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mixes a liquid in spite of the presence of fibers, in suspension, in the
liquid. The present invention relates to mixing and       It is a further
object of the present invention to circulating  liquids having fibers
suspended      provide an apparatus for mixing liquids, the therein.
5    performance and efficiency of which is not The present invention is
especially suitable for  reduced when fibers are suspended in the liquid
use in mixing systems designed to treat waste    being mixed. water by the
circulation of the water in tanks with  It is a still further object of the
present invention an axial flow impeller in a draft tube. The inven-  to
provide improved mixing apparatus wherein tion is also suitable for use in
other mixing   10   axial flow is produced within a draft tube with an
applications liquid is circulated with an axial flow  impeller having low
drag characteristics even in impeller.
the presence of fibers in the liquid being mixed. When waste water is mixed
in tanks, as in the     The apparatus used in the invention is of the
course of waste water treatments such as aera-     general type disclosed
in  our U.S. Patent tion, the power necessary to drive the impeller   15
4,378,165, namely apparatus for circulating has been found to increase.
After a period of time,  liquids having fibers suspended therein in a tank
which may be from one hour to four days, the       which comprises a draft
tube disposed in said required power to circulate the waste water suffi-
tank, a shaft an axial flow impeller on said shaft ciently to mix and
aerate it may increase up to    having a plurality of blades, said impeller
being' 50%. The problem may be overcome by utilizing   20   disposed in the
draft tube and the shaft and drive motors of higher power rating and
bearing    impeller being coaxial with the draft tube, said the cost of the
increased power.                   blades having opposite edges one of
which leads The cause of this problem escaped appreciation  -  the other as
the impeller rotates. until the time of this invention. In accordance with
The method of the present invention is charac- this invention, it was
discovered that the drag on   25   terized by the fact that the adhesion of
said fibers the impeller increased with time as a con-        along the
leading edges of the blades is sequence of the accumulation of fibers on
the     decreased by effecting the circulation by blades leading edge of
the impeller. In waste water,     which have their leading edges (38)
inclined with which arrives from a sewage system for treat-     respect to
radial lines the leading edges from the ment, the fibers are hair, rags
(such as diapers   30   axis of the impeller in planes perpendicular to and
feminine products) and plastic bags. Other    said axis at angles greater
than the angle of fiberous materials suspended in the liquid, which  repose
of the fibers on the impeller as the impel- is circulated and mixed, also
accumulates on the  ler rotates through the liquids. leading edge of the
impeller with the same          Briefly described, a system for mixing
liquids in adverse effect.                              35   a tank in
accordance with the invention utilizes an The problem has been found, in
accordance       impeller which has opposite edges which respec- with the
invention, to be exacerbated when the    tively lead and trail each other
as the impeller liquid containing the fibers in suspension is circu-
rotates. This system is operative to circulate the lated and mixed with an
axial flow impeller in a   liquids through the tank along a flow path which
draft tube arrangement. Then the velocity of the   40   extends axially of
the impeller. The adhesion of impeller blades through the liquid is several
times  fibers suspended in the liquid along the leading the velocity of the
liquid in the direction axially of  edge of the impeller is decreased,
thereby pre- the impeller and draft tube. There are com-        venting
increased drag on the impeller due to the ponents of drag on each of the
ends of the fiber  accumulation of the fibers on the leading edge as which
are disposed on opposite sides of the   45   the impeller rotates. The
adhesion is decreased leading edge of the blades of the impeller;       by
Inclining the leading edge with respect to a thereby leaving no net force
tending to pull the   radial line from the axis of the impeller
sufficiently fiber off the impeller. The result of these drags is a  to be
greater than the angle of repose of the fibers force having a component
normal to the leading     on the impeller. The angle of repose is that
angle edges of the impeller blades which holds the   so   where the forces
normal to the leading edge are fibers on the leading edges, the fibers
therefore  sufficient to hold the fibers against the leading cling
tenaciously to the leading edges. In time the  edge, considering the
coefficient of friction of the fibers accumulate and present a rough
surface on   surface of the impeller at the leading edge with the leading
edge and around the leading portion    respect to the fibers. Mechanically,
the leading of the blades which progressively increases the   55   edge
presents an inclined plane with an inclina- drag, decreases the lift and
flow (pumping) and   tion larger than the angle of repose. Accordingly,
requires more and more driving power to main-     the fibers are not held
with sufficient force to tain the velocity of the impeller necessary to
maintain them on the leading edge, and they obtain sufficient axial flow
and circulation of the  continue to circulate with the liquid. This is in
liquid. The efficiency and performance of the   60   spite of the absence
of any significant radial mixing system is therefore derrogated.
