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PRESSURE SWIRL FLOW INJECTOR WITH REDUCED FLOW 

VARIABILITY AND RETURN FLOW 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 [0001] This application claims priority to U.S. Application No. 

13/023,870, filed on February 9, 2011, which claims the benefit of U.S. 

Provisional Application No. 61/303,146, filed on February 10, 2010. The entire 

disclosure of the above applications are incorporated herein by reference. 

10 FIELD 

[0002] The present disclosure relates to injector systems and, more 

particularly, relates to an injector system for injecting reagent, such as an 

aqueous urea solution, into an exhaust stream to reduce oxides of nitrogen (NOx) 

emissions from diesel engine exhaust. 

15 

BACKGROUND 

[0003] This section provides background information related to the 

present disclosure which is not necessarily prior art. Lean burn engines provide 

improved fuel efficiency by operating with an excess of oxygen, that is, a quantity 

20 of oxygen that is greater than the amount necessary for complete combustion of 

the available fuel. Such engines are said to run "lean" or on a "lean mixture." 

However, this improved or increase in fuel economy, as opposed to non-lean 

burn combustion, is offset by undesired pollution emissions, specifically in the 

form of oxides of nitrogen (NOx). 

25 [0004] One method used to reduce NOx emissions from lean burn 

internal combustion engines is known as selective catalytic reduction (SCR). 

SCR, when used, for example, to reduce NOx emissions from a diesel engine, 

involves injecting an atomized reagent into the exhaust stream of the engine in 

relation to one or more selected engine operational parameters, such as exhaust 

30 gas temperature, engine rpm or engine load as measured by engine fuel flow, 

turbo boost pressure or exhaust NOx mass flow. The reagent/exhaust gas 

mixture is passed through a reactor containing a catalyst, such as, for example, 
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activated carbon, or metals, such as platinum, vanadium or tungsten, which are 

capable of reducing the NOx concentration in the presence of the reagent. 

[0005] An aqueous urea solution is known to be an effective reagent in 

SCR systems for diesel engines. However, use of such an aqueous urea 

5 solution involves many disadvantages. Urea is highly corrosive and may 

adversely affect mechanical components of the SCR system, such as the 

injectors used to inject the urea mixture into the exhaust gas stream. Urea also 

may solidify upon prolonged exposure to high temperatures, such as 

temperatures encountered in diesel exhaust systems. Solidified urea will 

10 accumulate in the narrow passageways and exit orifice openings typically found 

in injectors. Solidified urea may also cause fouling of moving parts of the injector 

and clog any openings or urea flow passageways, thereby rendering the injector 

unusable. 

[0006] In addition, if the urea mixture is not finely atomized, urea deposits 

15 will form in the catalytic reactor, inhibiting the action of the catalyst and thereby 

reducing the SCR system effectiveness. High injection pressures are one way of 

minimizing the problem of insufficient atomization of the urea mixture. However, 

high injection pressures often result in over-penetration of the injector spray 

plume into the exhaust stream, causing the plume to impinge on the inner surface 

20 of the exhaust pipe opposite the injector. Over-penetration also leads to 

inefficient use of the urea mixture and reduces the range over which the vehicle 

can operate with reduced NOx emissions. Only a finite amount of aqueous urea 

can be carried on a vehicle, and what is carried should be used efficiently to 

maximize vehicle range and reduce the need for frequent replenishment of the 

25 reagent. 

[0007] Further, aqueous urea is a poor lubricant. This characteristic 

adversely affects moving parts within the injector and requires that relatively tight 

or small fits, clearances and tolerances be employed between adjacent or 

relatively moving parts within an injector. Aqueous urea also has a high 

30 propensity for leakage. This characteristic adversely affects mating surfaces 

requiring enhanced sealing resources in many locations. 

[0008] It would be advantageous to provide methods and apparatus for 

injecting an aqueous urea solution into the exhaust stream of a lean burn engine 
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such that heat and operational consistency can be more reliably managed. It 

would be further advantageous to provide improved cooling and/or heat 

management of the injector to prevent the urea from solidifying and to prolong the 

life of the injector components. It would be advantageous to minimize heat 

5 transfer to the injector from the exhaust pipe to minimize or eliminate urea 

deposit formation internal to the injector. It would also be advantageous to 

minimize heat transfer from the hot exhaust gas to the injector exit orifice to 

prevent soot and urea from being attracted to the relatively cool injector exit 

orifice. It would also be advantageous to provide an injector that does not leak 

10 for economical and environmental purposes. 

[0009] Methods and apparatus of the present disclosure provide the 

foregoing and other advantages. 

SUMMARY 

15 [0010] This section provides a general summary of the disclosure, and is 

not a comprehensive disclosure of its full scope or all of its features. 

[0011] In some embodiments, a method of directing reagent through an 

injector may involve: receiving a reagent from a reagent tank at a reagent inlet of 

a reagent injector; directing the reagent to a pole piece passage defined between 

20 an outside diameter of a pole piece and an inside diameter of an electromagnetic 

bobbin; directing the reagent from the pole piece passage to a collar passage 

defined between an outside diameter of a collar of an inner lower body and the 

inside diameter of the bobbin; directing the reagent from the collar passage to a 

lower body passage defined between an outside diameter of the inner lower body 

25 and an inside diameter of a lower section of the injector; and directing the reagent 

into a distribution passage defined by the inner lower body. The distribution 

passage may fluidly link the lower body passage to a distribution chamber 

defined by the inner lower body and an orifice plate. In some embodiments, from 

the distribution chamber, the method may include directing a first partial volume 

30 of the reagent to an orifice in the orifice plate and directing a second partial 

volume of the reagent to a reagent outlet of the injector. 

[0012] In some embodiments, directing a first partial volume of the reagent 

to an orifice in the orifice plate may include: directing the first partial volume of the 
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reagent through a plurality of slots in the orifice plate; moving a pintle and 

unblocking the orifice in the orifice plate; directing the first partial volume of the 

reagent through a plurality of slots in the orifice plate and through the orifice; and 

directing the first partial volume of the reagent to a central bore defined by the 

5 inner lower body. 

[0013] In some embodiments, directing a second partial volume of the 

reagent to a reagent outlet may include: directing the second partial volume of 

the reagent through through holes defined in a guide plate through which a pintle 

passes; directing the second partial volume of the reagent through through holes 

10 of a pintle head, the pintle head attaching to and surrounding an end of the pintle; 

directing the second partial volume of the reagent through an interior of a bobbin 

of a magnetic coil; directing the second partial volume of the reagent through a 

central bore of a pole piece; directing the second partial volume of the reagent 

from the distribution chamber to at least one return passage defined by the inner 

15 lower body, wherein the return passage fluidly links the distribution chamber and 

a central bore defined by the inner lower body. Directing the second partial 

volume of the reagent around an outside diameter of a solid pintle residing within 

a central bore defined by the inner lower body. 

[0014] In some embodiments, an injector for injecting reagent may 

20 employ an upper injector body, a lower injector body that may be secured to the 

upper injector body, a retaining plate defining a circular hole such that the 

retaining plate may be secured around the lower injector body via the circular 

hole, an insulator defining a circular hole such that the insulator may be secured 

around the lower injector body, and a mounting flange defining a circular hole 

25 such that the mounting flange may be secured around the insulator. The 

retaining plate may be secured directly against the lower injector body. The 

insulator may be secured directly against the lower injector body and the 

retaining plate. The mounting flange may be secured directly against the 

insulator. The retaining plate may define a plurality of through holes about a 

30 retaining plate peripheral edge and the mounting flange may define a plurality of 

blind holes about a mounting flange peripheral edge. A pin having a first pin end 

and a second pin end may be employed such that the first pin end resides within 
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one of the blind holes of the mounting flange and the pin resides completely 

through one of the plurality of through holes of the retaining plate. 

[0015] In some embodiments, a clip having a first clip end and a second 

clip end may be utilized in such a fashion that the clip may be secured over the 

5 retaining plate peripheral edge and the mounting flange peripheral edge. The 

retaining plate peripheral edge may define a peripheral concavity and the plurality 

of through holes of the retaining plate may be located within the peripheral 

concavity. The mounting flange peripheral edge may define a groove. The first 

clip end may reside within the groove of the mounting flange peripheral edge and 

10 the second clip end may reside within the peripheral concavity of the retaining 

plate peripheral edge. The clip may be C-shaped and the second clip end may 

reside on the second pin end. The insulator may define a tubular section with an 

inside diameter and an outside diameter that each have a series of alternating 

protrusions and recessions. 

15 [0016] In some embodiments, a heat shield may be installed on the 

mounting flange using a through in the heat shield such that the mounting flange 

may protrude through the through hole of the heat shield. In some embodiments, 

the heat shield may be positioned between an injector upper body and an 

exhaust pipe. A cover may be mounted to the heat shield such that the cover 

20 surrounds the upper injector body, the lower injector body, and the mounting 

flange. 

[0017] In some embodiments, an injector for injecting reagent may 

employ a cylindrical pole piece defining a pole piece first end and a pole piece 

second end. The pole piece may have a hollow interior from the pole piece first 

25 end to the pole piece second end. A spring pre-loader may be located within the 

hollow interior and against a portion of the first end. A spring may be located 

within the hollow interior and abut the spring pre-loader. An electromagnetic coil 

may be secured around a bobbin and the electromagnetic coil may itself surround 

an outside diameter of the cylindrical pole piece. In some embodiments, the 

30 cylindrical pole piece, spring pre-loader, spring and electromagnetic coil reside 

only within a cavity or chamber of the upper injector body. 

[0018] A cylindrical inner lower body may reside within a lower injector 

body and define a longitudinal central bore. An inner lower body first end may 
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define a first end first bore with a diameter larger than a diameter of the 

longitudinal central bore. The inner lower body first end may also define a first 

end second bore with a diameter larger than the longitudinal central bore and 

larger than the first end first bore. An inner lower body second end may define a 

5 second end bore with a diameter larger than the longitudinal central bore. The 

injector may further employ a solid pintle residing within the longitudinal central 

bore. A guide plate may be attached to an intermediate portion of the pintle. The 

guide plate may reside within the first end first bore. A pintle head may surround 

an end of the pintle of part of the end of the pintle. The pintle head may reside 

10 within the first end second bore; and an orifice plate residing within the second 

end bore. The cylindrical pole piece, spring pre-loader, spring, electromagnetic 

coil, cylindrical inner lower body, pintle, guide plate, pintle head and orifice plate 

may be part of a single cartridge. 

[0019] In some embodiments, an injector body upper section may define 

15 a chamber within which the single cartridge, or part of the single cartridge, may 

insert into and reside. The guide plate may define one or more through holes for 

passage of fluid. Alternatively, the guide plate and the pintle together may define 

one or more through holes therebetween for passage of fluid. The pintle head 

may define at least one through hole for passage of fluid. The orifice plate and 

20 the inner lower body second end may define a distribution chamber 

therebetween. The orifice plate may define a plurality of grooves for passage of 

fluid to an exit orifice for exit from the injector. An interior surface of the injector 

body lower section and an inner lower body exterior surface may define a fluid 

pathway. The inner lower body may define a distribution passage fluidly linked to 

25 the pathway defined by an interior surface of the injector body lower section and 

an exterior surface of the inner lower body. The inner lower body may define a 

return passage that fluidly links the inner lower body central bore and the 

distribution chamber defined by the orifice plate and the inner lower body second 

end. The solid pintle may reside within the longitudinal central bore for passage 

30 of fluid around the solid pintle and through the longitudinal central bore. 

[0020] Further areas of applicability will become apparent from the 

description provided herein. The description and specific examples in this 
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summary are intended for purposes of illustration only and are not intended to 

limit the scope of the present disclosure. 

DRAWINGS 

5 [0021] The drawings described herein are for illustrative purposes only 

of selected embodiments and not all possible implementations, and are not 

intended to limit the scope of the present disclosure. 

