08 OCTOBER 2003 HI GH GAS DI SPERSI ON EFFI Cl ENCY GLASS COATED | MPELLER
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
21,488; 4,246, 215 314, 396;

U. S. Patent ; 7O ;
o85Sttt G om e SR A Bt
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 proxinate each other on the
shaft so thatTHibeiRkAAES A rjent Q de ree to.each other abput the
shaft. The patent al so sholegtergru “Q:ofx% ?r?pér’ @tﬂl SRy 'F?%‘ir]r{éé%tcarp ReLe
upon the._s kn dual fI i configuration. Despite it being
known thaﬁar@%}l?g}'ﬁaéeé 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§ ﬁté)%' 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 11068 nacar RSSt arS IRt sbi 4 ecqnsied SuriorimsHircare
drop in g? i sper si ng efficiency as occurs when known e.g. turbine type,
i mpel | er $'% .asy Br premple 5Jcs0iib@@0indils Sl oBgten®n 3 A9me08; ey Tiavirg
good gas di spersion properties but unfortunately, due to a l arge
4,221,488; 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
environtnents 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



1 08 OCTOBER 2003 nunber of sharp angles and corners, such inpellers are
not suitable for glass coating for use in highly corrosj i YRYAL S-
Brief Description of the Invention In accordance with t?ldeéllanven |E§n I't ha

now been di scovered that an excellent gas dispersing inpeller can be

desi gned wurdbgt af sharpaimedesaadl céﬁqe%?%h&ﬁ‘i’mggg?@%%@ ek ggiéaﬂglg gﬁrdgtségée Fgél&?xbg

format. The invention therefore conprises ass coate

i npel | er. foFhg -Iilmrﬁy rises a hub, having a centrally |ocated hole.
The hol e has a ¢ce rlgl'%lég(él&gg eEXHOP@egrszed for passage over a drive shaft

having an essentially vertically extending |ongitudinal axis so that the
central axis of the centrall5u iptinen of therlnesmémds with the
| ongi tudi nal axis of the shaft. The inpeller has a plurality of angles and

edges, all ofInwdcold HR&IRERM hgurat [ |4 er further
co?rp?i sing a plurali t?@\g?vﬁ%ltg%es sg%ﬁ%:%\gg8%%@8%%&?%"&%8@@%@ ‘%J’&C&ﬂsm y
t he bl ades has a | eadi ng concave

outward f . central, axi s ach of

sur f ace %agrae{ééé ?%lingilﬂﬁ)e §hGaybe 5@#15@@1 pod glass canted landaifaledizéd, fedassymblddower
edge, an upper edge, an inner edge and an outer edge. The concave surface
i s confi goraednad bubHarmahe upper edge overhangs the | ower edge. The bl ades
may be connected to the hub directly or by internedi ate“connecting neans

such as a di skry /el with the hup and extendj.ng radiall
outwardly fromt he e?‘ghﬁﬁg e@(?ﬁ"%‘aﬁ&)ggﬁ%cﬁ@ Fap 188 é@@§ﬁ§fr- d'he
covered b uous coating of glass. Brief Description of the

Dr awi ngs 1¥1paell(é9 g(tnln rises a hub, having a centrally located hole. The hole has a central axis
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 1 shows a side view of a two bl aded inpeller in accordance with the

i nvention. 2 08 OCTOBER 2003 Figure 2 shows an end view Hﬁ) of
figure 1. Figure 3 shows a side view of two two bl aded téugrgi nengPe%dr@’

invention that are mrror images of each other and have of fset bl ades,

~wherein the tUuFigupes sAb& in.a 90 degree.orientation fromeach
ot her upon a shaft so thggﬁ'té&ge‘g?‘gd)gstﬁ%mﬁﬁ%? 1g48d- sane radial pl anes

about the shafﬁguﬁ]g%he 4 ssggws_ a top view of two two bl aded turbines of.

t he invention ai W & Hlapisaant twatwedladedtudfindeof ge @nEeid@REa@ard F oM

each other upon a shaft as described in Figure 3. Figure 5 shows an

el evat i orfBITe4 Emages of each iotigertumidt hak 61‘3&#5}%{@6@ WRrsh o g%?ﬁe\ﬁﬁf%?i{og}n?e of

