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METHODS AND SYSTEMS FOR EMISSIONS CONTROL IN A DUAL FUEL

ENGINE

FIELD
[0001] The subject matter disclosed herein relates to methods and systems for a

dual fuel engine with an exhaust gas treatment system.

BACKGROUND

[0002] Compression ignition engines (e.g., diesel engines) are a type of internal
combustion engine which use heat of compression to initiate ignition and burn fuel.
Compression ignition engines may have a higher thermal efficiency than other
internal combustion engines, such as spark ignition engines, for example. However,
compression ignition engines may have increased emissions (e.g., nitrogen oxides
(NOy), particulates, or the like), as compared to other internal combustion engines.
The increased amount of NOy is attributed to diffusion flame combustion. In the
diffusion flame, fuel is oxidized in a stoichiometric fashion which produces relatively
high local temperatures. The high local temperatures produce increased levels of
NOx. Further, the increased particulate emissions are based upon the heterogeneous
combustion event in which local equivalence ratios are high and a tendency for
particulate formation increases. As such, an exhaust gas treatment system may be
coupled to an exhaust passage of the engine in order to reduce emissions.

[0003] In some examples, emissions may be reduced by operating the
compression ignition engine as a dual fuel engine which operates using two different
fuels, for example, a low reactivity fuel (e.g., natural gas) and a high reactivity fuel

(e.g., diesel). In such an example, the engine may have two fuel systems for each of
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the fuels. Further, the exhaust gas treatment system may include a reductant system
so that a reductant can be delivered to an exhaust gas treatment device for reduction
of NOy, for example. As such, an amount of space occupied by the engine and

exhaust gas treatment system may be increased.

BRIEF DESCRIPTION

[0004] In one embodiment, a method for an engine with an exhaust gas treatment
system includes, under a first condition, delivering a first fuel for combustion in the
engine. The method further includes, under a second condition, delivering a second
fuel for combustion in the engine, where the second fuel is different than the first fuel.
Under a third condition, the method further includes, delivering the first fuel as a
reductant for the exhaust gas treatment system.

[0005] By using at least two different types of fuel for combustion, the
combustion rate may be moderated. For example, a combustion event may be
triggered by delivering each of the fuels at different times based on the first and
second conditions, thus improving control of ignition timing. Further, based on the
composition of the first and second fuels, the efficiency of the engine may be
increased and emissions may be reduced. The first fuel may further serve as a
reductant for the exhaust gas treatment device, thereby reducing the need for a
separate system for the reductant and reducing an overall size of the engine and
exhaust gas treatment system.

[0006] It should be understood that the brief description above is provided to
introduce in simplified form a selection of concepts that are further described in the
detailed description. It is not meant to identify key or essential features of the claimed

subject matter, the scope of which is defined uniquely by the claims that follow the
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detailed description. Furthermore, the claimed subject matter is not limited to
implementations that solve any disadvantages noted above or in any part of this

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will be better understood from reading the
following description of non-limiting embodiments, with reference to the attached
drawings, wherein below:

[0008] FIG. 1 shows a schematic diagram of an example embodiment of a rail
vehicle with a dual fuel engine according to an embodiment of the invention.

[0009] FIG. 2 shows a schematic diagram of an example embodiment of a rail
vehicle with a dual fuel engine according to an embodiment of the invention.

[0010] FIG. 3 shows a schematic diagram of an example embodiment of a rail
vehicle with a dual fuel engine according to an embodiment of the invention.

[0011] FIG. 4 shows a perspective view, approximately to scale, of an engine
with a turbocharger and an exhaust gas treatment system.

[0012] FIG. 5 shows a flow chart illustrating a method for delivering fuel to an
exhaust gas treatment device coupled to a dual fuel engine.

[0013] FIG. 6 shows a flow chart illustrating a method for delivering fuel to
cylinders of a dual fuel engine and for delivering fuel to an exhaust gas treatment
device coupled to the engine.

[0014] FIGS. 7-8 show timing charts for injecting fuel in a dual fuel engine.
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DETAILED DESCRIPTION

[0015] The following description relates to various embodiments of methods and
systems for a dual fuel engine with an exhaust gas treatment system. In one example
embodiment, a method includes, under a first condition, delivering a first fuel for
combustion in the engine. The method further includes, under a second condition,
delivering a second fuel for combustion in the engine, where the second fuel is
different than the first fuel. For example, the first fuel may be ethanol and the second
fuel may be diesel. Under a third condition, the method further includes, delivering
the first fuel as a reductant for the exhaust gas treatment system. In some
embodiments, the first and second fuels may be directly injected to the engine. In
other embodiments, the first fuel may be port injected and the second fuel may be
direct injected. In such an embodiment, the first fuel is also injected upstream of an
exhaust gas treatment device in the exhaust gas treatment system.