[0022] FIG. 1 depicts a schematic diagram of an exemplary on-road 

diesel engine with a pollution emission control system using an injector according 

10 to the present teachings; 

[0023] FIG. 2A depicts an exploded view of a reagent injector according 

to some embodiments of the present teachings; 

[0024] FIG. 2B depicts an exploded cross-sectional view of the reagent 

injector of FIG. 2A according some embodiments of the present teachings; 

15 [0025] FIG. 3A depicts a cross-sectional view of the reagent injector; 

[0026] FIG. 3B depicts another cross-sectional view of the reagent 

injector; 

[0027] FIG. 4 depicts a bottom perspective view of the reagent injector 

mounted in an exhaust system; 

20 [0028] FIG. 5 depicts a top perspective view of the reagent injector 

mounted in an exhaust system; 

[0029] FIG. 6 depicts a top perspective view 

according to some embodiments of the present teachings; 

[0030] FIG. 7 depicts a top perspective view 

25 according to some embodiments of the present teachings; 

[0031] FIG. 8 depicts a top perspective view 

according to some embodiments of the present teachings; 

[0032] FIG. 9 depicts a top perspective view of an insulator and 

mounting flange of an injector mount according to the present teachings; 

30 [0033] FIG. 10 depicts an exploded view of an insulator and mounting 

flange of an injector mount according to the present teachings; 

[0034] FIG. 11 depicts a cross-sectional view of the insulator and 

mounting flange of FIGS. 9 and 10 according to the present teachings; 
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[0035] FIG. 12 depicts an exploded view of a pintle and plunger 

according to the present teachings; 

[0036] FIG. 13 depicts a cross-sectional view of the pintle and plunger 

according to the present teachings; 

5 [0037] FIG. 14 depicts a side view of a lower injector body and pintle 

according to the present teachings; 

[0038] FIG. 15 depicts an exploded view of the lower injector body and 

pintle according to the present teachings; 

[0039] FIG. 16 depicts a perspective view of an orifice plate according to 

10 the present teachings; 

[0040] FIG. 17 depicts a perspective view of a guide member according 

to the present teachings; 

[0041] FIG. 18 depicts a cross-sectional view of the lower injector body 

and pintle according to the present teachings; 

15 [0042] FIG. 19 depicts a top perspective view of a pole piece and inner 

lower body according to the present teachings; 

[0043] FIG. 20 depicts an exploded view of the pole piece and inner 

lower body according to the present teachings; 

[0044] FIG. 21 depicts a cross-sectional view of the pole piece and inner 

20 lower body according to the present teachings; 

[0045] FIG. 22 depicts a top perspective view of the lower section of the 

injector body and retaining plate according to the present teachings; 

[0046] FIG. 23 depicts an exploded view of the lower section of the 

injector body and retaining plate according to the present teachings; 

25 [0047] FIG. 24 depicts a cross-sectional view of the lower section of the 

injector body and retaining plate according to the present teachings; 

[0048] FIG. 25 depicts a top perspective view of the lower section of the 

injector body and inner lower body according to the present teachings; 

[0049] FIG. 26 depicts an exploded view of the lower section of the 

30 injector body and inner lower body according to the present teachings; 

[0050] FIG. 27 depicts a cross-sectional view of the lower section of the 

injector body and inner lower body according to the present teachings; 
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[0051] FIG. 28 depicts a top perspective view of the magnetic coil 

assembly according to the present teachings; 

[0052] FIG. 29 depicts an exploded view of the magnetic coil assembly 

according to the present teachings; 

5 [0053] FIG. 30 depicts a cross-sectional view of the magnetic coil 

assembly according to the present teachings; 

[0054] FIG. 31 depicts a top perspective view of the bobbin assembly 

according to the present teachings; 

[0055] FIG. 32 depicts an exploded view of the bobbin assembly 

10 according to the present teachings; 

[0056] FIG. 33 depicts a cross-sectional view of the bobbin assembly 

according to the present teachings; 

[0057] FIG. 34 depicts a top perspective view of the fluid coupling 

assembly according to the present teachings; 

15 [0058] FIG. 35 depicts an exploded view of the fluid coupling assembly 

according to the present teachings; 

[0059] FIG. 36 depicts a cross-sectional view of the fluid coupling 

assembly according to the present teachings; 

[0060] FIG. 37 depicts a top perspective view of the partial reagent 

20 injector according to the present teachings; 

[0061] FIG. 38 depicts an exploded view of the partial reagent injector 

according to the present teachings; 

[0062] FIG. 39 depicts a cross-sectional view of the partial reagent 

injector according to the present teachings; 

25 [0063] FIG. 40 depicts a top perspective view of the reagent injector 

according to the present teachings; 

[0064] FIG. 41 depicts an exploded view of the reagent injector 

according to the present teachings; 

[0065] FIG. 42 depicts a cross-sectional view of the reagent injector 

30 according to the present teachings; 

[0066] FIG. 43 depicts a top perspective view of the reagent injector 

incorporated into an exhaust system according to the present teachings; 
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[0067] FIG. 44 depicts a side view of the reagent injector incorporated 

into an exhaust system according to the present teachings; 

[0068] FIG. 45 depicts a top view of the reagent injector incorporated 

into an exhaust system according to the present teachings; 

5 [0069] FIG. 46 is a graph showing a conventional control signal; 

[0070] FIG. 47 is a graph showing a peak and hold control signal 

according to the present teachings; and 

[0071] FIG. 48 is a cross-sectional view of the reagent injector depicting 

fluid flow paths through the injector according to the present teachings. 

10 [0072] Corresponding reference numerals indicate corresponding parts 

throughout the several views of the drawings. 

DETAILED DESCRIPTION 

[0073] Example embodiments will now be described more fully with 

15 reference to FIGS. 1-48 of the accompanying drawings. It should be understood 

that although the present teachings may be described in connection with diesel 

engines and the reduction of NOx emissions, the present teachings can be used 

in connection with any one of a number of exhaust streams, such as, by way of 

non-limiting examples, those from diesel, gasoline, turbine, fuel cell, jet or any 

20 other power source outputting a discharge stream. Moreover, the present 

teachings can be used in connection with the reduction of any one of a number of 

undesired emissions. For additional description, attention should be directed to 

commonly-assigned U.S. Patent Application No. 12/275,539, filed November 21, 

2008, entitled "Method And Apparatus For Injecting Atomized Fluids", which is 

25 incorporated herein by reference. Thus, the present invention provides improved 

methods and apparatus structure for injecting a reagent, such as an aqueous 

urea solution, into an exhaust stream in order to reduce emissions from engine 

exhaust. Moreover, the present teachings provide improvements to prior art 

aqueous urea injectors, in particular, improvements to an aqueous urea injector 

30 including improved heat dissipation of critical components, reduced size and 

complexity of the reagent injector, and improved operation and function. 

[0074] FIG. 1 depicts an example pollution control system for reducing 

NOx emissions from the exhaust of a diesel engine 10. In FIG. 1, solid lines 
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between elements of the system denote fluid lines for reagent and dashed lines 

denote electrical connections. The system of the present teachings may include 

a reagent tank 12 for holding the reagent and a delivery module 14, such as a 

pump, for delivering the reagent from the reagent tank 12. The reagent may be a 

5 urea solution, a hydrocarbon, an alkyl ester, alcohol, an organic compound, E-85, 

water, or the like and can be a blend or combination thereof. It should also be 

appreciated that one or more reagents can be available in the system and can be 

used singly or in combination. Reagent tank 12 and delivery module 14 may 

form an integrated reagent tank/delivery module. Also provided as part of the 

10 system is an electronic injection controller 16, a reagent injector 100, which may 

be a low pressure reagent injector, and an exhaust system 18 having at least one 

catalyst bed 20. 

[0075] Delivery module 14 may comprise a pump that supplies reagent 

from reagent tank 12 through an in-line filter 22 via a supply line 24. Reagent 

15 tank 12 may be polypropylene, epoxy coated carbon steel, PVC, or stainless 

steel and sized according to the application (e.g., vehicle size, intended use of 

the vehicle, and the like). Filter 22 may include a housing constructed of rigid 

plastic or stainless steel with a removable filter cartridge. A pressure regulator 

(not shown) may be provided to maintain the system at a predetermined pressure 

20 set point (e.g., relatively low pressures of approximately 60-80 psi, or in some 

embodiments a pressure of approximately 60-150 psi) and may be located in 

return line 26 from reagent injector 100. A pressure sensor may be provided in 

the flexible supply line 24 leading to the reagent injector 100. The system may 

also incorporate various freeze protection strategies to thaw frozen urea or to 

25 prevent the urea from freezing. For example, during system operation, 

regardless of whether or not the injector is releasing reagent into the exhaust 

gases, such as in an engine exhaust pipe, reagent is circulated continuously 

between (i.e. from and to) reagent tank 12 and reagent injector 100 to cool the 

injector and minimize the dwell time of the reagent in the injector so that the 

30 reagent remains cool. 

[0076] Continuous reagent circulation may be necessary for 

temperature-sensitive reagents, such as aqueous urea, which tend to solidify 
upon exposure to elevated temperatures of 300°C to 650°C as may be 
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experienced in an engine exhaust system. It has been found to be important to 

keep a given urea mixture or solution below 140°C and preferably in a lower 

operating range between 5°C and 95°C to provide a margin of safety ensuring 

that solidification of the urea is prevented. Solidified urea, if allowed to form, may 

5 foul moving parts, openings and passageways of the injector, possibly rendering 

the injector useless for its intended purpose. It will be recognized that flow rates 

will depend on engine size and NOx levels. 

[0077] The amount of reagent required may vary with load, engine RPM, 

engine speed, exhaust gas temperature, exhaust gas flow, engine fuel injection 

10 timing, and desired NOx reduction. All or some of the engine operating 

parameters may be supplied from engine control unit 28 via the engine/vehicle 

databus to reagent electronic injection controller 16. Reagent electronic injection 

controller 16 may also be included as part of engine control unit 28 if a given 

engine, vehicle or truck manufacturer agrees to provide such functionality. 

15 Exhaust gas temperature, exhaust gas flow and exhaust back pressure may be 

measured by respective sensors. 

[0078] With reference now including FIGS. 2A and 2B, an exemplary 

embodiment and variations of reagent injector 100 will be further described. In its 

exemplary use in the system depicted in FIG. 1, reagent injector 100 may have 

20 an injector body 102 having an injector body upper section 102a and an injector 

body lower section 102b. An elongated inner lower body 104 may be received 

within at least one of injector body upper section 102a and injector body lower 

section 102b. Elongated inner lower body 104 may define a cylindrical central 

bore 106, which may be in fluid communication with an orifice plate 108, which 

25 may define at least one exit orifice 110 (FIG. 16) that passes completely through 

the orifice plate 108. Inner lower body 104 may or may not be equipped with a 

separate guide plate 107 (FIG. 18). As depicted in FIGS. 2B, 3A and 3B, inner 

lower body 104 may be tapered at an end portion adjacent a pintle head of pintle 

118. More specifically, instead of a separate guide plate to guide or maintain 

30 alignment of pintle 118 within a consistent central bore106 (FIG. 3B), inner lower 

body 104 may be tapered or have a step-down in bore that has a smaller inner 

diameter than central bore 106. As depicted in FIGS. 2B, 3A and 3B, this step-

down in bore at end of inner lower body 104 adjacent a pintle head, may be a 
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guide member for pintle 118 and attached pintle head. Moreover, a pintle head 

of pintle 118 may act as a guide member to ensure that pintle head, which also 

may be referred to as a plunger, moves back and forth longitudinally within 

central bore 106. 

