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Fig.1a 
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Fig. 4d. 
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Fig.6a 
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STATIC MIXING ELEMENT HAVING 
DEFLECTORS AND AMXING DEVICE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

The invention relates to a Static mixing element in a flow 
channel, the element having at least two deflectors, and to a 
mixing device having Such element. Simple Static mixing 
elements having deflectors are known but their mixing and 
homegenising abilities are very limited and they always 
produce a relatively high pressure drop. More elaborate 
Static mixers, for example, comprising crossing Subchannels 
of slats (Sulzer-SMV-mixers) provide very good mixing but 
are relatively costly to produce. Good mixing is particularly 
necessary when a Small quantity of a fluid is injected by 
means of an injection System into a main flow of another 
fluid in a flow channel. When relatively small quantities, for 
example, of less than 10%, of a gas or a liquid are admixed 
into the flow of another gas or another liquid, very one 
mixing paths in the empty tube are necessary to ensure 
thorough homogeneous mixing. However, conventional 
mixing devices having complicated adjustable injection SyS 
tems cannot provide thorough mixing over a wide range of 
loads and more particularly at very low Volume flow rela 
tionships. For example, in denoXing installations denitroge 
nation is performed by admixing gaseous ammonia into the 
flue gas flow in a very low proportion of from 1 : 1000 to 1 
: 10 000; very thorough homogeneity is required, with a 
maximum deviation of less than 5% from the average value, 
to ensure that in the Subsequent catalyst the reaction of NH3 
with NOX proceeds very uniformly everywhere, in order to 
keep within low noX limits and also to ensure that no Surplus 
ammonia breaks through. The Stoichiometric mixing ratioS 
must therefore be maintained uniformly and permanently 
over the whole channel cross-section. Also, this thorough 
mixing must be achieved over Short paths and with a low 
preSSure drop and known mixing devices cannot provide 
these two features. 

It is therefore the object of this invention, using very 
Simple means, to provide very thorough mixing with a 
relatively low pressure drop and to provide overall advan 
tages as compared with the known kinds of mixer, and it is 
another object of the invention to provide by means of the 
Static mixing element a simple mixing device which ensures, 
with a reduced preSSure drop and over short paths, high 
quality mixing over the entire channel cross-section and 
over a wide range of load conditions. 

SUMMARY OF THE INVENTION 

The invention solves these problems by means of a 
mixing element having deflectors attached to a mounting at 
a distance from the channel wall. The deflectors form an 
angle of between 10 and 45 relative to the main flow 
direction. A projection of the deflectors in the main flow 
direction amounts to between 5% and 50% of the channel 
croSS-Sectional area. Since deflectors are disposed by means 
of mountings at a distance from the channel wall, the 
deflectors are flowed around completely at the front and 
back with very reduced losses, with the result that efficient 
deflection and eddying are produced in the direction of the 
angle W. The provision of a few deflectors with different 
orientations is a very simple means of producing crossing 
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2 
radial Subflows with a reduced pressure drop. Because of the 
deflectors a relatively large turbulence cone is produced in 
the main flow and deflected in the direction W1. 
Simultaneously, the dispensing tube injects the fluid for 
mixing along its axis at the same piece into the deflected 
turbulence cone. Immediate intensive mixing of the two 
fluids is therefore produced and the local deflection in the 
directions W of the at least two oppositely oriented deflec 
tors produces a cross-flow causing intensive mixing over the 
whole flow channel cross-section. In all, therefore, the 
device according to the invention produces intensive mixing 
of the two fluids in the injection Zone and good homogeni 
Zation over the entire channel croSS-Section by Simple means 
and with a reduced pressure drop. The projection FZ of the 
deflectors in the main flow direction can be as little as from 
5% to 25% of the channel cross-section and therefore lead 
to optimal mixing with very reduced complexity and a very 
reduced pressure drop. The deflectors can be rectangular or 
triangular or trapezoidal or round or bent or curved or 
cylindrical and even perforate, they can be staggered rela 
tively to one another and, in a Substantially uniform 
distribution, can cover the complete channel cross-section. 
At least two consecutive mixing elements of this kind can 
form a mixer arrangement, the elements possibly having 
deflectors which are offset or turned relatively to one 
another. A mixing element can be followed by an aftermix 
ing Section or path which further enhances mixing. 

