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,

Al 11 i by aREF REIHESY ROTRICA R 26t p e Rssconlad U Smas Rl il

fl ow nunber is not nearly as good as desired. 1 16 SEPTEMBER 2003
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.



H gh axial flow inpellers have been known in nmetal non-glass coated
configurations, e.g. in the formof propellers as co %Eémgw S.
It was believed that glass coated configurations of thds ow
inpellers could not be manufactured because such high axial flow netal

i npellers haveHmany angl es and edges that are generally believed to

revent effectHy xasls floeat infysbileRs i i Pt ' Figure 1
p vgh gi inf}bl1cBy | 18iveDeRER! RhOVR g{anr{cxgtﬁh%ﬁwg%? coated

shows an end view of a two bl aded inpeller 1 n accor
he inpeller Figure 1. Figure 3

i nvent i oneorff s¢ de view of. t f
shows a siocllitfi gsl?léetsvm%f %%;’)Yﬁ t?‘\%o OWa%éBrQRﬁ]]&_F%% CS_meWélY i ﬁ%&l@dt%hoat@ t Hewas
woul d ap%efg{?ﬁ’lgaj;@lfggt ed in a 90 degree orientation fromeach other upon a

shaft. ¥ epateshconfegurationswof those sahmdieigh tlovwimpsliehs ddidd not
invention as they woul d appear nounted in a 90-degree orientation from each

ot her updre maabfictureFibeaR XS ! L gopd yhew of a m xing. unit of
the invention showng two turE?ﬁ%}éag%aqttﬁdégmggﬁ.W%q%ﬁ%ﬁﬁ‘feeamﬂk'cﬁﬂ adach
ot her on r portion of .a shaft and a turbine type inpeller nounted
on a Ioﬁ%ﬁ%ﬁﬁ%gﬁgﬁneﬁ%&y gﬁ’é@‘fe.d tpipjayentefiietine glass coatimg.nes of t he
i nvention having offset blades so that the blades operate in the sane
radi al planes about a shaft.BfefIDeRriHtRMONStha IHa gonparing flow nunbers
of the inpeller of the invention wth the ow nunbers of known inpellers
havi ng axi al fg; c ristics. 2.16 SE ER 2003 Brief Description of
the Invention ﬁlgmgcggpgg%;%g %H Hlet“ﬁé’fian%‘i’lﬁ‘g%% ﬁ“’t‘pqiléé 1 3gcPydancel vdtother ed
that a hii Qenz%{oi al

n.

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.



flow inpeller can be designed and gl ass coated and , if desired, be
assenbled in a dual hub format. The invention therefor i ass
coated high axial flow inpeller, conprising a hub and 1%5%@&&%5?@? The
hub has a centrally | ocated hole, where the hole has a central axis that
is sized for passage over a drive shaft. The drive shaft has a

I ongi tudinal axis so that whBmiefMsbAhBoh SFPAARREnQYST the shaft, the
central axis of the centrally |ocated hole corresponds with the

| ongi t udi nal a fi,.The.. | | ler has a plurality of angles and
edges, all of Pvf\ih?cccﬁi‘%%{v&g ‘gﬁﬁéﬁ%a'é%e“@&m"? R peen gigsovaied %ﬂb& diigly axial

w t hout cgacking, delam nating or significant crazing. The inpeller

further iHeVaws!igt canshe designed and glise coatedhunid A@dssirddadb dbteraichas afduant
and rear surfaces both defined by an inside edge having a | eading end and
a trailidgtefodmagn outside edge having a leading end and a trailing end, a
| eadi ng edge connecting the |eading end of the inside edge to the |eading
end of the outsi de edge and trailing edge that connects the trailing end
of the inside @aegé“‘f%l ‘Hl}eﬁﬁf OF¢ fgmniibesta hassocnatedidigledgenl flawaithpgler,
edge", as used herein, neans the edge that first contacts and di spl aces

fluid wheromprisingrpdiubemd stachtdbigles N THa Y hﬁsﬁ centfally 1oB&te§ g;gfe" Wik d he

edge that last contacts the fluid as the inpeller Is”rotate An |nporetant

part of t i i i t. the t si de edge of, eac | ade is from about
1.5 to 2.@? Pﬁ%g%&h@&;} ée’ﬁsggl%qd? SpRd 1or Bassace ayer 2 dhive Sgiﬂ&f drherdiave shafehag h
of inside, and g_utside edges contributes significantly to the high flow
char act erd longhudisal axig soit herr thefhaltés placed bivernthe Whify thereahghlaxit bathe
difference could give rise to unusual 3 16 SEPTEMBER 2003 angl es and

