16 SEPTEMBER 2003 HI GH AXI AL FLOW GLASS COATED | MPELLER Background of the

| nvention This invention relates to corrosion-resi st antﬁgb?wwso%ﬁs
( i ers.

and nore particularly relates to glass coated netal m

G ass coating of nmetal substrates is well known as, for exanple, described
in U S Patents RE 35,625; 3,775,164 and 3, 788,874. G ass coated m xi ng
inpellers are also known as, for exanple, described in U S. Patents
3,494, 708; 4,213,713; 4,221, 488; 4,264,215; 4,314,396; 4,601,583 and D

262, 791. U.S. Paten ihe I - i |llers fitted to
a shaft by neans of Hﬁ%%ﬁ%icggmwsg@w&%k i friction fit.

The inpellers are dual hub inpellers, i.e. two hubs, each carrying two
bl ades. The hubs are placed pr ednkrenti the shaft so that the
bl ades are oriented 90 degrees to each other about the shaft. The patent

al so shows miikpheeniBg! E@lhﬁ_sSRﬁC&ﬂrésq@g}i&?&Enptrﬂﬁﬁr}%WQ%iﬁs igrfc{ ;Imkenom

as a "dual flight" configuration. Despi ei ng

gl ass-coag inmpel lers couyld be placed .upon a shaft, there has been no
good gl a@éﬁg%ﬁﬁr@)ﬂfﬁ]i%&% {8,145 copisty m mismgdmpellgrd.e.  Such a high axi al
flow inpeller would be desirable to be able to quickly obtain vertical

flow to assur&lgss chatingofignardl subsentes e wellkndvh B8 Ukor CXRGEI18, @&%ﬁ)ed in
separate |ayering that can occur when only radial flow e.g.”turbine 1type,

i al 11 i by aRER REIHESY ROTRICA R 26t p eiRasconlad P Sma Rl ol

fl ow nunber is not nearly as good as desired.
also known as, for example, described in U.S. Patents 3,494,708; 4,213,713;
4,221,488; 4,264,215; 4,314,396; 4,601,583 and D 262,791. U.S. Patent 4,601,583
describes glass-coated impellers fitted to a shaft by means of cryogenic cooling to
obtain a very tight friction fit. The impellers are dual hub impellers, i.e. two hubs,
each carrying two blades. The hubs are placed proximate each other on the shaft so
that the blades are oriented 90 degrees to each other about the shaft. The patent also
shows multipie impellers spaced from each other upon the shaft, known as a “dual
flight” configuration.

Despite it being known that certain glass-coated impellers could be placed

upon a shaft, there has been no good glass coated high axial flow impeller available.
Such a high axial flow impeller would be desirable to be able to quickly obtain
vertical flow to assure quick mixing of an entire tank without coﬁcern about separate
layering that can occur when only radial flow, e.g. turbine type, impellers are used.

U.S. Patent 4,601,583 discloses an impeller having axial flow properties but the axial

flow output as measured by its axial flow number is not nearly as good as desired.



1 16 SEPTEMBER 2003 Hi gh axial flow inpellers have been known in netal
non- gl ass coated configurations, e.g. in the form of

commonly found on boats. It was believed that glass cg{zﬁjggbmga%qq:’ons
of those sane high flow inpellers could not be manufactured because such
high axial flow netal inpellers have many angles and edges that are

general |y bel i Byghl dxdalpflovenimpiilets thate we@ﬁskﬁ%{%i ggeragﬂ’al elgcrtf-glfa%% ingct)aitc(ajcﬁ1 of

the Drawi ngs Figure 1 shows an end view of a two I mpe

accor dancgnfidilat ihvenkion. Figure 2 shows a side view of the inpeller
of Figure 1. i%u(?gs’ f'@ﬂgv\ngwaﬁWd%pW% S?MPW‘RB&BI fowad qmuubpatsesltowas he
i nventi orebezis '[8 ?lgat woul d appear if nmounted in a 90 degree orientation from

each oth <$lagst coat gonfeguraibnsvef thdsesariechighffldwvempbRersd A ot
turbines of the invention as they woul d appear nmounted in a 90-degree

ori ent at ibenmianeficaaed REARE SRR rhigh 208 tfho»l/: ' égi%ﬁ?ﬁgcﬁ{ég%mﬁgﬁeg@%bqu%gsngd

view of a mxing unit of the invention shown .
2" ar bi e A ki B erR nioy eweriastive giass obatit Shaf ¢ Figure 6
shows two turbines of the invention having offset blades so that the
bl ades operate in the same rwxmlw‘ﬁﬁﬁﬁu. Figure 7 shows a
graph conparing flow nunbers of the IrnpelTer © € invention with the
flow nunbers qfigkRop,LERG! &1 vRay io?ga F‘\%‘é |la édoi\;vnpceqlae; ® ta?:(r:ci)r%tailges with the
invention.
Figure 2 shows a side view of the impeller of Figure 1.
Figure 3 shows a side view of two, two bladed turbines of the invention as they
would appear if mounted in a 90 degree orientation from each other upon a shaft.
Figure 4 shows a top view of two, two bladed turbines of the invention as they
would appear mounted in a 90-degree orientation from each other upon a shaft.
Figure 5 shows an elevational view of a mixing unit of the invention showing
two turbines of the invention mounted proximate each other on an upper portion of a
shaft and a turbine type impeller mounted on a lower portion of the shaft.
Figure 6 shows two turbines of the invention having offset blades so that the
blades operate in the same radial planes about a shaft.