[0016] In some embodiments, the engine and exhaust gas treatment system are
configured to be positioned in a vehicle, such as a rail vehicle. For example, FIG. 1
shows a schematic diagram of an example embodiment of a vehicle system 100 (e.g.,
a locomotive system), herein depicted as a rail vehicle 104, configured to run on a rail
102 via a plurality of wheels 111. As depicted, the rail vehicle 104 includes an
exhaust gas treatment system coupled to an engine 106, such as an internal
combustion engine. In other non-limiting embodiments, engine 106 may be a
stationary engine, such as in a power-plant application, or an engine in a ship
propulsion system.

[0017] FIG. 1 depicts an example embodiment of a combustion chamber, or
cylinder, of a multi-cylinder internal combustion engine 106. The engine 106 may be

controlled at least partially by a control system including controller 112. The cylinder
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(i.e., combustion chamber) 108 of engine 106 may include combustion chamber walls
152 with a piston 110 positioned therein. The piston 110 may be coupled to a
crankshaft 154 so that reciprocating motion of the piston is translated into rotational
motion of the crankshaft. In some embodiments, the engine 106 may be a four-stroke
engine in which each of the cylinders fires in a firing order during two revolutions of
the crankshaft 154. In other embodiments, the engine 106 may be a two-stroke engine
in which each of the cylinders fires in a firing order during one revolution of the
crankshaft 154.

[0018] The cylinder 108 receives intake air for combustion from an intake
passage 132. The intake passage 132 receives ambient air from an air filter (not
shown) that filters air from outside of the rail vehicle 104. The intake air passage 132
may communicate with other cylinders of engine 106 in addition to cylinder 108, for
example.

[0019] In some embodiments, one or more of the intake passages may include a
boosting device such as a turbocharger. For example, FIG. 1 shows engine 106
configured with a turbocharger 124 including a compressor 126 arranged in the intake
passage 132, and an exhaust turbine 128 arranged along the exhaust passage 134. The
compressor 126 may be at least partially powered by the exhaust turbine 128 via a
shaft 130. The turbocharger 124 increases air charge of ambient air drawn into the
intake passage 132 in order to provide greater charge density during combustion to
increase power output and/or engine-operating efficiency. While in this case a single
turbocharger is included, the system may include multiple turbine and/or compressor
stages.

[0020] Exhaust gas resulting from combustion in the engine 106 is supplied to an

exhaust passage 134. Exhaust gas flows through the exhaust passage 134 and out of



WO 2012/121870 PCT/US2012/025838

an exhaust stack (not shown) of the rail vehicle 104. The exhaust passage 134 may
further receive exhaust gases from other cylinders of engine 106 in addition to
cylinder 108, for example.

[0021] The vehicle system 100 further includes an exhaust gas treatment system
coupled in the exhaust passage downstream of the turbine 128 of the turbocharger
124. The exhaust gas treatment system includes an exhaust gas treatment device 166.
For example, the exhaust gas treatment device 166 may be a selective catalytic
reduction (SCR) catalyst for reducing nitrogen oxide (NOx) species in the exhaust gas
stream. The SCR catalyst may include silver in the washcoat formulation. In other
examples, the exhaust gas treatment device may be a diesel oxidation catalyst (DOC),
a diesel particulate filter (DPF), or the like for reducing particulate matter in the
exhaust gas stream. In other embodiments, the exhaust gas treatment system may
additionally, or alternatively, include a three way catalyst (TWC), NOy trap, various
other emission control devices, or combinations thereof.

[0022] Further, in the example embodiment depicted in FIG. 1, the exhaust gas
treatment system includes an injector 168 positioned upstream of the exhaust gas
treatment device 166 to inject a reductant to the exhaust gas treatment device. In the
example shown in FIG. 1, the reductant is the first fuel stored in the first fuel system
164. For example, the first fuel may be ethanol or another fuel containing alcohol. In
such an embodiment, the need for a separate system for the reductant, such as when
urea is the reductant, is reduced. As such, an amount of space occupied by the
exhaust gas treatment system is reduced.

[0023] The vehicle system 100 further includes a first exhaust gas sensor 170
coupled in the exhaust passage 134 upstream of the turbine 128 of the turbocharger

124. A second exhaust gas sensor 172 is disposed downstream of the exhaust gas
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treatment device 166 in the exhaust passage 134. Each exhaust gas sensor 170 and
172 may be any suitable sensor for providing an indication of exhaust gas air/fuel
ratio such as a linear oxygen sensor or UEGO (universal or wide-range exhaust gas
oxygen), a two-state oxygen sensor or EGO (as depicted), a HEGO (heated EGO), a
NOx, HC, or CO sensor. By including an exhaust gas sensor upstream and
downstream of the exhaust gas treatment device, information about the system such as
NOx conversion efficiency may be determined, for example.

[0024] Each cylinder of the engine 106 may include one or more intake valves
and one or more exhaust valves. For example, the cylinder 108 is shown including
one intake poppet valve 136 and one exhaust poppet valve 138 located in an upper
region of cylinder 108. In some embodiments, each cylinder of the engine 106,
including cylinder 108, may include two or more intake poppet valves and two or
more exhaust poppet valves located at an upper region of the cylinder.

