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[57] ABSTRACT ‘

An impeller assembly for agitating a fluid contained in a
vessel and dispersing a gas introduced therein. The impeller
assembly includes an impeller having a plurality of gener-
ally radially extending blades. Each of the blades includes
diverging upper and lower sheet-like portions having gen-
erally radially extending leading edges. The upper and lower '
portions are joined to form a generally V-shaped cross-
section with a trailing vertex. The width of the upper portion
of each blade is greater than the width of the lower portion ’,
of the blade such that the upper portion leading edge extends
forwardly of the lower portion leading edge. thus producing
an upper portion overhang to capture and disperse rising gas
bubbles. The impeller assembly further comprises a drive
assembly for rotating the impeller assembly.

83 Claims, 3 Drawing Sheets
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1 2 \
IMPELLER ASSEMBLY WITH in that they include an upper portion overhang to capture and
ASYMMETRIC CONCAVE BLADES disperse rising gas bubbles in a fluid. Since the flow of rising
gas bubbles in a fluid is perpendicular to the plane of
BACKGROUND

impeller rotation. the present invention accounts for such
o <o "

. The present invention relates to devices and methods for 5 :Z)pmr ee::;;il: p:-l:c izss I?::’blgsyﬂ?a? ;‘i‘;ﬁ ::c ﬁ;ﬁ;ﬁfs ef;
dispz;igg gfases in guids a:ld. morep aruwlarl‘)l'l t; i.z:ilspellet through a conventional concave impeller. !
ass; . he; or::c. mdvcss s 10 mix geses w‘; id " eff As a result, the impeller assembly of the present inventioxf
di 1s ofien £ s:;e to m a gas 1; 4 f u‘; (t;; ﬂef; provides high mixing efficiencies. In addition, the overhang

SpESCIENt: of (hé gas .lu_ghout’. c Td. Uas-iG 16 shape enables the impeller assembly of the present invention'

8 operations are often itt & vaglety OhoRygen: to accommodate greater amounts of gas without flooding. '

ation and hydrogenation processes. as well as fermentation In a preferred e iment of the impeller asscmbly of he'
erations. tional method of dispersi Tubodim impe: |
?Eto a g:f; 8?v2:;ezﬁ;:es :::cimpella' mplgsrsu;s i:%ha: present invention, an impeller having a disk member;
fluid for dispersing the gas. and a gas sparger for introducing - includes a plurality of generally radially egttending blades |
gas bubbles into the fluid. Typically. the impeller includes a ~ ounted on and spaced evenly about the circumference of !

plurality of blades mounted on a horizontally-oriented disk- ~ the disk member. Each of the blades includes diverging '

