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IMPELLER ARSEMBLY WITH
ASYMMETRIC CONCAVE BLADES

BACKGROIND

The present invention relates 1o Gevices and methods for
dizpersing paces in fluids and, more particularly, to impeller
assemblies for use In vessels b mix gases with fluids.

It is coften desired Lo min & gay in & Tudd o efect
dispersement of the gas tuoughout e fiuid, Gas-fluid
miking operations are often vtilized in a vadety of oxygen-
ative and hydrogenaiion processes, as well as fermentaifon
operations. Ope conventionat melod of dispersing a gas
into a fluid in a vessal utilizes an impeller immerzed in the
fluid for dispersing the gas. and a gas sparger for introducing
gha bbbles ftito the fluid, Typically, the ftnpeller includes 3
Plurality of blades mounted on 4 hafzontyUy-oriented disk-
shaped rotor member which, in taen. is movnted on a shaft,
A varicty of blade chapes may be used in conjunction with
such an impeller, including fiat plates, solid wedge-shaped
clements, or hollow concave Tades.

In opergtion, the impeller is rolated in 4 horizonisl plane
while a sparger releases gar abbles inta the fluid Lelow fie
impeller, The matating impeller blades act upon the sumousd-
img fHiwid and the rising gas bubbles contained thereln,
redirvcting the fled snd bubbles in & radial dircetion,
thereby effecting mixing and dispersement of the gas in the
fnid,

The usc of flat plates as impeller blades in the aforemen-
tioned apparames results o gas filied cavites formlng adia-
cent to the traiiing fave of the blades durieg operation, This
pheromenet cansss the power draw of the irapetler to drogy
which indicates that the pumping rate or capacity of the
impeller has decreased. & aresult, the gas is not completcly
dispersed tuoughour the Buid, botlostead sinply rses 1o e
fuid surface. Thiz sitvation is fetmed “Oooded,” and is
detrimental o mass wansfer benseen the fluid and gas. Eyvery
ionpeller, rotativg at a given speed, has a flooding point at
which the amount of gas infroduced into the Liquid is so great
that the impeller cannat disperse the gas in the fluid satis-
tactorily.

Coocave blades {oricnted such that the concavity faces
forward) are used to counter this effect, sinee they reduce the
size of the cavitics formicd behind the blades, and thereby
increase the power draw. The effect of the gas-filled cavities
15 alse redliced by further increasing the cwrvalure of the
blades to produce a “decper™ blade profile. Such a Glade
contour also increases power deaw when gas s preszot

Howrever, there 15 4 heed to maxdwize the effectvencss of
such an impeller jn dispersing gas in a fiuid o break up the
rising gas buhbles, Accordingly. there exists a need tor an
impeller assembly for dispersing a gas in 4 fuid with a high
gassed power draw, 4 minimal effect of gas-filled cavities,
while yiclditg high mixing efficicncics without the impeller
being flooded.

SUMMARY OF THE INVENTION

The prezent invention iz an impeller assembly for dis-
persing gof inteduesd into a Huid-filled vessel, which hag a
high gasscd power draw, causes minimal cavitation behind
the blades, and provides effective, thorough disperserent of
the gar throughout Gie fivid, In addition, the impeller assetn-
bly has a much higher flooding point than prier art impellers
of comparable size and specd. i

i partieilar, the impeller assembly of the present invens
tior utilizes concave inpelier blades which are asymmetic
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1 that they {nelude a upper pottion overhang to capice abd
disp=rse rising gas bubhles in a fAuid. Since the Aow of rising
pas bubbles in a Auid is perpendiculas to the plane of
impeller rotation, fhe present invention accounts for such

5 asymumetties in the gas flow by providing an ovethsng to

capture and disperse gas bubbles that wonld rize undisparsed
through a conventional concave impeiler.