[0025] The intake valve 136 may be controlled by the controller 112 via actuator
144. Similarly, the exhaust valve 138 may be controlled by the controller 112 via
actuator 146. During some conditions, the controller 112 may vary the signals
provided to actuators 144 and 146 to control the opening and closing of the respective
intake and exhaust valves. The position of intake valve 136 and exhaust valve 138
may be determined by respective valve position sensors 140 and 142, respectively.
The valve actuators may be of the electric valve actuation type or cam actuation type,
or a combination thereof, for example.

[0026] The intake and exhaust valve timing may be controlled concurrently or
any of a possibility of variable intake cam timing, variable exhaust cam timing, dual

independent variable cam timing, or fixed cam timing may be used. In other
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embodiments, the intake and exhaust valves may be controlled by a common valve
actuator or actuation system, or a variable valve timing actuator or actuation system.
[0027] In the example embodiment of FIG. 1, the controller 112 is shown as a
microcomputer. The controller 112 includes microprocessor unit 118, input/output
ports 114, an electronic storage medium, which includes code for enabling on-board
monitoring and control of rail vehicle operation shown as read only memory chip 116
in this particular example, random access memory 120, keep alive memory 122, and a
data bus. Storage medium read-only memory 116 can be programmed with computer
readable data representing instructions executable by processor 118 for performing
the methods described below as well as other variants that are anticipated but not
specifically listed.

[0028] The controller 112, while overseeing control and management of the
vehicle system 100, may be configured to receive signals from a variety of engine
sensors, as further elaborated herein, in order to determine operating parameters and
operating conditions, and correspondingly adjust various engine actuators to control
operation of the rail vehicle 104. For example, the controller 112 may receive signals
from various engine sensors including, but not limited to, engine speed, engine load,
boost pressure, exhaust pressure, ambient pressure, exhaust temperature, engine
coolant temperature (ECT) from temperature sensor 148 coupled to cooling sleeve
150, etc. Correspondingly, the controller 112 may control the vehicle system 100 by
sending commands to various components such as traction motors, alternator, cylinder
valves, throttle, etc.

[0029] As further elaborated with reference to FIGS. 5 and 6, in some
embodiments, the controller 112 may receive communication from one or more

exhaust gas sensors (e.g., NOx sensors) 170 and 172 positioned in the exhaust passage
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134. In response to communication from the exhaust gas sensors 170 and 172, the
controller 112 may send a signal to the first fuel system 164 to inject the first fuel
(e.g., ethanol) in the exhaust passage 134 as a reductant, for example. In this manner,
the reductant may be injected to the exhaust gas treatment device 166 when the
system indicates a need for reductant based on signals from the exhaust gas sensors
170 and 172, for example. As such, a build-up of reductant, which may result in
reductant slip, may be reduced.

[0030] In some embodiments, each cylinder of engine 106 may be configured
with one or more fuel injectors for providing fuel thereto. As a non-limiting example,
FIG. 1 shows the cylinder 108 is including a first fuel injector 162 and a second fuel
injector 158. The second fuel injector 158 is shown coupled directly to cylinder 108
for injecting fuel directly therein in proportion to the pulse width of signal FPW-2
received from controller 112. In this manner, fuel injector 158 provides what is
known as direct injection (hereafter referred to as “DI”) of a second fuel into
combustion cylinder 108. The second fuel may be delivered to the second fuel
injector 158 from high pressure fuel system 160 including a fuel tank, fuel pumps, and
a fuel rail. Alternatively, the second fuel may be delivered by a single stage fuel
pump at lower pressure, in which case the timing of the direct fuel injection may be
more limited during the compression stroke than if a high pressure fuel system is
used. Further, while not shown, the fuel tank may have a pressure transducer
providing a signal to the controller 112. In one example, the second fuel is diesel fuel
that is combusted in the engine through compression ignition. In other non-limiting
embodiments, the second fuel may be gasoline, kerosene, biodiesel, or other
petroleum distillates of similar density through compression ignition (and/or spark

ignition).
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[0031] The first fuel injector provides DI of a first fuel into combustion cylinder
14. The first fuel may be delivered to the cylinder 108 via the first fuel injector 162
from high pressure fuel system 164 including a fuel tank, fuel pump, and a fuel rail.
Alternatively, the first fuel may be delivered by a single stage fuel pump at lower
pressure, in which case the timing of the direct fuel injection may be more limited
during the compression stroke than if a high pressure fuel system is used. Further,
while not shown, the fuel tank may have a pressure transducer providing a signal to
the controller 112. In one example, the first fuel is ethanol that is combusted in the
engine through compression ignition. In other non-limiting embodiments, the first
fuel may be another alcohol containing fuel such as methanol, a blend containing
alcohol and another substance such as water, or the like.