5 [0079] Numerous orifices through orifice plate 108 are possible to permit 

fluid flow through orifice plate and into an exhaust gas stream within an exhaust 

pipe of the exhaust system 18 (FIGS. 1, 4, 5, and 43-45) of a diesel engine when 

injector 100 is mounted to the exhaust pipe. Depending upon application and 

operating environment, orifice plate 108 may be made of a carbide material, 

10 which may provide desired performance characteristics and may be more easily 

and cost-effectively manufactured. Moreover, limitations or disadvantages 

associated with other materials and manufacturing processes may be avoided, 

such as those associated with manufacturing complex part shapes. Carbide may 

provide additional advantages, such as insensitivity to brazing temperatures 

15 (870-980°C), as opposed to other steels, such as carbon steels and tools steels, 

which may distemper. Carbide may also permit the hardness of surfaces of parts 

to be much greater than that achievable with most or all steels. As an example, 

using Mohs scale of mineral hardness, diamond may have a hardness of 10, 

carbide may have a hardness of 9-9.5 and hardened steel may be in the range of 

20 is 4-6. Thus, carbide is advantageous with regard to overall wear resistance. 

Moreover, carbide also has a wide range of toughness and can be "fine tuned" to 

have the best properties for a particular application. 

[0080] Orifice plate 108 may be coupled to and retained by the 

elongated inner lower body 104 using an orifice plate holder 112. Orifice plate 

25 holder 112 may be integrally formed with inner lower body 104, if desired, as 

depicted in FIGS. 14, 15, and 18. In some embodiments, if orifice plate holder 

112 is formed separately, orifice plate holder 112 may include a central male 

portion 114 (FIG. 2B) sized to be received and retained within a corresponding 

female portion 116 of elongated inner lower body 104. Surrounding exit orifice 

30 110 may be a valve seat 120 (FIGS. 16 and 18), which may be conical or cone-

shaped, or any practical shape; however, a conical shape is preferred as shown, 

for example, in FIG. 16. A valve member in the form of an elongated metering 

plug or pintle 118 (FIGS. 2A, 2B, 12, 13, 15, and 18) may be slidably mounted 

13 



WO 2011/100337 PCT/US2011/024208 

within central bore 106 and engagable with valve seat 120 to define a sealed and 

closed position when seated, and an unsealed and opened position when 

unseated. In some embodiments, orifice plate 108 may be coupled to inner lower 

body 104 via a press fit connection, which may then undergo brazing. 

5 [0081] Referring to FIGS. 2A, 2B, and 19-21, reagent injector 100 may 

employ an elongated pole piece 122 having an enlarged diameter end portion 

124 sized to be received within a correspondingly sized collar portion 126 of 

elongated inner lower body 104. In some embodiments, elongated pole piece 

122 may be press fit into inner lower body 104. Upon installation, the connection 

10 or press fit parts may also or alternatively be electron beam welded. A flange 

128 of pole piece 122 can be sized to limit the engagement depth of pole piece 

122 within elongated inner lower body 104 to define a space 130 therebetween 

(FIG. 21). Space 130 can be sized to receive a pintle head 132 (FIGS. 12, 13, 

and 21) of pintle 118 and permit limited and controlled axial movement of pintle 

15 118 within central bore 106. In some embodiments, pintle head 132 may be 

attached to a shaft of pintle 118 via a press fit and/or furnace braze. Pintle head 

132, which also may be referred to as a pintle head, may include through holes 

formed therein to reduce hydraulic pressure and provide a return flow path for 

fluid passage. Guide plate 107 (FIGS. 14, 15, 17 and 18), which may also be 

20 referred to as a guide member, may support pintle 118 to provide guided 

movement of pintle 118 in central bore 106. Guide plate 107 may comprise a 

plurality of slots or holes 109 to permit fluid flow therethrough. That is, guide 

plate 107 may define one or more slots or holes 109 that are through slots to 

permit fluid to flow through, even when pintle 118 is attached to guide plate 107. 

25 [0082] As depicted in FIGS. 2A, 2B, 20, and 21, elongated pole piece 

122 may further define a central bore 134 extending therethrough about a central 

axis of elongated pole piece 122. Central bore 134 may receive a return spring 

136 and a spring pre-loader 138. Spring pre-loader 138 may be sized and/or 

shaped to engage and preload return spring 136. More specifically, spring pre-

30 loader 138 may contact a structure formed within central bore 134 of pole piece 

122 to prevent movement therein and serve to limit the space available for 

extension of return spring 136. Spring pre-loader 138 may be retained in any one 

of a number of conventional ways, including using obstructions or features 
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formed in central bore 134 that prevent passage of spring pre-loader 138. 

Alternatively, adjustable mechanisms, such as retaining screws, may be used to 

limit or adjust the position of spring pre-loader 138. In this way, return spring 136 

is permitted to exert a biasing force upon pintle head 132 of pintle 118, thus 

5 urging an end of pintle 118 into engagement with valve seat 120 and thus closing 

or preventing fluid flow through orifice plate 108. Return spring 136 and spring 

pre-loader 138 comprise a central bore that is hollow and permits fluid flow 

through a central portion of return spring 136 and a central portion through pre­

loader 138. 

10 [0083] FIGS. 6-8 depict injectors 101 with various configurations or 

arrangements of fluid inlets and fluid outlets that may protrude from injector body 

upper sections 102a. Moreover, injector body upper section 102a may be formed 

or molded from a single material, and as a single piece as opposed to two pieces, 

such that a fluid inlet, a fluid outlet, and an electrical connector housing may all 

15 be molded in a single piece as a portion of injector body upper section 102a. 

Such a construction facilitates insertion of a cartridge of components pre-

assembled as a cartridge, as depicted in FIG. 21, which will be discussed later. 

FIGS. 4-6 also depict an injector mount to facilitate mounting of injectors 101 to 

an exhaust component. FIGS. 34-36 also each depict an injector 101. FIG. 34 

20 depicts injector 101 without a mount and with example positions of a fluid inlet 

168, a fluid outlet 170 and electrical connector housing 174. FIG. 35 depicts 

injector 101 with an inlet port filter 175 and an outlet port filter 177 removed from 

inlet 168 and outlet 170, respectively. FIG. 35 also depicts a flux frame 178 of an 

encapsulated electromagnetic coil and an associated bobbin, all removed state 

25 from injector body upper section 102a. FIG. 36 is a cross-sectional view 

depicting inlet filter 175 installed within inlet 168, outlet filter 177 installed within 

outlet 170, and electromagnetic coil and an associated bobbin surrounded by flux 

frame 178 installed within injector body upper section 102a. 

[0084] During assembly (FIGS. 9-42), spring pre-loader 138 and return 

30 spring 136 may be disposed within central bore 134 of pole piece 122. End 

portion 124 of pole piece 122 may be received within collar portion 126 of inner 

lower body 104 and thereby capturing pintle head 132 of pintle 118 therebetween 

such that pintle 118 extends along and within central bore 106 of inner lower 
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body 104. Longitudinal central axis of pintle 118 may be coincident with a 

longitudinal central axis of central bore 106. Male portion 114 of orifice plate 

holder 112 may be joined or inserted within female portion 116 of inner lower 

body 104. Female portion 116 may be described as a cavity or bore. Injector 

5 body upper section 102a of injector body 102 may be joined with injector body 

lower section 102b of injector body 102 such that orifice plate holder 112, inner 

lower body 104, pintle 118, pole piece 122, return spring 136 and spring pre­

loader 138 are captured within a chamber 140 of injector body upper section 

102a, and in some embodiments, a chamber 142 of injector body lower section 

10 102b. 

[0085] With reference to FIGS. 2A, 2B, and 28-33, a disc-shaped 

bobbin 144 which by way of non-limiting example, may be made of Delrin or 

Polyoxymethylene (commonly referred to as POM and also known as polyacetal 

or polyformaldehyde). POM is a thermoplastic that may be used in 

15 manufacturing precision parts that require high stiffness and excellent 

dimensional integrity. Continuing, bobbin 144 may have a central bore 146 and 

may be positioned and captured between injector body upper section 102a and 

injector body lower section 102b such that inner lower body 104 and pole piece 

122 are received within central bore 146 of bobbin 144. Specifically, bobbin 144 

20 can be received within correspondingly-sized depressions 148, 150 (FIGS. 2A, 

2B, and 22-24) formed in injector body upper section 102a and injector body 

lower section 102b, respectively of injector body 102. In some embodiments, 

injector body lower section 102b may comprise a lip 152 that can be rolled or 

formed over a shoulder 154 of injector body upper section 102a to retain injector 

25 body lower section 102b with injector body upper section 102a (FIGS. 2A-5). In 

some embodiments, a seal member, such as an O-ring, can be provided within a 

seal depression 156 (FIG. 2B) defined within injector body upper section 102a so 

that the O-ring is situated between injector body upper section 102a and injector 

body lower section 102b to define and ensure a leak-proof fluid seal. 

30 [0086] To affect the opening and closing of exit orifice 110, an actuator 

may be provided, for example in the form of magnetic coil 180 (FIGS. 28-30) 

mounted in injector body 102 and, in some embodiments, mounted and/or formed 

with bobbin 144. Magnetic coil 180 of the present teachings of the disclosure is 
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substantially smaller compared to traditional coils used in reagent injectors. This 

smaller size provides several advantages over conventional coils, including less 

heat being generated during actuation that would otherwise need to be managed 

through active cooling, such as exterior air cooling, of the reagent injector. Thus, 

5 through the use of a smaller magnetic coil in the present disclosure, less heat is 

generated during coil operation and, consequently, less active cooling of the 

reagent injector is required. By way of non-limiting example, it has been found 

that magnetic coils having 100 turns of #29 magnet wire with a 10mm ID and 

17mm OD and 3.8mm axial length is sufficient to reliably actuate reagent injector 

10 100. 

[0087] When magnetic coil 180 is energized via electrical leads 182 

(FIGS. 28 and 29), metering pintle 118 is drawn upward from the closed position 

to the open position. Upward is a direction that is away from an exhaust pipe to 

which injector 100 may be mounted. Some members of the assembly, such as 

15 enlarged diameter end portion 124 of elongated pole piece 122 and pintle head 

132, can be made of a magnetic material, such as 430 stainless steel, to help 

promote establishment of a magnetic field. Likewise, some members of the 

assembly, such as collar portion 126 of elongated inner lower body 104, may be 

made of a non-magnetic material to limit the effect on the metering pintle 118. 

20 Magnetic coil 180 may be energized, for example, in response to a signal from 

electronic injection controller 16 of FIG. 1, which decides based upon sensor 

input signals and its preprogrammed algorithms, when reagent is needed for 

effective selective catalytic reduction of NOx emissions in the exhaust stream 

within exhaust pipe to which injector 100 is mounted. To facilitate movement of 

25 pintle 118, pintle head 132 may be aligned with a flux frame of electromagnetic 

coil 180. For instance, as depicted in at least FIG. 42, flux frame, which 

surrounds bobbin 144 and electromagnetic coil 180, may align with pintle head 

132. Thus, in cross-sectional view of FIG. 42, if a straight line is drawn between 

cross-sectional halves of flux frame, so as to connect flux frame, the straight line 

30 would be drawn through pintle head 132. Such arrangement enhances the 

electromagnetic effect of electromagnetic coil 180 on pintle head 132. 

[0100] In some embodiments, electrical leads 182 provide a control signal 

to the reagent injector 100, for example from the reagent electronic injection 
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controller 16 (FIG. 1). Magnetic coil 180 may be energized by a 12-24 VDC 

current using a pulse width modulated digital signal. In some embodiments, the 

control signal may be a simple square wave. However, in some embodiments, it 

has been found that substantially improved performance and metering of reagent 

5 may be achieved through use of a control signal generally similar to that 

illustrated in FIG. 47. For comparison, with reference to FIG. 46, a conventional 

square wave is depicted having a starting impulse (a) at t=0 to a constant output 

(b) and terminating (c) to zero at t=1. This conventional square wave energizes a 

coil and produces a delayed response in an injector—that is, the injector initially 

10 opens according to a curved response (d) to a fully opened position and finally 

closes according to a delayed response (e). 

