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* ? ? , … AGITATOR - - - 

Robert K.Multer R.F.D1?Colts Neck?NJ '07722 
FiledSept.23,1965?Ser No.489,632 * 

- 8 Claims (Cl.259-43) * 

This invention relatesto apparatus foragitatingaliquid 
mixture and more particularly to an impeller for such 
apparatus especialy suited for blending liquids and 
for mixing andsuspending particles and fuids inaliquid 
material and formaintainingsuch mixtures in a state of 
uniform dispersion. - - * 

Agreat variety of apparatus forthe agitation of liquids 
has been developed overthe years because this opera 
tion has been requiredin almost every industry Many 
kinds.continue inuse today but most have certainfea 
tures in common ? " ' ? ? - 

The liquids under agitation areusually driven by one 
ormore powered rotatingimpellers and the operationis 
usually carried outin a vessel with a circular cross-sec 
tion anda vertical axis. 
? Extensive engineeringliterature on the subject classifies 
the liquid agitating systems accordingto the type offlow 
developed by the impeller:rotational axial or radial. 
Among the oldest agitators are many rotational im 

peller systems The impellergenerally comprises one or 
more flat vertically-surfaced paddles radiating from a 
central drivingshaft which drives the liquidaround hori 
zontally Vertical and radial flow and liquid shear are 
minimal unless the basic designis modifiedwith station 
ary or contra-rotatingsurfaces insertedin the liquid flow 
path. ? - 

Probably todays most common agitator for smaller 
vessels is the vertical-shaft screw propeller system in 
which the liquidis driven downward in a narrow cylin 
dricalpath nearthe centralaxis ofthevessel Theflowis? 
diverted radially by the bottom of the vessel and then 
upward bythe wall ofthevessel eventuallytoreturn ra 
dially inward at the upper surface of the agitated liquid. 
This vertical and radial motion is generated only when 
rotation of the liquidis inhibited by stationary bafies or 
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counteracted by tilting of the impeller shaft sothat the 
axial flow from the propeller opposes the rotational flow. 

In larger vessels liquids are often agitated with hori 
'zontal-shaftscrew propellers which drive the liquid along 
straight approximately radial paths. Usually afterbeing 45 
driven across the bottom of the vessel the liquidis di?? 
verted upward and tangentially by the wall of the vessel, 
to returnacross the surface of the liquid and downward 
to the propeller. - 
The most common agitators forgenerating radial flow 50 

are the centrifugal type including blade turbines discs,? 
cones, cylinders etc which drive the liquid-outward by 
friction and centrifugal force near the bottom"of the 
'vessel whenrotatedrapidly onavertical shaft.The liquid 
is diverted upward by the wall eventually to return'in 
ward and downwardtotheimpeller Aswith thevertical 
shaft propellers vertical andradial flowdoes.not persist 
strongly unless rotation of the liquid is inhibited-bysta 
tionary bafles. * ? - ? ? * : *?* ? 

Anotherwell-known agitatorforgenerating radial fow 
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is the radialpropeller inwhich averticalshaft has hori-* 
zontal arms at the ends of which areflat vertical pump 
ing blades which are pitched so asto drive the liquidout 
ward The fow pathis likethatfor the centrifugalim 
pellers. ? ; .…." - ?. ? 

A good apparatu 
Set the entire mass of liquid in continuous motion, with 
a uniform distribution of velocity throughout The im 
"peller must be designed to generate the required mixing, 
dispersing and suspending action with minimum power 
consumption Foruniformityin the productandfor high 
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?le of production theimpeller-vesselsystemmustbe de 
Signed So that everywhere the'velocity shear and tur 
bulence are great enough to prevent separation of the 
components in the mixture The minimum.necessary ve 
locity shear and turbulence mustibeattainedeverywhere 
without thé necessity of generating excessive power 