Figure 7 shows a graph comparing flow numbers of the impeller of the

invention with the flow numbers of known impellers having axial flow characteristics.



2 16 SEPTEMBER 2003 Brief Description of the Invention In accordance with
the invention, it has now been di scovered that a high J i | er
can be designed and gl ass coated and , if desired, be sg#rgl-rgwyﬁh?bﬁéal
hub format. The invention therefore conprises a glass coated high axial
flow inpeller, conprising a hub and attached bl ades. The hub has a

centrally located hole, wherBricfi®esBAhEoRBT 11 ERBEG, aXis that is sized
for passage over a drive shaft. The drive shaft has a |ongitudinal axis so
that when the ' | r the shaft, the central axis of the
centrally | ocait?g{lj&r?g ed% g%&ﬁgét@%ﬁﬁ‘?%‘){’hl RO Peen giseavered; thaba higle axiakf t .
The inpeller. has a plurality of angles and edges, all of which have a
rounded c ‘ﬁWilBlBeﬁ‘?Y@)WbQ degigned ang glassicngtedi anfaif degiesk beasseighlediinatduag or
significant crazing. The inpeller further includes at |east two variable
pi tch bl dddsforlmagh bl ade has front and rear surfaces both defined by an
i nside edge having a leading end and a trailing end, an outside edge
havi ng a Ieadiﬂ?%endq{)znd trailing end, a | eading edge connecting the
| eadi ng end of Th&Yio8e I'¢ SonHu1ses atlighepseenhted higle axinlsflow adpeland a
trailing edge that connects the trailing end of the inside edge to the
trailing comyprising hdublangl aitached Btade’s | T3 ﬁ&%&en&ﬂaﬂﬂ%ﬁﬂe@%%ﬁ WhelE #i°

en the 1 npel S

the edge that first contacts and displaces fluid l'er i
rotated i1t Bss § ok . I li.ng. edge” means the edge that |ast contacts
the fluid as tg?}zé "P*r‘r%%‘l ?"E ma{é iy %123535? PAFSASEOYFE %ﬁf‘g’ﬁéi‘@ tofTherdrivashaft ham i s
that the outsj dg, edge of each blade is from

a longitudinal axis so that when the hole is placed over the shaft, the central axis of the

centrally located hole corresponds with the longitudinal axis of the shaft. The
impeller has a plurality of angles and edges, all of which have a rounded configuration
to permit glassing without cracking, delaminating or significant crazing. The impeller
further includes at least two variable pitch biades. Each blade has front and rear
surfaces both defined by an inside edge having a leading end and a trailing end, an
outside edge having a leading end and a trailing end, a leading edge connecting the
leading end of the inside edge to the leading end of the outside edge and a Atrailing
edge that connects the trailiﬁg end of the inside edge to the trailing end of the outside
edge. “Leading edge”, as used herein, means the edge that first contacts and displaces
fluid when the impeller is rotated in the fluid. “Trailing edge” 'means the edge that
last contacts the fluid as the impeller is rotated.

An important part of the invention is that the outside edge of each blade is from
about 1.5 to 2.5 times the length of the inside edge. This difference in length of inside
and outside edges contributes significantly to the high flow characteristics of the

impeller of the invention. Unfortunately, that difference could give rise to unusual



about 1.5 to 2.5 tinmes the length of the inside edge. This difference in

| ength of inside and outside edges contributes signi fiﬁ?%},‘-ﬂm%ﬂeﬁdﬂ?’gh

fl ow characteristics of the inpeller of the invention. rtunately, that
difference could give rise to unusual 3 16 SEPTEMBER 2003 angl es and

corners a orners are believed to be a contributing factor
in thea'ﬁ%ég? “g?’?’l"g%ﬁ g‘?"’f‘ﬁ&‘ﬁ%&i’d G ags beligweddarbsa epntrimating fattor in

practicgl | }l) su% eﬁt A | ass coating. In accordance with the present
i nvent i O, PEQERTS %‘r"into ﬁ??glséﬁhdﬁwed;br wenfigumtions merdatbtRsrablicdll ShESI -
The bl ades are symmetrically attached to the hub at their inside edges; so

