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Patented Oct. 5, 1948 2,450,802 

UNITED STATES PATENT of FICE 
2,450,802 
MXER, 

John Johnson, deceased, late of Morristown, N.J., 
by Ethel H. Johnson, executrix, Morristown, 
N. J., assignior to John E. Johnson, Morristown, 
N. J. 

Application November 15, 1944, Serial No. 563,500 
3 Claims. (C. 259-96) 

This invention relates to mixing apparatus of 
the general type in which a liquid circulating 
rotor having propeller or impeller blades, or both, 
so discharges the materials to be mixed against 
suitably arranged blades of a cooperating stator 
that a thorough commingling of the materials 
and also a substantially definite circulation 
thereof, both through the mixing apparatus and 
throughout the container in which the mixing 
apparatus is located, are brought about. Mixing 
apparatus of this general type is shown in prior 
patents of this inventor: No. 1,353,165, granted 
September 21, 1920; No. 1,354,489, granted Octo 
ber 5, 1920; No. 1,525,449, granted February 10, 
1925; No. 1,757,197, granted May 6, 1930; No. 
1768,956, granted July 1, 1930. 
In mixers of the general type disclosed in the 

prior patents above identified, the bladed rotor 
may comprise a liquid-impelling device of the 
propeller type or the blades of the rotor may be 
arranged in the manner of the blades of a tur 
bine or the blade arrangement may combine fea 
tures of both types of liquid circulators. 
A general object of the present invention is to 

provide an improved mixer, of the general type 
disclosed in the prior patents above identified, 
which is simpler and more compact in its con 
struction and which neverthless compares most 
favorably in efficiency with the more complicated 
mixers shown in the prior art. 
As will be seen from a study of the prior art, 

mixing apparatus of the general type to which 
this invention is directed has usually comprised 
a stator having its blades arranged about the 
rotor, immediately outside the periphery thereof. 
To insure direction of the liquid through the 
blades of the rotor and against and between the 
blades of the stator various types of flow directors 
have been employed in the mixers of the prior 
art. In some of these prior art mixers the flow 
director has been carried by the stator, in others 
it has been carried by the rotor and in some the 
flow director has been made in two parts, one part 
carried by the stator and the other part by the 
rotor. Whether or not the flow director be car 
ried by the stator, by the rotor or partly by each, 
it is important, in order to insure thorough 
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mixing, that the liquid, as it is discharged from 
the rotor, be thrown directly against the blades 
of the stator with a considerable force of impact. 
that its direction of movement be sharply changed 
by the blades of the stator and that it be not 
permitted merely to flow through the stator with 
out subsantial change in the interrelations of the 
relaterials to be mixed. . 

50 

2 
An important feature of the present invention 

is the construction and arrangement of the rotor 
and the stator of a mixer of the aforementioned 
general type in such manner not only that the 
entire assembly is much more compact and of 
considerably smaller Overal diameter than mixers 
of the prior art of the same capacity, but also 
that the liquid flow produced by the novel con 
struction and arrangement of the rotor and stator 
is so directed and controlled that the mixing 
action is fully as effective as in any of the mixers 
of the prior art and that, in most cases, it is 
more effective. 
Compactness of the mixer in one embodiment 

of the present invention is obtained by so in 
clining the liquid discharge edges of the rotor 
blades to the axis of its rotation that stator 
blades, having correspondingly inclined liquid 
receiving edges, may be placed substantially 
directly beneath or above the discharge edges of 
the rotor blades and immediately adjacent to 
their path of travel and thus directly receive the 
liquid discharged from the rotor in such manner 
as to obtain the full impact and direction chang 
ing effect desired. In this embodiment of the in 
vention the liquid flow is so directed through the 
mixer that the said inclined liquid discharge and 
receiving blade edges lie at substantially right 
angles to the flow of the liquid across them. 
In another embodiment of the invention com 

pactness is obtained by arranging the liquid re 
ceiving edges of stator blades directly below or 
above the liquid discharge edges of the rotor 
blades but in such manner that both said dis 
charge and receiving edges are substantially 
normal to the axis of rotation, the desired out 
Ward flow for return circulation being obtained 
either by directing the flow against the container 
bottom or by providing a conoidal flow director 
in the stator. - ". . 
As above suggested, the effectivenss of any Wet 

mixer depends upon the thoroughness with which 
it effects the commingling of the particles of the 
different materials to be mixed. This necessarily 
involves breaking up any tendency to full stream 
or bodily flow of the liquid or liquids and the 
setting up of numerous cross currents, local swirls, 
countercurrents, etc., in order to insure inter-: 
mingling of all parts of the materials to be mixed. 
To do this it is important not only to break up 
the stream entering the mixer into numerous 
Small streams or currents but also frequently to 
change abruptly the directions of movement of 
these small streams or currents in order to cause 

: them to cross and recross each other in all direc 
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tions and in all dimensions until there has been 
a thorough distribution of each constituent 
throughout the maSS. 

