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Turbo machine and method to reduce vibration in turbo machines.

The present invention relates to a turbo machine and a method to reduce vibrations in

turbo machines.

More in particular the present invention relates to a turbo machine comprising a first

volute tongue and a flow splitter plate comprising a second volute tongue and to a

method to reduce vibrations in such turbo machines.

State of the art

Turbo machines like pumps, compressors, and turbines show high noise and
vibration levels at normal operation conditions. The noise is bothersome and
sometimes even harmful for humans, whereas the vibrations may endanger the

reliability and safe operation of these machines. The vibrations induced by the pump,

compressor or turbine might even endanger the integrity of an installation containing

such a machine. Periodic movements and pressure fluctuations may result in

oscillations or pulsations with large amplitudes when the frequency of the periodic

movement or pulsation coincides with a resonance frequency of a structural part of

the machine or the installation, for instance a pipe system, attached to the machine.

For centrifugal pumps and compressors a dominant source of pulsations can usually

be found in the interaction between the rotating parts of the machine and static parts,

in particular in the volute, viz. the area between the rotating vanes and the inner

surface of the casing. In centrifugal pumps the source of pulsations often can be

found in the interaction between the rotating impeller vanes on one side and the

casing or more in particular a static volute tongue, being a flow dividing edge, on the
other side. Such vibrations or pulsations might be enhanced by resonances within the
fluidic medium (liquid, gas or vapour) that is transported or compressed by the turbo
machine. Double-volute centrifugal pumps like the one disclosed in UK patent
application GB2416003A comprise a casing and a first volute tongue, an impeller

with at least one vane, and a flow splitter plate comprising a second volute tongue for

splitting a flow of a fluidic medium produced by the impeller, the flow splitter plate

having a first surface and a second, opposite surface.
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The flow splitter plate or partition wall decreases or even eliminates radial forces on
the impeller that might occur in single-volute pumps due to an unbalanced flow of
the fluidic medium. For this reason double-volute pumps are often preferred, in

particular when a large operation window is desired.

It is acknowledged that noise in pumps and compressors often originates from the
flow interaction between the impeller and the stator or volute tongue. An overview of
noise mechanisms within centrifugal pumps can for instance be found in G.
Rzentkowski, Generation and control of pressure pulsations emitted from centrifugal
pumps: a review, ASME publication PVP, volume 328, Flow-Induced Vibration
(1996), pp.439-454. 1t is appreciated by those skilled in the art that the resonance can
be suppressed or avoided by specific geometrical constructions and by operating the
pump in a well-defined operating window. So optimization of blade geometry,
number of blades, the rotation frequency, the radial gap between impeller and
diffuser or volute tongue, and diameter of the pump discharge may suppress or
mitigate the generation of pulsations at given operating conditions. See e.g. H. Zogg
and U. Bolleter, Generation and propagation of hydraulic noise in centrifugal
pumps, in Proceedings of the 1st International symposium on Pumps Noise and
Vibration in Clamart, France (1993) pp. 263-270. The problem with such a specific
design of the pump is that it results in a very narrow operating window of the pump
because certain operating conditions have to be avoided. A deviation from the ideal
parameters of the medium, like e.g. the velocity of sound due to temperature
variation, speed, and flow may result in vibrations. Another, related problem is that
the specific operating conditions, including the properties of the medium that has to
be pumped, are in particular circumstances not known in such detail that the pump
can be designed in a way that no resonance conditions occur during use. Another
problem is that a turbo machine designed for a specific application is no longer of
use if one chooses to change the operation conditions. Once installed it 1s hardly
feasible to modify the pump at acceptable costs. These problems hold for all types of

turbo machines, with either an axial or a centrifugal geometry.

German patent DE 19538178C1 discloses a method to dampen acoustic noise and
pressure pulses in pipe systems comprising a pump or compressor. This publication

shows a perforated plate or orifice that is placed in a pipe, perpendicularly to the
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flow direction of the fluidic medium. The problem of this method for reducing the noise or

pulsations 1s that such a plate causes additional pressure loss and thus reduces efficiency.

EP 1 378 668 discloses a single volute turbo machine comprising a stabilizer element.
Essehtially, this stabilizer element is a plate comprising holes. The function of this stabilizer
element 1s to homogenize the flow. The stabilizer element is situated essentially perpendicular

to the direction of the main flow.

Summary of the invention

It 1s an objective of the present invention to provide a turbo machine that is not prone to
resonances. In one embodiment, there 1s provided a flow splitter plate comprising at least one
opening connecting the first surface and the second, opposite surface. The effect of an
opening in the flow splitter plate is that such an opening dampens the resonance of the
medium and the plate if there is a pressure drop across the opening. Such a pressure drop
occurs when the medium at the two opposite surfaces of the flow splitter plate pulsates out of
phase. The advantage over placing an orifice in the discharge is that the flow of the medium is

not hindered and there is no additional pressure loss.

