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The present invention provides a mixing device (1) for mixing 
urea With a gas, said urea being preferably dissolved in a ?uid 
preferably Water and said gas being preferably air. The mixing 
device comprises preferably a urea inlet (10) and a gas inlet 
(12) for feeding respectively urea and the gas into a mixing 
chamber (20) of the mixing device (4), and an outlet (14) for 
outlet of the mix of urea and gas from the mixing chamber 
(20) , these inlets (10,12) and outlet (14) may preferably have 
a stream Wise extension and runs preferably into the mixing 
chamber (20) and the outlet (14) originates preferably from 
the mixing chamber (20). Preferably, at least the gas inlet (12) 
for feeding air into the mixing chamber is designed so that 
depositing of urea crystals on selected surfaces of the said 
inlet is substantially (typically in the sense that deposited 
crystals does not clog the inlet) or totally avoided. 
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Fig. 1 
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Fig. 3 
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Fig. 6c 
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Fig. 8b 
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Fig. 8c 
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MIXING DEVICE FOR MIXING UREA AND 
AIR 

[0001] The present invention relates to mixing urea With air 
and introducing the mix of air and urea into the exhaust 
system of a combustion engine, in particular a diesel-fuel 
engine. 
[0002] According to the present invention, it has been 
found that urea Which is dissolved in a liquid such as Water 
When being mixed With pressurised air may crystallise Which 
typically result in that the mixing device used for mixing the 
urea With air Will clog up so that no mixing can be performed. 
It has also been found that the crystal Will groW in a direction 
upstream of the air stream (even at high speed). 
[0003] An aim of the present invention is therefore to pro 
vide a device in Which the clogging is minimised or avoided. 
[0004] In accordance With a broad aspect of the present 
invention a mixing device for mixing urea With a gas, said 
urea being preferably dissolved in a ?uid preferably Water and 
said gas being preferably air is provided. The mixing device 
comprises preferably a urea inlet and a gas inlet for feeding 
respectively urea and the gas into a mixing chamber of the 
mixing device, and an outlet for outlet of the mix of urea and 
gas from the mixing chamber. These inlets and outlet may 
preferably have a stream Wise extension and runs preferably 
into the mixing chamber and the outlet originates preferably 
from the mixing chamber. Preferably, at least the gas inlet for 
feeding air into the mixing chamber is designed so that depos 
iting of urea crystals on selected surfaces of the said inlet is 
substantially (typically in the sense that deposited crystals 
does not clog the inlet) or totally avoided. This may as it 
appears from the claims and the description of preferred 
embodiments be provided by shaping these surfaces so 
smooth or using non stick materials that crystals can not be 
deposited on the selected surfaces preferably to such an extent 
that clogging is avoided. Alternatively or in combination 
thereto, the gas inlet may be designed so that crystals depos 
ited on the selected surface are removed during use, eg 
during mixing, of the mixing device. 
[0005] In accordance With the present invention, a number 
of different embodiments have been suggested Which seeks to 
eliminate the clogging effect of the crystal groWth and a 
detailed description thereof can be found in the accompany 
ing section outlining various details of preferred embodi 
ments of the invention as Well as in the accompanying claims. 
[0006] It should be noted that even though the present 
description focuses on mixing urea dissolved in Water and air, 
the invention is also applicable and encompasses scenarios 
Where other materials are mixed and Where clogging due to 
formation of crystals occur or may occur. 
[0007] In the folloWing the invention and in particular pre 
ferred embodiments thereof Will be described in connection 
With the accompanying ?gures in Which: 
[0008] FIG. 1 shoWs the overall concept of adding urea to 
the exhaust gasses of a combustion engine in particular a 
diesel combustion engine, 
[0009] FIG. 2 shoWs a sectional vieW of preferred embodi 
ment of a mixing device for mixing air With urea according to 
the present invention, 
[0010] FIGS. 3A-B shoWs a sectional vieW of another 
embodiment of a mixing device for mixing air and urea, 
[0011] FIG. 4 shoWs a sectional vieW of yet another 
embodiment of a mixing device for mixing air and urea. 
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[0012] FIG. 5 shoWs a detailed sectional vieW of the 
embodiment shoWn in FIG. 2, 
[0013] FIG. 6A-C shoWs a sectional vieW, a detailed sec 
tional vieW and an exploded vieW of the embodiment shoWn 
in FIG. 5, 
[0014] FIG. 7 shoWs a detailed sectional vieW of the 
embodiment shoWn in FIG. 3, 
[0015] FIG. 8A-C a sectional vieW, a detailed sectional 
vieW and an exploded vieW of the embodiment shoWn in FIG. 
7: 
[0016] FIG. 9 shoWs a detailed sectional vieW of the 
embodiment shoWn in FIG. 4, and 
[0017] FIG. 10A-C shoWs a sectional vieW, a detailed sec 
tional vieW, and an exploded vieW of the embodiment shoWn 
in FIG. 9. 
[0018] In FIG. 1 a system comprising a combustion engine 
100 preferably Working according to the Diesel principle, a 
tank holding a liquid solution of urea 101 (knoWn under the 
trade name AdBlue) and a catalytic system (denoted SCR in 
the ?gure) 102. The exhaust of the engine is connected to the 
catalytic system by an exhaust piping and Which is connected 
to the tank holding the liquid solution of urea. The system 
further comprises a metering unit 104 for feeding the liquid 
urea into the exhaust system so that it may react With the 
exhaust gasses for minimisation of the discharge of NO,C 
gasses to the environment. The metering unit Will typically be 
or comprise a mixing device for mixing the liquid urea With 
pressurised air, and a compressor 105 preferably provides the 
pressurised air. 
[0019] The exhaust gas 103 leaving the engine comprises 
nitrogen oxides. Before the exhaust gas enters into the cata 
lytic system, referenced in FIG. 1 With 106, the gas comprises 
ammonia, Water vapour, and nitrogen oxides. After the 
exhaust gas has entered through the catalytic system (107 in 
FIG. 1) the gas comprises nitrogen and Water Which typically 
is discharged to the environment. 
[0020] In many of the preferred embodiments according to 
the present invention the engine is a diesel engine of a truck 
and in these embodiments the truck is equipped With a com 
pressor for the brakes, suspension system and/or the like, and 
such embodiments the pressurised air is provided by this 
compressor. In order to avoid that urea enters into the brake 
and/or the suspension system the air supplied to the mixing 
device for mixing urea With air is typically provided through 
a one Way valve (not shoWn) so that air can only enter into the 
mixing device. This function is important both When the truck 
is running (and urea is being mixed), and during stops Where 
there is no How of urea. 