‘that, tphiss coatingleliedoasdanic Atthafe gP%t'e?t ﬁ%@ﬁ@%ﬂgﬁghﬁ}{gﬁ@g@@%es

degrees fromthe central axis of t ache

are at of. from about to about 70 degrees fromthe central axis
of sai dg%uﬁanﬂ?gﬁrl’or @%?'%m&gérbladqsearamgmo«rimﬂy attashdé tedbednitoat he
central axis of said hub is from about 6 to about 12 degrees |ess and

pr ef er athieyr fisido edye] sd thd?, MM S t he angl e. of {he
out si de edges to the central axis. eﬁﬁgsﬁu teazln%‘%tl?g?&%é‘ﬁgg“g?g?iééo“'are
covered cCont i us ¢ ing of glass. Detailed Description of the

| nvent i g@ﬁﬁéeels %‘é‘ﬁﬁg%’eﬂ&g‘{ ﬁ%‘%i(?f\ﬁbﬁlaﬁ@dl@blﬂgaad sheipautsiddydgssans dtnawn to
those -skilled in the art. In general, the netal substrate is cleaned,

coat ed anglh of fyomsabduti0 tdf Sbowml 70 UeEreAd o TR centi s HF Q4 l’ﬁg}.u?ﬁgll

herein neans flowin a direction parallel to the central — axis

i ell g i 0 e aracterized by the flow nunber (Fn). Fn is
al éaseé;x h@\kre%r, thé %Plgf% of H'IG inside edges to %hc central axis of said ub)is from

about 6 to about 12 degrees less and préferably from about 7 to about 9 degrees less

than the angle of the outside edges to the central axis. - The hub and its attached blades

are covered by a contiguous coating of glass.
Detailed Description of the Invention
The impellers of the invention are glass coated by means known to those

skilled in the art. In general, the metal substrate is cleaned, coated with a glass frit

formulation and fired.

“Axial flow” as used herein means flow in a direction parallel to the central
axis of the impeller. Axial flow can be characterized by the flow number (Fn). Fn is
defined as Q/(rpm x D?), where Q is the pumping capacity of the turbine, rpm is the
rotational velocity of the turbine and D is the diameter of the turbine. In practice the

 rpm and diameter D of the turbine is known. The pumping volume, at a known pm
and turbine diameter, is then measured, e.g. by laser flow measurement where the
velocity of particles suspended in a fluid is measured through a given area. The flow

number may then be calculated. Once known, the flow number for a particular

4



defined as Q(rpmx D), where Qis the punping capacity of the turbine, rpm
is the rotational velocity of the turbine and Dis th i

turbine. In practice the rpmand dianmeter D of the tuﬁ@%gsﬁbﬁ%gwdﬁne
punpi ng volunme, at a known rpm and turbine dianeter, is then neasured,

e.g. by laser flow neasurenent where the velocity of particles suspended

in a fluidrbise meadiguestiohmaghher BkvigRdACacteiiid Fgﬁpgwgbg{én%%@ge

cal cul ated. Once known, the flow nunber for a part

2003 tur biiAmetRs b i -hen be ysed.to determ.ne_punping volunme for
various di aneter SQIS? %H%)g,[ﬂ? glra%?}rll SaYP”(}-aﬁmﬁé‘e Vm&g@r Bpw pumbats havgha
flow nurrgiar have a higher punping volunme than inpellers with | ower

number s at'ERHePYRRING yolumearn ismeldramdtti hpetd aumbessnet die sdiie fot@Rlagr S
of the invention are usually glass-coated netals. The netal is wusually |ow

car bon stspetd and amnpeléogiagietéesi stant all oy such as stainless steel. The
turbine may be fornmed by any suitable neans, e.g. by welding blades to a

hub or by casjng. or forqgi the entire inpeller as one piece. In all cases
angles are r oﬁq}f’anP%ﬁerFﬁ%é gyeriian arsonsuadlyeglaapppated metalss Thatmoegd is | n

formng the El ass coating, usually multiple glass applications are used,

e.g. two Unalindowoedrboh dteeverda orfositn eR¥snt #83Y Such’ B8 sBHRIeR! stdd8 The
inmpeller has a hole through the center that is si’zed to slide over a drive

Sher € Ay 4 9 By LS TR bR B
jornts. casing or forging the entire impeller as one piece. In all cases angles are rounded to
reduce stress upon later applied glass coatings. Ini forming the glass coating, usually
multiple glass applications are used, e.g. two ground coats followed by four cover
coats.

The hub of the impeller has a hole through the center that is sized to slide over
a drive shaft to form an integral mixing unit. The impeller can be retained on the shaft
by friction fit or by other means such as clamping means or screw joints.

The hub of the impeller has a hole through the center that is glass coated. The
surface defining the hole is preferably honed to close tolerances for friction fit to a
drive shaft, e.g. by cooling the shaft cryogenically to shrink its diameter followed by
sliding the hub over the shaft. Upon cooling, the shaft expands to securely hold the
impeller to the shaft by friction fit to form an integral mixing unit (combined shaft and
impeller).

