GAS FO L | MPELLER CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application clains priority
wo 000p/0826761 onal U. S. patent application no. 61POLESDAISI87576

filed Decenber 21, 2007, the contents of which are
i ncorporated herein by reference in their entirety.
FI ELD OF THE | NVENTI ON [ 0002] The present invention
relates to a nethod and apparatus for m xing |iquids
and gasses, particularly a nethod and apparatus and
i npel l er assenbly for mxing a gas or a liquid into a
i quid. BACKGROUND OF THE | NVENTI ON [ 0003] M xi ng
vessels nay be used in a variety of industria
applications. They may be used as precipitators in
al um na production, anaerobic digesters in waste water
treatnent, and in many ot her applications. [0004]
Impel lers are frequently used to mx gas into a liquid
in situations where high efficiency and hi gh power are
needed. Typical industrial applications for such
i npel l ers include plastic and production of
terephthalic acid, fernentation, production of
antibiotics, and hydrogenation. [0005] It is generally
desirable for an inpeller assenbly that is used for
di spersing gasses or liquids into |iquids to have
certain characteristjGs.
advant ageouschar act &?‘?ﬁ‘?@%%‘h) a | ow power
nunber (i.e., an inpeller power constant that is
related to the specific geonetry of the inpeller,
which is related to the ratio of the mechanical drive
power draw to the radial punping energy transmitted to

CROSfeRFFERENCE2TOREhAJED APPLJCASHENNS capaci ty wi t hout

din i.e...when.the.impeller.bla are jnundat ed
QUL Bhanlsnr e PRy BB bR RS TaBab MRS o
61/0 53243, @inéd Bedeyntidt D1 FDONEHY cofitdits bF dhichaveincorporated herein by
characteristics (consistency of power draw) regardless
refergcetip gheigndirgly- gas i nj ection or di sbursenent into the
m xi ng vessel (i.e., an inpeller nmay | ose power while

FIEL%@ﬁg‘gﬂggWh@Fﬂ)Ni quid), and (4) the capability to

suspen particles in the liquid in the vesse
[&02] ng Yaspricpine otviention {e0ISGD aThethodpel dpparaacsdor ixigg tiquids and

the present invention enco sses. i s generally .
gassei PREPUATTY & TS AHAPRURES P8 1BRCloh GHUPAY KF Bliuing a gas or a
liquid D¥€RAUigan. i s not limted to possessing all of

BACKGROUND OF THE INVENTION
[0003] Mixing vessels may be used in a variety of industrial applications. They may
be used as precipitators in alumina production, anaerobic digesters in waste water treatment,

and in many other applications.

[0004] Impellers are frequently used to mix gas into a liquid in situations where high
efficiency and high power are needed. Typical industrial applications for such impellers
include plastic and production of terephthalic acid, fermentation, production of antibiotics,

and hydrogenation.

[0005] It is generally desirable for an impeller assembly that is used for dispersing
gasses or liquids into liquids to have certain characteristics. Some advantageous
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these characteristics. SUMVARY OF THE | NVENTI ON [ 0007]
An inpeller assenbly includes a shaft and plura
waewops2e3paced circunferentially about the shab€@T/UR0081087576
scoop includes an upper blade portion , a |ower blade
portion, and a rib. The upper bl ade portion and the
chardotanistichinabide PDra loarpdvesr auinbad(i.ag ae dgedler power condigaisthat is

T YT T TR
driveRRET dBIVAELHB 4 diAIPinit Eeey t?ﬂiﬁfnit@édatg%@gﬁiﬁb,‘z@) lgéﬁ gas

__spaced apart at the l'eadi ng-edges. The rib eXxtends
disburesamend capacitp mithhet flondenrg @dgedien theampeberblivdsis age inougdtetby a

.. to th haft b tachment at the rib. .[Q00 T
high pfigbof 4G beh i) gl PIRGinah v Glagbal pipatey B dat pover
chardeeaRties cbisifatdy dFfpotsae didkw rédarHER AT She¥itel dfpab Bfj bt loal
rib, and the central plate may al so have symeiri c,

disbusseapralt e &y TBiERSG VesTHAL ¢-neinpstieranaelope povelywhiles@ixing gas into a
i S S G e 20l Bl Ll Ot Bbin

injecpbmir al scoops may be in a plane perpendicular to the

axis of rotation. The inpeller assenbly may al so

[0006] udeTRaiedbellbr 4de6rdaig 108RSE brediiR iSeRQeh ARGIIPYsRs is generally
. rearward rake angle, and the rearward rake angle at a
directeddp gachoghagastarisies: Quithe prrseriiiayastion isgfot {imatef ipppysegsing all of

.- ay be approximately fifteen degrees. The

th%ﬁ?%%@?ﬁ%%“%ﬁsenbly may al so include peripheral edges of

t he upper blade portion and the | ower bl ade portion
SUMMARYNOITHE INVENTTOMNf i | e. [ 0009] A system for

}xing gas or liquid into liquidi | so di scl osed,
) ook B8 b asetabhy P Bient Mot iR oo
circufff@bhtidIRF abdut BB GhdTE EthQchHLin¥RESEIn ufdRHb@le h&WiBh ! §flower blade
assenbly, the inpeller assenbly being adapted for

portigrptand . ddewpper bladmpativs at the hewet biladegiostian haxd dgadeg edges,
. f b ' bel he |i qui ' f ace, d hayi .
one e SHRTRE B8 DRSS RSobl SOl g SPLEBorionar

joine@@t the diheRBdeed. MABRHPE! SR HORtidd B1d the REved BRAE pbitR@eire spaced
portion_and the | ower blade portion having | eading

apartatfedeadinmedscrdgoarid sngngseicrtaed Apmeliggwer edassippegoop being
coup?h%gﬁmQﬁaﬁbggﬁ%§g¥%@g“£gwgy bl ade portion joined at

e I nner edge € upper bl ade portion and the | ower

e rt.ion,.spaced .apart .at. the | eadi dges d
TS, Bl FORr e AR bt e SR sl g SChucCRisah or e
plurabﬁ:ioﬁgs bR HPhSEzdnen] Fibeark Ak terltbal platABNTEIRS hatte dyBnétib; crenellated
[0010] The systemfor mxing gas or liquid into Iiquid
sparsprgyie ainpellar geseuthdy may elspiledndedpneredgeraditcactrpithe ppwhl sspops that
] 1N a1 e 1 tem far mxi gas .or .
definf AT NS G BEN TrHORp B PR o bR By merpendicutar
to thecaxigpd Rdtdiion e TbB ipelldha@ssehnblypmap 106 RElle datls ofBE aZRAst@he scoop

rib, and
having a rearward rake angle, and the rearward rake angle at a radius of one-third of the

diameter of the impeller assembly may be approximately fifteen degrees. The impeller
assembly may also include peripheral edges of the upper blade portion and the lower blade

portion that have a rounded profile.

