WO 2009/ 082676PCT/ US2008/ 087576 GAS FO L | MPELLER CROSS- REFERENCE TO
RELATED APPLI CATI ONS [0001] This application clains priority to

provi si onaWowRo®/08}pd¢ ent application no. 61/016, 246, fi |REA/IBAWSHEISTE
21, 2007, the contents of which are incorporated herein by reference
intheir entirety. FIELD OF THE | NVENTI ON [ 0002] The present invention
relates to a nmethod and apparatus for m xing |iquids and gasses,
particularly a nmethod and apparatus and inpeller assenbly for m xing
agas or aliquidinto a liquid. BACKGROUND OF THE | NVENTI ON

[ 0003] M xi ng vessels may be used in a variety of industrial
applications. They may be used as precipitators in alum na
production, anaerobic digesters in waste water treatnent, and in many
ot her applications. [0004]Inpellers are frequently used to m x gas
into aliquid in situations where high efficiency and high power are
needed. Typical industrial applications for such inpellers include

pl astic and production of terephthalic acid, fernmentation, production
of antibiotics, and hydrogenati on.

GAS FOIL IMPELLER

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to provisional U.S. patent application no.
61/016,246, filed December 21, 2007, the contents of which are incorporated herein by

reference in their entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to a method and apparatus for mixing liquids and
gasses, particularly a method and apparatus and impeller assembly for mixing a gas or a

liquid into a liquid.

- 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 generaily desirable for an impeller assenbly that is used for dispersing
gasses or liquids into liquids to have certain characteristics. Some advantageous
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[0005]1t is generally desirable for an inpeller assenbly that is used
for dispersing gasses or liquids into liquids to have certain

char act er | W0i20®/08806re advant ageous -1- WO PCT/US2008/087576
2009/ 082676PCT/ US2008/ 087576 characteristics include (1) a | ow power
nunber (i.e., an inpeller power constant that is related to the
specific cgermﬁﬁys wicludp €1 ianpwiplower nughliet . ¢, 9n irepelleepower cohsant diak 5 of

tranem t 0aeRlo B SEiRONBHeAL Bk Subdlfer WAL 1IN B Pihe mechamisst
f 1 oodi ngfdﬁwe powenﬂnﬁzm:dﬂleradmiehjélpmgtah;&ge&axgngtaeggumlﬁta%h&dl)l @h@ghf‘g:lghhe(j
(311 at iiigm e rbaste o flooeBe Tor.othendy ippeb i Carkiiniags Pk ebs

of the raigh @fougast dakjsaet haflifid ﬁhﬁ;ﬂﬂ% BQORHntih I} @ndiShddd (B V¥t ¥ERSE!
e., an_i1npeller may | ose power emxmg1 asmtoallqwd)

c(amd (4) chaacapies ﬁcpwstwyeége‘éﬁ"dhw regprdggstof Hiedateiod sesgierienaTd i n
the vessalphfEhdf 188 ehe MixGfpvedd (0GR I.Jﬂer ﬂggs%ké ﬁ&avé?%ﬂ'éghﬁﬂgtggs Y

present invention enconpasses |s genera y diTecte

char act efigeid), ésd (4 dhe aahabibiyde swspendeplid particles i tholiquid in thestessel during gas
possessi C:ﬁl of these characteristics. SUVWARY OF THE | NVENTI ON
[0007] An Trnpe 1er assenbl y includes a shaft and plural scoops spaced

ci rcunf ere |y ach S¢O .. ncl udes an .upper bl ade
por t1on. 2 Do, PRGclfe B g o Bk G HRat e SR BBR S
and t he Hmwd tblsﬁﬂﬂc}ﬂfm‘cteh@tﬁbshlauehd eedntigveRdges not ineed RAQessigall of
peri pherg{? echl .The upper bl ade portion and the | ower bl ade portion
are j oi nBgsSEagtsristlitSer  edges. The upper bl ade portion and the | ower
bl ade portion are spaced apart at the | eading edges. The rib extends

rear war dsUanvnAuiEanDHEImIome scoop being coupled to the shaft
npel | er assenbly may al so

by attach e 0008] Th
i ncl ude anﬁﬁéﬂ “E‘PHP%"’ leg, @Hlﬁcgldéﬁéﬁagfmgﬁ@rﬁlsﬁ?% sRECBdps by its

hor i zont glcuk b ﬁ’d] bbe: theMHahaEaBl Rb6p MeMda SQphama @ﬁ?ﬁﬁ%n“ q blad
crenel | at ecd spglrls Esir‘lz'ihe i npel | er aasse§p é may apgo |%cl ude | rfilnecjavrver d%gs

of each mm@m;@néambaﬂhg@nmsblqdnaprhaemdm eépwbbﬁdgn@rtlpn have lgating ¢vlges.i b

i 5 of PeratEeh i AsRae el pb AchAle ATRRBIRE B 9

at | east Joun:é alsth@alplehadgeﬂ.gThe HRT b\ladajparakealﬁnlg;d lewenblddd ]btﬁ'tl(lil‘Eﬁ'B wmceld
rake angl di u ne-thir t he . di ter af Iler
osenbl v B 1bte et BT e Rorant e HohEs dlgen et SBIeig
may al smduplehmdmepﬁiﬂphma%hmeﬂgwﬂle@fb,the upper bl ade portion and the
| ower bl ade portion that have a rounded profile.

[0008] The 1mpeller assembly 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 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 may also include each of the at least one scoop
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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[ 0009] A system for mxing gas or liquid into liquid is also

di scl osed, including a vessel for containing liquid, a drive shaft
for extendM@RUpHBE76he vessel , and an inpel |l er assenbl yECHBRVISHEETS er
assenbly being adapted for rotating about a | ong axis of the drive
WD 2009/ 082676PCT/ US2008/ 087576 shaft, adapted for subnergi ng bel ow
t he | i quisbafs addpdeceior sytundigiog hejoyity laluuéwfaps and havingploras sdonpd, ti saopran

upper bl

port1 on SgIREY SheF O Qpd Bl BUE BRI poPln, idSoBHATe BOARS and e

edges, anlavgrdiddppertan lxadgg ﬂ;ﬁadhlgedgqspmnertﬂdgﬁearphimpmm&ﬂges: ﬁe ubpmﬂﬂade
bl ade portion d at, .t nner. e t he u r bla ortion

the. | onePUtORARS HETBrb A RoEtapiaPy Ape e S BRI Ry PR e Paian gud g
ext endi n%wa&na&a@dnfdh@mdeb @pdrhatelic @dﬁ@edgbb @né & ABRxREAING ezt 8dnl Be
the shaft by attachnent at the_rib. [0010] The system for m xi ng gas

or | i qui dMehedeeithRFQoORBYNEFewIGdie fecbafhby altachwant agthevid- shaft . The
i npel l er assenmbly included in the systemfor mxing gas or liquid

into |iqui dOREY al $he systemyies mixipg gy ligpiddpte liquidupavedsotipcladenvastical he
plural saaepshaRy T'hE?mP«Qfe&‘ Eﬁ%ﬁfg 1ﬁélﬁ’ded%ﬂletsp rﬁ%}txﬁlﬁhlr%%aggﬁl 1&1@3 c?h
| at ed spar e

have symretric, crene he |rrpe Fer asse y in
t he syst emyfatso mluderﬁgcegasl date, Icpqmlﬁtﬂtq gatloof theypluch! sepppabwits harzbuotdkrib, and

