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Background of the Invention This invention relates to cqyrQsi j stant
m xing inpellers and nore particularly relates to gl asg)racﬁgt%éféﬁgﬁs

m xing inpellers. dass coating of netal substrates is well known as, for
exanpl e, described in U S Patents RE 35,625; 3,775,164 and 3, 788, 874.

G ass coated mxing inpellers are also known as, for exanple described in
U S. Patent ; OBy ' 21,488; 4,246, 215 314, 396;

4,601, 583 and BrHEAS DISPERSION LRF TG TENC Yo AsS PRl Dy MIF Ioek Re
inpellers fitted to a shaft by neans of cryogenic cooling to obtain a very

tight friction fit. The inpel |IBackgroendlofthelTubentime! | ers, i.e. two hubs,

each carrying two bl ades. The hubs are placed proxi mate each other on the

shaft so thatTHipe rjient Q de [ees t o.each other abput the
shaft. The pater:t gﬁggggéhﬁévl\gtergm “Q:ofx% ?r?pér’ @tﬂl SRy 'F?%‘ir]r{éé%carp ReLe

upon the._s kn dual fI i configuration. Despite it being
known theﬁar@%ql?gy ﬁgl@eé gi’tﬁﬁtcé‘ﬁtqdﬂp@taﬁl onsingduipglless. pl aced upon a shaft,
there has been no good gl ass coated high efficiency gas dispersion inpeller

avai | abl e. Sudblass boayingeéf h@tﬂ%s&hﬁﬁf %‘ﬂltgﬁjm??%s dfo§ ﬁ1£?@ de@Bﬁt&Fr

woul d be desirable to be able to qU|ck y an i Ci'ent ssure qui ck gas
di spersi qngi p entire tank Wi t hout concer n
about 11008t haalt RESSREY 7S IRt sbo sl s esnsiod Bur marimpalierscre
drop in gl? i sper si ng efficiency as occurs when known e.g. turbine type,
i mpel | er $'% .asy_or Paampie 5deseibad@0indil$.Sl oBstenin 3,497pp0d; ey n@vym
good gas di spersion properties but unfortunately, due to a lar ge 08
OCTOBER (I3 488; 4,246,215; 4,314,396; 4,601,583 and D 262,791. U.S. Patent 4,601,583
describes glass coated impellers fitted to a shaft by means of cryogenic cooling to
obtain a very tight friction fit. The impellers are dual hub impellers, i.e. two hubs,
each carrying two blades. The hubs are placed proximate each other on the shaft so
that the blades are oriented 90 degrees to each other about the shaft. The patent also
shows multiple impellers spaced from each other upon the shaft, known as a “dual
flight” configuration.
Despite it being known that certain glass coated impellers could be placed upon
a shaft, there has been no good glass coated high efficiency gas dispersion impeller
available. Such a high efficiency glass coated gas dispersion impeller would be
desirable to be able to quickly and efficiently assure quick gas dispersion in corrosive
environrpents within an entire tank without concern about flooding of the impeller
'with supplied gas and resultant extreme drop in gas dispersing efficiency as occurs

when known e.g. turbine type, impellers are used. U.S. Patent 5,791,780 discloses an

impeller having good gas dispersion properties but unfortunately, due to a large



nunber of sharp angles and corners, such inpellers are not suitable for

glass coating for use in highly corrosive envi ronrrents.odsbicﬁ-fcégﬁcidd%ti on
of the Invention In accordance with the invention it has now been

di scovered that an excellent gas dispersing inpeller can be designed and

gl ass coamwdbandf shdrpdagiléseshd B6rnRss SILH ‘?nggil&saarg "lll%lrg stithhit (ﬂlrnggfeaﬁ -é?jgﬁ% .