[0009] A system for mixing gas or liquid into liquid is also disclosed, including a
vessel for containing liquid, a drive shaft for extending into the vessel, and an impeller

assembly, the impeller assembly being adapted for rotating about a long axis of the drive
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the central plate may al so have symmetric, crenellated
spars. The inpeller assenbly included in the system
WO 20090826761 gas or liquid into Iiquid may al soPCHUB2008087576
i nner edges of each of the plural scoops that define a
straight line, and the rib of each of the plura
shaftsatapfee ftmsubhi&rfglﬁg dclplvahe lipeidpertfade; dhdhavting pleal sodops,ahe scoops
rotation. i% ell e ssengly included in the system
inclugling apiuppAbIadPYHON pRftR Ipvenp deipgttiod ylpa?rstéaderﬂﬂrﬁa%and the
1 P! &Rt QOS, $ARPEANAVIAIDAPhER AL hlisper blad
°“*§ﬁ%ﬁ%8&§% th egrearﬁ% g rake aﬁ%ge agx% radf%% i er blade
portigmend thielowefbladepadiiewired adfhetiheeriedpes) tlerupas@émtﬂ portimyand the
xi mately fifteen de
towe B Boon TRslana A B0 GSedas a7 hik NG 08 rgrvard from the
inner! ddge@, thd tb8p beidp cBuplBY toahs shafsy} selehPent ey @. edges
t he upper bl ade portion and the | ower bl ade portion
Gdjﬁﬁ ha’l’ﬁe s"}/sfeﬁyﬂﬁ%qxﬂl Qb l.neh%t[l@ %a]hqﬁldrfﬁ&}hﬂgo AL )é'v@ﬁwal
gas or liquid into |qU| udes: provi'ding a vessel
drivefshaftc Fht anpélieg assegpbiydinclhded jprtbe syfiteny fmmlxn@gals or liquid into liquid

oy 5Tkl SN SN ARt bl St i s

the cérfRE bl mas arRbMLYe mnahur@bnem&%@mtshqhe irApdi1ed BSseBly included
upper bl ade portion, | ower bl ade portion, and a rib.

in theT$ystegp fromisirgdess pbhtllilld Antadiquidiaay el inchidgdenes efgds @i each of the
plura?? O%Bl ﬁl%g d%?na ds%ea% }}t Illng ea?nﬁ glg%ﬁg'ebf ga%ﬂ 0@@{ é)gﬁll%{ @0{)?91913§ beina

pper on a ower

planeieep drdli dvdag tathdd?@s ofirbRkiordTRS u@ﬁuﬂleaﬁsaeﬁbmﬁaumntthmystem for
the | eadi ng edges. The_ rib extends rearward fromthe

nnxmgqg?éroréldlg intorraid 13y glsodnduditash of therdy éeagtr%lﬁtscw having
rearwird Fa?«lg fe, Ad t'hP ?eaﬂvgrd rL]Qé)Jx%le e-llg?iera £ Bpgneo{hlr?cff Wi FRter of
or quI [ ing a

into S0 i Nnc de provi
the impzaflteir esdemibiy mey bh approxﬁﬁaeely fifet: degrass dbliypelicovscehly

met ho of. m xi ng gas. .or | jdinto.liqguid.
inclufi i i EYUATS 1o TBAAS & O Ravid o li-biet 858 ik WepiRral cdees
of th@ﬁwe@ B %@ﬁﬁ)nbd‘ﬁd'tﬁeslo%f bagé f)@iltloh&pat hﬁﬂada thadsepbligd.
plate may al so have symetric, crenellated spars. The

[Odﬂi I €A éﬁéﬁ&p@f{ ﬁﬂlx@ﬁ Q)‘f“ﬂ f?l 15!3)%({3% fﬁgﬂldgg Ip%\gdhﬂg g/?§sel for

|qU| |qU| so I'nct ude 1 nne
contaemng] liqhidt el prourdaig amnmeﬁext a’sad:mloigffomteamg tabeutgﬂbng axiepf the

e RS eSS B 115 B2 5 B0R R B

scooﬂsrfl;l%j ihELdE&SRAPLY PLAYH A8 | NlolveebiaBE PAH RS anfl )] gl“lgﬁ&per blade
iquid into liquid may also include each of the at

portubreasi the rlmwgdmﬂ@ ﬂmmmlgava leagdaramalgds, natee e@gﬁgl ad penighebedges.

t f d.of
The (PRt RRAT poFCE pBTMicdel buedSiutie §reid000 8! GE uPox it apg o
spacddi z’fptaﬁ%ﬂ tHéEed RS edgth. eThéTHB |ek@ﬁd@r%§ﬁiﬂ?ﬂ YroBf ¥ ifiRe eddes! Mle scoop

nmet hod of m xi ng gné |d into liquid may al so
lscomm&mep@ﬁ@hétﬁ@ @I‘g@ééhm the upper bl ade portion

and the | ower blade portion that have a rounded
[@131 i | eThe method of mixing gas or liquid into liquid may also include providing a

vertical drive shaft. The impeller assembly provided in the method of mixing gas or liquid
into liquid may also include a central plate, coupled to each of the plural scoops by its
horizontal rib, and the central plate may also have symmetric, crenellated spars. The impeller
assembly provided in the method of mixing gas or liquid into liquid may also include inner
edges of each of the plural scoops that define a straight line, and the rib of each of the plural

scoops may be in a plane perpendicular to the axis of rotation. The impeller assembly
-3-



[0013] The drawbacks of the prior art and advant ages
of particul ar enbodi nents are provided for context,
WwW@r@nss7gr esent invention is not limted to tPEI/US2008/087576
probl enms or solutions explained or inplicitly provided
herein. Aspects of the invention are illustrated in
providhe irethid mﬁthm&htfsﬂ&li’mg/\gaslmﬂiqhiﬂ intariguidwmaypeies édude each of the at

i nvention is not ed to the partic
least o HPCREAY'SE agiroya] Hst aniS: dmdhbary s pAkepgle g radivs of one-
third 'O@H%rd?&ﬁ&t@ldoiatﬁg %s%RM a@s@m"b@n T‘ﬂbé [%&gﬁﬁ{a%lfﬁﬁ%&?degrees The

clains. BRI E
1mpeﬁﬁlga§s@n111Y|ps0\ad¢;blm$b@methoé of imewmgfganor luqq@@ irte tiquid swaybdlso

inclu %gor ﬁq Ségeéaog A]?qs ep%tr P%fse 'S\RF‘ i ﬁ}?éo lglﬁtﬁe;ﬁolhlon that have a

Kmn@@ﬁﬁﬂbky [0016] Figure 2B is a side VIeM/Of t he
i mpel l er assenbly; [0017] Figure 3Ais a side of a

[60139! e THP@hlehcKRIRHE SRl e ali PadifpRs bIpalib@hr embodlments are
assenbly; [0018] Figure 3B is a top view of a single

providagp &irlcentetst, aué tl@rmtmtequamlmhenotripemdetp thsprohising; or solutions

B ey AT T

embddimeits kidtin b&0R0 indihg i@ ertBniéntion REdE Pigtitcd e the ﬁﬂl@ﬂara
portion of the iInpeller assenbly depicted in

embqjgnexllt@d);uj_}atlpﬁprgmnéemj@,d t@bgbqg@@lyp@t@tgrqﬁ@d a5coiding t%\tge full breadth of
thec{ﬂﬂ?"er assenmbly according to yet another aspect of
e present invention; and [0022] Figure 5 is a side
view of a systen1enp|oy|ng an i npeller assenbly
BRIEE DESTRIPTION IQF THEDRAOWINERAl LED DESCRI PTI ON OF

19 o o 15 SaERPG000 1 RET HH S PR gEoring o 8 aspect

m%h@ gg@hh%ﬁlégo a central hub 130, and attachnment
ate 132. Edch bl ade assenbly 110 incl udes an upper

[&id@g pﬂ%ﬁfa%f‘s]aztog@lév@% %@éiferﬁera 114, |eading

s 116, i'nner edges édges 120,

"kﬂ% Ltgg spar %éﬁngﬂggi%ﬁEh%W L?§‘§Q§§2g35|§ziloarg
[&Oqlﬂ)l edF1gurea;’aA 1sa s1de o a smg % 9m elle? gfaﬁe })loye!ij g ri]mpeller

assembly;