[0032] The first fuel injector 162 is shown arranged in intake passage 132, rather
than in the cylinder 108, in a configuration that provides what is known as port
injection of fuel (hereafter referred to as “PFI”) into the intake port upstream of the
cylinder 108. The first fuel injector 162 may inject fuel in proportion to the pulse
width of signal FPW-1 received from the controller 112. The first fuel may be
delivered to fuel injector 162 by the second fuel system 164 including a fuel tank, a
fuel pump, and a fuel rail.

[0033] Fuel may be delivered by both injectors to the cylinder during a single
cycle of the cylinder. For example, each injector may deliver a portion of a total fuel
injection that is combusted in the cylinder 108. Further, the distribution and/or
relative amount of fuel delivered from each injector may vary with operating
conditions. The relative distribution of the total injected fuel among injectors 158 and
162 may be referred to as an injection type. For example, injecting all of the first fuel

for a combustion event via the first injector 162 may be an example of a first injection
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type, injecting all of the second fuel for a combustion event via the second injector
158 may be an example of a second injection type, injecting three-quarters of the first
fuel for a combustion event via the first injector 162 and a quarter of the second fuel
via the second injector 158 may be an example of a third injection type, injecting a
quarter of the first fuel for a combustion event via the first injector 162 and the three-
quarters of the second fuel via the second injector 158 may be an example of a fourth
injection type. Note that these are merely examples of different injection types, and
various other types of injection and delivery may be used, and further the approach
may be applied to more than two injectors as well.

[0034] Additionally, it should be appreciated that port injected fuel may be
delivered during an open intake valve event, closed intake valve event (e.g.,
substantially before the intake stroke), as well as during both open and closed intake
valve operation. Similarly, directly injected fuel may be delivered during an intake
stroke, as well as partly during a previous exhaust stroke; during the intake stroke, and
partly during the compression stroke, for example. As such, even for a single
combustion event, injected fuel may be injected at different timings from a port and
direct injector. Furthermore, for a single combustion event, multiple injections of the
delivered fuel may be performed per cycle. The multiple injections may be performed
during the compression stroke, intake stroke, or any appropriate combination thereof.
[0035] Fuel injectors 158 and 162 may have different characteristics. These
include differences in size, for example, one injector may have a larger injection hole
than the other. Other differences include, but are not limited to, different spray
angles, different operating temperatures, different targeting, different injection timing,

different spray characteristics, different locations, etc. Moreover, depending on the
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distribution ratio of injected fuel among injectors 158 and 162, different effects may
be achieved.

[0036] FIG. 2 shows another example embodiment of a dual fuel engine 106 in a
rail vehicle 104. The embodiment illustrated in FIG. 2 is comprised of many of the
same components as the embodiment illustrated in FIG. 1. Accordingly, those
components which function similarly to those illustrated in FIG. 1 are identified by
like reference numerals in FIG. 2 and may not be described again.

[0037] In the embodiment depicted in FIG. 2, the first fuel injector 162 is a port
fuel injector and the second fuel injector 158 is a direct fuel injector, as in the
example embodiment depicted in FIG. 1. In contrast to the example embodiment
depicted in FIG. 1, the exhaust gas treatment device 166 is positioned upstream of the
turbine 128 of the turbocharger 124 in the example of FIG. 2. Further, vehicle system
200 shown in FIG. 2 does not include a fuel injector disposed in the exhaust passage
134 upstream of the exhaust gas treatment device.

[0038] In such an embodiment as that shown in FIG. 2, the first fuel injector (e.g.,
the port fuel injector) 162 may be controlled to deliver the first fuel to the cylinder
108 at least twice during the engine cycle. For example, in one embodiment, under a
first condition, the first fuel (e.g., ethanol) may be delivered for combustion in the
engine, the second fuel (e.g., diesel) may be delivered for combustion in the engine
under a second condition, and the first fuel may be delivered as a reductant for the
exhaust gas treatment system under a third condition, as will be described in greater
detail below with reference to FIG. 6. In such an embodiment, the first and second
conditions may be based on temperature in the cylinder, for example, and the third
condition may be based an amount of NOy in the exhaust gas stream. The second

injection of the first fuel may occur just before an intake stroke, for example, when
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the exhaust valve and intake valve are open such that the second fuel bypasses
combustion in the engine and flows to the exhaust gas treatment device 166 where it
serves as a reductant.

[0039] The vehicle system 200 further includes an exhaust gas recirculation
(EGR) system 173, which routes exhaust gas from the exhaust passage 134 upstream
of the turbine 128 to the intake passage downstream of the compressor 126 of the
turbocharger 124. The EGR system 173 includes an EGR passage 174 and an EGR
valve 176 for controlling an amount of exhaust gas that is recirculated from the
exhaust passage 134 of engine 106 to the intake passage 132 of engine 104. By
introducing exhaust gas to the cylinder 108, the amount of available oxygen for
combustion is decreased, thereby reducing the combustion flame temperatures and
reducing the formation of nitrogen oxides (e.g., NOx). The EGR valve 176 may be an
on/off valve controlled by the controller 112, or it may control a variable amount of
EGR, for example. In some embodiments, as shown in FIG. 2, the EGR system 173
further includes an EGR cooler 178 to reduce the temperature of the exhaust gas
before it enters the intake passage 132. As shown in the non-limiting example
embodiment of FIG. 2, the EGR system 173 is a high-pressure EGR system. In other
embodiments, the vehicle system 100 may additionally or alternatively include a low-
pressure EGR system, routing EGR from downstream of the turbine to upstream of
the compressor.

