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Motivation: R&D is needed to achieve diesel-
like efficiency in ultra-lean MD/HD NG engines

• DOE Vehicle Technologies Office (VTO) has specific input regarding natural gas (NG) engine 

research needs for efficiency and emissions

— Annual Natural Gas Vehicle Technology Forum

— Natural Gas Vehicle Research Workshop (July 2017), which fed VTO's funding

opportunity announcement (FOA) and the Lab Call that resulted in this multi-lab project

• Key high-level NG engine research needs: 

— Research needed to address barriers for achieving diesel like efficiency for NG engines

— Ignition technology to enable ultra-lean operation (pre-chamber, volumetric ignition)

— Fundamentals for improving NG combustion efficiency (physics, thermodynamics and
chemistry)

— Low temperature combustion (LTC) concepts conceivable for NG engines, ensure real-

world mode switching and emissions control compatibility

— Advances in computational fluid dynamics (CFD) and modeling for NG engines

— Avoiding knock and abnormal combustion (i.e. low speed pre-ignition)

— Fundamental catalysis research for methane conversion is needed due to challenge of

methane activation

— Research needed for both stoichiometric and lean engine (LTC and conventional)

emission control



Objectives: overcome barriers in simulation/ modeling,
dilution limits, pre-ignition, and emissions control

This project focuses on early stage research focusing on pre-chamber spark-ignition 
(PCSI)  to achieve diesel-like efficiency in medium duty (MD) and heavy duty (HD) NG gas
engines by extending the lean dilution limit and/or exhaust gas recirculation (EGR)
dilution limit, as well as shortening burn duration, with integrated aftertreatment

Impact: 

This project integrates experimental and simulation based tasks to address four key
barriers to market penetration of PCSI for MD/HD NG engines:

Barrier 1 — Inadequate science base and simulation tools to describe/predict the
fluid-mechanical and chemical-kinetic processes qoverninq PCSI  to enable
engineers in industry to optimize designs for efficiency, noise, reliability, pollutant
formation, emissions control integration, and drivability

 — Limited ability to extend EGR and/or lean dilution limits  at higher loadsBarrier 2

Barrier  — Increased propensity for PCSI hot-spot pre-ignition  at high loads
relative to spark ignition

Barrier 4 — Ineffective methane catalysts  for the high engine-out unburned fuel
concentrations coupled with low exhaust temperatures (<<400 °C) of high
efficiency engines



Approach: Integrate technical specialties through
collaboration across four US DOE national labs.

Collaboration and integration across four national labs connect
fundamental experiments and modeling to practical hardware
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DOE laboratory expertise and capabilities focus on early-stage research
to address key barriers for NATURAL GAS engines



Approach: Integrate technical specialties through
collaboration across four US DOE national labs.

Modular PCSI designs with as much commonality as possible are used across all platforms

Simulation

Engine Sim. (ANL) 
High fidelity CFD

focusing on PCS!

output mixing, with
ignition and flame
propagation models.

Chamber Sim. (NREL)
Zero dimensional
(OD) and CFD map
PCSI composition
output to explore
main chamber
ignition sensitivity.

Bench Scale

Chamber Exp't. (NREL) 

PCSI added to constant
volume chamber to
study pre-chamber

variable effects on main
chamber ignition over

lean / dilute conditions.

Catalyst Exp't. (ORNL) 
Synthesize novel
methane oxidation
catalysts (MOCs) and
evaluate performance
with PCSI NG engine
exhaust conditions.

CylinderTh 

Metal Engine Exp't. (ANL) 
Single cylinder engine

experiments with borescope
access to study PCSI effects on
lean / dilute operation and
efficiency / engine-out emissions
tradeoffs.

Optical Engine Exp't. (SNL) 
Single cylinder engine
experiments to study PCSI
output penetration to main
chamber and characterize flame
propagation vs. sequential
autoignition.

► Multi Cylinder

Metal Engine Exp't. 
(ORNL) 
Modified HD engine with
PCSI in all cylinders to
study dilution tolerance,
conduct thermodynamic

analysis of efficiency

potential tradeoffs
related to lean / dilute
combustion with PCSI,
and provide exhaust
information for MOC
studies.