i nner ed C t . de strai

and t he ?{} eﬁt{:alzngag%mgia{ Eﬁa‘% %et@cc glgeHglla%@% g fﬂl@lmp ler assengcny mciurgied
per pendi authasystem tt"d‘i'QmaMg%aﬁ)f)r ltqmcamcolﬁqmdl' hey almpﬁichﬁe nm%salg’ei of aaalm bftted
in the systemfor m xi as.r.liu' i.ntq |iquid al so i ncl yde
each of - PREA oS 4ot desi <Sais! ot MibetP oBedrh Batie ABL hms Al e X e
rear war dplagkge nrgémﬁ@laatto ehelaffdi o Sot@fon0d %ahhff)él@r Sserhh® iKh ¥R iiethe @fstdh €or
i npel | er asse be appr oxi mat e%‘%ﬁg@ teen degrees. The inpeller

assenbl yIEHBE a%féH 11qH1dtlﬁ@ ligwad rapy #lan inglude eagh gathe st lepst @ue epoppbaving fui d

may al so,d r (Talolc) e
Tover bl S5 har T AR PRI SRAREl) kel at R f G AR R M Bt bF
m xi ng gths iwpelldr gssethbiymay be wirmmmlymgn degrepsi ahngnmﬂvwsmblyor
cont ai ni VL n
about = [1ongbat de o0 B G U ANIREo B ERErIE Beb 8l plith 8l By
sur f ace. offthe uppgp éldde porion andthy Idvee bidde pattion clod hwdmmlded@kdfdes an
upper bl ade portion, a |lower blade portion, and a rib. The upper

bl ade port i[6o113nd Aim&tlhdwwmmmg@es cpldfcﬁ;ldmtd'l&mm ineladésnpro@idrs, vessen &r
edges, and peri pher.al The upper bl ort.ion and the ] oner
bl 96 por BRPE R oo G B TTHAET ST T TSt S Gpsof D
the | eadifeh SEH88d subMRrEihPbasH HiEAIreE, dI‘ﬁé’lﬁ'x?{bHé}%sdeﬁiﬁﬁfha@ ggs. The
scoop is coupled to the shaft by aitachnent at the rib The

met hod o$com<ﬁhﬁfgngla@68@m uppfeflhl@emﬁft@m 3 lgwienbladgpaatierp aphe FLd @hwmr bﬁaﬁg
t
2, Ver ) cRbagt PR NALd 1R Bok BREM AL ARS Al Yl LGS Bk BELGOC

coupl ed The gaehblefle p¢r901ph1uirfab lescoblagde pyrtipt srehmncdzamhﬂhnmddgesamd atehe

el | er PRGeCTy: e ek TRE i ient SRS G BRESahr T srareo

l'i qui d ndyomdlediol tAE biifiebyi Aacmedtigieie 4. each of the plural scoops that
defnme a straight line, and the rib of each of the plural scoops may

be in a pl agEzper pERdhaHbBS hRidehs 8xligui®intd B4ad inap alsd RRIIISRAIiEAg 2

assenbl y
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-



WO 2009/ 082676PCT/ US2008/ 087576 provided in the nmethod of m xing gas
or liquid into liquid my also include each of the at |east one scoop
havi ng a r¥&2fi26’ake angl e, and the rearward rake andiCd@/ER20W/0BEAG us
of one-third of the dianeter of the inpeller assenbly may be
approximately fifteen degrees. The inpeller assenbly provided in the
net hod oﬂ)rqw‘i/edn@ thgaaethnd efinggring gam eoliquidigialiqvedmay aled inslida gech of the at

eri pher f i I [
ort on (iR SEodd hab g o 1B Gl R0 RO R @D ARGl R WB e PhARB o one
art and d#udvdeefitbgdsmeifr plihe irepdllar aseerblds imeg bt spapenptedyiifled degrees. The
cont ext, .and, t he esent..invention is.not limted.to the.problens or
SoTut Y on BBt ARaBhS BFNigad ¥ S hBRed SrRlng deTbfitid fud ARy EIRY o BRY
i nvent i ofnchide petiphiesdl kARG f tir dpper idateqaitivarhs tikows Hielegoftionaisl hutiea

pr esent in\gﬁniﬁlﬁrog is not limted to the particul ar enbodi nents, but
rat her i LU4PASERHIEY- to be broadly interpreted according to the full

breadt h of e clajnms, BRI EF SCRI PTI THE W NGS [ 0014] Fi gure
1is a per s[bglét]i ve %@W@TCE&H § WEP?@%&W&‘?@S %Wﬁﬁmﬂ’ﬁd%ms are
aspect obrdvitRd BEr@eRRkt, V@B hiRB ihRAdR] EheuisitedAo il RollORs ¥ MiRhs t he

i npel | er assenbly; [0016]Figure 2B is a side view of the inpeller
assenbl y exglgoadrrmglieidy pmvided hering eAsprets oStha giventionses illuptrasechinghe

enpl oyed.i . ' -as . F . ' Lew of a
e e e e
embodiments, but rather is intended to be broadly interpreted according to the full breadth of

the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Figure 1 is a perspective view of an impeller assembly according to an aspect

of the present invention;
[0015] Figure 2A is a top view of the impeller assembly;
[0016] Figure 2B is a side view of the impeller assembly;

[0017) Figure 3A is a side of a single impeller blade employed in the impeller

assembly;

[0018] Figure 3B is a top view of a single impeller blade employed m 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.



[0019] Figure 4A is a perspective view of an inpeller assenbly
according to anot her aspect of the present invention; [0020]Figure 4B
is a persp¥&tPPd8I[ew of a portion of the inpeller assdfIVYs2HBHBETed
in Figure 4A; [0021]Figure 4C is a perspective view of an inpeller
assenbly according to yet another aspect of the present invention;

and [002 ﬂz\%ﬁ’ n inpeller
assenbl ygjaﬂc:%gjr?L | n%l%s?ﬁl?ll@ﬁ/gnt P%?S %W%ggfsﬁ&oow 087576
DETAI LED DE[Q@?!]PTI Rﬁfe@lg tb [FUSTRA RN VED SMBEBENETISO [11@1(11.@3§ Pefabliag to
Fi gure 1 e _as

110, a céfit %mb'lgﬁ? 0 %%ﬁ cr][;o atta%gattac ﬂnl(Ei enjf 2%’El ﬁebﬁs%ﬁiﬁgﬂenbl
110 i ncl dbhrieann tpjee blabe ﬁﬁkﬁo@@tz laacﬁw&bl’adezpoftmmrm tlbzaldtg gdgéed 1 18Ninhdrd,

| eadi ng e s. 118, | nnhey edges

159 0 FiE%e 348 Reriphelf oay EhguiasdeBana Bnb ot 6l e og s, and ol
spar 126.

[0024] Each blade assembly 110 is coupled to a drive shaft 210 (Figure 2B), through
central hub 130 and attachment plate 132. Blade assemblies 110 preferably are equidistantly
spaced about the circumference of the impeller. Each scoop is formed by upper blade
portion 112 and lower blade portion 114. In a preferred embodiment shown in Figure 1,
upper blade portion 112 and lower blade portion 114 are flat, sheet-like, segmented sections
that are mirror images of each other (when viewed from the side as in Figure 3A).
Alternatively, upper blade portion 112 and lower blade portion 114 may have different shapes
(i.e., not mirror images of each other) (not shown in the Figures), depending on the desired
parameters of the gas or liquid mixing process. Each scoop has a concave shape, open at the
leading edges 116 and closed at the inner edges 118 of upper blade portion 112 and lower
blade portion 114. Impeller assembly 100 is rotated in rotational direction 140 (shown as
clockwise in Figure 1). Rotational direction 140 is such that the open side (at leading edges
116) of each blade assembly 110 is directed into the liquid 420.