[0018] Figure 3B is a top view of a single impeller blade employed in the impeller

assembly;

[0019] Figure 4A is a perspective view of an impeller assembly according to another

aspect of the present invention;

[0020] Figure 4B is a perspective view of a portion of the impeller assembly depicted
in Figure 4A;
[0021] Figure 4C is a perspective view of an impeller assembly according to yet

another aspect of the present invention; and

[0022] Figure 5 is a side view of a system employing an impeller assembly according

to the invention.



central hub 130 and attachnent plate 132. Bl ade

assenblies 110 preferably are equidistantly spaced
W@bwanszehe circunference of the inpeller. EachPrGruspmo$/e87576

formed by upper blade portion 112 and | ower bl ade

portion 114. In a preferred enbodi nent shown in Figure

peri HF BestaRSY oo ol SR HEbnshBt s, o

[60231 Or Rgﬁ%{gat%fﬁg@f‘é h, & hetelleMIREm BB dndla RpLEL Klhdle
as in Figure 3A). Alternatively, upper blade portion
assemblesdrif), & owtral bitad20, god eitashmenvplaeyl 3RaFechibpdeassambly 110

: hapes {i.£., Not m.Lror i s_of. each .ot her n .

g pRae ePBlond: €l ERATR 0TS HRAR dyftR 6. ioner

edgep 81 BHREFR&GaIdgb €200 AePEddek D2, Ch b X240 G tﬁil@ggeé@e 1B8.Cdhd an outer
scoop has a concave shape, open at the |eadi ng edges

spar 126 and cl osed at the inner edges 118 of upper bl ade

ortion 112 and | ower bl ade portion 114. Inpeller
[&&%é bl Bachdadesassambly dd0 incauptedttp erdaive dhateztq Gitgura @B), through

h as .clockw se.in. & gure 1), t at.i-on |.rection.
centryt DR RFHLA B By e S Yoo R P LS bfisanty
spacédl abdacthe kit fasseBIkhe ikibRllérs Hidhareb&slisifointed Bieugpetiblade

420. [0025] In the enbodi nent shown in Figure 1, .
portigye | | Hayed lgwep bilgds pasionHade 2 prsidisedrmgiodiracnt shewwn fmiigure 1,

[ : f e .
orpe B RS Y2588y R PR 19510, B 0 SLGHEAE, sctons
that goe afiirrbeintdgepef egphetialr (whgesed 2 froaythakide abm Beere 34).

Fi gure 2A d.in Fi e 3B as arc. AADl. In oth
AliergiEValY. HRE AR aTRer o gaeT ﬁ@gé RejioBd Tl S, diffesent sapes
(i.e., hBChHEIrNBhaBe LT 46N b@EE TR IsAGwR T BleFifiREd), de%ﬁré(ﬁng on the desired

straight ITne (not shown in the Figures)
parametersmif thesgashe diquidenixieg presss.nfach scoombiasch pmofved shapd, open at the

RS BRSSPt oo
bladeAsorEEP N V4. 10 dIRY 85serthBly000hs tdtatbdl th bPlionbiA6iorRi 40 &Béwn as

extends rearward fromthe i nner edges 118 of each
clockyyigie Figureri Rotetional sliregtirsnift(l in syghytithe opeprfddex(af leading edges
1o B RS BB e 2 oot
' ' ] 3B . I ' f
431 PrrBEe empyinRy! Soie 1388 I pduh FRb&le ToF hBry Rune
profilel %h(thétgﬁreferﬁbl?r) SRS %%ﬁﬂ%ﬂal%?@ %gﬂé&!lés ¥in REJuaI)segMBtGT aistngle,

~indicated by reference nunera . As shown in o
discoptigugusscige. ahbis 3@md yofil ot periphsua ¢dgesph20tnay gen be seemiin Figure

2A raul%3 1 I*Flgur%&%r %ﬁhﬁ%ﬂﬁﬂg% Vétégpe%l?old?qxgﬁgg)giélswl-lr%%l;edggss i’ﬂﬂnay be

i nCl udi bein ér a

otherishgpes peludiig Séureaénbling dbaid #41, 8t a bt ghidinBi(noWts@6®n in the
. blade assenbly 110 is coupled to drive shaft 210. The
Figurep)y ukhednemmiors Hiasrian thaabaaehiinnded Biodle aipegighprbedses 120
prod e B et et @S ARITIRL bOTIH A8 IR bmbly 100
movesahdough tigbidei20unl ess specifically recited in the
cl ai ns.
[0026] Rib 124 extends rearward from the inner edges 118 of each blade assembly

110. As shown in Figures 1 and 2A, trailing edge 125 defined by rib 124 has a smooth curve
such that rib 124 is wider at its base than at its periphery. Figure 3B shows an alternative
shape of the rib at trailing edge 125 that defines a straight line (line F-E1, described more
fully below), which is indicated by reference numeral 125'. As shown in Figures 3A and 3B,
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[0027] hi a preferred enbodinent, rib 124 serves as a
structural support, which stiffens blade assenbly 110.
WOR®INAT@l so serves as an attachnment surface POI/HB1008087576
bl ade assenbly 110 to be coupled to drive shaft 210.
The inventors theorize that the flat profile of rib
rib 1324, bo@ﬁa&my g poRad DA O3 fF, afll ENNRimedaesapkiSidehagd. ads design,
assenbly 110, produces a Iomer drag effect ared
mclufl@lgmbah’%b baing Weder abity hage)pay ingecapgibe stratetiag @h‘éngéz at]the point
t
wherBUEE akobptP1 0 s dollplidth it The HRBss 1 pubyand
attachinbntplitk ad2 cpgrled bﬂftﬁfeérﬂ.%aﬁrﬂi 0%hhd bivdamssethipliss 110 aad che present
120. hi some enbodi nents, shown in Fig nd )
mver&@n BEPBPASS ALY RHECIHASAL5AN IR HGsS 5P aﬁaﬁr@%ﬁén the claims.
112 and 114 at |ocations that are offset from edges

[4025] an dmaprefyred pynbergnentaeb 13o5erves appseuctprgl mp@erte\syhlch
I
iRy A0 3P M 0 P 0
assergblgd 10 16 bbyougiqat wxdrivatsehfy 2 10 %8 lof ink éxeods elnegpiriae dfat the flat profile of

) ri pher al and outer spar, 126 i fixed to

rib L, glen glgﬂtr?%wgrdlé%nmrfiaeséﬂ8|065§@P a%%mpfvaf‘foapéoduces alower

drag @ff&?t ?&orﬁ}ga‘?éﬁ ResihRRESidloue s QZPas%p@@Hra@é{énﬁmgf 2bY mbV&R through
of the l'ength of |eading edge 116. shown in Figures

fluid420and 4B, outer spar 126 preferably is nounted to

bl ade portions 112 and 114 by affixing outer spar 126
[0028] es p@utet syear 126 pfaderablyds stad:aerdé ‘itai ﬁhugfc&ts&alnd\lmlds blade

.for exanple, as subst nt| trlan r in sh As
portigoldd 4o 1 el B8R LR F@Pﬁ@%E%(gglem b in Figures
4A aﬁé HB X&ﬂelt Paf EEPRET b¥ @fﬂe@@@bl@@é f)ét‘ﬁ@ﬁs 1ib2%Rnd 451 focations that are

