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Description

RELATED APPLICATION

[0001] This application claims the benefit of priority to
U.S. Patent Application No. 62/196,339, filed July 24,
2015.

BACKGROUND

[0002] The present technology relates to separating
components, such as red blood cells, from a mixture
(such as a suspension), and particularly to separating a
selected target component in a high concentration and
purity using acoustic waves, such as bulk acoustic
waves. Methods for separation of elements from a fluid
using standing waves are known, for example, from WO
2007/128795.
[0003] Blood transfusions are used to treat many dis-
orders and injuries, such as in the treatment of accident
victims and during surgical procedures. According to cur-
rent American Red Cross statistics, about 5 million peo-
ple receive blood transfusions each year, in the United
States, alone. Thus, health care systems rely on the col-
lection and distribution of blood. Typically, blood is ob-
tained from a donor and then processed and stored; units
of stored blood or blood products are then taken from
storage as needed and transfused into a patient in need.
In some cases, the blood may be an autologous donation,
where an individual donates blood in expectation of re-
ceiving his or her own blood by transfusion during a med-
ical procedure.
[0004] Donated blood is typically processed into com-
ponents and then placed in storage until needed. When
a subject is in need of a blood transfusion, a Unit of blood
is commonly removed from storage, washed, and resus-
pended in an appropriate solution. The blood may also
be treated with a red blood cell enhancement composi-
tion, to rejuvenate or improve aspects of red blood cell
functionality, such as oxygen delivery capacity, that may
be decreased during storage. In some instances, the red
blood cells are lyophilized prior to storage, in which case
they need to be resuspended, washed, and then resus-
pended again in an appropriate solution. The resuspend-
ed red blood cells are then transfused into the subject.
In either scenario, washing the red blood cells is tradi-
tionally a tedious, time consuming and multistep process
that requires a great deal of tubing, and the use of ex-
pensive centrifuges with rotating seals to separate the
cells from the wash solution. Therefore, there remains a
need to streamline and simplify the process for washing
red blood cells prior to transfusion.

SUMMARY

[0005] The present invention is defined in the inde-
pendent claim, to which reference should now be made.
Advantageous embodiments are set out in the sub

claims. Reference signs are included in the claims only
for the purposes of assisting interpretation and the ref-
erence signs do not limit the scope of the claimed subject
matter.

DRAWINGS

[0006] The accompanying drawings, as briefly sum-
marized below, depict exemplary embodiments of the
present technology.

Fig. 1A is a schematic illustration of a cross section
of a device configured to generate a standing acous-
tic wave;
Fig. 1B is a schematic illustration of a cross section
of a device configured to generate a pair of standing
acoustic waves orthogonal to each other;
Fig. 1C is a schematic illustration of a cross section
of device comprising a centered channel, the device
configured to generate a pair of standing acoustic
waves orthogonal to each other;
Fig. 1D is a schematic illustration of a cross section
of device comprising an offset channel, the device
configured to generate a pair of standing acoustic
waves orthogonal to each other;
Fig. 2 is a perspective illustration of cells flowing
through a channel, the cells interacting with a single
standing acoustic wave;
Fig. 3 is a perspective illustration of cells flowing
through a channel, the cells interacting with a pair of
orthogonal standing acoustic waves;
Fig. 4 is a cross-sectional representation of cells
flowing through a device according to the present
technology;
Fig. 5 is a perspective illustration of a device accord-
ing to the present technology;
Fig. 6A is a cross-sectional perspective of the device
of Fig. 5 taken along line 6A;
Fig. 6B is an exploded view of a plurality of layers
that combine to form the device shown in Figs. 5 and
6A;
Fig. 7A is a cross-section perspective of the device
of Fig. 5 that does not include a plurality of layers;
Fig. 7B is a cross-section perspective of the device
of Fig. 7A, wherein cells and wash material are flow-
ing through the device;
Fig. 8 is a perspective illustration of a device accord-
ing to the present technology;
Fig. 9A is a cross-sectional perspective of the device
of Fig. 8 taken along line 9A;
Fig. 9B is an exploded view of a plurality of layers
that combine to form the device shown in Figs. 8 and
9A;
Fig. 10 is a cross-section perspective of the device
of Fig. 8 that does not include a plurality of layers;
Fig. 11 is a schematic illustration of a system for
washing multicomponent mixtures according to the
present technology;
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Fig. 12 is a diagram of a device for washing multi-
component mixtures according to the present tech-
nology; and
Figs. 13A-13E are photographs showing bands of
particles formed by flowing through standing acous-
tic waves located within channels of a device of the
present technology; and
Figs. 14A-14C are graphic illustrations showing
cross-sections of chips defining channels, wherein
standing acoustic waves are generated across the
channels.
Fig 15 is a graphic illustration of a chip of the present
technology.

[0007] Corresponding reference numerals indicate
corresponding parts throughout the several views of the
drawings. It should be noted that the figures set forth
herein are intended to exemplify the general character-
istics of materials, compositions, devices, and methods
among those of the present technology, for the purpose
of the description of certain embodiments and are not
intended to limit the scope of the present disclosure.
These figures may not precisely reflect the characteris-
tics of any given embodiment, and are not necessarily
intended to fully define or limit specific embodiments with-
in the scope of this technology.

DETAILED DESCRIPTION

[0008] The following description of technology is mere-
ly exemplary in nature of the composition, manufacture
and use of one or more inventions, and is not intended
to limit the scope, application, or uses of any specific
invention claimed in this application or in such other ap-
plications as may be filed claiming priority to this appli-
cation, or patents issuing therefrom. A non-limiting dis-
cussion of terms and phrases intended to aid understand-
ing of the present technology is provided at the end of
this Detailed Description.
[0009] Although traditional methods for washing blood
are largely effective, there remains a need to streamline
the process for isolating blood cells from multicomponent
fluids. It has been found that processing and washing
blood may be performed using standing acoustic waves
(SAWs), also referred to as stationary waves. Generally,
standing waves are created by the interference between
two intersecting sinusoidal waves having essentially
identical frequencies, formed in a liquid or other medium.
For example, opposing waves can be propagated later-
ally, parallel to the flow path in a channel through which
fluid flows, creating an interfering standing acoustic wave
pattern in the fluid. Such waves may be referred to as
surface acoustic waves. Alternatively, opposing acoustic
waves may be propagated on opposite sides of the chan-
nel (e.g., from the top and bottom, or from opposite ends)
to form interfering standing wave patterns in the reservoir
that may be referred to as bulk acoustic waves.
[0010] In both surface and bulk acoustic waves, pres-

sure nodes and antinodes are formed in the fluid that can
be used to manipulate a target particulate or other solid
or semi-solid component, such as red blood cells, that is
in the fluid. In particular, a pressure node of a SAW may
be used to force a cell or other component in the fluid to
a location within a fluid reservoir, based on the compo-
nent’s acoustical, physical, and mechanical properties.
The present technology provides devices, systems and
methods using SAWs to separate target components,
such as cells, from multicomponent fluids. In some em-
bodiments, the SAWs are surface acoustic waves. In var-
ious other embodiments, the SAWs are bulk acoustic
waves.
[0011] In particular, the present technology provides
devices (chips), systems, and methods for separating a
component from a multicomponent fluid. As further de-
scribed below, the devices comprise a channel or other
reservoir in which the multicomponent fluid flows or is
contained, wherein two or more wave propagating com-
ponents are disposed on one or more surfaces of the
reservoir, in acoustic communication with the reservoir.
The wave propagating components generate standing
acoustic waves that include pressure nodes and antin-
odes in the fluid.

Wave Propagating Components:

[0012] The devices and systems of the present tech-
nology comprise at least one acoustic wave generator,
and a second wave propagating component. Wave gen-
erators suitable for use in the present technology include
acoustic wave generators among those known in the art.
In various embodiments, acoustic wave generators com-
prise piezoelectric transducers, which convert electrical
pulses to mechanical vibrations. Non-limiting examples
of piezoelectric materials include quartz, quartz crystal,
ceramic, ceramic composites, berlinite (AIPO4), lead ti-
tanate (PbTiO3), barium titanate (BaTiO3), lead zirconate
titanate (Pb[ZrxTi1-x]O3, 0≤x≤1; "PZT"), potassium nio-
bate (KNbO3), lithium niobate (LiNbO3), lithium tantalate
(LiTaO3), sodium tungstate (Na2WO3), Ba2NaNb5O5,
Pb2KNb5O15, zinc oxide (ZnO), sodium potassium nio-
bate ((K,Na)NbO3), bismuth ferrite (BiFeO3), sodium nio-
bate (NaNbO3), bismuth titanate (Bi4Ti3O12), sodium bis-
muth titanate (Na0.5Bi0.5TiO3), and polymers, such as
polyvinylidene fluoride (PVDF). In various embodiments,
the wave generators are operated at a frequency of from
about 100 kHz to about 2000 kHz, from about 300 kHz
to about 1000 kHz, from about 400 kHz to about 900 kHz,
from about 500 kHz to about 800 kHz, or from about 600
kHz to about 700 kHz. In one embodiment, the frequency
is from about 680 kHz to about 710 kHz.
[0013] The acoustic wave generator may comprise a
thickness shear mode resonator (TSMR).
[0014] Second wave propagating components useful
herein include acoustic wave generators (i.e., a second
acoustic wave generator, as described above) and
acoustic reflectors. Reflectors comprise acoustically re-
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flective materials or surfaces, such as a slide, layer or
membrane composed of glass, polymer, plastic, metal,
or ceramic that is substantially reflective to acoustic
waves. It will be appreciated that the reflectivity of the
material may be a function of the density of the material
relative to the fluid through which waves are propagated,
as well as the frequency of the waves. As non-limiting
examples, the reflective material can be biaxially-orient-
ed polyethylene terephthalate (boPET) polyester film
(such as Mylar® brand BoPET commercialized by Du-
Pont; Wilmington, DE), glass mica, polymers, or a com-
bination thereof.
[0015] As briefly discussed above, devices of the
present technology create standing acoustic waves by
positioning an acoustic wave generator in proximity to a
second wave propagating component, in a fluid reservoir
substrate (e.g., a fluid channel), so as to create an inter-
fering wave pattern in the fluid reservoir. For example,
by positioning first and second wave generators, such
as piezoelectric transducers, opposite each other on a
substrate, a SAW can be generated when acoustic
waves from each generator interfere with each other. Al-
ternatively, a SAW can be generated by positioning a
wave generator on one side of a substrate and positioning
a reflective material (as the second wave propagating
component) on a side of the substrate opposite the wave
generator. By adjusting the distance between the wave
generators (or wave generator and reflective surface)
and/or by adjusting the frequencies of the acoustic
waves, the position of a pressure node associated with
a SAW can be manipulated, located and controlled, for
example, within a channel positioned between the wave
generators (or wave generator and reflective surface).
As discussed further below, the position of the acoustic
wave in the fluid is determined by the frequency of the
wave and the dimensions of the reservoir (e.g., a chan-
nel), containing the fluid.
[0016] For example, Figs. 14A-14C depict a cross-sec-
tion of a chip 500 having a body 502 that defines a chan-
nel 504. The channel 504 has a channel ceiling 506 and
an opposing channel floor 508. A first wave generator
510 is positioned on an upper surface 512 of the chip
500 and a second wave generator 514 is positioned on
an opposing lower surface 516 of the chip 500. However,
it is understood that a combination of a wave generator
and an opposing reflective material or surface can also
be utilized. In Fig. 14A, the wave generators 510, 514
are tuned to generate a SAW 518 with a wavelength of
0.5λ. In this embodiment, the nodes, shown as filled-in
circles, would push flowing cells toward the antinode,
shown as an open circle. In Fig. 14B, the wave generators
510, 514 are tuned to generate a SAW 520 with a wave-
length of 1.5λ having two nodes and one antinode posi-
tioned in the channel 504. Here, cells flowing through the
channel 504 would be pushed away from the nodes to-
wards the antinode in the center of the channel 504 and
towards the antinodes within the chip body 502. There-
fore, if it is desired to direct cells toward the antinode in

the center of the channel 504, either a new chip can be
manufactured with a channel having a different size or
the current channel 504 can be modified.
[0017] As discussed above, the frequency of the wave
generator(s) can vary, for example ranging from about
100 kHz to about 2000 kHz. The specific frequency may
be determined in conjunction with the dimensions of the
channel or other reservoir in which the standing wave is
to be created, so as to produce pressure nodes in the
desired locations. The position of a pressure node or an-
tinode associated with a SAW in a chip is dependent on
the thickness of the chip materials in between the wave
generators (or between a wave generator and a reflective
surface) and the speed of sound in the chip material.
Thus, the fluid reservoir (channel) dimensions are pref-
erably optimized in regard to the frequency of the wave
generator. For example, whereas low frequencies can
support large channel dimensions, high frequencies are
typically used with small channel dimensions. Therefore,
depending on the frequency of the wave generators, the
chips of the present technology comprise channels hav-
ing a cross-sectional aspect ratio (width:height) of from
about 1:1 to about 50:1 or from about 1:1 to about 40:1,
or from about 1:1 to about 30:1, or from about 1:1 to about
20:1, or from about 1:1 to about 10:1, or from about 1:1
to about 5:1. Moreover, the input voltage of the wave
generators can be from about 1 V to about 120 V and is
dependent on chip geometry, hematocrit, and flow rate.
[0018] As stated above, the wave propagating devices
are disposed on the surface of the device reservoir, so
as to be in acoustic communication with the multicom-
ponent fluid in the reservoir. In embodiments comprising
a channel, having a fluid inlet at a first end and a fluid
outlet at the opposite second end, through which the fluid
flows, the wave propagating devices may be disposed
at any point laterally along a surface of the channel, par-
allel to the axis of fluid flow. In some embodiments, a first
wave generator and a second fluid propagating compo-
nent (a second wave generator or a reflector) may be
essentially in the mid-point of the channel, between the
inlet and outlet. In other embodiments, the wave gener-
ator and second fluid propagating component are dis-
posed near the outlet of the channel. It has been found
that, in some embodiments wherein the fluid propagating
components are disposed near the outlet, cells in the
multicomponent fluid may be disposed in the fluid more
easily and using less power than in embodiments where
the wave propagating components are disposed at or
near the mid-point of the channel. It will be appreciated
that the precise special orientation of a wave propagating
component near the outlet of the channel will be affected
by the length of the channel (i.e, in the dimension parallel
to the fluid flow) and the size of the wave propagating
component. In various embodiments, the mid-point of the
wave propagating component is within 10%, within 20%,
or within 30% of the outlet, as a percentage of the dis-
tance between the inlet and outlet.
[0019] In some embodiments, such as the chip 602
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depicted in Fig 15 (which is further discussed below), a
wave propagating component 628 comprises a central
power generating region, defined by a first end point 650
and a second end point 651 on the longitudinal surface
(e.g., top surface 606) of the chip 602. The length of the
central power generating region, i.e., the distance 652
between the first end point 651 and the second end point
652, consists of the middle 20%, 10% or 5% of the wave
propagating component, as a percentage of the overall
length 653 of the wave propagating component (i.e., the
dimension that is parallel to the flow of fluid in the chan-
nel). In various embodiments, a point within the central
power generating region of the wave propagating com-
ponent is axially aligned with the outlet end (second end,
as discussed above) of the separation channel. That is,
in reference to Fig. 15, both a point that is within the
central power generating region of the wave propagating
component, and the outlet end 622 of the separation
channel 616, fall on a common axis 632 that is orthogonal
to a surface (e.g., ceiling 618) of the channel. In some
embodiments, the second end point 651 of the central
power generating region is axially aligned with the outlet
end 622 of the separation channel 616.

Devices

[0020] The present technology provides devices, such
as fluidic chips, that comprise a channel or other reservoir
in which standing acoustic waves may be used so as to
apply forces to cell in a multicomponent fluid. As dis-
cussed above, such forces may be used to move the
cells in the fluid, such as by forcing cells from the fluid
into a second fluid within the device. In various embodi-
ments, such movement of cells from a first multicompo-
nent fluid effects washing of the cells, thereby creating a
suspension of cells in a second fluid
[0021] The chips may be constructed of any of a variety
of materials, including such materials known in the art.
The materials are preferably compatible with physiolog-
ical materials (e.g., blood cells) that are processed with
the devices, and have appropriate acoustic characteris-
tics. Examples include polyethylene terephthalate (PET)
acrylics, such as poly(methyl methacrylate) (PMMA), and
glasses.
[0022] Fig. 1A shows a cross-sectional view of an ex-
emplary device 10a comprising a substrate or device
body 12, a first wave component 14, and a second wave
component 16 positioned on opposite sides 15, 17 of the
body 12, wherein the body 12 defines a channel 32 with
a square cross-sectional geometry. As discussed above,
the first wave component 14 and the second wave prop-
agating component 16 are individually either a wave gen-
erator or a reflective material or reflective surface or layer.
However, when one of the wave components 14, 16 is a
reflective material or reflective surface or layer, the other
wave component 14, 16 is a wave generator. Alterna-
tively, a side 15, 17 of the device body 12 can be com-
posed of a reflective material so long as the opposite side