shaped rotor member which. in turn, is mounted on a shaft, ~ UPper and lower sheet-like portions having generally radi-
A variety of blade shapes may be used in conjunction with 2Ll extending leading edges. The upper and lower portions
such an impeller. including flat plates, solid wedge-shaped ,, ar¢Jjoined to form a generally V-shaped cross-section with a
elements. or hollow concave blades. trailing vertex. The width of the upper portion of each blade
In operation, the impeller is rotated in a horizontal plane is greater than the width of the lower portion of the blade
while a sparger releases gas bubbles into the fluid below the ich thatithe pper partion.ieading edge extonds forwacdly
impeller. The rotating impeller blades act upon the surround- of &F lower portion leading edge. thus producing the upper
ing fluid and the rising gas bubbles contained therein, 25 ©° rtion .ovcrhang. ,
redirecting the fluid and bubbles in a radial direction, ~ 1he impeller assembly further preferably comprises a
thereby effecting mixing and dispersement of the gas in the drive assembly for rotating the impeller such that the upper
fluid. portion segment catches and disperses the rising gas
The use of flat plates as impeller blades in the aforemen- fubbles. A}so 1o ﬁe ({n;fcnz i :;’::; up‘;pier ta?xn d
tioned apparatus results in gas filled cavities forming adja- 30 oW poTions exienc lrom (e Veriex su o G
cenit to the trailing face of the blades during operation. This from a point on the. upper. partion ‘to 3B ik of e dek
phenomenon causes the power draw of the impeller to drop, meraber is. Substantially equa.l to a dlstancei b the d.lSk
which indicates that the pumping rate or capacity of the mc;::ber 3 l:,ne ofacm::ls;l)o nding POl ox:h!he il _portloln
impeller has decreased. As a result, the gas is not completely ls':laﬁw?:ltt v tl:: euPlg; and lower portions diverge uniformly
dispersed throughout the fluid, but instead simply rises to the 35 . p. L ] . .
fluid surface. This situation is termed “fooded” and is Ac.:cordu}gly. it is an object of.thc present invention to
detrimental to mass transfer between the fluid and gas. Every ~ Provide an impeller assembly for dispersing a gas introduced
impeller, rotating at a given speed. has a flooding point at  i0to a fluid-filled vessel which produces a high ratio of
which the amount of gas introduced into the liquid is sogreat ~ 82ssed to ungassed power draw and relatively small gas-
that the impeller cannot disperse the gas in the fluid satis- 40 filled cavities; an impeller assembly which is relatively
factorily. robust; an impeller assembly which is relatively easy to
. ; intain; and an impeller assembly which provides
Concave blades (oriented such that the concavity faces faint . ;
forward) are used to counter this effect, since they reduce the :&m;einfom:l lcin:;i d?n d completé: dispersement of & gas
size of the cavities formed behind the blades, and thereby parg q .
increase the power draw. The effect of the gas-filled cavities 43 | These and other objects and advantages of the present
is also reduced by further increasing the curvature of the  invention will be more fully understood and appreciated by
blades to produce a “deeper” blade profile. Such a blade  reference to the following description, the accompanying

contour also increases power draw when gas is present. drawings and the appended claims.
However, there is a need to maximize the effectiveness of 0 BRIEF DESCRIPTION OF THE DRAWINGS
such an impeller in dispersing gas in a fluid to break up the . . .
rising gas bubbles. Accordingly. there exists a peed for an FIG. 1 is a perspective view of a preferred embodiment of

impeller assembly for dispersing a gas in a fluid with a high  the impeller assembly of the present invention;

gassed power draw. a minimal effect of gas-filled cavities, FIG. 2 is a detail side elevation in section of an impeller
while yielding high mixing cfficiencies without the impeller

1 55 blade of the assembly of FIG. 1; and
being flooded. FIG. 3 is a perspective view of the impeller assembly of
FIG. 1 shown in a cylindrical vessel, the vessel shown in
SUMMARY OF THE INVENTION section.
The present invention is an impeller assembly for dis-
pf:rsing gas introduced into a fluid-filled vessel, which has a ¢ DETAILED DESCRIPTION
high gassed power draw, causes minimal cavitation behind As shown in FIGS. 1 and 3. a preferred embodiment of the
the blades, and provides effective, thorough dispersement of

impeller assembly of the present invention, generally des-

the gas throughout the fluid. In addition. the impeller assem-  jgnated 10, includes an impeller 12, comprised of a disk

bly has a much higher flooding point than prior art impellers  member 14 and a plurality of generally radially extending

of comparable size and speed. 65 blades 16, and a drive member 17 (see FIG. 3). With
In particular, the impeller assembly of the present inven-

reference to FIGS. 1 and 2. the blades 16 include diverging
tion utilizes concave impeller blades which are asymmetric upper and lower sheet-like portions 18, 20. Each of the

