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Description

Field of the invention

[0001] The present invention is directed at a print head
for printing a suspension fluid, the print head comprising
a nozzle having one or more nozzle outlets for allowing
the suspension fluid to be ejected from the nozzle, a flow
path including a supply channel for supplying the sus-
pension fluid to the one or more nozzle outlets, and a
supply pump for establishing a flow within the flow path.
The invention is further directed at a printing apparatus
comprising such a print head, to a method of printing
suspension fluids, and to a method of manufacturing a
print head.

Background

[0002] A recent development in the field of three di-
mensional printing technology is the application 3D print-
ing to the printing of food. For printing food, the printed
fluid will in many cases comprise a suspension fluid, i.e.
a fluid comprising particles of an edible substance. How-
ever, not confined to the area of 3D printing of foods, the
printing of suspension fluids is applicable in many other
areas wherein arbitrary materials need to be printed (e.g.
metals, organic materials, ceramics). For example, it is
likewise applicable in the fields of pharmaceutics, printed
electronics, or the printing of multi-material structures,
and may generally be applied in spray drying applications
for creating powders.
[0003] Efficient printing requires the use of highly filled
suspension fluids, i.e. suspension fluids having a relative
large particle density. However, a disadvantage of the
printing of such highly filled suspensions is the clogging
of printing nozzles. A too large particle size does not com-
pletely explain this problem. Even with highly filled sus-
pensions of small particles (relative to the diameter of
the nozzle outlet), clogging is experienced. In an indus-
trial printing process, each clogging event requires inter-
vention and maintenance, thereby interrupting the proc-
ess and lowering the yield.
[0004] To overcome clogging, some solutions rely on
filtration of larger particles using a filter. However, the
use of filters is itself not desirable in industrial processes,
because such filters require to be cleaned or replaced
often during operation. Moreover, as noted, clogging is
experienced even with suspensions of small particles.
US-A-2012/113197 discloses a print head for printing a
suspension fluid comprising particles, the print head
comprising a nozzle having one or more nozzle outlets
(9) for allowing the suspension fluid to be ejected from
the nozzle, a flow path including a supply channel (32)
for supplying the suspension fluid to the one or more
nozzle outlets, and a supply pump (5) for establishing a
flow within the flow path, wherein the nozzle further com-
prises an actuator (7) for imparting pressure fluctuations
on the suspension fluid at the one or more nozzle outlets

for generating one or more droplets therefrom,wherein
the flow path further comprises a return channel (33) for
allowing excess fluid not ejected from the nozzle to flow
away from the one or more nozzle outlets.