?Wasting agitation anywhere ?? : ' : :?r 
"Advantagessoughtinan agitatordesigninclude ability 
to produce the desired mixture quicklyand to maintainit 
perpetually low power consumption durability ease of 
cleaning and machine maintenance feasibility of con 
Struction from a wide variety of materials?1ow cost of 
construction and flexibility in major operating variables 
Such astype of liquid and height of liquid in the vessel. 
My invention provides an improved balance of these 

advantages by impelling the liquidina different manner. 
My impeller drives the liquid upward adjacentto and 

paralleltothe wall ofthe vessel fromall pointsinanarea 
around the circumference of the bottom of the vessel, 
while sweeping closely over the remaining?area of-the 
"bottom The impelleris slow-turning dynamically-stable, 
lightin weight easily constructed eficientinuse of pow 
er and Versatile: * ??? ….”“ * : ; : ? 
* This impeller comprises any-numberofflat horizontal 
*arms that rotate in a single horizontal plane eacharm 
bearing.atits-outer end an-upward-pitched blade the 
whole being.supported and rotated by a single vertical 
shaftrat the axis of a cylindricalvessel. ? ???? 
?Two-blades onthe ends of a pair ofin-line arms are 

often adequate These would beinstalledascloseas pos 
sible to the bottom of the vessel, with the bladetips as 
rcloseas possible to the wall ??? ? : ? ? 
*? Additionalarms and blades may be placedin this-same 
1ylane Additional impellersets may beattached to?the 

"shaftat higher locations.? '' ° ; ". ." * r 
* Like conventional'agitators mine often.requires sta 
tionary bafles that inhibitrotation of the liquid ??? 
'The large diameter.of the impeller results in hightip 
Speeds at low rates of rotation The combination.of large 
diameterwithlow rates ofrotation producesgreatdynamic 
Stability The high tip Speeds make possible transfer of 

?largeramounts of energy to the liquidwithonly a slight 
rpitch to the blades:This low pitchangleyields high power 
eficiency andreduces.shock loads and damage to fragile 
solid particles. ? *?*?* *** ? ? ? 
* Outboard?bearings submergedin the.liquid areusually 
notneeded evenin very large systems. ? ?????? 
?In?the drawings FIG 1;isa side?elevational wiew in 
-section showinga typicalagitating systemincorporating 
myimpeller FIG 2isa planview of.a.double-blade im 
peler with apair ofin-line arms inatypicalimpeler 
vesselconfiguration includingoptionalbafeandbracing 
?FIG.3 is a fragmentarysideelevationalview of the 
impeller of FIG.2 including an optional brace. ? 
?FIG.4isanend.wiew of atypicalimpeller bladeand 
* FIG 5 issa fragmentary.side elevationalaview.in sec 

?tion showing a typical side-outlet drain mountedin the 
*Wal of a cylindricalvessel???:? ; **? 

FIG?6is aside eleyationalview insection?showingan 
example of an agitatingsystem?incorporating numerous 
?S6ts of blade-bearingarmsatwarious eleyations alongthe 
Shaft.”? ? ? ? ? ? ? ? : ; ?" ?:?? 
?.FIGS.7 8 and 9.are planviews showing three of the 
?many possible multi-blade?impeller designs.thatscan be 
employed whensatwo-bladeimpellerisinadequate ? 
? In FIG.1 theimpellershaft2issupported by bearings 
3 andadriven byra motorror motor-transmission.combina 
tion.4 througha power train=5 comprising-a V-beltwith 
sheaveS?Ora Set of gears or:other.suitable system.The 
impeller arm or arms 5.are attached to.the lower end-of 

  



3 
the shaft2?with the minimumfeasibleclearanceabovethe 
bottom of the vesse11.? - - ? ? 

The pitched tips orbladesatthe ends ofthesearmsare 
brought as close as feasible to the wall of the vessel. 
Dimensions of one or two inches for bottom and end 
clearance are typical but these may be Varied, 
One or more bafles 7 may be mounted rigidly inside 

the vessel with three orfourbeing typical.These bafes 
ordinarily should be setas close as possible to the bottom 
of the vessel and should usually extend upward to a 
height close to the liquid surface but notso high as to 
cause the liquid to splash over the vesselwall.An opening 
8 in the bafle is generally desirable to eliminate stagnant 
pockets and to preventsolid materialfromadheringto the 
wall and bafle Agoodwidth for the bafle in the radial 
direction is about one-third of the vessel radius but this, 
and allotherbafile dimensions and the numberand shape 
of bafies may be varied without changing the kind of 
agitationgenerated by my impeller. 
Thevessel1shownin FIG.1 is a conventional?vertical, 

cylindrical tank with diameterabout equal to the height. 
The dimensions of this vessel may be varied according 
to ordinary engineering practice which generally pre 
Scribes a diameter equal to between one-third and three 
times the height The advantages that derive from the 
use of my impeller and the agitating systems whichutilize 
my impeller aregenerally maintained regardless of varia 
tionsinsize and Shape of the vessel. 
When the impelleris rotated the liquid follows a path 