As aresolt, the impeller sssembly of the present iavention
provides high mixing effiviencies. In additton, the overhang
shape enables the impeller assembly of the present invention
1o accommodale greater amounts of gas without Noading,

In 4 preforred embodiment of the bopeller assembly of the
present ipvention, an impeller having a disk member
tnelodes  plurality of genetally adinlly estending blades
mounted a and spaced svenly ebout the circumference of
the disk member, Bach of the blades includes diveczing
upper and lower shect-like portions having generally radi-
ally cxtending lcading edges. The wpper and lower portions
are jolned to form a generally V-shaped cross- section with a
trafling vertex. The width of the upper portion of each blade
s greater than the widih of the lower portdon of the blade
such that the upper portion leading edpe exlends foraardly
of the lower portion leading cdge. thus producing the upper
purtion overhang.

The Dopeller assembly further prefevably comprises a
drive assembly for rotating the impeller such that the upper
portion segment catches and disperse: the rising gas
bubbles. Adso in the prefemed embodiment, the upper and
Tower pottion: extend from the verles such thel & distunce
from a peint on the uppor portion to a plane of the disk
member Is substantially equal to a distance to the disk
meguber plave of 8 corresponding poimt on the lower portion
such that dhe upper and lower portions diverge uniformily
reiative 1o the plane,

Accerdingly, it is an object of the present invcntion fo
provide an lrapebler asserably for disparsing a gas inbodieced
ioes a uid-filled wessel which produces a high ratie of
gassed to unpassod power draw and relatively small gas-
filled cavities; an impeller assembly which is relatively
robwst, an impeller asserpbly which is relmively easy 10
maintaip; and an impeller assembly which provides
cifective, cfficicnt, and complete dispersement of a gas
spacged into a Hawid,

These apd other chjects and advapmages of the present
invention will be more fully understood and appreciated by
reference to the following deccription, the accompanying
drawings and the appended claims.

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 i a perspective view of a prefemed embodiment of
the impeller assembly of the present imvention;

FIG. 2 iz & detail side elevation in section of an impeller
blade of the assembly of FIG. 1, and

FIG. 3 is 2 pepspecilye view of the impeller assembly of
F1G. 1 shown in a cylindrical vessel, the vessel shown in
gection,

DETATLED DESCEIPTION

As showrn in FIGS. 1 and 3. a preferred embodiment of the
impeller assembly of the present invendon, generally des-
ignated £0, includes an impeller 12, comprised of a disk
member 14 and a pluralifty of generally radiatly extending
blades 16, and a drive member 17 (see FIG. 3). With
roference o FIGS. 1 and 2, the blades 146 include diverging
uppzr and lower sheet-like portions 185, 20, Tach of the
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portions I8, 20 has 2 generally ralially extending leading
cdge 22, 23, The upper and Lower portions 18, 20 are joined
to form a genecally V-shaped cross scction with a tralling
vertex 24, The blades 146 are preferably penerally parabolic
in cross scclioh (3¢ FIG. 2), and the vertex 24 is preferably
curved. As shown in FIG. 2. the upper and lower postlons 18,
20 arc angled so that they diverge from the planc A of the
disk member approximately symmetically.

The width of thc vpper poetion 18 of the blades 16
(represented hy dimension B is greater dhan the width of the
[ower portion M (represented by dimemsion C).
Consequendy, the leading cdge 22 cxicnds in front of the
[eading edge 23, creating an overhang 25. The overhang 25
captures risiug gas bubbles 34 and thereby prorootes their
disparsion. The aptimal blade design utilizes a configuration
whetein the overhang 25 represents about 15-50% of the
width B of the upper portion 18. Morc preferably. the
ovethang 25 represcats about 25% of the width B, The
impelier blade 16 further has a heighd dimension D. The
height-to-width ratio (Le. D:B) of the blades 16 of the
present trvention optimally is in the ranpge of about 0.5:5 1o
L.5:1, with 1:1 being prefeived.

Ay shovwn in FIGS. 1 and 3, the impeller 12 preferably has
gix blades 16 mounted on the disk member 14, The impeller
12 may have other nurmbers of blades, ranging from 4 1o 12
blades. without departlitg from the seops of the invention.
The bladee 16 are preferably evenly spaccd citeutthferen-
tially about the disk member 14, and preferably arc attached
Lo the disk member 14 at their vericss 24, Preferably. the
blades 16 sre potehed to recaive the disk member 14, The
tatio of the radius of e disk member 14 to the radius of the
impeller 16 optimally s in the range of sboat. (.5 1 0.8, with
0.53 being prefermed.

