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The apparatus for mixing flowable materials according to the invention
comprises a tubular The invention relates to an apparatus for mix-
vessel having an inlet for supplying materials to ing two or more flowable
materials to obtain a      be mixed and an outlet for discharging the said
uniform mixture. Materials which may be mixed    5    materials after
mixing, a plurality of axially include liquids, gases, or finely divided
solids, for  spaced apart mixing guides arranged within the example in the
form of a fluid/solid slurry. The    vessel between the inlet and the
outlet, charac- invention  relates in particular to a mixing       terised
in that each mixing guide is rotatable apparatus comprising a tubular
vessel internally     about an axis transverse to the tubular vessel and
provided with a plurality of mixing guides, for   10    means for changing
the angular position of each exarr(ple in the form of baffles, which
interfere      mixing guide. with and cause turbulence in the flow of the
As the mixing guides are rotatably mounted in materials in the apparatus:
the vessel according to the invention, the angular Mixing apparatus of the
above type is widely       position of the mixing guides can be adjusted to
applied for a great variety of purposes, such as   15   the flow velocity
and to the characteristics of the the production of uniform mixtures of
liquids,       materials passing through the vessel. In this gases and
finely divided solids and the produc-      manner an intense mixing can be
obtained at tion of compounds, such as for example resins,       relatively
low flow velocities, whereas at high from reactive liquids.
velocities the pressure drop over the vessel can Upon flowing materials
through such an    20   be restricted by repositioning the mixing guides.
apparatus the mixing guides constitute obstruc-     Thus the range of
applicability of such a mixer is tions in the flow, which obstructions
cause turbu-   significantly extended. lence in the flowing materials,
resulting in mixing   The invention will be further elucidated by way of
the various components in the flowing             of example with reference
to the accompanying materials. Dependent on the compositions of the    25
drawing showing an isometric projection of a materials, the result of
flowing through the         mixing apparatus according to the invention.
apparatus may be a uniform mixture, or it may be      The mixing apparatus
shown in the drawing a compound if the components in the flow are
comprises an elongated cylindrical vessel 1 being reactive with one
another.                          open at both ends to form an inlet 2 and
an outlet Increase of the turbulence in the flow is, how-   30   3. The
vessel is further provided with flanges 4 ever, accompanied by an increase
of the pressure    and 5 for connecting the vessel to (for example) a drop
over the mixing apparatus.                      pipeline system (not
shown). In the conventional mixing apparatus of the         The interior of
the vessel 1 is provided with a above type, the mixing guides are fixedly
plurality of mixing guides 6 which are spaced mounted in the passage for
the flow, and may    35   apart from each other along the longitudinal axis
have various shapes, for example the shape of a     8 of the vessel 1.
helix. These known mixing apparatuses are             Each mixing guide 6
has a respective axis of sometimes called static mixers.
rotation 7. The axes of rotation 7 are substantially A consequence of the
application of fixedly        perpendicular to the longitudinal axis 8 of
the mounted mixing guides is a limitation on the    40   vessel 1.
Preferably the axes 7 are not parallel to range of applicability of a
static mixer, as         each other; in the embodiment as shown, the
discussed below. It is this limitation that is       axes of rotation 7 of
successive mixing guides 6 avoided by the present invention.
-   cross each other at angles of about 90 degrees. At low flow velocities
in a static mixer of the      Each mixing guide 6 comprises two flat semi-
conventional kind, the resistance caused by the    45   circular baffles 9,
rotatably interconnected by mixing guides will be rather low, so that
turbu-     means of a pivot located at 10. The baffles 9 are lence of the
fluid (and therefore uniform mixing)   each provided with a shaft 11
passing through a will not readily occur, especially with rather visc-
respective opening through the wall of the vessel ous materials. On the
other hand, at high flow       1. Each shaft 11 is rotatable about a
respective velocities wherein the velocity itself generates   50   axis 7.
Each shaft 11 is provided with a handle ,12, turbulence in the flow, the
mixing guides are not    for changing the angular position of each baffle
9. needed to contribute to the turbulence. Further,    In this embodiment
the shafts 11 are provided the resistance caused by the mixing guides at
with handles 12; it should be understood (as will such high velocities
easily becomes so great that    be discussed below) that other means of
rotation the pressure drop over the mixing apparatus    55    may be used.
increases dramatically. Such a high pressure drop     Upon passing of a
flow of materials introduced will cause a decrease of the pumping capacity
of    via inlet 2 through the interior of the vessel 1, the the supply
pump(s) resulting in a lower capacity    flow is divided into two streams A
and B due to of the mixer.                                     the
obstructions formed by the baffles 9 of each 



the object of the present invention, therefore, is   60    mixing guide 6.