. . A L
the invention nounted proximate. each other on’an upper af t

and a turihige( j unted on, a |l ower portion of the shaft within
a tank havi ngﬂg@?&%@h?ﬁ%@ﬁw §38‘% 0&‘%‘?1‘6?1@1 &Sg?ﬁp‘ﬁ thainthar bladespopemtedimaw
of the inpeller of. {he invention at various sparging gas flows with power
dr aw of O Rpme Blagesiabasitithe ghafgas flows. Detail ed Description of the
I nvention The inpellers of the invention are gl ass coated by neans known to

those skill edigtiret dehawt a th he | substrate .is c|eaned,
coated with a glass frit fo?rr‘g%gﬁtgtnkvoa Pﬂq‘?dfgaturﬁ)mes ol.the mnvention as they

would appear mounted in a 90 degree orientation from each other upon a shaft as
described in Figure 3.

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



The inpellers of the invention are usually glass coated netal. The netal is
usual Iy Iow carbon steel or a corrosion resistant alloy sgi6kTISBER 'dgl;;ess
steel. The turbine may be fornmed by any suitable neans, e.g. by wel ding

bl ades to a hub or by casting or forging the entire inpeller as one piece.
In all caséscands|sy t ER 2003 redyce stress u

| ater applied gl ass p?ci)lgltai&%tgb[si).&g ﬁlgg @%Sr%n&ﬁaéﬁgﬁﬁgﬁgggm@o@ﬁgqﬁs’s RAHRE} VS‘PaCIPy
rrultiplenq i ops are used, e. two ground coats foll owed by

Lﬂ% o SI [ catlj OE g

four cover coats o THPNANORY afhasedyrpl dwotgieund isonts folloviaghby Heur enver
that is sized to slide over a drive shaft to form an integral m xing
unit. Th&€ORMpel | er can be retained on the shaft by friction fit or by
ot her nmeans such as cl anpi ng nmeans, or screw joints. The hub of the

i mpel | er has arholg 5P ent.er, that j refergbly glass coated.
The surface defining th%u%%ﬂﬁg%ﬁpgoé?;l&qoyghmaeqtgr aBéSeg??;@r QV&Ior
friction fsAt t% drtive shaft, e.g. by cooling the shaft cryogenically to
shri nk i A Akt o forg anvipéegral mexingiumgr. t Pie imyelley ean bbeetahatiton Heahaft
reheating, the shaft expands to securely hold the inpeller to the shaft by
fricti onblyifrictionffitrontgrothet 8GLAL ) 3¢ | | and
inpeller). As previ Ol})glr?/ ment i on%%‘{n %ghéggwggﬁcﬁtwéglggl;B%gg%gﬁ-@?&%he bl ades of
the gas disp i turbi nes of the invention have a concave configuration,
i.e. the surf fo;f% @?" Of e HPBB@eI‘u hasi adiolgythrpugh dhepentgathat 4s préferablpalassr i s
rotated, is behind a plane connecting the |ower edge and upper edge of the
bl ade. TRealgdncAbhe sustadendpfming abe hoteyis Bsefe@sbTpthdied i 6RSse ABBhices for
curvilinear surface conponents. For exanple, the

friction fit to a drive shaf, e.g. by cooling the shaft cryogenically to shrink its

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



concave surface may be elliptical, parabolic, hyperbolic, or essentially

formed by intersecting planes having a rounded surface cid ojp’ct i ng
apex. The upper edge of the bl ade overhangs the | ower e(gée(,) I .eBEg verti cal

pl ane passing through the | ower edge intersects the concave surface of the

bl ade aboygut et r,edge gt a location distally renmoved fromthe upper
edge. The | r‘# grtsuélg’? ﬁﬁ?\ 18?36% Z&“V’irdﬁtéme proanghaetiicahplanortodthe ®uchwee

of the blade is usuaIIK fromabout 0.1 to 4 08 OCTOBER 2003 about 1 tines
r

the |onge%lﬂfaﬁ6f isrevrhanging moetion oftlideoncn bisaatacb@ige bR hE usEAHEm
surface. The overhangi ng portion of the concave surface of the blade is