i nvention therefore conprises a glass coat gas di spersing

i npel | er f&%égﬁg%}gyQHBnaiQ?‘éwﬁggg%g&t rally located hole. The hole has a

central axis S ze ‘over a drive shaft having an
essentially vertically extendin | ongi tudi nal axis so that the central
axis of the centrally | ocateaﬂbg&&mmmwe | ongi t udi nal axi s
of the shaft. The inpeller has a plurality of angles and edges, all of
whi ch have a rlaunseddaRelwaNkRL i . i I urt her cenpr.i sin
plurality of bl ades secu‘?gg t@%&ﬂ%@ggt ?ﬁg?’ Ogiﬁ%éﬁdapgﬁYeéF?@?a&m&&ﬁﬂFPbm
t he cent r@s cﬁé&esf' Each ﬁf thg bl ades_has a | eading concave surface and a
trailing EorvaxTSNBAdRellsnean Be dapieeed and glaseconed ang, i desined, tedagsemated
upper edge, an inner edge and an outer edge. The concave surface is

confi gur a8 asdnal hab fohmatipper edge overhangs the | ower edge. The bl ades may
be connected to the hub directly or by internedi ate connecting neans such

as a disk or i |1, WM t he hub and extending radially outwardly
fromthe cent ?I(;III{E gﬁeglaﬁ@ﬁ}elwﬁg eé’r?&lﬁqsfsé't:g]ééﬁgﬁatﬁ?ié@ﬁ%}%ﬂﬁ%\}@%ﬁe‘b? hg

cont i guous ﬁoat ing of glass. Brief Description of the Drawi ngs Figure 1
shows a SPREVGT & sgs & hgbphaiting ajcepthllgrlocatediboly; dEine Boldi idd 4 dwntral axis
invention. 2 08 OCTOBER 2003
and is sized for passage over a drive shaft having an essentially vertically extending
longitudinal axis so that the central axis of the centrally located hole corresponds with
the longitudinal axis of the shaft. The impeller has a plurality of angles and edges, all
of which have a rounded configuration. The impeller further comprising a plurality of
blades secured to the hub that extend radially outward from the central axis. Each of
the blades has a leading concave surface and a trailing convex surface both of which
are defined by a lower edge, an upper edge, an inner edge and an outer edge. The
concave surface is configured so that the upper edge overhangs the lower edge.
The blades may be connected to the hub directly or by intermediate connecting

means such as a disk or arm integral with the hub and extending radially outwardly

from the central axis. The hub and its attached blades are covered by a contiguous

coating of glass.

Brief Description of the Drawings
Figure 1 shows a side view of a two bladed impeller in accordance with the

invention.



Figure 2 shows an end view of the inpeller of figure 1. Figure 3 shows a
side view of two two bl aded turbines of the invention trh;% Bﬁhri(ﬂﬁ

i mges of each other and have offset blades, wherein the turbines are
mounted in a 90 degree orientation fromeach other upon a shaft so that

~the bl ades opeFiguge Q%ho%%n%%]ﬁfggé d(%ﬁLBi?l anﬁ%qglpﬁut t he shaft. Figure 4

shows a top view of two two mes #eeilavention as t hey

woul d appear ed in a 90 degree orientation fromeach other upon a
shaft as des %géedgish(’?—’? dunide siewpftwe tyodtadel nbiabeuhtliconabnioEha@hird

m xing unit of the invention showing two turbines of the invention nounted

proxi nat dNIEcinagasert canh athdiRREhaAQr &f : .t urbine t
i npel | er mounted on a | ower portion offt ekﬂé%%f ﬁ%@‘%f@%ﬁﬁ‘ﬁﬁa‘%g‘tﬂdﬂggi

sparge riiAG 9§l . raph, conparing power draw of the inpeller of
t he invention C% fé\jeag?%ﬁg&@rbiﬁ'%’ ﬁg%ﬁ%% aishalt se\tbat thedvadés aperate in

i npel | erzhat Si n‘ié.a{lgﬁgs flows. Detailed Description of the Invention The
i mpel | er sOFAME&agig poabautdhgblasfs. coat ed by means known to those
skilled in the art. In general, the netal substrate is cleaned, coated with

a glass frit Higuted shbRe aabd il ... The inpell.erg.of t i.nvention are
usual |y gl ass coated net al, q‘r‘l;elzévﬁlre A7 @VO %pﬁﬁq‘%‘% ‘?:Q&‘Sdﬁ"%‘%t% apthey
corrosio i nt all such as stainless steel. The turbine may be

f or nmed b& ‘g‘% ai%’u%?’éb‘?‘%}mro%bﬁs,a 20 glegrge weicniatign fremesachoothehwipoara Blaft as
casting or forging the entire inpeller as one piece. In all cases angles
are roundesrribedan08g@ETOBER 2003

Figure 5 shows an elevational view of a mixing unit of the invention showing
two turbines of the invention mounted proximate each other on an upper portion of a
shaft and a turbine type impeller mounted on a lower portion of the shaft within a tank
having a sparge ring.