[0040] In the example embodiment illustrated in FIG. 2, when the first fuel is
used a reductant, as described above, reductant slip may occur when a reductant
storage amount is greater than a threshold amount, for example. By positioning the
exhaust gas treatment device 166 upstream of the high-pressure EGR inlet, reductant

slip may follow the loop of the EGR system 173. As such, the reductant slip may
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flow back to the intake passage 132 and enter the cylinder 108 for combustion, for
example, thereby reducing an amount of reductant slip that may be emitted to the
atmosphere.

[0041] FIG. 3 shows another example embodiment of a dual fuel engine 106 in a
rail vehicle 104. The embodiment illustrated in FIG. 3 is comprised of many of the
same components as the embodiments illustrated in FIGS. 1 and 2. Accordingly,
those components which function similarly to those illustrated in FIGS. 1 and 2 are
identified by like reference numerals in FIG. 3 and may not be described again.

[0042] In the embodiment depicted in FIG. 3, the first fuel injector 162 is a direct
fuel injector and the second fuel injector 158 is a direct fuel injector. Further, the
exhaust gas treatment device 166 is positioned upstream of the turbine 128 of the
turbocharger 124 in the example of FIG. 3. Further still, vehicle system 300 does not
include a fuel injector disposed in the exhaust passage 134 upstream of the exhaust
gas treatment device.

[0043] In an embodiment such as that depicted in FIG. 3, the first fuel injector
(e.g., the port fuel injector) 162 may be controlled to deliver the first fuel to the
cylinder 108 at least twice during the engine cycle. For example, in one embodiment,
under a first condition, the first fuel (e.g., ethanol) may be delivered for combustion in
the engine, the second fuel (e.g., diesel) may be delivered for combustion in the
engine under a second condition, and the first fuel may be delivered as a reductant for
the exhaust gas treatment system under a third condition, as will be described in
greater detail below with reference to FIG. 6. In such an embodiment, the first and
second conditions may be based on temperature in the cylinder, for example, and the
third condition may be based an amount of NOy in the exhaust gas stream. The

second injection of the first fuel may occur during an expansion stroke, for example,
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when the exhaust valve is open such that the second fuel is not combusted and exits
the cylinder 108 to the exhaust gas treatment device 166 where it serves as a
reductant.

[0044] As described above, FIGS. 1, 2, and 3 show only one cylinder of a multi-
cylinder engine. As such each cylinder may similarly include its own set of
intake/exhaust valves, fuel injector(s), spark plug, etc. In some embodiments, the
engine 106 may be a V-12 engine which includes 12 cylinders. For example, FIG. 4
shows an example embodiment of a V-12 engine which is approximately to scale, and
which may be included in the vehicle systems of FIG. 1, 2, and 3.

[0045] In the example of FIG. 4, engine 402 is a V-engine which includes two
banks of cylinders that are positioned at an angle of less than 180 degrees with respect
to one another such that they have a V-shaped inboard region and appear as a V when
viewed along a longitudinal axis of the engine. The longitudinal axis of the engine is
defined by its longest dimension in this example. In the example of FIG. 4, the
longitudinal direction is indicated by 412, the vertical direction is indicated by 414,
and the lateral direction is indicated by 416. Each bank of cylinders includes a
plurality of cylinders 410 (e.g., each bank includes six cylinders). The engine system
400 further includes a turbocharger 404 positioned at a front side of the engine and an
exhaust gas treatment system 408 positioned on a top portion of the engine.

[0046] In a locomotive system, when an engine such as the V-12 engine depicted
in FIG. 4 is positioned in the vehicle, packaging space may be limited. By using the
first fuel as a fuel for combustion as well as a reductant, the size of the system may be
reduced, as a separate system for reductant injection may not be needed. In other
embodiments, the vehicle systems depicted in FIGS. 1, 2, and 3 may include an

engine which is a V-6, V-16, 1-4, I-6, 1-8, opposed 4, or another engine type.
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[0047] Continuing to FIG. 5, a flow chart illustrating a method 500 for injecting a
first fuel (e.g., ethanol) in an exhaust passage upstream of an exhaust gas treatment
device as a reductant for the exhaust gas treatment device is shown. Method 500 may
be employed in a system such as vehicle system 100 depicted in FIG. 1. Specifically,
method 500 determines an amount of NOy in the exhaust gas stream and injects the
first fuel to the exhaust gas treatment device accordingly.

