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(57) ABSTRACT 

A system for applying secondary ?uids to vehicular exhaust 
after-treatment apparatus utilizes a mixing chamber coupled 
for receipt of a portion of the vehicle’s exhaust ?oW. A source 
of secondary ?uid is coupled to the mixing chamber and a 
?uid distribution element is positioned in a mean exhaust ?oW 
conduit upstream of the exhaust after-treatment apparatus. 
The ?uid distribution element presents a preselected pattern 
of ?uid ?oW toWard an upstream face of the after-treatment 
apparatus. 
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FLUID INJ EC TING AND MIXING SYSTEMS 
FOR EXHAUST AFTER-TREATMENT 

DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/874,921, ?led on Dec. 14, 2006, 
Which is hereby incorporated by reference. 

FIELD 

[0002] The present disclosure relates to exhaust after-treat 
ment devices. More particularly, the disclosure pertains to 
regeneration, oxidation or reduction of emissions by such 
devices. 

BACKGROUND 

[0003] The statements in this section merely provide back 
ground information related to the present disclosure and may 
not constitute prior art. 
[0004] Exhaust after-treatment systems for on-highWay 
Diesel engines Will typically include Diesel particulate ?lters 
(DPF), NO, adsorbers (LNT) and selective catalytic reduction 
(SCR) systems in upcoming model years. A regenerative 
oxidiZing or reducing ?uid (a secondary ?uid) is needed for 
proper functioning and/or maintenance of the substrates used 
in each of these devices. In most applications, DPFs Will 
require injection of hydrocarbons (HC), for example, Diesel 
fuel, for periodic regeneration or oxidation of the trapped soot 
in the ?lter. SCR systems rely on injection of a reductant 
(typically urea) upstream of a catalyst for reduction of oxides 
of nitrogen emissions. LNTs require periodic regeneration 
using exhaust gas rich in hydrocarbon or carbon monoxide, 
typically provided by injecting excess Diesel fuel into the 
exhaust stream. Currently, common practice for injection of 
these hydrocarbon fuels and urea is to inject them into the 
exhaust pipe upstream of the after-treatment device. This 
injection must be done at a location far enough upstream of 
the device to insure adequate mixing, evaporation and/or 
hydrolysis of the injected ?uid, typically a linear distance of 
ten or more pipe diameters upstream. 
[0005] Disadvantages of the conventional method arise 
When SCR, LNT, and/or DPF systems must be either pack 
aged into a restricted space or coupled together in a common 
housing. There may be insuf?cient exhaust pipe length avail 
able for adequate mixing, evaporation, and/or hydrolysis of 
the injected ?uid, or the use of suf?cient exhaust pipe length 
Will result in unacceptable total back pressure for the after 
treatment system. Due to packaging constraints, there may 
also be after-treatment components positioned in the exhaust 
pipe path needed for injection, mixing, evaporation, and/or 
hydrolysis, Which Would interfere With the proper functioning 
of the after-treatment devices. 
[0006] Therefore there is seen to be a need in the art for an 
arrangement to facilitate adequate mixing, evaporation and/ 
or hydrolysis of the injected secondary ?uid Where a suitable 
length of exhaust pipe is not available. 

SUMMARY 

[0007] The present teachings are directed to auxiliary pip 
ing, alternative pipe routing and auxiliary devices needed to 
facilitate injection, mixing, evaporation and/or hydrolysis of 
the secondary ?uids needed for vehicular exhaust after-treat 
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ment systems. Such secondary ?uids are, for example and 
Without limitation, regenerating ?uids or oxidiZing ?uids or 
reducing ?uids. 
[0008] In one aspect of the invention, a pipe along the 
after-treatment device runs parallel to the exhaust ?oW. This 
pipe enters the after-treatment device from the side, upstream 
from the device substrate needing the secondary ?uid. Prior to 
and during injection, this pipe is fed With compressed air to 
achieve pressure higher than that at the point Where it enters 
the exhaust ?oW and to achieve ?oW rate suf?cient for 
adequate mixing, evaporation and/or hydrolysis of the sec 
ondary ?uid. At the point Where the mixing pipe enters the 
exhaust ?oW, a valve maintains this positive pressure in the 
pipe. The secondary ?uid is injected into this pipe and the 
valve is opened as needed. 