Figure 6 shows a graph comparing power draw of the impeller of the invention

~at various sparging gas flows with power draw of known impellers at similar gas

flows.

Detailed Description of the Invention

The impellers of the invention are glass coated by means known to those
skilled in the art. In general, the metal substrate is cleaned, coated with a glass frit
formulation and fired.

The impellers of the invention are usually glass coated metal. The metal is
usually low carbon steel or a corrosion resistant alloy such as stainless steel. The
turbine may be formed by any suitable means, e.g. by welding blades to a hub or by

casting or forging the entire impeller as one piece. In all cases angles are rounded to



reduce stress upon later applied glass coatings. In formng the gl ass

coating, usually mltiple glass applications are used, g §CcTOBER 2063d
coats foll owed by four cover coats. The hub of the inpeller has a% e

t hrough the center that is sized to slide over a drive shaft to form an

i nt egral rBdxcegrés3idpon gy retaified. on.the shaft. by
friction fit or by (?torrllellr%l eerl;edfréglegfél%&:%ag%gﬁ'pilﬂ Offpingthe a%“c?"@\%&“ﬁo%ﬁ‘fasll.y The
hub of t uﬁ@g}gler %g;. a_.hole through the center that is preferably glass
coat ed. F S8 HEYICATARS 2Fk U ee-Bs tye egrenadopatsofedlowed by dour cover
tolerances for friction fit to a drive shaft, e.g. by cooling the shaft
cryogeni €8BSy to shrink its diameter followed by sliding the hub over the
shaft. Upon reheating, the shaft expands to securely hold the inpeller to

the shaft by fI{Chi [t rm.an i,ntegr m xi ng.unit .(conbi ned shaft
and inpeller). HAcg]tl ‘%)t?g\fn{%e&snlt‘ lgelig?grhtaf 33@1‘? Eﬁ‘%’&%é’éﬂ?ﬁ&egﬁw ¥ e‘gfo'ﬁ BY&des
of the gas, .di ﬁ_r)%r sigg turbines of the invention have a concave

confi gur A qriye shafiglo fopm. an integral wixing haito| Bloeimpabien gam be re@itiod @nthegaft as
the inmpeller is rotated, is behind a plane connecting the |ower edge and

upper eddy foiotivhdittaraeothdNhesRGR I ARG MUAIAGE R difis| O Ted b

| i near and/or curvilinear surface conpone or ’exanpt concave
surface may bﬁ“h%l erbolic, or essentially formed by

i,pt l.cal bol i h
i ntersecting pl an]égpﬂﬁﬁﬁgmggﬁ%uﬁ@:e% lh@li-‘?/ hgeeghithe penter tatie prefarpbdpetassThe

upper edge of the bl ade overhangs the | ower edge, i.e. a vertical plane

passi ng tAREdghThaesurferdafiyrg | the dicle dk Sprefeableied &1 EfRE GoRiratdig ngade
above the |ower edge at a location distally renhoved fromthe upper edge.
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diameter followed by sliding the hub over the shaft. Upon reheating, the shaft
expands to securely hold the impeller to the shaft by friction fit to form an integral
mixing unit (combined shaft and impeller).

As previously mentioned, the leading surfaces of the blades of the gas
dispersing turbines of the invention have a concave configuration, i.e. the surface of
the blade impinging liquid and gas, as the impeller is rotated, is behind a plane
connecting the lower edge and upper edge of the blade. The concave leading surface
may be formed by linear and/or curvilinear surface components. For example, the
concave surface may be elliptical, parabolic, hyperbolic, or essentially formed by
intersecting planes having a rounded surface at their connecting apex.