The impeller assembly 10 further includes a hub 26 for
mounting the assembly oo a shaft 28 The shaft 28 is
atlached to a drive motar 29, sa that the drive motor 29 and
shaft 28 comprisc the ddwve assentbly I7. The impsler
assemibly 10 preferably is rotated in a substantially horizon-
tal planc such thaf the vertex 24 tails the leading edges 22,
23 of the bladezs 16,

As shown in N A, the impeller asserbly 10 is utilized
with a vessel 30 filled with a Huid 31. 'The fluid 31 may be
a sloey, a liguid, or 2 mixture of Liquids. Substantially
cylindrical vessels 3 are preferred, buk other shapes. such as
rectanguiar vesscls Of other shapes in ¢levation, may be uscd
it accordance with the present invention. The impeller
assemibly and vessel are selected such that the ratlo of
impeller diameter b the vessel diametcs is optimally in the
range: of about 0.2 to 0.6, with 0.4 being preferred. The
impelter assembly 10 is wubmersed du the fluid 31, and is
peeferably located mear the bottora of the vessel 30, The
impellsr assebiy 19 is located such thal the shaft 28 is
generally vertically ogisuted and centered in the vessel 30,
The assembly 14 is suspended above a gas sparger 32, which
is conneoled W i source of gas under pressure (oot shown)
and releases the gas to be mixed into the fluid as gas bubbley
.
The disk member 14 may be of varions goometric
configurations, can be of other shapes in elevation, or may
include cut-outs o spoltes of various shapes without depari-
ing from the scope of the iovention, The disk menber 14
preferably has a thickness less than its radius. The impeller
asscmbly 16 15 preferably constructed of stainless steel o
ather non-comosive materials, such a3 titanimm, but may be
construcied of less durable materials, such as carbon st=el.

‘[he present ioveation further provides for an Unpeller as
desctibed above wherein the upper portion IR and Jower
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portion 20 upiformly diverge from the vertex 24 with respasct
1o the disk wmember plane A. The distance fremn each polnt on
the upper porton 18 to the sk member plane A is substan-
tially equal Lo the distance fiom a comesponding point oo the
[ower partion 20 to the disk member plane A, Fer Mystrative
pumoses, upper point 80 on upper portion 18, and its
correspending point, lower point 51, are shown [n FIG. 2.
Linc F iz & line perpendicukar to the disk plane A and passing
thruugh upper point 50. Lower point 51 {3 loceted ot the
point where line Fointersects the lower portion 20, The
distance from fhe plane of the disk member A to npper point
&0 s shown as distance 1i. The distance from lower poial 51
to the disk member plane A is shown as distance E'. In
socordance with the prescot invention, the distance 15 is
substantially equal W the distance B, Thig relation holds wue
for all points on the upper partion 18 and their comesponding
puints on the lower parton 20.

The opetation of the impeler assembly 1§ is 5 follosws,
In order 10 ¢ffect mixing of gar M with the liquid 31, the
impeller assembly 10 is rotated in a Tiorizontal plane while
the sperger 32 releaser gas into the fluid below the lnpedler
The drive momber 17 rotates the imgpeller 10 such that blades
16 acr upon the rurrounding fluid 31 and the rising gas
bubbles 34 cootalued therein, redirecting the fuid and
buihlas in a radish direction, This aetion further breaks up
the bubbles 34 1n the fluid 31, When the impeller assemibly
10 has sefficient rotatiomal speed. the gas bubbles may
recivetiste below the impeller asscmbly 190 Release of the
gas bubbles M by the spatger 32 and rotution of the
assembly 1 may continue for as long a8 mixing ir desired.

While the forms of apparatus herein descrlbed constitute
a prefermed embodiment of the Invention, il is o be uhder-
stood that the prescat fovention §s aot Hmited tothese precisc
forms and that clianges may be made therein without depart-
ing from the scope of the invention.

