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APPARATUS AND METHOD FOR REDUCTANT 
DOSING OF AN EXHAUST 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/427,205, ?led Nov. 18, 2002 the 
contents of Which are incorporated by reference herein in 
their entirety. 

TECHNICAL FIELD 

[0002] Exemplary embodiments of the present invention 
are related to an apparatus and method for cleaning an 
exhaust gas of an internal combustion engine or other 
equivalent device. 

BACKGROUND 

[0003] Internal combustion engines emit undesirable pol 
lutants in their exhaust stream. One such pollutant is nitro 
gen oxides such as nitrogen monoxide, nitrogen dioxide 
(hereinafter referred to simply as “NOx”). NOx is generated 
from automobile engines such as diesel engines, and large 
combustion apparatuses such as cogenerators. In addition, 
other combustion devices are sources of NOx emissions. 
Accordingly, exhaust systems are coupled to the engine to 
limit and/or remove the pollutants from the exhaust system. 
Technologies have been and continue to be developed to 
attenuate these emissions. 

[0004] NOx is cleaned from exhaust gases of internal 
combustion engines through the use of catalysts. In addition 
to removing NOx, these catalysts also remove unburned 
hydrocarbons (HC) and carbon monoxide (CO). When the 
engine is operated With a lean air/fuel ratio, the catalyst is 
ef?cient at removing the HCs and COs because of the extra 
oxygen in the exhaust gas. HoWever, the extra oxygen tends 
to inhibit the removal of NOx. Conversely, When the engine 
is operated With a rich air/fuel ratio, NOx removal ef?ciency 
of the catalyst is increased but the HC and CO removal 
ef?ciency is decreased. 

[0005] In the case of exhaust gas from gasoline engines, 
NOx is usually removed by using so-called three-Way cata 
lysts. Also, in the case of large, stationary combustion 
apparatuses such as internal combustion engines for cogen 
erators, metal oxide catalysts such as V205 are used, and 
ammonia is introduced into exhaust gas, Whereby nitrogen 
oxides in the exhaust gas are catalytically and selectively 
reduced. 

[0006] HoWever, in the case of an exhaust gas having a 
relatively high oxygen concentration such as those dis 
charged from diesel engines and those discharged from 
gasoline engines operable in a lean state, efficient removal of 
NOx cannot be achieved With the above-described devices. 
Whereas homogeneous charge engines are able to utiliZe 
passive self-contained catalytic reduction techniques as 
exempli?ed by the three-Way catalyst to control emissions of 
HC, CO, and NOx, so-called lean-burn engines as exempli 
?ed by the compression ignition engine may have high 
oxygen content in the exhaust Which renders the conven 
tional catalysis ineffective. In this case, techniques have 
been developed to meter an additional chemical reductant or 
reagent into the exhaust ahead of the reducing catalyst. In 
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other cases, regeneration of an emissions control device, 
such as a particulate matter trap may require metered addi 
tion of a “fuel” ahead of an oxidiZing catalyst in the exhaust 
stream so that necessary supplemental heat may be pro 
duced. 

[0007] Conventional Selective Catalytic Reduction (SCR) 
of NOx involves injection of a typically aqueous urea 
solution or reductant into the exhaust system ahead of the 
SCR catalyst. Common reductants include aqueous urea in 
conjunction With selective catalytic reduction, and perhaps 
hydrocarbon diesel fuel for the supplemental heat necessary 
to initiate particulate trap regeneration. As used herein the 
term “urea” is meant to encompass urea in all of its com 
mercial forms, including those containing: ammelide; 
ammeline; ammonium carbonate; ammonium bicarbonate; 
ammonium carbamate; ammonium cyanate; ammonium 
salts of inorganic acids, including sulfuric acid and phos 
phoric acid; ammonium salts of organic acids, including 
formic and acetic acid; biuret; cyanuric acid; isocyanic acid; 
melamine and tricyanourea. 

[0008] The reductant dosing system is required to accu 
rately meter the reductant into the exhaust system typically, 
While being responsive to the engine or after treatment 
control system. Further, it must present the reductant to the 
?oWing exhaust gases in the most advantageous manner, 
Which typically means that it must be ?nely atomiZed and 
Well dispersed. Akey requirement is that it should be fully 
decomposed by the time it reaches the catalyst, so that it may 
Work With immediate effect, and that it should be homoge 
neously dispersed so that all active sites on the catalyst are 
engaged equally and non-preferentially to achieve maxi 
mum catalyst utiliZation. 

[0009] Another requirement is that the reductant must be 
delivered in a manner that prevents clogging of the atomiZer. 
This is due to the chemical composition of the reductant, 
Which When exposed to heat may be affected by pyrolysis 
Wherein the atomiZer may become clogged. 

[0010] Accordingly, most dosing systems have been 
designed for delivery of reductant in a tWo ?uid system, 
namely the reductant and a supply of pressuriZed air. In most 
cases these systems utiliZe an air pressure assisted atomiZer 
to achieve the quality of atomiZation and dispersion 
required, as Well as meeting the operational robustness target 
speci?ed. Such systems make use of the metering pump for 
delivering the reductant into a mixing chamber Where it 
co-mingles With pressuriZed air from an onboard source 
such as may be required for an air-brake system or air 
suspension in automotive applications. This mixture is con 
ducted through a pipe to the remote dosing location in the 
exhaust Where it exits through a simple atomiZing noZZle 
into the exhaust stream. Atypical air atomiZing pressure for 
this type of system might be 2 bar. 