The mixing unit may comprise at least two impellers, each of which is secured

to the drive shaft by fit of the drive shaft through holes in the hubs of the impellers. In



The hub of the inpeller has a hole through the center that is glass coated.
The surface defining the hole is preferably honed to c{rét)ée bﬁ!}@e C for
friction fit to a drive shaft, e.g. by cooling the sha P to
shrink its dianeter followed by sliding the hub over the shaft. Upon
cooling, the shaft expands to securely hold the inpeller to the shaft by
friction ddcordamct owithaghe RHvedtish, 4t | | Riagd shatt, apd .
inpeller). The mixing unit may c’onpr%%g a f)ggfs}?q%\%ﬂlg%g Fe’?@ﬂ axiah flopw
which is: ! o Lhe dri shaft by fit of the drive shaft through
holes in ¥ e“ﬁggrlsao‘?orflmceiWE&h%F%YenF‘ﬁn5 16 SEPTEMBER 2003 accordance with
the invention, at |east one of the inpellers is a high axial flow inpeller
in accordance WQ mixing umt/mayj for.extheple] conmgrise borﬁﬁmatﬁﬁrof%?%h?\vo high
conprise a conbination of at least two high flow inpellers of the

inventi onidw i ' ; . ' axial f1ow inpell.er having _ four,

bl ades. In sug%egeigagﬁ%}%elgghm(%& 'l[i] %g?ﬁeﬁgg?lyeffpgniash %’H‘Bf Baw: sopgllerdwyinged
to the iV haftI by fitting of the drive shaft through the central holes
in the hdBYr Bladese Inishpl ) case, eatheobthedimspedfersist asssmbidd tchend FRRirb@HS fay
rotated fromabout 30 to about 90 degrees about the |ongitudinal axis of

t he shaf tdriveeslaifi bﬁuﬁtﬁngféteﬂfeaaﬁﬁ@ Sﬁgftf}t‘ﬁoe‘%@ﬁ%gsce%ﬁa} 3 ofe%cﬁn%e;ﬁ%%: hﬁﬁ@

Additionally, the bs of the first an i mpel'l ers™are

each oth f1.8. A4he re directly in contact or separated by a short

di st anceqﬁ?ﬁg?&i srhhesﬁlﬁ?ﬁ/of@f st ﬂgwetlﬁ@qlﬁrﬁ:&fﬁé%at frong phoutedhtdoabaut 9%uch
a configuration, the attachnents of the blades of one of the inpellers to
the hub &egrass abpasthe longittdinal axis of the shaft, relative to orientation of the blades of

a second impeller. Additionally, the hubs of the first and second impellers are
proximate each other, i.e. they are directly in contact or separated by a short distance
that is usually less than the thickness of a single hub. In such a configuration, the
attachments of the blades of one of the impellers to the hub may be offset so that
leading edges of the blades of both the first and second impellers lie in a same plane.
In accordance with the invention, the combination of the first and second
impellers has a flow number of from about 0.75 to about 0.85. The combined
impellers may be on a shaft with additional impellers, e.g. a curved blade or flat blade
turbine impeller. In such a case, the “additional” impeller is usually near the bottom
of a tank or other container and the combined impellers of the invention are nearer the
top of the tank or other container. In that conﬁgufation, the high flow impellers of the
invention force fluid to the bottom of the tank and the turbine directs the fluid radially.
The fluid then flows upwardly and back to the impellers of the invention. In this way,

very effective vertical agitation is achieved and layering is avoided.



| eadi ng edges of the blades of both the first and second inpellers lie in a
sane plane. In accordance with the invention, the conbi j first
and second inpellers has a flow nunber of from about 6%%éEP3E&B3%§%@p§5.
The conbined inpellers may be on a shaft with additional inpellers, e.g. a
curved bl ade or flat blade turbine inpeller. In such a case, the

"addi tional " iTheelihe¢ntich usepl by PeRr tu'ﬂ@elké?&&cpreq% %feﬁ‘eﬁ@@ktoorthé) t(?rﬁé/ingsop

contai ner and the conbined inpellers of the inv ion are nearer

of the t : Wher. In that configuration, the high flow

i npel | er gﬂg?tﬁ?{twg Bﬁﬁgtﬁ%@}e@%ﬂ%yggﬁf ?ﬂﬁﬁ} yeph -bgltﬂ%ﬁ?d?fe pndersigad thatdthehe
turbine djrects the fluid radially. The fluid then flows upwardly and back
to the i Apestated egtbodpaentsvaiist fosrthe Ipurpbses ofviiyustraviagy nef fliegiting e thee pek &t
agitation is achieved and layering is avoided. 6 16 SEPTEMBER 2003 The

i nvent i ofinvaitiope better understood by reference to the draw ngs
illustrating preferred enbodi nents of the invention. It is to be understood

that the illystrated £ odinents are for the purpose of illustrating, not
linmiting, t he%ﬁr%’%r’r’é‘ the ﬁ%ﬁmgénglaﬂ& ceated akial tmpellergk) hgs admbci@atét
axial flow inpeller 10 has a hub 12 with a centrally |ocated hole 14