[0101] According to teachings of the present disclosure, a control signal is 

provided in FIG. 47 having a starting impulse (f) at t=0 that defines an impulse 

greater than the constant output (b) of the conventional signal. The starting 

15 impulse (f) can extend for a time t<1 to urge a faster opening response (g) of 

reagent injector 100. It should be appreciated that the opening response (g) of 

the refined control signal of the present teachings is quicker (and thus steeper in 

slope) than the opening response (d) of the conventional control signal. The 

control signal of the present teachings can then be reduced to a lower output (h) 

20 at t<1 and held until terminated (i) to zero at t=1. It has been found that by using 

the control signal of the present teachings, reagent injector 100 is capable of 

minimizing a delay associated with moving from a closed position to an opened 

position and from the opened position back to the closed position, and thus is 

capable of achieving improved response and metering capability. 

25 [0102] The combination of pulse width modulation providing a peak and 

hold response control, and mechanical atomization techniques, is appropriate for 

providing small quantities of atomized hydrocarbons with precise timing. Cooling 

aspects provided by the present teachings allow injector 100 to survive in 

proximity to hot exhaust gases and prevent pre-ignition of the hydrocarbon. 

30 [0103] In some embodiments, as depicted in FIG. 2B, reagent injector 100 

may employ a fluid coupling 160 having a body 162 defining a chamber 164. 

FIGS. 43 and 44 depict perspective views of fluid coupling 160, which may be 

releasably coupled to injector body upper section 102a of injector body 102 to 
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affect a fluid connection. To this end, chamber 164 of body 162 is recessed or 

concave as a female portion to engage and couple to a protruding or male portion 

166 of injector body upper section 102a of injector body 102. With such a 

construction, a reliable and releasable connection is formed between fluid 

5 coupling 160 and the remainder of reagent injector 100. Fluid coupling 160 

includes a reagent inlet 168 and a reagent outlet 170 to supply aqueous reagent 

or urea to a fluid path within reagent injector 100. It should be appreciated that in 

some embodiments fluid coupling 160 can comprise a plurality of separate lines 

connectable to a common hub, such as depicted in FIGS. 6-8. 

10 [0104] According to teachings of the present disclosure, a fluid path is 

defined within reagent injector 100 when pintle 118 is in the closed position to 

facilitate circulation of fluid through injector 100. More specifically, and with 

reference to FIGS. 18 and 42, the fluid path can extend from reagent inlet 168 to 

a distribution chamber 171 and subsequently to reagent outlet 170. In further 

15 detail, fluid or reagent may enter reagent injector 100 at reagent inlet 168 at a 

first temperature, which may be relatively cool. Fluid may then proceed by 

flowing along a pathway 300 along and against an exterior side of pole piece 122. 

Pathway 300 may be defined by an exterior surface of pole piece 122 and an 

inside diameter of chamber 140 of injector body upper section 102a. The fluid 

20 can then continue in its direction of flow and pass between an exterior surface of 

pole piece 122 and inside of bobbin 144. More specifically, fluid may continue in 

its direction of flow and pass through at least one slot or a plurality of slots 302 

(see FIGS. 31-33) formed along the inner diameter of bobbin 144. During this 

stage, the cool fluid is exposed to an exterior surface area of bobbin 144 and is 

25 operable to cool, or absorb a portion of thermal energy from, bobbin 144 and 

associated coil 180, which may transfer heat into bobbin 144. 

[0105] Alternatively, a separate part, such as a fluid sleeve, may be 

incorporated within an inside diameter of bobbin 144, or more generally, within an 

inside diameter of electromagnetic coil 180, to separate the electromagnetic coil 

30 180 from the fluid path. In utilizing a fluid sleeve, slots 302 may not be 

necessary, for instance, to permit passage of fluid. With reference to FIGS. 31 

and 33, although not particularly depicted, a fluid sleeve may have a generally 

smooth exterior adjacent to central bore 146, and a generally smooth interior. A 
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height of such a fluid sleeve may be the same or generally the same as a height 

of bobbin 144 depicted in FIG. 33 and disposed within central bore 146 of 

solenoid coil bobbin 144. O-rings may be utilized between seals or component 

parts, such as between a fluid sleeve within central bore 146 and central bore 

5 146. 

[0106] The presence of cool fluid flowing adjacent bobbin 144 is beneficial 

to the operation and longevity of magnetic coil 180 because of the heat-absorbing 

function of the fluid. The fluid may then proceed in flowing from slots 302 to a 

lower body passage 304 along an exterior side or surface of inner lower body 

10 104. More specifically, lower body passage 304 may be defined between an 

exterior side or surface of inner lower body 104 and an interior surface or surface 

of injector body lower section 102b of injector body 102, such as chamber 142 of 

injector body lower section 102b. In some embodiments, lower body passage 

304 may completely surround part of or an entire length 306 of inner lower body 

15 104 to cool inner lower body 104. Moreover, fluid within lower body passage 304 

can further cool at least a portion of injector body lower section 102b of injector 

body 102. As depicted in FIG. 18, fluid within lower body passage 304 can be 

directed to distribution chamber 171 via one or more distribution passages 308. 

Fluid within distribution chamber 171 can be directed to a swirl chamber 320 

20 when pintle 118 is in an opened or closed position, while cooling orifice plate 108. 

One or more return passages 312 may extend from distribution chamber 171 to 

central bore 106 of inner lower body 104 and provide a fluid path for fluid from 

distribution chamber 171 to central bore 106 of inner lower body 104. Fluid within 

central bore 106 may provide cooling to pintle 118 and inner lower body 104. 

25 Upon flowing into central bore 106, fluid may flow from along an entire length of 

central bore 106 such that fluid surrounds an outside diameter of pintle 118, 

which may be a solid, non-hollow structure. Fluid may proceed in flowing along a 

length of pintle 118 within central bore 106 in a direction away from orifice plate 

108 and exhaust stream of exhaust pipe. At an end of central bore 106 that is 

30 opposite return passage 312, fluid may flow through exit slots or holes, which 

may be through exit slots or holes 109 in guide plate 107. Guide slot 109 may be 

solely defined by guide plate 107 and an exterior surface of pintle 118. Upon 

flowing through one of more guide slots or holes 109 in guide plate 107, fluid may 
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flow through a passage 316 in pintle head 132, then to central bore 134 of pole 

piece 122, and subsequently to reagent outlet 170 and back to reagent tank 12. 

Passage 316 may be a through hole in pintle head 132. 

[0107] From the above discussion, it should be recognized that the flow of 

5 fluid into and out of injector 100, even when injector 100 is not injecting fluid into 

an exhaust stream, provides a cooling effect to reagent injector 100. Moreover, it 

should be recognized that the flow velocity from reagent inlet 168 and through 

pathway 300, slots 302, and lower body passage 304 (generally collectively 

referred to as the cooling pathway) is less than the flow velocity exiting the 

10 reagent injector 100 through central bore 106, passage 314, passage 316, 

central bore 134, and reagent outlet 170 (generally referred to as the heated 

pathway) because of the increased volume of the cooling pathway versus the 

reduced volume of the heated pathway. Therefore, this reduced flow velocity of 

the cooling pathway permits greater fluid presence in terms of fluid volume, 

15 longer fluid dwell time, and increased thermal absorption when the fluid is 

coolest. Likewise, the increased flow velocity of the heated pathway permits 

greater removal of heated fluid from reagent injector 100. The overall effect is 

improved cooling and thermal management of reagent injector 100. 

[0108] Reagent injector may be in an opened position when pintle 118 is 

20 lifted or moved away from orifice plate 108 and fluid is permitted to flow toward 

and into an exhaust stream within exhaust pipe 19. Similar to the above 

description of fluid flow through injector 100 when reagent injector 100 is in a 

closed position, when reagent injector 100 is in an opened position, a free-flowing 

and unobstructed fluid path extends from distribution chamber 171 to a swirl 

25 chamber 320 (FIG. 18) via one or more slots 322 in orifice plate 108 and out of 

orifice 110 and, for example, into an exhaust stream within exhaust pipe 19. 

[0109] Slots 322 may be formed into orifice plate 108, as depicted in FIG. 

16. Alternatively, an intermediate plate may have slots 322 formed into it. For 

example, orifice plate holder 112 depicted in FIGS. 2A-2B may have slots 322 

30 formed into it. Still yet, slots 322 may be formed into a bottom surface of inner 

lower body 104. Thus, various options exist for forming slots to control reagent 

flow proximate exit orifice. 
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[0110] It should be recognized that fluid generally flows within swirl 

chamber 320 only when pintle 118 is in the raised and open position and 

unseated from valve seat 120. This arrangement substantially improves dosage 

of reagent from reagent injector 100. That is, a dosage amount in conventional 

5 injectors can often vary based on flow velocity, spray angle, droplet size, and the 

like. When fluid flow is permitted to freely flow within a swirl chamber and that 

flow is varied by parameter settings of the system, such as return line 

backpressure, velocity, and the like, the dosage amount of ejected reagent can 

vary substantially. Therefore, according to the principles of the present 

10 teachings, these disadvantages can be avoided by, in part, using return 

passages 312 that return fluid to reagent outlet 170 without the need for the fluid 

to pass through swirl chamber 320. Instead, reagent may pass about a periphery 

of swirl chamber, a periphery of slots 322 and raised portions that define slots 

322. 

15 [0111] In other words, in some embodiments, reagent may be delivered to 

exit orifice 110 via reagent inlet 168. Reagent inlet 168 may be in fluid 

communication with exit orifice 110 and may be externally connected to reagent 

tank 12 via supply line 9. Reagent may be pumped to reagent injector 100 at a 

predetermined pressure set point and into reagent inlet 168 and subsequently to 

20 exit orifice 110. The predetermined pressure set point may vary in response to 

operating conditions to provide at least one of increased operating range and 

varied spray patterns from exit orifice 110. The pressurized reagent may be 

accelerated to a relatively high velocity based on the construction and shape of 

orifice plate 108. This produces a high velocity flow in the exit orifice 110. When 

25 the end of pintle 118 is removed from valve seat 120, a portion of the flow of 

reagent is passed through exit orifice 110, where atomization occurs from a 

combination of centrifugal force and shearing of the reagent by air as it jets into 

the exhaust stream. 

[0112] As an example, approximately 600 milliliters per minute (ml/min), 

30 which converts to 36 liters per hour (l/hr), of reagent may be circulated through 

reagent injector 100, which may be greater than an amount of reagent actually 

dispensed from exit orifice 110. Although the flow rate may be varied depending 

on the specific exhaust treatment application, reagent not dispensed into an 
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exhaust stream via exit orifice 110, exits reagent injector 100 via reagent outlet 

170 and is returned to reagent tank 12 for circulation. Upon removing the end of 

metering pintle 118 from valve seat 120, atomized reagent may be expelled at 

the rate of approximately 1 ml/min (.06 l/hr) to 600 ml/min (36 l/hr) depending on 

5 the exhaust treatment application and/or the control algorithm used. The spray 

characteristics of reagent expelled from exit orifice 110 may be varied depending 

on the pressure ratios of the pressure maintained in the return line 35 to reagent 

tank 12 from reagent injector 100 and in supply line 24 to reagent injector from 

delivery module 14. For example, the size of the droplets may be controlled by 

10 varying the pressure in the supply line 24. In addition, the spray characteristics 

may be varied by interchanging different spray plates or orifice plates. Varying 

the reagent circulation rate, such as by changing an output pressure by delivery 

module 14, can change the level of cooling provided by the reagent, but will no 

longer have an effect on the droplet size or spray cone angle. 

15 [0113] As depicted in FIGS. 2A and 2B, metering pintle 118 may be 

biased in the closed position by a biasing member, which may be, for example, in 

the form of return spring 136 that engages pintle head 132 of pintle 118. Return 

spring 136 may engage a top surface of pintle head 132 of pintle 118. A top 

surface of pintle head 132 may be a surface of plunger opposite pintle 118. Top 

20 surface may be curved or convex. 