!
i
'
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portions 18, 20 has a generally radially extending leading  portion 20 uniformly diverge from the vertex 24 with respect
edge 22, 23. The upper and lower portions 18, 20 are joined to the disk member plane A. The distance from each point on:
to form a generally V-shaped cross section with a trailing the upper portion 18 to the disk member plane A is substan-|
vertex 24. The blades 16 are preferably generally parabolic tially equal to the distance from a comresponding point on the,
in cross section (sec FIG. 2), and the vertex 24 is preferably s lower portion 20 to the disk member plane A. For illustrative,
curved. As shown in FIG. 2. the upper and lower portions 18, purposes, upper point 50 on upper portion 18. and its'
20 are angled so that they diverge from the plane A of the corrcspondmg point. lower point 51, are shown in FIG. 2.
disk member approximately symmetrically. Line F is a line perpendicular to the disk plane A and passing !
The width of the upper portion 18 of the blades 16  through upper point 50. Lower point 51 is located at the,
(represented by dimension B) is greater than the width of the 10 point where line F intersects the lower portion 20. The,
lower portion 20 (represented by dimension C). distance from the plane of the disk member A to upper pomt
Consequently, the leading edge 22 extends in front of the 50 is shown as distance E. The distance from lower point 51
leading edge 23. creating an overhang 25. The overhang 25 to the disk member plane A is shown as distance E'. In
captures rising gas bubbles 34 and thereby promotes their  accordance with the present invention, the distance E is i
dispersion. The optimal blade design utilizes a configuration | 5 substantially equal to the distance E'. This relation holds true ,
wherein the overhang 25 represents about 15-50% of the ™ for all points on the upper portion 18 and their corresponding
width B of the upper portion 18. More preferably, the points on the lower portion 20.
overhang 25 represents about 25% of the width B. The The operation of the impeller assembly 10 is as follows.
impeller blade 16 further has a height dimension D. The In order to effect mixing of gas 34 with the liquid 31. the
height-to-width ratio (i.e. D:B) of the blades 16 of the 5o impeller assembly 10 is rotated in a horizontal plane while
present invention optimally is in the range of about 0.5:1t0 ™" the sparger 32 releases gas into the fluid below the impeller.
1.5:1, with 1:1 being preferred. The drive member 17 rotates the impeller 10 such that blades
As shown in FIGS. 1 and 3. the impeller 12 preferably has 16 act upon the surrounding fluid 31 and the rising gas
six blades 16 mounted on the disk member 14. The impeller
12 may have other numbers of blades, ranging from 4 to 12, bubbles in a radial direction. This action further breaks up
blades. without departing from the scope of the invention. the bubbles 34 in the fluid 31. When the impelier assembly
The blades 16 are preferably evenly spaced circumferen- 10 has sufficient rotational speed, the gas bubbles may
tially about the disk member 14, and preferably are attached recirculate below the impelier assembly 10. Release of the
to the disk member 14 at their vertices 24. Preferably. the  gas bubbles 34 by the sparger 32 and rotation of the
blades 16 are notched to receive the disk member 14. The ., assembly 10 may continue for as long as mixing is desired.
ratio of the radius of the disk member 14 to the radius of the While the forms of amarams herein described constitute
impeller 16 optimally is in the range of about 0.5t0 0.8. with 5 preferred embodiment of the invention., it is to be under-

0.65 being preferred. stood that the present invention is not limited to these precise
The impeller assembly 10 further includes a hub 26 for  forms and that changes may be made therein without depart-

mounting the assembly on a shaft 28. The shaft 28 is ,5 ing from the scope of the invention.

attached to a drive motor 29, so that the drive motor 29 and What is claimed is:

shaft 28 comprise the drive assembly 17. The impeller 1. An impeller assembly for agitating a fluid contained in

assembly 10 preferably is rotated in a substantially horizon- a vessel and dispersing a gas introduced therein, the impeller

tal plane such that the vertex 24 trails the leading edges 22.  assembly comprising:
23 of the blades 16.

40 an impeller including a plurality of generally radially
As shown in FIG. 3, the impeller assembly 10 is utilized extending blades. each of said blades including diverg-
with a vessel 30 filled with a fluid 31. The fluid 31 may be ing upper and lower sheet-like portions having gener-
a slury, a liquid, or a mixture of liquids. Substantially ally radially extending leading edges. said upper and
cylindrical vessels 30 are preferred. but other shapes. such as lower portions being joined to form a generally
rectangular vessels or other shapes in elevation, may beused 45 V-shaped cross-section with a trailing vertex, and
in accordance with the present imvention. The impeller wherein a width of said upper portion is greater than a
assembly and vesscl are selected such that the ratio of width of said lower portion such that said upper portion
impeller diameter to the vessel diameter is optimally in the leading edge extends forwardly of said lower portion
range of about 0.2 to 0.6, with 0.4 being preferred. The leading edge. whereby a segment of said upper portion
impeller assembly 10 is submersed in the fluid 31, and is s overhangs said lower portion; and

preferably located near the bottom of the vessel 30. The a drive assembly for rotating said impeller such that said

impeller assembly 10 is located such that the shaft 28 is ul portion segment catches rising gas bubbles so
generally vertically oriented and centered in the vessel 30. ol ol