[0021] It has been found that formation of urea crystals in 
mixing devices for mixing urea and pressurised air may clog 
the device rendering so that no mixing With the device can be 
performed. The groWth of crystal has a tendency to groWth in 
a direction being upstream into the How of pressurised gas. 
These problems have been solved by the present invention by 
designing the mixing device so that it comprise one or more of 
the folloWing features either alone or in combination: 
[0022] 1. A mechanical action, typically a reciprocating 
movement of a valve. This movement of the valve may have 
tWo actions, ?rst the impact of the valve on a valve seat Will 
break the crystal so that they Will be Washed out of the valve 
by means of the gas ?oW, typically being the air and/or urea 
?oW, through the valve and/ or mixing device. Secondly, the 
vibration induced by the movement of the valve may loosen 
crystals located on surfaces of the valve or mixing device so 
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that the crystals may be Washed out by the ?uid ?oW through 
the valve and/ or the mixing device. 
[0023] 2. The channels of the mixing device and in particu 
lar the channel leading air into a mixing chamber for mixing 
air With urea may be made of or coated by a non-sticking 
material, such as Te?on. In case crystals are formed the non 
sticking surfaces Will prevent the crystal from sticking to the 
surfaces Whereby the Will be Washed out of the mixing device. 
[0024] 3. The mixing device or at least parts thereof are 
heated to melt the urea crystals so that the ?uid ?oWing 
through the device can Wash them out. 
[0025] 4. The urea inlet and the air inlet to the mixing 
chamber may be arranged such that the urea Will ?ush the area 
surrounding the air inlet such that possible urea crystals 
formed Will be soaked, and thereby dissolved and be Washed 
aWay. 
[0026] In the folloWing different embodiments embodying 
one or more of these measures are disclosed in details. 