[0114] With particular reference to FIGS. 4, 5 and 43-45, external 

perspective views of reagent injector 100 depict connection to an exhaust tube 

19. In some embodiments, connection of reagent injector 100 to exhaust tube 19 

can be achieved in such a way as to minimize the disadvantages of forces, such 

25 as torque and the like, that can be exerted upon reagent injector 100. That is, in 

some embodiments as illustrated in FIGS. 2A, 2B, and 9-11, a mounting flange 

200 can be coupled to exhaust tube 19 via a weld, threaded fastener, or other 

conventional means. Mounting flange 200 may be formed having a central bore 

202 sized to receive injector body lower section 102b of injector body 102 to 

30 permit exit orifice 110 to be positioned in a predetermined position within exhaust 

tube 19 to introduce reagent inside of exhaust tube 19 at a desired orientation. In 

some embodiments, as depicted in FIGS. 2A, 2B, and 9-11, an insulator 204 

may be disposed between mounted flange 200 and injector body lower section 
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102b of injector body 102 to minimize the transfer of thermal energy from exhaust 

system 18, and more specifically, from exhaust gases and exhaust tube 19, to 

reagent injector 100. To further resist passage of exhaust gases, an appropriate 

heat-resistant O-ring 203 may be installed at an elbow or shoulder location 

5 between insulator 204 and mounting flange 200' as depicted in FIG. 42. 

[0115] Insulator 204 may be made of a material having thermal properties 

that minimize heat transfer, such as Makor or Pressed Mullite. Insulator 204 may 

comprise a tubular section 206 having an outer diameter and/or shape 

complementary to an inner diameter and/or shape of central bore 202 of 

10 mounting flange 200 to permit insulator 204 to be received within mounting flange 

200. Moreover, an outer diameter of tubular section 206 may contact an inner 

diameter of central bore 202 of mounting flange 200. Similarly, tubular section 

206 may comprise an inner diameter and/or shape complementary to an outer 

diameter and/or shape of injector body lower section 102b to permit injector body 

15 lower section 102b of injector body 102 to be received within insulator 204. 

Moreover, an outer diameter and/or shape of injector body lower section 102b 

may contact an inner diameter of insulator 204. Insulator 204 may have an 

outside diameter that has a series of alternating protrusions and recessions that 

limit contact of an outside diameter of tubular section 206 to the protruding 

20 portions and not the recession portions. With this construction, outside diameter 

of tubular section 206 has less contact with an inside diameter of mounting flange 

200 and thus, less heat transfer between tubular section 206 and mounting 

flange 200 will take place than if alternating protrusions and recessions were a 

smooth surface or part of a threaded contact surface. 

25 [0116] Similarly, tubular section 206 may comprise an inner diameter that 

has a series of alternating protrusions and recessions that limit contact of an 

inside diameter of tubular section 206 with an outer diameter of injector body 

lower section 102b to the protruding portions and not the recession portions. 

With this construction, inside diameter of tubular section 206 has less contact 

30 with an outside diameter of injector body lower section 102b and thus, less heat 

transfer between tubular section 206 and injector body lower section 102b will 

take place than if alternating protrusions and recessions were a smooth surface 

or part of a threaded contact surface. 
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[0117] Insulator 204 has proven to provide substantial thermal insulating 

properties conducive to minimizing heat conduction from exhaust system 18 to 

reagent injector 100. Specifically, by way of non-limiting example, it has been 

found that temperatures external to insulator 204 can range from 500°C and 

5 higher. However, interior wall temperatures of bore 202 of insulator 204 do not 

typically exceed 70-100°C. In some embodiments, insulator 204 is metalized and 

Nickel brazed to the external metal housing or mounting flange 200, 200'. The 

braze serves to provide a gas tight seal without resorting to any form of gasket or 

other sealing device, and to provide retention of the insulator within the flange 

10 200. The braze joint has thermal capabilities that are higher than temperatures 

that are expected to occur in service with the injector 100, mounting flange 200 

and insulator 204 when installed as part of an exhaust system, thus ensuring an 

acceptable margin of safety for reliable sealing and attachment. 

[0118] With continued reference to FIGS. 2A and 2B, injector body lower 

15 section 102b of injector body 102 may be fastened to mounting flange 200 via a 

plurality of fasteners 208, such as cap screws. Fasteners 208 can extend 

through respective apertures 210 formed in a flange ring 212 of injector body 

lower section 102b and be threadingly engaged with a corresponding aperture 

214 formed in a flange ring 216 of mounting flange 200. In some embodiments, a 

20 lip 205, which may be circular, of insulator 204 may be positioned between 

injector body lower section 102b and mounting flange 200 to reliably retain, or 

sandwich by contact, insulator 204 therein. Insulator 204 can be used as a pilot 

for projection welding mounting flange 200 to the exhaust pipe. 

[0119] In some embodiments, however, as seen in FIGS. 4-8 and 41-42, 

25 injector body lower section 102b of injector body 102 may be fastened to 

mounting flange 200' via a plurality of clips 220, which in cross-section may be C-

shaped or oval. Alternatively, clips 220 may be formed in other shapes. For 

instance, clips 220 may be circular, square or rectangular in cross-section. Clips 

220 may be used to overlap or cover a portion of a peripheral ring section 222 of 

30 mounting flange 200' and a peripheral ring section 224 of a retaining plate 226 

(FIG. 41-42). As depicted in FIGS. 22-24, retaining plate 226 may be a disc­

shaped member having upturned peripheral ring section 224 and a central 

aperture 227 for receiving injector body lower section 102b of injector body 102. 

25 
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Retaining plate 226 may be coupled to injector body lower section 102b of 

injector body 102 via press-fit and brazing or welding to retain injector body 102 

therewith. Each of clips 220 may comprise terminal ends 228 (FIG. 41) that 

generally face or oppose each other and exert a clamping force on mounting 

5 flange 200' and retaining plate 226 to couple injector body 102 to mounting flange 

200'. More specifically, with reference continuing with FIGS. 41-42, a first 

terminal end 228 of a clip 220 may contact ring section 222 of mounting flange 

200' and a second terminal end 228 of clip 220 may contact peripheral ring 

section 224 of retaining plate 226 of injector body lower section 102b of injector 

10 body 102. Second terminal end 228 of clip 220 may further reside within and 

contact a peripheral concavity 225 of peripheral ring section 224 of retaining plate 

226. Concavity 225 may prevent movement of clip toward and away from a 

central vertical axis of reagent injector 100. Central vertical axis of reagent 

injector 100 may be coincident with a longitudinal axis of pintle 118. By 

15 preventing movement of clip 220 toward and away from a central vertical axis of 

reagent injector 100, clip 220 remains in its installation position. 

[0120] To prevent or minimize rotation of injector body lower section 102b 

relative to injector body upper section 102a of injector body 102, and further 

prevent movement of installed clips 220 relative to retaining plate 226 and 

20 mounting flange 200', locating pins 229 (FIGS. 9-11 and 41-42) may extend 

upward from retention holes 223 or slots in mounting flange 200' and may be 

received within any one of a number of locating holes 231, which may be through 

holes, formed in retaining plate 226 (FIGS. 22-23). Locating pins 229 and 

locating holes 231 engage one another and form a connection therebetween that 

25 prevents relative rotation of clips 220, retaining plate 226 and mounting flange 

200'. Thus, the present disclosure provides an injector and mount interface that 

permits a selection of rotational orientations for desired injector installation, 

thereby avoiding the need for application specific mounts and components. 

[0121] With reference including FIGS. 41 and 42, clip 220 may have a 

30 notch 235 on one of opposing terminal ends 228. For instance, notch 235 may 

be on a side of reagent injector 100 that is referred to as a top side. A top side of 

reagent injector 100 may be that side of retaining plate 226 that faces away from 

exhaust tube 19 when reagent injector 100 is installed on an exhaust tube 19. 
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Notch 235 may be wider than a diameter of locating pins 229 so that notch 235 of 

clip 220 may reside over an end of locating pin 220 as depicted in FIG. 42. 

During an installation of clip 220 to firmly secure retaining plate 226 and 

peripheral ring section 222 of mounting flange 200' together, and prevent relative 

5 movement between retaining plate 226 and peripheral ring section 222, second 

terminal end 228 of clip 220 with notch 235 may first be positioned over an end of 

locating pin 229, which is installed in blind hole of peripheral ring section 222. A 

portion of clip 220 on either side of notch 235 may contact a surface of peripheral 

ring section 224 and clip 220 may also contact locating pin 229. Subsequently, 

10 first terminal end 228 of clip 220 may be pressed around a periphery of contact 

ring section 222 of mounting flange 200' such that first terminal end 228 contacts 

a bevel portion 237 of contact ring section 222 before first terminal end 228 of clip 

220 comes to rest in groove 239 (FIG. 11). Thus, second terminal end 228 of clip 

220 is secured within concavity 225 of peripheral ring section 224 with locating 

15 pin 229 residing within notch 235, and first terminal end 228 of clip 220 is secured 

within groove 239 of peripheral ring section 222. Thus, upon installation of clip 

220, a longitudinal axis of locating pin 229 may pass through each terminal end 

228 of clip 220. 

[0122] In some embodiments, insulator 204 can be positioned between 

20 injector body lower section 102b/retaining plate 226 and mounting flange 200' to 

reliably retain insulator 204 therein. It should be appreciated that clips 220 

provide an advantage over traditional torque-based, twisting fasteners in that 

clips 220 do not exert any twisting or turning force (i.e. torque) on reagent 

injector 100. Such twisting or turning forces have been found to damage reagent 

25 injectors and/or insulator 204 in some applications or if improperly installed (e.g. 

over-torqued) by a technician. Moreover, clips 220 provide a minimal thermal 

pathway for the conduction of heat from mounting flange 200' to injector body 

102, thereby reducing and limiting the thermal load of reagent injector 100 that 

must be dissipated. 

30 [0123] In some embodiments, pintle 118, orifice plate holder 112, inner 

lower body 104, pole piece 122, spring pre-loader 138, injector body upper 

section 102a of injector body 102, mounting flange 200, 200', and/or fluid 

coupling 160 may be made of type 430C, 440F or similar stainless steel, and in 

27 



WO 2011/100337 PCT/US2011/024208 

some embodiments coated with a coating that retains urea corrosion resistance 

and magnetic properties while reducing metal fatigue caused over the life of 

reagent injector 100. Collar section 126 and return spring 136 may be made of 

type 316 or similar stainless steel and, in some embodiments, coated with a 

5 coating that retains urea corrosion resistance while reducing metal fatigue 

caused over the life of reagent injector 100. 

[0124] FIGS. 43-45 depicts reagent injector 100, which may employ a heat 

shield 340 to shield injector 100 from radiant heat from exhaust tube 19. More 

specifically, heat shield 340 may be mounted to reagent injector 100 using a 

10 single aperture through a heat shield surface 342 that is parallel to exhaust tube 

19. FIG. 44 depicts a cover 344 that may be positioned over and around reagent 

injector 100 to protect reagent injector from environmental elements such as 

water, snow, road debris, etc. Moreover, cover 344 may be an insulating cover 

and insulate reagent injector 100, inside of cover 344, from the environment 

15 located outside of cover 344. For instance, cover 344 may hold heat generated 

by reagent injector 100 within the confines or interior or cover 344, when the 

temperature outside of, or surrounding an exterior of, cover 344 is lower than the 

temperature within the confines of cover 344, where reagent injector 100 is 

located. Similarly, cover 344 may prevent heated air located outside of cover 344 

20 from elevating reagent injector 100 to a temperature that hastens solidification or 

crystallization of reagent, such as urea for example, within reagent injector 100. 

Cover 344 may be made of a plastic or metal material, similar to that from which 

reagent injector 100 is manufactured. Cover 344 may have a through hole 346 

through which inlet tube 348 and outlet tube 350 may pass. Electrical wires 352, 

25 354 may also pass through hole 346. Cover 344 may secure onto heat shield 

340 in a press fit, snap fit or other fashion to ensure that cover 344 remains 

securely attached to heat shield 340 when reagent injector 100 with heat shield 

340 is in use on an exhaust system, which may be employed on a vehicle. 