component of flow; the flow being essentially . Accordingly, it is the
principal object of the   axial, particularly where the impeller is an
axial present invention to provide an approved mixing    flow impeller in a
draft tube. The adhesion of the system whereby mixing can be carried out
with     fibers along the leading edge may also be further low drag on the
impeller which circulates and   65   decreased by providing the portion of
the impel- 2  



3              EP 0158048 1                     4 ler adjacent the leading
edge with a surface of low  As shown in FIGS. 3 and 4, each blade 32 has an
coefficient of friction material, such a low    airfoil profile. The chord
of the blade (CL) is coeffcient of friction may be provided by polish-
measured beween its leading edge 38 and its ing. Low coefficient of
friction material is prefer-  trailing edge 40. The blade has camber as
ably provided by utilizing a plastic material   5   measured between its
midline 42 and chord. The presenting  a low coefficient of friction to the
blade also has twist, as shown in FIG. 3, in that the fibers.
angle between the chord and the lower surface of The invention will become
more apparent from   the blade is greater at the base 35 of the blade
reading the following description in connection  than at the tip 44
thereof, and may be [err] with the accompanying drawings in which:   10
greater. In order to provide for axial flow, the FIG. 1 is a sectional
view, in elevation, of a  camber may have a maximum length or value of
mixing system embodying the invention;          from about 4 to 8 percent
of the chord length. The FIG. 2 is a sectional view taken along the line
location of the maximum camber length may be 2-2 in FIG. 1, illustrating
the low drag impeller  from about 20% to about 60% of the chord length
provided in accordance with an embodiment of   15  away from the leading
edge 38 towards the the invention In greater detail;-
trailing edge 40. The blade also has thickness FIG. 3 is an enlarged view,
in elevation, illustrat-  between its upper and lower surfaces preferably
ing one of the blades of the impeller shown in  from about 6 to 14 percent
of the chord length. FIGS. 1 and 2;                                  The
width of the  blade at the hub may be FIG. 4 is a sectional view of one of
the blades of   20   22-28% of the chord length. The width of the the
impeller illustrating Its airfoil shape and desig-  blade at the tip may be
14-20% of the chord nating the chord, camber and thickness of the   length.
The tip chord angle between the chord at blade, the section being taken
along the line 4-4  the tip and the horizontal may be [err]. The in FIG. 2;
and                                  blade may be constructed from a pair
of plates 46 FIG; 5 is a view similar to FIG. 2 illustrating a   25   and
48, as shown in FIG. 4 which may be welded low drag Impeller in accordance
with another    together near the leading and trailing edges. An embodiment
of the invention.                    insert 50 is provided in a portion
extending Referring more particularly to FIG. 1, there is  approximately 10
percent of the length of each of shown a tank 10 which may be used for the
the upper and lower surfaces from the leading to mixing of liquids, such as
waste water, having   30  the trailing edge 38 and 40 of each blade 32.
This fibers in suspension. A draft tube 12,. having a  insert is preferably
a body of plastic materials conical upper section 14 and a cylindrical
lower  which presents a surface having a low coefficient section 16, is
suspended from a beam 18 by posts  of friction. A suitable material is
ultra high mole- 20. The lower section may also be diverging. The  cular
weight polyethylene ("UHMW"). The mole- beam  18 also carries a drive
assembly 22   35   cular weight of this material is approximately 5
including an electric motor 24 and gearing 26.  million. Suitable material
is available from Poly- Suitable bearings in the gearing section 26 rotat-
Hi/Menasha Corp. Under the trade name [err]q ably support a drive shaft 28.