29] Reinforcing pads 234 may be any size relative

offset ﬁoml caldes pldr aridol?d bM@yadmarmM FoPexafmgla oh ¥iguessehs and 4B, outer

o AR L TP SR B0 b i
edge 434 bp %ﬁﬁl@kﬁ@ité’lqu’/?@gtgg/ @éggﬂﬂ% 1 eAfRerAI0ddigk ADS, shlidudidpar 126 is

| engt h of | eadi n edge

114 approximately 5
affixad,blasipnortionsi HPIapd A1l bplogsicas it perser peenn cdge 120 by
0 E
approgcgrgl tg%& @%g tl'ierlglgéh ‘8? %%dl%é flﬁi)ﬁ AFHWAG ﬁfn %.Hgsa%i ﬁgcf' 4B, outer

de portions 1

spar BQ¥prefiratly & niowntedid lﬂﬁdd Ihﬁndmmgtzranaﬂ 1986y Iafﬁ)@ﬁ@buteﬂgﬁr 126 to
120, substantlall% al ong an axi s between | eadi ng
respegif e ifHoTCHIpeRads dd (Whigh ajerbgpp: fpﬁéX@W@rﬁSéﬂbst@Iﬁ@Hmt@@gular in

shapégh%s S %évﬁ efiist i QULEL reﬁﬂ%gﬁgﬁ%d& P?ﬂl%%%?@d]t& @es%?%w;eﬁogade

I Xi ng outer spar ade portions
portidrisdl 12iaadriédnf or ci ng pads 234 hel p toequalize the
bendi ng stresses across bl ade portions 112 and 114

[@029] ng RéhRkding pads 13ARLhy 8 ardssRBlavd 08ladd fetielyl 12 and 114.
potential |y reduci ng the maxi num bendi ng stress around

Preferabdy, eaeihteiifgraingerad Briss ficatsdoadlagsportiops 117ayd hi pear leading
edge hP¥eEadRX Mﬁ%ﬁ'ﬁg p%f{al%ﬁﬁl éx‘f‘en*ag QBﬁg blade portions 112 and 114

approximately 5-20% of the length of leading edge 116, substantially along an axis between
peripheral edge 120 and inner edge 122. Each reinforcing pad 234 preferably extends along
blade portions 112 and 114 approximately 5-20% of the length of peripheral edge 120,

substantially along an axis between leading edge 116 and inner edge 118.

[0030] The inventors theorize that offsetting outer spar 126 from edges 116 and 120
and affixing outer spar 126 to blade portions 112 and 114 via reinforcing pads 234 help to
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portions 112 and 114 may potentially allow bl ade
portions 112 and 114 of inpeller assenbly 100a (shown,
wo er0veanpl e, in Figures 4A and 4B) to be thi nPEF/US2008/087576
(e.g., made fromthinner sheets of netal) for a given
use of inpeller assenbly 100a, conpared to an inpeller
equaﬁscs‘élnﬂvleydihg\strnsgemws bipdampottitms|1d2 anddl4 ﬂmﬁgrotabioe@gﬁ @mapeller

et L TR S g S TR
mourfy 1o¥ktidnl ok utRPlpad MOOMHLANE b IO & éaﬁ&mhﬂ?énﬁﬁfg%h%%ﬁ blade

it 1s optional, preferably s structural suchthat it
portl@@ﬁokﬂdr@sl ld#dn%omigntmﬂla[@aowdﬂademsthmz 13add 114 ohwapellehassembly

oo 0, 455 TR 5aPRBR, 0 SYSIRRE 05 #M B

sheetls |o@ ﬁiﬁtdl)}for%t‘gim us@bﬁnﬁ;!i@l‘éﬁ assembiyornoaf cdﬂbﬁa@é’d t&&ﬁﬁmﬂ;gﬁer assembly
preferably is substantially tear drop s d (e
havnr&mﬂerewahbq legatpd S@F"ﬁg}o é@@eé lipapdide ftmh@@lant@ﬁ éfl‘lhéafoﬁeﬁléommg

d gytrailing edge), which tends
pads%@?ghr?@x)rh;] g%r%x%ﬂﬁgfggélgoef | cient when inpeller
nbl | Qt.at.ed | rotati naI Lre
e?c r o%lgélg%’ ?%@T R R I’Illg hsop% in 5”&13 dg%qt‘il{ﬂ'laélt 1§ optional,
prefegabdy Shsmetiralwhtlcthat @ 86Hotte and RbIdE BRdE benfa&hemz and 114 near the

coefficient when inpeller assenbly 100 is rotated
innencdegt Pén Ehe aPPeéethi &werapertmﬁ oF tnt s9is €34 pisiidiiegd {6 dheaib 124 of

adj ac%ﬁ?(;ieaélg‘%& @éctl%ﬁ%f IBer %ka? 928 Sre%lgﬁlry i$ Qtﬁ)gfaﬁtlally tear-

crescent -
drop sleaped de. gp mhmlpé dt tha Iheadlnlgfedgd: -thickese dez&h@l@admg edge and thinnest at

cta he cross sec s of outer s and
the tiling 9@% Tl arappise ﬁ%ﬂ CheBeiE Ay R ganR T Apembly 100

is roth@AGh Fsticial dRdt®n 180T ThOErosE Q2808 BEMNWENS 3]%}je§e‘i’atﬁ§ is oval-
asymmetrical about the |ongitudinal axis. [00

shapegt; Mélmlatpndmoommmee theodrag sedficiont \mlﬁenompeﬂersqswnbllzaoo is rotated

S _an.outer

in o5 chstich 10 TG0 03B E AP Eioad A sl PBE13p may also
be othér shAREEMcR@idddtind, b9alc E1‘é§c$en§-§1@ip'e@ NeffdrOpkRdped PAT aifkéB-curved

poi nt's into the combined radi al vect or
shapg, ge r@mgukﬂrf Fooriogs sgtionscrfeeter spari lﬁﬁemg nnr@ag@s 239 @yeferably are

I I 0 n .
syl AP A0 celtldtn R RHC IR R Y W PlrhPorgea

ﬂmuﬁhekﬁ@ﬁgdﬁaebhs0|ent [ 0033] The profile of the

| eadi ng edges 116 of one bl ade assenbly 110 overl aps

[003R] 124T10f oradd@dtiodlof i Ai6ssaR e sPd HoutdkGpat 1 8 qkwhen ﬁ 1s not round)

(point Gis shown in Figures 3B). This overlap al
has ap grtsr sppange30 0( appshoxinintfégure Ldmstaggled), wrhmhrrtref@)abbf is chosen
SO th:ﬁreﬁ % sd gecagé %gg \%tgrn%a%})lﬁﬁgom nﬁt(lé?flee 90 tblg%r%#é; pglgpmg vector

(gendffﬂlgnﬂ@sdmgrbua adto & p@@h@ﬁﬁédg@b M@r&ﬂﬁndﬁﬁﬁﬁg fludachid4e vedor (generally
wel di ng, passing inner spar 230 through a hole in rib
flowingin aqxgﬁql@acges s 160) inoréeg tafiyrthsr manindze the Hagroefficient.

nmechani sm known to those in the pertinent art.
[0033] The profile of the leading edges 116 of one blade assembly 110 overlaps rib

124 of another blade assembly 110 at point G (point G is shown in Figures 3B). This overlap
allows inner spar 230 (approximately located at point G) of one blade assembly 110 to be
mounted to rib 124 of another blade assembly 110. Inner spar 230 may be mounted in any of
several different ways, including welding, passing inner spar 230 through a hole in rib 124,
using screws, or using any other attachment mechanism known to those in the pertinent art.