[0125] A method of injecting a reagent into a gas stream is also provided in 

30 accordance with the present teachings. FIG. 48 depicts a cross-sectional view of 

an example reagent flow path 169 through reagent injector 101. As depicted, 

liquid reagent, such as urea, enters reagent injector 101 at inlet port 167, passes 

through inlet 168 and flows between an outside diameter of pole piece 122 and 
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central bore 146 of solenoid coil bobbin 144. Because pole piece 122 and 

solenoid coil bobbin 144 have relatively large surface areas within reagent 

injector 101, liquid reagent may absorb heat from these components as reagent 

flows through reagent injector 101. Thus, the reagent flowing in accordance with 

5 reagent flow path 169 may become increasingly warmer as the reagent flows 

through reagent injector 101. Continuing, reagent proceeds to flow between an 

outer diameter of collar portion 126 and an inside diameter or central bore 146 of 

solenoid coil bobbin 144. Reagent then proceeds to flow through lower body 

passage 304, which is defined between an outside diameter of inner lower body 

10 104 and an inside diameter of injector body lower section 102b. Reagent then 

reaches a location 172 where inner lower body 104 of reagent injector 101 has 

been welded to injector body lower section 102b of reagent injector 101. At this 

location, reagent flows from lower body passage 304 and into distribution 

passages 308 of inner lower body 104 that allow the reagent to flow into 

15 distribution chamber 171, formed between inner lower body 104 and orifice plate 

108. If reagent injector 101 is closed, such as when solenoid is not powered or 

energized and tip of pintle 118 is seated against and forms a seal with valve seat 

120, which may be a conical surface, of orifice plate 108, fluid is prevented from 

being sprayed into exhaust tube 19 from exit orifice 110. 

20 [0126] With magnetic coil 180 not energized and pintle 118 seated against 

orifice plate 108, reagent travels at least part-way around distribution chamber 

171 and flows into drillings or holes that connect distribution chamber 171 to 

central bore 106, which is the central bore of inner lower body 104. This central 

bore 106 or bore forms a return passage for the re-circulating reagent that 

25 removes heat generated between moving and contacting parts within reagent 

injector 101. Reagent injector 101 may be continuously cooled by circulating 

reagent even if reagent injector 101 is not actively injecting fluid into an exhaust 

stream of exhaust tube 19. If magnetic coil 180 of solenoid is electrically 

energized causing pintle 118 to be lifted off of and away from orifice plate 108, a 

30 portion of reagent will flow through slots 322, which may be tangential slots or 

curved slots, and subsequently into swirl chamber 320, which is located between 

tangential slots 322 and exit orifice 110, as depicted in FIG. 16. Only the volume 

of reagent injected into exhaust tube 19 as spray 313 flows through slots 322. 
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[0127] Continuing with FIG. 48, reagent that is directed into central bore 

106 around pintle 118, flows from pathway 322 around a periphery of slots 322 

and into passage 312, which directly leads into central bore 106. Upon flowing 

along a length of central bore 106, reagent may then flow through one or more 

5 through slots or holes 109 in guide plate 107. Pintle 118 forms a portion of a 

boundary of each of slots or holes 109 when pintle is inserted into center through 

hole of guide plate 107, as evident from FIGS. 17-18. After reagent passes 

through guide plate 107, reagent proceeds and passes through one of more 

through holes 316 in pintle head 132 and proceeds into and through central bore 

10 134, which is where spring 136 and spring pre-loader 138 resides. Next, reagent 

flows into reagent outlet 170 and from reagent port 173. 

[0128] Because only the volume of reagent injected flows through slots 

322, a same or similar amount of reagent may be discharged from exit orifice 

110, even if the volume of return flow through reagent outlet 170 were to vary by 

15 +/- 30%. The desensitization of discharged flow vs. return flow volume permits a 

simple drilled restrictor orifice to be used for control of return flow and since no 

critical matching of injector orifice to return flow is needed, it is not necessary to 

incorporate the restrictor orifice in the injector itself. For water based media, 

including aqueous Urea, where freezing of the media is possible in cold weather 

20 conditions, the restrictor orifice is best positioned at the inlet of the return flow into 

the tank, since this results in only air being drawn through the orifice when the 

lines are purged of fluid after engine shutdown. This permits a faster purge cycle, 

which may also achieve the removal of a greater percentage of the fluid in the 

lines, resulting in a faster thaw cycle on startup. 

25 [0129] When reagent injector 101 is undergoing "alternate return flow," 

only a portion of reagent exits through orifice plate 108 as spray 313 and into an 

exhaust stream of exhaust tube 19. The balance of reagent is returned to 

reagent tank 12 and re-circulated. In one example, reagent injector 101 may 

receive 30 liters per hour (l/hr) of reagent through reagent inlet 168 when reagent 

30 injector 101 is injecting reagent into exhaust tube 19. However, only 5 l/hr may 

actually exit through exit orifice and into an exhaust stream in exhaust tube 19. 

The balance of 25 l/hr may be returned through reagent injector 101 and exit 

reagent injector 101 at exit port 165 as return flow. 
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[0130] With reference mainly to FIGS. 18 and 48, in some embodiments, a 

method of directing reagent through injector 101 may include receiving a reagent 

from reagent tank 12 at reagent inlet 168 of reagent injector 101; directing the 

reagent to a pole piece passage 324 defined between an outside diameter of 

5 pole piece 122 and injector body upper section 102a and an inside diameter of 

electromagnetic bobbin 144; directing the reagent from the pole piece passage 

324 to a collar passage 326 defined between an outside diameter of collar 126 of 

an inner lower body 104 and inside diameter of bobbin 144; directing the reagent 

from the collar passage 326 to a lower body passage 304 defined between an 

10 outside diameter of inner lower body 104 and an inside diameter of injector body 

lower section 102b of injector 101; and directing the reagent into a distribution 

passage 308 defined by inner lower body 104. Distribution passage 308 may 

fluidly link lower body passage 304 to distribution chamber 171 defined by inner 

lower body 104 and orifice plate 108. In some embodiments, from distribution 

15 chamber 171, the method may include directing a first partial volume of the 

reagent to exit orifice 110 in orifice plate 108 and directing a second partial 

volume of the reagent to a reagent outlet 170 of injector 101. 

[0131] In some embodiments, directing a first partial volume of the 

reagent to exit orifice 110 in orifice plate 108 may include: directing the first 

20 partial volume of the reagent through plurality of slots 322 in orifice plate 108; 

moving a pintle 118 and unblocking orifice 110 in orifice plate 108; directing the 

first partial volume of the reagent through a plurality of slots 322 in orifice plate 

108 and through orifice 110; and directing the first partial volume of the reagent to 

a central bore or central bore 106 defined by inner lower body 104. 

25 [0132] In some embodiments, directing a second partial volume of 

the reagent to reagent outlet 170 or outlet port 165 may include: directing the 

second partial volume of the reagent through through slots or holes 109 (FIG. 17) 

defined in guide plate 107 through which pintle 118 passes; directing the second 

partial volume of the reagent through through holes 316 of pintle head 132, pintle 

30 head 132 attaching to and surrounding an end of pintle 118; directing the second 

partial volume of the reagent through an interior of bobbin 144 of magnetic coil 

180; directing the second partial volume of the reagent through central bore 134 

of pole piece 122; directing the second partial volume of the reagent from 
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distribution chamber 171 to at least one return passage 312 defined by inner 

lower body 104. Return passage 312 fluidly links distribution chamber 171 and 

central bore 134 defined by the inner lower body 104. Directing the second 

partial volume of the reagent around an outside diameter of solid pintle 118 

5 residing within central bore 106 defined by the inner lower body 104. 

Alternatively, in some embodiments, a method of directing reagent through an 

injector may entail pumping a reagent from reagent tank 12 to injector reagent 

inlet 168; directing the reagent to pole piece passage 324 defined between an 

outside diameter of pole piece 122 and injector body upper section 102a; 

10 directing the reagent from the pole piece passage 324 to a collar passage 326 

located between an outside diameter of a collar 126 of inner lower body 104 and 

an inside diameter of the electromagnetic coil bobbin 144; directing the reagent 

from collar passage 326 to lower body passage 304 located between an outside 

diameter of inner lower body 104 and an inside diameter of injector body lower 

15 section 102b of injector 101; directing the reagent into a distribution passage 308 

defined by inner lower body 104, distribution passage 308 fluidly linking lower 

body passage 304 and distribution chamber 171 defined by inner lower body 104 

and orifice plate 108; dividing the reagent into a first partial volume and a second 

partial volume; directing the first partial volume and second partial volume of the 

20 reagent in the distribution chamber 171; directing the first partial volume into 

curved slots 322 defined in the orifice plate; lifting pintle 118 from orifice plate 

108; and directing the first partial volume of the reagent around an orifice 110 in 

the orifice plate 108. 

[0133] In some embodiments, a method may further entail directing 

25 the first partial volume of the reagent from around orifice 110 in orifice plate 108 

and into exhaust tube 19 (FIG. 44) and directing the second partial volume of the 

reagent from reagent outlet 170 and outlet port 165 and to reagent tank 12. 

[0134] Directing the second partial volume of the reagent to reagent 

outlet 170 may further entail: directing the second partial volume of the reagent to 

30 return passage 312 defined in inner lower body 104, return passage 312 directing 

the second partial volume from distribution chamber 171 to central bore 106 

defined by inner lower body 104; directing the second partial volume around an 

outside diameter of solid pintle 118 residing within central bore 106; directing the 
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second partial volume of the reagent through through slots or holes 109 of guide 

plate 107 through which solid pintle 118 passes; and directing the second partial 

volume of the reagent through through slots or holes 109 of pintle head 132 to 

which pintle 118 is attached; directing the second partial volume of the reagent 

5 through inside diameter of the electromagnetic coil bobbin 144; directing the 

second partial volume of the reagent through central longitudinal bore of pole 

piece 122. Pole piece 122 may be located through inside diameter of the 

electromagnetic coil bobbin 144. A partial volume of the reagent may be directed 

through a spring 136 residing within central longitudinal bore of pole piece 122. 

10 [0135] In some embodiments, injector 101 for injecting reagent may 

employ injector body upper section 102a, injector body lower section 102b that 

may be secured to injector body upper section 102a, retaining plate 226 defining 

circular hole 227 (FIG. 24) such that retaining plate 226 may be secured around 

injector body lower section 102b via circular hole 227, insulator 204 defining a 

15 circular hole or central aperture such that insulator 204 may be secured around 

injector body lower section 102b, and mounting flange 200' defining a circular 

hole such that mounting flange 200' may be secured around insulator 204. 

Retaining plate 226 may be secured directly against injector body lower section 

102b. Insulator 204 may be secured directly against injector body lower section 

20 102b and retaining plate 226. Mounting flange 200' may be secured directly 

against insulator 204. Retaining plate 226 may define a plurality of through holes 

231 about retaining plate peripheral portion 224 or peripheral ring portion 224, 

and mounting flange 200' may define a plurality of blind holes 223 about a 

mounting flange peripheral edge. Pin 229 having a first pin end and a second pin 

25 end may be employed such that the first pin end resides within one of blind holes 

223 of mounting flange 200' and pin 229 resides completely through one of the 

plurality of through holes 231 of the retaining plate 226. 

[0136] In some embodiments, clip 220 having a first clip end 228 and a 

second clip end 228 may be utilized in such a fashion that clip 220 may be 

30 secured over retaining plate peripheral portion 224 and mounting flange 

peripheral edge or ring section 222. Retaining plate peripheral portion 224 may 

define a peripheral concavity 225 and plurality of through holes 231 of retaining 

plate 226 may be located within peripheral concavity 225. Mounting flange 
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peripheral edge may define a groove 239 (FIG. 11). First clip end 228 may 

reside within groove 239 of mounting flange peripheral ring section 222 and the 

second clip end 228 may reside within peripheral concavity 225 of retaining plate 

peripheral portion 224. Clip 220 may be C-shaped and second clip end 228 may 

5 reside on the second pin end (FIG. 42). Insulator 204 may define a tubular 

section with an inside diameter and an outside diameter that each have a series 

of alternating protrusions and recessions (FIG. 11). 

