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structure elements (11, 11°, 12) Iin the form of flat, folded or curved sheet metal-like flow obstacles as well as constrictions lying
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erebetween. A flow of the first order can be achieved by inbuilt devices In the form of the base structure and is a flow mixing the
pe contents globally In downstream mixing regions. The structure elements of the base structure can be described as segments,
ates and/or vanes. The structure elements - called "primary flow obstacles” (11, 11, 12) In the following - are geometrically
odified at surfaces and/or at edges. Local flows of the second order can be Induced by these modifications which are

superimposed on the flow of the first order and so improve the mixing quality. Radial and axial inhomogeneities In the fluid are
namely better compensated than by the flow of the first order. Secondary flow obstacles (11a, 11a’, 12a) form the modifications by
which the turbulence Is locally intensified and/or backflows are induced.
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Abstract

The static mixer (1) for a low viscosity fluid {20) contains inbuilt devices
(10) effective tor mixing, which are arranged in a pipe {38) or in a container
conducting the fluid. The geometry of the inbuilt devices 1s largely that of
a base structure. The mbuilt devices include structure elements {11, 117,
12) inn the form of flat, folded or curved sheet metal-like flow obstacies as
well as constrictions lying therebetween. A flow of the first order can be
achieved by inbuilt devices in the form of the base structure and is a flow
mixing the pipe contents giobally in downstream mixing regions. The
structure elements of the base structure can be described as segments,
plates and/or vanes. The structure elements — called "primary flow obsta-
cles" {11, 11', 12) in the following — are geometrically modified at surfaces
and/or at edges. Local flows of the second order can be induced by these
modifications which are superimposed on the flow of the first order and so
improve the mixing quality. Radial and axial inhomogeneities in the fluid
are namely better compensated than by the flow of the first order. Secon-
dary flow obstacles (11a, 11a’, 12a) form the modifications by which the

turbulence 1s locally intensified and/or backflows are induced.

(Fig. 1)
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A static mixer

The invention relates to a static mixer as well as to a method for mixing

with the static mixer in accordance with the invention.

The development of static mixers has resulted i;n a very large diversity of
such mixing devices. A very large number of solutions can be realized with
respect to a mixing object, in accordance with which a specific mix quality .
has to be achieved at a pre-determined, maximum permissible pressure
loss. These solutions, however, differ quite considerably in construction
effort whichha_‘is effects on the manufacturing costs and also on the costs
for the inbuilt device of the mixer in a pla.nf. Mixing devices are preferred
which satisfy the said mixing object with simple inbuilt devices and simul-
taneously with a minimum number of structure elements of the inbuilt
devices. Such mixing devices, which will probably establish themselves
more and more, have a short inbuilt device length (inbuilt device length =
length in a pipeline which has to be provided for the inbuilt devices); and
they moreover require a short mixing path (= distance from the infeed
point of an additive up to the position in the pipeline where the required

mlxmg quality 1s achieved).

Solutions are available for the mixing of a fluid in the turbulent flow re-

gion in which the pipeline contains a structure which consists only of one

single, short mixing element, i.e. of a minimum number of structure ele- -
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ments of the ibuilt devices (see e.g. US-A-5 839 828j. Such a solution is
optimum to the extent it relates to the inbuilt device length of the struc-
ture. it has, however, been found that these known structures, including

in each case only one mixing element, have toc be improved due tc sub-

stantial deliciencies.

There are structures in which the short inbuilt device length is associated
with a large pressure drop and/or with a long mixing path. A further
problem which was surprisingly found is the following: the inbuilt devices
of known static mixers are flow obstacles around which fluid flows and by
which the fluid is set into vortex movements. Vortices with a specific

frequency separate off in the wake of each obstacle. A similar phenomenon

can be observed with a cylinder which is flowed around in the form of
"Karman's vortex channel”. In static mixers, the vortex movements as a
rule form a substantially more complicated process. However, the perio-
dicity of the process is common with "Karman's vortex channel”". The
vortex spheres which periodically separate off at the obstacles are carried
along by the flow at axial, constant intervals. An additive added to the
mixer is taken up by the separating vortices and carried onward in the
pipe with these. Inhomogeneities arise in the form of axial concentration
differences which appear as periodic fluctuations in the pipe at fixed
observation positions. This time phenomenocn can clearly be found in the
mixer which 1s described in the aforesaid US-A-5 839 828. Corresponding

inhomogeneities also occur in a mixer which is known from EP-A-1 153
630 (= P 7032).