havi ng aacentrady laceited Kéle TPkavin @ defitrai #66 160 rng?géifgéggfo@sg@cﬁv&S

having a longitudinal axis 20 so that the centra _

Poast bua uilt 18, hitnlse R Hop e 3% 2B s tat e chaisal axisonp @liplec o424

and a rear surface 26 both defined by an inside edge 28 having a | eading

end 30 aReITasRongs |Witly the: dprgitudinrlaxis 20 of shaft 18. The impeller has at least two
variable pitch blades 22. Each blade 22 has a front surface 24 and a rear surface 26
both defined by an inside edge 28 having a leading end 30 and a trailing end 32 and by
an outside edge 34 having a leading end 36 and a trailing end 38. Front and rear
surfaces 24 and 26 are further defined by leading edge 40 that connects leading end 30
of inside edge 28 with leading end 36 of outside edge 34 and by trailing edge 42 that
connects trailing end 32 of inside edge 28 with trailing end 38 of outside edge 34. The
‘blades are symmetrically attached to the hub at inside edges 28 so that the inside
edges 28 are at an angle a. of from about 45 to about 60 degrees from central axis 16
of hub 12 and so that outside edges 34 are at an angle B of from about 50 to about 70
degrees from the central axis 16 of hub 12. The entire impeller 10 including hub 12
and attached blades 22 are covered with a contiguous coating of glass 44. The
impeller has a plurality of angles and edges, e.g. 28, 34, 40, 42, o, and P all of which
have a rounded configuration to assist in forming a durable and stable glass coating.

As best seen in figure 5, at least two impellers 10 may be secured to drive shaft

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

7



an outside edge 34 having a leading end 36 and a trailing end 38. Front and

rear surfaces 24 and 26 are further defined by | eadi ng'e(eeggsg%%E%osq:sd
e

connects |l eading end 30 of inside edge 28 with | eading

edge 34 and by trailing edge 42 that connects trailing end 32 of inside
edge 28 with trailing end 38 of outside edge 34. The bl ades are.

symet r i calXipg anitacAetbasd ohdSf b idbellisii i ’ i .nsid
edges 28 are at an angle a of from gg%f}? lgg lﬁgﬂg&%ﬁlc%:g l%lg’gfrlgtegsemegﬁ?us‘fy
central aydssril§y of hub 12 and so that outside edges 34 are at an angle (3
of from about 50 to about 70 degrees fromthe central axis 16 of hub 12.
The entire irrpu(gl | er. 10 including hub 12 and attached bl ades 22 are covered

with a contiguouB s unHgtomay be forated Eheeeni inpgurers, halich dhpiritel Y 1€t
angl es and edges, e.g. 28, 34, 40, 42, a, and 1 all of which 'have a

rounded donf ingpslBrs @8 pr&visgs! ' rag bl e and, st.abl | ass
coating. As é%g% seen pitrn fi gﬁ%esgﬁbéa@ %nggiﬂy%hﬁ%ﬁgﬁ%glse%f@ ﬁg%é‘reéjetﬂjr ed
to drivetﬁg%t éS bjt)éfit ga{ the drive shaft through holes 14 in the hubs
12 of t hélt FHXPsBRE TSthraugh sentral diotesoiimbmbe 02 dfiinpetgrautd.t In AtcH saste one
of the i nﬁel lers is a high axial flowinpeller as previously described. A

mi xi ng urthe blgleswf first dmpetlenaress@asirably toiatdder5m y@@?o;@g@%ﬁ?@ @écgréeesaﬁ

two inpellers as previously described, ‘each of whic _ and
el 1 er 2098t NRALAIRIZHR: 20 b flafl B8 SEector Priiatiponl o Alascacsl ool y
rotated from about._30 to about 90 degrees about |ongitudinal axis 20 of
shaft 18 SP%‘P‘H’(aFWBeltI‘%I- orlihenhuls of thé thoeirhpeltias miy theeproximate each other to
effectively form a combination impeller having four blades. “Proximate each other”,
as used in this context, means that the hubs 12 of the impellers 10, are arranged so that
at least a portion of the blades 22 of at least one of the impellers operates in a same
rotational plane about the shaft 18 as at least a portion of the blades of the other
impeller.

As seen in figure 5, the impellers of the invention may be combined on a shaft
with other impellers that are the same or different than the impeller of the invention.
The mixing unit 46 shown in figure 5 comprises two upper impellers 10 of the
invention and a lower impeller 48 in the form of a flat blade turbine.

As seen in figure 6, the blades of impellers of the invention may be offset so
that when two impellers are mounted so that their hubs 12 are proximate each other,
the leading edges 40 of blades 22 of both impellers, operate in essentially the same
rotational planes about the shaft.