An impeller 30   Other material presenting a low coefficient of having a
plurality of blade 32 is contected to a  friction is suitable, for example
a flouropolymer hub 34 which is connected to and driven by the   40   (such
as known by the trade name Teflon). Ultra drive shaft 28. The draft tube
sections 14 and 16  high molecular weight polyethylene is preferred. define
an impeller way 36. When the system is     It will also be observed that
the tips 44 of the used for mixing and aerating, a sparge ring may  blades
32 have the shape of a sector of a circle be mounted below the impeller 30
in the lower   and conform to the cylindrical inner periphery of section
16. Altematively, air may be inducted   45  the draft tube; extending to
the inner periphery of through holes In the blades for sparging purposes
the lower section 16, and separated therefrom as described In U.S. Patent
No. 4,231,974. The  only the necessary clearance to maintain manu-
operation and advantages of the impeller way 36  facturing tolerances. The
leading edge 38 is also are described in U.S. Patent No. 3,477,382. Fur-
longer than the trailing edge 40. The leading edge ther information
respecting the design of draft  so   has an arcuate section 52 near the
base end 35 tube mixing systems may also be obtained from   and extends to
a straight section 54. The trailing U.S. Patent No. 4,385,206.
edge 40 is entirely straight. The arcuate section 52 The impeller 34 is an
axial flow impeller. Each  is provided in order that the inclination of the
of the blades have an airfoil shape and cause the  leading edge can be
sufficient so that the angle of liquid in the tank to be circulated through
the draft  55   repose of fibers which tend to accumulate on the tube,
preferably downwardly when the system is  leading edge is not reached. This
angle of repose used for mixing and aerating, although upward   may be
measured between the leading edge and circulation may also be used. Vanes
(not shown),  radial lines extending from the axis 56 of the for example as
described in U.S. Patent No;     impeller (the center line of the shaft 28
and hub 4.231,974, may be used to further direct the flow   60   34). In a
preferred embodiment, the angle indi- axially of the impeller. The impeller
has a plurality  cated as, [err], in FIG. 2 between a radial line 60 in a
of blades, three blades 32 being used as shown in  plane perpendicular to
the axis 56 which FIG. 2. Each of the blades is identical to the others.
intersects the leading edge 38 at a point 62, where They are mounted 120
apart on the hub 34 and    the radial line has a length RL, equal to 70
percent may be welded at their bases 35 to the hub 34.   65   of the radius
of the blade from the tip 44 to the 
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[err]. This angle of inclination, [err], may be  the fibers on the impeller
(30) as the impeller (30) in a range from [err to [err] depending upon the
rotates through the liquids. nature of the fibers which are suspended in
the       2.Apparatusforcarrying outthemethodaccord- liquid being mixed and
the coefficient of friction of  ing to claim 1, characterized by the fact
that the the surface provided by the insert 50.         5    angles between
the one of the radial lines (6) which In some cases, in lieu of such an
insert with low  intersects the leading edges (38), where said one
coefficient of friction, a sufficient inclination angle  radial line (60)
is 70% of the radius from the axis e will suffice. Also, instead of
providing an insertto  (56) of the impeller (30) tothe tips of the blades
(32) present the portion of the surface at the leading   are from [err] to
[err] edge with a low coefficient of friction, the portion    10  3.
