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The present invention relates generally to liquid agi 
tating apparatus, and more particularly to an improved 
rotor tube assembly for combining and agitating fluids to 
mix them intimately. 
The invention is particularly but not exclusively useful 

in flotation cells for separating minerals from ore or rock 
and comprises innprovements upon a conventional me 
chanical action cell. This cell comprises a tank for a 
water slurry of the ore, a stator in the tank comprising a 
number of stationary vertical tubes spaced about an axis 
to form a "squirrel cage,” and a rotor supported on the 
axis and comprising a number of tubes similarly ar 
ranged to form a "squirrel cage” within the circle of 
stator tubes. The rotor tubes are Supported between end 
retaining plates which also serve as impellers, having slop 
ing spokes forming vanes to draw in air through the 
upper piate and slurry through the bottom plate. The 
movement of the rotor in the conventional cell imparts 
rotational velocity to the liquid and subjects it to a cen 
trifugal force which drives it outwardly between the tubes 
of the Totor and stator. At the same time air is mixed 
with the liquid, and the agitation of the liquid as it in 
pinges on and passes through the rotor and stator tubes 
causes the air to mix intimately with the liquid in the 
form of masses of fine bubbles. 

According to a well-known mineral concentrating tech 
nique, the mechanical action of this cell is utilized as de 
scribed below. The mineral or minerals to be separated 
from ore or rock are ordinarily found in the form of 
small particles encased in the hard ore or rock material. 
The first step in the separation comprises crushing the ore 
or rock and then grinding it to progressive stages of fine 
ness, the final grinding ordinarily taking place in a water 
slurry. The next step is to add to the slurry a chemical 
reagent or reagents which, through a well-known phe 
nomenon, prevents wetting of a mineral to be separated, 
The slurry is then introduced to the flotation cell, where 
in the non-wetted mineral particles attach themselves to 
the air bubbles and are floated to the surface as a layer of 
froth, the other mineral particles remaining in the liquid. 
The operation is ordinarily a continuous-flow process, 
with the froth layer being scraped off the surface of the 
cell over a weir board and recovered. It will be under 
stood that the froth may be rich in a certain desired 
mineral or minerals and the mineral or minerals which do 
not rise in the froth may themselves be valuable as an en 
riched end product. The products from the flotation cell 
may be fed to a smelting furnace for substantially com 
plete removal of impurities from a metallic end product. 

It is conventional in apparatus of the foregoing type 
to employ rubber-coated parts in the construction of the 
rotor and stator members. The rubber material protects 
the parts from abrasive wear and chemical attack. In 
conventional practice, the rotor and stator tubes are thick 
rubber cylinders each having a central bore therethrough 
to receive a steel bolt or rod. The bolt or rod gives 
rigidity to the tube and affords means of securing it be 
tween the upper and lower retaining plates. 

In practice, it is found that after a period of use con 
ventional tubes gradually wear out in a somewhat pre 
dictable manner by the abrasive action of the slurry. 
Eventually, a wall of a rotor tube may wear completely 
through to the bolt, and the bolt itself may be corroded 
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and eroded until it breaks. To obtain maximum life 
from the tubes, they are ordinarily rotated at regular 
periods to expose unworn surfaces. 
A principal object of this invention is to make a sub 

stantial improvement in the wearing qualities of the tubes, 
thereby reducing the cost of maintenance and the fre 
quency of examination, replacement and rotation of the 
tubes. 
A second object is to provide an improved form of 

rotor tube which will reduce the power consumption of 
the cell. 
A third object is to provide an improved rotor tube 

which will give the cell greater air mixing capacity, there 
by performing a more efficient mineral separation. 

With the foregoing and other objects in view, a princi 
pal feature of this invention resides in the improved form 
of rotor tube described hereinafter. In contrast to the 
tubes found in the prior art, the improved tube has a 
cross-section with a larger dimension in the direction of 
impingement of the slurry thereon and a relatively smaller 
dimension laterally thereto. 
Another feature resides in the orientation of the tubes 

with reference to the flow of slurry so that the slurry is 
impelled outwardly by combined centrifugal force and 
pumping action. 

Still another feature resides in providing a rotor tube so 
shaped as to improve its wearing quality and to give it a 
longer useful life. Preferably, the shape is of a sym 
metrical form adapted for 180-degree reversal after a 
given period of use, thereby making possible a substan 
tialiy equal additional period of use. 