Impellers of the invention in a configuration essentially as shown in figure 3

were tested to determine the axial flow number Fn by measuring axial flow from the



second inpeller. The hubs of the two inpellers nmay be proxi mte each ot her

to effectively forma conbination inpeller having four - [yt e
each other”, as used in this context, nmeans that the ﬁﬁééﬁgﬁé\QBEﬁ?‘ddﬁa

inpellers 10, are arranged so that at |east a portion of the blades 22 of
at least one of the inpellers operates in a sane rotational plane about
the shaf tiMrelies using eadesea foomeasurcoflowhef busplamiedl pdrtielesties tuitmehd As
seen in figure 5 the inpellers of the invention nay be conbined on a shaft

wi th ot heviséonig! Haid tTRé rd§ aﬁﬁﬂ i {LRr an the. i r. of
the invention. The m xing ulgltst Q‘g%és Ov\ﬁérleg ?‘{‘g‘urggﬁ%‘}‘{@%ﬁ}iﬁog8§%%ﬁﬁw
i mpel I'er 0 the ..inyention gn | ower inpeller 48 in the formof a
flat bl aﬁg‘]ﬁﬁlﬂ%ﬁﬂg Wighoa kg Wtﬁ? ghﬁé tsyblnﬁéPrrgif&@@ﬁelbﬁr dsapidlior as siowmm
invention may be offset so that when two inpellers are nounted so that

thei r huddgae 5 of i.SxPakene 4e601h583.hexl] impbRedsaR %e&%@?tlﬂ:oia ¢ bl Aggs, 22
i pl a

of both inpellers, operate in essentially the sane rotationa nes about

t he shaf tyndl § inyention in a configuration essentjially as
shoun 1 n TGRE ROy Eladt obfiglBBR: R o Freotatrt chdictarst saesnble Fpels
measuring axial flow fromthe 8 16 SEPTEMBER 2003 inpeller using as |aser
to measur@igBiRton of s intemtivar bad hefownnamber lofl about 0BT, ViteCpRER blddaui d.
The results were conpared with a known turbofoil (TBF) type inpeller and

with a knomin®hidh RIvadaniber drasotBE)s 4 | Ll Bsashown i n
Figure 5a of U S. Patent 4,601, 5%3W§?|d‘%%léltﬁ‘g’92‘ﬁﬁgﬁﬁéége§éﬁtdiaa Py ?lﬁgtgrane
di anet er
of about 0.45. These numbers show that the impeller of the invention provides much
greater flow than either the turbofoil or pitch blade turbine impellers which, prior to
the present invention were the only available glass-coated impellers providing any

significant radial flow. The results are illustrated by the graph in figure 7. The

numbers on the Y axis of the graph indicate the flow number as calculated using the

formula previously described.



and had four blade configurations and were rotated at the same speed. The

i npeller configuration of the invention had a flow nu 1.
@éEB&ﬂggﬁr%ﬁoi I

The pitch blade turbine had a fl ow nunber of about O. and

i npel l er had a flow nunber of about 0.45. These nunbers show that the

i npel l er of the invention provides nuch greater flow than either the
turbofoil or pitch blade turbine inpellers which, prior to the present
invention were the only avail able gl ass-coated inpellers providing any

si gni fi caWhat &d¢laiméd gw. The results are illustrated by the graph in figure
7. The nunbers on the Y axis of the graph indicate the flow nunber as

cal cul at etj usi’ gglt hse ftoé rruﬁsf?r ev.i ouigy described. 9 16 SEPTEMBER 2003
Wiat is clai ned §8% 08U G dowdmpelieki said ampellenpempesingsaihubj ipeingen
conprising a hub, having a centrally |ocated hole, said hole having a

central aengallyalodated) bolegisagl diokethaliy apasHANCaxqY,CEaid mlievseiﬁgaéi%e&gx#ng
a longitudinal axis so that the central axis of the centrally Tocate ol e

correspo ' ' ' kS O he shaft, said inpeller having
a plural %S%%et Q%égrr%sd k%%@ﬁg%@hgﬁ Il%‘?glédﬁ{i%aﬁ Fa 80 Ahatothsaecntead iy of dha on,
said inpeller further conprising at |east two variable pitch bl ades, each
bl ade ha\ﬁeﬁgah}’ émate(ghglermesggn aweth thetlongiafdineddixbyoftheishafidsaiddgpelavi ng
a leading end and a trailing end, an outside edge having a | eading end and

Caeto' e T S AN SRy e N D
connects iﬁﬂ)%ll%f ﬁiljtﬁerll%o%lpq’is?tig Etp f:‘eaistn’g;i«gj ?/agglglg Ijit(();htbrllaedés,r Eeieilclhi lr)] adg ril(gwing front
and rear surfaces both defined by an inside edge having a leading end and a trailing
end, an outside edge having a leading end and a trailing end, a leading edge
connecting the leading end of the inside edge to the leading end of the outside edge
and a trailing edge that connects the trailing end of the inside edge to the trailing end
of the outside edge, characterized in that said outside edge of each blade is from about
1.5 to 2.5 times the length of the inside edge, said blades being symmetrically
attached to said hub at their inside edges so that the inside edges are at an angle of
from about 45 to about 60' degrees from the central axis of the attached hub and their
outside edges are at an angle of from about 50 to about 70 degrees from the central
axis of said hub; provided that, the angle of the inside edges to the central axis of said
‘hub is from about 6 to about 12 degrees less than the angle of the outside edges to the

central axis of said hub, said hub and its attached blades being covered by a

contiguous coating of glass.