15, 17 comprises a wave generator. A SAW is generated
between the first wave component 14 and the second
wave component 16 along line 18. A pressure node as-
sociated with the SAW, which is located within the chan-
nel 32, forces a plurality of cells 20 into a plane perpen-
dicular to the line 18.
[0023] Fig. 1B shows a cross-sectional view of another
exemplary device 10b, which is similar to device 10a.
However, the device 10b further comprises a third wave
propagating component 22 and a fourth wave propagat-
ing component 24 positioned on opposite sides 23, 25
of the body 12. The third wave component 22 and the
fourth wave component 24 are individually either a wave
generator or a reflective material or reflective surface or
layer. However, when one of the wave components 22,
24 is a reflective material or reflective surface or layer,
the other wave component 22, 24 is a wave generator.
The third wave component 22 and the fourth wave com-
ponent 24 are positioned orthogonal to the first wave
component 14 and the second wave component 16 on
sides 23, 25 of the body 12. A first SAW is generated
between the first wave component 14 and the second
wave component 16 along line 18 and a second SAW is
generated between the third wave component 22 and
the fourth wave component 24 along line 26 that is or-
thogonal to the fist line 18, such that the second SAW is
orthogonal to the first SAW. Pressure nodes associated
with the SAWs interest with each other and interact with
the plurality of cells 20 in orthogonal directions to force
the cells 20 into a linear configuration, as shown more
clearly in Fig. 3.
[0024] Fig. 2 provides a perspective view of a device
30a, which is similar to the device 10a. The device 30a
comprises a substrate or device body 12, a first wave
component 14, and a second wave component 16 posi-
tioned on opposing sides 15, 17 of the body 12. As shown
in Fig. 2, the first and second wave components 14, 16
are wave generators. The device 30a comprises a lon-
gitudinal channel 32 with a square cross-sectional ge-
ometry that extends along a longitudinal axis 33. As
shown in Fig. 2, the cells 20 are suspended in a plane
that extends along the axis 33 and that is parallel to the
wave components 14, 16 by a pressure node associated
with a SAW generated by the first wave component 14
and the second wave component 16.
[0025] Fig. 3 provides a perspective view of another
exemplary device 30b, which is similar to the device 10b.
The device 30b comprises a substrate or device body
12, a first wave component 14 and a second wave com-
ponent 16 positioned on opposing sides 15, 17 of the
body 12, and a third wave component 22 and a fourth
wave component 24 positioned on opposing sides 23,
25 of the body 12 that are orthogonal to the sides 15, 17
that include the first and second wave components 14,
17. Again, the device 30b comprises a longitudinal chan-
nel 32 with a square cross-sectional geometry that ex-
tends along the axis 33. As shown in Fig. 3, the cells 20
are suspended in a cylindrical line along the axis 33 of
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the channel 32 by a first pressure node associated with
a first SAW generated by the first wave component 14
and the second wave component 16 and by a second
pressure node associated with a second SAW generated
by the third wave component 22 and the fourth wave
component 24, wherein the second SAW is orthogonal
to the first SAW.
[0026] Referring now to Fig. 1C, a device 10c is shown,
which is similar to device 10b. However, device 10c fur-
ther comprises a channel 28a with a circular cross-sec-
tional shape. Because the channel 28a is centered in the
substrate 12, and because the wave components 14, 16,
22, 24 are centered on their respective sides of the sub-
strate 12, the cells 20 are suspended in a line central to
the channel 28a. As shown in Fig. ID, a device 10d com-
prises a channel 28b, which is offset relative to the center
of the substrate 12. The cells 20 are positioned in a line
extending along a midpoint of a cross-section of the sub-
strate 12 because the pressure nodes force the cells 20
to that position. In other words, the cells 20 are positioned
based upon the pressure node or nodes and not upon
the positioning of the channel 28a, 28b, 32.
[0027] The device comprises a phantom material. As
used herein, a "phantom material" is a material that mim-
ics the acoustic properties of the fluid through which
acoustic waves are propagated. In various embodi-
ments, the phantom material mimics the acoustic prop-
erties of water with a low attention coefficient. Therefore,
an acoustic wave travels through phantom materials sub-
stantially as it would, such as with the same speed,
through water. For example, sound travels through water
at a rate of from about 1450 m/s to about 1570 m/s. Sim-
ilarly, sound travels through the phantom materials at a
rate of from about 1200 m/s to about 1600 m/s, or at a
rate of from about 1400 m/s to about 1500 m/s. Non-
limiting examples of suitable phantom materials include
Solid Water® phantom material from CNMC Co. Inc.
(Nashville, TN), Virtual Water™ phantom material from
CNMC Co. Inc., and Plastic Water® phantom material
from Computerized Imaging Reference Systems, Inc.
(Norfolk, VA). Various plastics, acrylics, and glasses det-
rimentally affect how acoustic waves travel. Because
phantom materials do not affect how an acoustic wave
travels, separation devices with complex geometries,
such as single chips or devices having multiple channels,
can be generated. Therefore, phantom materials may be
included in channels to alter a flow path without affecting
the position of an acoustic node or antinode. Additionally,
in some embodiments, two or moredevices of the current
technology may be multiplexed to reduce surface area
and to increase efficiency.
[0028] For example, the devices 10a, 10b, 10c, 10d
shown in Figs. 1A-1D comprise, at least partially, a phan-
tom material. Similarly, Fig. 14C, depicts a device having
channels comprising a phantom material. In particular
reference to Figure 14C, the channel 504 may comprise
a first sheet of phantom material 522 along the ceiling
506 of the channel 504 and a second sheet of phantom

material 524 along the floor 508 of the channel 504. The
SAW 520 travels through phantom materials substantial-
ly as it would, such as with the same speed, through
water. Therefore, placement of the sheets of phantom
material 522, 524 does not affect the location of the nodes
and antinodes. By using the sheets of phantom materials
522, 524, nodes can be located at interfaces between
the sheets of phantom materials 522, 524 and the chan-
nel 504 so that the nodes force cells only towards the
antinode in the center of the channel 504. In other words,
phantom materials can be used to manipulate the dimen-
sions of the channel 504 without affecting the location of
the nodes generated by the SAW 520. Further exemplary
chip and separation embodiments are provided below.
[0029] Fig. 4 shows a cross-section view of another
exemplary device 40 for washing a multicomponent mix-
ture comprising cells, such as, for example, red blood
cells. The device 40 comprises a body 42 defining a chan-
nel 44, a first wave component 46 positioned on or near
a first side 47 of the body 42 and a second wave com-
ponent 48 positioned opposite to the first wave compo-
nent 46 on or near a second opposing side 49 of the body
42. The first wave component 46 and the second wave
component 48 are individually either a wave generator
or a reflective material or reflective surface or layer. How-
ever, when one of the wave components 46, 48 is a re-
flective material or reflective surface or layer, the other
wave component 46, 48 is a wave generator. A SAW is
generated between the first wave component 46 and the
second wave component 48 such that a pressure node
is located within the channel 44. The channel 44 com-
prises a first horizontal section 50, a second connecting
section 52, and a third horizontal section 54, such that
the first horizontal section 50 is offset from the second
horizontal section 54. The third section 52 is bifurcated
into a first collection channel 56 and a second collection
channel 58 by a planar shelf 60 defined by the body 42.
The wave components 46, 48 are positioned on the first
side 47 and on the second opposing side 49 of the body
42, respectively, which are parallel to the channel 44 at
the connecting section 52 and the second horizontal sec-
tion 54, such that the channel 44 is positioned between
the first and second wave components 46, 48. In this
embodiment, the wave propagating components 46, 48
(e.g., wave generators) are positioned close to the col-
lection channel 58 to promote efficient separation. When
a multicomponent mixture comprising red blood cells 62
and a wash material 64 are introduced into the device
40, they mix at the first lower horizontal section 50. How-
ever, upon reaching the pressure node, the red blood
cells 62 are forced into a plane at the connecting section
52 corresponding to a pressure antinode. Simultaneous-
ly, the wash material, flow thereof represented by arrows
64, passes through the red blood cells 62, thereby wash-
ing the red blood cells 62. The red blood cells 62 are then
collected from the second collection channel 58 and the
wash material 64 and other waste is collected from the
first collection channel 56. In other embodiments, the
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multicomponent mixture comprising red blood cells 62
and the wash material 62 are mixed prior to being intro-
duced into the device 40.
[0030] Fig. 5, depicts another exemplary device a de-
vice 70 for washing a multicomponent mixture. The de-
vice 70 comprises a body 72 having a first surface 74, a
second opposing surface 76, a first end region 78, and
a second end region 80. The body 72 defines a channel
82 extending along a longitudinal axis 84 from the first
end region 78 to the second end region 80. The device
70 further comprises a first inlet 86, a second inlet 88, a
first outlet 90, and a second outlet 92, all in fluid commu-
nication with the channel 82. Fig. 6A is an exploded,
cross-sectional perspective of the device 70 taken along
line 6A of Fig. 5 when the device 70 is generated by
stacking a plurality of layers together as shown in Fig.
6B. As shown in Figs. 6A and 6B, the channel 82 is bi-
furcated at the first end region 78 by a first planar shelf
94 defined by the body 72, which keeps components that
are introduced into the device 70 through the inlets 86,
88 separate. However, in some embodiments (not
shown) there is only one inlet and no shelf to separate
components. Also, the channel 82 is bifurcated at the
second end region 80 by a second planar shelf 96 defined
by the body 72, which keeps the components separated
for collection through the outlets 90, 92 by way of a first
collection channel 97 and a second collection channel
99, respectively.
[0031] The channel 82 of the device 70 includes a re-
ceiving or mixing region 98 near the first end region 78,
a collection region 102 near the second end region 80,
and a separation region 100 there between. Additionally,
the channel 82 comprises a channel floor 104, two side
walls 106 that extend longitudinally along the axis 84,
and a channel ceiling 108. In various embodiments, the
channel floor 104 and sides 106 are composed of a phan-
tom material as described above. In various embodi-
ments, at least the separation region 100 of the channel
82 has a rectangular cross-sectional geometry. Addition-
ally, the separation region 100 of the channel 82 has a
length L, a width W, and a height H that results in passing
a large volume through the device. As described above,
the channel 82 can have a cross-sectional aspect ratio
(W:H) of from about 1:1 to about 50:1. In various embod-
iments, the length L is greater than about 20 mm or great-
er than about 100 mm. In other embodiments, the length
L is from about 10 mm to about 100 mm, or from about
25 mm to about 75 mm. In yet other embodiments, the
length L is about 10 mm, about 15 mm, about 20 mm,
about 25 mm, about 30 mm, about 35 mm, about 40 mm,
about 45 mm, about 50 mm, about 55 mm, about 60 mm,
about 65 mm, about 70 mm, about 75 mm, about 80 mm,
about 85 mm, about 90 mm, about 95 mm, or about 100
mm. In various embodiments, the width W is greater than
about 5 mm, or greater than about 50 mm. In other em-
bodiments, the width W is from about 5 mm to about 50
mm, or from about 20 mm to about 40 mm. In yet other
embodiments, the width W is about 5 mm, about 10 mm,