corners. cBurhllprigtaedansleC o6 fonds ewRll HRY $ohdifidiSal2ateNf Ry thng fagtor

in

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



the prior art belief that such inpeller configurations were not practically

subject to glass coating. In accordance with the pr es%%g@%@ﬁ,zmh

sharp angl es and corners are rounded prior to glassing. ades ‘are
symmetrically attached to the hub at their inside edges; so that, their

i nsi de gf n e of from about 45 to about 60 degrees fromthe
central ag%%g ag? %toglgelgt tsglg ﬁé‘&gﬁ(ﬁ@"grﬁ)‘?‘l’féiafe B‘Ehf‘s‘ﬁedéoélfgegorarlbugng dactonng| e

of fronbabout 50 éo,aé)ﬁét 70 degrees fromthe central axis of said hub. In
al | caSEsPIRbAEY Belick tal sngh amirelleneonfigimitionsiyeretimottrackenly hbjad & of
said hub is from about 6 to about 12 degrees |less and preferably from

‘about 7glass @batihg IIagsdandeewsth th@?ﬁms%ﬂ?igﬁﬁ@ﬂé@,%&égﬁ%tg)g%@gsgzy? iners the

central axis. - The hub and its att
il ed Description of the Invention The

ti i .of gl . De
iC(r)rBe: ?g&;ésgﬁﬂﬁ?gnﬁﬁ&ef&g&%g% @ﬁaéﬂa@aarwynynmmﬂymmw aotthedeub at

-skilled in the art. In general, the nmetal substrate is cleaned, coated

with a theasinsidd ¢dgekosondhaal ihefr AsRleld il o as ysed herein means
flowin a directi ogn gar al I’elﬁt“oﬁ?ﬁlg dggggﬁg"] M&%"@%?’W{W AR ‘I‘gf‘? ah&‘i"al

flow c haracteri zed, by the flow nunber (Fn). Fn is defined as Q (rpm
x D), m‘%?@gﬁﬁeﬁﬁ?fﬂe‘i’&ﬁ?ﬁtrﬁgawﬁd 9ytt@¢h€tdrhull( am%bithm'r ontsidé edgdseare at an (e

rotational velocity of the turbine and Dis the dianeter of the turbine. In

practi cangloeof firom abrait SoerRabsuDIO Hedrles Tﬂéhpiﬂhfg&ﬁ;% W of I&gal&tbgpgﬂlggy

vol une, at a known rpm and turbine di aneter n neasu

| aser f . recthe. velocity of particles suspended in a
oy | e ARSI aﬁgﬁa"%f‘})’e‘ﬁ‘sﬁﬁeﬁfgwﬁe the Sanir argerot sayd hibrisifeom
cal cul ated. Once known, the flow nunber for a particular 4 16 SEPTEMBER
2003 about 6 to about 12 degrees less and preferably 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



turbi ne configuration may then be used to determ ne punping volunme for

various dianmeters of the turbine at various rpm | npe
i i | mpel | AESard BB 20t3

fl ow nunbers have a higher punping volune than inpell
nunbers at the sane rotational speed and inpeller dianmeter. The inpellers
of the invention are usually glass-coated netals. The netal is wusually |ow

carbon stteghinorcomfiporaticn onay elsérs banised! ﬂooblet‘éﬂﬁfheaguﬁl\%@g; Igiﬁ%?tfg{e lvarib The

turbine may be formed by any suitable nmeans

hub or DbydiafR&rH9 entire.i || ey as ece. In all cases
angl es are rourgdeé%efh?lr :ﬁuge{’%‘ﬁo ?%p&ﬁ’?ﬁ?@rﬁ%‘ﬁﬂg?’é& gpé’séu@bﬁtﬁ hayee a| n
for m ng t ass coating, usually nultiple glass applications are used