In particularly effective constructions the deflectors can 
be at least ten times as large as the outlet cross-section of a 
dispensing tube and the angle WE with the tube axis can be 
between 0 and 15. The devices according to the invention 
are particularly Suitable for mixing ammonia into the flue 
gas flow of a denitrogenation installation. 
The invention will be further described hereinafter with 

reference to drawings and embodiments. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a and 1b are two views of a mixing element 
according to the invention which has two deflectors and is on 
a mounting, 

FIG. 2 shows an example having a number of deflectors 
which cover the channel cross-section F regularly; 

FIGS. 3a to 3d show examples of deflector shapes; 
FIGS. 4a and 4b show examples in which different 

deflectors are disposed in round flow channels, 
FIG. 5 shows a mixer arrangement in which deflectors are 

disposed in two cross-sectional planes of the flow channel; 
FIGS. 6a and 6b show examples of deflectors with mount 

ings punched from sheet metal Strip; 
FIG. 7 shows a mixer arrangement comprising two mix 

ing elements and an aftermixing path; 
FIGS. 8a and 8b are two views showing a mixing device 

according to the invention having two dispensing tubes as 
mountings and two deflectors, 

FIGS. 9a and 9b show another example comprising a 
dispensing tube and two deflectors, 

FIG. 10 shows an example having a number of dispensing 
tubes and deflectors, 

FIGS. 11a, 11b, 11c and 11d show various examples of 
deflectors in dispensing tubes, and 

FIG. 12 shows a mixing device having dispensing tubes 
and deflectors in two planes. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows two views of a mixing element 4 according 
to the invention comprising two deflectors 30 which are 
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secured by way of a mounting 20 in a flow channel 7. The 
rectangular deflectorS 30 are Staggered relatively to one 
another and are each inclined, in opposite orientations to one 
another, to the main flow direction 8 of the fluid 2 at an angle 
W of e.g. 30. The deflectors 30 produce corresponding 
turbulent flow cones 26, 27 which are deflected in the 
directions 16, 17 and which croSS one another in Staggered 
relationship. The projection FZ of the two deflectors in the 
flow direction Z amounts to less than 50% of the flow 
channel cross-sectional area F (see FIG. 1b). A proportion 
FZ of as little as e.g. from 10% to 20% of F can according 
to the invention produce turbulent and intensively mixing 
croSS-flows. 

FIG. 2 shows a similar example having a number of 
deflectors 30 on two mountings 20 to provide regular 
covering of a complete channel cross-section F with the 
production of (in FIG. 2) alternately upwardly and down 
wardly directed Subflows 16, 17 of the cross-flows they 
produce. According to FIGS. 3a to 3d the deflectors 30 can 
have different shapes and can be, for example, trapezoidal, 
as 31, or round, as 32, or even perforate, as 24. The 
mounting is in this case embodied by tubes which have fairly 
high inherent rigidity. The mounting and deflector can be a 
unitary device and, for example, as shown in FIG. 3, take the 
form of a bent stamping 33 which is welded to the channel 
wall, the narrow prolongation 23 of the wide deflector 
element 30 serving as mounting. FIG.3d shows a similar but 
curved version 34. FIG. 4a shows deflectors of different 
shapes, for example, in round flow channels, two relatively 
small deflectors 35 extending to the left and a single central 
deflector 36 of Substantially twice the size extending to the 
right. FIG. 4b shows a version having two different deflec 
tors 37, 38 in dual form. 