For example, as shown in Figure 4B, the upper and lower portions of inner spar 230a are
-7 -



For exanple, as shown in Figure 4B, the upper and
| ower portions of inner spar 230a arewelded to
WO e@pesaerese cyl i ndrical tabs 232 | ocat ed wher eP€TIES2008/087576
upper and | ower portions of inner spar 230a are
cl osest to each other. Each cylindrical tab 232 is
weldbdid rebdctvacytounicaltgbyizi2t looate@Bhero ftha uppel 24d ofveapottioas of inner

svar 50 3R5ETE) bl B el P B, PR3P S B S hing portion
236 G 1er othndfdRr BHAE a@kﬁﬁbﬂﬁl 1), eftaiing df%a&%ﬁ%ﬁ@ﬂ tab 232 to a

during installation of the inpeller "assenbl’y
moumorxa)ormn 23001 1in 124 efsanother blade B$Sﬁylb1yﬂ{bpmf£p$hiy asmj:rformed during

L o e TN TN e —

lowetipRrEbn@STinh€¥par PBUatadrORBIded td RBEICtiSORAAnfeRD Fdd® 234 located where
farthest from each other. Respective reinforcing pads

the upper aad dowigr nesEPTS 1 iiFIsE FPE 23R s Sritheshiram Zagheihps espectwe
t
et RRRE 2 PR A ALRFR0R K L lpper porion o

inner(sphdf 230ad/i4 ® ﬁtshl ecihforneing pad 234)randﬂoweTWde§3pﬂ[on2ﬁ@6(aﬁimdao the
secand r.ei nforci ad 234) 034] Rearward rake

loweE RTn 9h BPLHeh o GRe CHat TERETIANER iios 118 (wher e
the interior blade surface of upper blade portion 112

[0Qrths tRearvardeipkeangle adisdhe ﬁl@ﬁl@ hat the érer eggosdd 8 (where the
interREbO Rt b IBHE itk ol | 1637 B IR L BGe e of joyer
bladegortiop 1 4)tmédkeatith thedind Ibsgmnmg at thercentend f (&Intrhll’mblmﬂ) and crossing
. __tha one-third.of the dianeter qf i eIIer as e
inner'gdges Bt & Portehat i RGOS BB CeRg Qb Ag0 ast kb of the
diamEteBYf BnplhePsis@Bilya 08- Ié DIN035]s [BaAYRFle LRAKE 280 H $10440n Figure

is also depicted’in Figure 3B. In Figure 3B, Inner

2A apalgds0.118 are defined by |line segment DID3. Trailing
edge 125 is defined by line segnent EIF. This rake
[G03§] e | Rearwardwakeladpde 2451 alsoptepjcetitin Gigudé 3Bhé&n Bilgide 3B, inner

ctor t ds.the inn g 22 of a_blade assenbly
edges S atp AP IReq 1Y pe %eﬁ@emeéa%)g Trailiiededds o 3%%3 Pl sgment
EIlF. 1"?(93 roke %Hg]qure%r&ére GEWRE 2 ER{J @Jtiog s lt}t( tH 18§ (lé&@r AR he inner
bl ade ass 110. This r ward rake angle 240 ten
edges b22d@ﬁd dede asncmhllyrig Ofwillifell onthedeatlng ﬁu\ﬂ;mcfercrfrmmeaiﬁmhlmo

120, h
asuring 8 T R G G300 L BTeao Py ed.c B o reke
angle 0Q8%ds36 B &t BekolMng NEIACIuG Kk S8y Fdh b&ftraPhub IR ltdRards
assembly 100. [0036] The rearward fake angl e 240 t hat

peripirplRedgak 620, uh the aaé@pde@@thmaﬁlquuéméliéma@tp yy theorentrifegal forces
er ctln at a radius
genel%%%dsquf‘%(:%%@]tsg 9t oq‘ {%ﬂ@ eg atret rlyi&} I mpel | er

100 IS flf een I n ot
Ui rsam%é%f eiiele b T D mel e Bssus B e
eman¥BhB8m the Rk BYrdthtiiR é?ﬂeim(ai's)acﬁ}?%gD £83 b Pd'dﬁﬂte)ﬂuﬂ't!? ®ne-third of
(89) degrees. This so be used with a zero

the diagieter ghgheelier nssgmbbhl(t ®/B) lg\ﬂf@f:n {150 degrag) In other embodiments,
rearward rake angle 240 may be other values, ranging from one (1) degree to eighty-nine (89)

degrees. This design may also be used with a zero rake angle (in which the flow of fluid 420
1s directly radial, or with a forward rake angle (in which a projection of the D1D3 vector
towards the inner edges 122 of a blade assembly 110 will fall on the trailing fluid side of

central hub 130, assuming a clockwise rotational direction 140 of blade assembly 110).

-8-



is directly radial, or with a forward rake angle (in
which a projection of the D1D3 vector towards the

WO pvenswdges 122 of a bl ade assenbly 110 wil | PEI/US2908/087576
the trailing fluid side of central hub 130, assuming a
cl ockwi se rotational direction 140 of bl ade assenbly
[Q0) . [ 00B }idE heevsprdélovofeaclpblafie hesemblyeldOhis béradee in shape. As

assenbl 1 canca i.n s e shown in Figuye, .
show R Y 3 A 181 o St By b 3 1 eeniet By b ] £ he side
viewRY itheR R 118t RpSdsefted | b?‘ﬂ zﬁfd D NRRY tHRASRSyidk 31 triiling edge 125 is

represen%ed by D and D, and thé side view of tralﬁ
lfpﬁéﬁgéihzﬁEm@liepresented by E and E . [0038] Again

referring to Figure 3A, upper blade portion 112 is a

(60383t - | Akeingefgneng tedFigwe BiAp nppabihdetportmnclddds a sindeetikef
es of flat ar se nt ,. represented in
scgmPpd piiony pagt o cams st S SesRE RERUL Diatlf Regmests regppsented
in thé§lde Plow &EEiBuRf3 A hehe s&%ﬁéﬁ{b ; Agegmsctﬁ afd BES %@ﬁ aF 8fsdlanar
ade

di screte bends. Lower portlon i14 is also a
segmshls gre $qm@t%@h@ﬁftré@ bsads: |Imweré>&mieupprti@ lddps algo prahestjike
segmtgﬁgggg%&[o f alllcirﬁgse%)% 7{1 teey}g tglr Ct | on ol% gle]ol}é)\%grr selg 1%%{ eIn other
embcm@hélht@,mpibkﬂbh‘ﬂ@/ pciil@\bﬁ 1d2 ﬁﬁ@ro@mr bl-?dda Ipeﬁlohl l1e mayflﬁitve different

approximately mrror inmages of each other)
Shap%l (AGe NPAPPrSHMEElY METdmagesitcaeh efhen). éeme@'ala@f pqraen 114is

const%dé%dr g eggA@l;eg %?%m?@ltaﬁ laﬁJm@E%ﬁ%ﬁ%ﬁ%ﬂ&%ng%q? %Igegsgded Ew.oqulgure 3A
as thsdgmanpp&tB’bBade (Pb7 tand D’ E1 2Bathdippevieladdpatien ptir sridlower blade

sheet of flat netal

114 be. f d f
pom‘%ﬂ b garl]’[ lﬁfg@g?]g‘gﬁf”@r"{wsj’frl%lg éﬁ‘i?t g% ﬁ%t NFRstofkot i 1 e of upper
ade portion 1 bl ade portion 114
l%‘}%%t hi élt@aﬁwﬂ}g’ ﬂew% arcg"léeg?r%lrrﬁp@r blsé@ paHeNA 12 And %éver blade

por 8455 o 35BSl e B NSl ALY S ERAT o
oppolddad€lap prahaiogegitdtsdi m ni shes exponentially fromthe
open side towards the closed side of blade assenbly