[0025] In the embodiment shown in Figure 1, peripheral edges 120 have a round
profile, such that (preferably) each peripheral edge defines an arcuate segment of a single,
discontinuous circle. This round profile of peripheral edges 120 may also be seen in Figure
2A and in Figure 3B as the arc A1D1. In other embodiments, peripheral edges 120 may be
other shapes, including a curve resembling an air foil, or a straight line (not shown in the
Figures). The inventors theorize that having a rounded profile of peripheral edges 120
produces a lower drag effect (compared to a straight line profile) as impeller assembly 100

moves through liquid 420.

[0026] Rib 124 extends rearward from the inner edges 118 of each blade assembly
110. As shown in Figures 1 and 2A, trajling edge 125 defined by rib 124 has a smooth curve
such that rib 124 is wider at its base than af 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 numerai 125'. As shown in Figures 3A and 3B,
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[ 0024] Each bl ade assenbly 110 is coupled to a drive shaft 210 (Figure
2B), through <central hub 130 and attachment plate 132. Bl ade

assenbl i esWOLROUYIBAF/&r abl y are equi di stantly spaced abolRCTURR008/087576
circunference of the inpeller. Each scoop is formed by upper bl ade
portion 112 and | ower bl ade portion 114. In a preferred enbodi nent
shown i n 1 Pdrigbdundepipethe pbimtkeD hdr3, FomdIH12 famihg owprzdid dithee pBhisidedign,

ot eacn SbAbRIRTH SRR bR oSl o Vil G RS
Al t er nat ivdeke/bladeasssmtdy ateispotigledn dil2 sl 100WaE fibhRsshomokiti a8 114
may have different shapes (d'.e., not nmirror i mages of each ot her)
(not  shofestmertaieiigarewyed briisiandhay? iAndihiadaasrrbiesdOatitiar sregmt
the gas GhvehiiGhiftomb¥dsEhnR R5@Sent Fea SPh i i
open at thvee | eadi ?lgibeglgesng f16 analtcl géb’ue%ﬁat tIE%%g%#éb?ﬁ%%&éﬁg@@?g@%?ms_

upper bl adepoppnt i of AR rARd ehBYEmeR AFG2PYHdsQ0 a Lkfhty Alhrgag#]&ﬁ'ivmch
I 0 (r sho as

assenbly 100 is rotated in rotational direction 14
cl ockwi sétiffenspilagigreesemply Rét Rib drhilsaiseress b emattaomens senfack to hliaw blade

oot ed RrEo 0 PO ERS, MleyBn A ekl dRRERY bl eicbremg o .

1, peri phibriah, extigpeimg I20whal\feonaimenedgept I8f dflbéude asseinblyao, frpdekes Rivey)
h i.ph | ed defi t f i nal e,
G econt 1 At (i e liies fitnos b 124) & Maeis: grsrily Lihgaaves Syovdy

al so be g@riMaon Figure 2A and in Figure 33 as the arc AID. In other
enbodi nents, peripheral edges 120 nmay be ot her shapes, including a
curve resernobig)y aOutdi §paf 024 preRfabdy S bh@dt@Bl subh BGt i BPpoRHSW ML IR
Figures). The inventors theorize that having a rounded profile of
per i pher BPrtigagble apdd 1 pept geess 146 padhbi0- dp sgme pmbodimeris s shawp ndTigures

strai ght 4hiang 48! Qltkd Pir B thiJAR drfkedds %%HPF&/rti&rQsOI 1AO4ES 14 ch@éfgh%df Y

420. [0026]Ri b 124 extends rearward fromthe I nner edges eac

bl ade asg#rbfipmictiges S and ik by Anyigfanass For ewnepain Figaics #AgneédBeoutas
def i ned pq/aﬁﬁhé)isja%egqg bﬁdéﬁ%ﬁé& ]ﬁ?%ﬁ? éﬂéglg#?ﬁgﬁs t[]étl?n' ! sel ﬁ'?ﬁ’l“ lga%{qggtpe

its base an at errp OWS an alternative's
of the redgedtl6byapprorinatady £0% 25 theliadgtidef peripbera edpe Hi(ghid duterespéd 1266s

urer al 356 R rgiote 2 A Al 19k chare S o perpnotal edge 156 by
2009/ 082 1520086084 Tefbth dfileadibdddbs 1 IR UNAREwWR Y FiBSreP2AHhE 4Blouter

D3, F, and El, formng a trapezoid shape. This design, including rib

124 bei n¥Panl #fopreferably & magierl inrhlpde pertienssld 21and 154 bieafrmeonter prsr 129G oat
the poi nfesHRAlEchirdedad il dhich(rd SiofAURE Btrlite df btiailAl midipy T

figures show hub and a?j'?achrre% plate 132 coup et ween

and bl adshape)s evsishpes, firgtend sengnd heinforcinprads 23veatifiond erespeptissdaleany
attachnment _. f.lL,qu fon unless specifically recited in the clains.
[0027] 1 %m%%e lgglrl%gi'iénbodi ment, rib 124 serves as a structural

t, j tigff . bl ly 110. Ri.b 124 .al so.
ot hment ) o0 RSt RAE BERE TR et ol G Sl psrE e
shaft . 2 mefemey,iewaef infs18ing Ip@@mtiéi@ 1¢daTt11§h m]ghdg lbaﬁéioﬂsl‘ [0 dlnlglm iléldébeaa%
ext endl n r r r rom. nne e e (0] ade assent ,
pr oduc esgdéeﬁg%mgacgr@&%é?@%ﬁd’ %@d%ﬁé?agﬁ’ eengs alagblads R%ﬁﬁn%é 12 apd 1 by
as i npel iRkoxdnseiiy-yood 8O3 Sﬁgégﬁgbdgé 1 6 sttAOntihIROAS] QM Kks lfe?@é

126 preferably is structural "suc 't supports and holds b adeen
por t i onsPeripherabrdss 120 prebinneseges 1 221 Fagh trinpwing nad 23frprefardy exterdsslongs

shown i i . eaffl 0 ade
porti on;Ib 1%% anoélsi}%glggl@gg?ﬁlﬁﬁgeﬁﬁoﬁggﬁ% etOf%relféé%gagSé%e 6 and
120 by ampstantsdlgntag afraxis bxmwph Bading efgedliband hhergiige 483. out er spar
126 is affixed to blade portions 112 and 114 at |ocations that are

of f set frofdd3ehdi rithe dalgetoislficdrize alp b ifxdtiir @itar spA%R6 froihaigkeniagt Amdako
and affixing outer spar 126 to blade portions 112 and 114 via reinforcing pads 234 help to
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[ 0029] Rei nforcing pads 234 may be any size relative to blade portions
112 and 114. Preferably, each reinforcing pad 234 is |ocated on bl ade
portions 1W2 24¢84)826f4 near | eadi ng edge 116. Each rei nf G HGISAETS284
preferably extends al ong bl ade portions 112 and 114 approxi mately

5-20% of the | ength of |eading edge 116, substantially along an axis
bet ween FEPRBREIeNdRg SIS a5FRES bﬁﬁ%ﬁaoraergsel 1220d 1 phdwingaptation of ingelad
234 pref e ; it d QL m%i'rﬁo gfb;ala j.mat el y
5-20% of eat% %?%%?ﬁahﬁgébgg%%h%?gﬁﬁg géﬁéf%%’? su se?gﬂg %%éf%[sy a %ﬁ{ge an

axi s bet weanting lgpitansedguten sper Eifd Havmera lewgemaxiguny @030}k Finess imbleds or s

ai 1 xi ng POy TALAR bl AP o PRa SRRLETESad S0 AR o Bleb I,

Ead?j 234 1hed @hown, fﬂﬁl&ﬁ@ﬂ)ﬂb ! ﬁgﬁ@&ﬁ?ﬂ/ahmpﬁ/tﬁﬂlgﬁﬂ@ (E%Uﬁlaﬂiﬁoﬂlhl(ﬂnner f
endi ng siresses oss.bl ade portjons 1 114 dyring.rotation Q
Crpel | or SHEETG AL bog evmarent tpslgseanty Mle e nat sl ol
bendi ng $ihvias sutf Yan2d loeateDelbdet f0dges Allsi @ﬁ&z@ﬁn@%@{te@mﬁo&?&mwmf