[0137] In some embodiments, heat shield 340 may be installed on 

mounting flange 200' using a through hole in the heat shield such that mounting 

10 flange 200' may protrude through the through hole of the heat shield 340. In 

some embodiments, heat shield 340 may be positioned between an injector body 

upper section 102a and exhaust pipe 19 (FIG. 44). Cover 344 may be mounted 

to heat shield 340 such that cover 344 surrounds injector body upper section 

102a, injector body lower section 102b, and mounting flange 200'. 

15 [0138] In some embodiments, an injector for injecting reagent may 

employ cylindrical pole piece 122 defining a pole piece first end and a pole piece 

second end (FIG. 21). Pole piece 122 may have a hollow interior from the pole 

piece first end to the pole piece second end. Spring pre-loader 138 may be 

located within hollow central bore 134 and against a portion of the first end. 

20 Spring 136 may be located within central bore 134 and abut spring pre-loader 

138. Electromagnetic coil 180 may be secured around bobbin 144 and 

electromagnetic coil 180 may itself surround an outside diameter of the cylindrical 

pole piece 122. In some embodiments, cylindrical pole piece 122, spring pre­

loader 138, spring 136 and electromagnetic coil 180 reside only within a cavity or 

25 chamber of injector body upper section 102a. 

[0139] A cylindrical inner lower body 104 may reside within a injector 

body lower section 102b and define a longitudinal central bore 106. An inner 

lower body first end may define a first end first bore with a diameter larger than a 

diameter of the longitudinal central bore. The inner lower body first end may 

30 also define a first end second bore with a diameter larger than the longitudinal 

central bore and larger than the first end first bore. An inner lower body second 

end may define a second end bore with a diameter larger than the longitudinal 

central bore. Injector 101 may further employ solid pintle 118 residing within 
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longitudinal central bore 106. Guide plate 107 may be attached to intermediate 

portion of pintle 118. Guide plate 107 may reside within the first end first bore. 

Pintle head 132 may surround an end of the pintle 118, or part of the end of pintle 

118. Pintle head 132 may reside within the first end second bore and orifice plate 

5 108 may reside within the second end bore. Cylindrical pole piece 122, spring 

pre-loader 138, spring 136, electromagnetic coil 180, cylindrical inner lower body 

104, pintle 118, guide plate 107, pintle head 132 and orifice plate 108 may be 

part of a single cartridge for easy insertion into injector body upper section 102a, 

such as into a central chamber. 

10 [0140] Guide plate 107 may define one or more through slots or holes 

109 for passage of fluid. Alternatively, guide plate 107 and pintle 118 together 

may define one or more through slots or holes 109 therebetween for passage of 

fluid. Pintle head 132 may define at least one through hole 316 for passage of 

fluid. Orifice plate 108 and inner lower body second end may define a distribution 

15 chamber 171 therebetween. Orifice plate 108 may define a plurality of grooves 

322 for passage of fluid to exit orifice 110 for exit from injector 101. Interior 

surface of injector body lower section 102b and inner lower body exterior surface 

may define a fluid passage 304. Inner lower body 104 may define a distribution 

passage 308 fluidly linked to passage 304 defined by an interior surface of the 

20 injector body lower section and an exterior surface of the inner lower body (FIGS. 

18 and 48). Inner lower body 104 may define a return passage 312 that fluidly 

links inner lower body central bore 106 and distribution chamber 171 defined by 

orifice plate 108 and inner lower body second end. Solid pintle 118 may reside 

within longitudinal central bore 106 for passage of fluid around an exterior of solid 

25 pintle 118 and through longitudinal central bore 106. 

[0141] The present disclosure offers many advantages. Injectors 100, 

101 offer a reduction in physical size over previous injectors, which reduces 

material cost, improves packaging and also reduces absorbed heat from a hot 

exhaust system. Injectors 100, 101 may eliminate threaded joints and instead 

30 utilize press fits, which are self-fixturing, that are subsequently welded. Injectors 

100, 101 may eliminate O-rings in comparison to previous injectors, especially in 

the injector body lower section and inner lower body where exposure to relatively 

high temperatures is likely to occur. Injectors 100, 101 improve the response 
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time (open and close time) of the injector (lifting up and down of pintle 118, thus 

uncovering and covering respectively, orifice 110 of orifice plate 108) to permit 

higher turn down ratios to be achieved, thus requiring a smaller number of 

discreet injectors to cover a particular range of dosing requirements, which 

5 reduces inventory and improves efficiency of scale. Injectors 100, 101 exhibit an 

improvement in dosing accuracy and repeatability, including a reduction in 

sensitivity to battery voltage, return flow rate and injector body temperature 

variations. Injectors 100, 101 exhibit a relocation of fluid connectors (e.g. location 

of fluid inlet 168 and fluid outlet 170) to injector body upper section 102a, thereby 

10 improving resistance to radiated heat and heat convection from hot exhaust 

system 18, for example, in the event that fluid inlet 168 and fluid outlet 170 are 

made of a plastic material or other material that is heat-sensitive. Injectors 100, 

101 route the coolest fluid, which may be from inlet port 167, through the most 

heat sensitive component, such as solenoid coil 180, on the fluid's flow to what 

15 may be the hottest part of injectors 100, 101, such as orifice plate 108, from 

which heat is extracted, thereby maintaining injector serviceability despite 

exhaust gas temperatures of about 800°C. Injector surfaces have relatively large 

exposed external surface areas while keeping all enclosed volumes low for 

effective heat transfer to internal fluid. 

20 [0142] All injector return flow passages, such as those fluid passages 

through which fluid flows after passing through distribution chamber 171, by 

comparison, may have a lower internal surface area than flow passages leading 

up to distribution chamber 171 to reduce heat transfer of the warmed fluid to 

sensitive components as it makes its way to outlet port 167. Orifice plate 108 

25 may be made from carbide due to carbide's compatibility with brazing processes, 

high hardness capabilities and material toughness. Carbide further has the 

advantage of being moldable, thus relatively small, intricate components can be 

mass produced in a cost effective manner with virtually no finishing operations 

compared to components machined from heat treatable steels. Injectors 100, 

30 101 utilize a mount against exhaust system 18 that utilizes materials impervious 

to the temperatures expected in service on a diesel exhaust after treatment 

system. Moreover, the system does not rely on carbon-based gaskets. Insulator 

204 in an injector mount may be attached and sealed to the "hot" side of any 
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mount joint by a means resistant to temperatures approaching 700°C, such as a 

nickel braze. The cool side of any mount joint may be sealed by a conventional 

Viton O-ring to provide reliable low leak performance. Insulator 204 should have 

low porosity to permit an O-ring to seal effectively to insulator 204, regardless of 

5 which side or surface O-ring is disposed. For instance, O-ring 203 may be 

installed as depicted in FIG. 42, such as between insulator 204 and injector body, 

such as injector body lower section 102b, or installed between mounting flange 

200' and insulator 204, or between retaining plate 226 and insulator 204, such as 

against an underside of retaining plate 226. Injectors 100, 101 also provide an 

10 advantage in that when pintle 118 is lifted and uncovers orifice 110, only the fluid 

that exits injectors 100, 101 through orifice 110, is what passes through slots 322, 

and during periods of non-injection, bypass return flow, which passes around an 

not through slots 322, is directed back through injectors 100, 101 to cool injector 

components. 

15 [0143] The foregoing description of the embodiments has been provided 

for purposes of illustration and description. It is not intended to be exhaustive or 

to limit the invention. Individual elements or features of a particular embodiment 

are generally not limited to that particular embodiment, but, where applicable, are 

interchangeable and can be used in a selected embodiment, even if not 

20 specifically shown or described. The same may also be varied in many ways. 

Such variations are not to be regarded as a departure from the invention, and all 

such modifications are intended to be included within the scope of the invention. 

[0144] It should now be appreciated that the present invention provides 

advantageous methods and apparatus for injecting an aqueous urea solution into 

25 the exhaust stream of a diesel engine in order to reduce NOx emissions. 

Example embodiments are provided so that this disclosure will be thorough, and 

will fully convey the scope to those who are skilled in the art. Numerous specific 

details are set forth such as examples of specific components, devices, and 

methods, to provide a thorough understanding of embodiments of the present 

30 disclosure. It will be apparent to those skilled in the art that specific details need 

not be employed, that example embodiments may be embodied in many different 

forms and that neither should be construed to limit the scope of the disclosure. In 
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some example embodiments, well-known processes, well-known device 

structures, and well-known technologies are not described in detail. 

[0125] The terminology used herein is for the purpose of describing 

particular example embodiments only and is not intended to be limiting. As used 

5 herein, the singular forms "a," "an," and "the" may be intended to include the 

plural forms as well, unless the context clearly indicates otherwise. The terms 

"comprises," "comprising," "including," and "having," are inclusive and therefore 

specify the presence of stated features, integers, steps, operations, elements, 

and/or components, but do not preclude the presence or addition of one or more 

10 other features, integers, steps, operations, elements, components, and/or groups 

thereof. The method steps, processes, and operations described herein are not 

to be construed as necessarily requiring their performance in the particular order 

discussed or illustrated, unless specifically identified as an order of performance. 

It is also to be understood that additional or alternative steps may be employed. 

15 [0126] When an element or layer is referred to as being "on," "engaged to," 

"connected to," or "coupled to" another element or layer, it may be directly on, 

engaged, connected or coupled to the other element or layer, or intervening 

elements or layers may be present. In contrast, when an element is referred to 

as being "directly on," "directly engaged to," "directly connected to," or "directly 

20 coupled to" another element or layer, there may be no intervening elements or 

layers present. Other words used to describe the relationship between elements 

should be interpreted in a like fashion (e.g., "between" versus "directly between," 

"adjacent" versus "directly adjacent," etc.). As used herein, the term "and/or" 

includes any and all combinations of one or more of the associated listed items. 

25 [0127] Although the terms first, second, third, etc. may be used herein to 

describe various elements, components, regions, layers and/or sections, these 

elements, components, regions, layers and/or sections should not be limited by 

these terms. These terms may be only used to distinguish one element, 

component, region, layer or section from another region, layer or section. Terms 

30 such as "first," "second," and other numerical terms when used herein do not 

imply a sequence or order unless clearly indicated by the context. Thus, a first 

element, component, region, layer or section discussed below could be termed a 
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second element, component, region, layer or section without departing from the 

teachings of the example embodiments. 

[0128] Spatially relative terms, such as "inner," "outer," "beneath," "below," 

"lower," "above," "upper," and the like, may be used herein for ease of description 

5 to describe one element or feature's relationship to another element(s) or 

feature(s) as illustrated in the figures. Spatially relative terms may be intended to 

encompass different orientations of the device in use or operation in addition to 

the orientation depicted in the figures. For example, if the device in the figures is 

turned over, elements described as "below" or "beneath" other elements or 

10 features would then be oriented "above" the other elements or features. Thus, 

the example term "below" can encompass both an orientation of above and 

below. The device may be otherwise oriented (rotated 90 degrees or at other 

orientations) and the spatially relative descriptors used herein interpreted 

accordingly. 

15 
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CLAIMS 

What is claimed is: 

1. A method of directing reagent through an injector, the method 

comprising: 

5 receiving a reagent at a reagent inlet; 

directing the reagent to a pole piece passage defined between an outside 

diameter of a pole piece and an inside diameter of a bobbin; 

directing the reagent from the pole piece passage to a collar passage 

defined between an outside diameter of a collar of an inner lower body and the 

10 inside diameter of the bobbin; 

directing the reagent from the collar passage to a lower body passage 

defined between an outside diameter of the inner lower body and an inside 

diameter of a lower section of the injector; 

directing the reagent into a distribution passage defined by the inner lower 

15 body, the distribution passage fluidly linking the lower body passage to a 

distribution chamber defined by the inner lower body and an orifice plate; 

directing a first partial volume of the reagent to an orifice in the orifice 

plate; and 

directing a second partial volume of the reagent to a reagent outlet. 