[0027] In FIG. 2 a ?rst embodiment of a mixing device 1 
according to the present invention is shoWn. The mixing 
device 1 comprises a housing 2. The housing 2 is shoWn as a 
single integrated unit, but may comprise several parts, as 
indicated in FIG. 6. The mixing device 1 further comprises 
tWo inlets: one inlet 10 for inletting urea and one inlet 12 for 
inletting pressurised air into the mixing device. The mixing 
device also comprises an outlet 14 through Which the mix of 
air and urea exit the mixing device and enters into the exhaust 
system. 
[0028] Inside the mixing device tWo valves are arranged; 
one valve 16 for controlling the ?oW of urea and one valve 18 
for controlling the ?oW of air into a mixing chamber 20. The 
mixing device is designed so that the valve 18 Will Whenbeing 
pressurised make a reciprocating movement Whereby any 
crystals that may have been formed at least in the vicinity of 
the valve Where the air enters into the mixing chamber 20 is 
destroyed. The valve 16 is deliberately arranged upstream of 
point Where air is introduced. The reason for this is that in case 
some crystal has been formed the stream of Wet urea Will have 
a tendency to dissolve these formed crystal. The mixing 
device according to FIG. 2 therefore prevent depositing of 
crystals that could clog the valves and/ or mixing chamber by 
tWo means namely by the vibration introduced by the recip 
rocating movement of the valve 18 and the doWnstream posi 
tion of the point Where air is introduced into the stream of 
urea. 

[0029] In the folloWing description of alternative embodi 
ments of the invention like references are used for like parts, 
although the details may differ. 
[0030] In FIGS. 3A-B a second embodiment of a mixing 
device 1 is disclosed. The mixing device comprises a housing 
2 containing a mixing chamber 20. The housing 2 is shoWn a 
single integrated unit, but may comprise several parts, as 
indicated in FIG. 6. 
[0031] A urea inlet 10 is arranged in the mixing device 1 in 
order to supply urea from a urea container (not shoWn) to the 
mixing chamber. Correspondingly, an air inlet 12 is arranged 
in the mixing device 1 in order to supply pressurized air from 
a pressure source (not shoWn) to the mixing chamber 20. A 
valve 16 is preferably arranged at the urea inlet 10 to the 
mixing chamber. The urea inlet 10 in this embodiment pref 
erably arranged centrally With respect to the mixing chamber 
20. The mixing chamber is preferably generally cylindrical 
and arranged With the longitudinal axis of the cylindrical 
mixing chamber 20 being essentially horiZontally positioned. 

Feb. 5, 2009 

[0032] An outlet 14 is arranged from the mixing chamber 
for connecting the mixing chamber 20 to the exhaust pipe in 
order to supply urea/ air mixture from the mixing device 1 to 
the exhaust from the combustion engine. The air inlet 12 and 
the outlet 14 are preferably arranged such that they are dia 
metrically positioned on the cylindrical mixing chamber 20 
Wall, and such that the air inlet is on un an upper part of the 
Wall and the outlet 14 is on the loWer side of the Wall. The air 
inlet 12 being arranged in the top of the chamber 20 Will 
reduce the accumulation of crystals in the area of the inlet 12. 
[0033] The air inlet 12 is arranged such that the air entering 
the mixing chamber 20 is forced into a cyclonic movement 
inside the chamber 20 in order to improve purging. This is 
achieved by arranging the at least one air inlet channel a 
longitudinal axis of the inlet 12 is positioned essentially tan 
gentially to the cylindrical Wall of the mixing chamber 20 as 
can be appreciated from FIG. 3B. The cyclonic movement of 
air inside the mixing chamber Will reduce the likelihood of 
crystal formation in the mixing chamber 20 because it Will 
cause the moist urea to ?ush the entire mixing chamber, such 
that a potential crystal formation Will be soaked (and thereby 
dissolved) and mechanically ?ushed aWay. 
[0034] The air inlet 12 and optionally parts of or the entire 
inside Wall of the mixing chamber 20 is preferably formed in 
or coated With a non-stick material, eg PTFE. Thus the risk 
of crystal formation is reduced. 
[0035] The cavity forming the mixing chamber 20 in front 
of the urea inlet valve 16 is drained because the mix outlet 14 
is located at the loWer level of the mixing chamber 20, such 
that When the engine is turned of and the addition of the urea 
mix to the exhaust is no longer required the presence of 
crystal forming material is kept aWay from the air inlet 12. 
[0036] In FIG. 4 a third embodiment is disclosed. Also, in 
this embodiment the mixing device 1 comprises tWo inlets 10 
and 12 for inletting urea and air respectively, an outlet 14 for 
outlet 14 of mixed urea and air, and a mixing chamber 20 
arranged in a housing 2. The housing 2 is, as in FIGS. 2 and 3, 
shoWn as a single integrated unit, but may comprise several 
parts, as indicated in FIG. 10. 