Usually, mixing quality of a static mixer is understood as a measure for
the homogenisation which relates to the radial concentration distribution.
The smaller inhomogeneities of this radial distribution are, the better the

mixing quality is. The inhomogeneities present due to the axial concentra-
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tion gradients can, however, have the same order of magnitude as the
inhomogenetities with respect to the radial concentration distributions.
This was able to be determined using a measurement process in which the
mixing quality was detected at a high frequency (20 measurements per
second). In some applications, these axial inhomogeneities or time fluctua-
tions can be of substantial importance: for example, on a fast chemical

reaction between the components to be mixed, or for a regulation of the

‘transport speed of an additive which was carried out with respect to the

concentrations measured in the pipe.

It 1s the object of the invention to provide a static mixer which does not
have the disadvantages with respect to axial inhomogeneities when a
single mixing element is used or with a minimum number of structure

elements of the inbuilt devices and thus ensures a high quality of the

mixture despite the low inbuilt device costs.

The static mixer for a low viscosity fluid contains inbuilt devices effective
for mixing which are arranged in a pipe or in a container conducting the
fluid. The geometry of the inbuilt devices is largely that of a base struc-
ture. The inbuilt devices include structure elgments in the form of flat,
folded or curved sheet metal-like flow obstacles as well as constrictions
lying therebetween. A flow of the first order can be achieved by inbuilt
devices in the form of the.base structure and is a flow which mixes the

pipe contents globally in downstream mixing regions. The structure ele-

ments of the base structure can be described as segments, webs, plates
and/or vanes. The structure elements — called "primary flow obstaciés“ 11
the following ~ are geometrically modified on surfaces and/or at edges.
Local flows of the second order can be induced by these ﬁddiﬁcaﬁons and

are: superimposéd on the flow of the first order and thus improve the
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mixing quality. Radial and axial inhomogeneities in the fluid are namely
compensated better than by the flow of the first order. Secondary flow obstacles
form the modifications by which the turbulence is locally intensified and/or

backflows are induced.

According to one aspect of the present invention, there is provided a mixing
device for a static mixer comprising a plurality of primary flow obstacles disposed
to define constrictions there-between for a flow of viscous fluid therethrough and
to impart a flow of a first order in the flow of viscous fluid passing through said
constrictions including vortex spheres which periodically separate off at said
obstacies to produce radial and axial inhomogeneities in the form of axial
concentration differences in the flow of viscous fluid; each said primary flow
obstacle having a geometrically modified area at at least one of a surface thereof
and an edge thereof to induce local flows of a second order in the flow of viscous
fluid passing thereover whereby said local flows of said second order are
superimposed on said flows of said first order to compensate said radial and axial

inhomogeneities in the viscous fluid produced by the flow of said first order.

According to another aspect of the present invention, there is provided a static

mixer cpmprising pipe defining a flow path for a low viscosity fluid; and at least
one mixing device disposed within said pipe for mixing of the viscous fluid passing
therethrough, said mixing device including a plurality of primary flow obstacles
disposed to define constrictions therebetween for the flow of viscous fluid
therethrough and to impart a flow of a first order in the flow of viscous fluid
including vortex spheres which periodically separate off at said obstacles to
produce radial and axial inhomogeneities in the form of axial concentration
differences in the flow of viscous fluid, each said primary flow obétaclé having a
geometrically modified area in the form of a rib disposed transversely to a
respective local flow at an edge thereof to induce local flows of a second order in
the flow of viscous fluid thereat whereby said local flows of said second order are '
superimposed in said flow of said first order to compensate said radial and axial