20 

2. The method of directing reagent through an atomizing injector 

according to Claim 1, wherein directing a first partial volume of the reagent to an 

orifice in the orifice plate further comprises: 

directing the first partial volume of the reagent through a plurality of slots in 

25 the orifice plate. 

3. The method of directing reagent through an injector according to Claim 

1, wherein directing a first partial volume of the reagent to an orifice in the orifice 

plate further comprises: 

30 moving a pintle and unblocking the orifice in the orifice plate; and 

directing the first partial volume of the reagent through a plurality of slots in 

the orifice plate and through the orifice. 
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4. The method of directing reagent through an atomizing injector 

according to Claim 1, wherein directing a first partial volume of the reagent to a 

reagent outlet further comprises: 

directing the first partial volume of the reagent to a central bore defined by 

5 the inner lower body. 

5. The method of directing reagent through an atomizing injector 

according to Claim 1, wherein directing a second partial volume of the reagent to 

a reagent outlet further comprises: 

10 directing the second partial volume of the reagent through through holes 

defined in a guide plate through which a pintle passes. 

6. The method of directing reagent through an atomizing injector 

according to Claim 1, wherein directing a second partial volume of the reagent to 

15 a reagent outlet further comprises: 

directing the second partial volume of the reagent through through holes of 

a pintle head, the pintle head attaching to and surrounding an end of the pintle. 

7. The method of directing reagent through an atomizing injector 

20 according to Claim 1, wherein directing a second partial volume of the reagent to 

a reagent outlet further comprises: 

directing the second partial volume of the reagent through an interior of a 

bobbin of a magnetic coil. 

25 8. The method of directing reagent through an atomizing injector 

according to Claim 1, wherein directing a second partial volume of the reagent to 

a reagent outlet further comprises: 

directing the second partial volume of the reagent through a central bore of 

a pole piece. 

30 

9. The method of directing reagent through an atomizing injector 

according to Claim 1, wherein directing a second partial volume of the reagent to 

a reagent outlet further comprises: 
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directing the second partial volume of the reagent from the distribution 

chamber to at least one return passage defined by the inner lower body, wherein 

the return passage fluidly links the distribution chamber and a central bore 

defined by the inner lower body. 

5 

10. The method of directing reagent through an atomizing injector 

according to Claim 1, wherein directing a second partial volume of the reagent to 

a reagent outlet further comprises: 

directing the second partial volume of the reagent around an outside 

10 diameter of a solid pintle residing within a central bore defined by the inner lower 

body. 

11. A method of directing reagent through an injector, the method 

comprising: 

15 pumping a reagent from a reagent tank to an injector reagent inlet; 

directing the reagent to a pole piece passage defined between an outside 

diameter of a pole piece and an inside diameter of an upper section of the 

injector; 

directing the reagent from the pole piece passage to a bobbin passage 

20 located between an outside diameter of the pole piece and an inside diameter of 

the electromagnetic coil bobbin; 

directing the reagent from the pole piece passage to a collar passage 

located between an outside diameter of a collar of an inner lower body and an 

inside diameter of the electromagnetic coil bobbin; 

25 directing the reagent from the collar passage to a lower body passage 

located between an outside diameter of the inner lower body and an inside 

diameter of a lower section of the injector; 

directing the reagent into a distribution passage defined by the inner lower 

body, the distribution passage fluidly linking the lower body passage and a 

30 distribution chamber defined by the inner lower body and an orifice plate; 

dividing the reagent into a first partial volume and a second partial volume; 

directing the first partial volume and second partial volume of the reagent 

into the distribution chamber; 
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directing the first partial volume into curved slots defined in the orifice 

plate; 

lifting a pintle from the orifice plate; and 

directing the first partial volume of the reagent around an orifice in the 

5 orifice plate. 

12. The method of directing reagent through an injector according to 

claim 11, the method further comprising: 

directing the first partial volume of the reagent from around the orifice in 

10 the orifice plate and into an exhaust tube. 

13. The method of directing reagent through an injector according to claim 

11, the method further comprising: 

directing the second partial volume of the reagent to a reagent outlet. 

15 
14. The method of directing reagent through an injector according to claim 

13, the method further comprising: 

directing the second partial volume of the reagent from the reagent outlet 

and to the reagent tank. 

20 

15. The method of directing reagent through an injector according to claim 

13, wherein directing a second partial volume of the reagent to a reagent outlet 

further comprises: 

directing the second partial volume of the reagent to a return passage 

25 defined in the inner lower body, the return passage directing the second partial 

volume from the distribution chamber to a central bore defined by the inner lower 

body. 

16. The method of directing reagent through an atomizing injector 

30 according to Claim 13, wherein directing the second partial volume of the reagent 

to a reagent outlet further comprises: 

directing the second partial volume around an outside diameter of a solid 

pintle residing within the central bore. 

43 
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17. The method of directing reagent through an atomizing injector 

according to Claim 13, wherein directing the second partial volume of the reagent 

to a reagent outlet further comprises: 

5 directing the second partial volume of the reagent through through holes of 

a guide plate through which the solid pintle passes; and 

directing the second partial volume of the reagent through through holes of 

a pintle head to which a pintle is attached. 

10 18. The method of directing reagent through an atomizing injector 

according to Claim 13, wherein directing a second partial volume of the reagent 

to a reagent outlet further comprises: 

directing the second partial volume of the reagent through the inside 

diameter of the electromagnetic coil bobbin. 

15 
19. The method of directing reagent through an atomizing injector 

according to Claim 13, wherein directing a second partial volume of the reagent 

to a reagent outlet further comprises: 

directing the second partial volume of the reagent through a central bore of 

20 a pole piece, wherein the pole piece is located through inside diameter of the 

electromagnetic coil bobbin. 

20. The method of directing reagent through an atomizing injector 

according to Claim 13, wherein directing a second partial volume of the reagent 

25 to a reagent outlet further comprises: 

directing a partial volume of the reagent through a spring residing within a 

central bore of a pole piece. 

21. An injector for injecting reagent, the injector comprising: 

30 an upper injector body; 

a lower injector body that is secured to the upper injector body; 

a retaining plate defining a circular hole, the retaining plate secured 

around the lower injector body via the circular hole; 
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an insulator defining a circular hole, the insulator secured around the lower 

injector body; and 

a mounting flange defining a circular hole, the mounting flange secured 

around the insulator. 

5 

22. The injector of Claim 21, wherein the retaining plate is secured directly 

against the lower injector body. 

23. The injector of Claim 21, wherein the insulator is secured directly 

10 against the lower injector body and the retaining plate. 

24. The injector of Claim 21, wherein the mounting flange is secured 

directly against the insulator. 

15 25. The injector of Claim 21, wherein the retaining plate defines a plurality 

of through holes about a retaining plate peripheral edge and the mounting flange 

defines a plurality of blind holes about a mounting flange peripheral edge. 

26. The injector of Claim 25, further comprising: 

20 a pin having a first pin end and a second pin end, wherein the first pin end 

resides within one of the blind holes of the mounting flange and the pin resides 

completely through one of the plurality of through holes of the retaining plate. 

27. The injector of Claim 26, further comprising: 

25 a clip having a first clip end and a second clip end, the clip secured over 

the retaining plate peripheral edge and the mounting flange peripheral edge. 

28. The injector of Claim 27, wherein the retaining plate peripheral edge 

defines a peripheral concavity and the plurality of through holes of the retaining 

30 plate are located within the peripheral concavity. 

29. The injector of Claim 28, wherein the mounting flange peripheral edge 

defines a groove. 
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30. The injector of Claim 29, wherein the first clip end resides within the 

groove of the mounting flange peripheral edge and the second clip end resides 

within the peripheral concavity of the retaining plate peripheral edge. 

5 

31. The injector of Claim 21, wherein the clip is a C-shaped and the 

second clip end resides on the second pin end. 

32. The injector of Claim 31, wherein the insulator defines a tubular 

10 section with an inside diameter and an outside diameter that each have a series 

of alternating protrusions and recessions. 

33. The injector of Claim 21, further comprising: 

a heat shield defining a through hole, the mounting flange protruding 

15 through the through hole of the heat shield. 

34. The injector of Claim 33, wherein the heat shield is positioned 

between the injector upper body and an exhaust pipe. 

20 35. The injector of Claim 34, further comprising: 

a cover mounted to the heat shield, wherein the cover surrounds the upper 

injector body, the lower injector body, and the mounting flange. 

36. An injector for injecting reagent, the injector comprising: 

25 a cylindrical pole piece defining a pole piece first end, a pole piece second 

end and a hollow interior from the pole piece first end to the pole piece second 

end; 

a spring pre-loader located within the hollow interior and against a portion 

of the first end; 

30 a spring located within the hollow interior, the spring the abutting the 

spring pre-loader; and 

an electromagnetic coil secured around a bobbin, the electromagnetic coil 

surrounding an outside diameter of the cylindrical pole piece, wherein the 
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cylindrical pole piece, spring pre-loader, spring and electromagnetic coil reside 

only within the upper injector body. 

37. The injector of claim 36, further comprising: 

5 a cylindrical inner lower body defining a longitudinal central bore; 

an inner lower body first end defining a first end first bore with a diameter 

larger than a diameter of the longitudinal central bore, the inner lower body first 

end also defining a first end second bore with a diameter larger than the 

longitudinal central bore and larger than the first end first bore; and 

10 an inner lower body second end defining a second end bore with a 

diameter larger than the longitudinal central bore. 

38. The injector of claim 37, further comprising: 

a solid pintle residing within the longitudinal central bore; 

15 a guide plate attached to an intermediate portion of the pintle, the guide 

plate residing within the first end first bore; 

a pintle head surrounding an end of the pintle, the pintle head residing 

within the first end second bore; and 

an orifice plate residing within the second end bore. 

20 

39. The injector of claim 38, wherein the cylindrical pole piece, spring pre­

loader, spring, electromagnetic coil, cylindrical inner lower body, pintle, guide 

plate, pintle head and orifice plate are part of a single cartridge. 

25 40. The injector of claim 39, further comprising: 

an injector body upper section defining a chamber, wherein the single 

cartridge inserts into and resides within the chamber. 

41. The injector of claim 38, wherein the guide plate defines at least one 

30 through hole for passage of fluid. 

42. The injector of claim 38, wherein the guide plate and the pintle define 

at least one through hole therebetween for passage of fluid. 
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43. The injector of claim 38, wherein the pintle head defines at least one 

through hole for passage of fluid. 

5 44. The injector of claim 38, wherein the orifice plate and the inner lower 

body second end define a chamber therebetween. 

45. The injector of claim 38, wherein the orifice plate defines a plurality of 

grooves for passage of fluid. 

10 

46. The injector of claim 42, further comprising: 

an injector body lower section, wherein an interior surface of the injector 

body lower section and an inner lower body exterior surface define a pathway. 

15 47. The injector of claim 46, wherein the inner lower body defines a 

distribution passage fluidly linked to the pathway defined by an interior surface of 

the injector body lower section and an exterior surface of the inner lower body. 

48. The injector of claim 44, wherein the inner lower body defines a return 

20 passage that fluidly links the inner lower body central bore and the chamber 

defined by the orifice plate and the inner lower body second end. 

49. The injector of claim 48, wherein the solid pintle resides within the 

longitudinal central bore for passage of fluid around the solid pintle. 

25 

50. The method of directing reagent through an atomizing injector 

according to Claim 1, wherein directing a first partial volume of the reagent to an 

orifice in the orifice plate further comprises: 

directing the first partial volume of the reagent through a plurality of slots 

30 defined in an orifice plate holder. 
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51. The method of directing reagent through an atomizing injector 

according to Claim 50, wherein the orifice plate holder and orifice plate are 

physically separate pieces. 

5 52. The method of directing reagent through an atomizing injector 

according to Claim 1, wherein directing a second partial volume of the reagent to 

a reagent outlet further comprises: 

directing the second partial volume of the reagent from the distribution 

chamber to at least one return passage defined by an orifice plate holder, 

10 wherein the return passage fluidly links the distribution chamber and a central 

bore defined by the inner lower body. 
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