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(54) Title: HYDROGEN RICH EGR SYSTEM AND METHOD

(57) Abstract: A system and method for hydro-
gen rich exhaust gas recirculation are provided.
The system includes the addition of a supplement-
al injector injecting additional natural gas beyond
the stoichiometric point into one of the engine
cylinders. After combustion, the exhaust of the
cylinder remains high in hydrogen. The exhaust is
then routed through a hydrogen rich exhaust path
to an exhaust gas recirculation mixer where is it
mixed with natural gas and exhaust gas from the
other cylinders. The resultant mixture is then
routed to all of the cylinders of the engine for im-
proved combustion due to the additional hydro-
gen.
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Attorney Docket No. D7374

TITLE
HYDROGEN RICH EGR SYSTEM AND METHOD

RELATED APPLICATIONS
[0001] This application makes reference to, claims priority to, and claims the
benefit of United States Provisional Patent Application No. 61/594,698, which was
filed on February 3, 2012 and is entitled “Hydrogen Rich EGR System for Natural
Gas Spark Ignited Engines.” The disclosure of the above-identified Provisional

Patent Application is hereby incorporated by reference in its entirety.

BACKGROUND

[0002] Currently, spark ignition (SI) natural gas engines run stoichiometric or
close to stoichiometric Air/Fuel Ratio (AFR) with limited mixture dilution with
Exhaust Gas Recirculation (EGR) due to very poor ignitability and flamability of
Natural Gas fuel. Lower EGR levels reduce engine performance (Torque and Power)
due to exhaust temperature limits and knock combustion. Low EGR levels also
reduce engine efficiency because of lower compression ratio required to prevet knock

combustion.
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SUMMARY

[0003] One or more embodiments provide a hydrogen rich exhaust gas
recirculation system and method including the addition of a supplemental injector
injecting additional natural gas beyond the stoichiometric point into one of the engine
cylinders. After combustion, the exhaust of the cylinder remains high in hydrogen.
The exhaust is then routed through a hydrogen rich exhaust path to an exhaust gas
recirculation mixer where is it mixed with natural gas and exhaust gas from the other
cylinders. The resultant mixture is then routed to all of the cylinders of the engine for

improved combustion due to the additional hydrogen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 illustrates a hydrogen-rich super EGR system for a natural gas

spark ignition engine according to the present system and method.

DETAILED DESCRIPTION

[0005] The present system and method significantly enhances combustion of
very lean and/or highly diluted (with EGR) Natural Gas (NG) fuel mixtures thus

enabling higher EGR levels for higher engine performance and efficiency.

[0006] Currently, majority of the NG Spark Ignited Engines in automotive
applications run at or near stoichiometric AFR and a low level of EGR. This allows
reliable combustion and application of a 3-way catalyst for emission compliance.
However, lean combustion and/or higher EGR requires more complex, high spark
energy ignition systems which in turn compromise spark plug durability. Conversely,
lean combustion and/or higher EGR improves engine performance due to lower

pumping losses and higher compression ratio.

[0007] The present EGR system takes advantage of Hydrogen fuel properties.
More specifically, hydrogen is highly flammable with flame speed 6 times faster than
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Natural Gas combustion. This which makes the addition of hydrogen a significant
ignition and combustion enhancement. On one embodiment, as further described
below, a Hydrogen rich "Super EGR" from one of the cylinders of a 6 cylinder engine
provides constantly 17% summand to the total EGR flow which is regulated by the
second (stoichiometric) EGR path.

[0008] More specifically, currently, stoichiometric SI Natural Gas engines run
a standard EGR loop. That is, stoichiometric exhaust gas (with no Hydrogen content)
is fed thru the EGR control valve and optional EGR cooler. The fuel system typically

includes one or more central feed NG injectors.

[0009] The proposed system and method adds to the existing EGR system a
"super rich" loop. The "super rich" loop includes a rich mixture port with an
enrichment injector in order to increase the fuel/air equivalence - in one embodiment
to the level 1.2 to 1.4 for the one of the six cylinders. Hydrogen rich (in one
embodiment 3% to 6%) EGR path is fed for all cylinders through the EGR cooler and
EGR mixer.