}ng%nﬁw@@&i& vodithe viban bynpfellers wotheloweroatmbeiEheat thdsarhe toational
|npeller has a hole through the center that is sized to slide over a drive

shaft to dpeedand imptRer @lanfdted Ng unit. The inpeller can be retained on t he
shaft by friction fit or by ot her means such as cl anpi ng neans or screw
joints. The h of t Ll er has a hole through the center that is glass

coated. The sulsHERe® i the nKentien arq usyallyr gleaprgatadrmetatso Thosmetal is

t ol erances for frlctlon f|t to a drive shaft, e.g. by cooling the shaft

cryogeni dshaly lowsearbok stee ok amﬂrﬁfmdrpfésﬁ)ét@ﬂ Aoy §hé}ij'a§‘%télﬂf‘cs§“§% F’ lgé he
shaft. Upon cooling, the shaft expands to securely hol d er to

and § mpeloan MO Tornd b ol GBI AL .o o adding e g
of which is secured to the drive shaft by fit of the drive shaft through
hol es i n SBHBBIHAIHSTYNStthe antise impeler amone pRcEEMRENBER2AAles 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



accordance with the invention, at |east one of the inpellers is a high
axial flow inpeller in accordance with the invention. 1})}1 Lo | Y,
for exanple, conprise a conbination of at |least two hig §F%Wﬁgﬁ&&i‘iof
the invention to effectively forma high axial flow inpeller having four
bl ades. I n such a case, each of the inpellers is assenbled to and secured

to the dadcoedambalwithythk! vt f rive t. thpough the central. hol es
in the hubsc of the | rrtpel Illtedfg?o'ﬂ}hg E?%sge(;sn\éo’f)?gﬁ%il?n&e[l ¥ f%@hﬁ‘ﬁﬁe?’fléf\@oéﬁe

rot at ed f-hﬂ;g 30,10 about., 90 degrees about the |ongitudinal axis of
the shaft’ ré@gﬁré%cqrgarb%»gﬁﬁép? YUWe8fonhe bl ades of a second inpeller.

Additionally, the hubs of the first and second inpellers are proxinmate

each ot her, i .Bhe mhigipgamt oiayefirl exai 16,068nisrlise0d cSRBAaMoRhNY 1 ;
di stance that is usually |ess thar?n:phe t hi ckness of a single %&Em%‘l%huch

a confi guylakii ts t he .bl ades of .one the inpellers to
the hub may bg@g¥l1‘%§§?f§1tg 1'? ﬁgﬁﬁ&ﬁ Z%%F%ﬁgg?}ﬁe@ngfa 8}%‘ %’f‘éﬁb@wol‘m a5 haweng
first an(rjf seﬁglrag inpellers lie in a same plane. In accordance with the

i nvent i orfOuk bt §Heh @rease, eanh of thet ingpedlese omdembiqbtd enid séased té Haw
nunber of from about 0.75 to about 0.85. The conbined inpellers may be on

a shaft wirive siddi by divelhgi oelel 8five sﬁ%ﬂ;,tgﬁ)&%?irtﬁggﬁﬁltﬁg?mﬁs ef;nl ﬁ)tg @.él?fggf theear

turbine inpeller. In such a case, t ion i mpe

t he bott a 4.an r oth coptai ner _and the conbined inpellers of the
i nventi O(I?] v feigrr?éa’tl& g‘f“ﬁss Ofﬁ(é{ré? O{Jﬁ'@ impetlesy argttated Siopanheut 3Q to abatt 90
configuration, the high flow inpellers of the invention force fluid to the
bot t om ofdegrres mhakt thedonpitudinabaxis ofithe ehaft okttt bricaditadd ¥f the-'ﬂﬂﬁd{]s' o d
then flows upwardly and back to the inpellers of the invention. In this

\z,a\egi, de\é?h%s%oﬁlgggh éﬁ/ll?,ééeRr %cg%{ioﬁﬂl};,a{ﬂeoﬂub§ o‘%cﬁl'eeﬁresq e%p(fi slzg ne Iirrrll%ellgrs 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.



The invention may be better understood by reference to the draw ngs
illustrating preferred enbodi nents of the invention. It ]| r st ood
that the illustrated enbodi nents are for the purpose &ﬁgﬁkﬁ%ﬁiﬁgﬁnot
limting, the present invention. As seen in the draw ngs, glass coated
axial flow inpeller 10 has a hub 12 with a centrally |ocated hole 14

havi BHe ani | i i ft 18
aving a cent rie dnventich mhhg Bel Betks ndcQtddy alﬁ)asl%?quﬁcgé’ 21’1;) ktl%? :&}%thgs