What 13 claitned is:

1. An impeller assenbly for agitating a Buid contuined in
u wessel and dispersing a gas introduced therein, the iapeller
asrembly comprising:

an impcller including a plucelity of generaBy radially

extending blades. each of sadd blades inclnding diverg-
ing upper and lower sheei-like portions havieg genar-
ally radially extending leading edges. said upper and
Jower portions being joined to form s generally
V-shaped cross-section with a rrailing veriex, and
wheigin a width of said upper partion is grester than a
width of said lower portion such that sald upper portion
leading edge extends forwardly ol said lower portion
leading edge. whereby & segment of said npper portion
overhangy said lower portion; and

1 drive assembly for rotating said impeller such thot said

upper portlon segment catches rising gas bubbles 50
fhat said impcller disperses said gas bubbles in a
generally radial dircction.

2. The impeller sssembly ot Claim ¥ funther comprisiag 4
disk menmiber haviog o thickness Jess than a radius thereol,
saidd vadlally extending blades being tmounted on and ci-
comferentially aranged about sald Jisk member,

3. The Iopeller assembly of claim 2 wherein said vertex
is rounded in cross section.

4. The iropeltler asserobly of claim 3 wherein said upper
and loveer portions of each gaid blade are aranged such that
2 perothtage of said width of said upper poiion extends
torwardly of said lower portion leading edge. said perccnl-
age belng in the range of about 15% Lo 50%.

5. The Impsller ssrembly of claim 4 wherein each of said
Ilades is attached to gadd disk member at said wertex,
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i 'I'he impeller assembly of claim § finther comprising a
hub for mounting said impeller assembly o a shaft.

7. The impeller assenibly of claim 6 wheraln sald Mades
are evenly spaced citcomferentially on said disk menber,

8. A mixing systemn for agitating a ftuid and dispersing a
gas inroduced therein comprising

at impeller imclwling s plurality of generally radially

extending Mlades, each of said blades including diverg-
ing upper and lower shect-like portions having gemer-
ally radially extending leading edges, said upper and
lower portions being joined w form a generzally
V-shapad cross-sectfon with & trafling vertex, und
whersin 4 width of said upper portion Is greater than a
width of said lower portion such that said upper pottion
lewding edpe extends forwardly of said lower porton
leading edge whereby a segment of said upper portion
overhangs said Jower portion: and

a drive assernbly for rofading said irpeller such that said

upper portion scgment catches rising gas bobbles s¢
that said 1 cr disperscs said gas bubbles in a
generally radial direction: and

a generally cylindrical wvessel, said impelier being con-

trafly radially arcanged i said vessel,

% The impeller asserbly of claim 2 wherein the mtio of
said disk member radiog 1o said impeller radivs 1 in the
range of abouk §.5 (0 (.8,

10 The impelier assembly of claint @ wherein each of said
blades hae & height-to-wikth ratie of between 0.5:1 and
L5:L

11. ‘The impeller assembly of clain 18 wherein sach of
said hladgs has a Fieight-to-width ratio of aboul 1:1,

12. The fopeller asscmbly of claim § wherein said
impelles his betoveen 4 und 12 generally redially extending
blades,

13. The impeller assembly of claim 12 whercin said
impelier assembly has 6 gonerally radinlly extending blades.

14. The impeller assembly of claim 1 wherein each of said
blades hias 8 generally concave shape in cross section,

15, The impelier aksembly of claitn 1 wherein said upper
and tower portions ae angled po diverge from 8 plane of sadd
disk member syincnetically.

16. The impeller assembly of claim 14 wherein said
gencially concave shape is gencrally parabolic.

I7. The impeller sssembly of claim 1 wherein said
impcller azeembly is fabricated from reajnless stee],

t8. An mpelier for apitating a fluid couained in a vessel
and dispersing a gas introdoced therein, the impsller com-
prising a plurality of generally radially extending blades,
each of sald blades inclodiop upper and lower sheet-like
portions havisg generally radially extending leading edges
and joied 1o form a generally V-shaped cross-seetion with
a trailing vertex, said upper and lower portions extending
from said vertex such that o distance from 3 podnt on cald
upper portion to a plane of safd disk member i substantially
equal to 4 distabce o said plane of a comesponding point on
said lower portion such that said upper and lower portions
diverpe uniformly relative to said plane, and wherein a width
of said upper portion is greater thes o width of said lower
portion such that said upper portion leading edge extends
forwardly of said lower portion leading edge, whersby a
seyment of sald upper portion overhangs said lower portion
such that rotation of said impeller canses said upper portion
segrment to catch dsing gas bubbles so that said impeller
disperses said gas bubbles in a generally radial dircction.