Apparatus for carrying outthe method accord- may be polished. In lieu of an
insert 50 the low    ing to claim 1 or apparatus according to claim 2,
coefficient of friction material may be coated or   characterized
bythefactthatthetrailing edges(40) otherwise bonded onto the surface. For
further      of the blades (32) define angles with radial lines information
on coating techniques reference may     from the axis (56) of the Impeller
in planes be had to D. P. Willis, Jr., Increasing Lifetime with   15
pependicular thereto which intersect said trailing Flouropolymer Coatings,
Appliance Engr. Vol: 7,     edges (40) which angles  are smaller than the
No. 1 (1973 and D. P. Willis, Jr., Machine Design,  angles between the
leading edges (38) and the April 10, 1980, pp. 123-127.
radial lineswhichintersectsaidleading edges(38). In the event that
increased angles of inclination   4. Apparatus according to any one of the
preced- are desired, for example [err] or more the impeller   20   ing
claims characterized by the fact that the blades 30 may be provided with
blades 64 of a design       (32) have camber of a length from about 4% to
8% shown in FIG. 5. These blades may be of airfoil     of the length of the
chord of the blades (32) profile their leading edges 66 are sectors of a
circle.  between the leading (38) and trailing (40) edges The angle of
inclination, [err], as in FIG. 2, is measured  thereof, that the maximum
thickness of the blades at the intersection 62 of the radial line 60 of
length   25   is from 6% to 12% of the chord length, and that 70% of the
radius to the top 70 of the blade with the  angle between the chord and
planes  perpendicular leading edge 66. The angle included between the
to the axis (56) is greater adjacent to the hub than radial line 60 and a
line 72 tangent to the leading  adjacent to the tips of the blades (32) and
varies edge 66 at the point 68. The center of the sector is  therebetween.
shown at 68 along a line perpendicular to tangent   30  5. Apparatus
according to any one of the preced- line 72.
ing claims, characterized bythefactthatthe blades The trailing edge 74 of
the blade is made up of   (32) have opposite surfaces, portions of which
two arcs, one of which 76 is a sector of a circle   extending from the
leading edges (38) to the having its center at 68 and the other of which 78
is  trailing edges (40) are of material (50) having a also a sector of a
circle having its center 80 within   35   lower coefficient of friction
than the remainder of the blade 64.
the blade surfaces. The portion 81 of the blade adjacent the leading    6.
Apparatus according to claim 5, characterized edge 66 may be provided by an
insert of low         by the fact that the surface portions are provided
coefficient of friction material, similar to the insert  by inserts (50)
which define the leading edges (38) 50. The other techniques mentioned
above, for   40   of the blades.. providing low coefficient of friction in
the surfaces  7. Apparatus according to claim 6, characterized of the
portion 81, may alternatively be used.       by the fact that the material
of the inserts (50) is From  the foregoing description it will be
plastics. apparent that there has been provided an improved mixing system
in which axial flow for   45    Patentanspriche circulation and mixing of
liquids is provided without the derrogation of efficiency and perform- *
1. Verfahren zum UmwAlzen von suspendierte ance which results from fibers
suspended in the     Fasern enthaltenden Flussigkeiten in einem Behal-
liquid being circulated and mixed.                  ter (10) mit Hilfe
einerVorrichtung mit einer in dem co    Behilter angeordneten Welle (28),
einem auf der Claims                                              Welle
vorgesehenen Axialfilgelrad (30) mit einer Mehrzahl von FlOgeln (32), die
einander entgegen- 1. Method for circulating liquids having fibers
gesetzte Kanten haben, von denen die eine der suspended therein a tank (10)
using an apparatus    anderen voreilt, wenn sich das FlOgelrad dreht, which
comprises a shaft (28) disposed in said tank,   55   dadurch