[0009] In a second aspect of the present teachings, one or 
more pipes parallel to the main exhaust pipe betWeen the 
engine and the after-treatment device run from a location off 
the exhaust manifold or turbocharger upstream of a turbine 
inlet to the point in the after-treatment system j ust up stream of 
the component requiring the injected secondary ?uid. 
[0010] In a third aspect of the instant teachings, the exhaust 
after-treatment device is provided With a center channel or 
conduit extending through the device substrate Which com 
prises the mixing chamber for the exhaust/ secondary ?uid. 
[0011] Further areas of applicability Will become apparent 
from the description provided herein. It should be understood 
that the description and speci?c examples are intended for 
purposes of illustration only and are not intended to limit the 
scope of the present disclosure. 

BRIEF DESCRIPTION OF THE DRAWING 

[0012] The draWings described herein are for illustration 
purposes only and are not intended to limit the scope of the 
present disclosure in any Way. 

[0013] The objects and features of the present teachings 
Will become apparent from a reading of a detailed description, 
taken in conjunction With the draWing, in Which: 
[0014] FIG. 1 is a cross-sectional vieW of an exhaust after 
treatment system including a variety of after-treatment 
devices Within a single housing, the system including a par 
allel path secondary ?uid mixture system arranged in accor 
dance With the instant teachings; 
[0015] FIG. 2 is a side partial cross-sectional vieW of a ?rst 
alternative embodiment of an exhaust after-treatment system 
arranged in accordance With the principles of the instant 
disclosure; 
[0016] FIG. 3 is a partial cross-sectional vieW of a second 
alternative embodiment of an exhaust after-treatment system 
arranged in accordance With the principles of the instant 
disclosure, 
[0017] FIGS. 4A and 4B are respective side and end cross 
sectional vieWs of the after-treatment device of FIG. 3 depict 
ing a regenerative ?uid distribution element arranged in 
accordance With the principles of the instant disclosure; 
[0018] FIG. 5 is a cross-sectional vieW ofa third embodi 
ment of an exhaust after-treatment system arranged in accor 
dance With the principles of the instant disclosure; and 
[0019] FIG. 6 is a perspective vieW of an alternative exhaust 
after-treatment device With an internal mixing chamber With 
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its outer shell removed and arranged in accordance With the 
principles of the instant disclosure. 

DETAILED DESCRIPTION 

[0020] The following description is merely exemplary in 
nature and is not intended to limit the present disclosure, 
application, or uses. 

[0021] With reference to FIG. 1, exhaust after-treatment 
system 100 includes a multi-purpose exhaust after-treatment 
device containing several elements. Input exhaust to the 
device is shoWn at arroW 130, While output exhaust from the 
device is shoWn at arroW 132. The multi-purpose after-treat 
ment device comprises a ?rst Diesel oxidation catalyst or NO,C 
adsorber substrate 10211, a selective catalytic reduction sub 
strate 1 04, a second Diesel oxidation catalyst or NO,C adsorber 
substrate 102b, a Diesel particulate ?lter substrate 106 and a 
third Diesel oxidation catalyst or NO,C adsorber substrate 
1020. Each of these substrates are separated by an inter 
substrate gap for purposes of receiving a secondary ?uid 
distribution element to be discussed beloW. 
[0022] A urea mixing tube 106 runs substantially parallel to 
exhaust ?oW alongside the exhaust after-treatment device and 
receives a combination of urea and compressed air at an input 
108 for mixing Within a chamber 116 of conduit 106. A valve 
120a introduces the compressed air/urea mixture into a ?rst 
regenerative ?uid distribution element 122a placed betWeen 
substrates 102a and 104 and carrying a plurality of radially 
oriented perforations or ori?ces 123 for directing the second 
ary ?uid coming from conduit 106 to the input face of sub 
strate 104. 