Other features of the invention reside in certain fea 
tures of construction, arrangements and alignments of the 
parts, and in modes of operation which will become more 
evident from the following description of a preferred 
embodiment thereof, having reference to the appended 
drawings in which 

FIG. 1 is a side elevation in section of a flotation cell 
adapted to employ the novel rotor tubes; 

FIG. 2 is an enlarged partial side elevation in section 
showing details of the rotor and stator tube assemblies; 

FiG. 3 is an elevation in section taken on line 3-3 of 
FIGURE 2; 

FiG. 4 is a composite plan view in section taken on 
line 4-4 of FIG. 1 showing segments of "squirrel cage” 
rotor tube assemblies according to the prior art and ac 
cording to this invention; and 

FIG. 5 is a graph showing the performance of a flota 
tion cell according to this invention, as compared with a 
similar cell according to the prior art. 

Referring to FIG. 1, there is shown a flotation cell for 
Separation of minerals of certain kinds from a water 
slurry of ore. In general, the cell is of well-known con 
struction. The flow of slurry is continuous, passing into 
a feed end box 2, through a tank E4 and out through a 
discharge end box. 16. The motion of the slurry through 
the assembly is gravitational. A froth 18 rich in a se 
lected mineral passes over a weir board, not shown, at 
the illustrated liquid level on either or both sides of the 
tank 4. 
The stator assembly designated generally at 20 com 

prises a plurality of elongated, mutually parallel stator 
tubes 22 evenly Spaced about and generally parallel to 
a vertical axis and supported between steel-reinforced rub 
ber stator rings 24 and 26. Thru bolts 28 (FIG. 2) 
pass through some of the tubes 22 and through the rings 
24 and 26 at spaced positions about the stator, being se 
cured by nuts 36 so as to hold the stator together as a 
rigid "squirrel cage" assembly. Rubber stator bolt pro 
tectors 32 are preferably provided to protect the protrud 
ing ends of the bolts. The remaining stator tubes 22 may 
have rods therethrough of the same diameter as the bolts 
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28, the rods being somewhat longer than the tubes but 
extending only part way into each of the rings 24 and 
26. These rods are not threaded at their ends. 

Secured to the stator ring 24 is a metal standpipe 34 
which extends well above the surface of the slurry. A 
rubber liner 36 is provided for the portion of the stand 
pipe below the surface of the slurry and extends over a 
portion slightly above the surface. 
The stator assembly rest upon a number of stator sup 

port tubes 38. These tubes are rubber-covered metal rods 
having bores to receive the lower threaded ends of cer 
tain of the stator tube thru bolts 28. 
The rotor assembly is supported upon a base plate 40 

rigidly secured to the tank 14 and extending across the 
top thereof in spaced relation to the surface of the 
slurry. A bearing stand 42 is secured by bolts 44 to the 
plate 46, the bolts 44 passing through a metal splash 
cone 46 and washers 48. An electric motor 53 is Sup 
ported on a motor mount 52 secured to the bearing stand, 
the shaft of the motor having a sheave 54 keyed thereto. 
A bearing support 56 is bolted to the stand 42 and houses 
thrust bearings 58 in which a drive shaft 60 is supported. 
The shaft 60 is keyed to a drive sheave 62. A number 
of flexible V-belts 64 extend between the sheaves 54 
and 62. 

Referring more particularly to FIG. 2, the shaft 62 
has two portions of reduced diameter and a threaded end 
portion. A rubber-covered upper rotor retaining ring 
66 is received over the upper of said portions against an 
upper shoulder of the shaft. A rubber-covered lower 
impeller ring 68 is received over the lower of said por 
tions against a lower shoulder of the shaft. Between 
the upper and lower impeller rings are supported a plu 
rality of elongated, mutually parallel rubber rotor tubes 
70, evenly spaced about and generally parallel to the 
same axis as the stator tubes each tube having a steel 
support rod 72 extending into a hole in each of the im 
peller rings. The rotor assembly is completed by a lock 
nut 74 which is threaded on to the end of the shaft 62. 
Keys 76 prevent the rotor assembly from turning in re 
lation to the shaft 62. 
The upper and lower impeller rings 66 and 68, re 

spectively, have spokes formed as impeller blades, as seen 
more clearly in FIG. 3. The upper impeller ring 66 
draws air downwardly into the space within the rotor 
as indicated by the arrows in FIG. 1. The lower im 
peller ring 68 draws slurry upwardly into the space with 
in the rotor. 

