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TURBOMACHINE WITH SEAL

BACKGROUND

[0001] Centrifugal pumps are used to transport fluids and have many
applications, including delivering printing fluid or ink within a digital printing press
used for commercial printing. These pumps include rotating and static parts which
have a gap between these parts in order to avoid wear and friction. However,
such gaps allow unintended leaking of fluid between the parts which reduces the
pump efficiency. Leaking may be reduced by using high tolerance parts so that
the gap can be made very small, however pumps using high tolerance parts can

be expensive and prone to malfunction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Various features of the present disclosure will be apparent from the
detailed description which follows, taken in conjunction with the accompanying
drawings, which together illustrate features of the present disclosure, and

wherein:

[0003] Figure 1 is a cross-section of an example centrifugal pump which

may make use of the present disclosure;

[0004] Figure 2 is a detail cross-section showing an example seal of the

pump of figure 1;

[0005] Figure 3 is a partial cross-section of another example centrifugal
pump;

[0006] Figure 4 is a plan view of one side of an impeller wall of the pump
of figure 3;

[0007] Figure 5 is a plan view of the other side of the impeller wall of the

pump of figure 4;



WO 2020/117258 PCT/US2018/064381

2
[0008] Figure 6 is a plan view of one side of another example impeller wall;
[0009] Figure 7 is a detall cross-section showing a seal using the impeller
of figure 6;
[0010] Figure 8 is a block diagram of an example digital printing press

which may incorporate a centrifugal pump including the features of one or more

of figures 1-8;

[0011] Figure 9 is a section of the shroud of figure 1 showing blades;

[0012] Figure 10 is a partial plan view of an alternative shroud and blade

arrangement; and

[0013] Figure 11 is a partial plan view of another alternative shroud and

blade arrangement.

DETAILED DESCRIPTION

[0014] Figures 1 and 2 illustrate an example centrifugal pump which may
be used for transporting printing or other fluids. The centrifugal pump 100
comprises an impeller 105 arranged to rotate within a casing 110 in order to draw
fluid from an inlet 150 of the impeller to a circumferential chamber 145 of the
casing, for example a volute. The impeller 105 has an annular wall 125 having a
central orifice forming an inlet 150. The annular wall 125 in this example includes
a shroud 132 extending towards the inlet port 155. The impeller also comprises
a second wall 135 and a number of vanes 140 located between the walls in order
to form a plurality of radially extending flow channels for transporting the fluid
between the inlet 150 and the chamber 145, which radially encompasses the
impeller.

[0015] The impeller 105 is coupled to a shaft 120 which is driven and
rotated about an axis of rotation 115. Fluid enters the casing 110 at an inlet port
155 which is arranged to direct the fluid to the inlet 150 of the impeller 105. The

flow of fluid from the inlet port 155, through the impeller 105 to the circumferential



WO 2020/117258 PCT/US2018/064381

3

chamber 145 can be seen from the lines with solid arrow heads. These also show
a smaller flow of fluid leaking back from the chamber 145 to the inlet 150 between
the impeller and casing. In order to limit this leakage or backflow, a seal 160 is
provided between the static casing 110 and the rotating impeller 105.

[0016] The annular wall 125 of the impeller 105 has a first surface 129
facing an inner surface 112 of the casing 110. The annular wall 125 also has a
second surface 127 on the other side of the wall, and on which the vanes are
fixed or formed with. A seal 160 is arranged between the inner surface 112 of the
casing 105 and the first surface 129 of the annular wall along the shroud 132.
[0017] Figure 2 shows a detailed section of the seal 160 which includes a
number of blades 265 spaced apart around the first surface of the annular wall,
in this example located along the shroud 132. The blades 265 are arranged to
rotate within a corresponding annular recess 263 within the inner surface 212 of
the casing 110. A gap 270 exists between the static parts of the casing and the
rotating parts, including the blades, of the impeller.

[0018] A cross-section of the shroud and blades at the seal is shown in
figure 9. The blades 265 extend perpendicular to the first surface 129 of the
annular wall 125 at the shroud 132. The shroud and blades rotate about the axis
of rotation 115, with the blades rotating within the recess 263. The blades in this
example are straight and extend longitudinally along the shroud in a direction
parallel to the axis of rotation. Figure 10 is a plan view of a section of a shroud
1032 according to another example in which the blades 1065 are angled with
respect to the axis of rotation 115. A further example is shown in figure 11 which
is also a plan view of a shroud 1132 in which the blades 1165 extend
longitudinally but are curved.

[0019] Whilst in this example, the seal 160 does not provide a hermetic
seal in order to completely eliminate the leakage, it does reduce backflow or
leakage thereby providing some sealing effect.