T'he upper edge of the blade overhangs the lower edge, i.e. a vertical plane
passing through the lower edge intersects the concave surface of the blade above the

lower edge at a location distally removed from the upper edge. The intersection of

such a vertical plane with the concave surface of the blade is usually from about 0.1 to



about 1 tines the |ongest horizontal distance fromthe vertical plane to
the concave surface. The overhanging portion of the congpy ﬁ?? f the
bl ade is usually from about -5 to about +30 degrees fromt%e oélﬂ%r?t%al.
The m xing unit of the invention may conprise at |east two inpellers, each
of  whi chyy egur tq the drive shaft by fit of the drive shaft through
holes in tHhozlt ﬁugllsﬁeg&he 38@?%&%7@%@1 distangec Grotm it voitical phaeitavthatdonnavevhen
nultiple turbines are used, at |east one of the turbines, and usually the
| over  t urBirkge. ildeovpabanginggrostion of tidineadt subfage OMIRNbIadB is ey rhig
unit may, for exanple, conprise a conbination of at |east two, two” bl aded,
gas di spestmubgs i hbbmes3®fie ' ion.to.effectively forma gas

di spersing turbine havi ngpél}oég? Tﬂé}ﬂgg{e\%}?o@{zﬁné th a case, each of the gas

di spersing turhines is assenbled to and secured to the drive shaft by
fitting of the Y IENgHEE of Hhainyientine mayecomatistat kmst two hepélidrs, efcht &

t ur bi nes. ﬂ'_hg_bl ades of a first of the gas dispersing turbines are rotated
f rom abouwhigD 1¢ sccabedito tHe diees STt BP R b HEIL PO G . oS § %
shaft, relative to orientation of the bfa}gﬁs g?%ﬁggiggﬁ@géfﬁg?gh&l?%sn%f
turbine. g A¢dibhgRally..the hubs.of the first and second gas di spersing
turbine ar eqi%?%g(%gnhtﬂg e al}ﬁeh@}tﬁ the anvengiop, shengnulimle yurbinesgve ased oat
separ at eﬂ b¥ a short distance that is wusually |less than the thickness of a
si ngl e hdeast pAe fdhe quibinds, gudatsualty thd B wet fudsinBeRt £ g & disﬁgrsmtgag@gngfofone
of the inpellers to the hub may be offset so that |eading surfaces of the
bl ades ofthdfventibg first and second gas di spersing turbine pass through
the sane planes. The invention may be better understood by reference to the

drawings illystrating pteferred enbodi nents of the invention. It is to be
under st ood t h;i?letrﬂgﬂgg gglt@ﬂ;gépgeggmgle, comprise a combination of at least two, two

bladed, gas dispersing turbines of the invention to effectively form a gas dispersing
turbine having four blades. In such a case, each of the gas dispersing turbines is
assembled to and secured to the drive shaft by fitting of the drive shaft through the
central holes in the hubs of the turbines. The blades of a first of the gas dispersing
turbines are rotated from about 30 to about 90 degrees about the longitudinal axis of
the shaft, relative to orientation of the blades of a second gas dispersing turbine.
Additionally, the hubs of the first and second gas dispersing turbine are proximate
each other, i.e. they are directly in contact or separated by a short distance that is
usually less than the thickness of a single hub. In such a configuration, the
attachments of the blades of one of the impellers to the hub may be offset so that
leading surfaces of the blades of both the first and second gas dispersing turbine pass
through the same planes.

The invention may be better understood by reference to the drawings

illustrating preferred embodiments of the invention. It is to be understood that the



illustrated enbodi nents are for the purpose of illustrating, not limting,

the present invention. As seen in the drawi ngs, glass @gdetoBER 2003
di spersing inpeller 10 has a hub 12 havi ng opposing surfaces 13. The hub
12 is provided with a centrally | ocated hole 14 passing through surfaces

13, whic as..a central. axis 16. The hole 14 is sized for passage
over a sﬂgp %&eﬁtg&%éﬁ\k %(Bn%?m?%ﬁfﬁ %‘Hd‘ihﬁaﬂ’“rﬁ%% ofollagrating, nofhdinsisingy e prassntl6

of hole .14 corresponds with the |ongitudinal axis 20 of shaft 18. The

i mpel | er IA%&MUAN. | east two bl ades 22. Each bl ade 22 has a | eadi ng concave
surface 24 and a trailing convex surface 26 both defined by a | ower edge
28, an upper edggecili i | an. qut er edge, 34., ,/he concave
surface 24 is confi gl?lrg‘idé %%Qﬁ‘%s?%?{sg Cuébe?:g%sdgxgpetgwgovﬁqiﬁég h3sen F‘BV\/&I
edge 28. h}'?}f bl ades 22 are symetrically attached to the hub 12 at inside
edges 32 ¢ %?PQQS}I&WR%%S l)éy ‘Bhe hwb d2ris pravidedwedtis a santraliys lwated e 14Ar s
36 may be attached to hub 12 near one of the surfaces 13 and can be