Havi ng a | ower, maxi mym bendi ng_stress in bl ade portions 112 and 11
may pot eRESSAINShoWry fpriskampleBFIg®HY: 112 and 114 of inpeller assenbly
100a (shown, for exanple, in Figures 4A and 4B) to be thinner (e.g.,
made from t@P3er Lmebsnsr 330, H@%C'gllé ngtshovan i Kigire d de ingfcaterthas it ie pptional,

assenbl y G -' i 126
oot ad’ Bl eamlyFOTREAEA sheh @ i ARG Shq SRR DI pARMO Ao T H00 e
pads 234ifnshedge 122 o he wepep ked lojvar geirgensef iner §r@033(] draaffixed pathe #8024 of
which is 0] ig to Jndicate th it . s,0ptional.

or et or abfoSea? U Bedop? Hi8 ot Bt spf 320 st Pty toar
por t i ons dibh2hared (& %4 rovaded ithke lemtheg edzd gicke® neaf e [eaidey edgacint @vilriest at

portions .of, inner ar. 230 are affixed to the rib 124 of adjacent

(1 cad ngftediaBs cogne vbisB e B Ut TR oot oLl 1581 et Er bty 400
subst ant isablaldtig adtskica] &RRESH 1402 The crds§ SreeA oPinnériipad 88 H 1819 9o val-
t hi ckest near the |eading edge, and thinnest at the trailin

ed ] : edge),
whi ch t efl@ed, svhshrendste nipante: the dres spetfigicavhaprimaclionpesembly ligswtﬂtgd
100 is r M t140N i ! I
Fner *spap Rl b Qldh 148N The Hol BRI of 88k, LA AT TRE Gk 200 By alre
drag coeb¢ dibershapashisnludimgedindy owd seastdny-silaped,itearrdosrasheped, an riofodtduormdl

directiop 140 _The ss, sections_of.outer r 126 and ner,. spar
230" mmy S5 S el ST e Rplef B et ad e B DR e SRR
t ear - dr opynshetfiea abaut the lohgihldiraliinie dusthap@ss sctidiRehH s trasynlietiesl0S S
sections of gjgger .s%glr 126 and i nner spar 230 preferably are
syrmmet ri 2201t D5 RSPl Byi t udi nal axis, but the cross sections may

al so be as Eri cal about. the |ongitudinal axis. 50032] The
orientati oﬁ{?@ t heﬂl"r%gt-ag%%t’ﬁe%ﬁc@?s‘%?ﬁﬂ‘é‘} ol sazd 2P (ks if 1§ npLroped)
round) NE& .aRul b 28PB05RNH8hERDin LGS 28R WA1E 9, Fhigh fn%f%mﬁs L

0, which preferably i§ chosen so that the cross-section of outer spar
126 poi ntosthptfhecropfesecberbpfmuter spatilad ppintspiteghecombined (radislenaiping eklowi ng

out acro ' I [ ' £l ul :

(gener al oGt PSR o EHA5E oo el RO bt i B b ety
m ni m zeflohiag dr agossdedfdingrdger 116) 00334 Th éurheofinieizefthd dreg t@dibieny. edges
116 of one bl ade assenbly 110 overlaps rib 124 of another bl ade

assenbly 11®33] pditetprédilepodibrtleadingedgdsaws of tndblgler RsenddB) 110Tdtiesaps rib
overl ap | gws | nner . spar .23 approximately |l ocated. at int. O of
one bl ad@‘lacgﬁ?ﬁbfj{}ﬁidfoﬁfe&"bi‘é?%ﬁrI?B’é‘Hét(BO fb“_’l@&’“ﬁ‘fm g%{éﬁg%-hﬁ%}a@wﬂ@
assenbl yallblid.inrdch Bstr 230 BdppeoXenAfBlY 1QQteARHHSIROG) &F RBY1aaE as%@r\ﬁﬁl?,rgllo to be

di fferent ways, including welding, passing inner spar 230 rough a
hol e i n p#ntadle ribk4pf ageth@rvwede(@ﬁseu@hhbloa?{w@ﬁmﬂ3 trex dp monnted in any of

R R e S e s T

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 -



-7- WD 2009/ 082676PCT/ US2008/ 087576 wel ded to respective cylindrical
tabs 232 | ocated where the upper and | ower portions of inner spar

230a are cwWoseptisieds each other. Each cylindrical tab 2FZTVES2661087%68 t o
a nounting portion 236 of rib 124 of another bl ade assenbly 110. The
bolting of each cylindrical tab 232 to a nmounting portion 236 of rib

124 of anidedrio pseretvasdidpral tabg 232 bcated pihgreithe yoer giddeweriortiong of inner
L nstall alh@936] ark Ut BELLR bineS SR o Vtik{dfal 0P is B01ck IO nidhnfind Sfior?

facility.” The upper an ower portio s ot i nner spar a are
t 0 r espeéBf vkl E2hdiomoithagblpdass@ly Il b afledoinered ebdhe ylipdraral @b @32 aveer

et nf or Pt rsShals G Aieh phar il Rl B e Rt peRRT plaife

t2 g4§ he 3ﬁxfseﬂla@@{ﬁﬂtgmianeu?m@aﬁga?o,??@@ oia"[(%ﬂb&?fﬁhﬁ?ts @i CI][h_é upier fa@d
an ower pPlade portilaon | Xe (0] e ower ortiron o

i nner  spiWerBeRiops %f BT S 0F @ierw%%eéitﬁ &SB%O&VQ@HF@-‘GF@@@% Rédlpedgdgvhere

rake angh A& dnd 16WG RAWNS of fat: sprlezﬂOQ BRI REESont L& LRS! RediBive

interior blade surface of upper blade portion 112 joins the interior
bl ade suffifewingpadsdit ag dporrnes hlada portipm ki @itixied thée upprs portion of

begi nnin g : A j S
178 ot arp B RAH EnPlpA6RkETe 08 dlo AARIEE BSRR T MRRlgH AR
one- t hi r thvek pottien df tmet par 2¥0aiviqredeend mindeniol pad P (DY 3) . Thi s
rearward rake angle 240 is shown in Figure 2A as angle a.

[ 0035] Rear Via03d] r akiReaawgideal@tMgle48listhe degi¢ thhtidle imefedpas €1 83Bheterthe

Figure 3B, inner, edges 118 def |.ne .line se nt D . Jdrailin
Cige 1oomeriol B BHREE of MonsTRBat B ORT 1 i R Sifka R oty 0°
because Blagé pireed i DY) neifke tigy (B g BeRBibig ot HoRERST dfftentrI REb 1 BHGRICrdsdidg
of a blade assenbly 110 wi ll fall on _the | eadi ng[; fluid side of

central e °iges lla?ysaé aRPivg that is1agistiics omgental b L 3¢ thebie onesthird ad thss

bl ade asg@mley ofibfelldtsSenttRRI WRITS3Y. ARs RAKaR1 AA0ad it Ondiaf iheSdure

incomng fluid outwards, away from central hub 130, towards

peri pher&f agaRg@dec.120, in the sanme direction as liquid 420 is directed
by the centrifugal forces generated by the cl ockw se rotation of

i mpel | er ade®bl y Raovarf 0deehFha4? isalseadediciedie Fgnryl 3. 28FFigira 8BOndy

makes w |1 tiRg-Lrem th ] f tion and
"ot or sectdueh FBIEE betiba by i8R AT SN RO N 408 138 e e B s Bn

i %elj! er EH& SHiibotake hfile (ﬁﬁﬁ');vafdsbéchds‘ze@mj é(ﬂ;%)l ofl g THERS. \lrebim ofwaeds the inner
enbodi nent s, . 1.e rd rake . angl e, e.ot her val yes, ranging
from oneed;giﬁ 1%‘8‘?@%&%@% gﬂi]wﬂﬁfaﬁggﬁ%d%p%@m fifif ey%?&éfﬁldw%ﬁé@ al so
be used wihing aZ2@5cRwisBkSta@eHal irdctibn MY S1b14d3Qsdek®@Yy D0, FIinil @arddfl daRe
directly radial, or with a forward rake angle (in which a 5:0] ection

of the DAEhe 2A0dends te deffpctiacomgiflyibouteerds «way fropy ceptrp| hal d 3e.Jewas v