In operation, the movement of the rotor within the 
stator imparts rotation to the liquid and consequently de 
velops a centrifugal force which hurls it outwardly be 
tween the rotor tubes 70 and the stator tubes. 22. The 
stator tubes 22 create turbulence in the slurry and pro 
duce masses of Small air bumbbles. These air bubbles 
with attached mineral particles float upwardly to the 
surface of the liquid as shown by the arrows in FIG. 1. 
Liquid remaining at the bottom of the tank 14 flows to 
ward the discharge end box 16 and may pass over a 
weir board 78 or through a gate 80 operated by a hand 
wheel 82. 

FIG. 4 is an elevation in section taken on line 4-4 
of FIG. 1. It is a composite figure showing a seg 
ment 84 of a rotor tube assembly according to the prior 
art and a segment 86 of a rotor tube assembly according 
to this invention. In the prior art, the rotor tubes 88 
are ordinarily of circular cross-section. With rotation 
in the direction indicated by the arrow, one may analyze 
the velocity of the rotor and slurry by vectors. The 
absolute velocity of the slurry AS has both radial and 
tangential components. The absolute velocity of the ro 
tor AR is purely tangential. The relative velocity RV of 
the slurry and the rotor is the vectorial difference between 
the velocities AS and AR. As shown by the outline 90, 
the rotor tubes wear in a roughly symmetrical manner 
with reference to the axis defined by the vector RV. If 
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4. 
continued long enough, the tube wears through to the 
rod 72 and replacement is necessary. It will be seen that 
the life of a tube 88 may be prolonged by periodically 
rotating it through 90 degrees, thereby eventually pro 
ducing a roughly diamond-shaped cross-section. How 
ever, this frequent turning of the rotor tubes is time con 
Suming and is limited in the degree to which the life of 
a tube may be materially extended. 

Referring next to the segment 86 showing a portion 
of the rotor according to this invention, the rotor tubes 
92 are molded to a uniform, symmetrical, generally dia 
mond-shaped cross-section. Preferably, this cross-section 
is a parallelogram with the angles terminating the shorter 
diagonal rounded to fit the largest included circle, this 
circle preferably being of the same diameter as the tubes 
83 according to the prior art. The longer diagonal is a 
line of symmetry intersecting the path of the impeller 
members at an acute angle, said angle being oriented to 
the direction of rotation to impel fliud from the axis 
of the shaft 60. Also, this longer diagonal is aligned 
with the direction of the relative velocity between the 
slurry and the tubes 92, as represented by the vector 
RV', and it has a substantially greater dimension than 
any dimension in the cross-section normal thereto. 
As shown by outline 94, the wear pattern of a tube 

constructed according to this invention is such that most 
of the wear occurs in the portion of the cross-section 
outside the radius of the largest included circle. It is 
only after considerable wear that the tube is reduced 
to a minimum thickness Substantially less than its initial 
minimum thickness across the axis at right angles to 
the vector RV. 

It will be apparent that the wear occurs primarily at 
the leading edge of the rotor tube, the trailing edge re 
maining substantially protected. Preferably, the trailing 
edge is symmetrical with the leading edge to permit the 
rotor tube to be turned 180 degrees after the initial wear 
ing period has advanced to the limit tolerated. There 
after, it is found that the rotor tube may be used for an 
additional substantially equal period of time, and that 
its performance will remain substantially undiminished. 

It will be noted that in spite of the increased cross 
sectional area of the rotor tubes according to this in 
vention, the narrowest space between the tubes 92 is a 
large fraction of the narrowest space between adjacent 
rotor tubes 88 according to the prior art. The stream 
lined shape of the tubes 92 offers less resistance to fluid 
flow than the prior art tubes 88. 

It will be observed that the orientation of the rotor 
tubes 92 is such as to form a pump. The slurry is pro 
pelled outwardly with additional radial acceleration im 
parted by the inclined surfaces 96 of the elements 92. 
Thus the rotor serves a dual purpose: first, imparting ro 
?tational velocity to the slurry within the rotor which re 
Sults in centrifugal force, and second, acting as a vane 
pump to further accelerate the slurry outwardly against 
and through the stator tubes. 
The advantages of the tubes 92 over the prior art tubes 

88 are illustrated by FIG. 5 which shows the results of 
an actual comparison taken over a period of 110 op 
erating days. The solid lines represent observations 
made on a machine having round stator tubes and new 
rotor tubes shaped like the tubes 92 of FIG. 4. The 
broken lines represent the same tests taken on an identical 
machine handling substantially identical slurry at identical 
flow rates over the given period, this machine having 
standard new rotor tubes according to the prior art as 
indicated at 88 in FIG. 4. 