’ that said impeller disperses said gas bubbles in a

The assembly 10 is suspended above a gas sparger 32, which generally radial direction.

is connected to a source of gas under pressure (not shown) ss 2. The impeller assembly of claim 1 further comprising a

and releases the gas to be mixed into the fluid as gas bubbles  disk member having a thickness less than a radius thereof,

M. _ said radially extending blades being mounted on and cir-
The disk member 14 may be of various geometric

S ] cumferentially arranged about said disk member.
configurations, can be of other shapes in elevation, or may 3. The impeller assembly of claim 2 wherein said vertex
include cut-outs or spokes of various shapes without depart- 6o is rounded in cross section.

ing from the scope of the invention. The disk member 14 4. The impeller assembly of claim 3 wherein said upper
preferably has a thickness less than its radius. The impeller and lower portions of each said blade are arranged such that
assembly 16 is preferably constructed of stainless steel or a percentage of said width of said upper portion extends
other non-corrosive materials, such as titanium, but may be forwardly of said lower portion leading edge, said percent-
constructed of less durable materials, such as carbon steel. 6s age being in the range of about 15% to 50%.

The present invention further provides for an impeller as S. The impeller assembly of claim 4 wherein cach of said
described above wherein the upper portion 18 and lower blades is attached to said disk member at said vertex.

bubbles 34 contained therein, redirecting the fluid and
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45dela
Comision de la Comunidad Andina, se le comunica: :

1. Documentos estudiados:

Para el presente estudio se tuvo en cuenta el capitulo descriptivo comprendido en
los folios 5 a 14, el capitulo reivindicatorio conformado por 20 clausulas que se

encuentran en los folios 15 a 18 y los dibujos comprendidos en los folios 79 a 84
de la solicitud en estudio.

2. Objeto de la Invencion:

La presente invencién se relaciona con impelentes de mezclado resistentes a la

corrosién y mas particularmente se relaciona con impelentes de mezclado de metal
revestido con vidrio.

La invencién titulada, “Impelente revestido de vidrio de alta eficiencia en dispersion
de gas”, se lleva acabo de acuerdo con las caracteristicas reivindicadas, donde la
reivindicacion 1 dice: “Un impelente (10) de dispersion de gas revestido, dicho
impelente que comprende un cubo (12) que tiene un orificio (14) centralmente
colocado, dicho orifico que tiene un eje central (16), dicho orificio (14) que esta
dimensionado para pasar sobre un arbol de accionamiento que tiene un eje \
longitudinal (20) esencialmente que se extiende verticalmente en forma tal que el
efe central del orificio (14) colocado centralmente corresponde con el eje
(20)longitudinal del arbol (15), dicho impelente que tiene una pluralidad de angulos
y bordes, todos los cuales tienen una configuracién redonda, dicho impelente que !
comprende adicionalmente una pluralidad de cuchillas 822) aseguradas a dicho
cubo (12) y que se extiende radialmente desde el eje central, caracterizado porque

cada una de dichas cuchillas (22) tienen una superficie de entrada céncava (24) y

una superficie de salida convexa (26) ambas de las cuales estan definidas por un
borde inferior (28), un borde superior (30), un borde interior (32) y un borde exterior

(34), dicha superficie concava (24) que esta configurada en forma tal que el borde
superior (30) cubre el borde interior (28) ”.
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El objeto de la invencion definido anteriormente se clasificé de acuerdo con el IPC
asi: BO1F 7/22.