[0040] grBkdklaycdbaiwBdsippegblagaportieadi Denelger blkle podlion 114
nore rapidly dimnishing near 1nner edge 118. This

dimirdshss ﬁéﬁ@rﬂe@rlﬁw grw the epehadastogardsthe ploasdsyidael tade agﬁe\y@ly 110,
gradlﬁ l?%ﬁnﬁﬁ tgg)hé/ar i Vlgreldg@@% by V\?% e)%ﬁﬁ{utu'sl‘ﬁhg ﬂgar%r edge

e consi ent po raw over a range o

118. iTihpsE@Iponant[ﬂltyahmnﬂdﬂmmdd ptocﬁil@tﬁmpe noeigridadd z&@éhil}ly 110 a lower
gh a particul ar. set of profile and top
fluid 6?3&90? Ca?n&@ﬁé rrt%%cwwtﬂnaagwar éWt?lV9f apmleara%gescrfcmﬁ injgption

Iawskggqﬁg§$£Qﬁ@gc@gE&glnent represented in Figures 3A and
B, 'these specifrc dinensional relationships may vary,

[(ﬁfégh ?t h&fth&igﬂe& &médléresﬁt rﬁf sui%I ﬁgﬁleaaia %gjll)r%ﬁfelcgngﬁylogseof blade

assembly 110 are shown in the preferred embodiment represented in Figures 3A and 3B,

these specific dimensional relationships may vary, and other side profiles of blade assembly

110 may be used.

[0042] Attachment plate 132 includes crenellations 220 that are approximately
rectangular in shape, although they may also be other shapes. Attachment plate 132 is
attached to a central hub 130, and it provides an attachment surface for blade assemblies 110.
Blade assemblies 110 may be bolted or welded to crenellations 220. In other embodiments,

blade assemblies 110 may be attached directly to attachment plate 132 or directly to central
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[0042] Attachment plate 132 includes crenellations 220
that are approxi mately rectangul ar in shape, although
w0 b@y/osemye al so be ot her shapes. Attachnent pl aP@I/LSR08/687576
attached to a central hub 130, and it provides an
attachnment surface for blade assenblies 110. Bl ade
hub B35 erttel presendelOf dmbtalﬁﬁlbbl(ﬂotl@ dptﬁ)"nall\/eAﬁiﬁdtdcﬁment mechamsm may be
crenel | ations 220. | n other enbodi nents,

used 4o afdip! a@sasm’abliﬁé;l 1géo éweaﬂw&ﬁlal(ﬁlpm i Ftlg)urs@%c Fnsome
embcmflﬁglgtrs] ik af)?:ﬁn 3 Ea%%h!)‘xn 'ilprg%ﬂat Af@lb%]&é adeiflibl EE?I@J e aiRkd (using

IS opti-ona attach
boltsmrf Me&hngrfonmanhﬂe)tis eckntBatadnk QROHoirﬁdmclaﬂ&e pidte €32Hd@hdwa using a
shown

haf 2B
centeg b e att?%rée@kaﬁfﬂ Poguiciioth o g8 (et poliogaeelding,
for e;@a?fi’;ﬁ@ﬁﬂo' aeﬁanlgé Qﬂ@ot@h@wﬁ{ i REhd ﬁ'@rh%v@ Shdtso Q). PR ﬂ’dﬂg@ extending

for exanple) to crenellations 220b in attachnment plate
from 1igivp shaft AUpretssiiy issubstantially fagdllel tqﬁtaeladentaaﬂataém nAttachment
plateql3?f) ?na %2?%%?%@(02 n_gldsi { Cct:als aff xe ﬁlgfé &tfor example or

attaclemtalﬂl’lﬂate 9312t oy e Im/a@le%{ two?ﬂlQnor-Ehﬁ)rtfdn@l’dm n@XiRIub1ed together
fromdrive shaft 210 preferably is substantially
duringgpgpliaionaba gttt pl ate 132b. Attachnent piate
132b may be made froma single casting or formed piece
[HH43hret afs b¢9<§ ssh@wanxﬁ 1gures 2 Azand 28 pe ripgdlen assemBbl Goeiy atdeched to
a dnvnas%gjt“t 218 Griven: bgl qD Ak éhgﬁﬂ:%& h attgé{a Q’ gc%feg@g?alfy yas reference

togét tier” urlng i NSt

nume[rﬁl%@ Wspdilesisseibynl 0Nofated il BSatdMabdicbctibn 130, | npel | er
assenmbly 100 is attached to a drive shaft 210, which

[0GR4§lT | VR RAbIR JEBENAMLCRL, SldcMBehihAdte 152,560 %P%%Mtﬁinlsmo are a
as reference nuneral 212. | mpel | er assenbly 10

contlgwatr@@ah megeot iy man hllel fercimphfiefabria0on 4hd an umnterrupted

o G ERISA D A3 LA SEEDL APt e 33 mes

prevet¥ashdapveritl heh IR0 frbingrhsdiadbétGatd @B i@k e@des 122 of blade
uninterrupted circul ar interface between central hub

assemtgips 4B aBd perdrak fal 3G 110 2 prefered sehedipieat, dhe diameaiey of attachment
pate P32 YE 00 NS S5 b i 0L ARG PRy 100

The dignttendf é(tt:hbhﬂl&& pldte 122 plagfregeditbre apmdiinendly tHehBameter of central

i anet er of ttachnent plate 132 is r oxi mat el
fuub 13%9?91’%“&% ¥ thexdametsy Ofmpeéi?ra%é%r@?lydgo %%qh%?mbodunents

attaclAR&R ?Pité’ 14@&% ;525' s@h%rfs e&vild adiell @ﬁfﬁﬁ@%@# @eﬁ’élﬁxﬁ%ﬁ%Z%@?)ﬁo the

range from ap mately the dianmeter of central
diamdt80oft aﬁaalprpcmmlataﬂ 32 yaylbe adpmunha*;tclyceﬁual rtrq» tHel ametssefidehtral hub

0...1 t nb ttach
130, IR iasB G AT RBUT AL ok o Arats PRt RESrIER Figgmpeler
assen?A9 108 Qieb&ﬁilﬁig @ﬂﬁfe@ﬁarﬁ&eﬁéft Ra1AERL 1BbakLE stlﬁges@é/qulﬁ%ments of

apprOX|nater equal he di aneter of central
crenell3@ons 228, mdaﬁh'eﬂ@xgﬂofvf kd@dqaasmmbitesml&t 7£h1$31251gm,whmc slesued allows

f
the i e £22 B b 30 kich M0 BF v AERE st BTS00 Fongre o
the tosdlididm@ssofrigguiléreremitty 000, which allows for a larger pumping surface area

than in previous impeller designs in some circumstances.