9 like that shown in FIG.1: rising near the wall radially 
inward at the surface?Sinking near the shaft and radially 
outward along the bottom.There may also be some rota 
tion of the liquid depending on the type of fluid the 
nature of the bafing the impeller Speed the depth of 
liquid and otherfactors. 

This pattern of liquid motion will not ordinarily change 
much in a well-proportioned System as the depth of 
liquid changes. Howeverin very flat shallow vessels or 
when the liquid levelis extremely low in any vessel the 
flow will not strictly follow the pattern shown; in these 
cases there will be an exceptional amount of turbulence, 
rotation, and centrifugal action because of the close 
proximity of the impeller arms to the liquid surface. 

Inverytall narrow vesselsit may be desirable to place 
additional impeller arms with blades at various heights 
along the shaft For most applications only one double 
bladed pair ofarmsis requiredatany level. 

In FIG.6, three sets of blade-bearingarms 12 areshown 
at various elevations along the Shaft2. 
For some applications as in vessels with very large 

diameters additional bladed arms in the Same horizontal 
plane may be desirable. 

In FIG.7 a three-blade impeHer set 13is shown In 
FIGS.8 and 9 are shown a four-bladeimpellerset14, and 
a six-blade impellerset 15 respectively In each of these 
three examples all of the blades and arms in a Set are in 
a Single plane. 

Itshould be emphasized thatmany ofthe benefits of my 
impeller and agitating system derive from the fact thatin 
most vessels with mostfluids and regardless of variations 60 
in operating depth only two blades on a pair of in-line 
arms are needed. 
FIG.2 shows how arm6, shaft2, and blades10 appear 

when typically installed in a vessel1 whichincludes one 
optional bafle 7 with a wall-side opening 8. Optional 
brace 11 is desirable for stiffening arms made of thin 
material.Two arms can be formed from a Single?flat Strip, 
with its narrow edge facingin the direction of motion; 
the blades 10 can then be formed by twisting or bending 
the outerextremities ofthe armsasshownin the drawings, 
orseparate blades can beattached. 

Bracing of the arms is desirable because this permits 
the use of thinner material not only reducingweight, but 
also reducing rotation of the liquid and improving the 
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viscous fluids at the bottom of the vessel. 
The particular brace 11shown alsoimproves the agita 

tion This brace is made from a fat strip approximately 
the Same in cross-section as the arm 6 The brace is 
twisted through 90°?so thatits inner end may be fastened 
to the Shaft in a vertical plane while its outer end may 
be fastenedin a horizontal plane to the arm 6 next to the 
blade 10.Iftwistedin the correct direction, the brace will 
impel liquid downward nearthe shaft during normal rota 
tion and will also generate some radial flow by centrif 
ugal action nearthe shaft. 
FIG 3 shows in detail a typical assembly of shaft 2? 

arm 6 blade 10, and twisted brace 11.The normal direc 
tion of rotation would betoward the viewer. 
FIG 4 shows an end view of an impeller blade 10 

formed by twistingan arm made of a flat strip The blade 
is bent upward so that the entire length of the armand 
blade may closely follow the flat bottom of atank.The 
pitch should normally be about10° to 15° from the hori 

20 Zontal butthiscan bevaried. 
In general the pitched blade of the impeller should 

extend over about the outer one-third of the radius of the 
vessel?The width of the flat side of the arm and blade 
can be about one-thirtieth of the vessel diameter. 

Rotational speed depends on the kind of agitation de 
sired the kind of fluid the size of the vessel and the 
exact impeller configuration among other variables I 
have found thata speed of about40 to 50 revolutions per 
minutegives good agitation of the aqueous dispersions in 
tanks whose diameters are 5to 7feet when all other pro 
portions are about as described in the foregoing. 

