologies


Approved by Gurpreet Singh 
Team Leader, Advanced Combustion Engine R&D 


Office of Vehicle Technologies


December 2007




Acknowledgement


We would like to express our sincere appreciation to Alliance Technical Services, Inc. and Oak Ridge 
National Laboratory for their technical and artistic contributions in preparing and publishing this report. 

In addition, we would like to thank all the participants for their contributions to the programs and all the 
authors who prepared the project abstracts that comprise this report. 

Advanced Combustion Engine Technologies ii FY 2007 Progress Report 



Table of Contents

Table of Contents


I.  Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1


II. Advanced Combustion and Emission Control Research for High-Efficiency Engines  . . . . . . . . . . . . . . . . . . . 29


II.A Combustion and Related In-Cylinder Processes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

II.A.1	 Light-Duty Diesel Spray Research Using X-Ray Radiography 


(Argonne National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

II.A.2	 Low-Temperature Automotive Diesel Combustion


(Sandia National Laboratories) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35

II.A.3	 Heavy-Duty Low-Temperature and Diesel Combustion Research and 


Heavy-Duty Combustion Modeling (Sandia National Laboratories) . . . . . . . . . . . . . . . . . . . .40

II.A.4	 Low-Temperature Diesel Combustion Cross-Cut Research


(Sandia National Laboratories) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .46

II.A.5	 Achieving High Efficiency Clean Combustion (HECC) in Diesel Engines


(Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

II.A.6	 Large Eddy Simulation Applied to Low-Temperature and Hydrogen Engine 


Combustion Research (Sandia National Laboratories)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .56

II.A.7	 Detailed Modeling of Low Temperature Combustion and Multi-Cylinder HCCI 


Engine Control (Lawrence Livermore National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . .62

II.A.8	 HCCI and Stratified-Charge CI Engine Combustion Research 


(Sandia National Laboratories) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67

II.A.9	 Automotive HCCI Combustion Research (Sandia National Laboratories) . . . . . . . . . . . . . . .73

II.A.10	 Spark-Assisted HCCI Combustion (Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . 79

II.A.11	 KIVA-4 Development (Los Alamos National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .84

II.A.12 Chemical Kinetic Modeling of Combustion of Automotive Fuels


(Lawrence Livermore National Laboratory). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .88

II.A.13 Achieving and Demonstrating FreedomCAR Engine Efficiency Goals


(Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .93

II.A.14	 Hydrogen Free Piston Engine (Sandia National Laboratories) . . . . . . . . . . . . . . . . . . . . . . . . .98

II.A.15	 Optimization of Direct Injection Hydrogen Combustion Engine Performance 


using an Endoscopic Technique (Argonne National Laboratory)  . . . . . . . . . . . . . . . . . . . . . .102

II.A.16	 Quantitative Measurements of Mixture Formation in a Direct-Injection 


Hydrogen ICE (Sandia National Laboratories) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .107

II.A.17	 Enabling High Efficiency Clean Combustion in Diesel Engines (Cummins Inc.) . . . . . . . . .112

II.A.18	 High Efficiency Clean Combustion (HECC) Advanced Combustion Report


(Caterpillar, Inc.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

II.A.19 Low-Temperature Combustion Demonstrator for High Efficiency Clean Combustion


(International Truck and Engine Corporation)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .124

II.A.20 21st Century Locomotive Technology 2007 Annual Report:  Advanced Fuel Injection


(GE Global Research) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .128

II.A.21 Stretch Efficiency in Combustion Engines with Implications of New Combustion 


Regimes (Oak Ridge National Laboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .132

II.A.22 Advancements in Engine Combustion Systems to Enable High-Efficiency 


Clean Combustion for Heavy-Duty Engines (Detroit Diesel Corporation). . . . . . . . . . . . . . .136

II.A.23 Development of High Efficiency Clean Combustion Engine Designs for 


Spark-Ignition and Compression-Ignition Internal Combustion Engines

(GM Powertrain Advanced Engineering) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .140