[0045] Central hub 130 may be welded to drive shaft 210, or it may incorporate a
keyway or set screw to prevent rotation of central hub 130 relative to drive shaft 210.
Alternatively, central hub 130 incorporates a welded or casted attachment plate 132 and

crenellations 220 for coupling of blade assemblies 110 to central hub 130. In other
-10-



crenel l ati ons 220, and the |ength of blade assenblies
110. This design, where desired, allows the inner
weoyessb22 of bl ade assenblies 110 to be very BPCDES2008/087576
central hub 130, relative to the total dianeter of
i mpel I er assenbly 100, which allows for a |arger
embdalitfiph 8 ghlade dsaerablégseld Otabeweldad maetalcmumtlpﬂme 182or bldsidgoshe

ci.rcunst an [ 00 Cent r ub 130
staclyBeBigUE A 4Py B BF Tovsergn sFaye %Pé?t %1566%%059@%‘3 ow blade
asserf{QUONAN 00Fcadtith 8 G5 depiilh PYEIA0GhA heB1Aks cent ral - hub

relative To drive shaft . Alternatively,

B e B R s

knomﬂuphd: pertiaéntlitatis mssenhlapred td idate drice amafall(rmid bla{2. assemblies
I n. ot herenbodi nent s de assenbl|e 0 are

110 tp sheydesye ﬁ%“r?g‘ I@mf@E oY 16 sern! %95 forfae 3?&%&%@@??&% shaft

210. Rh@3beratidR tﬁ@ﬁﬁg i ran-gﬂl?ttédqyyarﬁeﬁﬁglcgf drilfd M8 1§ halt sl?a%toz 10 is

may protrude b w bl ade assenblies 110, reaching a
transimatpesk fromghdshiafi thiagenidal 420 18Aan t he bl ades. [ 0046]
Mechani cal drive 212 may be any constant speed or
[6G47] abl Bigapeed achlda/\ée\hmﬁwrszystemtme fmenbdlmgmgasaﬁm) mtbat liquid 420.

may be adapted top rot ve shaft
Syst%%é%‘ﬁtﬂ hudeb 3 ygssebrsemblyd e§8 haying pasesel %@ ﬁf% mﬁl%eﬂer
asserR 108 a5 AERYBHd Eﬁbv‘ehﬁlqtﬂﬂpﬁz"o Ride)d llﬁlﬁlﬂ‘éﬁrﬁ&@ﬁb 210. In
operatlon the torque transmtted by nechanical drive

t o fr
bty 0 s iR o R 0lip RART b 8fhid AR iinErBllmbly 100
rotat@fwﬁluﬁ)thﬁcbﬂ(ﬂﬂﬂbrﬂﬁrto mﬂxamg the digerd@0of glﬁ@ﬁ@, whigliisdnjected into
420. tem 400 i ncl udes vessel as 410 havin
the V%S@%@y q;ar@?léfgrm ponveriongh meaps Speh as isvsaeﬁ%{%ﬁ rigPrphet means.

hnpeﬁ%sé‘sﬁérﬁﬁﬁr 1@@%@3&&%&3&'@043 Brfdetd A8Sm ghéﬂ G sk BE §as 430, and
422 is desired that gas be di sbursed

impellext acssefmlmhyd 08 20ay flungsesinl te suspssé ndlid/parGlatotahish maytdrinmy not be

presegg)ml E%Oo %{ éeg% g%ée {JE(? gl%§ |]?t8 Igg]@ oglgﬁ ?%él Ser}seoa ﬁgs?ﬁquld into a

secorchﬁﬁ@(ﬂhluyalcé@yd ®Any gpbde®nal means, such as by a
sparge ring or other neans. Inpeller assenbly 100

GiHof at
B Ry Qbbb B T

to besummm:d as dimiting thetincmtien.e Whaleithdhinventioorhashyemdesciieed with

resent ithin f£luid 420, Syst 400 . al ma €
et Rt SR o E 01 R AR BT B o wores
which heid @eeﬁﬂﬁéd hé&einGad ferdsHdbRribtien ﬁﬁ@])l}ust[rﬁ%g}at}ﬁ @han words of
f oregoing description is provided for the gur pose of

limitatiqpl orotgralthoygnthe invenben bamten desrrided hengin Willy rafprence to
partlclzurll%/re ?e et c|>d% | Qi emga%\éﬁrgénég Qhehlt?l%erpuo%r}s %Stslﬁ{eng ecfj tovge lpmlted to

ence 0 prefe

the pmkﬁkaﬂﬁdlsdlésetlfhewhﬂ ek Sedaderitidatextches M%u‘dﬁ!r@hmlaﬂmﬁs and uses
been used herein are words of description and
that gre withiny theisenpe of dhgyanpendedirlaimsgdhese skilled in the relevant art, having the

benefit of the teachings of this specification, may effect numerous modifications to the
invention as described herein, and changes may be made without departing from the scope

and spirit of the invention as defined by the appended claims.
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[imtation. Furthernore, although the invention has
been described herein with reference to particul ar

wWa@aaosere, net hods, and enbodi nents, the i nvePET/U82008087576
not intended to be limted to the particulars
di scl osed herein, as the invention extends to al

Whattiy Ghiimeds, net hods and uses that are within the scope
of the appended claims. Those skilled in the rel evant

1 aré% L %A eneflt of the teachings of this

- spetit %1?7 §08¥¥§%¥ nuner ous nodifications to
th@ghmyentlon as described herein, and changes may be
made W t hout de arting fromthe scope and spirit of
t hielurah 9eaeph Bppcad Cldefmiseantiplly alprat aldlcaack Fedopanainding:
is O ained: ,
shaft; plur a%ﬂ s@% 6%@8?‘?@8@3?% rebrléér%}t n{q?y@%g %Perblade
t he Shalﬁdrtloﬁaﬂdlszﬁ@hﬁ@rlblwlelpdrtﬁm hagihgUgieg dlgaslénner edges, and
portion an bl ade portion, said upper blade .
porti onP eeéﬁ eﬁdﬁ&uﬂﬂeé lade, Bertiop angh sajdl fRyvardlagiepgrtion joined

edges,

bl o0 prrienECdRss, SACel RN Ao PRI R bHRBBbrtion
t he i nnemacebapeast,at dwi ldadippedges] ade portion and said

| ower bl ade tion,spaced rt at. the | eadi

o o1 B0 DR kPR RS a Rih 074 it S e Betie

sai d scmgléa% Ak SaHpyefkatitnddiar @bafht by attachnment at
the rib The inpeller assenbly of claim1, wherein
said inpeller assenbly further conprises a central

2. Pl ’Plﬁeelmr%ﬂb'lpisﬁgnﬁlg id %féli}an whBRiPda ﬁﬁpe‘fl@?%&n@bﬂl fhftBer comprises a
horizontal rib i pel | er assenbly of claim 2,

whesnghiplateccaviphedrta Ieacm elttbe hlusal sgonpe by iits hovremdlritat ed

spars. 4. The inpeller assenbly of claim1l, wherein
the i nner edges of each of the plural scoops define a

3. stTlx igigellbn asegmblyof chaem2i, wherfeirethe herdfal phage pdsisyaimetric,

scogfe i% in a plane perpendicular to the axis of

r T &1981Fd SBATSThe i npel | er assenbly of claim1, wherein

each of sald at | east one scoop has a rearward rake

The i npel | SS of cIa|n15 wherei n
4. 1@3}%&3&% Oéﬁgmeai W%sre%rataﬁ inehedgss of Foprahe B!
d' 205} et alsheighlRR. lRd t}ﬁsr?oem:&(h bPthe Hfrﬁ’lxs'c@seﬂ; ¥h a plane
fifteen degrees.” 7. The inpeller asse arm 1,

whesrgsndicsdar do peraxpheirafatieniges of sai d upper bl ade

5. The impeller assembly of claim 1, wherein each of said at least one scoop has a

rearward rake angle.