10



of the outside edge, characterized in that said outside edge of each bl ade

is fromabout 1.5 to 2.5 tines the length of the insi i des
?@e§gg3@f§%ﬂt t he

being symmetrically attached to said hub at their ins
i nside edges are at an angle of fromabout 45 to about 60 degrees fromthe

central axis a .hu their outside edges are at an angle
of from about Olfélbct pﬁp %E)%ru(gp%%"a'egrtaagq PSﬁYaPFf‘é'Zéériﬂr%lFt X ABglofofs tied i rwidy
provi ded t,hat he angl e of the inside edges to the central axis of said
hub is fEdBEabbiie eenteal asisuef saiddudr iscfoiesisout fat wmxtm%afe@sf les8€h Hfé de

edges to the central axis of said hub, said hub and its attached bl ades

bei ng cowapkdofitfic @utside bil@asoesthe ek 10 16 SEPTEMBER 2003 2.
The inpeller of claim1 further charrac ){ei% Pg‘l;eiﬁaiiwa hat the angle of the

inside edges to the central axis of said hub is fromabout 7 to about 9
degrees less than the angle of the outside edges to the central axis of
said hub. 3. The inpeller .of claim1 further characterized in that two of

sai d bl ades afThedpipetletr of tlaihi @‘ﬁlﬁgflg ghaﬁ%bt%n%(? éx&@}%g\%o}, PF%@?[MO%FCS' aim 1

further characterized in that the es are a

wel ding. 5. The inpeller of claim1 further characterized in that the

bl ades apEeappnehétely.atheched by Heidonhptegrally forged with the hub. 6.
The inpeller of claiml further characterized in that the bl ades are
attached to the hub by being integrally nolded with the hub.

4, The impeller of claim 1 further characterized in that the blades are attached to

the hub by welding.

5. The impeller of claim 1 further characterized in that the blades are attached to

the hub by being integrally forged with the hub.

6. The impeller of claim 1 further characterized in that the blades are attached to

the hub by being integrally molded with the hub.

7. The impeller of claim 2 further characterized in that the impeller comprises

glass coated steel.

8. The impeller of claim 7 further characterized in that the steel is a stainless steel. -

9. A mixing unit comprising the impeller of claim 2 secured to the drive shaft by

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

11



7. The inpeller of claim2 further characterized in that the inpeller

conprises glass coated steel. The inpeller of claim?7f
| | | Je SERTEMRER 3003

characterized in that the steel is a stainless steel.

conprising the inpeller of claim2 secured to the drive shaft by fit of
the drive shaft through the hole in the hub. 11 16 SEPTEMBER 2003 10. The
mxing unit of claim9 further characterized in that the inpeller is
secured to the drive shaft by a friction fit. 11. The m xing unit of claim

9 furtherjgchar | shaf t 0 s. gl ass coated
steel. 12 mTheﬁfrﬁ ﬁfdr(lg%ﬂlhl}l Ofp ﬁ?‘%@e ?Fé?“@ﬁl;ﬁ“g@ a'iezléﬂ)eluﬁr ihsgcured
drive shaft 8 S gl ass, coat ed stainless steel. 13. A mxing unit
conpri si ﬁﬂa‘? T‘gg§ba§i)d each of which is secured to the drive
shaft by fit of the drlve shaft through hol es in the hubs of the inpellers,
at least one of the inpellers being an inpeller as described in claim?2.
14. A mxi ng unit conprising a conbi nation of at |east two of the

i mpel I erg,; as Th%escrtbed |{1 allfa ach of which is assenbled to and
secur ed to t he 'of P VEIEH Y 6\(}; Ciapmp gf rﬂ@rdcharectghmd inhthatghet drive estafel

holes in the hubs of the inpellers, further characterized in that the

bl ades opoﬁqﬁmcsgkmﬂpehkdmhﬁﬂe rotated fromabout 30 to about 90 degrees
about the longitudinal axis of the shaft, relative to orientation of the
bl ades of a second inpeller, the hubs of the first and second inpellers
bei ng proxi mate each

12. The mixing unit of claim 10 further characterized in that the drive shaft

comprises glass coated stainless steel.

13. A mixing unit comprising at least two impellers, each of which is secured to
the drive shaft by fit of the drive shaft through holes in the hubs of the impellers, at

least one of the impellers being an impeller as described in claim 2.