The part of the flow stream to provide an apparatus for mixing two or more
reaching the upper baffle 9 of a vertically flowable materials, wherein
optimal mixing can       arranged mixing guide 6 is deflected in down- be
obtained at a wide range of flow velocities      ward direction (stream A),
whereas the part of the without an inadmissable pressure drop over the
flow reaching the lower baffle 9 is deflected in apparatus.
65   upward direction (stream  B). Upon passing 2    3                   0
095 791                       4 through the restricted openings between the
flat   yields a better mixing of materials than mixing ends of the baffles
9, streams A and B are          guides consisting of only one baffle.
forced together resulting in a mixing of the           In the shown
embodiment of the invention the components of streams A and B with one
mixing guides are manually rotatable. The rota- another. When passing each
further mixing    5    tion of the mixing guides can  be readily guide 6
the flow is again split and redirected      mechanized or automated. To
this end the mix- causing a further mixing and redistribution over    ing
guides may, for example, be activated by an the cross section of the vessel
1.                   actuator coupled to a control device which is In other
words the presence of the mixing         coupled in its turn to a flow,
pressure drop or guides 6, forming obstructions for the flow    10
viscosity measuring device. causes turbulence in the flow, so that the com-
The control device chosen for a particular ap- ponents in the flow are
intensively mixed.          plication is designed to move the mixing guides
When the flow velocity in the vessel is rather     into positions which
provide the desired degree low and/or the components of the flow are
of mixing while minimizing pressure drops. rather viscous so that the
incoming flow tends    15 to remain substantially laminar and can only
Claims with some difficulty made turbulent, the baffles 9 of each mixing
guide 6 are set nearly per-          1. An apparatus for mixing flowable
materials pendicular to the general direction of flow, re-    comprising a
tubular vessel having an inlet for suiting in a substantial re-direction of
flow and    20   supplying materials to be mixed and an outlet the
generation of turbulence, thereby achieving     for discharging the said
materials after mixing, a the desired mixing at low flow rates.
plurality of axially spaced. apart mixing guides When the flow velocity in
the vessel is rather     arranged within the vessel between the inlet high
and/or the components of the flow are less     and the outlet,
characterized in that each mixing viscous, so that the incoming material
may    25   guide is rotatable about an axis transverse to already be in
turbulence, or easily caused to be    the tubular vessel and means for
changing the turbulent, the baffles 9 are not required to con-   angular
position of each mixing guide. tribute to the turbulence. Under this
condition       2. The apparatus as claimed in claim  1, the baffles 9 are
repositioned in such a manner     characterized in that the arrangement is
such that they hardly form obstructions to the flow,   30   that the
angular positions of the mixing guides so that the pressure drop over the
vessel 1 due  . can be changed independently of each other. to the mixing
guides 6 is kept relatively low.        3. The apparatus as claimed in
claim  1, Thus, the mixer can remain effective without        characterized
in that the axis of rotation of each being limited to pressure drop.
mixing guide is substantially perpendicular to In the most extreme case the
baffles 9 are put   35   the longitudinal axis of the vessel. in such
angular positions that they are parallel      4. The apparatus as claimed
in any one of the to the main flow direction in the vessel, so that
claims 1 to 3, characterized in that the axes of the flow is not hindered
by the baffles 9. In this  rotation  of successive  mixing  guides  are
case the baffles 9 of each mixing guide 6 are       arranged in different
planes. aligned with each other.                      40      5. The
apparatus as claimed in claim  4, The number of mixing guides 6 applied in
the      characterized in that the axes of rotation of vessel 1 depends in
first instance on the. pur-     successive mixing guides cross each other
at an pose for which the apparatus is intended to be      angle of about 90
degrees. used. When the apparatus is applied for mixing        6. The
apparatus as claimed in any one of the reactive materials to obtain a
compound, the    45   claims 1 to 5, characterized in that each mixing
required contact time between the materials         guide comprises at
least two baffles which have determines the length of the vessel. The
number     a common axis of rotation. of mixing guides 6 in any application
is deter-       7. The apparatus as claimed in claim  6, mined by the flow
properties of the flowable        characterized in that a pivot is arranged
be- 



materials, more mixing guides 6 being required    50   tween the said at
least two baffles. for flows which are made turbulent only with          8.