[0023] A hydrocarbon mixing tube 110 also extends sub 
stantially parallel to the exhaust ?oW and receives a mixture 
of hydrocarbons, such as Diesel fuel, and compressed air at an 
input 112 for mixing in chamber 118 of conduit 110. Option 
ally, a gloW plug or other auxiliary heat component 114 may 
extend into the mixing chamber 118. A valve 120!) is used to 
meter the mixture of exhaust and secondary ?uid into a dis 
tribution element 122b. Conduits 106 and 110 enter the after 
treatment device from the side, upstream from the particular 
substrate requiring the secondary ?uid. Prior to and during 
injection, these pipes are fed additionally With compressed air 
to achieve a pressure higher than that at the point Where the 
?uid/exhaust mixture enters the exhaust ?oW through the 
device and at a ?oW suf?cient for proper mixing, evaporation 
and/ or hydrolysis of the secondary ?uid. At the point Where 
the secondary ?uid enters the exhaust ?oW, a valve maintains 
this positive pressure in the pipe. The secondary ?uid is 
injected and the valve is opened as needed. 
[0024] These parallel pipes expel the mixture of air and 
injected secondary ?uid into the exhaust after-treatment 
device inter-sub strate chamber just up stream of that substrate 
to a series of ori?ces tuned to provide the ?oW pattern needed 
across the face of the substrate being treated. 