14. A mixing unit comprising a combination of at least two of the impellers, as
described in claim 2, each of which is assembled to and secured to the drive shaft by
fit of the drive shaft through the central holes in the hubs of the impellers, further
characterized in that the blades of a first impeller are rotated from about 30 to about
90 degrees about the longitudinal axis of the shaft, relative to orientation of the blades

of a second impeller, the hubs of the first and second impellers being proximate each

other.

12



other. 12 16 SEPTEMBER 2003 15. The m xing unit of claim 14 further
characterized in that the conbination of the first and I

has a fl ow nunber of from about 0.75 to about O0.85. 16.1€'§g%!\h§8%ﬁ§of
claim14 further characterized in that the attachnments of at |east two of
the blades to their hub are offset so that |eading edges of the bl ades of

both the 157 st Thethixeqpnditiof kel 4 flifer hata HT Ay G thi bofpfhaiaPobiicl

conprising a first inpeller, as described in c nounte

posi tion gftand i Leal shafit relative to second inpeller
nmounted in a lgﬁg@%ﬂ@@ﬁgﬁ%af@y Eﬁﬂ’fqerggf%?g?ﬂé)-ﬁr&@@ﬁgf% not
rotate in a sane rotational plane about the shaft. 18. The m xing unit of

claim17 further characterized in that the second inpeller has a |ower
axial flow nunber than the first inpeller. 19. The m xing unit of claim18

further ch@racTke inziRthd tnithAtcliie 1 ' rj fl at . bl.ade turbine.
20. The nixing unit ofg claimig fu??ﬁg@g{:hg&%{e@r@g?&ﬁ% tbﬁﬁfta?}ﬁé‘egééglr‘)ﬂﬁ

i mpel ler 4 ur ade turbine. 13 H GH AXIAL FLOW GLASS COATED

| MPELLER leii}gtyfoagf%gq Bia,qgs [Spstigpgg]}ﬂ)eare offset so that leading edges of the blades of

both the first and second impellers lie in a same plane.

17. A mixing unit comprising a first impeller, as described in claim 1, mounted in
an upper position on an essentially vertical shaft relative to second impeller mounted

in a lower position on the shaft so that the impellers do not rotate in a same rotational

plane about the shaft.

18. The mixing unit of claim 17 further characterized in that the second impeller

has a lower axial flow number than the first impeller.

19.  The mixing unit of claim 18 further characterized in that the second impeller is

a flat blade turbine.

20.  The mixing unit of claim 18 further characterized in that the second impeller is

a curved blade turbine.
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A gl ass coated high axial flow inpeller, including a hub and attached

bl ades. The hub has a centrally | ocated hole, where th tral
axis. The inpeller has a plurality of angles and edges‘[,ee ‘Sﬁﬁ.ﬁﬁéﬁﬁmave
a rounded configuration to permt glassing. The inpeller further includes
at least two variable pitch blades. Each blade has front and rear surfaces

both defined by an inside edge having a |leading end and a trailing end, an
out si de edge having a leading end and a trailing end, a | eading edge

cut'si de | edge and a Tt ARdd- RS LSS oL TR B IMERL BRERa of e
inside edge to the trailing end of the outside edge. The outside edge of

each bl ade is from about 1.5 toAbsBactiafdhe Disdoswagt h of the inside edge.
The bl ades are symmetrically attached to the hub at their inside edges; so

that, their inAigleseeansdHich akid g f. t,. 45 bout 6%@?
degrees fromtheglcentral ax?% o% t (gvogt faegﬁ{édhgl?gﬁ]gg I}L%e#‘fgﬁ?c egeblg es
are at a | e of fr out o0 apout 70 degrees fromthe central axis
of said ﬂ%‘?ﬂ%z‘“ 3@‘?”8’%13'%%&33&&%& ergdbethole hes asaniral axixi SThefingmildr hub
is fromabout 6 to about 12 degrees |less than the angle of the outside

edges t o hasea plunality ofxarglesThad hadpeanalli sBwhidH 8she% Rharrs i ePHES o PY

a contiguous coating of glass. Figure 1
permit glassing. The impeller further includes at least two variable pitch blades. Each

-~

blade has front and rear surfaces both defined by an inside edge having a leading end
and a trailing end, an outside edge having a leading end and a trailing end, a leading
edge connecting the leading end of the inside edge to the leading end of the outside
edge and a trailing edge that connects the trailing end of the inside edge to the trailing
end of the outside edge. The outside edge of each blade is from about 1.5 to 2.5 times
the length of the inside edge. The blades are symmetrically attached to the hub at
their inside edges; so that, their inside edges are at an angle of from about 45 to about
60 degrees from the central axis of the attached hub and their outside edges are at an
angle of from about 50 to about 70 degrees from the central axis of said hub. The
angle of the inside edges to the central axis of said hub is from about 6 to about 12
degrees less than the angle of the outside edges to the central axis. The hub and its

attached blades are covered by a contiguous coating of glass.

Figure 1
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