[0048] At 510 of method 500, operating conditions are determined. Operating
conditions may include exhaust temperature, air fuel ratio, amount of reductant stored
in the exhaust gas treatment device, and the like.

[0049] Once the operating conditions are determined, method 500 proceeds to
512 where an amount of NOyx upstream of the exhaust gas treatment device is
measured. For example, exhaust gas sensor 170 described above with reference to
FIG. 1 may be used to indicate a concentration of NOy in the exhaust gas emitted
from the engine. At 514, an amount of NOy downstream of the exhaust gas treatment
device is measured. For example, exhaust gas sensor 172 described above with
reference to FIG. 1 may be used to indicate a concentration of NOy downstream of the
exhaust gas treatment device.

[0050] At 518 of method 500 it is determined if the NOy conversion efficiency is
less than a threshold value. For example, the controller may use the NO
measurements obtained at 512 and 514 may be used to calculate the NOy conversion
efficiency. If the NOy conversion efficiency is less than threshold value, NOx may be
passing through the exhaust gas treatment device without being converted. As such,
at 520 of method 500, the first fuel is injected in the exhaust passage upstream of the
exhaust gas treatment device in order to increase the amount of NOy that is converted

as the exhaust gas stream passes through the exhaust gas treatment device.
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[0051] On the other hand, if it is determined that the NOy conversion efficiency
is greater than the threshold value, method 500 moves to 520 where it is determined if
the reductant storage amount is less than a threshold amount. The threshold amount
may be based on current operating conditions of the engine such as air fuel ratio,
exhaust gas treatment device temperature, or the like.

[0052] If it is determined that the reductant storage amount is greater than the
threshold amount, the routine ends. In contrast, if it is determined that the reductant
storage amount is less than the threshold amount, method 500 moves to 518 and the
first fuel is injected in the exhaust passage upstream of the exhaust treatment device in
order to increase the amount of reductant stored in the device.

[0053] Thus, by including an injector in the exhaust passage, the first fuel of a
dual fuel engine, where the first fuel (e.g., ethanol) is different from the second fuel
(e.g., diesel), may be injected upstream of the exhaust gas treatment device as a
reductant for the exhaust gas treatment device.

[0054] FIG. 6 shows a flow chart illustrating a method 600 for injecting a first
fuel (e.g., ethanol) and a second fuel (e.g., diesel) in a dual fuel engine during an
engine cycle, such as engine 106 described above with reference to FIGS. 2 and 3 is
shown. Specifically, the method 600 determines operating conditions and injects fuel
to the cylinders of the engine and to the exhaust gas treatment device accordingly.
[0055] At 610 of method 600, operating conditions are determined. The
operating conditions may include cylinder temperature, cylinder pressure, NOy
conversion efficiency, cylinder pressure, air fuel ratio, and the like.

[0056] Once the operating conditions are determined, method 600 continues to
612 where it is determined if the first cylinder temperature is greater than a first

threshold temperature. For example, the first threshold temperature may be a
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temperature at which the first fuel can mix with intake air in the cylinder at the
instantaneous pressure of the cylinder such that the first fuel is not ignited and pre-
mixing of the first fuel and intake air occurs. In some examples, the first threshold
temperature may correspond to a position of the cylinder during the engine cycle.
[0057] If it is determined that the cylinder temperature is not greater than the first
threshold temperature, method 600 returns to 612 until the temperature of the cylinder
is less than the first threshold temperature. Once it is determined the cylinder
temperature is greater than the threshold temperature, method 600 proceeds to 614
where the first fuel is injected to the cylinder.

[0058] In an embodiment in which the first fuel injector is a port fuel injector,
such as depicted in FIG. 2, the first threshold temperature may occur when the intake
valve is open during the intake stroke, for example. In an embodiment in which the
first fuel injector is a direct fuel injector, such as depicted in FIG. 3, the first threshold
temperature may occur late in the intake stroke after the intake valve is closed or early
in the compression stroke, for example. In other examples, the first fuel may be
directly injected to the cylinder during the compression stroke or during the power
stroke of the engine cycle, or combinations thereof.

[0059] At 616 of method 600, it is determined if the cylinder temperature is
greater than a second threshold temperature. The second threshold temperature may
be higher than the first threshold temperature. For example, the second threshold
temperature may correspond to a temperature below which the second fuel ignites in
the combustion chamber. In this manner, pre-mixing of the second fuel before
combustion resulting in relatively low flame temperatures and local equivalence ratios

that are lean, for example.
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[0060] If it is determined that the cylinder temperature is less than the second
threshold temperature, method 600 returns to 616 until the temperature of the cylinder
is greater than the second threshold temperature. Once it is determined that the
cylinder temperature is greater than the second threshold temperature, method 600
continues to 618 where the second fuel is injected to the cylinder.

[0061] In an embodiment in which the first fuel injector is a port injector or in an
embodiment in which the first fuel injector is a direct injector, the second fuel may be
injected during the compression stroke such that the second fuel may be pre-mixed
with the first fuel and intake air in the cylinder (e.g., 40-50 degrees before top dead
center). As such, local flame temperatures may be lower and NOx production may be
reduced, for example. Further, by pre-mixing the second fuel with the first fuel and
air, particulate emissions may be reduced.