gekennzeichnet, daB des Haften der an axial flow impeller (30) on said
shaft having a  Fasern lAngs der Vorderkanten der FlOgel dadurch plurality
of blades (32) having opposite edges one  vermindert wird, daS das UmwAlzen
mit FlOgeln of which leads the other as the impeller rotates,   bewirkt
wird, deren Vorderkanten (38) gegenOber characterized by the fact that the
adhesion of said  sich von der Achse (56) des FlOgelrades (30) radial
fibers along the leading edges of the blades is   60   in zu der genannten
Achse (56) rechtwinkligen decreased by effecting the circulation by blades
Ebenen radial erstreckenden Linien (60) unter which have their leading
edges (38) inclined with   Winkeln geneigt sind, die groBer sind als der
respect to radial lines (60) from the axis (56) of the  Reibungswinkel de
bei durch die Flussigkeicen 



impeller (30) in planes perpendicular to said axis  rotierendem FlOgelrad
(30) auf dem FlOgelrad (30) (56) at angles greater than the angle of repose
of   65   befindlichen Fasern.    .           5         EP 0 158 048 B1 6
axis 56, is [err] This angle of inclination, [err], may be  the fibers on
the impeller (30) as the impeller (30) in a range from [err] to [err]
depending upon the        rotates through the liquids. nature of the fibers
which are suspended in the      2.Apparatus for carrying out the method
accord- liquid being mixed and the coefficient of friction of  ing to claim
1, characterized by the fact that the the surface provided by the insert
50.        5    angles betweenthe oneof the radial lines (6) which In some
cases, in lieu of such an insert with low  intersects the leading edges
(38), where said one coefficient of friction, a sufficient inclination
angle  radial line (60) is 70% of the radius from the axis [err] will
suffice. Also, instead of providing an insert to  (56) of the impeller (30)
to the tips of the blades (32) present the portion of the surface at the
leading  are from [err] to 60. edge with a low coefficient of friction, the
portion    10  3.Apparatus for carrying out the method accord- may be
polished. In lieu of an insert 50 the low  ing to claim 1 or apparatus
according to claim 2, coefficient of friction material may be coated or
characterized bythe fact that the trailing edges (40) otherwise bonded onto
the surface. For further     of the blades (32) define angles with radial
lines information on coating techniques reference may    from the axis (56)
of the impeller in planes be had to D. P. Willis, Jr., Increasing Lifetime
with   15   pependicular thereto which intersect said trailing
Flouropolymer Coatings, Appliance Engr. Vol: 7,    edges (40) which angles
are smaller than the No. 1 (1973 and D. P. Willis, Jr., Machine Design,
angles between the leading edges (38) and the April 10, 1980, pp. 123-127.
radial lineswhich intersect said leading edges(38). In the event that
increased angles of inclination  4. Apparatus according to any one of the
preced- are desired, for example 50 or more the impeller   20   ing claims
characterized by the fact that the blades 30 may be provided with blades 64
of a design      (32) have camber of a length from about 4% to8% shown in
FIG. 5. These blades may be of airfoil    of the length of the chord of the
blades (32) profiletheir leading edges 66aresectors ofa circle.  between
the leading (38) and trailing (40) edges. The angle of inclination, [err],
as in FIG. 2, is measured  thereof, that the maximum thickness of the
blades at the intersection 62 of the radial line 60 of length   25   is
from 6% to 12% of the chord length, and that 70% of the radius to the top
70 of the blade with the  angle between the chord and planes perpendicular
leading edge 66. The angle included between the    to the axis (56) is
greater adjacent to the hub than radial line 60 and a line 72 tangent to
the leading  adjacent to the tips of the blades (32) and varies edge 66 at
the point 68. The center of the sector is  therebetween. shown at 68 along
a line perpendicular to tangent   30  5. Apparatus according to any one of
the preced- line 72.                                           ing claims,