19 The mpeller of claim 18 further comprlsing a disk
member having a thickmess tess than a radius thercof, said
generally radiafly extending Blades being mounted o and
civeumferentially spaced about said disk member,
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26, The impeller of claim 1Y wherein said vertex is
rounded in cross section.

21 The imapeller of claim 24t wherein said upper and lower
pewtions are angled ta diverge from a plane of said disk
member sy mmctrically.

22. The impeller of elaim 21 wherein said upper and lower
pantions of each said blade are arramged such that a pezcend-
age of said width of said upper portion extends forwardly of
said lower portion leading edge. said percentage being in the
tange of gboot 15% to 505,

23. The Impeller of clalm 22 wherein cach of said blades
is attached to said disk member at sajd vertex,

24, The impeller of claim 23 further oormprising a hub for
mounting said impefler o a shaft.

25. The impeller of cluim 24 wherein vaid blades are
evenly spaced circumferentially on said disk member,

26, The impeller of claim 25 wherein the ratdo of said disk
metmber radiuy (o said impeller radivs is in the range of
about 0.5 ko 0.8,

27. The impeller of claim 26 wherein cach of said blades
has a height-to-width cetio of between (0.5:1 and 1.5:1.

28, The impeller of cladm 27 whereln cach of sald Blades
has a haight-to-width ratio of about 1:1.

29. The impelicr of clairs 2& whercin said impeller has
between 4 and 12 generally radially extemdiog blades,

30. The impeller of clajm 28 wherein raid mpeller has 6
generally radially extending biades.

3. The impeller of claim M wherein cach of said blades
has a geverally concave shape in cioss section.

32.The fpeller of claim 31 whereln said upper and lower
partions are angied to diverge from a plane of said disk
meber symmetricaily.

33 The fmpeller of claim 32 wherein said generaily
eoncave shape I3 peaerally parabolic,

34. The impeller of claim 33 wherein seid impeller is
fabricated from stainless steel.

35, A method for agitating « fluid contsined in & vessel and
dispersing a gas introduced therein, the method comprising
the steps oft

sclecting an impeller asspwbly incloding an impeller

having & pluralily of peoerally radially extending
blades. cach of said blades including diverging upper
and lower sheet-like portions having generally radialty
extending leading edpes and joined to fonm & peocratly
V-shaped ooss-cection wwith a mailing vertex, and
whetein & widt of said upper partion is greater than a
width of said lower portion such that said upper portion
leading edge extends forwardly of said lower portion
leading edge, wherebwy a sepment of said upper portion
overtiangs said fower portion, and a drive assembly for
rotating eaid impeller such thal said upper portion
segment catches rising gas bubbles so that said impeller
disperses said gas buhbles in & gencrally redial ditec-
Lo,

placing said impeller assembly in & vessel;

filling sadd wessel with o fluld to be agltated;

rotating seid impeller assembly in said fuid; and

introducing & gas to be dispersed into said veskel,

3é. The method of claim 3% wherein said impeller avsem-
bly rotating step includes the steps of:

initially mounting a shaft oo said impeller assembly; and

subscquendy rotating said shaft, thereby causing said

impoller asscmbly to be rotated.

37, The method of clalm 36 wherein said shaft movnting
step inclndes the step of arienting the shaft to be substan-
tially verticalin sald veasel such that sadd tmpeller ossembly
rotates: io a substantiadly horizoatal plane,
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38, The method of claim 35 whereln gaid Dnpeller assam-
bly placing step includes the step of sclocting a wessel which
is substantially cylindzical in shape having a central axis
belng substantially vertically ofieated.

34, The method of cleim 35 wherein said impoller assem-
bly placing step includes the step of positioning said impel-
ler assembly near or af & bottorn of said vesssl.

