
WO 2007/043976 PCT/SG2006/000275  1 Electro-active Valveless pump
Field of the Invention This invention relates to an electro-active valveless
pump and relates preferably,  though not exclusively, as such a pump or
use in, for or with micro-channels  Background of the Invention Valveless
generation of unidirectional flow was first experimentally proven by
Gerhart Liebau in 1954 ("Uber ein ventilloses pumpprinzip",
Naturwissenschaften,  41,327;1954). The effect is called the Liebau effect.
However, such pumps are  generally bulky, can only perform in a limited
range of frequencies,. are generally  electromagnetically driven, and tend
to have a high power consumption. For  microfluidic flow systems,
electroosmatic flow is often used. But it gives a very low  flow rate.
Summary of the Invention In accordance with a first preferred aspect there
is provided an electro-active,  valveless pump having a pumping chamber
with at least one chamber wall. There  is at least one opening in the at
least one chamber wall. An electro-active actuator  is located over each of
the openings for inducing fluid flow. The electro-active actuator may be an
electro-active element, The electro-active  element may be either a
piezoelectric material or an electrostrictive material. The  electro-active
actuator may be bimorph, unimorph, or monomorph. The electro- active
activator may also have a membrane. 'The membrane may be of a
polymeric  ferroelectric material. The electro-active actuator may further
comprise an actuator.  There may be a plurality of openings each with an
electro-active actuator, the  plurality of openings being arranged in the
chamber wall longitudinally,  circumferentially or longitudinally and
circumferentially. WO 2007/043976 PCT/SG2006/000275  



2 The plurality of electro-active actuators may be operated in a manner
selected  from: in phase for increasing fluid flow, out of phase for
increasing fluid flow, in  phase for decreasing fluid flow, and out of phase
for increasing fluid flow. The  relative locations of the electro-active
actuators and their relative phase of  operation may be used to control
whether there is an increase or decrease in fluid  flow. The conduit may
be a microfluidic channel in a channel body. The electro-active  actuator
may be mounted to the channel body relative to the microfluidic channel in
a manner of a bridge, a cantilever, or an exciter. The electro-active
actuator may have a pair of oppositely-positioned electrodes.  The
electrodes may be in a multiple configuration for generating a relay effect
for  effecting fluid flow. Brief Description of the Drawings In order that the
present invention may be fully understood and readily put into  practical
effect, there shall now be described by way of non-limitative example only
preferred embodiments of the present invention, the description being with
reference to the accompanying illustrative drawings. In the drawings:
Figure 1 is a longitudinal view of a first embodiment; Figure 2 is a
longitudinal vertical cross-sectional view of a second embodiment;  Figure
3 is a longitudinal vertical cross-sectional view of a third embodiment;
Figure 4 is a transverse cross-section of a fourth embodiment; Figure 5 is
a schematic illustration of one form of electrode connection; Figure 6 is an
illustration of three different forms of application of the fourth
embodiment; and Figure 7 is a longitudinal vertical cross-sectional view of
a second embodiment.  Detailed Description of the Preferred
Embodiments 



WO 2007/043976 PCT/SC2006/000275  3 Figure 1 shows a first
embodiment of an electro-active, valveless pump 10 with an
electro-active actuator 20. The pump 10 is fitted to a conduit 12, In this
case it is  fitted in-line, although this is not a requirement. The Liebau
effect requires a  mismatch in impedance in the conduit 12 so the pump
10 can induce movement of  fluid in conduit 12 due to the impedance
difference and the resulting wave  interaction as the waves are reflected
and may be subject to interference from  reflected waves or waves
generated by relay actuators. The different in impedance  at the pump
chamber may result from one or more of: different diameters, different
materials, different internal shapes, different surfaces, and so forth.
Furthermore,  the pump 10 should be off-centre relative to the complete
length of conduit 12.  Alternatively, the mismatch in impedance may be
created by the actuator 20 being  placed off-centre so that the impedance
mismatch is within the pump 20. The pump 10 has a pump chamber 14
with a side wall 16, and an inlet 8 and an  outlet 9. The chamber 14 is of a
cross-sectional area shape that may be the same  as that of conduit 12, or
different to that of conduit 12. Also, for maximizing fluid  flow it is
preferably for pump chamber 14 to have a larger diameter than conduit
12.  If the diameter of pump chamber 14 is less than that of conduit 12
fluid flow will be  reduced, Side wall 16 has an opening 18. Covering
opening 18 is the electro-active actuator  20. The electro-active actuator
20 has a membrane 22 and an actuator 24. The  actuator 24 is a
piezoelectric or electrostrictive material and can take the form of a
bimorph, unimorph or monomorph actuator. The actuator 24 may be made
of a  lead zirconate titanate ('PZT') material, or any other suitable
ferroelectric material.  It may he made by electrophoretic deposition,
tape-casting, gel-casting, or  sputtering. The actuator 24 may be the
membrane 22 if the membrane 22 is of a  polymeric ferroelectric material, 