The mounting can have reinforcements and Stiffenings 
more particularly for high flow speeds and heavy deflector 
loadings. The Strengthenings and Stiffenings can be embod 
ied together with the deflectors as lattice-like or checker-like 
Structures as shown, for example, with the bracings 22 of 
FIGS. 4b and 5. The mounting can take the form of ropes on 
which the deflectors are set like Sails in the required optimal 
direction W. 

FIG. 5 shows a mixer arrangement having deflectors in 
two cross-sectional planes 41, 42. The deflectors of plane 42 
are Staggered relatively to the deflectors of the first plane 41. 
They can also be turned relatively to one another, for 
example, by 90°. The arrangement of the deflectors 30, 39 
in a Single plane corresponds to the illustration of FIG. 2 
except that in FIG. 5 larger rectangular deflectors are used 
which have a total area FZ (one plane) projected in the Z 
direction, corresponding to Something like 50% of the 
cross-sectional area F. AS FIG. 6a shows, the deflectors of 
FIG. 5 can be produced very simply, cheaply and without 
Scrap from metal Strip by Stamping and bending. The deflec 
tors 30, 39 are bent alternately to opposite sides, the residual 
strip 21 serving as mounting 20. Similarly, the deflector 
arrangement of FIG. 2 can be produced by trapezoidal 
toothed Stampings from a metal Strip to give two rows of 
deflectors 30, 31 with mountings 20 from a single metal 
Strip. 

FIG. 7 shows a mixer arrangement having two mixing 
elements 3, 4, at least the first mixing element 3 being 
followed by an aftermixing path N facilitating enhanced 
croSS-mixing by the turbulent crossing Subflows produced in 
the mixing element. In this embodiment the elements 3, 4 are 
turned away from one another by 90. 

The arrangement shown in FIGS. 8a and 8b comprises a 
mixing device having two dispensing tubes 21 on a main 
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4 
tube 20 as mountings, one deflector 30 each being disposed 
at the dispensing tube outlet orifices 28 at an acute angle W 
to the main flow direction Z. The length L of the dispensing 
tubes 21 is at least equal to their diameter D. The deflectors 
30 include an angle W2 of from 0 to 45° with the tube axis 
and are oriented oppositely to one another relatively to Z. 
The deflectors 30 produce deflected turbulent cones 26, 27 
of the main fluid 2, Such cones crossing the injected cones 
8 of the admixed fluid 1 and thus being subject to intensive 
mixing. The two deflectors 30 and the dispensing tubes E1 
are oriented in opposite directions relatively to Z and are 
Staggered relatively to one another along the main tube 20. 
Crossing subflows 16, 17 are therefore produced, leading to 
intensive mixing and homegenization of the two fluids 1, a 
over the main channel cross-section. 

FIGS. 9a and 9b show and example having only a single 
dispensing tube E1 which extends parallel to the main flow 
direction Z, two deflectors 30 being disposed at the dispens 
ing tube outlet orifice 28. The deflectors are oriented in 
opposite directions to one another and are offset from one 
another in order to produce crossing subflows 16, 17. 

FIG. 10 shows another injection device having a number 
of dispensing tubes 21 and deflectors 30 on two main tubes 
20 as mountings, the deflectors 30 being distributed uni 
formly over the whole channel cross-section F. The main 
flow is therefore broken up uniformly by the offset and 
oppositely directed deflectors into crossing Subflows whose 
directions 16, 17 extend alternately upwardly and down 
Wardly. To maximize the production of crossing Subflows 
the deflectors 30 can be relatively large, their total area FZ 
which is projected in the Z direction preferably being 
between 5% and 50% of the area F. Very good mixing with 
a very reduced pressure drop is often achieved with an area 
ratio of from 10% to 15%. 

FIGS. 11a to 11d show various examples of appropriate 
forms of deflectors on the dispensing tubes -rectangular 
43, triangular 44, round 45 or curved as a tubular element 46. 