All of the dimensions proportions and Speeds described 
herein may be altered considerably without departing 
from the essential concept of this invention which is to 
use a simply-formed large-diameter rotating blade im 
peller pitched upward atits outer extremities so as to 
impart upward motion to a liquid from points near the 
bottom of the wall of a vertical cylindrical vessel for 
the chief purpose of mixing dispersing Suspending and 
otherwise agitating fiuids and fluid mixtures in vessels of 
all sizes. 
My impeller and agitating system have numerous ad 

vantages over previous designs which will afect the Way 
my invention will be used and will govern the specific 
details of its construction in actual applications. 
The impeller performs well in simply-built?flat-bot 

tomed tanks, with straight?vertical sides and plain?Sharp 
corners at the junction of wall with bottom. These tanks 
are usually the easiest and cheapest to build but con 
ventional agitators do not perform well in them Not 
only does my impelleragitate all parts ofsuch vessels but 
it also promotes enhanced drainage despite the lack of 
slope Furthermore well-mounted side-outlet drains may 
be used with my agitation system, eliminating the need 
for Supports which raise the tank above the floorto pro 
vide for the usual center-mounted drains. 
FIG 5 shows the tip of theimpeller blade heretofore 

described sweeping closely past the mouth of a typical 
side-outlet drain 16 so that the drainage from a flat 
bottomed vessel through such a drain is facilitated and 
made more complete than with otherimpeller designS. 

Despite its suitability for flat-bottomed vessels the 
impeller described here is easily modified to fit closely 
to a bottom of almost any shape. 
The simple shape of thisimpeller the lack of precision 

neededinitsfabrication andits dynamicallystableshape, 
make possible the construction ofunits of any size with 
out complex tools or highly skilled labor?using standard 
shapes of almost any construction material and applying 
protective coatings when required. 
The Tshape can beinserted through small openings in 

avessel or the arms can be attached to the shaft after 
both have been inserted separately into the vessel. 

Bearing and support requirements are not severe even 
effectiveness of the arms in cutting through Solids or 75 when shafts are long diameters large and power high, 
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Outboard bearings submergedin the liquid are notneeded. 
Power consumption is low, 
The impellergenerates such uniform motion through 

out the entire vessel, even while the speed is varied 
through a wide range thatthe degree ofagitationiseasily 
adjusted without sacrifice in completeness of agitation 
throughout the vessel. 

Because the impeller sweeps the entire bottom of the 
vessel, heavy materials cannot remain there undisturbed. 
Materials that settle are continually lifted fiuidized and 
carried radially to the blades for elevation. 

Since the liquid is initially placed in motion by being 
driven directly upward adjacent to the smooth side wall 
of the vessel?iteasily continues in motion all the way to 
the upper surface even in tall vessels. The fluid is not 
forced through right-angle turns before being lifted as 
itiswithotheragitators. 
Heavy materials which fall prematurely out of the 

rising stream are quickly relifted while well-suspended 
materials follow the longest possible path. 
Adhesion of suspended materialsto the vesselis mini 

mized because flow is largely directed parallel to Vessel 
surfaces rather than perpendicular as with conventional agitators. 
The impelleris uniquely efective when the depth of 

liquidis very low because centrifugal action drives most 
ofthe liquid to the outerrim, where the blades and bafes 
can function Splashing and foamingare minimized under 
such conditions because the arms are so close to the bot 
tom. Conventional agitators cease to function and may 
cause excessive splashing and foaming at very low levels, 
because they operate near the center of the vessel and 
usually not as close to the bottom as mine. 
The small cross-section of my impeller in the direc 

tion of motion helps reduce the size of large particles 
which are to be dispersed and reduces shock loads on the apparatus. 