The apparatus as claimed in any one of the difficulty.
claims 1 to 7, characterized in that the means The invention is not
restricted to a vessel with  for changing the angular position of a mixing
a single common inlet as shown in the drawing.      guide comprises a shaft
connected to the mix- Instead, the vessel may be provided with   55   ing
guide and passing through the wall of the separate inlets for the various
materials to be     vessel, wherein said shaft is provided with rotat-
mixed in the vessel.                                ing means outside the
vessel. Instead of mixing guides 6 composed of two          9. The
apparatus as claimed in claim  8, baffles 9 as shown in the drawing, the
vessel       characterized in that said rotating means is a may be equipped
with mixing guides composed    60   handle. of only one or more than two
baffles. It should,      10. The apparatus as claimed in claim  8, however,
be noted that the shown construction       characterized in that the said
rotating means is a of the mixing guides is advantageous over the
non-manual actuator. alternatives, since this construction is rather
11. The apparatus as claimed in claim  10, simple compared to more than two
baffles and    65   characterized in that a flow measuring device is 3    3
0 095  791                       4 f      through the restricted openings
between the flat      yields a better mixing of materials than mixing ends
of the baffles 9, streams A and B are           guides consisting of only
one baffle. forced together resulting in a mixing of the           In the
shown embodiment of the invention the components of streams A and B with
one               mixing guides are manually rotatable. The rota- another.
When passing each further mixing    5    tion of the mixing guides can  be
readily guide 6 the flow is again split and redirected       mechanized or
automated. To this end the mix- causing a further mixing and redistribution
over     ing guides may, for example, be activated by an the cross section
of the vessel 1.                   actuator coupled to a control device
which is In other words the presence of the mixing          coupled in its
turn to a flow, pressure drop or guides 6, forming obstructions for the
flow    10   viscosity measuring device. causes turbulence in the flow, so
that the com-        The control device chosen for a particular ap- ponents
in the flow are intensively mixed.           plication is designed to move
the mixing guides When the flow velocity in the vessel is rather     into
positions which provide the desired degree low and/or the components of the
flow are            of mixing while minimizing pressure drops. rather
viscous so that the incoming flow tends    151 to remain substantially
laminar and can only         Claims with some difficulty made turbulent,
the baffles 9 of each mixing guide 6 are set nearly per-           1. An
apparatus for mixing flowable materials pendicular to the general direction
of flow, re-     comprising a tubular vessel having an inlet for suiting in
a substantial re-direction of flow and    20   supplying materials to be
mixed and an outlet the generation of turbulence, thereby achieving
for discharging the said materials after mixing, a the desired mixing at
low flow rates.                plurality of axially spaced. apart mixing
guides When the flow velocity in the vessel is rather      arranged within
the vessel between the inlet high and/or the components of the flow are
less      and the outlet, characterized in that each mixing viscous, so
that the  incoming material may    25    guide is rotatable about an axis
transverse to already be in turbulence, or easily caused to be     the
tubular vessel and means for changing the turbulent, the baffles 9 are not
required to con-    angular position of each mixing guide. tribute to the
turbulence. Under this condition        2. The apparatus as claimed in
claim  1, the baffles 9 are repositioned in such a manner
characterized in that the arrangement is such that they hardly form
obstructions to the flow,   30   that the angular positions of the mixing
guides so that the pressure drop over the vessel 1 due      can be changed
independently of each other. to the mixing guides 6 is kept relatively low.
3. The apparatus as claimed in claim  1, Thus, the mixer can remain
effective without         characterized in that the axis of rotation of
each being limited to pressure drop.                      mixing guide is
substantially perpendicular to In the most extreme case the baffles 9 are
put   35   the longitudinal axis of the vessel. in such angular positions
that they are parallel      4. The apparatus as claimed in any one of the
to the main flow direction in the vessel, so that    claims 1 to 3,
characterized in that the axes of the flow is not hindered by the baffles
9. In this   rotation  of successive  mixing  guides  are case the baffles
9 of each mixing guide 6 are        arranged in different planes. 