3. Determinacion del estado de la técnica:
El articulo 16 de la decisién 486 de la comision de la Comunidad Andina que ‘
establece que “El estado de la técnica comprendera todo lo que haya sido accesible -
al publico por una descripcién escrita u oral, utilizacion, comercializacion o cualquier
otro medio antes de la fecha de presentacion de la solicitud de patente o, en su '
caso, de la prioridad reconocida.

Solo para el efecto de la determinacion de la novedad, también se consideraré
dentro del estado de la técnica, el contenido de una solicitud de patente en tramite

ante la oficina nacional competente, cuya fecha de presentacion o de prioridad
fuese anterior a la fecha de presentacién o de prioridad de la solicitud de patente 'I
que se estuviese examinando, siempre que dicho contenido esté incluido en la

solicitud de fecha anterior cuando ella se publique o hubiese transcurrido el plazo
previsto en el articulo 40”.

Consultadas las bases de datos y los archivos con que cuenta la entidad se '
encontré que antes del 9 de abril de 1999, fecha de prioridad de la solicitud en
estudio, dos documentos que podria afectar la presente solicitud:

N° | Documento Titulo Fecha de 'E
publicacion :

D1 | US 5.791.780 IMPELLER ASSEMBLY WITH ASYMETRIC 11-08-1998 ,
CONCAVE BLADES ,

D2 | US 4.365.897 | SEPARABLE BLADE AGITATOR WITH CLIP-ON | 28-12-1982 "
IMPELLERS ‘

4. Evaluacion de los requisitos de patentabilidad:

El articulo 14 de la Decision 486 de la Comision de la Comunidad Andina establece
que “Los Paises Miembros otorgaran patentes para las invenciones, sean de
producto o de procedimiento, en todos los campos de la tecnologia, siempre que "
sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacion industrial”. ,
En cumplimiento del articulo 14 de la Decision 486, se procedié a evaluar el
cumplimiento de los requisitos de novedad, nivel inventivo y aplicacién industrial,

con el fin de establecer la patentabilidad de la invencién reivindicada en la solicitud '.
en estudio.

Antes de realizar el andlisis de patentabilidad de la presente invencion, se le
recuerda al solicitante que:

a) Laesencia o razén de ser de una reivindicacion consiste en definir la invencion, '
indicando sus caracteristicas técnicas, dandole el alcance de la proteccion. Las t
reivindicaciones deberan delimitar claramente la invencion respecto al estado de ,
la técnica o tecnologia anterior, de modo que se observe en forma concisa lo

nuevo que se esta aportando a la tecnologia y todo aquello que lo hace
diferente de lo ya existente.




b) El examen de novedad se efectia comparando elemento por elemento de la '.
invencion tal como es definido por las reivindicaciones con los del estado de la-
técnica. No hay que olvidar que el tenor de las reivindicaciones es el que
determina el alcance de la proteccion conferida por la patente (art. 51). Porello, -
al analizar la novedad se deben interpretar las reivindicaciones tomando el
sentido mas amplio de las definiciones empleadas.

1

c) Cuando se ha establecido la falta de novedad de la invencion, no es necesario |

evaluar el nivel inventivo, dado que no existe diferencias entre la invencion y eI |
estado de la técnica.

Evaluacion de la novedad:

El articulo 16 de la decisidon 486 de la comision de la Comunidad Andina que -
establece que “El estado de la técnica comprendera todo lo que haya sido accesible
al publico por una descripcién escrita u oral, utilizacion, comercializacién o cualquier

otro medio antes de la fecha de presentacién de la solicitud de patente o, en su
caso, de la prioridad reconocida.

Solo para el efecto de la determinacién de la novedad, también se considerara
dentro del estado de la técnica, el contenido de una solicitud de patente en tramite
ante la oficina nacional competente, cuya fecha de presentacion o de prioridad
fuese anterior a la fecha de presentacién o de prioridad de la solicitud de patente
que se estuviese examinando, siempre que dicho contenido esté incluido en la

solicitud de fecha anterior cuando ella se publique o hubiese transcurrido el plazo
previsto en el articulo 40”.