[0011] Advantages of the knoWn air-assisted or tWo ?uid 
dosing systems include the ability to use a very simple and 
robust atomiZing noZZle. Disadvantages include the need for 
air pressure in all applications, even those Where the pres 
suriZed air is not normally available. Typically, the genera 
tion of air pressure requires expensive components Which 
are heavy, bulky, noisy, and energy inef?cient. Further, it is 
only applicable to in-exhaust injection, and is not suitable 
for in-cylinder injection Which may be another similar viable 
emissions reduction technology. 
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[0012] Therefore, it is desirable to develop an ef?cient 
apparatus and method for reducing NOx contained in the 
exhaust gas or combustion gas of an internal combustion 
engine or other device requiring such an exhaust system 
While giving consideration to the aforementioned require 
ments. 

SUMMARY OF THE INVENTION 

[0013] The above discussed and other draWbacks and 
de?ciencies are overcome or alleviated by providing a 
high-pressure metering pump for providing reductant in a 
single ?uid engine exhaust dosing system, the high-pressure 
metering pump comprising: a solenoid for actuating a piston 
slidably received Within an inner bore of a valve housing of 
the pump, the piston having at least tWo outer dimensions 
one being larger than the other and the inner bore having a 
pressure chamber With an inlet check valve and an outlet 
check valve; and Wherein movement of the piston causes the 
at least tWo outer dimensions to at least partially move into 
and out of the pressure chamber thereby increasing the 
pressure of ?uid received in the pressure chamber. 

[0014] Amethod for providing a reductant to an exhaust of 
an engine having an exhaust system With a SCR catalyst, the 
method comprising: pumping a predetermined amount of the 
reductant through an atomiZer disposed in the exhaust 
system, the atomiZer providing a spray of reductant to the 
engine exhaust prior to its reaching the SCR catalyst; 
Wherein the reductant is provided by a single ?uid delivery 
system having a pump capable of providing reductant under 
a pressure to the atomiZer, the pressure being su?icient to 
remove pyrolysed materials at the atomiZer. 

[0015] A single ?uid exhaust dosing system for providing 
a reductant to a SCR catalyst of an exhaust system of an 
engine, the single ?uid exhaust dosing system comprising: a 
high pressure metering pump having an inlet port and an 
outlet port, the inlet port being in ?uid communication With 
a reservoir of reductant and the outlet port being in ?uid 
communication With a conduit being in ?uid communication 
With the outlet port at one end and an atomiZer at the other, 
the atomiZer being positioned in the exhaust system to 
provide reductant to the engine exhaust prior to its reaching 
the SCR catalyst; and a control unit receiving a plurality of 
signals from a plurality of sensors Wherein the control unit 
varies the output of the pump by varying a drive current of 
the pump in response to the plurality of signals received 
from the plurality of sensors, Wherein the pump is capable 
of providing an output pressure of reductant at the atomiZer 
sufficient to remove pyrolysed materials on the atomiZer. 

[0016] The above discussed and other features and advan 
tages Will be appreciated and understood by those skilled in 
the art from the folloWing detailed description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a schematic illustration of an on-board 
vehicle reductant delivery system in accordance With an 
exemplary embodiment of the present invention; 

[0018] FIG. 2 is a cross sectional vieW of a metering pump 
constructed in accordance With an exemplary embodiment 
of the present invention; 

[0019] FIGS. 3A and 3B are cross sectional vieWs of a 
metering pump constructed in accordance With an exem 
plary embodiment of the present invention; 
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[0020] FIG. 4 is a schematic illustration of an in-cylinder 
reductant delivery system in accordance With an alternative 
embodiment of the present invention; and 

[0021] FIGS. 5A and 5B are cross sectional vieWs of 
metering pumps constructed in accordance With alternative 
exemplary embodiments of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0022] As discussed herein and in accordance With an 
exemplary embodiment, a reductant metering pump is pro 
vided Which reliably delivers a discrete and accurately 
metered parcel of ?uid of knoWn volume, and at a pressure 
Which is both compatible With conventional atomiZers, and 
high enough to resist clogging by dried urea salts. The 
variation of the ?oW rate demand is accommodated via 
actuator drive pulse repetition rate control. 

[0023] Referring noW to FIG. 1, a schematic illustration 
of an exhaust system 10 using the apparatus and method of 
an exemplary embodiment of the present invention is illus 
trated. The illustration of FIG. 1 is provided to explain the 
apparatus and method of exemplary embodiments of the 
present invention and should not be considered as limiting 
the same. Exhaust system 10 comprises an exhaust path 12 
having an inlet opening 14 and an outlet opening 16. Inlet 
opening 14 is in ?uid communication With an exhaust of an 
engine (not shoWn) and outlet opening is in ?uid commu 
nication With ambient atmosphere. 