110 wil |l ik | dddhigh Sd eley; i LNg
2 ol ockf B raRsr e i, L ki X HRPLOIe IR (R i gt
2009/ 0828 neREH/byIrodskyaFomaitipo 0BitjpEer assadebly i@ profil e of each

bl ade assenbly 110 is concave in shape. As
[0036] The rearward rake angle 240 that D1D3 makes with respect to a line

emanating from the axis of rotation and intersecting D1D3 at a radius equal to one-third of
the diameter of impeller assembly 100 (D/3) 1s fifteen (15) degrees. 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
is 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 bilade assembly 110).

-8-



shown in Figure 3A, the side view of |eading edges 116 is represented
by A and A", the side view of inner edges 118 is represented by D and
D, and t h&osugpaswi’ew of trailing edge 125 is representBEd/iBzoB &S
E'. [0038]Again referring to Figure 3A, upper blade portion 112 is a
sheet-1i ke mented section, and it is constructed of a series of
four flat p[“&%’gr sé@ﬁﬁ'ﬂf@le‘?ﬂgﬁﬁ]@s?émcédﬂﬂdﬁ agygbly 1@ iytangavstin Flaper 4s3A

th C
e T
sheet -1 | W@“@@mﬂeﬂgessld@m opreseanel byt Diasd E)D@ll@ﬂlersaieedlq;w ofteailing e 125 is

i mge of the u I n ot her enbodi nents, upper bl ade porti on
112 and [FERE™ %ﬁgﬁgsaﬁlgﬁl on 114 may have dlfferent shapes (i.e., not

appr oxi mat na f eac theﬁ) ower ortion 114
is construglltoé%é]]of gg@é‘rrf’% olFiﬁTF bésr#g,pogg)a S%F%tr}fkésent ed
i n the siseinenteetion, gttt & cdhstafetdddE 2 SQWIRR fctir ﬁat?lanaﬁse%menﬁ fhresdnd
D E . Both upper bl ade port| on 112 and | ower bla gortl on 114 can be

formed fibesdeiviRyl of BEwesAgs the ssemspis AB. $Co £: 2phBBo Fagh ofithese plaenty |
the si despmahid £o Qpatiiesy BiRdELARE! LQ@er]b]fgde?Eﬁlolnqwlis eﬁéoaegﬁhpcmﬁei on

114 may be snoothly var |ng curved segnents ot shown I n
Fi gur es) sementﬁﬁpﬁe@tm, i isspprsicinaiely egnisioer snagk 0648 uPhe sditonafivether

bet ween (oY)

di i i sheRBemsh P Ebrid) 25 BEGORT AT St g
of bl adeslhepsefibl, potldbProximnatdiyahimpr dhag'embﬁdacMgthm}aLoﬂvﬁﬁtdad&@oﬁd:gﬂlil@
and nore rapidl i m.ni shin ear i nner ede118..Tis. i .
exponent PERRYCte ekt At tBP a8 gt feBeufalGesie o e S ain o
110 a | owethe kégmahtlh ey, Baef T, QEHD@dBﬁﬂI@p@IQﬂﬁ eiftn NQ\WRE IdWeRWlade
over a wide ran e of gas |nj ectjon rates onpared to other designs.
[0041] Al PoHARALSC igemdaﬁmlsétsm@%e BRI E?tdf“?tiﬂém&ﬁd top profile

di mensi ons of blade assenb ¥ 110 are shown in the preferred

enbodi nent [P eseplieaatiehyihysideraie shuprspbladerostion hendlewer blade

di nensi o i f..bl ade
S aonal y P ok B1Akaf BE SRS KN tor AL oSl Bl HiERed) o

crenel | acpposed R4t planar sggmenppr oxi mat el y rect angul ar i n shape,
al though they may al so be other shapes. Attachnment plate 132 is
attached t 4040t ent Tl distence b8Byeemnpper blade pariice $ 1 2xamddowadfiadeportsmr fldce

for blad enblles de ass lie ted o
wel ded BT aRar e Rygn Berdt AT Ru e dheE SR L ESeRi 4g
110 may gedmlyamhﬂﬁhhmgrmi leydih@edpetias b mbrebsitsy didddingdickcighdrieds®
I 267 757
centra 118 T Oso egx/pggen%a grnél%%én%%{dg%ro%lg shape may give blade assembly 110 a lower
fluid drag coefficient and more consistent power draw over a wide range of gas injection

rates, compared to other designs.

[0041] Although a particular set of side profile and top profile dimensions of 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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hub 130. The presence of central hub 130 is optional. Any attachnment
mechani sm may be used to affix bl ade assenblies 110 to drive shaft
210 (showwppo@iigisie 2B). | n sone enbodi nents, for exaf$iT&)S2¢08/081@wn
in Figure 4C, bl ade assenblies 110b are af fi xed (using bolts or

wel di ng, for exanple) to crenellations 220b in attachnent plate 132b
wi t hout bub ). aTheemesente dfigntrdl hgb é&@li,s oatitrat hiventttaphmerg ni@Rmismynapbe

dlrectly f u |n exa 0 fl ange
(not shown to)‘%ﬁg i‘lnegas orﬁesdillé\?%) %f fofl r}%]& (Ohfhé”? %& 2%% ﬁ%ﬂﬂﬁg from
dlr ive Sgafl;lboﬂﬁﬁnﬂar fof e;tzﬁx’qilly ak %cggﬂﬁﬂ:&?glﬁ% &) |maadaa]§@hibﬁés 11®baliet sakeEfbing
plate 1 At t ate 1 e froma single.casting

or for med°H %d’éﬁ@f"g’rifg’f %ﬁ)ﬁmpieg fo gﬁ%‘?‘r%f‘ié" 2%9 1 3taetmRah plagn 1&3—8 withopt LFFH*,% a
be made tér@a hi 1RktedDbRachRiht 58 13%a3”@é’d1¥é@tl§@ﬂf§;€@(ﬁsﬁ@%h§5r \Qélﬂingg

installation at a user's facility. [0043] As best shown i'n Fi gures

and 2B, &9 cxpele) ora fange et shoray erf@matlg femelve shagt 20; Jae Sasgetexfending
whi ch i s agpd MRA s &1 (ﬁﬁ%ﬁ% yci'%llsuﬂlidlﬁ’l??{l))f éﬁﬁf}oez)t% REOERE ’Fﬁtﬁel 13%b 2R ttachment

reference nuneral 212. I er asse rotates fn rotationa
di r ect i oplatedi32b Pm'myﬁad@ff@nabmyglecng af foubd piSE, ofatdtacfomexamplt, at e