FIG. 12 shows an arrangement having dispensing tubes 
21 as mountings and deflectors 30 in two planes 41, 42, the 
dispensing tubes with deflectors of the Second plane being 
Staggered relatively to those of the first plane. The direction 
of the dispensing tubes having deflectors W in the second 
plane can be turned relatively to the direction in the first 
plane, preferably by 90°. The invention may also be used to 
admix ammonia from a Source of ammonia 46 with a flue 
gas flow from a Source of flue gas 47. In a test example using 
mixing elements according to the invention in the form of 
deflectors on the dispensing tubes, mixing efficiency could 
be improved from 4% to just 2% concentration variation. 
We claim: 
1. A Static mixing element in a flow channel, comprising: 
a flow channel having a channel croSS-Sectional area and 

a channel wall defining a main flow direction; 
an injection System including at least one directed dis 

pensing tube for injecting another liquid fluid into the 
flow channel, the at least one directed dispensing tube 
including an outlet orifice having a tube axis, and 

at least two deflectors each being attached to a mounting 
at a distance from the channel wall, the at least two 
deflectors forming an angle of between 10 to 45 
relative to the main flow direction, a projection of the 
at least two deflectors in the main flow direction being 
5% to 50% of the channel cross-sectional area; 

the at least one dispensing tube being Said mounting for 
at least one of the at least two deflections, the at least 
one of the at least two deflectors being disposed at the 
outlet orifice of the dispensing tube. 
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2. A Static mixing element in a flow channel of claim 1, 
wherein: 

the at least one of the at least two deflectors forms-an 
angle of between 0 to 45 with the tube axis. 

3. A device according to claim 1, wherein: the dispensing 
tube has a length and an internal diameter, the length being 
at least equal to the internal diameter. 

4. A device according to claim 1, wherein: 
the dispensing tube has an outlet cross-sectional area; and 
each of the at least two deflectors are at least ten times as 

large as the outlet croSS-Sectional area of the dispensing 
tube. 

5. A device according to claim 1, wherein: the at least one 
of the at least two deflectors forms an angle between 0 and 
15 with the tube axis. 

6. A device according to claim 1, further comprising: a 
Source of ammonia fluidly coupled to the injection System; 
and 

a Source of flue gas fluidly coupled to the flow channel. 
7. A Static mixing element in a flow channel according to 

claim 1, wherein: 
the injection System comprises a pipe positioned within 

the flow channel. 
8. A Static mixing element in a flow channel according to 

claim 1, wherein: 
two of the at least two deflectors are mounted to the outlet 

orifice. 
9. A Static mixing element in a flow channel according to 

claim 1, wherein: 
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6 
the at least two deflectors are positioned on opposing 

Sides of the injection System relative to the main flow 
direction. 

10. A Static mixing element in a flow channel according 
to claim 1, wherein: 

the at least two deflectors comprise a cylindrical shape. 
11. A Static mixing arrangement, comprising: 
a flow channel having a channel croSS-Sectional area and 

a channel wall defining a main flow direction; 
a plurality of mountings positioned in the flow channel 

and extending in the main flow direction; 
a plurality of cylindrical deflectorS mounted to the plu 

rality of mountings, the plurality of deflectors having 
an axis forming an angle of between 10 to 45 to the 
main flow direction, wherein each of the plurality of 
mountings have a group of the plurality of deflectors 
mounted thereon the deflectors on each mounting being 
Staggered So that adjacent deflectors are oriented in 
opposing directions relative to the main flow direction. 

12. A Static mixing arrangement according to claims 11, 
wherein: 

the plurality of deflectors have a projection of Surfaces 
normal to the main flow direction, the projection of 
surfaces consuming between 5% and 50% of the chan 
nel cross-sectional area. 

13. A Static mixing arrangement according to claim 11, 
wherein: 

the plurality of mountings lie in a plane. 

k k k k k 