[0062] At 620, it is determined if the NOx conversion efficiency is greater than a
threshold value. If it is determined that the NOy conversion efficiency is less than the
threshold value, method 600 returns to the start. In contrast, if it is determined that
the NOx conversion efficiency is greater than the threshold value, method 600 moves
to 622 where the first fuel is injected to the cylinder. For example, the first fuel may
be injected by direct injection after combustion has occurred during the exhaust
stroke. As another example, the first fuel may be injected by port or direct injection
during positive valve overlap during the end of the exhaust stroke/beginning of the
intake stroke with both the intake and exhaust valve(s) being at least partially open.
This may generate scavenging, where the engine is boosted and a pressure in the
intake manifold is greater than a pressure in the exhaust manifold such that air travels
from the intake to the exhaust of the cylinder through the open valves without

participating in the combustion process. Thus, the first fuel injected into this fresh
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airflow (either in the intake port or into the cylinder) may be carried out of the
cylinder to the exhaust system. In this manner, the first fuel may exit the cylinder
without being combusted so that it may be utilized as a reductant in the exhaust gas
treatment device.

[0063] Method 600 may be repeated for each cylinder of the multi-cylinder
engine for example. In this manner, the second fuel may be injected to each cylinder
of the engine for combustion and as a reductant for the exhaust gas treatment device.
Further, by injecting each fuel at a time when pre-mixing can occur, flame
temperatures, NOx formation, and particulate formation may be reduced. Thus,
engine efficiency may be increased while emissions are reduced.

[0064] FIGS. 7 and 8 show non-limiting examples of timing charts for fuel
injection in a dual fuel engine, such as engine 106 described above with reference to
FIGS. 2 and 3. Specifically, FIGS. 7 and 8 show fuel injection timing in a cylinder
over one engine cycle in a four-stroke engine and a two-stroke engine, respectively.
[0065] In the example embodiment of FIG. 7, a first injection of a first fuel is
illustrated as occurring near bottom dead center (BDC) during the intake stroke of the
four-stroke engine cycle at 712 of timing chart 700. Injection of the second fuel is
illustrated as occurring near top dead center (TDC) during the compression stroke of
the four-stroke engine cycle at 714 of timing chart 700. In this manner, the first fuel
may be injected so that pre-mixing of the first fuel and intake air occurs in the
cylinder before the injection of the second fuel. In some embodiments, the injection
of the second fuel may trigger a combustion event, for example.

[0066] As described above, based on a condition such as a low NOy conversion
efficiency, the first fuel may be injected a second time. The second injection of the

first fuel is illustrated as occurring during the exhaust stroke at 716 of timing chart
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700 while the exhaust valve is open. In other embodiments, the second injection of
the first fuel (by port injection or by direct injection) may occur during the exhaust
and/or intake stroke during valve overlap, as described above. In this manner, the
second injection of the first fuel may bypass combustion in the cylinder so that the
first fuel may serve as a reductant for an exhaust gas treatment device.

[0067] In the example embodiment of FIG. 8§, a first injection of a first fuel is
illustrated as occurring early in the first stroke (e.g., after BDC) at 812 of timing chart
800. Injection of the second fuel is illustrated as occurring late in the first stroke, just
before TDC at 814 of timing chart 800. In such an embodiment, injection of the first
fuel early in the first stroke provides an opportunity for pre-mixing of the first fuel
and intake air before the second fuel is injected late in the first stroke.

[0068] Further, a second injection of the first fuel is illustrated as occurring close
to BDC during the second stroke at 816 of timing chart 800. In this way, the second
injection of the first fuel may be delivered such that it is not combusted during the
two-stroke engine cycle. Thus, the first fuel may exit the cylinder during the second
stroke and flow to the exhaust gas treatment device to reduce NOy emissions, for
example.

[0069] It should be understood, the relative injection amounts and timings of the
first fuel and second fuel depicted in FIGS. 7 and 8 are for the purpose of example. In
some embodiments, a greater quantity of the first fuel may be injected during the first
injection of the first fuel than the second injection of the first fuel, or vice versa.
Similarly, a quantity of the second fuel may be less than, greater than, or equal to the
quantity of first fuel delivered during the first or second injection of the first fuel, for
example, based on current operating conditions. Further, the timing of each injection

may vary based on current operation conditions.
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[0070] As explained above, the terms “high temperature” and “low temperature”
are relative, meaning that “high” temperature is a temperature higher than a “low”
temperature. Conversely, a “low” temperature is a temperature lower than a “high”
temperature.