provi ded pasding tmughfsaﬁaca@lWﬁf&hﬂﬁﬂ@ﬁh%a&‘&éﬁ@%kﬁrl% . t’{‘l?ét %@E gﬁggrggé%@f

i mages of each other to be nounted upon t art so tha

t he i npel I ane rotatiopal planes Pl to P* about the
shaft. Th eleg%is:élgéeg?ﬁrp% P’f‘é‘iﬁfg“%"m Eg‘i)ll"ﬁj paliaxis Al sodhptaibe cgnisalards 10 0far e
covered iﬁh a contiguous coating of glass 40. The inpeller has a

plurali tgo 14 roreespands sdfethe longitudihal 3aRis 3@ of ahd i318.al Theofmp¥lice halaye a
rounded configuration to assist in formng a durable and stable gl ass

Lo drive Shart 18 by ri 1P RS a2 e EREKINY RobBR nEREe 2R o iiREbs
12 of the j I f ] Xi it. .6 08 OCTOBER 2003 A mixi it
42 my oEobERCRTER 28pnh fefngl P onenicdso esapniunper sdge dhsan inner cdge

32 and an outer edge 34. The concave surface 24 is configured so that the upper edge

30 overhangs the lower edge 28. The blades 22 are symmetrically attached to the hub
12 at inside edges 32 either directly or by an intermediate means such as arms 36.
Arms 36 may be attached to hub 12 near one of the surfaces 13 and can be provided
with an offset 38 which permits two impellers that are mirror images of each other to
be mounted upon the shaft so that the blade§ of the impellers rotate in the same
rotational planes P, to P, about the shaft. The entire impeller IO-including hub 12 and
attached blades 22 are covered with a contiguous coating of glass 40. The impéller
has a plurality of angles and edges, e.g. 28, 30, 32, and 34 all of which have a rounded
configuration to assist in forming a durable and stable glass coating.

As best seen in figure 3, at least two impellers 10 may be secured to drive shaft

18 by fit of the drive shaft through holes 14 in the hubs 12 of the impellers to form a

mixing unit.



two inpellers as previously described, each of which is assenbled to and

secured to the drive shaft 18 through central holes 14 4 @’Rﬁ?»
inmpellers 10. In such a case the blades of a first inpeqqq(e)r ar eéﬁeésqcor?’abl y

-rotated from about 45 to about 90 degrees about |ongitudinal axis 20 of

shaft 18 rel atjve: t rientatiqn of the blades of the second inpeller. The
hubs of the t\l\[})\ﬁl%l’)r(?)@ folg}ts%ya?? st e dRH ISR ey iich epmpeisps al keastor m
a conbi ngtion ierH)eI | er having four blades. "Proximte each other", as used

in this 8% ERClicheanpreviausly estmbed, Eachfoftwkichripektenisled Qo aadescantcdnged
so that at |east a portion of the blades 22 of at |east one of the

i npel | er shegdeivatshaftil® Gre@EcedtRdl m&‘g% gfhﬂ{l)‘sen%ﬁe‘:%?g{np%q%ssﬂ?ffn &gcgﬁpg%fsteo .

| east a portion of the bl ades of i's arran

mul tiple d npellers of the invention is advantageous for several
reasons. 1 %elégre?éﬁ%ehg%t‘m@@hﬁ‘i e desraply yeiptedafsemnatioutdS torabeut 80 slegaadsng
nore than two bl ades while permtting glassing of inpellers having only

two bl ad@bput)l@gimdﬁlmleaxiarml ef shafial§ weldhvadedotiBR@tibg of tHH BERILHDS fhe
easier to acconplish. Furthernore, the two bl aded configuration permts

entry infg n [N ical of.glass coated.vessels and
assenbl y \?\f %ﬁ[ E\Iﬂpﬁléélse?gg?ﬁ@os gi#ﬁw}”ﬁpm’@}e 548 iBré’.Xé‘flf‘@c?qci‘eP{;‘eﬁéQi ng
mor e thangfﬁwo g‘l gt,des. As seen in figure 5 the inpellers of the invention
may be cOMSEHERYJRTA aspembinagionHmyehler havingl foar blddeat “Rrexintute sagteoder”,
different than the inpeller of the invention. The mxing unit 42 shown in