[0025] Other auxiliary devices might also be incorporated 
into this parallel piping system, including heating devices to 
aid in evaporation of secondary ?uids, burners to assist in 
regeneration of LNTs and/or DPFs, and/or devices to create 
laminar or turbulent ?oW pro?les or to aid in mixing of the 
exhaust gas and secondary ?uids. Alternatively, the conduits 
such as 106 and 110 may be physically attached to the shell of 
the after-treatment device housing in such a Way that heat 
transfer from the after-treatment device occurs thereby aiding 
the heating of the air/ secondary ?uid mixture. 
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[0026] In the embodiment of FIG. 2, exhaust after-treat 
ment system 200 utiliZes auxiliary piping for establishing a 
parallel exhaust ?oW stream into Which is injected the sec 
ondary ?uid. Diesel engine 202 has an exhaust manifold 204 
Which empties into a turbocharger 206. Exhaust is then car 
ried via exhaust pipe 208 to an input 222 of an exhaust 
after-treatment device 220. Substantially parallel to the ?oW 
of exhaust through conduit 208 is a conduit 210 for carrying 
exhaust likewise directly from the exhaust manifold 204 or, 
optionally, from turbocharger 206 to a secondary input 224 of 
after-treatment device 220. Injector 212 injects the secondary 
?uid required into the exhaust stream ?oWing through conduit 
210 for introduction to device 220 at input 224. This mixture 
then ?oWs through the substrate 226 of after-treatment device 
220 and exits at output 228 thereof for receipt by tailpipe or 
further exhaust pipe 230. Hence, it is seen that conduit 210 
runs from a location on the exhaust manifold 204 or from a 
turbocharger 206 upstream of the turbine inlet to a point in the 
after-treatment system just up stream of the substrate compo 
nent requiring the injected secondary ?uid. Because conduit 
210 originates at a location having pressure much higher than 
that just upstream of the substrate 226, ?oW of exhaust 
through conduit 210, past the injector 212 and through the 
mixing length of conduit 210 Would be insured. 
[0027] In another possible con?guration such as set forth in 
FIG. 3, a pipe or pipes carry exhaust gas on a path parallel to 
the ?oW through an after-treatment substrate, bypass it and 
alloW a diameter-to-length ratio su?icient for injection and 
proper mixing, evaporation, and/ or hydrolysis of the second 
ary ?uid. Exhaust after-treatment system 300 includes an 
after-treatment device 306 situated betWeen an exhaust pipe 
304 and a tailpipe 332. Exhaust ?oW is shoWn by arroWs 302. 
[0028] Exhaust enters device 306 at inlet 308 to an input 
chamber 310. From chamber 310 exhaust ?oWs both through 
substrate 326 and through substantially parallel conduit 312 
past an injector 316 for injecting secondary ?uid into the 
exhaust ?oW as shoWn by arroW 322. This mixture then ?oWs 
into chamber 311 of device 306 and there ?oWs both through 
substrate 328 and back through a second parallel pipe 314 
past a second injector 318. The mixture ?oWs as shoWn in 
arroW 324 back to chamber 310 for treatment of substrate 326. 
Since this con?guration may not necessarily carry gas from 
an area of higher pressure to one of loWer pressure, an auxil 
iary pumping device 320 could be made part of system 300 to 
facilitate proper ?oW and adequate mixing, evaporation and/ 
or hydrolysis of the secondary ?uid. 
[0029] With reference to FIGS. 4A and 4B, both of the 
embodiments of FIGS. 2 and 3 Would expel the mixture of 
exhaust gas and injected secondary ?uid into a chamber just 
upstream of the after-treatment substrate component being 
treated through a series of ori?ces 404 in a toroidal or helical 
ring 402 adjacent to the chamber’s outer skin. In cases Where 
injection is required on only a periodic basis (e.g., LNT or 
DPF regeneration), one or more valves may be positioned in 
the system to initiate and halt exhaust ?oW through the par 
allel pipe or pipes. 
[0030] A third embodiment of an exhaust after-treatment 
system arranged in accordance With the principles of these 
teachings is set forth in FIG. 5. Exhaust after-treatment sys 
tem 500 includes an input exhaust pipe 502 having an injector 
504 for injecting secondary ?uid into the exhaust stream 
entering input 518 of after-treatment device 510. In this 
embodiment, the mixing chamber is contained inside after 
treatment device 510 by forming a channel for receipt of a 
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mixing conduit 508 Which extends through the substrate 512. 
In the particular device shown in FIG. 5, the exhaust outlet 
520 of the device 510 is located at the same end as the exhaust 
inlet. A turnaround chamber 516 takes the mixture of exhaust 
gas and secondary ?uid and forces it to turn in a reverse 
direction and ?oW through the substrate ori?ces itself thence 
to an output chamber 514 for expulsion from output 520. 
[0031] An alternative to the after-treatment device 510 
shoWn in FIG. 5 is set forth in FIG. 6. In the arrangement of 
FIG. 6, tWo pipes running from a chamber at the front face of 
the after-treatment device substrate pass through the after 
treatment device substrate to its rear face. One of these pipes 
carries exhaust gas through the catalyst substrate to its rear 
face Where ?oW Would reverse and pass back through the 
substrate itself. The second pipe Would carry the gas after its 
emerges from the front face of the substrate and reverses 
direction again back through the internal channel of the sub 
strate to the chamber in front of a second doWnstream sub 
strate. An example Would be an SCR system folloWed by a 
DPF, Where secondary ?uids must be injected and mixed prior 
to each after-treatment device. By carrying exhaust gas on a 
path parallel to the ?oW through an after-treatment compo 
nent, bypassing it and alloWing a diameter-to-length ratio 
suf?cient for injection and proper mixing, evaporation, and/ 
or hydrolysis, the arrangement of FIG. 6 enables proper intro 
duction of the secondary ?uid in situations Where such might 
be otherWise impracticable. Again, Where injection of the 
secondary ?uid is required only on a periodic basis, one or 
more valves may be positioned in the system to close off the 
injectors from the exhaust ?oW. 
[0032] Device 600 of FIG. 6 receives exhaust gas ?oW from 
exhaust pipe 602, the ?oW being depicted by arroWs 604a. 
Exhaust input conduit 606 forms a ?rst mixing chamber for 
the exhaust gas and the secondary ?uid injected via injector 
610 into the input volume de?ned by a ?rst partition 608 on 
one side thereof. The exhaust/secondary ?uid mixture then 
proceeds as shoWn by arroWs 6041) down the conduit 606 to a 
turnaround chamber at a doWnstream face of the substrate 61 6 
de?ned by a second partition 618. The exhaust/ secondary 
?uid mixture then proceeds via arroWs 6040 back through the 
structure of the substrate 616 itself to a second injection area 
de?ned betWeen the substrate 616 and partition 608 Where a 
second injector 612 injects a further secondary ?uid into the 
exhaust stream for carrying back through substrate 616 
through a second internal conduit 614 for use doWnstream by 
a further after-treatment device Which is located to the left of 
partition 618 as shoWn in FIG. 6. This output ?oW of exhaust/ 
secondary ?uid is shoWn by arroWs 604d. 
[0033] Systems arranged in accordance With the principles 
of the disclosure herein provide packaging advantages Where 
the envelope for the after-treatment system is small and a 
combination of after-treatment devices must be coupled 
together in a common housing shell. Systems in accordance 
With the disclosure likeWise provide ease of con?guration in 
situations Where there is insu?icient length in the main 
exhaust pipe to support proper mixing, evaporation, and/or 
hydrolysis of the secondary ?uid. Additionally, such systems 
provide more effective mixing and uniformity of the mixture 
in cases Where the mixing conduits can be made With a better 
length-to-diameter ratio and/ or a straighter path than the main 
exhaust pipe. Furthermore, a tunable entry path for the sec 
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ondary ?uid-rich mixture into a region upstream of the after 
treatment component being treated is provided. Finally, the 
systems of the instant disclosure enable use of larger diameter 
catalyst substrates (for better ?oW uniformity and loWer sys 
tem back pressure), Which Will in many cases require posi 
tioning of the substrates close together, thereby eliminating 
lengths of pipe, end cones, etc., betWeen the substrates that 
Would otherWise be suitable for injection, and proper mixing 
of the exhaust stream With the secondary ?uid in use. 
[0034] The invention has been described With reference to 
embodiments Which have been set forth for the sake of 
example only. The invention is to be described With reference 
to the appropriately construed claims. 
What is claimed is: 
1. A system for applying secondary ?uids to vehicular 