about 15 mm, about 20 mm, about 25 mm, about 30 mm,
about 35 mm, about 40 mm, about 45 mm, or about 50
mm. In various embodiments, the height H is greater than
about 0.5 mm, or greater than about 3 mm. In other em-
bodiments, the height H is from about 0.5 mm to about
3 mm. In yet other embodiments, the height H is about
0.5 mm, about 1 mm, about 1.5 mm, about 2 mm, about
2.5 mm, or about 3 mm. The dimensions of the channel
82 allow for a high throughput of a mixture to be washed.
Therefore, the device 70 can process blood composi-
tions, mixtures, or suspensions at a rate of about 10
mL/min to about 30 mL/min, or at a rate from about 20
mL/min to about 25 mL/min. In one embodiment, the de-
vice 70 processes blood compositions, mixtures, or sus-
pensions at a rate of about 22.5 mL/min. Accordingly, a
unit of blood, having a volume of from about 400 mL to
about 500 mL, combined with from about 0.5 L to about
3 L of wash solution can be processed in from about 30
min to about 350 min. In one embodiment, the device 70
can process a volume of 450 mL in about 20 min. How-
ever, the device 70 can accommodate and process a
volume of from about 1 mL to about 20 L, wherein about
20 L can be processed in about 12 hrs, in about 13 hrs,
or in about 14 hrs.
[0032] Additionally, the device 70 comprises a first
wave component 110 positioned adjacent and parallel to
the channel 82 and a second wave component 112 po-
sitioned adjacent and parallel to the channel 82, such
that the channel 82 is positioned between the first and
second wave components 110, 112. In various embodi-
ments, the separating region 100 of the channel 82 is
positioned between the first and second wave compo-
nents 110, 112. The first wave component 110 and the
second wave component 112 are individually either a
wave generator or a reflective material or reflective sur-
face or layer. However, when one of the wave compo-
nents 110, 112 is a reflective material or reflective surface
or layer, the other wave component 110, 112 is a wave
generator. In embodiments where the second wave com-
ponent 112 is a reflective surface, the reflective surface
can be the second surface 76 of the device 70, or it can
be a reflective film, sheet, slide, or membrane coupled
to the second surface 76. As discussed further below
regarding systems of the present technology, in some
embodiments the first wave component 110 is an elec-
trical contact that couples to a wave generator on a base
unit. Therefore, when the first wave component 110 is a
wave generator or an electrical contact, the second wave
component 112 is either a second wave generator or a
reflective surface or layer or material.
[0033] When the device 70 is activated, a SAW is gen-
erated between the first wave component 110 and the
second wave component 112, whereby a pressure node
114 (see Fig. 7B) associated with the SAW is located
within the separation region 100 of the channel 82. In
various embodiments, the SAW is generated from the
wave components 86, 88 operating at a low frequency
range of from about 300 kHz to about 1000 kHz, or from
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about 400 kHz to about 600 kHz, or from about 450 kHz
to about 500 kHz, in order to isolate components from a
multicomponent mixture in the channel 62 with such a
large volume. Even though this low frequency range re-
sults in a low pressure gradient, surprisingly, component
isolation is achieved. In other embodiments, not shown
in Fig. 4, the device 70 further comprises third and fourth
wave components as or on opposing sides of the device
70 such that the third and fourth wave components gen-
erate a second SAW orthogonal to the SAW generated
by the first and second wave components 110, 112,
wherein the second SAW provides a second pressure
node located in the separation region 100 of the channel
82.
[0034] The device 70 can be manufactured by any
means known in the art, including, for example, injection
molding, compression molding, or 3-dimensional printing
(3-D printing). In some embodiments, as shown in Fig.
6B, the device 70 is manufactured by stacking together
a plurality of layers 116a-116h, wherein each layer is
bonded to an adjacent layer with an adhesive. With the
optional exception described below in regard to the layer
116g, the layers 116a-116h are composed of any mate-
rial known in the art. Non-limiting examples of materials
for the layers 116a-116h include plastics, such as poly-
ethylene terephthalate (PET) acrylics, such as poly(me-
thyl methacrylate) (PMMA), and glasses. Combining the
layers 116a-116h results in the device 70 with the cross-
sectional geometry shown in Fig. 6A. The layer 116g has
two longitudinal protrusions 118 that form the two side
walls 106 of the channel 82. In various embodiments, the
layer 116g is composed of a phantom material (as de-
scribed above) that mimics how acoustic waves travel
through water to provide the device 70 with the channel
82 having phantom side walls 106 and a phantom floor
104. In some embodiments, not shown in Figs. 6A or 6B,
the first wave component 110 is coupled to a bottom sur-
face 120 of the layer 116g and the layer below it, layer
116h, is optional. In other embodiments, the first wave
component 110 is coupled to a bottom surface 122 of the
layer 116h. A first layer 116a can either be composed of
a reflective material or the second wave component 112
can be coupled to a surface 76 of the layer 116a. More-
over, the first layer 116a can be composed of a phantom
material in various embodiments.
[0035] Fig. 7 is a cross-sectional illustration of the de-
vice 70 when the device 70 is manufactured by a means
other than by stacking together a plurality of layers, such
as by injection molding, compression molding, or 3-D
printing. The components of Fig. 7 are the same as those
shown in Figs. 6A and 6B, but the dimensions may be
slightly different.
[0036] With reference to Figs. 5-7B, the device 70 is
configured to wash a multicomponent mixture. As de-
scribed above, in various embodiments the multicompo-
nent mixture comprises red blood cells 124 or red blood
cells 124 and a rejuvenation solution. The multicompo-
nent mixture is introduced to the device 70 through a first

conduit coupled to an inlet 86, 88. As shown in Fig. 7B,
a first conduit 128 is coupled to the second inlet 88. Like-
wise, a wash material 126 is introduced to the device 70
through a second conduit coupled to the inlet 86, 88 that
is not coupled to the first conduit 128. As shown in Fig.
7, a second conduit 130 is coupled to the first inlet 86.
Flow of the multicomponent mixture comprising red blood
cells 124 and the wash material 126 can be established,
by pumps, such as peristaltic pumps, optionally coupled
to pulse dampeners or pulse suppressors. Examples of
suitable pumps, pulse dampeners, and pulse suppres-
sors that can be used for any embodiments provided
herein are described in U.S. Patent Publication No.
2015/0111195, Hamman et al., published on April 23,
2015. Upon entry into the device 70, the multicomponent
mixture comprising red blood cells 124 and the wash ma-
terial 126 are mixed together at the receiving or mixing
region 98 of the channel 82. In other embodiments, the
multicomponent mixture and washing material are com-
bined prior to be introduced into the device 70. In such
embodiments, the device 70 may have a single input, as
described above or the multicomponent mixture and
wash material can be delivered into the device by either
inlet 86, 88 of the device 70.
[0037] Referring again to Figs. 5-7B, as the multicom-
ponent mixture comprising red blood cells 124 and the
wash material 126 flow through the channel 82, they in-
teract with a pressure node 114, generated by the wave
components 110, 112, in the separation region 100 of
the channel 82. In various embodiments, the pressure
node 114 is located at or near the channel ceiling 108
and/or the channel floor 104, such that an antinode is
positioned at a location to which the red blood cells 124
are directed. Although the wave components 110, 112
are shown positioned in the middle of the first and second
surfaces 74, 76 in Figs. 5, 6A, 7A, and 7B, in some em-
bodiments (as discussed above), the wave components
110, 112 are positioned near the outlets 90, 92, such that
a strong pressure wave pushes the cells 124 towards the
collection channel 99 easier and with less power; rather
than aligning the cells 124 the length of the channel 82.
The pressure node 114 pushes, forces, isolates, or
moves a component of the multicomponent mixture, such
as the red blood cells 124, adjacent to the shelf 96 and
into the second collection channel 99 while the remainder
of the multicomponent mixture and wash material 126
flow to the first collection channel 97. The shelf 96 is thin
and rigid so as to minimize turbulence within the channel
82. The component pushed, forced, isolated, or moved
to the second collection channel 99 is collected through
a third conduit 132 coupled to the second outlet 92 and
the remaining materials are collected through a fourth
conduit 134 coupled to the first outlet 90.
[0038] In various embodiments, chips are designed so
have a particular spacial orientation, such as in systems
(as described below) in which the devices are placed in
a base unit. Thus, the gravity may have an effect on the
flow of materials, such as cellular materials, through the
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chip. In some embodiments, the outlet of the chip is ori-
ented lower than the inlet (i.e., at a location at a position
lower than the inlet relative to the vertical axis of the chip,
it being understood that the inlet and outlet are substan-
tially at opposing ends of the chip relative to the orthog-
onal horizontal axis of the chip). In other embodiments,
the outlet of the device is oriented higher than inlet. For
example, Figs. 6B and 7B show red blood cells 124 flow-
ing downward to the second collection channel 99. In
other embodiments the pressure antinode is located such
that the component is forced upward to the first collection
channel 97. In such embodiments, the red blood cells
124 are preferably introduced through the first inlet 86
and the wash material 126 is introduced through the sec-
ond inlet 88. As the red blood cells 124 flow against the
channel floor 104, the wash material 126 contacts an
upper surface of the flow of red blood cells 124. When
the red blood cells 124 interact with the nodes of a SAW
generated between the wave components 110, 112, the
red blood cells 124 are forced upward, against gravity,
through the wash material 126 and isolated at the first
collection channel 97 as washed red blood cells 124. The
isolated and washed red blood cells are then collected
through the first outlet 90 and the remaining materials
are collected through the second outlet 92. Another ex-
ample of such an embodiment, where cells are forced
upward against gravity by a node of a SAW is shown in
Fig. 12, which is described in more detail below.
[0039] With reference to Figs. 8-10, the present tech-
nology provides another device 150 for washing a mul-
ticomponent mixture. The device 150 comprises a body
152 having a first surface 154, a second opposing surface
156, a first end region 158, and a second end region 160.
The body 152 defines a channel 162 extending along a
longitudinal axis 163 from the first end region 158 to the
second end region 160. The device 150 further compris-
es a first pair of inlets 164, a second pair of inlets 166, a
first pair of outlets 168, and a second pair of outlets 170,
all in fluid communication with the channel 162. Fig. 10
is an exploded cross-sectional perspective of the device
150 taken along line 9A of Fig. 8 when the device 150 is
generated by stacking a plurality of layers together as
shown in Fig. 9B. As shown in Figs. 9A and 9B, the chan-
nel 162 is trifurcated at the first end region 158 by a first
shelf 181 defined by the body 152 and a second shelf
182 defined by the body 152, which keeps components
that are introduced into the device 150 through the pairs
of inlets 164, 166 separate. Also, the channel 162 is tri-
furcated at the second end region 160 into a first collec-
tion channel 187, a second collection channel 189, and
a third collection channel 191 by a third shelf 183 defined
by the body 152 and fourth shelf 184 defined by the body
152, wherein the first collection channel 187 is located
between the second surface 156 and the third shelf 183,
the second collection 189 channel is located between
the third and fourth shelves 183, 184, and the third col-
lection channel 191 is located between the fourth shelf
184 and the first surface 154. The collection channels