iInhomogeneities in the viscous fluid produced by the flow of said first order.
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According to still another aspect of the present invention, there is provided a static
mixer comprising a pipe of predetermined cross-section defining a flow path for a
low viscosity fluid; and at least one mixing device disposed within said pipe for
mixing of the viscous fluid passing therethrough,‘said mixing device including a
plurality of primary flow obstacles having a normal projection defining a cross.
section substantially equal to and covering said cross section of said pipe and
disposed to define constrictions therebetween for the flow of viscous fluid .
therethrough and to impart a flow of a first order in the flow of viscous fluid
Including vortex spheres which periodically separate off at said obstacles to
produce radial and axial inhomogeneities in the form of axial concentration
differences in the flow of viscous fluid, each said primary flow obstacle having a
geometrically modified area at at least one of a surface thereof and an edge
thereof to induce local flows of a second order in the flow of viscous fluid thereat
whereby said local flows of said second order are superimposed in said flow of
said first order to compensate said radial and axial inhomogeneities in the viscous

fluid produced by the flow of said first order.

The Invention will be explained in the following with reference to the drawings.

There are shown:

Fig. 1 a ring-shaped part of a mixer in accordance with the invention having inbuilt

devices whose structure elements have lamella-like secondary flow obstacles;

Fig. 2 a crossed channel structure with two further examples of secondary flow
obstacles;

Fig. 3 inbuilt devices of a mixer in accordance with the invention with two

segment-like structure elements;

Fig. 4 a detall of the structure of Fig. 3;
Fig. 5 an inbuilt device having two guide vanes as structure elements;

Fig. 6 secondary flow obstacles (four part figures) which are of rib shape and are

arranged on a surface of a primary flow obstacle over which flow occurs;
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Figs, 7,8  secondary flow obstacles in the form of linear elements which

form toothed edges or are composed of separate teeth;

Fig. S various tooth shapes (three part figures);
Fig. 10 milled secondary flow obstacles (three part figures) which are

arranged 1n the form of linear elements at an edge of the pri-

mary flow obstacle; and

Fig. 11 secondary flow obstacles {three part figures) which are each

produced at primary iflow obstacles by bending the edges.

A mixer 1 in accordance with the invention, which has a special design, is
shown in part in Fig. 1. This static mixer 1, with which a low viscosity
tfhuid 20 can be homogenised, consists of a section of a pipe 3 and of in-
built devices 10 effective for mixing which are arranged in the pipe 3. Only
a ring-like part 30 of the pipe 3 is illustrated. This part 30 is installed at a
flange transition of the pipe 3 not shown. The inbuilt devices 10 effective
for mixing of this embodiment can also be arranged in a pipe 3 at a posi-

tion which is not made as a flange transition.

The geometry of the inbuilt devices 10 is largely that of a base structure
which has structure elements 11, 11' and 12 in the form of segment-like
or vane-like flow obstacles. The fluid 20, whose flow is indicated by arrows
21, flows through constrictions lying between the structure elements. The
structure elements of the base structure, which can be described as seg-
ments, webs, plates and/or vanes, are called "prirnary flow obstacles” in

the following. These primary flow obstacles 11, 11' and 12 are modified
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geometrically at the edges, namely by secondary fiow obstacles 11a, 11a

and 12a which are lamella-like in the embodiment in Fig. 1.

A flow of the first order, which is a flow which globally mixes the pipe
contents in downstream mixing regions, results by inbuilt devices 10,
which are made in the form of the base structure. A mixing over the whole
pipe cross-section takes piace in these regions by extensive movements, in
particular by periodically separating and propagating vortex moverents.
Local flows of the second order are induced on the basis of the modifica-

tions of the base structure by means of the secondary flow obstacles and

positively influence the effectiveness of the mixing process by the following

effects:

a) The degree of turbulence of the flow is increased by the modification.
As has already been observed with known mixers, the mixing quality
improves when the flow at the inlet side has a high turbulence. Such
an increased turbulence can, for example, be the consequence of a
manifold with deflector plates disposed upstream. A similar or even
more positive effect can be achieved when the degree of turbulence is
directly increased locally in the mixer itself by secondary flow cbsta-
cles. The obstacles are particularly effective when they are arranged in
the proximity of the position where the additive is added. The concen-
tration gradients are still comparatively highly pronounced there and
an improvement of the mixing effect in these regions has a particularly

positive effect on the effectiveness of the mixer.

b} Backilows can be directly produced with the aid of the secondary flow

obstacles 11a, 11'a and 12a in which an additive is diluted before it is
washed out and is carried away in the separating vortices. The tempo-

ral concentration fluctuations are thereby reduced. Generally, axial dif-
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ferences can be compensated by backflows, also those which are

caused by a non time-constant addition of the components to be

mixed.