aligned with each other.                       40      5. The apparatus as
claimed in claim  4, The number of mixing guides 6 applied in the
characterized in that the axes of rotation of vessel 1 depends in first
instance on the pur-       successive mixing guides cross each other at an
pose for which the apparatus is intended to be       angle of about 90
degrees. used. When the apparatus is applied for mixing         6. The
apparatus as claimed in any one of the reactive materials to obtain a
compound, the    45   claims 1 to 5, characterized in that each mixing
required contact time between the materials          guide comprises at
least two baffles which have determines the length of the vessel. The
number      a common axis of rotation. of mixing guides 6 in any
application is deter-        7. The apparatus as claimed in claim  6, mined
by the flow properties of the flowable         characterized in that a
pivot is arranged be- materials, more mixing guides 6 being required    50
tween the said at least two baffles. for flows which are made turbulent
only with           8. The apparatus as claimed in any one of the
difficulty.                                          claims 1 to 7,
characterized in that the means The invention is not restricted to a vessel
with   for changing the angular position of a mixing a single common inlet
as shown in the drawing.       guide comprises a shaft connected to the
mix- Instead, the vessel may be provided with   55   ing guide and passing
through the wall of the separate inlets for the various materials to be
--    vessel, wherein said shaft is provided with rotat- mixed in the
vessel.                                 ing means outside the vessel.
Instead of mixing guides 6 composed of two           9. The apparatus as
claimed in claim  8, baffles 9 as shown in the drawing, the vessel
characterized in that said rotating means is a may be equipped with mixing
guides composed    60   handle. of only one or more than two baffles. It
should,       10. The apparatus as claimed in claim  8, however, be noted
that the shown construction        characterized in that the said rotating
means is a of the mixing guides is advantageous over the        non-manual
actuator. alternatives, since this construction is rather        11. The
apparatus as claimed in claim  10, simple compared to more than two baffles
and    65   characterized in that a flow measuring device is    5
0 095 791                       6 coupled via a control device to the
actuator.       viscosite est couple a I'actionneur par l'inter- 12. The
apparatus as claimed in claim  10,        mediaire d'un dispositif de
commande. characterized in that a viscosity measuring device    13.
Appareil selon la revendication 10, carac- is coupled via a control device
to the actuator.    terise en ce qu'un dispositif de mesure de la 13. The
apparatus as claimed in claim  10,    5    pression est couple A
l'actionneur par l'inter- characterized in that a pressure-measuring device
mediaire d'un dispositif de commande. is coupled via a control device to
the actuator. Revendications
Patentanspruche 1. Appareil destine a melanger des matibres         1.
Vorrichtung zum Mischen flieBbaren Mate- fluides ou semi-fluides,
comprenant un recipient     rials mit einem einen [err] fur die Zufuhr des
zu tubulaire qui possede une entree pour l'intro-       mischenden
Materials und einen [err] fur den duction des matieres a melanger et une
sortie       [err]  des Materials nach  Mischung  auf- pour le dechargement
de ces matieres apres le   15    weisenden rohrformigen Behalter, einer
Vielzahl melange, une pluralite de guides de melange         von axial in
dem Behalter zwischen [err] und espaces axialement, disposes dans le
recipient      AuslaB  mit Abstand  angeordneten  Misch- entre l'entree et
la sortie, caracterise en ce que  fuhrungen, dadurch gekennzeichnet, [err]
jede chaque guide de melange peut tourner autour          Mischfuhrung um
eine transversale Achse zum d'un axe transversal au recipient tubulaire et
en    20   rohrformigen Behalter drehbar ist und [err] Vor- ce que des
moyens sont prevus pour modifier la      richtungen vorgesehen sind, um
die Winkel- position angulaire de chaque guide de melange.       position
jeder Mischfuhrung zu verandern. 2. Appareil selon la revendication 1,
caracterise   2. Vorrichtung nach Anspruch 1, dadurch ge- en ce que
l'arrangement est tel que les positions   kennzeichnet, daB  bei dieser
Anordnung die angulaires des guides de melange puissent etre   25
Winkelpositionen  der  Mischfuhrungen  un- modifiees independamment l'une
de l'autre.          abhangig voneinander verandert werden konnen. 3.