187, 189, 191, keep the components separated for col-
lection through the pairs of outlets 168, 170, such that
the second collection channel 189 is in fluid communica-
tion with the first pair of outlets 168 and the first and third
collection channels 187, 191 are in fluid communication
with the second pair of outlets 170.
[0040] The channel 162 of the device 150 includes a
receiving or mixing region 172 near the first end region
158, a collection region 176 near the second end region
160, and a separation region 174 there between. Addi-
tionally, the channel comprises a channel floor 178, two
side walls 180 that extend longitudinally along the axis
163, and a channel ceiling 179. In various embodiments,
the channel floor 178 and sides 180 are composed of a
phantom material as described above. In various embod-
iments, at least the separation region 174 of the channel
162 has a rectangular cross-sectional geometry. Addi-
tionally, the separation region 174 of the channel 162
has a length L’, a width W’, and a height H’ that results
in passing a large volume through the device 150. As
described above, the channel 162 can have a cross-sec-
tional aspect ratio (W’:H’) of from about 1:1 to about 50:1.
In various embodiments, the length L’ is greater than
about 20 mm or greater than about 100 mm. In other
embodiments, the length L’ is from about 10 mm to about
100 mm, or from about 25 mm to about 75 mm. In yet
other embodiments, the length L’ is about 10 mm, about
15 mm, about 20 mm, about 25 mm, about 30 mm, about
35 mm, about 40 mm, about 45 mm, about 50 mm, about
55 mm, about 60 mm, about 65 mm, about 70 mm, about
75 mm, about 80 mm, about 85 mm, about 90 mm, about
95 mm, or about 100 mm. In various embodiments, the
width W’ is greater than about 5 mm, or greater than
about 50 mm. In other embodiments, the width W’ is from
about 5 mm to about 50 mm, or from about 20 mm to
about 40 mm. In yet other embodiments, the width W’ is
about 5 mm, about 10 mm, about 15 mm, about 20 mm,
about 25 mm, about 30 mm, about 35 mm, about 40 mm,
about 45 mm, or about 50 mm. In various embodiments,
the height HP is greater than about 0.5 mm, or greater
than about 3 mm. In other embodiments, the height H’ is
from about 0.5 mm to about 3 mm. In yet other embodi-
ments, the height H’ is about 0.5 mm, about 1 mm, about
1.5 mm, about 2 mm, about 2.5 mm, or about 3 mm. The
dimensions of the channel 62 allow for a high throughput
of a mixture to be washed. Therefore, the device 150 can
process blood compositions, mixtures, or suspensions
at a rate of about 10 mL/min to about 30 mL/min, or at a
rate from about 20 mL/min to about 25 mL/min. In one
embodiment, the device 150 processes blood composi-
tions, mixtures, or suspensions at a rate of about 22.5
mL/min. Accordingly, a unit of blood, having a volume of
from about 400 mL to about 500 mL, combined with from
about 0.5 L to about 3 L of wash solution can be proc-
essed in from about 30 min to about 350 min. In one
embodiment, the device 150 can process a volume of
450 mL in about 20 min. However, the device 150 can
accommodate and process a volume of from about 1 mL
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to about 20 L, wherein about 20 L can be processed in
about 12 hrs, in about 13 hrs, or in about 14 hrs.
[0041] Additionally, the device 150 comprises a first
wave component 186 positioned adjacent to the channel
162 on or near the first side 154 of the device 150 and a
second wave component 188 positioned adjacent to the
channel 162 on or near the second side 156 of the device
150 such that the channel 162 is positioned between the
first and second wave components 186, 188. In various
embodiments, the separation region 174 of the channel
162 is positioned between the first and second wave com-
ponents 186, 188. Unless described otherwise, the first
wave component 186 and the second wave component
188 are individually either a wave generator or a reflective
material or reflective surface. However, when one of the
wave components 186, 188 is a reflective material or
reflective surface, the other wave component 186, 188
is a wave generator. Therefore, at least one of the wave
components 186, 188 is a wave generator. In embodi-
ments where the second wave component 188 is a re-
flective surface, the reflective surface can be the second
surface 156 of the device 150, or it can be a reflective
film, sheet, slide, or membrane. As discussed further be-
low, in some embodiments the first wave component 186
is an electrical contact that couples to a wave generator
on a base unit. Therefore, when the first wave component
186 is a wave generator or an electrical contact, the sec-
ond wave component 188 is either a second wave gen-
erator or a reflective surface or material. When the device
150 is activated, a SAW is generated between the first
wave component 186 and the second wave component
188, whereby a pressure node 196 (see Fig. 10) associ-
ated with the SAW is positioned within the separation
region 174 of the channel 162. In various embodiments,
the SAW is generated from the wave components 186,
188 operating at a low frequency range of from about
300 kHz to about 1000 kHz, or from about 400 kHz to
about 600 kHz, or from about 450 kHz to about 500 kHz,
in order to isolate components from a multicomponent
mixture in the channel 162 with such a large volume.
Even though this low frequency range results in a low
pressure gradient, surprisingly, component isolation is
achieved. In other embodiments, not shown in Fig. 8, the
device 150 further comprises third and fourth wave com-
ponents as or on opposing sides of the device 150 such
that the third and fourth wave components generate a
second SAW orthogonal to the SAW generated by the
first and second wave components 186, 188, wherein
the second SAW provides a second pressure node lo-
cated in the separation region 174 of the channel 162.
[0042] The device 150 can be manufactured by any
means known in the art, including, for example, injection
molding, compression molding, or 3-dimensional printing
(3-D printing). In some embodiments, as shown in Fig.
11, the device 150 is manufactured by stacking together
a plurality of layers 190a-1901, wherein each layer is
bonded to an adjacent layer with an adhesive. With the
optional exception described below in regard to a phan-

tom layer, the layers 190a-1901 are composed of any
material known in the art. Non-limiting examples of ma-
terials for the layers 190a-1901 include plastics, such as
polyethylene terephthalate (PET) acrylics, such as po-
ly(methyl methacrylate) (PMMA), and glasses. Combin-
ing the layers 190a-1901 results in the device 150 with
the cross-sectional geometry shown in Fig. 10. Option-
ally, an optional layer equivalent to layer 90g of Fig. 7,
but configured to provide communication between layer
190k and the second input 166 and second output 170,
is positioned between layer 190k and 1901 and has two
longitudinal protrusions that form the two side walls 180
of the channel 162. In various embodiments, the optional
layer is composed of a phantom material that mimics how
acoustic waves travel through water to results in the de-
vice 150 with the channel 162 having phantom side walls
180 and a phantom floor 178. In some embodiments, not
shown in Fig. 11, the first wave component 186 is coupled
to a bottom surface of the optional layer. In other embod-
iments, the first wave component 186 is coupled to a
bottom surface 198 of the layer 1901. In yet other em-
bodiments, layer 1901 is composed of a phantom mate-
rial and comprises two longitudinal protrusions that form
the two side walls 180 of the channel 162. In such em-
bodiments, the first wave component 186 is coupled to
the bottom surface 198 of the layer 1901. A first layer
190a can either be composed of a reflective material or
the second wave component 188 can be coupled to the
second surface 156 of the layer 190a. Moreover, the first
layer 190a is composed of a phantom material in various
embodiments.
[0043] Fig. 10 is a cross-sectional illustration of the de-
vice 150 when the device 150 is manufactured by a
means other than by stacking together a plurality of lay-
ers, such as by injection molding, compression molding,
or 3-D printing. The components of Fig. 10 are the same
as those shown in Figs. 9A and 9B, but the dimensions
may be slightly different.
[0044] With reference to Figs. 8-10, the device 150 is
configured to wash a multicomponent mixture. As de-
scribed above, in various embodiments the multicompo-
nent mixture comprises red blood cells 210 or red blood
cells 210 and a rejuvenation solution. The multicompo-
nent mixture comprising red blood cells 210 is introduced
to the device 150 through a pair of first conduits coupled
to the pair of second inlets 166. Likewise, a wash material
212 is introduced to the device 150 through a pair of
second conduits coupled to the pair of first inlets 164.
Flow of the multicomponent mixture 210 and the wash
material 212 can be established, by pumps, such as per-
istaltic pumps, optionally coupled to pulse dampeners or
pulse suppressors, as described above. Upon entry into
the device 150, the multicomponent mixture 210 and the
wash material 212 are mixed together at the receiving or
mixing region 172 of the channel 162. In other embodi-
ments, the multicomponent mixture comprising red blood
cells 210 and the washing material 212 are combined
prior to be introduced into the device 150 to generate a
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pre-mixed composition. In such embodiments, the device
150 may have a single input, as described above, or the
pre-mixed composition can be delivered into the device
150 by any inlet or combination of inlets 164, 166. Re-
ferring again to Figs. 8-10, as the multicomponent mix-
ture comprising red blood cells 210 and the wash material
212 flows through the channel 162, they interact with a
pressure node 196, generated by the wave components
186, 188, in the separation region 174 of the channel
162. In various embodiments, the pressure node 196 is
located at or near the channel ceiling 179 and/or the
channel floor 178, such that an antinode is positioned at
a location to which the red blood cells 210 are directed.
As discussed above, although the wave components
186, 188 are shown positioned in the middle of the first
and second surfaces 154, 156 in Figs. 8 and 10, in some
embodiments, the centers of the wave components 186,
188 are positioned near to the outlets 168, 170, such that
a strong pressure wave pushes the cells 210 towards the
collection channel 189 easier and with less power; rather
than aligning the cells 210 the length of the channel 162.
The pressure node 196 pushes, forces, isolates, or
moves a component of the multicomponent mixture, such
as red blood cells, between the third and fourth shelves
183, 184 and into the second collection channel 189 while
the remainder of the multicomponent mixture and wash
material flow into the first and third collection channels
187, 191. The third and fourth shelves 183, 184 are thin
and rigid so as to minimize turbulence within the channel
162. The component pushed, forced, isolated, or moved
into the second collection channel 180 is collected
through a third pair of conduits coupled to the first pair
of outlets 168 and the remaining materials are collected
through a fourth pair of conduits coupled to the second
pair of outlets 170.
[0045] With further reference to Figs. 15, the present
technology provides another device 600 for washing a
multicomponent mixture. The device 600 comprises a
separation chip 602 having a body 604. The body 604
has a top surface 606 and an opposing bottom surface
608. Additionally, the body 604 defines an upper inlet
channel 610 and a lower inlet channel 612 that merge
into a first end 614 of a separation channel 616 due to
an incline path of the lower inlet channel 612. The sep-
aration channel 616 has a channel ceiling 618 and a
channel floor 620. The separation channel 616 bifurcates
at a second end 622 into an upper outlet channel 624
and a lower outlet channel 626, wherein the lower outlet
channel 626 has a declined path relative to the separation
channel 616. A first wave component 628 is positioned
on the top surface 606 of the chip 602 and a second wave
component 630 is positioned on the bottom surface 608
of the chip 602. The first wave component 628 and the
second wave component 630 are individually either a
wave generator or a reflective material or reflective sur-
face or layer. However, when one of the wave compo-
nents 628, 630 is a reflective material or reflective surface
or layer, the other wave component 628, 630 is a wave