[t 1s another objective of the present invention to provide a pipe system comprising a pump or
compressor, that is not prone to resonances. In one embodiment, there is provided a pump or
compressor that 1s a turbo machine according to one embodiment of the invention. The effect

of using the turbo machine according to one embodiment of the invention is that it generates
less or no pulsations that could propagate through the pipe system and that dynamic forces on
the internals of the pipe system are smaller. Here holds the same advantage as mentioned
above; as there 1s no obstruction in the flow, no or fractional additional pressure loss is

introduced.

The present disclosure also provides a method to reduce vibrations in turbo machines having a
casing, a first volute tongue, an impeller with at least one vane, and a flow splitter plate with a
second volute tongue for splitting a flow of a fluidic medium produced by the impeller, the

method comprising:
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e providing openings in the flow splitter plate; and

e . diminishing pressure differences at the two sides of the splitter plate by means of the

openings.

Adcording to one embodiment of the invention, there is provided a turbo machine comprising:
a casing defining a first volute tongue, an impeller with at least one vane, and a flow splitter
plate defining a second volute tongue at an upstream end of the flow splitter plate for splitting
a flow of a fluidic medium produced by the impeller, the flow splitter plate extending in a
splittér plane that 1s situated essentially parallel to the direction of the flow, the flow splitter
plate having a first surface and a second, opposite surface, wherein the flow splitter plate
includes a series of openings forming a perforated area and each opening extending through
the tlow splitter plate from the first surtace to the second opposite surface, wherein the

perforated area 1s positioned adjacent a downstream end of the flow splitter plate.

According to another embodiment of the invention, there is provided herein a pipe system

comprising a pump or compressor wherein the pump or compressor is a turbo machine herein.

United States patent US 5,286,162 discloses a method to reduce hydraulic instability in
centrifugal pumps and compressors that do not comprise a flow splitter plate. This method
comprises making holes in the one and only volute tongue, being part of the casing of such a
single-volute turbo machine. These openings in the volute tongue allow the fluid to flow from
one surface of the tongue to the other when the fluid flow from the impeller impinges the
volute tongue at an angle due to a non-optimal operation of such a turbo machine. In
ceﬁtrifugal pumps or compressors without such openings the pressure difference caused by
the non-parallel flow i1s maintained and flow separation occurs with the consequence of a
reduced over-all efficiency of the pump or compressor. In particular such pumps and

processors are mentioned to be prone to stall. So, this method allows in general operation of
single volute pumps and compressors in a wider operation window with high efficiency than
those without such openings, but the problem of pulsations is not necessarily solved. In

addition this turbo machine suffers from the disadvantages of a single-volute pump.
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The stabilizing element that is disclosed in EP-1 378 668 does not split the flow info distinct
channels as is the case in double volute pump as disclosed in this application. The splitter
plane in which the splitter plate extends is situated essentially parallel to the direction of the
main flow. The main function of a splitter plate is that it decreases or eliminates radial forces
on the impeller by splitting the flow into two channels. The difference in function between the
stabilizing element of EP-1 378 668 and the splitter plate as disclosed in the present
application 1s expressed in the position of the stabilizer element and the splitter plafe. Thus,
the known stabilizer element and the novel splitter plate have undeniable a different

construction and a different function.
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Brief description of the figures

Figure 1 shows a double-volute centrifugal pump according to the state of the art in a
cross-sectional -;/iew.

Figure 2 shows an exemplary embodiment of a flow splitter plate according to the
invention, both in a cross-sectional view and a plan view.

Figure 3 shows a preferred embodiment of a flow splitter plate according to the

invention

Figure 1 shows a double-volute centrifugal pump according to the state of the art.
The fluidic medium enters the pump from the inlet eye 11 the centre of the rotating
impeller 3. The rotating vanes 4 impart energy to the medium that leaves the pump
casing 2 at the discharge 14. The flow splitter plate 5 creates the double-volute by
dividing the volute of the pump into two volute regions; one at the side of the first
surface 8 of the flow splitter plate and a second volute region at the second, opposite

side 9 of the flow splitter plate.

In single stage, double-volute turbo pumps, i.e. for pumping propane in an energy

conversion plant, standing wave resonance can occur at certain process conditions.

Such a resonance can be excited by pulsations resulting from an interaction of the

impeller vanes 4 and the two volute tongues of the pump, viz. the volute ton-gué 12 of

the casing and the volute tongue 13 of the flow splitter plate. It is well known that
pulsations can be suppressed by an orifice placed perpendicular to the flow.