It will be observed that the air intake in cubic feet 
per minute was greater with the improved tubes 92, and 
that the difference in air intake increased markedly over 
the operating test period. The rate of air intake is a 
measure of the rate of mixing air with the slurry. Also, 
less horsepower was required to operate the flotation 
machine equipped with the new rotor tubes 92. 
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After the test period, the minimum thickness of the 
tubes 92 was much greater than that of the tubes 88. 
Thus the tubes 92 were found to have a much greater 
life expectancy than the tubes 88. 
With the improved rotor tubes, the rotor itself com 

prises three impellers, namely, a downwardly-directed air 
impeller ring 66, an upwardly directed slurry impeller 
ring 68, and the assembly of rotor tubes 92 comprising 
a radially directed "squirrel cage” impeller or vane pump 
for the mixture. 

It will be understood that, while the invention has been 
shown as applied to flotation cells for separation of 
minerals from ore or rock, the structure of the rotor is 
well suited for other types of liquid agitating apparatus, 
for example, mixers and agitators of various kinds. It 
will be further understood that various modifications in 
the construction of the parts and in the shape of the rotor 
tubes may be made in accordance with considerations 
familiar to those skilled in the art, without departing 
from the spirit or scope of this invention. 

It will be seen that there has been provided according 
to this invention an improved apparatus for agitating 
liquids, and more particularly apparatus of the kind in 
which a liquid is mixed with air to produce masses of 
tiny air bubbles throughout the liquid. This apparatus 
with the improved rotor tubes 92 produces a beneficial 
mixture at a lower power consumption than with the 
prior art tubes, this improved power performance being 
concurrent with an increased air intake capacity and 
longer life of the parts. 

Having thus described the invention, we claim: 
1. An agitator for mixing fluid systems having, in com 

bination, a pair of spaced end impeller members adapted 
for mounting on a common rotatable shaft, each of said 
members including radial spokes sloped to produce a 
fluid flow toward the space between said members, and 
a plurality of mutually parallel impeller members each 
supported by and between said end impeller members, 
said parallel impeller members being spaced at uniform 
distances from and substantially parallel to the axis of 
said shaft and having a cross-section conforming to a 
parallelogram having a shorter diagonal rounded to fit 
the largest inscribed circle, the longer diagonal of said 
parallelogram being oriented to the direction of rotation 
of said shaft to impel fluid outwardly from said space. 

2. In apparatus for agitating a fluid, a rotor Supported 
in a tank for said fluid rotation about a predetermined 
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axis and comprising a plurality of elongated, mutually 
parallel rotor members and end retaining means to secure 
said rotor members in evenly spaced relationship about 
and generally parallel to said axis, each rotor member 
having a cross-section in the general form of a parai 
lelogram with a longer diagonal thereof being aligned with 
the direction of the relative velocity between said fluid 
and said rotor member. 

3. The combination according to claim 2, in which each 
rotor member is adapted to be mounted by the retaining 
means with said longer diagonal of its cross-section in 
either of two positions mutually angularly displaced by 
180 degrees. 

4. In apparatus for agitating a fluid, the combination 
of a stator supported in a tank for said fluid and having a 
plurality of elongated stator members evenly spaced about 
and generally parallel to a common axis, and a rotor Sup 
ported within the stator for rotation about said axis and 
comprising a plurality of elongated, mutually parallel 
rotor members and end retaining means to secure said 
rotor members in evenly spaced relationship about and 
generally parallel to said axis, each rotor member hav 
ing a cross-section in the general form of a parallelogram 
with a longer diagonal thereof being aligned with the 
direction of the relative velocity between said fluid and 
said rotor member. 

5. The combination according to claim 4, in which the 
end retaining means comprise a pair of impeller rings 
having spokes formed as impeller blades respectively 
oriented to draw air and fluid into the space within the 
rotor members. 

6. The combination according to claim 4, with means 
to introduce said fluid to the space within the rotor. 

7. The combination according to claim 2, in which the 
cross-section of each rotor member is tapered to a point 
at both ends of the longer diagonal thereof. 
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