generator. The first and second wave components 628,
630 have a center or central region represented by a
dotted line axis 632. As discussed above, the wave com-
ponents 628, 630 are positioned on the respective sur-
faces 606, 608 of the chip 602 such that their center or
central power generating region, defined by a first end
point 650 and a second end point 651, is aligned with the
second end 622 of the separation channel 616 prior to
the separation channel’s 616 bifurcation into the upper
and lower outlet channels 624, 626. In some embodi-
ments, it has been found that this alignment can result
in high separation efficiency because a resulting SAW is
strongest in a region between the center regions of the
wave components 628, 630 and because cells do not
have to be suspended throughout the whole length of the
separation channel 616 as discussed further below. How-
ever, in other embodiments, the wave components 628,
630 are positioned relative to other sections of the sep-
aration channel 616, with the proviso that the separation
channel 616 is positioned between the first and second
wave components 628, 630.
[0046] The device 600 is configured to wash a multi-
component mixture comprising cells 634. As described
above, in various embodiments the multicomponent mix-
ture comprises red blood cells or red blood cells and a
rejuvenation solution. The multicomponent mixture com-
prising red blood cells 634 is introduced to the device
600 through a lower inlet port 636 that is in fluid commu-
nication with the lower inlet channel 612. Likewise, a
wash material 638 is introduced to the device 600 through
an upper inlet port 640 that is in fluid communication with
the upper inlet channel 610. Flow of the multicomponent
mixture 634 and the wash material 638 can be estab-
lished, by pumps, such as peristaltic pumps, optionally
coupled to pulse dampeners or pulse suppressors, as
described above. As the multicomponent mixture 634
and the wash material 638 merge at the separation chan-
nel, the multicomponent mixture 634 flows adjacent to
the channel floor 620 and the wash material 638 flows
adjacent to the channel ceiling 618. As such, the wash
material 638 flows over the multicomponent mixture 634
to create an interface between the wash material 638
and the multicomponent mixture 634. There is little or no
mixing between the wash material 638 and the multicom-
ponent mixture 640 near the first end 614 of the separa-
tion channel. The first and second wave components
628, 630 generate a SAW with an antinode positioned
near the upper outlet channel 624. As the multicompo-
nent mixture comprising cells 634 and the wash material
638 flow relative to the SAW at the second end 622 of
the separation channel 616, pressure nodes pushes,
forces, isolates, or moves the cells 634 toward the anti-
node positioned near the upper outlet channel 624. Ac-
cordingly, the cells 634 are forced upward through the
wash material 638 and toward the upper outlet channel
624, whereby the cells 634 are washed and cleaned. This
movement of the cells 634 displaces the wash material
638 and remaining components of the initial multicom-
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ponent mixture comprising cells 634 into the lower outlet
channel 644. Red blood cells 634 that are washed and
clean can be collected at an upper outlet port 642 that is
in fluid communication with the upper outlet channel 624
and remaining wash material 638 along with other com-
ponents, such as, for example, rejuvenation solution, can
be collected at a lower outlet port 644 that is in fluid com-
munication with the lower outlet channel 626.

Systems

[0047] The present technology provides systems for
separating of cells from a multicomponent fluid, compris-
ing a device of the present technology (as described
above) and a base unit that facilitates the function of the
device. In some embodiments, the device is a disposable
chip, operable for a limited number of uses (e.g., a single
use). Preferably in such embodiments the base unit com-
prises components that are operable for multiple uses.
[0048] An exemplary system 300 is shown in Fig. 11.
The system comprises a disposable separation device
302 and base unit 350. Any separation device described
herein, including the device 70 of Fig. 5 and the device
150 of Fig. 8 can be used as the separation device 302.
In general, the separation device 302 comprises inlets
304, outlets 306, a channel 308, an optional first wave
component 310 coupled to a first surface 312, and a sec-
ond wave component 314 coupled to a second opposing
surface 316, wherein the inlets 304 are in fluid commu-
nication with a first end of the channel 317 and the outlets
306 are in fluid communication with a second end of the
channel 319. The optional first wave component 310 can
be a wave generator. The second wave component 314
can be a wave generator or a reflective material or sur-
face or layer.
[0049] The base unit 350 comprises at least one of a
plurality of coupling members 352 and a third wave com-
ponent 354. The coupling members can be any coupling
members known in the art. Non-limiting examples of con-
necting members include snaps, clips, clasps, screws,
adhesives, fasteners, etc. The third wave component 354
is either a wave generator or an electrical contact. In em-
bodiments where the first wave component 310 of the
disposable separation device 302 is a wave generator,
the third wave component 354 is an electrical contact. In
one embodiment the disposable separation device 302
comprises a first wave component 310, which is a wave
generator. In such embodiments, the third wave compo-
nent 354 of the base unit 350 is an electrical contact. The
coupling members 352 are then configured to couple and
hold the disposable separation device 302 to the base
unit 350 such that the wave generator of the disposable
separation device 302 contacts and communicates with
the electrical contact. In another embodiment, the dis-
posable device 302 does not comprise a first wave com-
ponent 310. In this embodiment, the third wave compo-
nent 354 of the base unit 350 is a wave generator. The
snaps 352 are then configured to snap the disposable

separation device 302 to the base unit 350 such that the
separation channel 308 is positioned between the wave
generator on the base unit 350 and the second wave
component 314 of the disposable separation device 302.
Nonetheless, in all embodiments a SAW is generated in
the disposable separation device 302 with power provid-
ed by the base unit 350.
[0050] The disposable separation device 302 can be
prepackaged and sterilized. When ready for use, the dis-
posable separation device 302 is removed from the pack-
aging and snapped onto the base unit 350. A wash ma-
terial is then pumped through the device and the base
unit is activated to generate an SAW. A multicomponent
mixture, such as a red blood cell composition, is then
pumped through the separation device 302, wherein the
blood is washed and separated from undesired compo-
nents.