II.B Energy Efficient Emission Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

II.B.1	 Fundamental Studies of NOx Adsorber Materials


(Pacific Northwest National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147


FY 2007 Progress Report	 iii Advanced Combustion Engine Technologies 



Table of Contents 

II.	 Advanced	Combustion	and	Emission	Control	Research	for	High-Efficiency	Engines	(Continued) 

II.B	 Energy	Efficient	Emission	Controls	(Continued) 

II.B.2	 Mechanisms	of	Sulfur	Poisoning	of	NOx	Adsorber	Materials	

(Pacific Northwest National Laboratory) .	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.154


II.B.3	 Characterizing	Lean-NOx	Trap	Regeneration	and	Desulfation	

(Oak Ridge National Laboratory)	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .159


II.B.4	 Development	of	Chemical	Kinetics	Models	for	Lean	NOx	Traps	

(Sandia National Laboratories) .	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.163


II.B.5	 Advanced	Engine/Aftertreatment	System	Research	and	Development	

(Oak Ridge National Laboratory)	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167


II.B.6	 Fundamental	Sulfation/Desulfation	Studies	of	Lean	NOx	Traps,	DOE		

Pre-Competitive	Catalyst	Research	(Oak Ridge National Laboratory) 	. . . . . . . . . . . . . . . . . 171


II.B.7	 NOx	Control	and	Measurement	Technology	for	Heavy-Duty	Diesel	Engines	

(Oak Ridge National Laboratory)	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176


II.B.8	 Efficient	Emissions	Control	for	Multi-Mode	Lean	DI	Engines	

(Oak Ridge National Laboratory)	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179


II.B.9	 Cross-Cut	Lean	Exhaust	Emissions	Reduction	Simulation	(CLEERS):		

Administrative	Support	(Oak Ridge National Laboratory) 	. . . . . . . . . . . . . . . . . . . . . . . . . . .183


II.B.10	 Cross-Cut	Lean	Exhaust	Emissions	Reduction	Simulation	(CLEERS):		

Joint	Development	of	Benchmark	Kinetics	(Oak Ridge National Laboratory) 	. . . . . . . . . . .186


II.B.11	 Cross-Cut	Lean	Exhaust	Emissions	Reduction	Simulations	(CLEERS)		

Diesel	Particulate	Filter	(DPF)	Modeling	(Pacific Northwest National Laboratory) 	. . . . . .190


II.B.12	 Innovative	Emission	Control	Renewal	(General Motors Corporation) .	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.195

II.B.13	 Discovery	of	New	NOx	Reduction	Catalysts	for	CIDI	Engines	Using		


Combinatorial	Techniques	(General Motors Corporation)	. . . . . . . . . . . . . . . . . . . . . . . . . . . .197


II.C	 Critical	Enabling	Technologies .	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	. 201

II.C.1	 Variable	Valve	Actuation	for	Advanced	Mode	Diesel	Combustion	


(Delphi Corporation) .	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.203

II.C.2	 Variable	Compression	Ratio	Engine	(Envera LLC) .	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.208

II.C.3	 Development	of	Wide-Spectrum	Voltammetric	Sensors	for	Engine	Exhaust	NOx	


Measurement	(Streamline Automation, LLC)	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

II.C4	 Advanced	Start	of	Combustion	Sensor	–	Phase	1:	Feasibility	Demonstration	


(TIAX LLC) 	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

II.C.5	 The	Development	of	a	Robust	Accelerometer-Based	Start	of	Combustion		


Sensing	System	(Westport Power, Inc.)	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217

II.C.6	 Electrically	Coupled	Exhaust	Energy	Recovery	System	Using	a	Series	Power		


Turbine	Approach	(John Deere Product Engineering Center) 	. . . . . . . . . . . . . . . . . . . . . . . . .220