5 ¢} The secondary flow cbstacles 12a bring about a channelling of the flow.
The transverse transport behind the central vane 12 is thereby 1im-

proved, whereby the radial degrees of concentration in the wake oif the

inbuilt devices 10 are reduced.

10 d) The flow is also stabilised, i.e. fluctuations are suppressed, by the
amplified turbulence and increased turbulent viscosity caused thereby.
The secondary flow obstacles 11a, 112' and 12a are also advanta-
geously arranged and designed such that the breakaway is clearly lo-
calised and thus does not depend on the Reynolds number. The

15 strength of the flow is thus not dependent on the flow amount and is

easier to control.

The combination of these effects a) to d) results in an improved radial and

axial homogenisation.
20

The secondary flow obstacles 11a, 11a’ and 12a admittedly increase the
pressure loss. However, the pressure loss increase 1s smaller than if in-
stead additional primary flow obstacles were used in accordance with the
obstacles 11, 11' and 12 - that is additional mixing elements. These would
25  be necessary if the secondary flow obstacles 11a, 11a' and 12a were omit-
ted. The secondary obstacles are thus also to be evaluated positively with
respect to the use of energy. The primary flow obstacles 11, 11, 12 are
therefore geometrically modified at surfaces and/or at edges by the secon-
dary flow obstacles 11a, 11'a and 12a such that local flows of the second

30 order can be induced by these modifications which are superimposed on
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the flow of the first order and thus improve the mixing quality. The mixing
quality is improved in that radial and axial inhomogeneities in the fluid
are compensated better than by the flow of the first order, without an

increase in the pressure drop simultaneously resulting of more than

approximately 100%.

The secondary flow obstacles 11a, 11'a and 12a are arranged at edge
regions of the primary flow obstacles 11, 11' and 12. They thus form
modifications of the primary flow obstacles 11, 11' and 12 and locally

intensify the turbulence and/or induce backflows of the fluid 20, whereby

the mixing is improved.

The secondary flow obstacles 11la, 11'a and 12a are advantageously made
in lamellar or rib shape and are arranged transversely to the local tlow

direction of the flow of the first order at or on the primary flow obstacles.

A main flow direction is defined perpendicular to the pipe cross-section by
the pipe 3. The pipe cross-section is largely completely covered by a nor-
mal projection of the primary flow obstacles 11, 11' and 12 in the main
flow direction. As a consequence of the requirement that the inbuilt de-
vices effective for mixing should include a minimum number of structure
elements, the pipe cross-section is not multiply covered by the normal
projections of the individual flow obstacles 11, 11' and 12; or the projec-

tion only has marginal overiapping zones.

With the embodiment of Fig. 1, the pipe 3 is cylindrical and the primary
flow obstacles 11, 11' and 12 form a mirror-symmeirical arrangement with
a plane of symmetry in which the axis of the pipe lies. The pair 11, 11" of

segment-shaped structure elements lying largely in a common plane form
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a constriction within which the vane-like or web-like structure element 12

1s arranged crossing the plane of the two other structure elements 11, 11"

With the inbuilt device 10 shown in Fig. 2, the basic structure is a crossed
channel structure in which a plurality of metal sheets 13, 14 folded in a
zig-zag manner (and metal sheets 13', 14' indicated by chain dotting) form
the primary flow obstacles. Ribs 13a and/or wire-like elevations 13b are
arranged on the sheet metal surfaces of the crossed channel structure.
Only one example each is shown of these secondary flow cbstacles 13a,
13b. The ribs 13a are advantageously made with sharp edges and serve as

breakaway edges at the folded edges over which flow occurs.