[0020] When the blades 265, 1065, 1165 are rotating in the annular recess
263, drag forces are created on the leakage or backflow of fluid between the
casing and impeller. These drag forces prevent or reduce this fluid flow effectively

preventing the leakage. The drag forces create low pressure on the inlet side of
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the blades and high pressure on the circumferential chamber side, effectively
acting against any backflow to reduce this to provide a sealing function. This
reduced leakage improves the efficiency of the pump.

[0021] The use of this seal arrangement 160 in the pump 100 can be used
to improve the efficiency of the pump, and/or allow a larger gap 270 between the
rotating parts and the static parts of the pump. By supporting a larger gap 270
between the impeller 105 and the casing 110, lower tolerance parts may be used.
For example, 3D printed parts, die casting parts or send casting parts may be
used, without first machining to improve their tolerance. This can significantly
reduce the cost of manufacturing the pumps. This may be further enhanced by
using cheaper materials such as plastic. The constructed pump is therefore
tolerant of lower accuracy parts, as well as some misalignment of the parts.
Furthermore, the pump is more robust against external forces such as impact
shocks. In addition, if abrasive material is to be transported through the pump,
this example will allow the gap to increase due to wear without significantly
limiting the pump efficiency. The example may also be used in applications for
the transportation of fluids carrying hard particles with less filtration, for example
oil pumps, sewer pumps, swamp pumps and similar implementations.

[0022] Figures 3, 4 and 5 illustrate a centrifugal pump according to another
example. Figure 3 shows a cross-section similar to figure 1 of the first example,
and figures 4 and 5 show plan views of different sides of an annular wall of an
impeller. Parts corresponding to those of the first example have been numbered
with the same last two digits.

[0023] The pump 300 includes an impeller generally indicated at 305 and
which comprises an annular wall 325 being generally disk shaped or circular, and
a second wall 335 also disk or circular shaped. The annular wall 325 includes a
first surface 329 facing towards the input of the pump (left), and a second surface
327 facing in the other direction (right). The first surface 329 faces a
corresponding inner surface 312 of a casing 310. Vanes 340 extend between the
second surface of the annular wall and the second wall 335 to form radially

extending flow channels 342 in order to transport fluid from an inlet 350 to a
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circumferential chamber 445. The impeller 305 rotates within the casing 310,
being driven by a shaft 320.

[0024] The pump 300 has a similar seal 360 to the pump 100, however the
annular wall 325 does not include a shroud, and instead the seal 360 is located
on an upper part of the annular wall closer to the circumferential chamber. The
seal includes an annular recess 363 within the inner wall 312 of the casing 310.
Blades from the first surface 329 of the annular wall are arranged to rotate within
the annular recess 363. The blades 365 may be angled with respect to a radial
line from the center of the annular wall as shown in figure 5. This figure also
indicates the corresponding location of the annular recess 363 using dashed
lines. In alternative arrangements, the blades may be aligned radially and/or may
be curved instead of straight.

[0025] Figures 6 and 7 illustrate a further example centrifugal pump having
two seals. This example is similar to the second example of figures 3-5, having
blades 665 extending from a first surface 629 of an annular wall 625 of an
impeller. The blades rotate in an annular recess 763, and in this example the
blades 665 are radially aligned as shown. This first seal 760 is complemented by
a second seal 785 which further assists leakage of backflow.

[0026] The second seal 785 comprises an annular channel 680 in the first
surface 629 of the annular wall 625. The inner surface 712 of the casing 710
comprises a corresponding annular projection 682 which is arranged to rotate
within the annular channel 680. The second seal is located between the first seal
760 and the inlet of the impeller.

[0027] The second seal 785 also introduces drag forces to any leakage or
backflow of fluid, and therefore supplements the effect of the first seal 760 in
reducing overall leakage, and/or allowing for the use of lower tolerance parts and
accuracy in assembly these into the pump.

[0028] Various alternatives are available in other example pumps, for
example the blades 265, 365, 665, 1065, 1165 may be fixed to the inner wall of
the casing, with the annular wall including a corresponding annular recess which
rotates about the blades. Similarly, if a second seal is used, the annular projection

may extend from the annular wall, and the corresponding annular channel formed
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in the casing. The annular recess and annular channel may be on the same or
different surfaces.