In the present invention the foregoing results 
are attained in a mixer in which the extreme of 
compactness is also attained by providing for an 
immediate, substantially three-dimensional ac 
tion upon the liquid as it passes from the rotor 
to the stator, without permitting any opportunity 
for any part of the liquid to lose its impetus or 
to move into a Zone in which it will not be sub 
jected to major disturbances. 
An important feature of the invention, there 

fore, is the combination with a rotor having liquid 
circulating blades shaped to effect a movement of 
the liquid lengthwise of the rotor axis, of a stator 
having blades the greater part of the liquid re 
ceiving edges of which are located substantially 
Within the coaxially projected perimeter of the 
path of travel of the liquid discharge edges of the 
rotor blades and are substantially immediately 
adjacent to and parallel to the surface generated 
by the rotation of the liquid discharge edges of 
the rotor blades. 
Another important feature, in one embodiment, 

of the invention, is the provision of a conoidal hub 
for the rotor to which the blades are attached and 
the provision of a cooperating shroud carried by 
said blades whereby an inclined flow of the liquid 
through the rotor is obtained. 
Other objects and important features of the 

invention to which reference has not specifically 
been made hereinabove will appear hereinafter 
When the following description and clairns are 
considered in connection with the accompanying 
drawings, in Which- - - 

Figure 1 is a composite sectional view through 
the rotor and stator elements of mixing apparatus 
embodying the present invention; 

Figure 2 is a plan view of the parts shown in i 
Figure 1; 
Figure 3 is a composite sectional view through 

a duplex mixer embodying the present invention; 
Figure 4 is a plan view of a modified rotor em 

bodying the present invention; . 
- Figure 5 is a section similar to Figure show 
ing a slight modification of the mixing apparatus 
shown in Figure 1. 

Figure 6 shows still another modification of the 
rotor construction in which the liquid circulating 
blades of the rotor have the greater parts of their 
effective surfaces shaped to produce a screw 
propeller effect but have their discharge edges so 
bent as to increase the centrifugal component of 
the force imparted to the liquid by the rotor; 

Figure 7 shows a modification of the rotor in 
which the outer ends of the propeller blades are 
bent forward to prevent centrifugal force from 
forcing the liquid off the periphery of the rotor, 
thus permitting its use without a shroud or other 
flow director. This construction also tends to in 
crease the overall whirling motion of the propelled 
liquid; - 

Figure 8 shows in section other means for in 
creasing the whirling motion of the propelled li 
quid; and - 

Figure 9 shows insection still other means for 
increasing the whirling motion of the propelled 
liquid. - 

In the illustrative embodiment of the invention 
the mixing apparatus is shown as located in a 
tank 2 or other container in which the materials 
to be mixed, including one or more liquids, are 
contained. The stator 4 of the mixer may be at 
tached to the tank bottom or secured in its con 
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4. 
centric relation to the rotor 6 in any other suit 
able manner. To avoid bearings exposed to the 
tank contents the rotor 6 is preferably carried 
on a shaft 8 which has its bearings O outside the 
tank and which may be driven by an electric 
motor 2 or other suitable driving means. 
As shown in Figure 1, the rotor 6 of the mixing 

unit comprises a hub 4 to which the liquid cir 
culating blades 6 are attached, the hub shown in 
Figure 1 of the drawings being of substantially 
conoidal shape so that it tends to direct the flow 
of the liquid downwardly and outwardly, that is, 
at an inclination to the axis of rotation. 
As shown in Figure 1, the blades of the rotor 

are of the screw propeller type and tend to effect 
a circulation of the liquid lengthwise of the axis of 
rotation except as this circulation is modified by 
the novel blade shape, by the hub 4, and by the 
shroud 8 supported upon the outer ends of the 
blades 6 and having an inner conoidal surface 
which cooperates with the hub 4 to combine and 
direct the flow of the liquid through the rotor 6. 

it will be seen that the discharge edge of each 
blade of the rotor shown in Figure 1 is inclined 
to the axis of rotation of the rotor, the illustrated 
inclination being Such that the discharge edges 
of the blades 6 are substantially perpendicular 
to the surface of the hub 4. This construction 
and arrangement of the blades 6 of the rotor 6 
has the practical advantage that it permits the 
location of the stator blades 20 with their liquid 
receiving edges beneath and substantially entirely 
within the periphery of the path of travel of the 
discharge edges of the rotor blades 6. This re 