6. The impeller assembly of claim 5, wherein the rearward rake angle at a radius of one-

third of the diameter of the impeller assembly is approximately fifteen degrees.

7. The impeller assembly of claim 1, wherein said peripheral edges of said upper blade

portion and said lower blade portion have a rounded profile.

8. A system for mixing gas or liquid into liquid, the system comprising:
a vessel for containing liquid;

a drive shaft for extending into the vessel;
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portion and said | ower bl ade portion have a rounded
profile. 8. A systemfor mxing gas or liquid into

WO p@aiogk67¢ he system conprising: a vessel for CPRCE/HBWSIERTST6

10.

11.

12.

13.

14.

15.

16.

liquid; a drive shaft for extending into the vessel;an
i npel l er assenbly, said inpeller assenbly: adapted for
rOMHmMR@cammambagmddgnaﬂksaﬁénmhe drive shaft; adapted
for subnergin | ow t he I UId sur.face ing plura
scoops,ggggﬁjgﬁﬂgﬁggi 8PU% éaxﬁﬁgdﬁﬁ%} EE%%e portion
and a |Qﬂ?&ﬁhﬁﬁ&%n&@@hg%@ow&ﬁé@_Hﬁ@ﬁﬂh&!ade portion
and sai d [ower blade portion having | eadi ng edges,

i nner ebiyyérg plard sprapispaat whopsdgelydingai d upper bl ade

portion and said Iomer ort| n d, at

i nner edges, sai d¥Up %Laﬁsaa 108rat118 Ab‘ger&q%depc?rﬁm%?ld upper
bl ade porti omaa@p@mdnaﬁ@ﬁatld ﬂiwdr%de@@ﬁid’i@a@ﬁ@ﬁéadnﬁ@éﬂg@s inner
rib extending rearward fromthe inner edges,

scoop being e @ PepPhel eéiaa‘f,tsalswpa%rtbé@wmowdﬁa@ lower
rib. 9. The Mﬁé ?5&1?% &#ﬁieﬁ‘tﬁe m}ﬁ@leécg'eg‘ séﬂ' ggir l%/\%cfe portlon and

shaft is vertica system of” ¢l ai m
said inpell esaléksmnﬁnllaﬂefpurttdnespa@drqpantseﬁleaemiﬁrgtadgbs and

pl ate, coupled to each of. the at ast. one scoo0
its horizontal ri Bn%ff tendigg T P@n&%‘iﬂ the 1aneh %%P Raid! scoop being

wherein the S&ﬂﬁ&ﬁ%tﬂiﬁﬁﬁtﬂ@ﬁw&ﬁﬁ&ﬁ%fﬂﬁmﬂﬁrene'|ated
spars. 12. The system of claim 8, wherein the inner

edges of each of the plural scoops define a straight

| i i syRReh 50\@aid 8, @Eerﬁﬁ%ﬁ‘ld%fnvg @ﬁafplsqfe?tﬁcaﬁcoolos isina

pl ane "perpendi cul’ar to the axis of rotation. 13. The
systen1of claim8, wherein each of said at | east one

sﬁf'%?n 452 ¥ay r&ﬁiﬁﬁd%ﬁgk er a%sAE:mb-w ﬁrﬁﬁé? Efg{%ﬁsfgs a central

cIa|n113 ereln the rearward rake angle adi us
ofpla‘naeemipilerdcto echclt bitthe paleett ene sfoophby itsrhetizomtal aibsenbl y

is approximately fifteen degrees. 15. The system of
claim8, wherein said peripheral edges of said upper

bl Bigkesyptent oO¢laiantd, Setieteih dwadentrhlgdete hag §ynanethay@erellated spars.
rounded profile. 16. A nmethod of m xing gas or liquid

into liquid, conprising the steps of: providing a

V EBlgdysfe@t oCalaibag Nigeih itiinbér edges of each of the plural scoops define a

straight line, and the rib of each of the plural scoops is in a plane perpendicular to the

axis of rotation.

The system of claim 8, wherein each of said at least one scoop has a rearward rake

angle.

The system of claim 13, wherein the rearward rake angle at a radius of one-third of

the diameter of the impeller assembly is approximately fifteen degrees.

The system of claim 8, wherein said peripheral edges of said upper blade portion and

said lower blade portion have a rounded profile.

A method of mixing gas or liquid into liquid, comprising the steps of:
providing a vessel for containing liquid;

providing an impeller assembly, said impeller assembly:
-13 -



providing an inpeller assenbly, said inpeller
assenbl y: adapted for rotating about a |long axis of the

waleiogesshaf t ; adapted for submergi ng bel ow t hePdT/ts20a8/087576

17.

18.

19.

20.

21.

22.

23.

surface; having plural scoops, said scoops including:
an upper bl ade portion and a | ower bl ade portion, said
upper badageddor tataimgaabdutsaliodg hxowsef thel dmfe shaft;t i on

cdges. aEplrairdas G FERSTHAEE"] bher bl ade

porti Onhdv‘i’ﬂdg‘ﬁqra%cdo'% éaﬂf‘s%[)o;%qg@lﬁdmga' d upper bl ade
portion an aid | ower blade portion spaced apart at

the | eading edgesmlmmwréhﬂﬁDoéxm@ndam@N@éémkﬂﬂmU@h @and upper

the inner edge |d S hei cou to t.he,. s
by at { achentiads PRES ARESIE N bk PRI hoh g R Rldes, mmer
wher ei n sai dedbek Ve@xd%laﬁf)lﬁerhlsed‘gesf tsmaabperb&demmmﬂmdld lower
of claim 16, wherein said ng% er assenbly further

atd ﬁp

conpri ses a @laft Petiopjeingd gicrdess, 6d mPBer Rlpde portion and
| east one scgy Vﬁﬁw@b!aﬁ% Rfo‘nzs?&feﬂlapﬁﬂtgt é?ead%ggeg had

of cl aim 18, erein th cent ate as S
crenel | ated sparsa nB@xteﬁﬂmgmeranﬂ fodm mealnner]eﬁgesg\/eadecmbp being

the inner edges,of eac f the ural . scoops define a
straight lin uP}frﬁiotog Qﬁagﬁ’yﬁta@gﬁwtﬁ?thf’ﬁ@ pl ur al

scoops is in a plane perpendicular to the axis of

rotation hod of , Wherein each of
sal f lélFthPégéiﬂaHﬂi%W eslm«ﬁagl Vﬁég]?ﬁér‘@rﬁw&ke angle. 22.
The met hod of claim 21, wherein the rearward rake

an le at a radius of one-third of the dianeter of .the

mgthod 9§ glgiim \f 6, Wherpipsaid %H?ryasmhlééﬁﬂtrégweeeses a central

2 %at@h&lﬁ?édh@ da g oﬁhg Fﬂ*ﬂg&s@ oné"@lt%%ﬁé 9%393 S zSS%Fdl pier al

sai d upper ade portio ower bl ade
portion have a rounded profile.

The method of claim 18, wherein the central plate has symmetric, crenellated spars.

The method of claim 16, wherein the inner edges of each of the plural scoops define a
straight line, and the rib of each of the plural scoops is in a plane perpendicular to the

axis of rotation.

The method of claim 16, wherein each of said at least one scoop has a rearward rake

angle.

The method of claim 21, wherein the rearward rake angle at a radius of one-third of

the diameter of the impeller assembly is approximately fifteen degrees.

The method of claim 16, wherein said peripheral edges of said upper blade portion

and said lower blade portion have a rounded profile.
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