II.C.7	 Exhaust	Energy	Recovery (Cummins Inc.) .	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.223

II.C.8	 Very	High	Fuel	Economy,	Heavy	Duty,	Constant	Speed,	Truck	Engine	Optimized		 

via	Unique	Energy	Recovery	Turbines	and	Facilitated	by	a	High	Efficiency		 
Continuously	Variable	Drivetrain	(Volvo Powertrain North America) .	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.	.227 

II.C.9	 An	Engine	System	Approach	to	Exhaust	Waste	Heat	Recovery	(Caterpillar Inc.) 	. . . . . . . .231

II.C.10	 Demonstration	of	Air-Power-Assist	(APA)	Engine	Technology	for	Clean		


Combustion	and	Direct	Energy	Recovery	in	Heavy-Duty	Application	

(Volvo Powertrain North America)	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .235


II.D	 Health	Impacts	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239

II.D.1	 Health	Effects	from	Advanced	Combustion	and	Fuel	Technologies	


(Oak Ridge National Laboratory)	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .241

II.D.2	 Collaborative	Lubricating	Oil	Study	on	Emissions	(CLOSE)	Program	


(National Renewable Energy Laboratory) 	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .245

II.D.3	 Health	Impacts:	Respiratory	Response	(Lovelace Respiratory Research Institute) 	. . . . . . .248

II.D.4	 The	Advanced	Collaborative	Emissions	Study	(ACES)	(Health Effects Institute) 	. . . . . . . .253


Advanced Combustion Engine Technologies iv	 FY 2007 Progress Report 



vFY 2007 Progress Report Advanced Combustion Engine Technologies

Table of Contents

III. Solid State Energy Conversion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257

III.1 Developing Thermoelectric Technology for Automotive Waste Heat Recovery 
(GM Research and Development Center) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .259

III.2 High-Efficiency Thermoelectric Waste Energy Recovery System for Passenger  
Vehicle Applications (BSST LLC)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .264

III.3 Thermoelectric Conversion of Waste Heat to Electricity in an IC Engine  
Powered Vehicle (Michigan State University)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .270

IV. University Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275

IV.1 Consortium on Low-Temperature Combustion for High-Efficiency, Ultra-Low  
Emission Engines (University of Michigan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .277

IV.2 Optimization of Low-Temperature Diesel Combustion 
(University of Wisconsin-Madison) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .283

IV.3 Low-Temperature Combustion with Thermo-Chemical Recuperation to Maximize  
In-Use Engine Efficiency (West Virginia University). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .289

IV.4 Kinetic and Performance Studies of the Regeneration Phase of Model Pt/Ba/Rh  
NOx Traps for Design and Optimization (University of Houston)  . . . . . . . . . . . . . . . . . . . . .294

IV.5 Investigation of Aging Mechanisms in Lean NOx Traps (University of Kentucky) . . . . . . . .298
IV.6 Improved Engine Design Concepts Using the Second Law of Thermodynamics:  

Reducing Irreversibilities and Increasing Efficiencies (Texas A&M University) . . . . . . . . . .302
IV.7 High-Compression-Ratio Atkinson-Cycle Engine Using Low-Pressure Direct  

Injection and Pneumatic-Electronic Valve Actuation Enabled by Ionization  
Current and Forward-Backward Mass Air Flow Sensor Feedback  
(Michigan State University)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307

IV.8 On-Board Engine Exhaust Particulate Matter Sensor for HCCI and Conventional  
Diesel Engines (The University of Texas at Austin)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 312

V. New Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 317

V.1 Light-Duty Efficient Clean Combustion (Cummins Inc.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
V.2 Advanced Boost System Development for Diesel HCCI Application 

(Ford Motor Company)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319

VI. Acronyms and Abbreviations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 321

VII. Index of Primary Contacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329



Advanced Combustion Engine Technologies vi FY 2007 Progress Report 


	Report Cover
	Inside Cover
	Table of Contents