5 duces very materially the overall diameter of the 
mixing unit without in any way impairing its 
efficiency. 
By so constructing the blades of the stator that 

their liquid receiving edges are substantially in 
mediately adjacent to and parallel to the surface 
generated by the rotation of the discharge edges 
of the rotor blade 6 the full impact and direction 
changing effect upon the liquid discharged from 
the rotor, which is desired for thorough mixing, 
is obtained. It will further be seen, from a study 
of Figure 1, that, with the direction of discharge 
produced both by the inclined propeller blades 6, 
and by the flow-directing hub i4 and the coop 
erating shroud 8, the discharge edges of the 
blades 6 cut across the stream in directions per 
pendicular to this direction of discharge flow and 
thus insure the maximum mixing effect in a 
mixer of substantially minimum overall diameter 
and of substantially minimum overall height. 
In the composite sections shown in Figures 1 

and 3, which show at the right one form of rotor 
shroud and stator and at the left a modified form 
of rotor shroud and stator, it will be seen that with 
a shroud 8, such as shown at the right, which ex 
tends over the lateral or outside edges of the sta 
tor blades 20, a very positive direction of flow of 
the liquid through the stator, as well as through 
the rotor, can be insured. In such a case rela 
tively narrow stator blades have been found to be 
efficient. In the form shown at the left the 
shroud 8' is shown as not extending beyond the 
discharge edge of the blade 6. In such cases it is 
sometimes advantageous to use the wider form of 
stator blade 20 shown at the left of Figures 1 
and 2. 
In Figure 3 of the drawings, the invention is 

shown as embodied in a duplex mixer in which 
two rotors 6 such as shown in Figure i are ar 
ranged upon a common shaft 8 with the bases of 
the conoidal hubs i4 in abutting relation to each 
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other, the rotor construction being substantially 
identical with that shown in Figure 1. The 
stator construction, however, is modified so that 
the stater may be supported at a point above-the 
bottom of the tank in which the mixer is located, 
each rotor having cooperating stator blades ar 
ranged substantially in the same relation thereto 
as the stator blades of Figure it. In the duplex 
mixer shown in Figure 3 the blades are connected 
to a flow-directing ring 22 which may be so shaped 
in cross section, if desired, as to insure separation 
of the streams coming from the two rotors into 
upWardly directed and downwardly directed 
streams. As shown in Figure 3, the duplicate 
stators are supported by rods 24 connected in any 
suitable manner to the supporting ring 22 and 
extending to the sides of the container. 
In Figure 4 is shown a modification of the rotor 

illustrated in Figures 1 and 2. In the rotor shown 
in Figure 4 additional circulating blades are pro 
vided to increase the circulating effect of the rotor 
but it has been found advantageous not to extend 
these blades to the hub 4 thereby avoiding the 
close spacing of the blades and consequent inter 
ference with free flow which Would result at the 
hub. These additional blades 26 are, therefore, 
shown as carried by the shroud 8. 

In the modification of the rotor shown in 
Figure 5, an ordinary hub 28 has been substituted 
for the conoidal hub of Figure 1, thus permitting 
Some cross circulation of the liquid beneath the 
rotor and preventing any chance of the formation 
of a dead spot at this point when the hub is spaced 
from the container bottom. The angle flow of 
Figure 1 is still obtained by reason of the conoidal 
shape of the inner surface of the shroud 8 and 
the inclination of the discharge edges of the rotor 
blades 6. 

In the modified form of the rotor construction 
shown in Figure 6 of the drawings, the rotor 
blades 40 are carried upon a hub 42 in the same 
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manner as the blades of the rotor shown in 
Figure 5, but at their lower ends the blades 40, 
which are of the screw propeller type, are curved 
downwardly, as shown, from the point 44 to the 
point 46. This curving of each of the blades 40 
changes the lower part of the blade from a pro 
peller type to a centrifugal impeller type and thus 
tends to increase the centrifugal component of 
the liquid circulating action of the propeller, thus 
driving the liquid as it is discharged from the 
lower edges of the blades 40 substantially directly 
out toward the blades 48 of the stator of the mixer 
shown in Figure 6. 