Appareil selon la revendication 1, caracterise  3. Vorrichtung nach
Anspruch 1, dadurch ge- en ce que l'axe de rotation de chaque guide de
kennzeichnet, daB  die Rotationsachse jeder melange est sensiblement
perpendiculaire a l'axe    MischfUhrung im  wesentlichen senkrecht zur
longitudinal du recipient.                    30    Langsachse des
Behalters ausgerichtet ist. 4. Appareil selon l'une quelconque des reven-
4. Vorrichtung nach einem der AnsprOche 1 bis dications 1 a 3, caracterise
en ce que les axes de  3, dadurch gekennzeichnet, daR die Rotations- 



rotation des guides de melange successifs sont      achse
aufeinanderfolgender Mischfuhrungen in disposes dans des plans differents.
verschiedenen Ebenen angeordnet sind. 5. Appareil selon la revendication 4,
caracterise   35  5. Vorrichtung nach Anspruch 4, dadurch ge- en ce que les
axes de rotation des guides de        kennzeichnet, daB die Rotationsachsen
auf- melange successifs .se croisent mutuellement A      einanderfolgender
Mischfuhrungen einander mit un angle d'environ 90.
einem Winkel von uqngefghr [err] kreuzen. 6. Appareil selon l'une
quelconque des reven-        6. Vorrichtung nach einem der Anspruche 1 bis
dications 1 A 5, caracterise en ce que chaque    40   5, dadurch
gekennzeichnet, daB jede Misch- guide de melange comprend au moins deux
fuhrung zumindest zwei Lenkbleche mit einer ge- chicanes qui ont un axe de
rotation commun.          meinsamen Rotationsachse aufweist. 7. Appareil
salon la revendication 6, caracterise   7. Vorrichtung nach Anspruch 6,
dadurch ge- en ce qu'un pivot est dispose entre au moins deux  -
kennzeichnet, daB ein Drehzapfen zwischen zu- desdites chicanes.
45    mindest zwei Lenkblechen angeordnet ist. 8. Appareil selon l'une
quelconque des reven-       8. Vorrichtung nach einem der AnsprUche 1 bis
dications 1 a 7, caracterise en ce que les moyens   7, dadurch
gekennzeichnet, [err]  die Vorrichtung servant A modifier la position
angulaire d'un       fur die Veranderung der Winkelposition einer guide de
melange comprennent un arbre relie aux     Mischfuhrung eine mit der
Mischfuhrung ver- guides de melange et qui passe A travers la paroi   50
bundene Achse umfaBt, die durch die Wand des du recipient, ledit arbre
etant muni de moyens de   Behalters reicht, und [err] die Achse mit einer
rotation situes A J'exterieur du recipient.         [err] des Behalters
angeordneten Rotations- 9. Appareil selon la revendication 8, caracterise
vorrichtung versehen ist. en ce que lesdits moyens de rotation sont une
9. Vorrichtung nach Anspruch 8, dadurch ge- poignee.
55    kennzeichnet, [err] die Rotationsvorrichtung ein 10. Appareil selon
la revendication 8, carac-     Griff ist. -terise en ce que lesdits moyens
de rotation sont     10. Vorrichtung nach Anspruch 8, dadurch ge- un
actionneur manuel.   -                           kennzeichnet, [err] die
.Rotationsvorrichtung ein 11; Appareil selon la revendication 10, carac-
nichtmanueller Betatiger ist. terise en ce qu'un dispositif de mesure du
debit  so  11. Vorrichtung nach Anspruch 10, dadurch ge- est couple a
l'actionneur par l'intermediaire d'un  kennzeichnet, [err]  eine  [err]
dispositif de commande.                             richtung uber eine
Steuervorrichtung mit dem 12. Appareil selon la revendication 10, carac-
Betatiger gekoppelt ist. terise en ce qu'un dispositif de mesure de la
12. Vorrichtung nach Anspruch 10, dadurch ge- 65   kennzeichnet,  [err]
eine  [err]- 4    7                   0 095 791                       8
richtung Ober eine Steuervorrichtung mit dem        kennzeichnet, [err]
eine [err] Betatiger gekoppelt ist.                            Ober eine
Steuervorrichtung mit dem Betatiger 13. Vorrichtung nach Anspruch 10,
dadurch ge-     gekoppelt ist. 5 15 20 25 30 35 40 45 50 55 60 65    