usual 'y fabout —8k@Ubouto+3®da +30..dagr ees f,rom the horizontal . The m xi ng
unit of the invention may 2%‘%%% Frgéggl‘ﬁg)éggp“t!m i npel l ers, each of which

i's secured toﬁge drive shaft by fit of the drive shaft through holes in
the hubs of tH¥ TRER Wt of the myvestidameay eompristat leasetwo anpeliéreneashl &f pl e
turbines are used, at |east one of the turbines, and usually the | ower

tur bi ne, Which igasuded et ddvd Uid B I thd Grib YA Bt ASITA RO 8 s

may, for exanple, conprise a conbination of at WO

di spersinget naes wf .the.inventjon to effectively forma_gas di spersing
t ur bi ne ha?/?lﬁgmflégﬁ'r lgll agqotdance ‘é’l}bﬁﬂﬁ ipveniiong yeienognuitipde gedingissse uspdgat
turbines is assenbled to and secured to the drive shaft by fitting of the

drive shdfast oRe @ighe twdines andaisulldy ese lowdrharbiubsisal géd"@is%)éhfsﬁitg”ﬁ&biny’tﬁ”
bl ades of a first of the gas dispersing turbines are rotated from about 30

t o about tR®imegtiegs about the |ongitudinal axis of the shaft, relative to
orientation of the blades of a second gas dispersing turbine.

The mixing unit may, for example, 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 bladeg of a second gas dispersing turbine.
Additionally, the hubs of the first and second gas dispersing turbine are proximate
cach 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



Addi tionally, the hubs of the first and second gas di spersing turbine are

proxi mate each other, i.e. they are directly in contactygocTOBERIZDH3LY a
short distance that is wusually less than the thickness of a single hub. In
such a configuration, the attachnments of the bl ades of one of the

i mpel | ers b e offset so that |[|eading surfaces of the blades
of both ?H‘égf?}trg‘gte%%‘ﬁgﬁe@g%awggg @Ps&i&)@w@fﬂmﬁmm@a@é limitingu thre presestne
pl anes. The inpvention nmay be better understood by reference to the draw ngs

i |1 ustratPRePtef erred enbodi ments of the invention. It is to be understood
that the 5 08 OCTOBER 2003 il lustrated enbodi nents are for the purpose of

illustrating, A®tedn # tH . e i npveption, As seen..n the, |

drawi ngs, gl ass coated 52%&3{18 é%gfsﬁg&%%ieg‘fse 1SR o SHis TP li)%'asl"%b}lﬂg}z
opposi ng {faces 13. Tt%e hub 12 is gr ovided with a centrally located hole
14 passi g & PRRAFNS S Eiaces st 31 sThevhuk H2Hs ipeovided adttaa centrally lawates] Hde 1Bhe

hole 14 is sized for passage over a shaft 18 having a |ongitudinal axis 20

so t hat, tpassing throaghaxifacdH19f whies! ¥ ] it uelj_nal
axis 20 of shaft 18. The irrpel‘iver t@slég?qﬁFggLs%?%ta\f/l\gﬁg:ltggezﬁbggélgggclhggz{e de

22 has aghegsl Lf.ace 24 and a.trailin convex surface 26 both
defined by g{’jﬁsggee?gg‘ggéﬁ%@84}?"&%%#0%%}5@13@,axaﬁZBﬁﬁéhafetbg@enthl axiel 1Qrof
outer edge,34. The concave surface 24 is configured so that the upper edge

30 over haflfs 1t iromrcspendeugth 8. lofigitutinaliexis220 afehafni®! rilealhyelRk aghad t o
the hub 12 at inside edges 32 either directly or by an internedi ate nmeans

2 ﬂ(r:]tlagz . Elzdslags ;\ﬁg -bclge?:ésrb%Z g ?angl;ﬁlélélgﬁe O RENE feddind WBndfve SR TaRMa Ad taht(f:‘ailing
convex surface 26 both defined by a lower edge 28, an upper edge 30, an inner edge
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.



with an offset 38 which permts two inpellers that are m'rror i mges of
each other to be nounted upon the shaft so that the bI %ERZ 03
inpellers rotate in the same rotational planes Pl to P out