De acuerdo con la definicion de novedad del Articulo 16 de la Decision 486 de la

Comisién de la Comunidad Andina y basandonos en el objeto de la invencion se
realizd el siguiente analisis:

1) La presente invencion se lleva acabo de acuerdo con las caracteristicas
reivindicadas, donde la reivindicacion 1 dice: “Un impelente (10) de dispersion
de gas revestido, dicho impelente que comprende un cubo (12) que tiene un
orificio (14) centralmente colocado, dicho orifico que tiene un eje central (16),
dicho orificio (14) que esta dimensionado para pasar sobre un arbol de
accionamiento que tiene un eje longitudinal (20) esencialmente que se extiende
verticalmente en forma tal que el eje central del orificio (14) colocado
centralmente corresponde con el eje (20)longitudinal del arbol (15), dicho
impelente que tiene una pluralidad de angulos y bordes, todos los cuales tienen
una configuracién redonda, dicho impelente que comprende adicionalmente una
pluralidad de cuchillas 822) aseguradas a dicho cubo (12) y que se extiende
radialmente desde el eje central, caracterizado porque cada una de dichas
cuchillas (22) tienen una superficie de entrada céncava (24) y una superficie de
salida convexa (26) ambas de las cuales estan definidas por un borde inferior
(28), un borde superior (30), un borde interior (32) y un borde exterior (34),

dicha superficie concava (24) que esta configurada en forma tal que el borde
superior (30) cubre el borde interior (28)”.

2) El documento US 5.791.780 (mencionado como D1) revela un impelente (ver

columna 2, linea 65 — columna 3, linea 20; figuras 1, 2). Al comparar elemento
por elemento de la invencién tal como es definido por la reivindicacién 1 de la
solicitud en estudio con las caracteristicas del documento D1, vemos que D1



describe un impelente que comprende:

t

Un cubo (26) que tiene un orificio central, donde va el arbol del
accionamiento (28)

Una pluralidad de cuchillas (20) aseguradas a dicho cubo y que se extlenden
radialmente desde el eje central,

Cada cuchilla (20) tiene una superficie de entrada cdncava y una superﬂcne '
de salida convexa (ver figura 1-2)

Las cuchillas definidas por un borde inferior (23), un borde superior (22), un
borde interior y un borde exterior (ver figura 1)

la superficie concava de la cuchilla esta configurada en forma tal que el
borde superior (22) cubre el borde inferior (23) (ver figura 2) '

Fig. 1 del documento US 5.791.780 (D1)

Arbol de accionamiento

Borde Superior

Superficie convexa

]
:NOTA: Las flechas y palabras son 1
1colocadas por ef examinador para ia :
:comparacién con la solicitud. |

3) Realizada la comparacion del documento D1 con la presente solicitud en
estudio, se observa que dicho documento contiene las caracteristicas de las
reivindicacién 1 de la solicitud; por lo tanto, el objeto de la solicitud en estudio

i
podria ser idéntico a lo comprendido en el estado de la técnica, con lo cual
quedaria desvirtuada la novedad de esta.

En conclusion, los requisitos de patentabilidad de la presente solicitud se podrian |
ver afectados asi:

N° Documento Reivindicaciones Requisito que afecta ',

afectadas ,

D1 | US5.791.780 1-20 Novedad-Nivel Inventivo '{
D2 | US 4.365.897 1-20 Nivel Inventivo l




En cumplimiento del articulo 45 de la Decision 486 de la Comision de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta dias contados a partir de la fecha de la notificacion de la presentei
comunicacion. En caso de no dar respuesta al presente requerimiento o si a pesar:

de la respuesta subsistieran los impedimentos para la concesion, se denegara la:
patente.

)

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),’
del capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001. ‘

|
ALIX CESPEDES DE VERGEL. \
Jefe defa Division de Nuevas Creaciones \

El anterior requerimiento fue notificado

por fijaciobn en lista, de
fecha 08 FEB_2007 “
CONCEPTO TECNICO EXAMINADOR TECNICO }
Namero: 146 Cddigo:202018 |
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