Fig. 3 shows inbuilt devices 10 of a mixer 1 in accordance with the inven-
tion having two segment-like structure elements 15. The secondary flow
cbstacles 15a of the structure elements 15 are of lamellar shape. The
inside of the pipe 3 is indicated by the chain dotted lines 31. A cross-
section through the structure element 13 is shown in Fig. 4. How back-

flows form behind the structure elements 15 is indicated by the arrows 21.

Fig. 5 shows an inbuilt device having two guide vanes 15 as structure

elements. With the one of the guide vanes 15, secondary flow obstacles

15a are shown.

In Fig. 6, secondary flow obstacles 16a are shown in four part figures; in
the first as a perspective representation and in the further part figures

only as cross-section profiles. These obstacles 16a are of rib shape and are

arranged on a surface of a primary flow obstacle 16 over which flow oc-

curs.
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Figures 7 and 8 show secondary flow obstacles 17a and 18a which form
linear elements one with a toothed edge and one with separate teeth 19.
Examples for other forms of the teeth 19 are shown in three part figures of
Fig. ©. The linear element 17a can also have a wave-shaped edge instead
of a toothed edge. Such a geometrical modification at the edge of the
primary flow obstacle results in an extension of the edge, which advanta-

geously has the consequence of a strengthened forming of turbulence.

Fig. 10 shows milled secondary flow obstacles (three part figures} which

are arranged in the form of linear elements at an edge of the primary flow

obstacle.

Fig. 11 shows secondary flow obstacles which are each established at the
primary flow obstacle by reshaping its rim: slightly bent (first part figure),
strongly bent (second part figure} and bent twice (third part figure), as is
indicated by arrows in each case. Similar shapes of flow obstacles can also

be realised by sheet metal S‘tﬁps at the primary flow obstacles.

The embodiment of Fig. 1 contains an infeed point 100 for additives in the
pipe piece 30. The infeed point 100 advantageously opens into a zone of
the mixing regions in which the influencing of the {low by the geomeftrical
modifications is particularly strong. A plurality of infeec points 100 can
also be provided. More advantageous, however, is a single infeed point 100
which can thus be ideally arranged with respect to the inbuilt devices 10.
Experience has shown that a plurality of infeed points 100 for a single

additive is associated with problems which do not occur with a single

infeed point 100.

The mixer 1 in accordance with the inventicn is used for the carrying out

of a mixing process in which the fluid 50 to be mixed is transported
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through the mixer 1 in a preferred direction. A better mixing quality is

achieved with respect to this preferred direction than in the opposite

direction.

As has already been mentioned, the mixing quality improves when the
flow at the inlet side 1s turbulent. It can therefore also be advantageous for
the mixing method in accordance with the invention if the fluid 20 is
brought into a hydrodynamic state in which it has turbulent flow compo-
nents or a stronger turbulence before it is led into the mbuilt devices 10

effective for mixing.
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CLAIMS
1. A mixing device for a static mixer comprising

a plurality of primary flow obstacles disposed to define constrictions
there-between for a flow of viscous fluid therethrough and to impart a flow of a first
order in the flow of viscous fluid passing through said constrictions including
vortex spheres which periodically separate off at said obstacles to produce radial
and axial inhomogeneities in the form of axial concentration differences in the flow

of viscous fluid:

each said primary flow obstacle having a geometrically modified
area at at least one of a surface thereof and an edge thereof to induce local flows
of a second order in the flow of viscous fluid passing thereover whereby said local
flows of said second order are superimposed on said flows of said first order to
compensate said' radial and axial inhomogeneities in the viscous fluid produced by
the flow of said first order.

2. A mixing device as set forth in claim 1 wherein each said primary
flow obstacle is in the form of at least one of a flat, folded and curved sheet

material.

3. A mixing device as set forth in claim 1 wherein said geometrically

modified area is in the form of a rib disposed transversely to a respective local

flow.