-The entire inpeller 10 incIuding hub 12 and attached bIades 22 are covered

with a contigu Ias The inpeller s a plurality of
angl es and egglggﬁ IX%?%{IH’S%‘ Porg}%l a§4segp|m(§# ScWVa}Hﬁ}\‘/égﬁlpﬂé% ast
configuragtion tqQ assist in form ng a durable and stable glass coating. As

best seefMonMRIsre as presiondgstesembed, gach | ofrshith irmgsdisbled auragd deourddi toe
shaft 18 by fit of the drive shaft through holes 14 in the hubs 12 of the

i mpel | er ghe drifvershaft 118 thir }P@éﬁtr 19098 mﬂ%@ %?easf?lpg{lér‘snﬁ) uﬂt' %uc 2 g@é be

formed as seen in figure 5, mhlc conprlses a
prevrousl %ﬁg& Se each f whi is assenbled to and secured to the
drive sha ‘? RESLRt 9r Ao %Séra ly rofatedpisomoabsmt iddptel abeng 99adegreessuch

a case the bl ades of a first inpeller are desirably rotated from about 45

to about aboutidengiaslinabait J0oGishddi P& reRtive t%ooﬂénﬁﬂéﬁtofiﬁler Bladbt \6¥ e
orientation of the blades of the second i npel | The hubs of the t wo

i npel | er i) ch [ ectively forma co ation
i npel | er %ﬁg@?ﬁngﬁ glg‘%xbl a%eh‘%js Bfgﬁ? ﬁrﬁ' @FFr%t‘ﬂ@r %C ProXinae e P g to
cont ext ans that the hubs 12 of the inpellers 10 are arranged so that
at | east egﬁﬁgt"tlb’ofgﬂafa coabplatigesngllef havingefost bhes of“Préwiniatp ehdleother”,
operates in a sanme rotational plane about the shaft 18 as at |east a

portion ab usédibfhdglesntett, h@n9 thIR the hiBPELD %gthe i a%el?e% gaqjg%?rtangéd E%'géa' ple

two bl aded inpellers of fhe i nvention is eous for “seve ons.
Th f I nbl
earr a@g%ﬁ%{'ﬁ pORih bF ol bEHL YS! ¥ & Hleast orllenof the impellers operates in a same

rotational plane about 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. Furthcrmorc, the two bladed cooﬁguration 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 dispercing impellers of the invention are desirably

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



i npel l ers having nore than two bl ades while permtting gl assing of

i npel lers having only two bl ades. Due to fewer angles i Tﬁ’? a%m
inpeller, .glassing is easier to acconplish. Further rmrdehi 6tcte %‘é aded
configuration permts entry into narrow tank openings typical of glass

coated v nb/. .thin the vessel to form inpeller assenblies
ef fecti vei y EEE?‘%&‘%E" ef‘ﬁén&&%e B‘Fr&&&.o%es@@ﬂnﬁlw-f ilpurexamplehas seqeid er s
of the inyention may be conbined on a shaft wth other inpellers that are
t he same ur&iﬁft‘éfpeéfo birsledithbinepef therinoéntidie absevshibd @R a Shmﬁa%ﬁéi\fﬂﬁls It
42 shovvn(iin figure 5 conprises two |ower inpellers 10 of the invention and
an upper daspabtdrmdy beRngd f | ade turbige. The gl ass .coated
gas di spersing (ignpeyl{ll ers tggeé ﬁ{eg}t%?/ke%?iako)ﬁ{'%\?g‘%ﬁ%gsei?%ﬁg%aivhﬁ 5%1 tihr??%ﬁ
tank in jggg&'cﬁn Wi tﬁ a %.as supply to take advantage of the superior 7
08 OCTOBER ‘2 gds? §PEHErley, dhe nessobthe eventiohi effsctivielyt ispenseegds on.
For exanple, as seen in figure 5 tw, two bladed turbines of the
i nvent i oreX1Rg &iop) the sparge ﬁﬂgﬁﬁtoasﬁlrﬁihﬁdh%q%lﬁd. descri bed, may be installed
g