[0071] As used herein, an element or step recited in the singular and proceeded
with the word “a” or “an” should be understood as not excluding plural of said
elements or steps, unless such exclusion is explicitly stated. Furthermore, references
to “one embodiment” of the present invention are not intended to be interpreted as
excluding the existence of additional embodiments that also incorporate the recited
features. = Moreover, unless explicitly stated to the contrary, embodiments
“comprising,” “including,” or “having” an element or a plurality of elements having a
particular property may include additional such elements not having that property.
The terms “including” and “in which” are used as the plain-language equivalents of
the respective terms “comprising” and “wherein.” Moreover, the terms “first,”
“second,” and “third,” etc. are used merely as labels, and are not intended to impose
numerical requirements or a particular positional order on their objects.

[0072] This written description uses examples to disclose the invention,
including the best mode, and also to enable a person of ordinary skill in the relevant
art to practice the invention, including making and using any devices or systems and
performing any incorporated methods. The patentable scope of the invention is
defined by the claims, and may include other examples that occur to those of ordinary
skill in the art. Such other examples are intended to be within the scope of the claims
if they have structural elements that do not differ from the literal language of the

claims, or if they include equivalent structural elements with insubstantial differences

from the literal languages of the claims.
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CLAIMS:

1. A method for an engine with an exhaust gas treatment system, comprising:
under a first condition, delivering a first fuel for combustion in the engine;
under a second condition, delivering a second fuel for combustion in the

engine, where the second fuel is different than the first fuel; and
under a third condition, delivering the first fuel as a reductant for the exhaust

gas treatment system.

2. The method of claim 1, wherein the first fuel is delivered to cylinders of the
engine by direct injection during an intake stroke of an engine cycle, and wherein the
third condition includes when a nitrogen oxide conversion efficiency decreases below

a threshold value.

3. The method of claim 1, wherein, during the second condition, the second fuel

is delivered to cylinders of the engine by direct injection.

4. The method of claim 3, wherein delivering the first fuel as a reductant includes
delivering the first fuel to one or more cylinders of the engine during an exhaust

stroke of an engine cycle.

5. The method of claim 1, wherein, during the second condition, the first fuel is
delivered to cylinders of the engine by port injection during an intake stroke of an

engine cycle.
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6. The method of claim 5, wherein delivering the first fuel as a reductant includes
delivering the first fuel by port injection to one or more cylinders of the engine during

positive valve overlap while the engine is boosted.

7. The method of claim 5, wherein delivering the first fuel as a reductant includes
delivering the first fuel by an injector positioned upstream of a selective catalytic

reduction catalyst in the exhaust gas treatment system.

8. The method of claim 5, wherein the exhaust gas treatment system is positioned

upstream of an exhaust gas recirculation inlet.

9. The method of claim 1, wherein the first condition includes cylinder
temperature above a first threshold temperature, and the second condition includes
cylinder temperature above a second threshold temperature, where the first threshold

temperature is lower than the second threshold temperature.
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10. A method for an engine with an exhaust gas treatment system, comprising:

under a first condition, delivering a first fuel in a cylinder of the engine for
combustion in the engine during an intake stroke of an engine cycle;

under a second condition, delivering a second fuel in the cylinder of the engine
for combustion in the engine during a compression stroke of the engine cycle, where
the second fuel is different than the first fuel; and

under a third condition, delivering the first fuel in the cylinder of the engine as
a reductant for a selective catalytic reduction catalyst in the exhaust gas treatment

system during an exhaust stroke of the engine cycle.

11. The method of claim 10, wherein the first fuel is delivered by a first direct

injector in the cylinder.

12. The method of claim 10, wherein the second fuel is delivered by a second

direct injector in the cylinder.

13. The method of claim 10, wherein the selective catalytic reduction catalyst is

positioned upstream of a turbine of a turbocharger.

14. The method of claim 10, wherein the first condition includes cylinder
temperature above a first threshold temperature, and the second condition includes

cylinder temperature above a second threshold temperature.

15. The method of claim 10, wherein the third condition includes nitrogen oxide

conversion efficiency below a threshold value.
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16. The method of claim 10, wherein the third condition includes an amount of
reductant stored in the selective catalytic reduction catalyst less than a threshold

amount.

17. The method of claim 10, wherein the first fuel is ethanol and the second fuel is

diesel.
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18. A system for an engine, comprising:

a first fuel system for ethanol fuel;

a second fuel system for diesel fuel;

a selective catalytic reduction catalyst positioned in an exhaust passage of the
engine;

a controller configured to, during a single cylinder cycle, deliver a first
injection of the ethanol fuel for combustion in the engine during an intake stroke of
the cycle, deliver the diesel fuel after the intake stroke in the cycle, and deliver a
second injection of the ethanol fuel during an exhaust stroke of the cycle as a

reductant for the selective catalytic reduction catalyst.

19. The system of claim 18, wherein the engine is positioned in a locomotive, and

the engine is a V-12 four-stroke engine.

20. The system of claim 18 wherein the cylinder includes a first direct injector and
a second direct injector, the first injector delivering the first and second injection of
the ethanol and the second injector delivering the diesel fuel, and wherein the second

injection of ethanol is delivered during valve overlap.
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