[0037] The mixing device 1 also comprises tWo valves 16 
and 18 for delivery of urea and air, respectively. While the 
valve 16 may be a conventional valve the valve 18 has been 
designed to prevent or limit groWth of crystal. The valve 18 
comprises a ?at member 1811 having a small penetration or 
ori?ce 19 in its centre. The ?at member 18 abuts an abutment 
member 18b, When the pres sure at the inlet 12 is beloW a given 
threshold. When the pressure at the inlet 12 exceed a given 
pressure the ?at member 18 Will bend outWards Whereby the 
small penetration provided at the centre of it Will be disclosed 
alloWing a ?oW of air through it. In FIG. 4 the ?at member 1811 
is shoWn in the situation Where it abuts on the abutment 
member 18b, i.e. in a situation Where the pressure of the air 
inlet 12 is beloW the above mentioned threshold. 

[0038] The ?at member 1811 may be disc shaped and is 
preferably very thin, eg in the order of 0.1 mm, in order to 
reduce the risk of crystal formation in the ori?ce 19, because 
no solid surface for the crystal formation is provided due to 
the small thickness in the opening/ori?ce 19. The ?exing of 
the ?at member, in response to pressure alterations Will 
loosen crystal formations on the ?at member. The ?at mem 
ber is preferably stamped and punched from a stainless steel 
sheet plate. It can be coated With a non stick material eg 
Te?on or it can be non coated. 



US 2009/0031714 A1 

[0039] If a crystal formation should clog the ori?ce 19 the 
pressure difference over the ?at member 1811 Will build until 
a ?exing of the ?at member 1811 Will occur, thus loosening the 
crystal formation, Whereby the crystal can be ?ushed aWay. 
[0040] The ?at member 1811 may be formed such that is 
opens at one pressure difference over the member and closes 
at another loWer pressure difference, eg it opens at 1.3 bar, 
and closes at 0.8 bar. Thereby it is obtained that the ?at 
member 1811 Will not open and close constantly, due to 
changes in the pressure difference over the ?at member 18a, 
Which Will naturally occur due to ?uctuations in the pressure 
delivered from the pressure source and due to ?uctuations in 
the pressure on the exhaust pipe side of the ?at member 
induced, eg by the engine status. 
[0041] The urea inlet 10 is preferably arranged at the top of 
the mixing chamber 20 above the air inlet 12 in the mixing 
chamber 20, such that urea by gravity Will ?oW over the air 
inlet 12, and thus soak and dissolve crystal formed on the ?at 
member 1811. 
[0042] The cavity forming the mixing chamber 20 is 
drained because the mix outlet 14 is located at the loWer level 
of the mixing chamber 20, such that When the engine is turned 
of and the addition of the urea mix to the exhaust is no longer 
required the presence of crystal forming material is kept aWay 
from the air inlet 12. 

1. A mixing device for mixing urea With a gas, said urea 
being preferably dissolved in a ?uid preferably Water and said 
gas being preferably air, the device comprising a urea inlet 
and a gas inlet for feeding respectively urea and the gas into a 
mixing chamber of the mixing device, and an outlet for outlet 
of the mix of urea and gas from the mixing chamber, Wherein 
at least the gas inlet for feeding air into the mixing chamber is 
designed so that depositing of urea crystals on selected sur 
faces of the said inlet is avoided and/or crystals deposited 
crystals on said surface are removed from the surfaces during 
use of the mixing device. 

2. A mixing device according to claim 1, further compris 
ing a valve in the gas inlet. 

3. A mixing device according to claim 2, Wherein removal 
of the crystal on selected surfaces of the gas inlet is provided 
by the valve comprised in the gas inlet, said valve being 
adapted to perform a reciprocating movement so as to loosen 
urea crystals deposited in the mixing device and in particular 
deposited in and/or in the vicinity of an outlet of the valve to 
the mixing chamber. 