[0024] Disposed Within exhaust path 12 is a diesel par 
ticulate ?lter 18 and a SCR catalyst 20. A mixing section 22 
is disposed betWeen these tWo items and provides ?uid 
communication therebetWeen. A reductant metering pump 
24 is positioned to provide a pressuriZed ?oW of reductant to 
an outlet conduit 26 having an atomiZer 28 disposed on one 
end. AtomiZer 28 is positioned to provide an atomiZed spray 
of reductant in the exhaust as it ?oWs toWards the SCR 
catalyst. The spray of reductant in combination With the 
SCR catalyst reduces unWanted exhaust emissions. 

[0025] Reductant metering pump 24 is in ?uid communi 
cation With a reservoir 30 of reductant 32 via a conduit 34. 
Since the consumption of the urea may be as little as 5% of 
fuel consumption or less, the reservoir 30 is ?lled less often 
than the vehicle’s fuel tank. An engine control unit or engine 
control module 36 comprising a microprocessor and 
required algorithm(s) is in communication With reductant 
metering pump 24 and plurality of sensors providing signals 
indicative of operating parameters, Which When applied to a 
control algorithm of the engine control unit Will cause an 
appropriate operating signal to be sent to metering pump 24. 
Depending on the application (exhaust or in-cylinder), the 
plurality of sensors may include but is not limited to the 
folloWing sensors: a temperature sensor 38, a NOx sensor 
40, a reductant level sensor 42, a reductant temperature 
sensor, a cylinder pressure sensor, an air mass ?oW sensor, 
a humidity sensor, a temperature sensor, an engine speed 
sensor, fuel delivery sensor, a boost pressure sensor and 
boost temperature sensor. 

[0026] Accordingly and through the use of the plurality of 
sensors, real-time and/or non-real-time post-catalyst moni 
toring of NOx emissions for NOx reduction con?rmation are 
available. 
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[0027] The controller advantageously processes these 
variables, Which may in the FIG. 4 embodiment include 
cylinder pressure, and generates a NOx estimation model. In 
accordance With an exemplary embodiment, the processing 
of the above description may be implemented by a controller 
disposed internal, external, or internally and externally to an 
engine control unit (ECU). In addition, processing of the 
above may be implemented through a controller operating in 
response to a computer program. In order to perform the 
prescribed functions and desired processing, as Well as the 
computations therefore, the controller may include, but not 
be limited to, a processor(s), computer(s), memory, storage, 
register(s), timing, interrupt(s), communication interfaces, 
and input/output signal interfaces, as Well as combinations 
comprising at least one of the foregoing. 

[0028] In accordance With an exemplary embodiment, 
processing may be implemented through a controller, engine 
control unit and/or a processing device operating in response 
to a computer program. In order to perform the prescribed 
functions and desired processing, as Well as the computa 
tions therefore (e.g., the execution of fourier analysis algo 
rithm(s), the control processes prescribed herein, and the 
like), the controller may include, but not be limited to, a 
processor(s), computer(s), memory, storage, register(s), tim 
ing, interrupt(s), communication interfaces, and input/output 
signal interfaces, as Well as combinations comprising at least 
one of the foregoing. For example, the controller may 
include input signal ?ltering to enable accurate sampling and 
conversion or acquisitions of such signals from communi 
cations interfaces. 

[0029] As described above, the present invention can be 
embodied in the form of computer-implemented processes 
and apparatuses for practicing those processes. The present 
invention can also be embodied in the form of computer 
program code containing instructions embodied in tangible 
media, such as ?oppy diskettes, CD-ROMs, hard drives, or 
any other computer-readable storage medium, Wherein, 
When the computer program code is loaded into and 
executed by a computer and/or controller, the computer 
becomes an apparatus for practicing the invention. Existing 
systems having reprogrammable storage (e.g., ?ash 
memory) can be updated to implement the invention. The 
present invention can also be embodied in the form of 
computer program code, for example, Whether stored in a 
storage medium, loaded into and/or executed by a computer, 
or transmitted over some transmission medium, such as over 
electrical Wiring or cabling, through ?ber optics, or via 
electromagnetic radiation, Wherein, When the computer pro 
gram code is loaded into and executed by a computer, the 
computer becomes an apparatus for practicing the invention. 
When implemented on a general-purpose microprocessor, 
the computer program code segments con?gure the micro 
processor to create speci?c logic circuits. 

[0030] A heating element 44 for heating the reductant in 
reservoir 30 and conduit 34, heating element 44 is provided 
to prevent reductant 32 from freeZing When exposed to 
temperatures Which are beloW the freeZing point of the 
reductant. Accordingly, the engine control module can pro 
vide the necessary commands to the various components in 
the exhaust system in order to limit the NOx emissions. 

[0031] Referring noW to FIGS. 1-3 detailed vieWs of 
reductant metering pump 24 in accordance With an exem 
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plary embodiment are illustrated. As Will be discussed 
herein reductant metering pump 24 provides high pressure 
reductant in a single ?uid system thereby negating the need 
for pressuriZed air to be used With the exhaust system. The 
high pressure is suitable to blast open or unclog the atomiZer 
thereby negating the need for a continuously ?uid passing 
through the atomiZer. In addition, and due to the high 
pressure output of pump 24, the pump and its outlet conduit 
can be positioned as close as physically possible to the 
atomiZer disposed in the exhaust system. 