Summary of the invention

[0005] It is an object of the present invention to provide
a method and device for printing suspension fluids,
wherein the abovementioned disadvantages have been
overcome, which is reliable and provides for a stable
droplet flow useable for printing.
[0006] To this end, in accordance with a first aspect of
the invention, there is provided a print head according to
claim 1.
[0007] The invention is based on the insight that clog-
ging is primarily caused by bridge formation of particles
within the suspension fluid. Bridge formation is the phe-
nomenon of particles in the flow becoming entangled or
hooked to each other in such a manner that they span
the diameter of the nozzle outlet, i.e. forming a bridge.
As a result of the bridge formation, the nozzle will become
clogged. This problem is likely to occur with suspension
fluids comprising large particles, and may therefore ex-
pectedly be diminished by making the outlet opening of
the nozzle larger. However, this would likewise increase
the flow through the nozzle outlet, resulting in larger drop-
lets (which is in many cases not desired).
[0008] Moreover, enlarging the nozzle outlet is also not
sufficiently effective to resolve the problem. It has been
found that suspension fluids with small particles may like-
wise clog the nozzle, and bridge formation alone does
not explain this. Further underlying the present invention,
is the insight that the effect of bridge formation is wors-
ened by agglomeration of particles within the suspension,
which particularly occurs in case the suspension fluid is
given the opportunity to settle. Attractive forces between
the particles, such as the Van der Waals forces, cause
the particles to form particle agglomerations. Therefore,
even with small particles, clogging may occur.
[0009] The distinguishing features of the present in-
vention resolve the above problems by increasing the
shear within the flow at least prior to the nozzle outlet.
By increasing the shear, pulling forces within the flow
acting on the agglomerations will cause the agglomera-
tions to break, thereby separating the particles. The ab-
sence of agglomerations effectively prevents bridge for-
mation. However, to increase the shear rate sufficiently
in the supply to the nozzle, the dimensions of the flow
path before the nozzle must locally become so small that
the problem of clogging shifts to the location of the re-
duced channel size. As a result, increasing the shear rate
without taking any other measures merely moves the
problem of bridge formation to the flow path before the
nozzle outlet. Therefore, in accordance with the present
invention, in addition to increasing the shear rate, a return
flow path has been provided for removing excess fluid
away from the nozzle. As a result of the return path, the
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flow rate in the supply channel of the flow path can be
larger than the flow rate through the one or more nozzle
outlets. This larger flow rate allows to obtain larger shear
forces in the flow before the nozzle outlet, while simulta-
neously allowing the flow path to have larger dimensions
than the nozzle outlet. The clogging of the nozzle is there-
by resolved.
[0010] The local increase of the shear rate must be at
least sufficient to overcome the attractive forces between
the particles of an agglomeration. These attractive forces
include the Van der Waals forces, which are known to
increase linearly with the size of the particles. The shear
force exerted by an increased shear rate (e.g. due to a
local flow velocity increase) is an inertial force of the flow.
Due to a local increase in flow velocity across an agglom-
eration of particles, on the ’front’ side of the agglomera-
tion (i.e. the side facing the flow direction or downstream
direction) where the flow velocity is higher, the flow will
exert a larger force on the agglomeration than on the
’back’ side of the agglomeration (i.e. the side facing the
opposite or upstream direction of the flow) where the flow
velocity is lower. The agglomeration will experience a net
pulling force across its front and back end. If that pulling
force is large enough to overcome the Van der Waals
forces, the agglomeration will break-up. The shear rate
at which this will occur depends on the magnitude of the
forces keeping the agglomeration together, and hence
is dependent on the properties of the suspension and the
particles therein.
[0011] The one or more droplets generated, as referred
to for the present invention, may usually be a stream of
droplets, e.g. in a continuous printing arrangement. A
stream may also be generated for providing a drop-on-
demand type of system, e.g. in case droplets may there-
after be selectively removed or passed dependent on
whether they are to be printed. Of course, alternatively
it is also possible to print one or more droplets selectively
from the nozzle, e.g. using a suitable actuator, in a drop-
on-demand system. In the present disclosure, reference
is sometimes made to a ’stream of droplets’ or ’droplet
stream’ , however this term may be interpreted broadly
such as to include the generating of one or more droplets.
[0012] In accordance with the invention, the shear sec-
tion comprises at least one element of a group compris-
ing: a flow constriction; a channel reduction of the supply
channel, the channel reduction reducing at least one di-
mension of the supply channel; a structure present in
said supply channel, such as a rim, wall, or protrusion; a
bend in the supply channel. Increasing the shear can be
established in many different manners, some of which
have been identified herein. Other manners to increase
the shear rate may likewise be applied with the present
teachings to obtain embodiments of the present inven-
tion. The different manners of increasing the shear rate
that are identified above, have been suggested here be-
cause they may be integrated in the design of the print
head by proper designing of the shapes and sizes of the
supply channel and one or more nozzle outlets, while in

