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HIGH AXTAL FLOW GLASS COATED IMPELLER
ackgroun he Inventio

This invention relates to corrosion-resistant mixing impellers and more
particularly relates to glass coated metal mixing impellers.

Glass coating of metal substrates is well known as, for example, described in
U.S. Patents RE 35,625; 3,775,164 and 3,788,874. Glass coated mixing impellers are
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 multiple 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 concern 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.



High axial flow impellers have been known in metal non-glass coated
configurations, e.g. in the form of propellers as commonly found on boats. It was
believed that glass coatec_l configurations of those same high flow impellers could not
be manufactured because such high axial flow metal impellers have many angles and
edges that are generally believed to prevent effective glass coating.

Brief Description of the Drawings

Figure 1 shows an end view of a two bladed impeller in accordance §vith 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 hﬁving 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.



Brief Description of the l

In accordance with the invention, it has now been discovered that a high axial
flow impeller can be designed and glass coated and , if desired, be assembled in a dual
hub format.

The invention therefore comprises a glass coated high axial flow impeller,
comprising a hub and attached blades. The hub has a centrally located hole, where the
hole has a central axis that is sized for passage over a drive shaft. The drive shaft has
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 trailing
edge that connects the trailing 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



angles and corners. Such angles and corners are believed to be a contributing factor in
the prior art belief that such impeller configurations were not practically subject to
glass coating. In accordance with the present invention, such sharp angles and corners
are rounded prior to glassing. 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 aiis 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. In all
cases; however, the angle of the inside edges to the central axis of said hub is from
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.
etaile ipti e ion

The impellers of the invention are glass coated by means known to thoée
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 rpm
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
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turbine configuration may then be used to determine pumping volume for various
diameters of the turbine at various rpm. Impellers having high flow numbers have a
higher pumping volume than impellers with lower numbers at the same rotational
speed and impeller diameter.

The impellers of the invention are usually glass-coated metals. The metal is
usually low carbon steel or a corrosion resistant alléy such as stéinless steel. The
turbine may be formed by any suitable means, e.g. by welding blades to a hub or by
casing or forging the entire impeller as one piece. In all cases angles are rounded to
reduce stress upon later applied glass coatings. In forming the glass coating, usually
multip]e 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
- adrive 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 least one of the impellers is a high axial flow
impeller in accordance with the invention.

The mixing unit may, for example, comprise a combination of at least two.high |
flow impellers of the invention to effectively form a high axial flow impeller having
four blades. In such a case, each of the impellers is assembled to and secured to the
drive shaft by fitting of the drive shaft through the centtal holes in the hubs of the
impellers. The blades of a first of the impellers 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. 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 configuration, 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 drawings
illustrating preferred embodiments of the invention. It is to be understood that the
illustrated embodiments are for the purpose of illustrating, not limiting, the present
invention.

As seen in the drawings, glass coated axial flow impeller 10 has a hub 12 with
a centrally located hole 14 having a central axis 16. The hole is sized for passage over
a shaft '18 having a longitudinal axis 20 so that the central axis 16 of hole 14
corresponds with the longitudinal axis 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 B all of which
have a rounded configuration to assist in forming a durable and stable glasé coating.

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

18 by ﬁtlof the drive shaft through holes 14 in the hubs 12 of the impellers to form a
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mixing unit. At least one of the impellers is a high axial flow impeller as previously
described.

A mixing unit 46 may be formed as seen in ﬁgﬁre 5, which comprises at least
two impellers as previously described, each of which is assembled to and secured to
the drive shaft 18 through central holes 14 in hubs 12 of impellers 10. In such a case
the blades of a first impeller are desirably rotated from about 30 to about 90 degrees
about longitudinal axis 20 of shaft 18 relative to orientation of the blades of the
second impeller. The hubs of the two impellers may be proximate each other to
effectively fofm 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



impeller using as laser to measure flow of suspended particles in a turbulent low
viscosity fluid. The results were compared with a known turbofoil (TBF) type
impeller and with a known pitch blade turbine (PBT) impeller essentially as shown in
Figure 5a of U.S. Patent 4,601,583. All impellers had essentially the same diameter
and had four blade configurations and were rotated at the same speed. The impeller
configuration of the invention had a flow number of about 0.81. The pitch blade
turbine had a flow number of about 0.65 and the turbofoil impeller had a flow number
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.



What is claimed is:

1. A glass coated axial flow impeller, said impeller comprising a hub, having a
centrally located hole, said hole having a central axis, said hole being sized for
passage over a drive shaft having a longitudinal axis so that the central axis of the
centrally located hole corresponds with the longitudinal axis of the shaft, said impeller
having a plurality of angles and edges, all of which have a rounded configuration, said
impeller further comprising at 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 tﬁe 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

conguons coning of s L
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2. The impeller of claim 1 further characterized in that the angle of the inside
edges to the central axis of said hub is from about 7 to about 9 degrees less than the

angle of the outside edges to the central axis of said hub

3. The impeller of claim 3 further characterized in that two blades are oppositely

attached to said 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.
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10. - The mixing unit of claim 9 further characterized in that the impeller is secured

to the drive shaft by a friction fit.

11. The mixing unit of claim 9 further characterized in that the drive shaft

comprises glass coated steel.

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
s —
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15. The mixing unit of claim 14 further characterized in that the combination of the

first and second impellers has a flow number of from about 0.75 to about 0.85.

16. The mixing unit of claim 14 further characterized in that the attachments of at
least two of the blades to their hub are 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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