figure 5asasgd imsthss éovtekQWelank 'imﬁlthf ggbﬁb 9 tﬁ@&plf%%g:\‘sg F‘g,'ség@ ggﬂaaﬂgg@ aggpa?r

inpeller 44 in the formof a flat | e turbine. ( _ _
cony anct ooy FipeXidn * A fiadey o ol Gaveoneanbhor rupaless gpomiss in ogame
OCTOBER 2003 gas dispersing properties of the turbines of the invention.
For exanfPi@tional plasp abeut the shaft 18 as at least a portion of the blades of the other
impeller. This arrangement of multiple two bladed impellers of the invention is
advantageous for several reasons. The arrangement permits effectively assembling
impellers having more than two blades while permitting glassing of impellers having
only two blades. Due to fewer angles in a two bladed impeller, glassing is easier to
accomplish. Furthcrmqre, the two bladed configuration permits entry into narrow
tank openings typical of glass coated vessels and assembly within the vessel to form
impeller assemblies effectively having more than two blades.
As seen in figure 5, the impellers of the invention may be combined on a shaft
with other impellers that are the same or different than the impeller of the invention.
The mixing unit 42 shown in figure 5 comprises two lower impellers 10 of the
invention and an upper impeller 44 in the form of a flat blade turbine.

The glass coated gas dispersing impellers of the invention are desirably

installed in a tank in conjunction with a gas supply to take advantage of the superior



figure 5, two, two bladed turbines of the invention, assenbled on a shaft

as previously described, may be installed in a tank 46 ring
48 having gas inlet holes 50. In such a configuration, gbtq-g%lﬁﬁ?s&%f t he

invention effectively disperse gas exiting fromthe sparge ring into

sur roundi Hispu ell.ers.af the invention in a configuration
essenti al % asSB g[lﬁgl\ﬁnb @eﬁlﬁgu?)g%? t'%g?‘%?st@st}@anﬂnﬁon-arﬁormnamnlmaé seen in
baffles t detirm' ne gas dispersing properties of the inpeller by

provi di ng"&¥Ci b ¥ 0 Pevblasieddusbines dfithei inpelticr, ab@ndislbe oRi '6haFSs n%ﬂeQR)gxis{}g
characteristics as indicated by power drop. The results were conpare ith

previ ousldeskribed) 1gh@a$s i i results shown in_Figyre 6.
The results c?mgarlg1 Sﬁﬁﬁﬁ%ﬁdg%d ?ﬁgﬁ%?gégogggtsgargem %gﬁlagfn& 8 nlgfdleson

is far s ri rsutﬁge kngwn | ass coated curve bl ade turbine (CBT) and disk
t ur bi ne ( qu i pet QR g“‘iag@iledhe Twdbinesr of e ofventioni effentiviebn dispesse oy
superior that, as indicated by power drop (Pg/Po, gassed power/ungassed
power), tedtigBiroanthedpared tinpimesukionad [fjuigsuper ficial gas vel ocities
(SGV) of about 0.035 feet per second (ft/s); whereas, the turbine of the

invention had oded at superficial gas velocities in excess of
0.1 ft/s. This eé}?‘ésts%ﬁt@ ‘%&8&@09 HP@eC‘B}f%%?@Q esrsatiali ag showinsiveFigung 3

capability of tﬁ&. known gl ass coated turbines tested. 8 08 OCTOBER 2003
What is CYHPieded & a tankawithdseo findtaéflesgmsdelémian pas did & Propetiof the
i npel l er conprising a hub, having a centrally |ocated hole, said hole

hatt havi bg. an LosenteVAOR RoRS Ak ol bl BRET RRBRALR efb BbodBe na

| ongi  ud RAFCESIE " InESHedr by pameri dioen | Ehmatsnls awpreurcammiae withgl es

and edges, all of which
previously known glass coated impellers. The results are shown in Figure 6. The
results clearly show that the glass coated impeller of the invention is far superior the
known glass coated curve blade turbine (CBT) and disk turbine (DT-4) impellers
tested. The turbine of the invention is so far superior that, as indicated by power drop
(Py/P,, gassed power/ungassed power), the CBT and DT-4 turbines flooded at
superficial gas velocities (SGV) of about 0.035 feet per second (ft/s); whereas, the
turbine of the invention had not yet flooded at superficial gas velocities in excess of