Methods

[0051] The present technology provides devices, sys-
tems, and methods for separating a target component
from a multicomponent fluid. For example, the target
component may be red blood cells or other cells. In var-
ious embodiments, the multicomponent fluid comprises
a physiologically-acceptable carrier for the target com-
ponent, such as saline or plasma. Methods include those
comprising separating the red blood cells from one more
second components of the multicomponent fluid. In some
embodiments, the second component comprises at least
a portion of the carrier; in some embodiments, the second
component comprises essentially all of the carrier. The
second component may be used in other processes, or
may be discarded. In some embodiments wherein the
target material is red blood cells, the second component
comprises cells and cell debris, such as white blood cells,
platelets, dead cells, or cell debris.
[0052] In various embodiments, the present technolo-
gy provides methods for washing red blood cells that
have been suspended in a storage solution or other car-
rier that is not suitable for administration to a human or
other animal in a transfusion. In such methods, the red
blood cells are substantially removed from storage solu-
tion, and resuspended in a wash solution in a device of
the present technology.
[0053] For example, before transfusions, red blood
cells are often rejuvenated with a rejuvenation or en-
hancement solution, such as Rejuvesol® red blood cell
processing solution commercialized by Citra Labs, LLC
(Braintree, MA). Such enhancement solutions and meth-
ods of use are described in U.S. Patent No. 9,066,909,
Alan Gray, issued June 30, 2015; U.S. Patent Publication
No. 2014/0212400, Alan Gray published July 31, 2014,
and U.S. Patent Publication No. 2014/0212397, Alan
Gray et al., published July 31, 2014. After rejuvenation,
the red blood cells are washed with a wash solution, such
as water, saline, dextrose, saline with 5% dextrose, phos-
phate buffered saline, and other wash liquids to remove
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excess rejuvenation solution from the red blood cells.
Therefore, the rejuvenation solution and/or the wash so-
lution need to be removed from the red blood cells prior
to transfusion.
[0054] In some embodiments, methods for washing a
multicomponent fluid comprising cells comprises deliv-
ering, such as by pumping or flowing, a composition com-
prising cells and a wash material into a separation device
comprising a separation channel having a receiving or
mixing region, a separation region and a collection re-
gion. In various embodiments, the composition compris-
ing cells is a composition comprising red blood cells. The
composition may also comprise materials to be washed
away from the cells, including other cell types, dead cells,
cell debris, rejuvenation solution, or combinations there-
of. The wash material is selected from the group consist-
ing of water, saline, dextrose, saline with 5% dextrose,
and phosphate buffered saline. The separation device
can be any separation device described above.
[0055] The method also comprises mixing the compo-
sition comprising cells with the wash material. Mixing oc-
curs when the composition comprising cells contacts the
wash material in the receiving or mixing region of the
channel. Alternatively, the composition comprising cells
can be mixed with the wash material outside of the device
to generate a pre-mixed composition. In such embodi-
ments, the pre-mixed composition is delivered into the
separation device. Then, the method comprises isolating
or separating a component from the composition com-
prising cells. The component can be a desired type of
cell, such as, for example, red blood cells. Isolating or
separating a component comprises passing, such as by
pumping or flowing, the composition comprising cells and
the wash material relative to a pressure node generated
by a SAW, wherein a pressure node associated with the
SAW is located within the separation region of the chan-
nel. The SAW is generated by wave components oper-
ating at a frequency range of from about 300 kHz to about
1000 kHz, or from about 680 kHz to about 710 kHz.
[0056] After the component is isolated or separated,
the method comprises collecting the component at an
outlet of the device that is in fluid communication with the
collection region of the channel. In embodiments where
the composition comprising cells is a composition com-
prising red blood cells, the red blood cells can be washed
and isolated by this method, and then transfused into a
human or non-human subject in need thereof.
[0057] An exemplary embodiment of the present tech-
nology is depicted in Figure 12. As shown, a wash ma-
terial liquid stream 401 is introduced in the mixing region
or chamber 405 of a device 400 that is operable to sep-
arate a component from a multi-component solution us-
ing standing acoustic waves, such as described above.
Such devices and methods are also described in U.S.
Patent Application Serial No. 14/519,284, Leach et al.,
filed October 21, 2014, and U.S. Provisional Patent Ap-
plication Serial No. 62/095,480, Abeskaron, filed Decem-
ber 22, 2014.

[0058] In further reference to exemplary Figure 12, a
cellular component liquid stream 402, such as comprising
red blood cells (RBC), is introduced into the region 405,
in contact with the wash material liquid stream. Applica-
tion of acoustic waves causes the red blood cells to be
moved to the wash material stream, forming a washed
component liquid stream 403. While, as depicted in Fig-
ure 4, the cellular component liquid stream 402 is intro-
duced to the mixing region 405 below the wash material
liquid stream 401, the relative orientation of the streams
may be varied, e.g., such that the cellular component
liquid stream 402 may be introduced above the wash
material liquid stream 401.
[0059] In various embodiments, the interfacial tension
between the cellular component liquid stream and the
wash material liquid stream is near zero. The interfacial
tension may be controlled by selection of the components
of the respective streams. For example, one or both of
the density and viscosity of the streams may be adjusted
by inclusion of an interfacial adjustment material is pref-
erably biocompatible materials suitable for intravenous
administration to a human or animal subject. For exam-
ple, the wash material liquid may comprise dextrose, su-
crose or hydrophilic polysaccharide polymers (e.g., dex-
tran and Ficoll) so as to effect a desired density or vis-
cosity. Preferably, the wash material liquid comprises
salt, and is isotonic with the cellular component, so as to
avoid damage to the cells (e.g., through osmotic shock).
In some embodiments, the wash material liquid compris-
es sucrose. For example, the wash material may be an
isotonic mixture of saline and sucrose, having a sucrose
concentration of about 9.25%.
[0060] As shown in Fig. 13A, generating a standing
wave with a node positioned in a channel of a device
forces particles to align into a standard band. In contrast,
Fig. 13E shows free floating particles in a channel. How-
ever, the thickness of the band shown in Fig. 13A can be
manipulated or tightened by adjusting various parame-
ters. Input offset voltage (Vos) is a parameter that define
a differential DC voltage required between inputs of an
amplifier, such as an operational amplifier (op-amp), to
make the output zero (for voltage amplifiers, 0 V with
respect to ground or between differential outputs, de-
pending on the output type). When an input offset voltage
is applied, the band of particles flowing through a channel
is tighter, i.e., thinner, relative to the standard band shown
in Fig. 13A. Another parameter that may be adjusted is
phase shift or phase offset. This parameter creates a
change in the initiation point of a waveform. As shown in
Fig. 13C, when a phase shift or phase offset is applied,
the band of particles flowing through a channel is tighter,
i.e., thinner, relative to the standard band shown in Fig.
13A. Also, a user may employ a dithered or swept signal.
This process generates a signal for several given fre-
quencies over a given time interval. As shown in Fig.
13D, when a dithered or swept signal is applied, the band
of particles flowing through a channel is tighter, i.e., thin-
ner, relative to the standard band shown in Fig. 13A.
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Moreover, channel volume, hematocrit and flow rate can
also be adjusted to increase efficiency.

Non-limiting Discussion of Terminology

[0061] The headings (such as "Introduction" and
"Summary") and subheadings used herein are intended
only for general organization of topics within the present
disclosure, and are not intended to limit the disclosure of
the technology or any aspect thereof. In particular, sub-
ject matter disclosed in the "Introduction" may include
novel technology and may not constitute a recitation of
prior art. Subject matter disclosed in the "Summary" is
not an exhaustive or complete disclosure of the entire
scope of the technology or any embodiments thereof.
Classification or discussion of a material within a section
of this specification as having a particular utility is made
for convenience, and no inference should be drawn that
the material must necessarily or solely function in accord-
ance with its classification herein when it is used in any
given composition.
[0062] The description and specific examples, while
indicating embodiments of the technology, are intended
for purposes of illustration only and are not intended to
limit the scope of the technology.
[0063] As used herein, the words "prefer" or "prefera-
ble" refer to embodiments of the technology that afford
certain benefits, under certain circumstances. However,
other embodiments may also be preferred, under the
same or other circumstances. Furthermore, the recitation
of one or more preferred embodiments does not imply
that other embodiments are not useful, and is not intend-
ed to exclude other embodiments from the scope of the
technology.
[0064] As used herein, the word "include," and its var-
iants, is intended to be non-limiting, such that recitation
of items in a list is not to the exclusion of other like items
that may also be useful in the materials, compositions,
devices, and methods of this technology. Similarly, the
terms "can" and "may" and their variants are intended to
be non-limiting, such that recitation that an embodiment
can or may comprise certain elements or features does
not exclude other embodiments of the present technol-
ogy that do not contain those elements or features.
[0065] Although the open-ended term "comprising," as
a synonym of non-restrictive terms such as including,
containing, or having, is used herein to describe and
claim embodiments of the present technology, embodi-
ments may alternatively be described using more limiting
terms such as "consisting of’ or "consisting essentially
of." Thus, for any given embodiment reciting materials,
components or process steps, the present technology
also specifically includes embodiments consisting of, or
consisting essentially of, such materials, components or
processes excluding additional materials, components
or processes (for consisting of) and excluding additional
materials, components or processes affecting the signif-
icant properties of the embodiment (for consisting essen-

tially of), even though such additional materials, compo-
nents or processes are not explicitly recited in this appli-
cation. For example, recitation of a composition or proc-
ess reciting elements A, B and C specifically envisions
embodiments consisting of, and consisting essentially of,
A, B and C, excluding an element D that may be recited
in the art, even though element D is not explicitly de-
scribed as being excluded herein. Further, as used herein
the term "consisting essentially of’ recited materials or
components envisions embodiments "consisting of" the
recited materials or components.
[0066] A" and "an" as used herein indicate "at least
one" of the item is present; a plurality of such items may
be present, when possible. "About" when applied to val-
ues indicates that the calculation or the measurement
allows some slight imprecision in the value (with some
approach to exactness in the value; approximately or rea-
sonably close to the value; nearly). If, for some reason,
the imprecision provided by "about" is not otherwise un-
derstood in the art with this ordinary meaning,
then "about" as used herein indicates at least variations
that may arise from ordinary methods of measuring or
using such parameters.
[0067] The foregoing description of the embodiments
has been provided for purposes of illustration and de-
scription.

Claims

1. A device (70) for separating a cellular component
from a multicomponent fluid, comprising:

a body (72) defining a channel (82) having a first
surface (108) and a second surface (104) oppo-
site the first surface, the channel extending
along a longitudinal axis (84) from a first end to
a second end;
a first acoustic wave generator (110) coupled to
the first surface, the first acoustic wave gener-
ator configured to generate an acoustic wave
having a wavelength; and
a second acoustic wave propagating compo-
nent (112) coupled to the second surface,
wherein the second surface is spaced a multiple
of half-wavelengths from the first surface and
each multiple of the half-wavelength equals a
number of pressure nodes within the channel,
wherein the body comprises a phantom material
forming at least a portion of one or both of the
first surface and the second surface,
wherein the phantom material has acoustic
properties similar to those of the multicompo-
nent fluid and a thickness such that at least one
of the pressure nodes is located proximate the
phantom material, and
wherein the acoustic wave generator or the
acoustic wave propagating component is a
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thickness shear mode resonator.