4. A mixing device according to claim 2 or 3, Wherein the 
valve comprising a piston being biased against a valve seat by 
spring means, so that the valve opens to alloW ?oW of gas into 
the mixing chamber When the pres sure difference over the 
valve is above a pre-selected threshold. 

5. A mixing device according to claim 4, Wherein spring 
means is adapted to induce a reciprocating movement of the 
piston When gas is ?oWing trough the valve so that the piston 
successively seats and unseats against the seat. 

6. A mixing device according to claim 2, Wherein the valve 
comprising a ?at member having a penetration, said ?at mem 
ber abuts a upstream member in the inlet in the vicinity of the 
penetration When the pres sure difference over the ?at member 
is beloW a ?rst pre-selected threshold so as to provide a 
sealing of the gas inlet, and Wherein said ?at member does not 
abut the upstream member When the pressure difference over 
the ?at member is above a second pre-selected threshold so as 
to alloW air to ?oW into the mixing chamber through the 
penetration. 
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7. A mixing device according to claim 6, Wherein ?at 
member is adapted to induce a reciprocating movement 
toWards the upstream member When gas is ?oWing trough the 
penetration so that the ?at member successively seats and 
unseats against the upstream member. 

8. A mixing device according to any of the preceding 
claims, Wherein gas inlet runs into the mixing chamber doWn 
stream of the position Where the urea inlet runs into the 
mixing chamber. 

9. A mixing device according to any of the preceding 
claims, Wherein at least a part of the surface of the gas inlet is 
smooth and/or non sticking so as to avoid crystals from be 
deposited thereon. 

10. A mixing device according to claim 9 Wherein the 
smoothness is provided by polishing and/or coating. 

11. A mixing device according to claim 10, Wherein the 
coating is in the form of a Te?on coating (PTFE) or at least a 
part of the device is made of Te?on (PTFE). 

12. A mixing device according to any of the claims 9-11, 
Wherein the part of the surface being smooth is an ori?ce 
?oWing into the mixing chamber. 

13. A mixing device according to claim 12, Wherein the 
ori?ce guides the gas stream into the mixing chamber in such 
a manner that a vortex is generated or ampli?ed. 

14. A mixing device according to any of the preceding 
claims, Wherein at least a part of the surface of the mixing 
chamber is smooth and/or is non sticking so as to avoid 
crystals from being deposited thereon. 

15. A mixing device according to any of the preceding 
claims, further comprising means for heating at least a part of 
the gas inlet and/or the part of the mixing chamber to a 
temperature to above 132° C., preferably above 1400 C., and 
in particular above the melting point of urea crystals, Wherein 
the heating means preferably is/ are adapted to heat perma 
nently or periodically. 

16. A mixing device according to claim 15, Wherein the 
heating means is/ are adapted to heat the area Where the gas 
inlet runs into the mixing chamber. 

17. A mixing device according to claim 15 or 16, Wherein 
the heating means comprising an electrical element generat 
ing heat When applied With an electrical current. 

18. A mixing device according to claim 17, Wherein the 
heating means comprising a PTC element. 

19. A mixing device according to any of the preceding 
claims, further comprising a metering pump for metering 
lique?ed urea and pumping the lique?ed urea to the urea inlet. 

20. A mixing device according to any of the preceding 
claims, further comprising an air source for supplying pres 
surised gas to the gas inlet. 

21. An engine comprising a mixing device according to 
claims 19 or 20, Wherein the outlet of the mixing device is 
connected to the exhaust system of the engine. 

22. An engine according to claim 21, Wherein the engine is 
a diesel engine. 

23. An engine according to claims 21 or 22, further com 
prising a measuring and controlling unit, said measuring and 
controlling unit measures characteristics of the engine related 
to the produced poWer of the engine, such as temperature of 
the exhaust gasses, RPM and/or fuel consumption and 
Wherein the measuring and controlling unit determines the 
amount of urea to be added to the exhaust gasses and controls 
the metering pump accordingly. 

24. A vehicle comprising an engine according to any of the 
claims 21-23. 

25. A vehicle according to 24, Wherein the air source is an 
air compressor supplying pressurised air not only to the mix 
ing device. 