40, The method of claim 38 wherein said gas inboducing
step inclides the step of introduciag said gas nto said vesscl
at a location below said impelicr asscmbly.

41. The method of cJaim 35 wherein sadd impeller assen-
bly selecting step includizs the step of selecting an impeller
assembly having 4 disk member with a thickness less than a
radius thereof, wherein sald radially-extending blades are
mounted on and circumnferentially spaced sbout said disk
member.

42 The method of claim 35 whersin said impelier assein-
bly seleeting step includes the step of selecting an impeiler
apsembly wherein said vertex is rounded im cross section,

43 The methoed of clain 35 wherein sald inpeller assem-
bly selecting step includes the step of sefecting an impeller
assembly wherein said upper and lower portions of each said
blade ave arranged such that & percentage of said widh of
said upper portion extends forwandly af said Inwer portion
leading vdge, sald percentage being in the tdtge of ahout
1586 1o 50

#4. The method of claim 41 whereln gaid impelier assem-
bly selecting step includes the step of selecting an impella
assembly wherein each of said blades is attached to said disk
membet at said vertex,

45, The rmethod of claira 36 wheredn 5aid impeller assem-
bly sclecting sicp includes the step of selecting an impellar
sssembly wherein said impeller assembly further comnprises
a hub far mounting said impeller asserably to said shaft.

46, The method of claim 44 wherein said impeller assem-
bly selecting step includes the slep of relecting an impeller
assentbly wheredn said bladss are pvenly spaced circumfer-
cotaily on said disk member.

47. The method of claim 3% whercin said impeller assem-
bly placing step includes the step of selecting said vesscl
sch that the ratdo of an impeller diameter o & vessel
dinimeter i3 in the range of about 0.2 10 0.6,

48. The riethod of claim 41 wherein said impeller assem-
bly selecting step Includss the step of selecting an impeller
assembly Wherein the rafic of said disk member radivs to
said impelter radius is [n the range of about 0.5 to 0.8,

49, The miethod of claim 35 wherein said impelier assem-
bly selecting step includes the step of selecting an impelicr
assemibly wherelt cach of said blades has a height-to-widt
ralio of between 0.5:1 and 1.5:1,

50. The method of claim 35 wherein sald impeller assem-
bly selecting step inchudes the step aof selecting an impeller
assembly wherein each of sald blades has o height-to-width
ralic of about 1:0.

51. The method of claim 35 wherein said impeller a8¢em-
by selecting step incledes the step of aclecting an impeller
asscmbly wherein said impelier asscmbly has between 4 and
12 lades.

52, The methind of claim 35 wheredn said impeller assem-
bly selecting step inclndes the siep of selecting sn impeller
asscmbly whereit said impeller asserably has 6 generally
radiafly extending blades.

E3, The method of dzim 35 wherein said fmpeler asscm-
bly selecting step includes the sep of relecting an impeller
assembly whezeln each of sajd blades has a generally
trheave shape in cross section.

54, The methed of claim 41 wherein said impeller assem-
bly sclecting step incladss the step of selecting an impeller
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assernbly wherein said upper snd lower portions are angled
fio diverge fton a plane of said disk member sytmetrically.

55, The method of claim 53 wherein said impeller asszm-
bly selecting step includes the step of sclecting ah impeller
aesembly wherein said generally concave shape is parabolic.

56, The method of claim 38 wherein said impeller assem.
bly selecting step ineludes the step of selecling an impelier
assembly wherein said impelier assembly is fabricated from
stainless steel.