having a | ongi tudi nal axis 20 so that the centr axi s

correspo 1 I i.nal . axjs 20 of .shaft 18. The inpeller has at
| east tV\gnﬁilﬁgrtfr%b#’%?%#‘?d;%hﬁ%gi&@?mfz‘? Eﬁcﬁ‘vﬁpt&% J% 15 4Q be ppéarstoed thatcthe2a
and a re surf(gce 26 both defined by an inside edge 28 having a | eading
end 30 afdudrategembogimeatssareated thy papossuofilitstedag, 36t iaviting, thd pRYEMI
end 36 and a trailing end 38. Front and rear surfaces 24 and 26 are
further defdénteg. by | eadi ng edge 40 that connects |eading end 30 of inside

edge 28 with | eading end 36 of outside edge 34 and by trailing edge 42 that

connects trailj n% end ﬁZ of jnside edge 28 with trailing end 38 of outside
edge 34. The A5 StgBan g ¢ drawyings: glasaroated axiat flow iropeher Hubasin hubsiXwithdges
28 so that the inside edges 28 are at an angle a of from about 45 to about

60 degr eesehtrally tauatedholexXidshaing afcehttl] 4:0s 369 18R M]@?s Sizkd nge%agg?ﬁcr\?’e are

at an angle (3 of fromabout 50 to about 70 degrees fromt axi s

16 of hu e Lre q | Ler, 10.inal udi ub 12 and, attached bl ades
22 are cgvée}%eﬁd-i\lfgvi ?ﬁﬁialhc%nlf) Hgﬁ%‘&ak&éf% % el tg‘%ag? gantral, axis; 4peof bplendd a
plurality of angles and edges, e.g. 28, 34, 40, 42, a, and 1 all of which
have a r BoEMmends Witly thedongitudina ssiis 20i of shaftrl 19 Thediuipddles s dt 36abkRo

gl ass coating. As best seen in figure 5 at least two inpellers 10 nay be

fﬁguLﬁg SV?I;‘&iT())l?\t?tﬁgﬂi‘vlﬁgeesl %%r g%tcgi Bflg?%n 2%*1@@1.{ FrSfie SAlde SR4A 1R sGfmddt 25"
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



16 SEPTEMBER 2003 m xing unit. At |least one of the inpellers is a high
axial flow inpeller as previously described. A m xing

formed as seen in figure 5, which conprises at | east t%é&ﬁé&l\#%}fgb&%
previ ously described, each of which is assenbled to and secured to the
drive shaft 18 through central holes 14 in hubs 12 of inpellers 10. In such

a case tmxibgaddis Af lenst onsbfith®ah I N : m about 30
to about 90 degrees about |ongi tudlbﬁg?@ésiagﬁgg agglﬂ(é‘?bﬁ%’gﬂ?e{lsgﬂe\%mis
orientatigiRcRbed he bl ades of the second inpeller. The hubs of the two
inpellers may be proximate each other to effectively forma conbination

i npel | er havi 2& four blades. "Proximate each other”, as used in this

cont ext, means™tAEING Haltifhmaysbeformiea asmenl iarfgur@, 5, avkichrdoatjafds 20 1dRat
at least a portion of the blades 22 of at |east one of the inpellers

oper at es tiwo msAlRs ak Préfioass! t phaft 18 at | east
portion of t hepef)ll ades?’gf i he9o(%dr%gﬁﬁgcli’arr%§ﬁlOef{r‘pﬁﬁ&zlh%@éﬂemh@i t&f’r‘\f @cum%eto
conbi ned on a shaft wth other inpellers

i mpel | er f. £ he,i pv. i on .may b : !
that ar e%?ougng Sﬁgaﬁrl%gﬁ?‘ég}éﬁ%/mfﬁé}?l@%b“ ifrbubs é2 offimpeleisnl®nin such a The:
m xing unit 46 shown in figure 5 conprises two upper inpellers 10 of the

i nvent i ontheibthdes lodveefirst ipmpleller afSdeédirdbhe rétafedd RbnPat i3 PlPM ot YoPidGeed S

seen in figure 6, the blades of inpellers of the invention may be offSét so
that whegphue1d TS nge that their, hubs 12 are proximate
each ot her, t%@ﬁgﬁlnﬁﬁé%dergﬁzl%‘agtf ?glr&g’ég’ez@ grieniatinn; ok éhe bi)ag;l,es offethet e
in essentially.the_ sanme_ rotational planes about the shaft. Inpellers of
the i nvedtUHl impalleronflhguhuby of the dwiot impéljerasmayn danpioximiafl BECEB ot
tested to determine the axial flow nunber Fn by neasuring axial flow from
t he 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