[0032] Reductant metering pump 24 comprises a solenoid 
50 for effecting movement of an actuator or piston 52 of the 
metering pump. An exemplary solenoid contemplated for 
use in metering pump 24 is an E-core type of solenoid 
having a short stroke and providing high force. Of course, 
other equivalent devices are contemplated for use in exem 
plary embodiments of the present invention. For example, 
pieZoelectric actuators are but one alternative device. 

[0033] As is knoWn in the related arts a solenoid typically 
comprises the folloWing elements: a cylindrical coil, a 
ferromagnetic frame or structure, a ferromagnetic plunger 
and if necessary a stationary magnetic pole or travel stop. As 
is knoWn in the related arts a magnetic ?eld is generated in 
the solenoid by passing an electrical current through the coil. 
The frame or structure surrounding the coil, the plunger and 
the stationary magnetic pole provide a ?ux path to focus the 
magnetic ?eld. The armature reacts to the magnetic ?eld and 
is attracted to the stationary pole, Wherein the movement of 
the armature is used to cause a desired effect, for example 
the opening and closing of a valve by manipulating a 
member or device for the desired effect. 

[0034] In an exemplary embodiment pump 24 comprises 
an armature 54, Which is actuated by the magnetic ?elds 
generated by the solenoid. Armature 54 is secured to piston 
52 at one end 56 of the piston and is received Within an area 
or armature chamber 58 of a valve housing 60. Area or 
armature chamber 58 is con?gured to alloW armature 54 to 
move therein thereby causing the movement of piston 52. In 
addition, housing 60 is also secured to a housing 62 of the 
solenoid. 

[0035] In accordance With an exemplary embodiment pis 
ton 52 has a ?rst outer dimension 64 and a second outer 
dimension 66, second outer dimension 66 being larger than 
the ?rst outer dimension. An intermediate outer dimension 
68 is disposed betWeen ?rst outer dimension 64 and second 
outer dimension 66. In an exemplary embodiment outer 
dimension 66 is approximately 8 mm and outer dimension 
64 is 10 mm. Of course, these dimensions may vary to those 
smaller or larger than the aforementioned values. Interme 
diate outer dimension 68 is positioned to align With a 
one-Way intake check valve 70 and an outlet check valve 72. 
In addition, a stopping portion, head or ?ange 74 is disposed 
at an end of piston 52 that is opposite to end 56. Intake check 
valve 70 and an outlet check valve 72 are in ?uid commu 
nication With an internal bore 76 of housing 60 as Well as 
corresponding inlet and outlet ports of the pump. Internal 
bore 76 is con?gured to slidably receive piston 52 therein. 
In addition, the internal bore has an inner dimension Which 
corresponds to ?rst outer dimension 64 and another inner 
dimension, Which corresponds to second outer dimension 
66. In addition, inner bore 76 also comprises another pair of 
inner dimensions and corresponding shoulder portions 78 
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and 80 to engage a biasing member 82 and stopping portion 
74 being larger than the ?rst outer dimension. 

[0036] As illustrated in FIGS. 3A and 3B as the piston is 
moved up and doWn by the solenoid the area disposed 
betWeen intermediate outer dimension 68 and check valves 
70 and 72 varies or is decreased by movement of the piston 
to a limit of its stroke. Accordingly, the pressure of the ?uid 
in this area is increased and is dispersed under pressure into 
conduit 26 upon reaching the relief limit of check valve 72. 

[0037] In an alternative embodiment, a pair of O-rings 84 
are positioned on the surface of piston 52 in order to 
maintain a seal betWeen piston 52 and the inner bore of the 
housing. In addition, a ?exible diaphragm 86 is secured to 
end 56 of piston 52 and a portion of area or armature 
chamber 58 in order to provide a seal betWeen inner bore 76 
and area or armature chamber 58. This seal Will prevent the 
materials of the reductant from entering area or armature 
chamber 58 and damaging solenoid 50. For example, the 
chemical composition of the urea could be corrosive to the 
solenoid. 

[0038] In addition, and in order to run the piston in a “Wet” 
chamber a pair of drillings or openings 88 are provided. One 
of the drillings goes from the inlet chamber to an upper 
chamber 89 just beloW the diaphragm and the other goes 
from the inlet chamber to the area or loWer chamber 91 
housing the return spring. As illustrated in the Figures the 
upper chamber is slightly larger than the outer dimension 64 
disposed betWeen the upper chamber and the pressure cham 
ber disposed betWeen intake check valve 70 and outlet check 
valve 72. Also, the loWer chamber is slightly larger than the 
outer dimension 66 disposed betWeen the loWer chamber 
and the pressure chamber. Accordingly, by alloWing ?uid 
?oW through the pair of drillings negative forces, Which may 
adversely effect movement of the piston in the bore of the 
valve housing, are eliminated. 

[0039] A stroke limit or stopping member 90 is secured to 
valve housing 60 to provide a stop for the enlarged head 
portion of piston 52 Which is received Within the area 
de?ned by shoulder portion 80 and stopping member 90. 

[0040] During operation the pump is run all the time the 
catalyst is active, unless of course the ECU determines that 
in accordance With predetermined conditions sensed by the 
plurality of sensors the pump is to be shut off. The catalyst 
having an active state is generally de?ned by the catalyst 
having an active or operating temperature range de?ned by 
a loW of 180 degrees C. and a high of 500 degrees C., Which 
is also determined by the plurality of sensors in communi 
cation With the ECU. Of course, the operating ranges of the 
catalyst may vary depending on the catalyst itself Wherein 
ranges greater or less than those provided above are avail 
able. Of course, the pump is shut off When the engine is shut 
off. 