132, and 2 re.a.c guous ece, JThis . .m
al | ow fo?t?ascﬁlrl%g %te g%a% )?]():eg ?%enﬁ%lﬁé& an unioAt e}rf’PaB’[DtE‘a%P? Eaiegrtoge){her
|nterfacemhgtmaelt’ratmﬁmtﬁaéer’bmﬂﬂtgm and drive shaft 210. Attachnent
plate 132 may prevent gas near central hub 130 from passi ng between

thefi nne{:I qmnb § 128s Bést ﬁio&gﬁn@@mﬁ%ﬁﬁlm%} ﬂﬁﬁélléﬁﬂbé’rﬂﬁlyﬂﬂ@ish&@cheﬂ%a
preferred e ' the diangter of at nt plate 132 is

appr oxi nﬁ?%Y?S%@égﬁByWIBBIP E*é]ﬁ‘t"e Y oreshaniog gﬁ?éfse?CL‘HFatl pq fgference
assenbl yndhQa) Jike BhRIBL REenMly 260 @@d@&qﬂ}otﬁio@hm&@é’oﬂm range from
approximately the dianeter of central hub 130 to approxi mately the

di amet er ofjpoqape! | BefeABSE BRnA B0D130, BuRhiekt pRAD O BRDEEnclRESRODIBRAL 2

plate 132 may only serve to provi de added stlffness to crenellations
220, so %qmégwﬁmt@mmﬁ A aestyrablaw fpr smplifigfabrioptiorearshrmr umiterapdddy

equal t g%}éaﬁr di«arRt %E, £ CERLS ﬁ\%bhié%?agé %ﬂve 8 24b aﬂﬁé&ﬂne?l{ Pl?{ 1138 mnt

plate 1 nay vary tlveto drameter o
assenbl ypm&@ﬁ galﬂpaandmtrgl lob 138 drodi payeitg betokerctba trmat edgabl?]liﬁf blddae

stiffness requir n{s of. .c | L ations ndt e th of ade
2ssentt: Beerige 1SR GBrfb Hf 128 b BFe ghvaf s P S rar

122 of bpladea3assoppxinsed Heit pbleem@m}:ém@dlmet@@m lauémbseih%& 100.
relative to the total diameter of inpeller assenbl 0,. which _all ows

for a | aFfetampetrprimdadimens plated3e anpianss Fom arpyeramate] yﬁb%maaeteae%?egﬁgl
in sone Iﬁibrl@,maﬁﬂsﬁ&ateﬁp@éﬁla%mrro@imgm@r AxiTRYod e Waled et bAndhis v e

shaft 210, or it i ncorporate a keyway or set screw to prevent
rotati omt@ﬁhmwplaéﬁ Rubaylgoy pavato vevidoadfed sidskribtereneliations 220, so the

Al t er nat r

At t achimesiifedb ot Rtn fHR. tddyd M BRASEL B8y BatEloiB afineleP B R o
assenbl i B9. ]I:he diamlat@mf agdchimght fl86 132 mapvirgrelativbQe theWal diameter of impeller
20091082676P 008/.087576 enbodi nent s assepblies . 110 ar

ool ded CEH AN RERITAOR o AR eh O] Bt B> TAE 1 S SRR SES o 3
casting. cra?[éﬂat'l(ﬁié@rlo end tif Ieﬁi%th YELIS NS skerdbifes TR, RESELsUMEwhe QiR ws
assenbl i es 110, reachin ower. depth in liquid 420 than the bl ades.

[ 0046] MEBRTRELEEeH 3RS blards 2psgibes Bid\o bp e slvse Wrsataldub30,iralgtivs to
speed drg t1nar e
i ve shay R TR RS aDi1 00 iy Bl iR (i Al BRg Ll 0hth
Mechani dhin gmirewaoslimpelier dosigisanl soroe tiemsppess. end of drive shaft 210.

In operation, the torque transnmtted by nmechanical drive 212 to drive
shaft 210 [46} an<ientraldutbflf0malyive wehdefitto dvessheit At ¢, @k ithmdy id@0porate 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-



[0047]Figure 5 is a side view of a system 400 for m xing a gas 430
into a liquid 420. System 400 includes a vessel assenbly 410 having a
vessel botwowiB2@nd an i npel |l er assenbly 100 as descrRIdB2aI306T76
Liquid 420 defines a liquid surface 422. [0048]It is desired that gas
430 be disbursed into fluid 420. Inpeller assenbly 100 rotates within
fluid 42@mbndipreges; blade mahabitﬂe 1 herediedgedrts hmhmfentg&se 4300t betted to ths

i njected ef era ent i onal uch
ns by o SRl Pk aR Saee THELSIF bR B EER T B TR o
fluid 42@sdembliedElo, tdaclaﬁgmlqmlrﬂbpthhrslixpﬁ&mmn thE bgdes, 430, and

i npel l er assenbly 100 may function to suspend solid particul ate
(which nay 04618y Miichdrtea GEEEXIR)mai Hehainsr cbxhsttlzindsﬁbworﬁk‘ﬁbleﬁpékﬁ(lir@bso
may be enpl oyed to disperse a first dgqgld into a secaond (not

[ ndli cat edUPHA fHbe PPgFEEY thfft@mévp?ﬂ@t? é@tateﬁ@vaé@&%laﬁp%hla gassembiic

provi ded 1i0fo thBBedPMHRARA. Q\f{e&%ﬁhﬁr&ﬁﬂé o ﬁ%@u%léd 10Qhe &@epéldcd}"ﬂlﬁ%b'@éﬁ as
limting the invention. Wile the invention been "‘described with

r ef er enc@l9.onmperasien.dlic Brpsdianunitisd by meekanioal driverd 2 rpdrgve sheft 280 is
under st Oﬁqnstnlﬁﬁ%d ﬁ%tﬂ@éﬂ&t&"ﬂb&l&ahﬁ)ﬁelﬁee” used herein are words of
er

description an ustration, rat than words of linmtation.

Furt her mor & t 2t hopgh, Jg HI et G, r%@%m%%%rdfgﬁ{ﬁ#o%%g 49@ n% 'YH ﬁi’u& R0,

ref erence to p rtlc ar structure, ods
i nvent.i oRystsmA460 mcﬂudssneleebstlcmsisembﬂy #i(tledinga viekse! ipatoni £12| mdsn dmscdleos ed

het or e bR oBES %%%ﬁ%ﬂe ik o teriet B SR g i Mo in

t he releva e be gs of this

spect i car B ey 1 3eBfed 37 AL bS el e i SRE 1P Tnde gip s
descri begbthes within fARd400iaReRS (@ hake tli@&i%)ém@rf'kmgas A% ¥Hidh19ing écbed ihfoe
scope and spirit. of the invention as defined by the appended, cl ai ns.

What is HieaershtOsraferably) hysqapengionalaucans sych s spaign gie gr Shgrmeans.
pl ural SeRGES: AREREY 19D aglveaféseﬂﬁdﬂhmhlosfde@@&&&oﬁlg@shsdmmsemm gD and

i ncludi ng: an upper bl ade portion and a | ower bl ade portion, "said
upper bl derellgoasséroply 460 n@mﬁwctl@mmsumméolpbpml@ﬂﬁtﬁ@mmgmaﬁ@unmnot be

edges, p I
o0 PSRRI QROBP L ASD STA5 e SRR Rk AR 00
bl ade posdcom\h@.ndi(mmmﬂldamdent}iali'@ﬂﬁas})orti on spaced apart at the