8 16 SEPTEMBER 2003 inpeller using as |aser to neasure flow of suspended

particles in a turbulent low viscosity fluid. The res

with a known turbofoil (TBF) type inpeller and with auI<6I1§oEn pi %ﬁ%@g

turbine (PBT) inpeller essentially as shown in Figure 5a of U S. Patent

4,601,583. A | inpellers had essentially the sane diameter and had four

bl ade corifiRpMertussts asddsanctoe measaeefloat ofIwrsgﬂﬂEdS[ﬁtﬁﬁéIles TiRea ItIRRIER! low

configuration of the invention had a fl ow nunmber of about 0.81. The pitch

bLade | wistatyhadian TRy sauitbe vt ahfhed. S30P A0 WHERRT! oA Hhber

had a fl ow nunber of about 0.45. These' nunbers show YPof
the inventi royi des puch greater flow than either the turbofoil or
pitch bl in‘Ié’%IIﬁI) BPIIéfV‘ %P&’F’s}? é de gprhipe (BBT) appllessissentiatlyeas stmwmir e
the only avail abl e gl ass-coated inpellers providing any significant radial

flow Thdiigeeuba of &F.8. Phtens U6aIeS8RY ADemPEROR fidd dssSt A1y the: on
the Y axis of the graph indicate the flowgnunber as cal ClII gIee ??J%IE!%%R?EIZ

ol ass. conra R R WIRAT LR ot alif e atIed oL Yipriras A nibe impeliny

centrally | qcated hole, said hole having a central axis, said hole being
si zed forconglgwé@él of dhe inventipa karhft floww homber lofrdiotiti 01812l Ehe Eitél@ Blads
the central axis of the centrally located hole corresponds with the

I i t uditodin@kad i §l I A I | {t f I
o S0toAe g o arsor bl oy QU ok, Bnete

further ri-sj | east two variable pitch bl ades, each blade havin
front GYIOLEDLS. Chhest numbers show t?xat thepimpeller of the invention provides muchg

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 rear surfaces both defined by an inside edge having a | eading end and a
trailing end, an outside edge having a | eading end an

| eadi ng edge connecting the |eading end of the insi dedleegggbﬁgl\}tlgg&%

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 fromabout 1.5 to 2.5 tines the
| ength of the inside edge, said bl ades being symetrically attached to

sai d hub What e¢laime&disde edges so that the inside edges are at an angle of
from about 45 to about 60 degrees fromthe central axis of the attached hub
and t hei r outla qe ed(?aj darelzsaﬁ an_an e of from about 50 to about 70

degr ees thom tReEECTaFd axigl fow wmp eﬁu?ﬁldpm@l@e@ompﬂsmgthélubn@hmngfathe
i nside edges to the central axis of said hub is fromabout 6 to about 12
degrees |enérallyalocated holgl sanf hioke havirgd decasggsatio she h&@n@,(gl % asie 1of

said hub, said hub and its attached bl ades bei ng covere ont1 guous

coati ng Th f cI aim1 further
char act eri zeagis ﬁ@%‘%ﬁ@ﬁ?ﬁ%ﬁ%ﬁg 4 %‘181%1593 a"ggé ﬁ@%&h‘"@”&@rﬁt% offhes of
said hub is f{ gt gijt 7 to about Q%Qgrees | ess than the angle of the

out si de &ggtally do balgtqosrespands wit edomgitudital akieof thipeshb | saidfinpebm 1
further characterized in that two of said bl ades are oppositely attached to
sai d hub.ha#ingT®ehir deAngdés sAPE ! hat

bl ades are atgt aghegﬁ?lo thgg b b(g/%e\]fng Otm%l W 8&8‘51& cdng'gtuér ’?nsild

further qﬁtl g‘ﬂ* zed in that Hte bl ades are attached to t he hub by being
i ntegral | y xé I CAMApyspg, pt least two variable pitch blades, each blade having 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.
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6. The inpeller of claim1 further characterized in that the bl ades are
attached to the hub by being integrally nolded with th‘fﬁ) %%
inmpeller of claim2 further characterized in that the i QFPJFM% %05035

gl ass coated steel. The inpeller of claim?7 further characterized in that
the steely is arst @i S 2| . .9 m xi ng unit conprising the inpeller of
claim 2 secured tghﬁ %lg&d?féga??héf@"ﬁﬁr prackrized dncthpt, thes pagle ofhtlou gisidde
hole in tHe hgb 11 16 SEPTEMBER 2003 10. The mixing unit of claim9
further EABPAIR e Sarral wximef seidchubnisefibar abaut Seaualisht o dogrBes sk (Rars R t
by a friction fit. 11. The mxing unit of claim9 further characterized in