[0041] Control signals from the ECU 36 Will control the 
operation of the pump. Control signals can be provided in 
pulse Width and/or frequency modulated electrical poWer. 
By varying the frequency or the pulse Width the speed and 
pressure provided by the pump can be varied. 

[0042] In accordance With an exemplary embodiment, a 
solenoid activated high-pressure reductant metering is pro 
vided to the exhaust stream via a closely coupled single-?uid 
atomiZer. The stepped plunger, actuator or piston recipro 
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cates in an appropriately stepped bore. The plunger has an 
armature attached to the end With the smaller diameter and 
a spring positioned to act upon the larger diameter. The 
spring biases the plunger in the doWnWard position Where 
the loWer ?ange rests against the loWer end cap or stopping 
member. The pump body has a spring loaded inlet check 
valve, and a similar outlet valve both located adjacent to a 
cavity in Which the stepped plunger operates. Reductant is 
supplied to the pump via the inlet port Where it enters the 
pump cavity through the check valve. In operation, reductant 
at a loW feed pressure ?lls the pumping chamber. When 
energiZed, the solenoid actuator attracts the armature Which 
cause the plunger to travel upWards. Because the plunger 
loWer diameter is larger than the upper diameter, a differ 
ential area exists and reductant is pressuriZed in the chamber 
as the plunger strokes. The reductant under pressure there 
fore passes out through the outlet valve and into the transfer 
line to the atomiZer. It Will be understood that the displaced 
quantity Will be proportional to the piston differential area 
times the plunger stroke minus the Working ?uid compress 
ibility. The plunger stroke is established during initial 
assembly, being controlled by suitable shim selection in the 
end cap as may be appropriate for the application. When 
energiZed, the plunger loWer ?ange is arrested by the body 
at the end of travel, resulting in a ?xed-length stroke. The 
reductant delivery variation over unit time, as may be 
required by the emissions control system is achieved 
through operating frequency-modulation rather than plunger 
stroke amplitude-modulation, although this can be an alter 
native if desired. 

[0043] It Will be understood that the pressure generated in 
the pumping chamber Will be a function of the force devel 
oped by the piston, and a differential area of the plunger, 
either of Which may be changed to provide application 
?exibility. If the pump is used in conjunction With loW 
pressure air-assisted reductant atomiZers, a loW force actua 
tor may be speci?ed. Conversely, a high force actuator may 
be appropriate When used in accordance With the exemplary 
embodiment of a single-?uid metering pump con?guration. 
Because of the propensity for the atomiZer clogging closed 
from pyrolysed salts of the aqueous urea reductants, a high 
force actuator is required to generate high pump pressure 
(e.g., 100 bar), and thus enable the device to be self-cleaning 
on a continuous basis. High pump pressure is also contem 
plated to include pressures greater or less than 100 bar. 

[0044] In accordance With an exemplary embodiment, a 
reductant metering pump is provided Which reliably delivers 
a discrete and accurately metered parcel of ?uid of knoWn 
volume, and at a pressure Which is both compatible With 
conventional atomiZers, and high enough to resist clogging 
by dried urea salts. The variation of the ?oW rate demand is 
accommodated via actuator drive pulse repetition rate con 
trol. 

[0045] Located betWeen the system control module and 
the actuator, is a “smart” drive box or electronic device 92 
Which provides a current Waveform to the actuator in 
response to a control logic input signal. The drive box 
incorporates drive current, “glitch detection” Which indi 
cates When the armature has traveled full stroke, thus 
providing a “con?rmation of delivery” diagnostic to the 
control system. Further, the drive current peak level may be 
modulated to vary the pumping pressure to suit the prevail 
ing conditions at the atomiZer. For example, if the pumping 
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pressure and atomizer spray pattern are optimized to achieve 
an even and homogeneous dispersion of the reductant With 
the exhaust gases at the full load rated speed condition, then 
it Will be far from optimum at a light load loW speed 
condition, Where over-penetration and Wall deposition is 
likely to occur. In this latter case, depending on the atomiZer 
and exhaust system geometry, a loWer actuator force thus a 
loWer pump pressure is likely to be optimum, and can be 
commanded. 

[0046] In addition to the conventional in-exhaust injection 
of reductant as discussed above With regard to FIGS. 1-3B, 
it is possible to inject reductant in to the cylinders of the 
diesel engine, as for example in commonly oWned and 
assigned US. patent application Ser. No. 10/183,737, ?led 
Jun. 27, 2002, attorney docket number DP-307947, the 
contents of Which are incorporated herein by reference 
thereto. An example of such an application is illustrated in 
FIG. 4 Wherein a metering pump 24 is positioned to provide 
reductant into a cylinder 94 of an engine 96. Of course, the 
number of pumps may vary With the number of cylinders 
requiring reductant. Since the timing of this injection is 
critical and has to occur late on the engine expansion stroke, 
a high-pressure injection is necessary, as is possible With the 
above-described device. Other knoWn reductant dosing sys 
tems have only loW-pressure capability, and thus are unsuit 
able for this in-cylinder application. 