[0010] Figure 1 illustrates a hydrogen-rich super EGR system 100 for a
natural gas spark ignition engine according to the present system and method. Figure
1 shows several standard engine components including a stoichiometric mixture path
102, several engine cylinders 105, a stoichiometric exhaust path 107, an EGR cooler
110, a main EGR path 115, a turbocharger 120, a three-way catalyst 125, an EGR
valve 130, an EGR mixer 135, a charge air cooler 140, a natural gas main injector

145, and an intake throttle 150.

[0011] Additionally, Figure 1 illustrates a natural gas fuel supply 160, a
supplemental natural gas injector for cylinder 6 enrichment 165, a rich mixture port

170, a hydrogen-right EGR path 180, and an optional secondary EGR cooler 185.

[0012] In typical operation, natural gas is fed from the natural gas fuel supply
160 to the natural gas main injector 145. The natural gas then passes to the EGR
mixer 135 where it is mixed with exhaust gas from the EGR valve 130. The natural

gas and exhaust gas mixture is then provided to the cylinders 105 where it is
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combusted. The exhaust gas from the cylinders travels outward through the
stoichiometric exhaust path where a portion of the exhaust gas is used to power the
turbocharger 120 and then passes through the three-way catalyst 125. The remainder
of the exhaust gas is recirculated to the EGR valve 130. The turbocharger 120
compresses intake air that is then passed to the charge air cooler 140 and into the

natural gas main injector.

[0013] In addition to the typical EGR system, Figure 1 shows that a portion of
the natural gas fuel supply is now routed to the supplemental NG injector for cylinder
six enrichment 165. Thus, the fuel entering cylinder sic is enriched considerably
beyond the expected stoichiometric point. Consequently, after combustion of cylinder
6, the exhaust will be high in hydrogen and the resulting high-hydrogen exhaust gas

of cylinder six is then recirculated to the remaining cylinders.

[0014] More specifically, from the supplemental natural gas injector 165, the
supplemented fuel passes through the rich mixture port 170 and into cylinder six
where the fuel is combusted. The exhaust of cylinder 6 is not routed through the
stoichiometric exhaust path 107, but instead passes through a hydrogen-rich EGR path
180, and in one embodiment through a rich EGR path cooler 185 until it reaches the
EGR mixer 135. At the EGR mixer 145, the exhaust from the hydrogen rich EGR
path 180 is combined with the exhaust from the stoichiometric exhaust path 107 and
natural gas from the natural gas main injector 145. The mixture is then provided to all

of the six cylinders 105.

[0015] The addition of a secondary "super rich EGR loop" with high hydrogen
content supports spark ignition and combustion of high EGR content and/or lean
mixtures of Natural Gas and air. The rich EGR has 3% to 6% hydrogen content
which generated in the rich combustion cylinder- by combustion of NG fuel/air with
equivalence ratio in one embodiment in the range of 1.2 to 1.4. The enrichment -
higher equivalence ration than 1.0 (stoichiometric) - is achieved by supplemental
injection of NG fuel to the inlet port of one cylinder of a 6-cylinder engine. The

whole exhaust flow of the dedicated cylinder is reverted to the inlet. Consequently,
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minimal EGR % is in one embodiment about ~17%. The EGR control above 17% is
realized by the addition of a standard EGR leg which in one embodiment includes

EGR cooler and EGR valve.

[0016] The present system and method includes the advantages of higher
compression ratio for better performance and cooler EGR, lower spark energy for
better spark plug durability, reduction or elimination of knock combustion, and
allowing high EGR rates (>17%) without increasing pumping losses, while providing

positive or close to zero boost-back pressure.