However, it has surprisingly been found that also openings in a flow splitter plate
that is placed in the volute or discharge of the pump in parallel with the flow, can

suppress such resonances or dampen the building-up of the resonances. The openings

might consist of one through hole or a series of holes forming a perforated area. The

openings 1n _-t_he flow splitter plate remove the need to install an orifice or other
damping object perpendicular to the flow. As a consequence, the flow resistance for

the fluidic medium within the turbo machine is significantly reduced.

Figure 2 shows an exemplary embodiment of a flow splitter plate 5 according to the
invention comprising at least one opening 10 connecting the first surface 8 and the

second, opposite surface 9. Actually, the openings connect the two volute regions of
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the turbo machine. It will be understood that the flow splitter plate of the present invention is
designed to replace the flow splitter plate of the prior art. It is further understood that a perforated
region as shown in the plan view can be atfached to the tail edge 15 of an existing flow splitter plate
of the prior art. It is understood that not all the openings of the perforated area necessarily have the

same dimensions or shape.

In some embodiments and under certain conditions, periodic vortéx shedding at the openings 10
might lead to the generation of pulsations if the vortex shedding frequency is close to the frequency
of acoustic pressure fluctuations. In that case, the acoustic pressure fluctuations trigger vortex
shedding and the vortex shedding will, in its turn, amplify the acoustic pressure fluctuations. The
vortex shedding frequency can be calculated by the Strouhal number St = f. D/v (f = vortex
shedding frequency, D a characteristic dimension of the opening (for instance the diameter), and v a
characteristic flow velocity), which also depends on the geometry of the openings. For perforations,
a typical value for Sr is 0.24 to 0.30. In order to avoid tonal noise generation at the openings, the
size of the individual openings (i.e. the diameter if the openings are round) in the flow splitter plate
has to be chosen such that the vortex frequency is sufficiently higher than the frequency of the
source of the pulsations at the volute tongue, i.e. the blade passing frequency. The blade passing
frequency is defined as the rotation speed times the number of impeller blades or vaneé. As a design
rule the diameter of the openings can be selected such that the vortex frequency is at least two times

the blade passing frequency. For a medium with vibration frequency (sound) of 100 Hz and a flow

velocity of 5 m/s the openings should be smaller than 2.5 mm.

The total area of the openings should be approximately the same as the cross-sectional flow area
between the flow splitter plate and the interior of the casing at one side of the flow splitter plate in
order to have sufficiently low acoustic impedance between both channels created by the flow splitter
plate. In one embodiment, the total area of the openings in the flow splitter plate is between one

third and two third of the pump discharge cross section.

In one embodiment, at least one opening is located where the dynamic pressure difference between

the first surface and the second opposite surface is maximal.

Model calculations by a simulation tool have shown that the length of the perforated part should be

more than 10% of the wavelength of the pulsations and preferably be at least a quarter of the
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wavelength of the pﬁlsations, whereas a length of more than half a wavelength appears to be less
effective. By using a specific design of the path between the volute tongues it is possible to prevent
the excitation of resonances by the pulsations generated by the interaction between impeller blades
and volute tongues. In a centrifugal pump the length of the flow splitter plate has to be of the proper
length. '

A serrated edge at the downstream side of the flow splitter dampehs the resonances and in addition
prevents coherent vortex shedding which can be a secondary source of pulsations. One df the
parameters that determine the resonance frequency, is the length of the flow splitter plate. 1f it 1s
observed that resonances occur during pumping of a certain medium under certain conditions, one
can reduce or increase the length of the tlow splitter plate to avoid resonance in such a specific

operation window.

In case of a pump or compressor with a diffuser comprising vanes, a similar technique can be
applied. The length of the vanes should be tuned such that a resonance condition between the
pulsation source at the leading edge of the diffuser vanes is avoided. The leading edges of the vanes
act similar to a volute tongue in a centrifugal pump. Perforations at the trailing edge of the vanes,

similar to those in the flow splitter plate, will provide acoustical damping.

Figure 3A shows a preferred embodiment of a flow splitter plate according to the invention
comprising a perforated area 16 and a serrated tail edge 15 with an indentation that is half the
distance between the teeth of the serrated edge. This specific flow splitter plate was designed and
has been successtully applied in a propane pump. The pump, a single stage, double volute pump
with a 7 blade impeller running at 3000 rpm with a flow splitter plate without perforations, showed
an internal resonance exited by the interaction of the impeller blades with a volute tongue. This

caused pulsations at a blade passing frequency (BPF) of 350 Hz, and its multiples.