[0047] It is proposed that this metering pump should be 
closely coupled to the atomiZer located in the exhaust 
system or in the cylinder head as described above. This Will 
minimiZe the transport delays betWeen pump discharge and 
atomiZer outlet, therefore improving transient response. One 
objective of this arrangement is to reduce to a minimum the 
volume of urea Which is subject to exhaust heating and 
pyrolysation during operating conditions When reductant is 
not being demanded. In this manner, a clean resumption of 
reductant metering may be obtained When demand is 
restored. 

[0048] The metering pump described herein may be used 
in conjunction With many different types of atomiZers. These 
include the simple open ori?ce noZZle, the inWard opening 
closed noZZle, the outWard opening poppet noZZle (US. Pat. 
No. 4,116,591), the vaporiZing noZZle, and many others. The 
atomiZer may be located centrally and axially Within the 
exhaust pipe section, or may be located externally on the 
exhaust periphery and projecting across the pipe or duct. A 
“fan” spray is illustrated by Way of example in an exhaust 
pipe locally formed into a matching trapeZoidal shape. In all 
cases, the objective is to select an atomiZer appropriate to the 
speci?c exhaust system geometry, Which Will achieve the 
complete homogeneous mixing of reductant and exhaust gas 
in the shortest possible length. The metering device 
described here has a Wider potential selection of atomiZer 
technologies and geometries than is available to the knoWn 
and air-assisted designs, thus it can be expected to offer 
greater application ?exibility. 

[0049] Referring noW to FIGS. 5A and 5B alternative 
embodiments of the metering pump are illustrated. In FIG. 
5A metering pump 100 comprises a solenoid 102 for gen 
erating a magnetic ?eld, Which according to the frame or 
structure surrounding the coil provides a ?ux path to focus 
the magnetic ?eld of the solenoid Wherein a plunger 104 
disposed Within a central opening of a spool of the coil reacts 
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to the magnetic ?eld and is manipulated by the magnetic 
?eld. Accordingly, the movement of the plunger is used to 
cause a desired effect (e.g., pumping of the reductant). Here 
a pressure chamber 106 is disposed betWeen an inlet check 
valve 108 and an outlet check valve 110. Abiasing member 
112 is disposed in an appropriate location to provide a 
biasing force to the plunger to move it back toWards a prone 
position Which corresponds to the position of the plunger 
When the coil of the solenoid is not energiZed. Thus, the 
desired high pressure pumping effect is achieved by provid 
ing an excitation to the coil. Although the biasing members 
are shoWn in but tWo locations it is contemplated that a 
single biasing member may be employed. In addition, the 
location of the biasing member may vary as long as the 
desired affect is applied to the plunger. It is also noted that 
the varying dimensions of the piston and the bores into 
Which it is received and conduits 88 of the FIG. 3 embodi 
ment are not necessary With this design as long as the high 
pressure delivery of the reductant or urea can be achieved. 

[0050] In yet another alternative, and as illustrated in FIG. 
5B an alternative high force short stroke solenoid is used 
With the metering pump Wherein the magnetic ?eld gener 
ated by the solenoid causes an armature 114 to move 
Wherein movement of the armature causes the desired move 
ment of plunger 104 secured thereto. 

[0051] As discussed, herein the term “engine” is meant in 
the broad sense to include all combustors Which combust 
hydrocarbon fuels to provide heat, e.g., for direct or indirect 
conversion to mechanical or electrical energy. Internal com 
bustion engines of the Otto, Diesel and turbine types, as Well 
as burners and furnaces, are included and can bene?t from 
the invention. The diesel engine is in this description for 
purposes of providing an example. Stationary and mobile 
engines are also contemplated to be Within the scope of 
exemplary embodiments of the present invention. 

[0052] The term “Diesel engine” includes all compres 
sion-ignition engines, for both mobile (including marine) 
and stationary poWer plants and of the tWo-stroke per cycle, 
four-stroke per cycle or other plurality of strokes, and rotary 
types. The term “hydrocarbon fuel” includes all fuels pre 
pared from “distillate fuels” or “petroleum” (e.g., gasoline, 
jet fuel, diesel fuel, and various other distillate fuels). The 
term “distillate fuel” means all of those products prepared by 
the distillation of petroleum or petroleum fractions and 
residues. The term “petroleum” is meant in its usual sense to 
include all of those materials regardless of source normally 
included Within the meaning of the term, including hydro 
carbon materials, regardless of viscosity, that are recovered 
from fossil fuels. 

[0053] The term “diesel fuel” means “distillate fuels” 
including diesel fuels meeting the ASTM de?nition for 
diesel fuels or others even though they are not Wholly 
comprised of distillates and can comprise alcohols, ethers, 
organo-nitro compounds and the like (e.g., methanol, etha 
nol, diethyl ether, methyl ethyl ether, nitromethane). Also 
Within the scope of this invention, are emulsions and liquid 
fuels derived from vegetable or mineral sources such as 
corn, alfalfa, shale, and coal. These fuels may also contain 
other additives knoWn to those skilled in the art, including 
dyes, cetane improvers, anti-oxidants such as 2,6-di-tertiary 
butyl-4-methylphenol, corrosion inhibitors, rust inhibitors 
such as alkylated succinic acids and anhydrides, bacterio 
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static agents, gum inhibitors, metal deactivators, upper cyl 
inder lubricants, antiicing agents and the like. 