[0017] Additionally, the present system and method may improve the
application of a stoichiometric combustion NG engine with a 3-way catalyst, which
may be an inexpensive way to meet EPA/CARB 2010 On Highway emission

standards.
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CLAIMS

1. A hydrogen-rich EGR system for a natural gas spark ignition engine,

the system including:

a supplemental injector injecting additional natural gas into a fuel supply for at
least one cylinder of an engine, wherein the additional natural gas exceeds the

stoichiometric point of combustion of the at least one cylinder;
a hydrogen rich exhaust path from the output of the at least one cylinder; and

an exhaust gas recirculation mixer, wherein the hydrogen rich exhaust path
transmit hydrogen rich exhaust from the at least one cylinder to the exhaust gas
recirculation mixer, wherein the exhaust gas recirculation mixer mixes the hydrogen
rich exhaust with natural gas and exhaust from at least one other cylinder of the

engine and provides the resulting mixture to a plurality of cylinders of the engine.

2. The system of claim 1 wherein the hydrogen rich exhaust path includes

a rich exhaust gas recirculation path cooler.

3. The system of claim 1 wherein the addition of natural gas by the

supplemental injector results in a natural gas fuel/air equivalence ratio in the range of

1.2to 1.4.

4, A method for hydrogen-rich exhaust gas recirculation, the method

including:

injecting additional natural gas into a fuel supply for at least one cylinder of an
engine, wherein the additional natural gas exceeds the stoichiometric point of

combustion of the at least one cylinder;

passing the hydrogen rich exhaust of the at least one cylinder into a hydrogen

rich exhaust path for transmission to an exhaust gas recirculation mixer;
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mixing, at the exhaust gas recirculation mixer, the hydrogen rich exhaust gas

with natural gas and exhaust from at least one other cylinder of the engine; and
providing the resulting mixture to a plurality of cylinders of the engine.

5. The method of claim 4 further including passing the hydrogen rich

exhaust through a rich exhaust gas recirculation path cooler.

6. The method of claim 4 wherein the injecting of additional natural gas

results in a natural gas fuel/air equivalence ratio in the range of 1.2 to 1.4.
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AMENDED CLAIMS
received by the International Bureau on 21 October 2013 (21.10.2013)

CLAIMS

1. A hydrogen-rich EGR system for a natural gas spark ignition engine, the system

including:

a supplemental injector injecting additional natural gas into a fuel supply for at least one
cylinder of an engine, wherein the additional natural gas exceeds the stoichiometric point of

combustion of the at least one cylinder;
a hydrogen rich exhaust path from the output of the at least one cylinder; and

an exhaust gas recirculation mixer, wherein the hydrogen rich exhaust path transmit
hydrogen rich exhaust from the at least one cylinder to the exhaust gas recirculation mixer,
wherein the exhaust gas recirculation mixer mixes the hydrogen rich exhaust with natural gas
and exhaust from at least one other cylinder of the engine and provides the resulting mixture to a
plurality of cylinders of the engine, wherein the hydrogen rich exhaust path includes a rich

exhaust gas recirculation path cooler.

2. The system of claim 1 wherein the addition of natural gas by the supplemental

injector results in a natural gas fuel/air equivalence ratio in the range of 1.2 to 1.4.
3. A method for hydrogen-rich exhaust gas recirculation, the method including:

injecting additional natural gas into a fuel supply for at least one cylinder of an engine,
wherein the additional natural gas exceeds the stoichiometric point of combustion of the at least

one cylinder;

passing the hydrogen rich exhaust of the at least one cylinder into a hydrogen rich

exhaust path for transmission to an exhaust gas recirculation mixer;

8
AMENDED SHEET (ARTICLE 19)
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mixing, at the exhaust gas recirculation mixer, the hydrogen rich exhaust gas with natural

gas and exhaust from at least one other cylinder of the engine;

providing the resulting mixture to a plurality of cylinders of the engine; and

passing the hydrogen rich exhaust through a rich exhaust gas recirculation path cooler.

4. The method of claim 3 wherein the injecting of additional natural gas results in a

natural gas fuel/air equivalence ratio in the range of 1.2to 1.4.

9
AMENDED SHEET (ARTICLE 19)
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