that t he adplevef the@litside ed@ssi e 3k i | 12. The mixing unit of
claim10 further char actggrl? zed in ?ﬁ%lt ﬁte)?%?‘layg'%éhaft conprises gl ass

coated stainless steel. 13. A mxing unit conprising at |east two
i npel l ers, each of which is secured to the drive shaft by fit of the drive
shaft through:-holes in the hubs of the inpellers, at |east one of the

| mpel | er 8. bei Mhedmpetioplof efaiff1 TakE! Betabrigkd ity 1o i N

conprising a conbination of at least two O said 9%ed in
claim2, each of which is assenbled to and secured to the drive shaft by
fit of tAtedpppesshely shrochbdthe N4 rghpholes in the hubs of the

i npel l ers, further <characterized in that the blades of a first inpeller
are rotated from about 30 to about 90 degrees about the |ongitudinal axis
of the shaft, relative to orientation of the blades of a second inpeller,

t he hubsyof t f:] n eco i ellers hein roxi mat e each
4. e 1Hp%ilciaofl claim Pq’urtﬁgr characterized Pn Rnat 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.
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other. 12 16 SEPTEMBER 2003 15. The m xing unit of claim 14 further
characterized in that the conbination of the first an i I S
has a fl ow nunber of from about 0.75 to about O0.85. 16d'6?‘ﬁgﬁﬁ1gy'%ﬁt#ﬁ3 of
claim14 further characterized in that the attachments of at |east two of
the blades to their hub are offset so that |eading edges of the bl ades of

both the first and second inpellers lie in a sanme plane. I T A mxing unit
conprising a first inpeller, as described in claim1, nounted in an upper

position @n a [ . -1 Gl shaft relative to second inpeller
nmounted in anl[}?mgﬁ Q%llgglh 4I¥8¥8%§1ﬁ]f%gu®ﬁqf‘%l’a§%?t?lﬁ%ﬁde¥‘ﬁgaf ﬁﬁém@ﬂlﬁ #oseyred
rotate iq @Psarre rﬁ:[g?;i onal _ plane about the shaft. 18. The m xing unit of
clai m 17 'P 7§ HEve taktictien fith that the second inpeller has a | ower
axial flow nunber than the first inpeller. 19. The m xing unit of claim18
further characterized in that the second inpeller is a flat blade turbine.
20. The mxing unit of claim 18 further characterized in that the second

i mpel | er 4ijs a~gurved. bl ade tog.l’ bliéne. 1& H GH AXI AL FLOW GLASS COATED
| MPELLER~ Abst 1 act™sing Hpod cflaun, @ mrthesseharactedaediighthakithe @tives shaft

inmpel ler, including a hub and attached bl ades. The hub has a centrally
| ocat ed lGOMPrisehglass chatedatezlhas a central axis. The inpeller

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.
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has a plurality of angles and edges, all of which have a rounded
configuration to permt glassing. The inpeller further,lpel t
two variable pitch blades. Each blade has front and régiggﬁﬁﬁéﬁgng%ﬁ%?
defined by an inside edge having a leading end and a trailing end, an
out si de edge having a | eading end and a trailing end, a | eading edge

connect i n§>t heTheauiixigz enid obfcldifel 4 Rsditkle @AaS 154G th?tatﬂb %Qnﬁ)@xgatgén {)ﬂ@e

outside edge and a trailing edge that connects the trailing en
i.de edge. The outside edge of

i nsi de edfgytbRdsBEodd Bhbd fw hile out
each blade is from a%gﬁuéélﬁgh?ggﬁfqé"m‘ﬂ’é’?o from ahontt)- 43 te pkoytdssle edge.
The bl ades 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 fromthe central axis of the attached hub and their outside edges.
are at anl6.anglke efixidothRRIWainP 14 [ framthe centyral. axis
of said hub. The anglg; of the insi %@gggg&gggf%eegﬁﬁ]ﬁtgﬁéQBF%hrBFnéé?chthub
is from t bout. 1 egrees | ess than the angle of the outside
edges toait% gée{ t@’gon%’féﬁe g%‘?s Zt?ﬁgeﬁJB‘%aﬁ@ pifset st that headling adess af éha blagles dfby
a contiguous coating of glass. Figure 1

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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