characterized bythe factthatthe blades The trailing edge 74 of the blade is
made up of  (32) have opposite surfaces, portions of which two arcs, one of
which 76 is a sector of a circle  extending from the leading edges (38) to
the having its center at 68 and the other of which 78 is  trailing edges
(40) are of material (50) having a also a sector of a circle having its
center 80 within   35   lower coefficient of friction than the remainder of
the blade 64.                                      the blade surfaces. The
portion 81 of the blade adjacent the leading   6. Apparatus according to
claim 5, characterized edge 66 may be provided by an insert of low
by the fact that the surface portions are provided coefficient of friction
material, similar to the insert  by inserts (50) which define the leading
edges (38) 50. The other techniques mentioned above, for   40   of the
blades. providing low coefficient of friction in the surfaces  7. Apparatus
according to claim 6, characterized of the portion 81, may alternatively be
used.      by the fact that the material of the inserts (50) is From  the
foregoing description it will be       plastics. apparent that there has
been provided an improved mixing system in which axial flow for   45
Patentanspriche circulation and mixing of liquids is provided without the
derrogation of efficiency and perform-   1. Verfahren zum Umwalzen von
suspendierte ance which results from fibers suspended in the    Fasern
enthaltenden Flflssigkeiten in einem Behil- liquid being circulated and
mixed.                 ter (10) mit Hilfe einerVorrichtung mit einer in dem
so   Behilter angeordneten Welle (28), einem auf der Claims
Welle vorgesehenen Axialflugelrad (30) mit einer Mehrzahl von FlOgeln (32),
die einander entgegen- 1. Method for circulating liquids having fibers
gesetzte Kanten haben, von denen die eine der suspended therein a tank (10)
using an apparatus   anderen voreilt, wenn sich das FlOgelrad dreht, which
comprises a shaft (28) disposed in said tank,   as   dadurch
gekennzeichnet, daB das Haften der an axial flow impeller (30) on said
shaft having a  Fasern langs der Vorderkanten der FlOgel dadurch plurality
of blades (32) having opposite edges one  vermindertwird, dao das Umwilzen
mit FlOgeln of which leads the other as the impeller rotates,  bewirkt
wird, deren Vorderkanten (38) gegeniber characterized by the fact that the
adhesion of said  sich von der Achse (56) des Flgelrades (30) radial fibers
along the leading edges of the blades is   60   in zu der genannten Achse
(56) rechtwinkligen decreased by effecting the circulation by blades
Ebenen radial erstreckenden Linien (60) unter which have their leading
edges (38) inclined with  Winkeln geneigt sind, die gr6Ber sind als der 



respect to radial lines (60) from the axis (56) of the  Reibungswinkel de
bei durch die FlOssigktsiten impeller (30) in planes perpendicular to said
axis  rotierendem FlOgelrad (30) auf dam FlOgelrad 130) (56) at angles
greater than the angle of repose of   as   befindlichen Fasem.    7
EP 0158048B1                       8 2. Vorrichtung zum rDurchf~hren des
Verfahrens   avance sur l'autre quand l'helice toume, caracte- nach
Anspruch 1, dadurch gekennzeichnst, daB       ris6 par le fsl quo
l'adhdrence desdites fibres le die Wlnkel wischen den Vorderkanten (38) und
long des bords avant des pales est r6duite en Jener der redllen Unien (6),
die die Vordeicanten  assurant Ia circulation par des pales qui ont leurs
(38) an mnor Stells schneldet die lings der oenen    5    bords avant (38)
inclin6s per rapport a des lignes radialan Unle (60) von der Achse (56) des
FlOgel-  radiales (60) partant de l'axe (56) de l'h6lice (30) rades (30) um
70% des Radius von der Achse (56)    dans des plans perpendiculaires audit
axe (56) des FlOgoirades (30) zu den Enden der FlOgel (32)  selon des
angles plus grands que I'angle de repos entfernt Kst, zwischen 20 und 60
Grad betragen.    des fibres sur l'helice (30) a mesure que lrhdlice 3.
Vorrichtung zum Durchf~hron des Verfahrens   to   (30) tourne au travers
des liquides. nach Anspiuch I odor Vorrichtung nach Anspruch       2.