57. A method for agitating & fiunid contnined in a vessel and
dispersing a gas imroduced therein, the method comprising
the steps of:

selecting an impelter including a plurality of generally

radially cxtonding blades, each of said blades including
upper and lower sheet-like portions heving generally
tadially cxtending leading edges and joined to form a
gencrally Veshaped cross-scotion wilh a taflisg vertex,
said wpper and lower portions extending from said
vertex such that & distance from a peint on said upper
paction to a plane of wid disk member is substantially
equal Lo u distapee 0 said plane of a comesponding
paoint on said Lower poriion such that said upper and
lower portions diverge uniformly relative te said plane.
and wheredn a widih of said upper pottion if preater
than 2 width of said lower portion such that said apper
postion leading edge exicnde Turwardly of said lower
poation leading cdge. whereby o segment of said upper
postion overhangs said lower portion such that rofation
of said impeller causes said upper portion segment to
catch rising gas bubbles so that said impelier disperses
said gas bubbles in a generally radial ditection;
placing sold impeller in a vessel;

caysing raid vessel to be fllled with a fuid to be agitated;

causing said impelier to rotate in a radial plane; and

istroducing a gas to be dispersed {nto sadd vessel.

58. The method of claim 5T wherein said impeller retating
stefr includes the sleps of:

initixlly raounting a shaft on said impeller, and

subscquenily rofsting said shaft, thereby causing said

{mpeller (o be rotated.

59, The metiiod of claim 58 whercin veid shaft mounting
step includes the slep of orienting the shaft to be substan-
tially vertical in said vessel such that said impelisT rotates in
a substantially horlzoutal planc.

60, The meshod of claim 57 whereln sald Linpelier placing
step incfudes the sicp of selecting a vessel which is sob-
stantially cylindeical in shape having a cenfral axis being
subslantally vertically oriented.

6k, The method of claim 57 wherafs said impeller placing
step includes the step of positfoning said impeller near or al
4 baom of said vessch,

62. The method of clain 57 wherein said gas introducing
step includes the step of ingroducing ssid gaz into said vessel
al & location belosy said impeller

63, The method of claim 57 wherein vaid itapeller select-
ing step includes the step of selecting an impeller having a
disk member with 2 thickness less that a radios thereof,
wherein said radiaily-extending blades are molnted on and
circumferentially spaced about said disk member.

64, The method of claim 57 whereln said impeller select-
ing step inclades the step of selecting an impeller whereln
satd) vewley is rounded in cross secticn,

65. The method of cinim 57 wherein said lmpelier select-
ing step inciudes the step of selecting an impeller wherein
said uppa and lower portions of each said blade are
artanged such that a percentage of said width of said upper
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purtivn exteds forwardly of said lower portion leading
edae, said percentage being in the cange of about 15% to
50,

66, The methed of claim 63 whersin sald bopeller select-

ing step inclodes the step of selecting an impeller whetsin
cach of said blades is attached to said disk member at said
verfex.
67. The: melhod of claim 5% whercin said impeller select-
ing step includes the step of selecting an impeller whercin
said Lmpeller forther comprises & hub for mountieg said
Impeller o zaid shaft,

68, The method of claim 57 wherein said impeller seloct-
g step Ineludes the step of sclecting an impeller wherein
said fmpeller has between 4 aid 12 Llades.

€9, The methed of claim 57 wherein said impeller seleci-
ing step include: the step of selecting an impeller wherein
said impeller has 6 gehernlly radinlly extending blades.

‘M. The method of claim &6 whorein said impelicr sclect-
jng ke incfudes the stopy of sglecting an impeller wherzin
saiid blades are evenly spaced cireumierentislly on said disk
mermher,

7L The method of claim 58 wherein said impeller placiap
step includes the siep of selecting szid vessel such that the
ratio of an impeller diameter to a vessel diameter {7 in the
range of about 0.2 to 0.6

T2 The method of claim 63 wherein said impeller select-
ing step inglvdes the slep of sclectng an impeller whersin
the ratie of said disk mernber radius to safd itapelier Tadius
is in the range of about 0.5 to 0.8,

73, The method of clam 57 wherein said impeller select- 3

ing step includes the step of selecting an impeller wherein
each of said blades has o height-to-width o of betwesn
0.5:1 and L3711,

T4. The method of claim 57 wherein said impeller scloct-
ing step includes the step of selecting an impeller wheeeln
each of said blades has a reight-to-width ratio of about 1:1.

75, The method of claim 57 wherein said impeller select-
ing sizp includes the step of sclecting an impeller wherein
each of snid blades hins a penerally concive shape in cross
seulion.