2. The device of claim 1, wherein a central power gen-
erating region of the first acoustic wave generator is
aligned with the second end of the channel and prox-
imate a bifurcation region of the channel.

3. The device of any one of claims 1 or 2, wherein the
multiple is 0.5 and the number of pressure nodes is 1.

4. The device of any one of claims 1-3, wherein the first
acoustic wave generator and the second wave prop-
agating component are located proximate a midpoint
of the channel.

5. The device of any one of claims 1-4, further compris-
ing a first inlet and a second inlet proximate the first
end, the first inlet having a higher elevation than the
second inlet.

6. The device of claim 5, further comprising a first outlet
(99) and a second outlet (97) proximate the second
end, the second outlet having a higher elevation than
the first outlet.

7. The device of claim 6, wherein the first inlet is con-
figured to receive a wash material and the second
inlet is configured to receive a multicomponent mix-
ture.

8. The device of claim 7, wherein the first outlet (99) is
arranged to receive the multicomponent mixture.

9. The device of any one of claims 1-8, wherein the
channel has a cross-sectional width and height,
wherein an aspect ratio of width:height is from about
1:11 to about 50:1, and the first acoustic wave gen-
erator produces waves having a frequency of from
about 100 kHz to about 2000 kHz.

10. The device of claim 1, 2, or 4-9, wherein, during use,
an antinode is formed at approximately the center of
the channel and a first pressure node is formed at
the first surface and a second pressure node is
formed at the second surface.

11. The device of claim 2, wherein, during use, an anti-
node is formed at approximately the center of the
channel and a first pressure node is formed at the
first surface and a second pressure node is formed
at the second surface.

Patentansprüche

1. Vorrichtung (70) zum Abtrennen einer zellulären
Komponente aus einem Mehrkomponentenfluid,
umfassend:

einen Körper (72), der einen Kanal (82) definiert,
der eine erste Oberfläche (108) und eine zweite
Oberfläche (104) gegenüber der ersten Ober-
fläche aufweist, wobei sich der Kanal entlang
einer Längsachse (84) von einem ersten Ende
zu einem zweiten Ende erstreckt;
einen ersten Schallwellengenerator (110), der
mit der ersten Oberfläche gekoppelt ist, wobei
der erste Schallwellengenerator konfiguriert ist,
um eine Schallwelle zu erzeugen, die eine Wel-
lenlänge aufweist; und
eine zweite Schallwellenausbreitungskompo-
nente (112), die mit der zweiten Oberfläche ge-
koppelt ist,
wobei die zweite Oberfläche um ein Vielfaches
von halben Wellenlängen von der ersten Ober-
fläche beabstandet ist und jedes Vielfache der
halben Wellenlänge gleich einer Anzahl von
Druckknoten innerhalb des Kanals ist,
wobei der Körper ein Phantommaterial umfasst,
das mindestens einen Abschnitt von der ersten
Oberfläche oder beiden von der ersten Oberflä-
che und der zweiten Oberfläche bildet,
wobei das Phantommaterial akustische Eigen-
schaften aufweist, die denen des Mehrkompo-
nentenfluids ähnlich sind, und eine solche Stär-
ke, dass sich mindestens einer der Druckknoten
in der Nähe des Phantommaterials befindet, und
wobei der Schallwellengenerator oder die
Schallwellenausbreitungskomponente ein Di-
ckenschermodusresonator ist.

2. Vorrichtung nach Anspruch 1, wobei ein mittlerer
Stromerzeugungsbereich des ersten Schallwellen-
generators mit dem zweiten Ende des Kanals aus-
gerichtet ist und in der Nähe eines Verzweigungs-
bereichs des Kanals ist.

3. Vorrichtung nach einem der Ansprüche 1 oder 2, wo-
bei das Vielfache 0,5 und die Anzahl von Druckkno-
ten 1 ist.

4. Vorrichtung nach einem der Ansprüche 1-3, wobei
sich der erste Schallwellengenerator und die zweite
Wellenausbreitungskomponente in der Nähe eines
Mittelpunktes des Kanals befinden.

5. Vorrichtung nach einem der Ansprüche 1-4, die fer-
ner umfassend einen ersten Einlass und einen zwei-
ten Einlass in der Nähe des ersten Endes, wobei der
erste Einlass eine höhere Erhebung als der zweite
Einlass aufweist.

6. Vorrichtung nach Anspruch 5, ferner umfassend ei-
nen ersten Auslass (99) und einen zweiten Auslass
(97) in der Nähe des zweiten Endes, wobei der zwei-
te Auslass eine höhere Erhebung als der erste Aus-
lass aufweist.
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7. Vorrichtung nach Anspruch 6, wobei der erste Ein-
lass konfiguriert ist, um ein Waschmaterial aufzu-
nehmen, und der zweite Einlass konfiguriert ist, um
ein Mehrkomponentengemisch aufzunehmen.

8. Vorrichtung nach Anspruch 7, wobei der erste Aus-
lass (99) angeordnet ist, um die Mehrkomponenten-
mischung aufzunehmen.

9. Vorrichtung nach einem der Ansprüche 1-8, wobei
der Kanal eine Querschnittsbreite und -höhe auf-
weist, wobei ein Seitenverhältnis von Breite:Höhe
von etwa 1:11 bis etwa 50:1 ist und der erste Schall-
wellengenerator Wellen erzeugt, die eine Frequenz
von etwa 100 kHz bis etwa 2000 kHz aufweisen.

10. Vorrichtung nach Anspruch 1, 2 oder 4-9, wobei wäh-
rend der Verwendung ein Schwingungsbauch etwa
in der Mitte des Kanals gebildet wird und ein erster
Druckknoten an der ersten Oberfläche und ein zwei-
ter Druckknoten an der zweiten Oberfläche gebildet
wird.

11. Vorrichtung nach Anspruch 2, wobei während der
Verwendung etwa in der Mitte des Kanals ein
Schwingungsbauch gebildet wird und ein erster
Druckknoten an der ersten Oberfläche und ein zwei-
ter Druckknoten an der zweiten Oberfläche gebildet
wird.

Revendications

1. Dispositif (70) destiné à séparer un composant cel-
lulaire d’un fluide à composants multiples,
comprenant :

un corps (72) définissant un canal (82) possé-
dant une première surface (108) et une seconde
surface (104) opposée à la première surface, le
canal s’étendant le long d’un axe longitudinal
(84) à partir d’une première extrémité jusqu’à
une seconde extrémité ;
un premier générateur d’ondes acoustiques
(110) couplé à la première surface, le premier
générateur d’ondes acoustiques étant conçu
pour générer une onde acoustique possédant
une longueur d’onde ; et
un second composant de propagation d’onde
acoustique (112) couplé à la seconde surface,
ladite seconde surface étant espacée d’un mul-
tiple de demi-longueurs d’onde de la première
surface et chaque multiple de la demi-longueur
d’onde étant égal à un nombre de nœuds de
pression dans le canal,
ledit corps comprenant un matériau fantôme for-
mant au moins une partie de l’une ou des deux
de la première surface et de la seconde surface,

ledit matériau fantôme possédant des proprié-
tés acoustiques similaires à celles du fluide à
composants multiples et une épaisseur de sorte
qu’au moins l’un des nœuds de pression est si-
tué à proximité du matériau fantôme, et
ledit générateur d’ondes acoustiques ou ledit
composant de propagation d’ondes acousti-
ques étant un résonateur à mode de cisaillement
d’épaisseur.

2. Dispositif selon la revendication 1, une zone centrale
de génération d’énergie du premier générateur d’on-
des acoustiques étant alignée avec la seconde ex-
trémité du canal et à proximité d’une zone de bifur-
cation du canal.

3. Dispositif selon l’une quelconque des revendications
1 ou 2, ledit multiple étant égal à 0,5 et ledit nombre
de nœuds de pression étant égal à 1.

4. Dispositif selon l’une quelconque des revendications
1 à 3, ledit premier générateur d’ondes acoustiques
et ledit second composant de propagation d’ondes
étant situés à proximité d’un point médian du canal.

5. Dispositif selon l’une quelconque des revendications
1 à 4, comprenant en outre une première entrée et
une seconde entrée à proximité de la première ex-
trémité, la première entrée présentant une élévation
plus haute que la seconde entrée.

6. Dispositif selon la revendication 5, comprenant en
outre une première sortie (99) et une seconde sortie
(97) à proximité de la seconde extrémité, la seconde
sortie présentant une élévation plus haute que la pre-
mière sortie.

7. Dispositif selon la revendication 6, ladite première
entrée étant conçue pour recevoir un matériau de
lavage et ladite seconde entrée étant conçue pour
recevoir un mélange à composants multiples.

8. Dispositif selon la revendication 7, ladite première
sortie (99) étant agencée pour recevoir le mélange
à composants multiples.

9. Dispositif selon l’une quelconque des revendications
1 à 8, ledit canal possédant une largeur et une hau-
teur de section transversale, un rapport de forme de
largeur sur hauteur allant d’environ 1:11 à environ
50:1, et ledit premier générateur d’ondes acousti-
ques produisant des ondes possédant une fréquen-
ce allant d’environ 100 kHz à environ 2000 kHz.

10. Dispositif selon la revendication 1, 2 ou 4 à 9, durant
l’utilisation, un anti-nœud étant formé approximati-
vement au centre du canal et un premier nœud de
pression étant formé au niveau de la première sur-
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face et un second nœud de pression étant formé au
niveau de la seconde surface.

11. Dispositif selon la revendication 2, durant l’utilisa-
tion, un anti-nœud étant formé approximativement
au centre du canal et un premier nœud de pression
étant formé au niveau de la première surface et un
second nœud de pression étant formé au niveau de
la seconde surface.
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