0.1 ft/s. This represents about three or more times the gas dispersing capability of the

known glass coated turbines tested.



have a rounded configuration, said inpeller further conprising a plurality
of blades secured to said hub and radially extending fr t1.al

axi s, each of said blades having a | eading concave surf%ﬂmgﬁt%q i ng
convex surface both of which are defined by a | ower edge, an upper edge,

an i nner Vajes elatnedhisout er edge, sai d concave surface being configured so
t hat the upper edge overhangs the | ower edge. 2. The inpeller of claiml

wherein ghe b : .10 up..: ns . of .at | east ,one arm

't earal i th e Pt B BB B Mu AR o brbm tRD 18R

axis. 3. The i ‘il |l er .qf clai.m 2 wherein the plurality of blades are two

bl ades BﬁBEfﬁﬁgl gcafed glf&l%dS%lé hole dawing ascermiad axispesial b holsf beingi sizel fibrer ei n

the inpeller conprises glass coated steel. 5. The inpeller of claim4

wher ei n pimsagd eetr a drige Shaftl & @@dentiEII%AePﬁ@ﬁﬂl@%)&éﬂéing ?%i%ﬂ!iﬁ‘cﬂ atxﬁte .
rive sha

inmpeller of claim2 secured to the drive shaft by” fit of the

t hr ough i . 7. Th 1 Xi,ng.unit of clagim, rein the

i npel | erg(?glals? &fg%@re{l%ﬁ#@?&q V@%ﬁgﬁ‘pc%& hz??ef ??IE‘PSIPSH8¥ i“flgl ﬁ{é PRSI IRAIN g
unit of claim6 wherein the drive shaft conprises glass coated steel. 9 08
OCTOBER #0101 the shafie saidxinmpellenihavafg g lpdimaliéy wiiengles ik edgdsy allséiaivhich
conprises glass coated stainless steel. 10. A mxing unit conprising at

| east t Waava®ebluedesl &gﬂ:@, ; e | B t i f it of
the drive shaft thr o(t;Jgh (ﬁgﬂﬂnﬁ@ﬁfgiﬁgﬁgﬂgﬁ%{ ffgmllﬁrr%g?g élr]gl,ﬁm;{@ qtfelgégésone
of the inpellers being an i | er, ag. described in claim2. 11. A m xing
uni t coﬁ%?geidﬁ{f %‘lg &ng ok Fﬁae‘i% eXlenfiggs Oﬁw@edfem% axispepghepk saigdlades

having a leading concave surface and a trailing convex surface both of which are

defined by a lower edge, an upper edge, an inner edge and an outer edge, said concave
surface being configured so that the upper edge overhangs the lower edge.

2. The impeller of claim 1 wherein the blades are connected to the hub by means
of at least one arm integral with said hub and extending radially outwardly from the
central axis.

3. The impeller of claim 2 wherein the plurality of blades are two blades

oppositely attached to said hub.

4. The impeller of claim 2 wherein the impeller comprises glass coated steel.
5. The impeller of claim 4 wherein the steel is a stainless steel.
6. A mixing unit comprising the impeller of claim 2 secured to the drive shaft by

fit of the drive shaft through the hole in the hub.

7. The mixing unit of claim 6 wherein the impeller is secured to the drive shaft by

a friction fit.

8. The mixing unit of claim 6 wherein the drive shaft comprises glass coated steel.



described in claim?2, each of which is assenbled to and secured to the
drive shaft by fit of the drive shaft through the centrgal in the
hubs of the inpellers, wherein the blades of a first Ofoaqng{ﬁEhkp@g ers
are rotated from about 45 to about 90 degrees about the |ongitudinal axis