Appareillage pour ta mise en oeuvre du 2, dadurch gekennzeichnet, dao die
Hintorkanten    procid6 selon la revendication 1, caract6ris6 par (40) der
FOgel (32) die die Hlnterkanten (40) der  le fait que les angles entre les
bords avant (38) et FOgel (32) schneidenden radialon Union, die sich   une
des lignes radiales (6) qui coupe les bords In zu der Achse (56) des
Flfgelrades rechtwinkii-   15   avant (38) ob ladite ligne radiale (60)
correspond a gen Ebenen von de Achise (56) des FlOgelrades      70% du
rayon s'dtendant de l'axe (56) de l'h6lice erstrecken, unter Winkeln
schneiden, die kioiner   (30) jusqu'aux bouts des, pales (32), sont compris
sind als die Winkel iwischen den Vorderkanten      entre 20 et 60'. (38)
und den die Vorderkanten (38) schneldenden      3. Appareillage pour la
miss en oeuvre du K' radialen Linien.                              20
proc6d6 selon la revendication 1, ou bien appa- 4. Vorrichtung nach einem
de vorhergehenden      reillage selon la revendication 2, caract6ris6 par
le AnsprOche, dadurch gskennzeichnet, daB die FI0-    fait que les bords
arribre (40) des pales (32) gel 132) eine Wolbung in einer LAnge von etwa 4
definissent des angles avec des lignes radiates bis 8%  de LAnge der Sehne
der FlOgel (32)         partant de l'axe (56) de l'helice dans des plans
zwischen der Vorderkante (38) und der Hinter-   25   perpendiculaires A
colul-ci qui coupent lesdits kante (40) des FlOgels haben, daB die grOBte
bords arriere (40), lesdits angles 6tant plus petits Dicke der FlOgel 6 bis
12% der Sehnenllnge         que lea angles formes entre les bords avart
(38) et betragt, und daB der Winkel zwischen der Sohne     les lignes
radiales qui coupent lesdits bords avant und zu der Achse (56)
rechtwinkligen Ebenen im     (38). Bereich der Nabe gr6oer ist als Im
Bereich der   30  4. Appareillage selon une quelconque des Enden der FlOgel
(32) und dazwischen variiert.     revendications prec6dentes, caract6ris6
par le fait 5. Vorrichtung nach einem de vorhergehenden      que les pales
(32) comportent une cambrure AnsprOche, dadurch gekennzeichnet, dal3 die
FIG-   d'une longusur comprise entre environ 4% et 8% gel (32) enander
entgegengesetzte Uberflachen      de la longueur de Ia corde des pales (32)
entrer besitzen und daB von den Vorderkanten (38) zu   35   leurs bords
avant (38) et arriere (40), quo l'epais- den Hinterkanten (40) erstreckende
Telle dieser    seur meximale des pales east comprise entre 6% et
Oberflachen. aus elnem Werkstoff (50) bestehen,    12% de Ia longusur de
corde et que l'angle form6 der einen niedrigeren Reibungkoeffizienten hat
entre la corde et les plans perpendiculaires a l'axe als der Rest der
FliOgeloberflAchen.  -            (56) est plus grand dans une zone
adjacente au aj   6. Vorrichtung nach Anspruch 5, dadurch   40   moyeu que
dans une zone adjacente aux bouts gekennzeichnet, daB die Uberflichenteils
von Ein-  des pales (32) et varie dans l'intervalle. satzen (50) gebildet
werden, die die Vorderkanten    5. Appareillage selon une quelconque des
(38) de FlOgel bilden.                             revendications
prec6dentes, caract6rise par le fait 7. Vorrichtung nach Anspruch 5,
dadurch          quo les pales (32) component des surfaces oppo-
gekennzeichnet, daB der Werkstoff der Einsaltze   45   s6es dont des
parties s'tendant des bords avant (50) Kunststoff ist.
(38) jusqu'aux bords arriere (40) sont form6es d'un mat6riau (50) ayant un
coefficient de frotte- Revendications
ment inf6rieure au reste des surfaces de pales. 6. Appareillage selon la
revendication 5, 1. Procdde pour une circulation de liquides   50
caractdris6 par le fait que les parties de surfaces contenant des fibres en
suspension dans une        sont form6es par des inserts (50) qui d6finissnt
les cuve (10) en utilisant un appareillage qui com-    bords avant (38) des
pales. prend un arbre (28) disposd dans ladite cuve, une    7. Appareillage
selon la revendication 6, h6lice (30) a 6coulement axial mont6e sur ledit
caract6rise par Io fait quo la matiere des inserts arbre at comportnt une
pluralit6 de pales (32)   55   (50) est une matiere plastique. pourvues de
bords oppos6s dont P'un est en 60    