[0054] While the invention has been described With ref 
erence to one or more exemplary embodiments, it Will be 
understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for ele 
ments thereof Without departing from the scope of the 
invention. In addition, many modi?cations may be made to 
adapt a particular situation or material to the teachings of the 
invention Without departing from the essential scope thereof. 
Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed as the best mode con 
templated for carrying out this invention, but that the inven 
tion Will include all embodiments falling Within the scope of 
the appended claims. It should also be noted that the terms 
“?rst”, “second”, and “third” and the like may be used herein 
to modify elements performing similar and/or analogous 
functions. These modi?ers do not imply a spatial, sequential, 
or hierarchical order to the modi?ed elements unless spe 
ci?cally stated. 

What is claimed is: 
1. Ahigh-pressure metering pump for providing reductant 

in a single ?uid engine exhaust dosing system, comprising: 

a solenoid for actuating a piston slidably received Within 
an inner bore of a valve housing of the pump, said 
piston having at least tWo outer dimensions one being 
larger than the other and said inner bore having a 
pressure chamber With an inlet check valve and an 
outlet check valve; and 

Wherein movement of said piston causes said at least tWo 
outer dimensions to at least partially move into and out 
of said pressure chamber thereby increasing the pres 
sure of ?uid received in said pressure chamber. 

2. The high-pressure metering pump as in claim 1, 
Wherein said piston is secured to an armature at one end, said 
armature being con?gured for movement Within an area of 
said valve housing, said armature being moved by said 
solenoid; and 

a diaphragm being secured to said piston at one end and 
said area at the other, Wherein said diaphragm provides 
a seal betWeen said armature and said inner bore. 

3. The high-pressure metering pump as in claim 1, 
Wherein said valve housing comprises an inlet conduit, 
Wherein said inlet check valve is disposed betWeen said inlet 
conduit and said pressure chamber; and 

a pair of conduits providing ?uid communication betWeen 
an upper chamber and a loWer chamber of said inner 
bore and said inlet conduit, Wherein one of said pair of 
conduits provide ?uid communication to one side of 
said pressure chamber and the other one of said pair of 
conduits provide ?uid communication to another side 
of said pressure chamber. 

4. The high-pressure metering pump as in claim 2, 
Wherein said valve housing comprises an inlet conduit, 
Wherein said inlet check valve is disposed betWeen said inlet 
conduit and said pressure chamber; and 

a pair of conduits providing ?uid communication betWeen 
an upper chamber and a loWer chamber of said inner 
bore and said inlet conduit, Wherein one of said pair of 
conduits provide ?uid communication to one side of 
said pressure chamber and the other one of said pair of 
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conduits provide ?uid communication to another side 
of said pressure chamber, said upper chamber being 
larger than one of said dimensions of said piston and 
said loWer chamber being larger than the other one of 
said dimensions of said piston and an intermediate 
dimension of said inner bore is disposed betWeen said 
pressure chamber and said upper chamber and said 
pressure chamber and said loWer chamber. 

5. The high-pressure metering pump as in claim 4, further 
comprising a return spring for biasing said piston into a limit 
of travel, Wherein said inner bore comprises a return spring 
area and said return spring is disposed betWeen said valve 
housing and said piston. 

6. The high-pressure metering pump as in claim 5, 
Wherein said return spring area is in ?uid communication 
With said inlet conduit via one of said pair of conduits. 

7. The high-pressure metering pump as in claim 4, 
Wherein pressures of at least 100 bar are provided by the 
pump. 

8. A single ?uid exhaust dosing system for providing a 
reductant to a SCR catalyst of an exhaust system of an 
engine, the single ?uid exhaust dosing system comprising: 

a high pressure metering pump having an inlet port and an 
outlet port, said inlet port being in ?uid communication 
With a reservoir of reductant and said outlet port being 
in ?uid communication With a conduit being in ?uid 
communication With said outlet port at one end and an 
atomiZer at the other, said atomiZer being positioned in 
the exhaust system to provide reductant to the engine 
exhaust prior to its reaching the SCR catalyst; 

a control unit receiving a plurality of signals from a 
plurality of sensors Wherein said control unit varies the 
output of said pump by varying a drive current of the 
pump in response to said plurality of signals received 
from said plurality of sensors, Wherein said pump is 
capable of providing an output pressure of reductant at 
said atomiZer sufficient to remove pyrolysed materials 
on said atomiZer. 

9. The single ?uid exhaust dosing system as in claim 8, 
further comprising an electronic device Which provides a 
signal to said control unit When an armature of said pump 
has traveled full stroke, thereby providing a “con?rmation of 
delivery” diagnostic to the control unit. 

10. The single ?uid exhaust dosing system as in claim 8, 
Wherein the pumping pressure of the pump is varied in 
accordance With either engine load or engine speed. 

11. The single ?uid exhaust dosing system as in claim 9, 
Wherein the pumping pressure of the pump is varied in 
accordance With either engine load or engine speed. 

12. The single ?uid exhaust dosing system as in claim 8, 
Wherein the length of said conduit is minimiZed by posi 
tioning said outlet port in close proximity to said atomiZer. 