0. The method of clzim 83 wherein said impeller sclpct-
ing step includes the step of selecting an impsller whersin
said upper and lower portions are angled (o diverge from 8
plane of said dikk member symmetncaliy.

71, The method of claim 7§ wherein said impeller select-
ing st=p inciudes the step of selecting an impelier wherein
gald gencrally cocive shaps 1t generaliy parabolic,

T8. The method of claim 57 wherein said impeller seleci-
ing stzp includes the step of sefecting an impsller wherein
said impeller is fubricated From stainless steel.

T, The impeller assembly of claim ¥ wherein said
impeller and said vessel each have & diameter and the ratio
of suid impeller diameter to said vessel diameter is in the
range of aboot (.2 o (6.

80. An impeller assembly for agitating a fluid contained in
aveszel and dispersing a gas intraduced therein, the impelier
Assembly comprising:

an impeller including a plorality of gererally radintly

extending blades, each of said blades including diverg-
iog upper and tower shect-lidz portions having gener-
ally tadialiv extsnding leading edpes, sald upper and
lowet portions being joined to form a geberafly eob.
cave: shaped cross-section, and wherein a width of said
upper pottion s greater than a width of said lower
potion such that said upper portivn leading edge
extends forwardly of said lower porfion leading edge,
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whereby a sepiment of sald upper poction ovethangs
sald lowor portion; and

a drive assembly for rotating said irpeller such that said

upper purlico segment calvhes msing gas bubbles so
that said impeller disperses said gas bubbles im a
generally radial direction.

&L An impeller for agitating a Auid contained in a vessel
und dispersing a gas introduced therein, the impeller com-
prising o plarality of generslly radially extending biades.
each of said blades fncluding diverging upper snd lower
sheet-like portions havitg generally 1adially extending iead-
ing edpes, said upper and lower poriions being joined o
form a genevally concaye shuped cross-section, and wherein
a widih of said upper portion is greater than o width of said
lower portion such that sald upper portion leadlng edpe
extends [orwardly of sald lower porGon leading edge.,
whereby a segment of said upper portion overhangs said
lowrer portion.

82, An irpeller for agitating a fluid comzained in a vessel
and disprrsing a gas introduced therein, the impeller com-
prising a pluraliey of generally radially extending blades.
each of said blades inclading diverging upper and lower
sheet-Eke portions having generalty radially extending lead-
ing edges, safd upper and lower portions being joined to
form a generally concave cross-sectlon, said vpper and
lower pertions being shaped such that a distance from 4
point on said upper portion to a plane of sald disk member
is subatantiglly equal to a distance to said plane of a
comesponding point on sald lower potion such thal said
upper and lower partions diverge uniformly relative to said
plane, und wherein 3 width of sadid upper portion is pregte
than & width of said lower portion such that said wpper
prrtion keading edge cxtends forwardty of said lower portion
leading edpe. whereby a seganent of said upper portion
overhangs said lower portion such that rotation of said
impeller causes szid upper porticn segpmenf 0 catch rising
gas bubbles so that said impeller disperses said gas bubbles
10 & penerally tadial divection,

83, A meslhod for agitating # Boid cottained in s vessel and
dispersing a gas intraduced therein, the method comprising
the steps oft

selecting an impeller asserably including an impeller

having a plurality of generally radially extending
blades, each of said blades including diverging upper
and lower sheet-like portions having gencrally radially
extending leading edges, suid upper and lovwer pordons
being joined W form & generally concave shaped cross-
section, and whereit a widf of said upper portion is
grealer than a width of sald lower portivn such that said
upper partion leading edge cxtends forwardly of said
lower portion leading edge. whereby a segment of said
upper pation overhangs suid lower portion; and

a drive assembly for rotating said impeller such that said

upper portion segment catches rising gas bubbles so
that said impeller disperses said gas bubbles in 2
generally Tadial divection;

placing said impeller in a vessel;

filling said vessel with a fluid to be agitaled;

rofating said lopeller assembly in said Huid:

inttadueing 2 pas to be dispersed into said vessel whershy

said gas rises in said fluid and is contacied by said
rotating impeller and is further broken up in said fluid.

CI I B