The membrane 22 may be of an elastic material such as, for example,
silicon  rubber, and is securely attached to side wall 16 surrounding
opening 18. The actuator 24 has a pair of oppositely-positioned electrodes
26 that may be in  single or multiple configurations for the generation of a
relay effect to enhance fluid  flow. The frequency of operation is preferably
in the range of tenths of KHz with the  frequency chosen, and the
amplitude, impacting on the flow rate. As the amplitude  of the movement
of the membrane is proportional to the voltage applied to the WO
2007/043976 PCT/SG2006/000275  4 actuator 24, the fluid flow rate can
he controlled by controlling the voltage applied to  the actuator. As shown
in f=igure 5. if the electrodes26 are on the same side of the  actuator 24
will have the form shown. If not, they will be on the top and bottom of
actuator 24. Also, the frequency of operation of actuator 24 determines
directly the frequency of  movement of membrane 22 and thus the
pumping frequency. The dimensions and  material of pump chamber 12
and conduit 12 will also impact on the optional flow  rate. Power for the
pump 10 may be from any suitable power source 28 such as, for
example, a battery, and power is supplied to terminals 26 by cables or
wires 30.  Figure 2 shows a second embodiment where the chamber wall
16 has a second  opening 218 with a second electro-active actuator 220
arranged circumferentially of  the first opening 20. The second opening
218 is preferably the same size and  shape as the first opening 18, and is
more preferably opposite the first opening 18.  The second electro-active
actuator 220 is preferably the same as the first electro- active actuator 20.
However, the second actuator 220 may be of a different size  and shape
to the first actuator 20, and need not be opposite the first actuator 20. In
this way by operating the two actuators 20, 220 in phase, controlling the
diameter  of chamber 14, the frequency and amplitude of the voltage
applied to the actuators  



20, 220, a synergistic effect will be created with an increase in fluid flow
rate. Figure 3 shows a third embodiment where the chamber wall 16 has a
second  opening 318 that is separated longitudinally from the first opening
18. The second  opening 318 has a second actuator 320. The second
opening 318 is preferably the  same size and shape as first opening 18;
and the second electro-active actuator  320 is preferably the same as the
first electro-active actuator 20. However, the  second actuator 320 may be
of a different size and shape to the first actuator 20.  The spacing of the
second opening 318 from the first opening 18 may be a full  wavelength,
or a whole-number multiple of a full wavelength, or may be part of a
wavelength, or a multiple thereof, If the second actuator 320 is at the
same side of  chamber 14, and, in the first case, the second actuator 320
will be in phase with the  first actuator 20; but in the second case the
second actuator 320 will need to he WO 2007/043976
PCT/SG2006/000275  proportionately out of phase with the first actuator
20 so that the pumping effects  accumulate to increase third flow rather
that to negate each other. But if the second actuator 320 is not at the
same side of chamber 14, if the two  actuators 20, 320 are in phase the
flow will be reduced or even eliminated. In this  case it is possible to have
the configuration shown in Figure 7 where the inlet 78 is  at the centre,
and the outlets 79 are at each end of the chamber 14. Naturally, there
may be more than two openings and electro-active actuators; and  the
arrangement may be a combination of the embodiment of Figures 2 and 3
with  openings and actuators being located along and around pump wall
16. The relative  locations of the plurality of electro-active actuators and
their relative phase of  operation may be used to control whether there is
an increase or decrease in fluid  flow Figure 4 shows the situation where
the conduit 12 is a microfluidic channel 34 in a  channel body 32. The
channel body 32 is preferably of a material such as, for  example,
polydimethyl siloxane ("PDMS"), glass, polymer, silicon wafer, or other  