- wof the sRaft, Thelmiiing unit of i dainatd wheodint the drivaed ehafofcommbesndassobodtbg t wo

i npel lers, the hubs of the first and second inpellers being proxi mate each
other. 12tinBg digeti Ng unit of claim 11 wherein the conbination of the first
and second inpellers has a Pg/Po (gassed power/ungassed power) of at |east
0.8 at a ﬁuperficial as velocity of at least 0.1 feet per second. 13. The
m xi ng ufPt of* BIXING Rt Gammsising Akleast e vepelerst eagh pbadiich wosesturedhéo

bl ades to their hub are offset so that the bl ades of both the first and

'second i theediies shafoberft of the dhee Share tmtl?him@ inPIhRNHsaOHE ihi?f%ll%ﬂ?fﬁ :
14. The inpeller of claim1l wherein the bllades are attached to the hub by

wel di ng. T i I f. clai.m l.wherein.the.blades are attached to

t he hub E)efl l.goe]?engﬁhfe% éa’pgﬁ 1561?%p&é@pﬁ}l?rhast(fpécp[bgfnﬁ%lgm@e inpel ler of claim
1 wherein the blades are attached to the hub by being integrally nol ded
with t helhub. Alig@goTTORPREGIR alcombifiation mfedt! leastafives baithe impbléers) as t he
bl ades are attached to the, hub by neans of welding to an internediate arm

| nt egr al dedcribellfi ot 2 Lactfofikidhis WLdmBRARD |t Wcrdd fosthe ITRE! I b

described in claiml1l, nounted in a |ower position ont rive sha
that t nott B ErE ShehTiFovet e shiabhelisan bt ebopiibe praslersapbareinibe
shaft. blades of a first of the two impellers are rotated from about 45 to about 90 degrees
about the longitudinal axis of the shaft, relative to orientation of the blades of a second
of the two impellers, the hubs of the first and second impellers being proximate each
other.
12. The mixing unit of claim 11 wherein the combination of the first and second
impellers has a P,/P, (gassed power/ungassed power) of at least 0.8 at a superficial gas
velocity of at least 0.1 feet per second.
13.  The mixing unit of claim 11 wherein the attachments of at least two of the
blades to their hub are offset so that the blades of both the first and second impellers
operate in the same rotational planes about the shaft.
14. The impeller of claim 1 wherein the blades are attached to the hub by welding.
15. The impeller of claim 1 wherein the blades are attached to the hub by being
integrally forged with the hub.
16.  The impeller of claim 1 wherein the blades are attached to the hub by being

integrally molded with the hub.
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19. The mxing unit of claim 18 wherein the second inpeller is a flat blade
turbine. 20. The mxing unit of claim 18 wherein the sego i lLer.,is a
curved blade turbine. 11 H GH GAS DI SPERSI ON EFFI Cl EN ‘Sﬁ%@%@@é

| MPELLER _Abstract of the Disclosure A glass coated gas dispersing

- i npel | er 17The ThapepeBer eletpim desherchuthe bladésnaye attaclest toathbyhubdsainednof e.
The hole has a central axis and is sized for passage over a drive shaft
havi ng ageg&Eaend hahihtéribdibicCatd Wnt pggl‘g# gi tudinal axis so that the
central axi sgof the centrally ?hogéide Qﬁglhgg'rresponds with the

| ongi tud:1 al gxis .of the shaft. The | mo?;glﬁer has a plurality of angles and
edges, al'P of ?\/\W’Sﬂglﬁ‘& COMPIEIRG & dirsicigmisligtirastdeseriberhian ¢lpalll a0 iner
conprising a plurality of blades secured to the hub that extend radially

out war d faveen pdsiticenhrthk driviesshafaedlatife tha decanle smpalerrmduffsd H0ak Appay e
surface and a trailing convex surface both of which are defined. by a

| ower edggq;+ r pnner e and an _ outer edge. The concave
surf ace ?(gsmg@ n#llogﬁr Se}?fggo ttﬁgtt h%h@“%%ﬁ%? dg)dﬁ%t RPNy sa erqt6w?ég§‘é‘? The
bl ades rTBI%/pbe connected to the hub directly or by internediate connecting
means sudPodbeskattk or armintegral with the hub and extending radially
outwardly fromthe central axis. The hub and its attached bl ades are
covered b9. a ThemigipUsicopslans 18f - d@ﬁé ' AN
ability to disperse gas at high gavgg%}glﬁgtchie}i@g%ﬂwt %%thﬁ ?%&?@gﬁﬁm

conparedyyi t hpknoun; ol s 58 a?r(rjx tg! rwq'llerr]gi% thlézsl stcond ]impeller 1s a curved blade

turbine.
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