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need for people in the oil and Gasexperimental campaigns. It was the engine. A NOx adsorption

industry who are formally
educated in the maintenance of
this equipment. This book
provides a good introduction for
those seeking employment in the
industry.

Gas Journal

Nitric oxide (NO) and nitrogen
dioxide (NO2) generated by
internal combustion (IC)
engines are implicated in
adverse environmental and
health effects. Even though
lean-burn natural gas engines
have traditionally emitted
lower oxides of nitrogen (NOX)
emissions compared to their
diesel counterparts, natural
gas engines are being further
challenged to reduce NOx
emissions to 0.1 g/bhp-hr. The
Selective NOx Recirculation
(SNR) approach for NOx
reduction involves cooling the
engine exhaust gas and then
adsorbing the NOx from the
exhaust stream, followed by
the periodic desorption of
NOx. By sending the desorbed
NOx back into the intake and
through the engine, a
percentage of the NOx can be
decomposed during the
combustion process. SNR
technology has the support of
the Department of Energy
(DOE), under the Advanced
Reciprocating Engine Systems
(ARES) program to reduce
NOx emissions to under 0.1
g/bhp-hr from stationary
natural gas engines by 2010.
The NO decomposition
phenomenon was studied
using two Cummins L10G
natural gas fueled spark-
ignited (SI) engines in three
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observed that the air/fuel ratio system, from Sorbent
({lambda}), injected NO Technologies, Inc., was
guantity, added exhaust gas  integrated with the Cummins
recirculation (EGR) engine, comprised a NOx
percentage, and engine adsorbent chamber, heat
operating points affected NOx exchanger, demister, and a hot
decomposition rates within the air blower. Data were gathered
engine. Chemical kinetic model to show the possibility of NOx
predictions using the software adsorption from the engine
package CHEMKIN were exhaust, and desorption of
performed to relate the NOx from the sorbent material.
experimental data with In order to quantify the NOx
established rate and adsorption/desorption
equilibrium models. The model characteristics of the sorbent
was used to predict NO material, a benchtop
decomposition during lean- adsorption system was

burn, stoichiometric burn, and constructed. The temperature
slightly rich-burn cases with of this apparatus was

added EGR. NOx controlled while data were
decomposition rates were gathered on the characteristics
estimated from the model to be of the sorbent material for
from 35 to 42% for the lean-  development of a system

burn cases and from 50 to 70% model. A simplified linear

for the rich-burn cases. The driving force model was
modeling results provided an  developed to predict NOx
insight as to how to maximize adsorption into the sorbent
NOx decomposition rates for  material as cooled exhaust
the experimental engine. passed over fresh sorbent
Results from this experiment  material. A mass heat transfer
along with chemical kinetic analysis was conducted to
modeling solutions prompted  analyze the possibility of using
the investigation of rich-burn  hot exhaust gas for the
operating conditions, with desorption process. It was
added EGR to prevent found in the adsorption studies,
preignition. It was observed and through literature review,
that the relative air/fuel ratio,  that NO adsorption was poor
injected NO quantity, added when the carrier gas was

EGR fraction, and engine nitrogen, but that NO in the
operating points affected the  presence of oxygen was

NO decomposition rates. While adsorbed at levels exceeding
operating under these modified 1% by mass of the sorbent.
conditions, the highest NO From the three experimental
decomposition rate of 92% was campaigns, chemical kinetic
observed. In-cylinder pressure modeling analysis, and the
data gathered during the scaled benchtop NOx
experiments showed minimum adsorption system, an overall
deviation from peak pressure SNR system model was

as a result of NO injections into developed. An economic
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analysis was completed, and  Selective NOx Recirculation for
showed that the system was  Stationary Lean-Burn Natural
impractical in cost for small Gas Engines

engines, but that economies of

scale favored the technology.
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