| eadi ng edges; and a rib that is at |east proximate to the peri pheral

edges and ¢#449Mds Tl&ﬂﬁ)mbﬁgfdemﬁpﬁmSipMede’dghs purpadechf sxslaputioe andis not
coupl od | e A R SRR, Sl DS IO el ety
a centr alefiib@le®o pfeBHIdRthbbOinRARbr @feférhR MHE®) it RARBESoBY that the Rdds
which have been used herein are Words of description and illustration, rather than words of
limitation. Furthermore, although the invention has been described herein with reference to
particular structure, methods, and embodiments, the invention is not intended to be limited to
the particulars disclosed herein, as the invention extends fo all structures, methods and uses
that are within the scope of the appended claims. Those 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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3. The inpeller assenbly of claim2, wherein the central plate has
symmetric, crenellated spars. 4. The inpeller assenbly of claim1,
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. 5. The inpeller assenbly of
claim1l1, wherein each of said at |east one scoop has a rearward rake
angle. 6Gyniheclipalker assenbly of clainms, wherein the rearward rake
angle at a radius of one-third of the dianmeter of the inpeller
assenbly is approximately fifteen degrees. 7. The inpeller assenbly

of claimJl,, wherein sai.d peripheral edges of said upper blade portion
and said ‘&“HPWB@EE'“’E&%fSﬁmﬁﬂg% a rounded profile. 8. A system

for mxingkgas or liquid into liquid, the systemconprising: a vessel
for containing liquid; a drive shaft that extends into the vessel; an
i npel | er RW@kYFBPRA sPagadeicpiT el n st ieghath sagh aor BrlvABEat i ng about
a |ong aﬁn%g@f:r Bl \}ﬂﬁ“ﬂiéﬁeanﬁqqz)\;vér o, id SpRTBIa8E PSiBEhAYsHi DR wer
| i quid surface; having plural scoops, sald scoops including:
blade portion having leading edges, inner edges, and peripheral edges, said upper blade
portion and said lower blade portion joined at the inner edges, said upper blade portion
and said lower blade portion spaced apart at the leading edges; and a rib that is at least
proximate to the peripheral edges and extends rearward from the inner edges, said scoop

being coupled to the shaft by attachment at the rib.

2. The impeller assembly of claim 1, wherein said impeller assembly further comprises a

central plate, coupled to each of the plural scoops by its rib.

3. The impeller assembly of claim 2, wherein the central plate has symmetric, crenellated

spars.
4. The impeller assembly of claim 1, 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.

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.

-12 -



an upper bl ade portion and a | ower bl ade portion, said upper blade
portion and said | ower blade portion having | eadi ng edges, inner
edges, and peri pheral edges, said upper blade portion and said | ower
bl ade portion joined at the inner edges, said upper blade portion and
said | ower bl ade portion spaced apart at the | eading edges; and a rib
that is at |least proximate to the peripheral edges and extends
rearward fromthe inner edges, said scoop being coupled to the shaft
by attachnent at the rib. 9. The systemof claim8, wherein said

dri ve sha8.tA systewefor nosihg gadl@. liqiEnsy guéintief systemi conPrisinger ei n sai d

i npel |l er asse “y further conprises a central plate, coupled to each
of the at® YENE{OTGRBRERGEE Sy its rib. 11. The system of claim 10,

wher ei n th@iwanbft dat Bttadde iMdshesywBt ric, crenellated spars. 12. The
systemof claim@8, wherein the inner edges of each of the plural

scoops defimpebergssepibhnsaiiineclleapemhl: ri b of each of the plural
SCOO0PS | Sy, e@ﬁﬂ&&ﬁﬁgfﬁkﬂ??ﬂhgﬂkﬁrfﬁgx%ﬁg ﬁﬁ*s of rotation. 13. The
m% h oP ag

system of claim 8, erein ea sai éast one scoop has a
rearwar d adajted forglilemergihg. belbiweths Yigtidmudficec| ai m 13, wherei n t he
rearward rakeﬁﬁﬂ | e at a.%adius. f .one-third of the dianeter of the

i npel | er RYEg CLOREHIHDSEORRS BFYINET t cen degrees.  15. The system
of cl ai ma, uppbreifieposiinthnderoRwhesRle RUURS sB8 uFtr 8124 P&TioR bR PRN et ON

and said | ower blade portion have a rounded profile. 16. A nethod of
mi xi ng gd¥adsrortioqhiaingdeading edaes innsberses. sndgerinheral edgss, said.uppeidupdt ng
;amggls |S§|r Jaogtioegl%'at;?i'd%@& dd@HoftionbiA¥4 &t tRGirfdBr ddFRE kL8 Lp RS SRR b¥riondl d
and said lower blade portion spaced apart at the leading edges; and
a rib that is at least proximate to the peripheral edges and extends rearward from the inner

edges, said scoop being coupled to the shaft by attachment at the rib.
9. The system of claim 8, wherein said drive shaft is vertical.

10. The system of claim 8, wherein said impeller assembly further comprises a central

plate, coupled to each of the at least one scoops by its rib.
11. The system of claim 10, wherein the central plate has symmetric, crenellated spars.

12. The system of claim 8, 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.

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

angle.

14. 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.
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adapted for rotating about a long axis of the drive shaft; adapted
for subnmerging below the liquid surface; having plural scoops, said
scoops including: an upper blade portion and a | ower bl ade portion,
sai d upper bl ade portion and said | ower bl ade portion having | eading
edges, inner edges, and peripheral edges, said upper blade portion
and said | onwer blade portion joined at the inner edges, said upper

bl ade portion and said | ower blade portion spaced apart at the

| eadi ng edges; and a rib that is at |east proximate to the peripheral
edges andl®heayiten ebeloiar 8 whasein s3ié peuipleral edigre of saidibpbes bladp prtion gnd

coupl ed t8%%@?@?ﬁﬁéé?ﬁﬁafbéﬁ%gﬂﬁﬁFd?&ﬁﬁge rib. 17. The nethod of

cl aim 16, S vértical. 18. The nethod of
claim 16, wherein said inpeller assenbly further conprises a central

pl ate, coupled to,each.of the at . least one scopps, by its rib. 19.
The met hotf- 4 Mg T&‘n%@?éroéihﬂmﬁﬁlétoi‘@lﬁkdr%qmFB?S&‘cgéh‘FﬁEPf‘s‘if'rrrretri c,

crenel | at\ggdvigRdlaSvessel for cdi@intiRtIRR; of claim 16, wherein the inner
edges of each of the plural scoops define a straight Iine, and the

rib of eawnvidingtanémpelior asscmbbiopaid impalier assphbliie per pendi cul ar to the
axi s of r ok BﬁﬂTomﬁ&%dIB?aﬁE%gggcﬁﬁe%ﬂ%%gﬁﬂﬁ’ wherei n each of said
as ar rdra

at | east one scoop ear e angle’ 22. The net hod of
cl ai m 21, adapted Ersubherginearelemw theligkd sarfgdee at a radi us of one-third of

the diangter of the inpel.ler assemly is approximately fifteen
degreesﬁqﬁgmgfwgaﬂﬁPﬂ%ﬂm%éS%Pgﬁﬁ*w Mewher ei n sai d peripheral edges of

sai d uppéein WpadfadPdticardndowad Kladepiptior? ka8 8pRebldde Poidd Endsdi@WReed
profife. blade portion having leading edges, inner edges, and peripheral edges, said upper blade
portion and said lower blade portion joined at the inner edges, said upper blade portion
and said lower blade portion spaced apart at the leading edges; and
arib that is at least proximate to the peripheral edges and extends rearward from the inner

edges, said scoop being coupled to the shaft by attachment at the rib.
17. The method of claim 16, wherein said drive shaft is vertical.

18. The method of claim 16, wherein said impeller assembly further comprises a central

plate, coupled to each of the at least one scoops by its rib.