elastic material. It may be made by standard production techniques
including, but  not limited to, soft lithography or spin coating, In this case
the movement of actuator 420 induces wave interaction in the channel
body 32 with resultant flow in channel 34 as the waves are reflected, and
may be  subject to interference from reflected waves or waves generated
by relay actuators.  Figure 6 shows three different ways of mounting the
actuator 420 relative to body  32: (a) bridge;  (b) cantilever; or  (c) exciter.
For the embodiment of Figures 4 and 6, the membrane 22 may have a
thickness in  the range 50 to 400 micros. However, any suitable thickness
may be used  depending on the specific circumstances of the case. The
pump 10 may be able to be made relative small so it may be used for
biomedical application, drug delivery (e.g. insulin pump), pumps implanted
in the WO 2007/043976 13PCT/SG2006/000275  6 human or animal body
for drug delivery and/or body fluid removal, a pump for  cooling fluids for
microprocessors arid/or printed circuit boards, and so forth. As the
actuator 20 is a piezoelectric or electrostrictive, the power consumption is
low thus giving long battery life. As it is not electromagnetic, it is suitable
for use in  sensitive locations such as, for example, hospitals, aircraft, and
so forth. Whilst there has been described in the foregoing description
preferred  embodiments of the present invention, it will be understood by
those skilled in the  technology concerned that many variations or
modifications in details of design or  construction may be made without
departing from the present invention. LLOYD WISE  7 



THE CLAIMS 1. An electro-active, valveless pump configured to be filled
to a conduit, there  being an impedance mismatch in the conduit, the
pump comprising: 5 (a) a pumping chamber comprising at least one
chamber wall;  (b) an inlet to the pumping chamber; (c) an outlet from the
pumping chamber; (d) at least one opening in the at least one chamber
wall;  (e) an electro-active actuator over the at least one opening; 10 (f)
the electro-active actuator comprising an electro-active element; (g) the
electro-active actuator being to generate flow in the conduit, the flow
being unidirectional due to the impedance mismatch and wave  interaction
in the fluid. 15 2. An electro-active, valveless pump as claimed in claim 1,
wherein the electro- active element is selected from the group consisting
of: piezoelectric material  and electrostrictive material. 3. An electro-active,
valveless pump as claimed in claim 1 or claim 2, wherein  20 the
electro-active element is of a form selected from the group consisting of:
bimorph, unimorph, and monomorph. 4. An electro-active, valveless pump
as claimed in any one of claims 1 to 3,  wherein the electro-active actuator
further comprises a membrane. 25 5. An electro-active, valveless pump as
claimed in claim 4, wherein the  membrane is of a polymeric ferroelectric
material. 6. An electro-active, valveless pump as claimed in any one of
claims I to 5,  30 wherein there are a plurality of openings each with an
electro-active actuator,  the plurality of openings being arranged in the
chamber wall in a manner  selected from the group consisting of:
longitudinally, circumferentially and  longitudinally and circumferentially. 



LLOYD WISE  8 7. An electro-active, valveless pump as claimed in claim
6, wherein the plurality  of electro-active actuators are operated in a
manner selected from the group  consisting of: in phase for increasing
fluid flow, out of phase for increasing  fluid flow, in phase for decreasing
fluid flow, and out of phase for increasing  5 fluid flow. 8. An electro-active,
valveless pump as claimed in claim 6, wherein the relative  locations of
the plurality of electro-active actuators and their relative phase of
operation is used to control whether there is an increase or decrease in
fluid  10 flow. 9. An electro-active, valveless pump as claimed in any one
of claims 1 to 8,  wherein the conduit is a microfluidic channel in a channel
body. 15 10. An electro-active, valveless pump as claimed in claim 9,
wherein the electro- active actuator is mounted to the channel body
relative to the microfluidic  channel in a manner selected from the group
consisting of: bridge, cantilever,  and exciter. 20 11. An electro-active,
valveless pump as claimed in any one of claims 1 to 10,  wherein the
electro-active actuator comprises a pair of oppositely-positioned
electrodes. 12. An electro-active, valveless pump as claimed in claim 11,
wherein the  25 electrodes are in a multiple configuration for generating a
relay effect for  enhancing fluid flow. 13. A microfluidic channel
incorporating an electro-active, valveless pump as  claimed in any one of
claims 1 to 12. 30 