The existing tlow splitter plate of the pump 18 was extended with the plate according to the

invention as shown in figure 3B. In an embodiment, the openings of the series of openings in the
perforated area includes openings having a diameter between 5 and 15 mm. The distance between
the center of the openings 1s pfeferably between 1.5 and 3 times of the diameter of the openings. In

the example of figure 3B, the extension of the flow splitter plate contains 100 openings with a

diameter of 10 mm at a mutual distance of 20 mm.
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By means of an acoustic model of the pump and calculated source amplitudes it is

shown that the resulting pulsation amplitudes in the discharge piping could be

reduced from 3 bar peak to peak to 0.3 bar peak to peak.

It is understood that the openings will in general be round but might also have any
other appropriate form such as for example an ellipse, a pentagon, or a triangle. It is

understood that there might be two or more perforated sections.

It will be understood by those skilled in the art that the present invention is not

limited to the embodiments illustrated above and that many modifications and

additions may be made without departing from the scope of the invention as defined

in the appending claims. In particular it is understood that the present invention

includes the use of more than one flow splitter plate. It is further in particular
understood that the invention can be applied not only in centrifugal pumps but also in

other types of pumps and compressors where pressure drop can occur across

structural parts.
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CLAIMS:

1. A turbo machine comprising:
a casing defining a first volute tongue,
an impeller with at least one vane, and

a flow splitter plate defining a second volute tongue at an upstream end of the

flow splitter plate for splitting a tlow of a fluidic medium produced by the impeller, the flow

splitter plate extending in a splitter plane that is situated essentially parallel to the direction of

the tlow, the flow splitter plate having a first surface and a second, opposite surface, wherein the

flow splitter plate includes a series of openings forming a perforated area and each opening
e‘xtending through the flow splitter plate from the first surface to the second opposite surface,

wherein the perforated area is positioned adjacent a downstream end of the flow splitter plate.

2. A turbo machine according to claim 1, wherein at least one opening is located

where the dynamic pressure difference between the first surface and the second, opposite

surface 1s maximal.

3. A turbo machine according to claim 1, wherein the perforated area with the
series of openings extends over a length in parallel with the flow direction, which length is
between 10% and 50% of a wavelength of a vibration for the same turbo machine without a

sertes of openings forming the perforated area.

4. A turbo machine according to claim 3, wherein the perforated area with the
series of openings extends over a length in parallel with the flow direction, which length is
substantially a quarter of a wavelength of a pulsation for the same turbo machine without a

series of openings forming the perforated area.

5. A turbo machine according to claim 1, wherein the total area of the openings of
the perforated area in the flow splitter plate is between one third and two third of the pump

discharge cross section.
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6. A turbo machine according to claim 5, wherein the total area of the dpenings of
the perforated area in the flow splitter plate is substantially one half of the pump discharge cross

section.

7. A turbo machine acc ording to claim 1, wherein the characteristic dimension of
each opening is chosen in such a way that a vortex shedding frequency in each opening is at
least two times a frequency of an acoustic source defined by the rotation speed of the impeller

times the number of impeller vanes.

8. A turbo machine according to claim 7, wherein the openings in the perforated

area have a diameter between 5 and 15 mm.

9. A turbo machine according to claim 8 wherein the distance between the center of

the openings 1s between 1.5 and 3 times of the diameter of the openings.

10. A turbo machine according to claim 1, wherein the at least one opening extends

to a tail edge of the splitter plate.
11. A turbo machine according to claim 1, comprising openings of different sizes.

12. A turbo machine according to claim 1, wherein the shortest distance between the

second volute tongue of the flow splitter plate and each point of the tail edge of the splitter plate

1S not uniform.

3. - A turbo machine according to claim 12, wherein the tail edge has an indentation

that 1s at least as large as the size of the vortices shedding from the tail edge.

14, A pipe system comprising a pump or compressor wherein the pump or

compressor 1s a turbo machine according to claim 1.



CA 02741795 2011-04-27

WO 2010/050805 PCT/NL2009/050647
1/3

12

Fig. 1



CA 02741795 2011-04-27

WO 2010/050805 PCT/NL2009/050647
2/3

10 —~—

10

13.



WO 2010/050805

NN

O 000000 OO0
O 0000000 O0
OO0 00000 0O
A 000000 0O0
O O 0O 0O 0 OO0 OO0

oooooooo 16 —
. 000 A

o O O O O O

#
N
O000O0O0O0O0 O é‘
o N
s“

A7
4

WIS,

-”\\\\\\\\\::

N
14,X

N

18

Fig. 3A

CA 02741795 2011-04-27

3/3

8
§
S

y

%

L
NN

LTI

O

PCT/NL2009/050647

20 mm

O OO0 0O 0O 0O 0O~
- ® O O 0 0O OO0 00
\ O OO 000 OO0 OO0
OO0 OO0 0000 o0
\ O 0O O 0O 00O OO0
O OO0 000 0O
OO0 0 0O O 0 OO0
W0 O 0 00O 0O0

130 mm

{150

Fig. 3B

{200






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - abstract drawing