This Small cross-section, and the sweeping action over 
the entire bottom, make my system effective in resuspend 
ing materials which have settled to the bottom as forin 
stance during a powerfailure Ifthe agitator hassuficient 
power to cut a path through the settled material?it will 
eventually redisperse it On the other hand ifit lacks 
such power but has been properly designed to with 
Stand the torque of its drive and Support apparatus it 
will not rotate and will not be damaged Most conven 
tional designs either will not re-disperse materials under 
Such conditons or else may be damaged during startup. 
The plain shape of the impeller with its smooth flat 

surfaces and a lack of undercuts promotes easycleaning, 
and minimizes adhesion of materials during use Close 
proximity of the bottom of the vessel minimizes buildup 
beneath theimpeller. 
The lowvelocity ofthe liquidatthe surface andits pre 

dominantly inward direction minimizes splashing when 
the vessel is full The lack of rotation also minimizes 
vortex action which can draw undesired air into the 
liquid but downward flow of liquid atthe centeris strong 
despite the absence ofvortex. 
The impeller cantolerate muchwearand damage with 

out lossinefectiveness. 
Power consumption declines as the liquid depth falls 

in any vessel So operating costs remain in proportion to 
the productive work performed and the degree of agita 
tion remainsfairlyconstant. 
A single piece of equipment can accommodate a wide 

variety offiuids and agitation requirements with no more 
than a change in speed Since the drive and bearing re 
quirements are so mild the system can be powered by 
V-belt and othersimple types of apparatus which permit 
easy Speed changes. 

Iclaim: 
1 An agitator for liquids comprising a vessel and an 

axial impeller suspended concentrically therein the im 
1}eller comprising a vertical rotatable shaft with two in 

5 

10 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

6 
line opposed arms carried radially by this shaft and an 
impeller blade afixed radially and substantially horizon 
tally to the outer end of each of these Supporting arms, 

(a) the veSSel being a right circular cylinder whose 
axis is vertical and whose bottom is flat and hori 
Zontal and 

(b) the length of each arm being abouttwo-thirds of 
the radius of the vessel each arm being made of a 
thin strip of flat material whose greater width lies 
in the horizontal plane of rotation and whose thick 
ness in the vertical direction is so Small that the 
hydraulic resistance in the direction of rotation is 
too Slight to generate Substantial rotary motion of 
the fluid under treatment and the plane of rotation 
of the arms being adjacent to the bottom of the 
vessel So that Sediment cannot accumulate to any 
significant depth beneath the rotating arms and 

(c) the length of each blade being about one-third 
of the radius of the vessel so that the outertips of 
the blades rotate in close proximity to the wall of 
the vessel the blades being made of flat material 
similarin shape to that of which the arms are made, 
with their thin leading edges rotating in the plane 
of the arms adjacent to the bottom of the vessel and 
with their trailing portions twisted upward behind 
a line connecting the leading outer corner of the 
blade with the trailing inner corner of the blade so 
.that the rearward Surface of the blade comprises an 
approximately triangular plane inclined upward at 
an angle of about 10° to 15° from the horizontal 
plane of rotation of the arms while the forward sur 
face of each blade comprises an approximately tri 
angular plane in the plane of rotation of the arms. 

2. The agitator of claim 1 wherein additionalidentical 
blades and arms are carried by the shaftin the horizontal 
plane of rotation adjacent to the bottom of the vessel. 

3. The agitator of claim 1 wherein additionalidentical 
sets of blades and arms are carried by the shaft in hori 
Zontal planes of rotation above the set of blades and arms 
described. 

4. The agitator of claim 1 wherein no foot bearingis 
employed to Stabilize the lower end of the Shaft in rela 
tiontothe bottom ofthevessel. 

5. The agitator of claim I wherein stationary vertical 
bafie Surfaces are mounted radially inside the wall of 
the Wessel. 

6. The agitator of claim 1?wherein a diagonal brace 
connects each arm-blade pair with the shaft the brace 
comprising a flat strip whose ends have beentwisted per 
Dendicular to each other?with a Smoothly-curvingsurface 
between the two ends and so afixed to theimpellerthat 
the widest surface ofthe brace is verticalatthe shaft and 
Horizontal where itjoins the arm at the junction of arm 
and blade and being twisted in Such direction that the 
brace has its downward-driving face in the forward di 
rection duringrotation oftheimpeller. 

7. The agitator of claim 1 wherein the rotational speed 
is about 40 to 50 revolutions per minute in vessels whose 
diametersare about5 to 7feet. 

8. The agitator of claim 1 wherein a side-outlet drain 
ismountedinthe wall ofthevessel. 
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