13. The single ?uid exhaust dosing system as in claim 8, 
Wherein pressures of at least 100 bar are provided at said 
outlet conduit. 

14. A single ?uid exhaust dosing system for providing a 
reductant to a combustion chamber of an engine, the single 
?uid exhaust dosing system comprising: 

a high pressure metering pump having an inlet port and an 
outlet port, said inlet port being in ?uid communication 
With a reservoir of reductant and said outlet port being 
in ?uid communication With a conduit being in ?uid 
communication With said outlet port at one end and an 
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atomizer at the other, said atomizer being positioned in 
the combustion chamber to provide reductant to the 
engine combustion gases; and 

a control unit receiving a plurality of signals from a 
plurality of sensors Wherein said control unit varies the 
output of said pump by varying a drive current of the 
pump in response to said plurality of signals received 
from said plurality of sensors, Wherein said pump is 
capable of providing an output pressure of reductant at 
said atomiZer suf?cient enough to remove pyrolysed 
materials on said atomiZer. 

15. The single ?uid exhaust dosing system as in claim 14, 
further comprising an electronic device Which provides a 
signal to said control unit When an armature of said pump 
has traveled full stroke, thereby providing a “con?rmation of 
delivery” diagnostic to the control unit. 

16. The single ?uid exhaust dosing system as in claim 14, 
Wherein the pumping pressure of the pump is varied in 
accordance With either engine load or engine speed. 

17. The single ?uid exhaust dosing system as in claim 14, 
Wherein the length of said conduit is minimiZed by posi 
tioning said outlet port in close proximity to said atomiZer. 

18. The single ?uid exhaust dosing system as in claim 14, 
Wherein pressures of at least 100 bar are provided at said 
outlet port. 

19. A method for providing a reductant to an exhaust of 
an engine having an exhaust system With a SCR catalyst, 
comprising: 
pumping a predetermined amount of the reductant 

through an atomiZer disposed in the exhaust system, 
said atomiZer providing a spray of reductant to the 
engine exhaust prior to its reaching the SCR catalyst; 

Wherein the reductant is provided by a single ?uid deliv 
ery system having a pump capable of providing reduc 
tant under a pressure to said atomiZer, said pressure 
being suf?cient to remove pyrolysed materials on said 
atomiZer. 

20. The method as in claim 19, Wherein said pressure is 
100 bar. 

21. The method as in claim 19, Wherein the reductant is 
pumped by a high pressure metering pump having an inlet 
port and an outlet port, said inlet port being in ?uid com 
munication With a reservoir of reductant and said outlet port 
being in ?uid communication With a conduit being in ?uid 
communication With said outlet port at one end and an 
atomiZer at the other, said atomiZer being positioned in the 
exhaust system to provide reductant to the engine exhaust 
prior to its reaching the SCR catalyst. 

22. The method as in claim 20, Wherein said high-pressure 
metering pump comprises: a solenoid for actuating a piston 
slidably received Within an inner bore of a valve housing of 
the pump, said piston having at least tWo outer dimensions 
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one being larger than the other and said inner bore having a 
pressure chamber With an inlet check valve and an outlet 
check valve, Wherein movement of said piston causes said at 
least tWo outer dimensions to at least partially move into and 
out of said pressure chamber thereby increasing the pressure 
of ?uid received in said pressure chamber and said piston is 
secured to an armature at one end, said armature being 
con?gured for movement Within an area of said valve 
housing, said armature being moved by said solenoid; and 

a diaphragm being secured to said piston at one end and 
said area at the other, Wherein said diaphragm provides 
a seal betWeen said armature and said inner bore. 

23. The method as in claim 22, Wherein said high-pressure 
metering pump Wherein said valve housing comprises an 
inlet conduit, Wherein said inlet check valve is disposed 
betWeen said inlet conduit and said pressure chamber; and 

a pair of conduits providing ?uid communication betWeen 
an upper chamber and a loWer chamber of said inner 
bore and said inlet conduit, Wherein one of said pair of 
conduits provide ?uid communication to one side of 
said pressure chamber and the other one of said pair of 
conduits provide ?uid communication to another side 
of said pressure chamber and said upper chamber is 
larger than one of said dimensions of said piston and 
said loWer chamber is larger than the other one of said 
dimensions of said piston and an intermediate dimen 
sion of said inner bore is disposed betWeen said pres 
sure chamber and said upper chamber and said pressure 
chamber and said loWer chamber. 

24. The method as in claim 19, further comprising: 

varying the pressure at Which the reductant is applied by 
employing a control unit to vary a drive current of a 
pump in response to a plurality of signals received by 
said control unit from a plurality of sensors. 

25. The method as in claim 24, further comprising: 

employing an electronic device Which provides a signal to 
said control unit When an armature of said pump has 
traveled full stroke, thereby providing a “con?rmation 
of delivery” diagnostic to the control unit. 

26. The method as in claim 25, further comprising: 

varying the pumping pressure of the pump according to 
either engine load or engine speed. 

27. The method as in claim 22, Wherein the reductant is 
an aqueous urea solution. 

28. The method as in claim 22, Wherein the reductant is 
non-urea reductant. 

29. The method as in claim 22, Wherein the reductant is 
a hydrocarbon fuel for diesel particulate ?lter (DPF) regen 
eration. 