19. The method of claim 18, wherein the central plate has symmetric, crenellated spars.
20. 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,

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

angle.
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24. The inpeller assenbly of claim1l wherein the rib is continuous
fromthe attachnent of the rib at the central plate to the periphery.
25. The inpeller assenbly of claim1 wherein upper blade portion and
| ower bl ade portion are fornmed of planar sections joined at discrete
bends. 26. An inpeller assenbly, conprising: a shaft; rearwardly
raked plural scoops spaced circunferentially about the shaft, each

scoop i NCyUghBgherA JfRRGH 20 \@E@elﬁ%et ﬂe%a?d‘ﬁk@-aﬂé?é"@tr a 1BHRC6f ARLHI@8F
sai d upper bl ade portion and said | ower blade portion having |eading

edges, i nthediaguipsof theruppléariaghmbhl is eplyesimatedy iteqmpiserdsb.ade portion

and said | ower blade portion joined at the inner edges, said upper

bl ade portion and said | ower blade portion spaced apart at the

| eadi ng ely&he nedsdafciabn ¢4} windein gaid aripirrad cligsa ol tdié upper dlade go€ion
ed to the shaft by _attachnent at the rib. 27.

said scoo be;
The i npel4td rsalggg@?f&tfgjed‘lm& nfiane 8 EOundALPOfiF sai d i npel | er assenbly

further conprises a central plate, coupled to each of the at | east
one scoops by its rib. 28. The inpeller assenbly of claim 27,
wher ei n t3He Theimpeiler gsernblyles slainy imherdit theaibemedritmuess fepratle. attagignenThe

'”peller<ﬂ§ﬁ?ﬂ@£Wh@@aﬁ&??ﬁ%%@ﬁgﬂ@ﬁhﬁ%? the inner edges of each of the

pl ural scoops de ‘and the rib of each of the
plural scoops is in a plane perpendicular to the axis of rotation.

30. The i | er assenbly of claim.26, wher sai d he aI edges
of said u’ﬁi © Brngder i?é?”i“%/léi A gl & avhgrain iner Eﬁaﬁwémaslﬂ ?l?cuq
rounded Yodiidd fe formed of planar sections joined at discrete bends.

26. An impeller assembly, comprising:

a shaft;

rearwardly raked plural scoops spaced circumferentially about the shaft, each scoop
including:

an upper blade portion and a lower blade portion, said upper blade portion and said lower
blade portion having leading edges, inner edges, and peripheral edges, said upper blade
portion and said lower blade portion joined at the inner edges, said upper blade portion
and said lower blade portion spaced apart at the leading edges; and

arib extending rearward from the inner edges, said scoop being coupled to the shaft by

attachment at the rib.

27. The impeller assembly of claim 26, wherein said impeller assembly further comprises

a central plate, coupled to each of the at least one scoops by its rib.

28. The impeller assembly of claim 27, wherein the central plate has symmetric,

crenellated spars.

29. The impeller assembly of claim 26, 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
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31. An inpeller assenbly, conprising: a shaft; plural scoops spaced
circunferentially about the shaft, each scoop including: an upper

bl ade portion and a | ower blade portion, said upper blade portion and
said | ower bl ade portion having | eadi ng edges, inner edges, and

peri pheral edges, said upper blade portion and said | ower bl ade
portion joined at the inner edges, said upper blade portion and said

| oner bl i at the | eading edges, said
g]fjé?%ﬁlg{ecgﬂag% HRace s ?oga?t{&.

peri pher el ng curv and a rib extending rearward fromthe
i nner edges, said scoop being coupled to the shaft by attachnent at

the rib. The.j | | f claim3 i id
e | o LT PSR BT 2o BB Rt BELS 8551 e
of the atpdré@sindyar 186@ORaddNoriidBhdvied.rounddd prlofige.i npel | er assenbly of

claim 32, wherein the central plate has symmetric, crenellated spars.
34. The inpeller assenbly of claim31, wherein the inner edges of

each of the apl; i straight line, and the rib of each
e A 11;&@@1|1er%§§.39{%®, @Sﬁlgﬁ%ﬁ%

of the plural oops Is in a per pendi cular to the axis of
rotation.ast@8; The inpeller assenbly of claim 31, wherein each of
said at |gast_one scoop.has.a rearward rake.angle. 36,  .The inpeller
rosenbl y WAL SEOARRER R ERL MR s8R 3 Soap iEgIH) nab
portion amdippar ladegpetiordnddelomer bladypdiame sald ipper Gede poion lagd said Bofwer

The inpel ]l er assenbly of c¢laim 31, wherein the peripheral_ edges
define a Rpteqertan havingdpashng «logs st edeesmnd Reciriestl £dgeri idoyrpepblads on.

38. AN | MRehdindaaR85RbYbladePIREISjoIBd afths EkE edges, said upper blade portion
and said lower blade portion spaced apart at the leading edges, said peripheral edges
being curved; and a rib extending rearward from the inner edges, said scoop being

coupled to the shaft by attachment at the rib.

32. The impeller assembly of claim 31, wherein said impeller assembly further comprises

a central plate, coupled to each of the at least one scoops by its rib.

33. The impeller assembly of claim 32, wherein the central plate has symmetric,

crenellated spars.
34. The impeller assembly of claim 31, 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.

35. The impeller assembly of claim 31, wherein each of said at least one scoop has a

rearward rake angle.

36. The impeller assembly of claim 31, said peripheral edges of said upper blade portion

and said lower blade portion have a rounded profile.
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pl ural scoops spaced circunferentially about the shaft, each scoop
i ncludi ng: an upper blade portion and a | ower bl ade portion, said
upper bl ade portion and said | ower blade portion having |eading
edges, inner edges, and peripheral edges, said upper blade portion
and said | ower blade portion joined at the inner edges, said upper
bl ade portion and said | ower blade portion spaced apart at the

| eadi ng esigqse iplicRadsbRbIgf 8RGH DY, WIAEWahckipRILILdAGed dURRE a @H8IES: arc
sai d scoop being coupled fo the shaft by attachnent at the rib; and

an at t achprefile contared onibg sha§ axisof ieitteatent i al |y conti nuous about the
shaft, the attachnent plate having a dianmeter no nore than

approxi mately 20 percent of the dianeter of the inpeller defined by

t he peri piteAalimpeifesssenid®y, cdbprisingel | er assenbly of claim 38, wherein
sai d inpeller assenbly further conprises a central plate, coupled to
each of t%%wét | east one scoops by its rib. 40. The inpeller

assenbl y HiraliBbpB splced¥n@iBfdlerdtiaRy e6u: Bl shidd, &aéh $238p SIMmIgE i C,
crenellaggd sparg%% 41. The inpelfer assenbly of cF%in138, wherein

t he i nnerangwgesblede noation ad alawenhladediorisery 6354 upesr blpde gorgiop and paid laves,
and the rji f : 1S LAa. | ar
fo the. ar BicGrfAih e b it SinRE O9RR dnd iRy oA08 AL ARG
wher ei n gactivrodndsaiddowtr Hlakgtortomgomed aptht asenedzes swid ngperditalepocion.
43. The inpell.er assepbly.of clgim 38, erei n,.sai d .peri pheral edges
of said (EDSRIIPUABE iR sHifs RS BRSO E SR on have a
rounded pf @M édtéhding rearward from the inner edges, said scoop being coupled to the shaft by
attachment at the rib; and an attachment plate that is circumferentially continuous about
the shaft, the attachment plate having a diameter no more than approximately 20 percent

of the diameter of the impeller defined by the peripheral edges.

39. The impeller assembly of claim 38, wherein said impeller assembly further comprises

a central plate, coupled to each of the at least one scoops by its rib.

40. The impeller assembly of claim 39, wherein the central plate has symmetric,

crenellated spars.
41. The impeller assembly of claim 38, 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.,

42, The impeller assembly of claim 38, wherein each of said at least one scoop has a

rearward rake angle.

43, The impeller assembly of claim 38, wherein said peripheral edges of said upper blade

portion and said lower blade portion have a rounded profile.
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