after-treatment apparatus, the system comprising: 
a mixing chamber coupled for receipt of a portion of 

exhaust ?oW at a mixing chamber inlet; 
a source of secondary ?uid in ?uid communication With the 

mixing chamber; and 
a ?uid distribution element positioned in a main exhaust 
?oW conduit upstream of the exhaust after-treatment 
apparatus and coupled to an output of the mixing cham 
ber, the ?oW distribution element operative to present a 
preselected pattern of ?uid ?oW toWard an upstream face 
of the after-treatment apparatus. 

2. The system of claim 1 Wherein the mixing chamber is 
separate from the main exhaust ?oW conduit. 

3. The system of claim 2 Wherein the mixing chamber 
comprises a conduit extending substantially parallel to the 
main exhaust ?oW conduit. 

4. The system of claim 1 further comprising a secondary 
?uid injector for injecting, under pressure, secondary ?uid 
received from the source of secondary ?uid into the mixing 
chamber. 

5. The system of claim 1 further comprising a valve posi 
tioned in the output of the mixing chamber and operative to 
selectively permit and prohibit ?uid communication betWeen 
the mixing chamber and the ?uid distribution element. 

6. The system of claim 1 Wherein the exhaust after-treat 
ment apparatus comprises a particulate ?lter and the second 
ary ?uid comprises ?lter regenerating ?uid. 

7. The system of claim 1 Wherein the exhaust after-treat 
ment device comprises a selective catalytic reduction cata 
lytic converter and the secondary ?uid comprises a reductant. 

8. The system of claim 1 Wherein the exhaust after-treat 
ment device comprises a nitrous oxide adsorber and the sec 
ondary ?uid comprises a converter substrate regenerating 
?uid. 

9. The system of claim 1 Wherein the mixing chamber is 
positioned Within a housing of the after-treatment apparatus. 

10. The system of claim 3 Wherein the mixing chamber 
input is coupled to an exhaust manifold of the vehicle. 

11. The system of claim 1 Wherein the ?uid distribution 
element comprises a perforated conduit having a series of 
ori?ces positioned With respect to the upstream face of the 
after-treatment apparatus so as to present the preselected 
pattern. 

12. The system of claim 11 Wherein the perforated conduit 
is toroidal. 