In the modified rotor construction shown in 
Figure 7 two objects are attained-first, the 
possibility of securing suitable direction of the 
liquid flow through the rotor without the use 
of a shroud or other flow directing means and, 
Secondly, the construction of the rotor in such 
manner that it increases the whirling motion of 
the liquid as it is propelled by the rotor. As 
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shown in Figure 7, the peripheral margins of the 
propeller blades 50 of the rotor there shown are 
curved forward, this curved forward part extend 
ing from 52 to 54 across the blade and modify 
ing the screw form of the propeller to that extent. 
The propeller, as shown, may be used with a stator 
4 such as shown in Figure 1. 
In Figures 8 and 9 there are shown other means 

for increasing the whirling motion of the pro 
pelled liquid. By setting up a whirl in the liquid 
on its way to the propelling rotor it is possible 
to drive the same rotor at higher speed without. 
either causing it to propel the liquid too rapidly 
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6 - 
or needlessly tising lip. energy in. Overcerning the 
resistance of the liquid. Fhis, permits direct coas’ 
nection of the rotor to the driving notor goat. 
least use of a reduction gear having a lower Speed. 
ratio. As shown in Figure8, there is placed above. 
or at the entrance to the rotor a flow directer 
comprising an annular guide ring 56 having yarae 
like blades. 58 extending halfway to the rotor 
shaft. The guide: ring 56 Gaay have its inner star 
face of cohoidal contor and may, as shown in 
Figure 8, extend also over the stator 64. As also 
shown in Figure 8, the rotor 66 may be of the 
form shown in Figure 6. In Figure 9 the vane-like 
blades 59 extend to a central hub portion 60 which 
serves as a bearing for the rotor shaft 8. 

In each of the illustrative embodiments of the 
invention it will be noted that the liquid-receiv 
ing edges of the blades 20 of the stator 4 are 
substantially immediately adjacent to the liquid 
discharge edges of the blades 6 of the rotor 6. 
The slight spacing between these edges will vary 
somewhat with the viscosity of the liquid con 
stituents of the materials to be mixed. If the 
liquid constituent or constituents of the materials 
to be mixed be quite fluid, so that the resistance 
to shearing is small, it is obviously advantageous 
to bring these edges as close together as possible 
to insure the most effective mixing action. 
Although Figure 6 shows merely one form of 

rotor blade for increasing the centrifugal action 
in a rotor of the propeller type, it will be under 
stood that the invention is not limited to the 
particular change in the shape of the blade there 
shown nor to a bend on the discharge edge of the 
blade. 
What is claimed as new is: 
1. In a mixer, the combination with a rotor 

having liquid circulating blades the discharge 
edges of which are inclined to the axis of rota 
tion of said rotor, of stator blades having inclined 
receiving edges which are parallel to and imme 
diately adjacent to the path of travel of said rotor 
blade discharge edges and the greater part of 
Which are located substantially within the co 
axially projected perimeter of said path of travel, 
the coaxial overlap of the rotor and stator blades 
being such that at least 30 percent of the active 
liquid circulating part of the rotor is surrounded 
by the stator and a flow directing shroud being 
carried by the rotor blades. 

2. In a mixer, the combination with a rotor 
having liquid circulating blades the discharge 
edges of which are inclined to the axis of rotation 
of said rotor, of stator blades having inclined 
receiving edges which are parallel to and imme 
diately adjacent to the path of travel of said 
rotor blade discharge edges and the greater part 
of which are located substantially within the co 
axially projected perimeter of said path of travel, 
the coaxial overlap of the rotor and stator blades 
being such that at least 30 percent of the active 
liquid circulating part of the rotor is surrounded 
by the stator and a flow directing conoid con 
stituting the hub of the rotor and carrying the 
blades, said blades extending radially and having 
Substantially straight discharge edges which are 
substantially perpendicular to the conoidal sur 
face of the hub. 

3. In a mixer of the type in which a bladed 
rotor and a bladed stator cooperate to effect an 
agitation and commingling of the liquid and any 
other contents of a container in which said mixer 
is located, the combination with a rotor having 
liquid circulating blades shaped to effect a move 
ment of the liquid lengthwise of said rotor axis, 
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of a stator having blades the greater part of the . . . . - 
liquid receiving edges of which are located sub- UNITED STATES PATENTs . . . . . . . 
stantially within the coaxially projected perimeter Number Name Date . . 
of the path of travel of the liquid discharge edges 1,762,950 Beers ------------- June 10, 1930 
of said rotor blades and are substantially imme- 5 1,768,928 Peters -------------- July 1, 1930 
diately adjacent to and parallel to the surface 1,816,562 Beers -------------- July 28, 1931 
generated by the rotation of the said liquid dis- 1976,955 MacLean. --------- Oct. 16, 1934 
charge edges of said rotor blades, the rotor being 
provided with a flow directing shroud. FOREIGN PATENTS 

. ETHEL.H. JOHNSON, 10 Number Country . . . Date. 
Eacecutriac of the Estate of John Johnson, De- 86,592 Sermany.---------- Apr. 20, 1896 

ceased. . . . . . 517,797 Great Britain ------- Feb. 8, 1940 
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