in a tank 46 above a sparge ring 48 havi as inlet holes 50. In such a

configuration, ihe f..the invention effectively disperse gas
exiting from tIrrlﬁ sﬁgél’rjégt% ﬁlé’%flﬂ?]& 18 & FOUHTaien P%ﬁ?pg?ﬂl}’ﬁéeﬂhpwlsmoF?gw@3
invention in . a c&r;{i gurati.on essentially,as shown in Figure 3 were tested
in a tankVUeLESERM f fankowith teco fin baéfley 1o deterpidisie @b Aespeidifl Pfqﬁ@ﬁ&g ssinaf
the inpeller by providing various flows of gas to thé inpeller to

det er m na Hef b Lt § Ndj d b d . Th
esul 15 were conpar od e R o 1ouS dCRER MG RLe e Rls b fleodiie

results in Fi.gure 6. The
@B%a%%cé as lg(ﬁllcateg by power drop. The results were compared with

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.



results clearly show that the glass coated inpeller of the invention is far
superior the known glass coated curve bl ade turbine (CBJ. i &# rbi ne
(DT-4) inpellers tested. The turbine of the inventi on%gwéé or

that, as indicated by power drop (Pg/Po, gassed power/ungassed power), the

CBT and Wfhatis clabhedss:f| ooded at superficial gas velocities (SGV) of about
0. 035 feet per second (ft/s); whereas, the turbine of the invention had

not yet fl ood Ll [t ] xcess of. 0..1 . ft/s, This
repr esen?'s ab%%lg%sh%@%%h%%e@%réﬁﬁkﬁgérggﬁadﬁﬁg%?%Bpgﬁlﬁgtﬁ by, haging e
known gl ass cogt ed tur&i}orjes tested. 8 08 OCTOBER 2003 What is clained is:

1. A gl ad<Leapattidogptsd dralpesaif deple hswing e, condiall axigp estaick hotsohpingssinegl othub,
having a centrally |ocated hole, said hole having a central axis, said

hol e bei passage ederf zodrivB&hsﬁQﬁwm%eén assdntivBy Seaidall f&&ii?%l&a@ﬁﬂtiﬁ 'a{x%se

vertically extending longitudinal axis so that the cent IS O

centrall C sponds w.t h t ongi tudinal . axis of. the
hart - o5 YRF R FrR Rl B BRPBRRRLY b gacee Ralrgpazcsinadoays edpReist M cn
have a rounded configuration, said inpeller further conprising a plurality
of bl adedxis pddhe shaftosaidi inprllsr dwstingaa ipdintajitexf engloscartd edadshallcehivhidh
axi s, each of said blades having a |eading concave surface and a trailing

convex shiveageotddd dnfifiirahoR &id %@bﬁ&dflﬂﬂl& do Isi eéj %g?lhlgﬂlécg ﬁ%[fie%la&éjsg €

an inner edge and an outer edge, sald concave sur uréed so

that the_ u ed oyer han he | oyer edge. 2. The inppeller of claiml
wher ei n TG toGead A %ﬁwgﬁelbaemn&ﬁg iFom thy qemsral axist eagh pbaaid Wadesar m
integral with said hub and extending radially outwardly fromthe

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.



central axis. 3. The inpeller of claim2 wherein the plurality of bl ades
are two bl ades oppositely attached to said hub. 4. The | I f_.claim?2
wherein the inpeller conprises glass coated steel. 5. ﬂ@&#@?@ﬂ@ﬁ
claim4 wherein the steel is a stainless steel. 6. A mxing unit conprising

- ~the inpePler dhechiiingumeofrdain & wherdnithe divas shafy conprisef dlhe esdtye

shaft through the hole in the hub. 7. The mxing unit of claim®6 wherein
the i nmpekf@fledsSst&gcured to the drive shaft by a friction fit. 8. The

m xing unit of claim®6 wherein the drive shaft conprises glass coated
steel. 9.08 OBER 2003 9...The mixing unit of claim6 wherein the drive
shaft conpri sesTHKRESUR LoBPTISHig AhlcaskTwe dmpellam, eachvpkiwdicluis seatioerbto si ng
at least two inpellers, each of which is secured to the drive shaft by fit

of the dilievérishahaft blyr fuigh theothese shaft figrodghhoMs el KR! dOMhS infellefLast
one of the inpellers being an inpeller as described in claim2. "11. A

i i ' ination of at |east two of the inpellers,
descr bod i h IR 1 RbeReR U E R Bl Bicesifien i X ocur o0 to the

drive shaft by fit of the drive shaft through the central holes in the
hubs of the i fApBliXiagsunifcomgrisinghe cahbidetionfofaatflensittwaf of e impellerpehs er s
are rotated from about 45 to about 90 degrees about the |ongitudinal axis

o VRSt oot bl S AR L
fit of the drive shaft through the central holes in the hubs of the impellers, wherein the
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.