[0029] The annular wall may include a radially extending section as well as
a shroud extending at an angle, similar to the example of figure 1, however the
seal may be located on the radially extending section. The radially extending
section of an annular wall, with or without a shroud, may extend perpendicular to
the axis of rotation or at an acute angle to this. The second surface of the annular
wall may be parallel to the second wall similar to the example of figures 3, or it
may extend at an acute angle to the parallel similar to the example of figure 1.
[0030] Figure 8 illustrates a digital printing press or commercial printer
having a centrifugal pump according to one of the examples. These digital printing
presses are typically used in commercial applications using high quality, high
volume printing. They benefit from reliable, high rates of printing fluid or ink
supply, which are provided by the example centrifugal pumps. The digital printing
press 800 includes one or more printing fluid tanks 890 each having a
predetermined color of printing fluid. The or each printing fluid tank 890 has
immersed in it a pump 300, or 100, 600, which transports printing fluid in the tank
to other parts of the digital printing press for delivery onto a substrate such as
paper. The example pumps can be produced relatively cheaply, for example
using 3D printed parts, and yet are robust given their tolerance of external shocks
and less accurate parts and assembly.

[0031] A pump 100, 300, 600 may be incorporated in separately available
parts which may be periodically replaced within the digital printing press. For
example, replacement printing fluid tanks may be available and incorporate a
pump according to an example together with printing fluid. Similarly, a
replaceable return tank may incorporate an example pump.

[0032] Whilst the seal arrangement in the examples described above has
been explained in the context of a centrifugal pump, this seal arrangement could
be employed in other turbomachinery such as other pump types, blowers,
turbines or compressors. Similarly, whilst the seal arrangement has been
described in the context of transporting printer printing fluid, turbomachinery

employing the seal arrangement could be used for transporting any fluid.
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[0033] Whilst the pump examples have been described in the context of
printing fluid printing, they may be employed in any turbomachinery application,
for example well pumping, swamp pumping, sewer pumping, and machining oil
pumps.

[0034] The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intended to
be exhaustive or to limit these principles to any precise form disclosed. Many
modifications and variations are possible in light of the above teaching. Itis to be
understood that any feature described in relation to any one example may be
used alone, or in combination with other features described, and may also be
used in combination with any features of any other of the examples, or any

combination of any other of the examples.
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CLAIMS

What is claimed is:

1. A centrifugal pump, comprising:

an impeller arranged to rotate within a casing in order to draw a fluid from
an inlet of the impeller to a circumferential chamber of the casing;

a seal formed between an inner surface of the casing and a surface of the
impeller, the seal having an annular recess in one said surface and a plurality of
blades on the other surface, the blades arranged to rotate within the annular

recess.

2. The pump of claim 1, wherein the plurality of blades are on the impeller

and the annular recess is in the casing.

3. The pump of claim 2, further comprising a second seal between the inner
surface of the casing and the impeller, the second seal having an annular channel
in one said surface and an annular projection on the other surface, the annular

projection arranged to rotate within the annular channel.

4. The pump of claim 4, wherein the annular recess and the annular channel

are in the same surface.

. The pump of claim 1, wherein the blades have one or more of the following

shapes projected from the surface: curved; straight.

6. A turbomachine comprising:

an impeller rotatably housed within a casing;

the impeller having an annular wall with a first surface facing a
corresponding inner surface of the casing, and a second surface having a plurality
of vanes extending radially to form a plurality of radially extending flow channels

between adjacent vanes;
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a seal formed between the inner surface of the casing and the first surface
of the annular wall, the seal having an annular recess in one said surface and a
plurality of blades on the other surface, the blades arranged to rotate within the

annular recess.

7. The turbomachine of claim 6, wherein the impeller further comprises a
second wall extending perpendicular to an axis of rotation of the impeller such
that the vanes are located between the annular and second walls, the casing

further comprising a chamber radially encompassing the impeller.

8. The turbomachine of claim 7, wherein the annular wall includes a section
extending substantially perpendicular to an axis of rotation of the impeller, and

wherein the seal is located at said section.

9. The turbomachine of claim 8, wherein the blades are angled with respect

to a radial line of the axis of rotation.

10.  The turbomachine of claim 7, wherein the annular wall includes a shroud
extending at an angle from an inner edge and wherein the seal is located at said

shroud.

11.  The turbomachine of claim 6, wherein the casing comprises an input port
arranged to direct a fluid to an inlet of the impeller adjacent an axis of rotation,
the impeller arranged to rotate in order to draw the fluid from adjacent the axis

radially along the flow channels to the chamber.

12.  The turbomachine of claim 6, configured as a centrifugal printing fluid

pump.

13. A printing fluid tank for a printer; the printing fluid tank having a centrifugal
pump arranged to supply printing fluid from the printing fluid tank, the centrifugal

pump comprising:
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an impeller arranged to rotate within a casing in order to draw the printing
fluid from an inlet of the impeller to a circumferential chamber of the casing;

a seal formed between an inner surface of the casing and a surface of the
impeller, the seal having an annular recess in one said surface and a plurality of

blades on the other surface, the blades arranged to rotate within the annular
recess.

14.  The printing fluid tank of claim 12, wherein in use the centrifugal pump is
submerged in printing fluid within the printing fluid tank.
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