4. A static mixer comprising pipe defining a flow path for a low viscosity
fluid; and

at least one mixing device disposed within said pipe for mixing of the
viscous fluid passing therethrough, said mixing device including a plurality of
primary flow obstacles disposed to define constrictions therebetween for the flow
of viscous fluid therethrough and to impart a flow of a first order in the flow of

viscous fluid including vortex spheres which periodically separate off at said
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obstacles to produce radial and axial inhomogeneities in the form of axial
concentration differences in the flow of viscous fluid, each said primary flow
obstacle having a geometrically modified area in the form of a rib disposed
transversely to a respective local flow at an edge thereof to induce local flows of a
second order in the flow of viscous fluid thereat whereby said local flows of said
second order are superimposed in said flow of said first order to compensate said
radial and axial inhomogeneities in the viscous fluid produced by the flow of said

first order.

5. A static mixer as set forth in claim 4 wherein a normal projection of
said primary flow obstacles defines a cross section substantially equal to the cross

section of said pipe.

6. A static mixer as set forth in claim 4 wherein said pipe is cylindrical
and said primary flow obstacles form a mirror-symmetrical arrangement with a

plane of symmetry in which a longitudinal axis of said pipe lies.

/. A static mixer as set forth in claim 6 wherein said primary flow
obstacles include a pair of segment-like structure elements lying in one plane to
form a constriction and a vane-like structure element disposed in said constriction

and in crossing relation to the plane of said segment-like structure elements.

8. A static mixer as set forth in claim 4 further comprising an infeed
point in said pipe for the introduction of an additive into said pipe for mixing with a

viscous flow passing therethrough, said infeed point being disposed within the
plane of said mixing device in said pipe.

9. A static mixer as set forth in claim 4 characterized in that the viscous
fluid to be mixed is transported through said static mixer in a preferred direction

with a better mixing quality being achieved with respect to said preferred direction

than in an opposite direction.

10. - A static mixer as set forth in claim 9 having means upstream of said

mixing device relative to the flow of the viscous fluid for bringing the viscous fluid

- Into a hydro-dynamic state having at least one of turbulent flow components and

an increased turbulence before passing into said mixing device for mixing thereof.
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11. A static mixer comprising

a pipe of predetermined cross-section defining a flow path for a low

viscosity fluid; and

at least one mixing device disposed within said pipe for mixing of the
viscous fluid passing therethrough, said mixing device including a plurality of
primary flow obstacles having a normal projection defining a cross section '
substantially equal to and covering said cross section of said pipe and disposed {o
define constrictions therebetween for the flow of viscous fluid therethrough and to
impart a flow of a first order in the flow of viscous fluid including vortex spheres
which periodically separate off at said obstacles to produce radial and axial
iInhomogeneities in the form of axial concentration differences in the flow of
viscous fluid, each said primary flow obstacle having a geometrically modified
area at at least one of a surface thereof and an edge thereof to induce local flows
of a second order in the flow of viscous fluid thereat whereby said local flows of
said second order are superimposed in said flow of said first order to compensate
said radial and axial inhomogeneities in the viscous fluid produced by the flow of

said first order.

12. A mixing device as set forth in claim 11 wherein each said primary
flow obstacle is in the form of at least one of a flat, folded and curved sheet

material.

13. A mixing device as set forth in claim 12 wherein each of said primary
flow obstacles has a secondary flow obstacle thereon defining said geometrically
modified area thereof. |

14. A mixing device as set forth in claim 13 wherein each secondary flow

obstacle is in the form of a rib disposed transversely to a respective local flow.

18. | A mixing device as set forth in claim 11 wherein each said primary
flow obstacle is a crossed channel structure having a plurality of sheets of metal

folded in a zig-zag manner and each secondary flow obstacle is one of a rib and a

- rod disposed on a respective crossed channel structure.
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16. A mixing device as set forth in claim 15 wherein each secondary flow
obstacle is a rib having sharp edges and disposed as a folded edge of a

respective primary flow obstacle.

17. A mixing device as set forth in claim 15 wherein each secondary flow

obstacle has one of a wave-like edge and a toothed edge.

18. A mixing device as set forth in claim 17 wherein each secondary flow

obstacle is at an edge of a respective primary flow obstacle.
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