10



other. 12. The mxing unit of claim1l wherein the conbination of the first
and second inpellers has a Pg/Po (gassed power/ungassedq .p, | east
0.8 at a superficial gas velocity of at least 0.1 feet %ﬁﬁ&?@%ﬁ%ﬁbg The
m xing unit of claim1l wherein the attachnents of at least two of the

- bl ades t &7t heilhehmpeleroindlabetl wherehathet bledds adattadiedmt thethud By retnaofl
second inpellers operate in the sane rotational planes about the shaft.

14. The iyap@ i j are attached to the hub by
wel di ng. 15#1@%gﬁ?rﬁtg{glﬁ?%i?ﬂeoéfﬁ}gfrgie%agmgbggﬁﬁt he bl ades are attached to

t he hub % bei,ng. .inteqgrall .f.org?d with the hub. 16, The inpeller of claim
1 wher ei n°t he B8 upfieomnring 4 tirst yprellsninsieseraberhin ¢laineds snquptadoinged
with the hub. 10 08 OCTOBER 2003 1.7. The inpeller of claim1l wherein the
bl ades alwvat pasitied ohahe hirivehstinfbyelatanso af secwd GinpelléOnduntdd B FRMpptE ar m
integral with the hub. 18. A mxing unit conprising a first inpeller; as
descri bed.i; | & m.1 t | wer, position .on the drive shaft

rel ati veg?éolagﬁsogfc{oﬂr?dsﬁér%g?ltggt {r%u %éoli)elrﬁ d AR 1903 iSAMEN SRR Rifg + so
that the inpellers do not rotate in a sanme rotational plane about the
shaft. 18boutike phafi-ng unit of claim 18 wherein the second inpeller is a
flat blade turbine. 20. The mxing unit of claim 18 wherein the second

i mpel | er19.s aThemigthghlielef clhith Mi8@herein the second impeller is a flat blade turbine.

20.  The mixing unit of claim 18 wherein the second impeller is a curved blade

turbine.
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11 HI GH GAS DI SPERSI ON EFFI Cl ENCY GLASS COATED | MPELLER Abstract of the

Di sclosure A glass coated gas dispersing inpeller. The id%waéﬁ%b'gses a
hub, having a centrally located hole. The hole has a central axrs and is

sized for passage over a drive shaft having an essentially vertically
extending |l ongitudinal axis so that the central axis of the centrally

| ocated hole corresponds with the longitudinal axis of the shaft. The
| es and edges, all of which have a rounded

[ |l h ' f
cont i gur at NOTLG AR BISPER N e FEGHENGY IGLASS COATED IMPHIER

secured to the hub that extend radially outward fromthe central axis.
Each of the blades has a | eadiABstERPEAUR PHLIARR and a trailing convex
surface both of which are defi MWW%& an upper edge, an
inner edge andy edge,. The concaye surface is configured so that
the upper edge g\l;gglﬁgg{&g %ﬂgéhﬁmlﬂgé@@sllerr hEhgimprlter eaynpsises 8 dnihe bawidg tao

i nternmedi ate connecting neans such as a disk or arm

t he hub di regltll ¥@or b
i nt egral SEREAlY amfbf\{@nd Thetleldihagarcagliral dxis ond WISl for PR ARGV A ldfle.

axis. The hub and its attached bl ades are covered by a contiguous coating

Vet ocr 1 anw hout oot oG e B 5o 98" udh et

turbines . i §HES clentrally 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. The impeller
has superior ability to disperse gas at high gas velocities without flooding when

compared with known glass coated turbines.

Figure 1
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