principle they do not require additional active compo-
nents (although it is up to the skilled person to add such
components where desired).
[0013] Moreover, in accordance with yet a further em-
bodiment, at least one of the one or more nozzle outlets
is located in a wall of the supply channel, and wherein
the supply channel is connected to the return channel.
The advantage of providing the nozzle outlet directly in
the flow path in the wall of the supply channel, is that the
flow from the supply channel to the return path flows past
the outlet. As a result, shear force of the flow passing
over the outlet further prevent any pollution or particles
from blocking the opening. A slight disadvantage is that
this also causes the droplet stream from the nozzle outlet
to have a velocity component in the direction of the orig-
inal flow which in most cases must be compensated.
Therefore, in accordance with some embodiments, at
least one of the one or more nozzle outlets is located in
a wall of a branch channel extending from the supply
channel. In such a branch channel, e.g. extending trans-
verse to the supply channel, a shear force of a flow pass-
ing over the nozzle outlet will be absent. The branch
channel may for example be closed on one end.
[0014] In order for the pressure fluctuations imparted
by the actuator on the outlet to effectively transfer the
fluctuations on the ejected fluid, some room around each
one of the one or more nozzle outlets is also desired.
The pressure fluctuations are to be advantageously im-
parted on the ejected fluid with minimum pressure loss
(e.g. due to back flow of suspension fluid under influence
of the pressure pulses). To this end, the actuator may
comprise a suitably shaped focusing member at a suit-
able distance from the outlet channel. Therefore, in ac-
cordance with yet another embodiment, at least one of
the one or more nozzle outlets is located in a nozzle
chamber which is connected to the supply channel for
receiving the suspension fluid, the nozzle chamber com-
prising the actuator for imparting the pressure fluctua-
tions. The nozzle chamber allows to be suitably shaped
and dimensioned in the design. According to some em-
bodiments, the nozzle chamber is connected to the sup-
ply channel via a branch channel extending from the sup-
ply channel, the nozzle chamber being sized or shaped
for imparting said pressure fluctuations. Arranging the
nozzle chamber in a branch extending from the supply
channel again has the advantage of preventing the eject-
ed droplet stream to have a velocity component in an
undesired direction.
[0015] In some of the embodiments of the print head
described herein above , the branch channel comprising
the nozzle outlet, or connecting the nozzle chamber to
the supply channel, extends from an inner bend of a
bended portion of the supply channel. As a result of this,
larger particles or particle agglomerations that inadvert-
ently have not been broken-up by the shear force in the
shear section will mostly be conveyed in the flow near
the outer bend as a result of centrifugal forces. The flow
near the inner bend of the bended portion will therefore
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mostly carry the smaller separated particles. This will fur-
ther decrease the chance on clogging of the nozzle out-
lets.
[0016] In accordance with a further embodiment, the
nozzle chamber is arranged between an outlet portion of
the supply channel and an inlet portion of the return chan-
nel. The nozzle chamber could be designed as a separate
nozzle chamber with fluid inlets and outlets for connect-
ing with the supply channel and return channel respec-
tively, and may thus have any desired shape and size.
However, in accordance with another embodiment, the
nozzle chamber is shaped having a broad central section
and narrow end sections, wherein each one of the outlet
portion of the supply channel and the inlet portion of the
return channel is located in a respective end section of
the nozzle chamber. For example, the nozzle chamber
could be a shaped as chamber having a fixed height rec-
tangular cross section, and having a width that gradually
expands as from the location of the outlet portion of the
supply channel towards the broad central section, while
the width narrows again towards the inlet portion of the
return channel. At some location near the outlet portion
of the supply channel, the bottom wall of the nozzle cham-
ber could comprise the shear section in the form of a rim
or protruded section whereby the flow is locally acceler-
ated creating an increased shear rate that will break-up
agglomerated particles. In accordance with yet a further
embodiment, multiple of the one or more nozzle outlets
may located distributed across the width of the central
section; i.e. each outlet providing an ejected stream of
droplets for printing.
[0017] In accordance with another embodiment of the
present invention, the print head further comprises a re-
turn pump cooperating with the supply pump for control-
ling a volumetric flow rate ejected from the one or more
nozzle outlets. By setting the supply pump at a first vol-
umetric flow rate, while setting the return pump at a sec-
ond volumetric flow rate (smaller than the first volumetric
flow rate), the difference will be the volumetric flow rate
that must have been forced through the nozzle outlets
that are located in between the supply pump and the
return pump. This, thereby, allows to control the amount
of suspension fluid printed. In an embodiment having
multiple nozzle outlets, if one of the outlets for some rea-
son would become clogged anyway (despite the meas-
ures taken), the flow rate through the other nozzles can
be controlled.in this manner.
[0018] In another embodiment, the print head further
comprises a pressure regulator unit downstream of the
nozzle chamber outlet cooperating with the supply pump
for controlling a pressure in the nozzle near the one or
more nozzle outlets. This embodiment is based on the
insight that the amount of printed suspension fluid ejected
through the one or more nozzle outlets may also be pre-
cisely controlled by setting the pressure in the nozzle
near the nozzle outlet (and thereby the pressure drop
across the nozzle outlet). Either the flow regulated em-
bodiment or the pressure regulated embodiment, or even

a combined implementation allowing both flow and pres-
sure regulation, each have their own advantages in dif-
ferent situations. This is explained further down below.
[0019] In accordance with a second aspect thereof, the
invention provides a printing apparatus for printing a sus-
pension fluid, the apparatus comprising a print head ac-
cording to the first aspect, wherein the supply channel of
the flow path is connected to a fluid container for receiving
the suspension fluid, and wherein the return channel is
connected to the fluid container for releasing therein the
excess suspension fluid.
[0020] Yet in accordance with a third aspect thereof,
there is provided a method of printing a suspension fluid
using a print head, the print head comprising a nozzle
having one or more nozzle outlets, a supply pump, and
a flow path comprising a supply channel, the method
comprising: supplying, through the supply channel, the
suspension fluid to the one or more nozzle outlets, using
the supply pump for establishing a flow through the sup-
ply channel; ejecting, by the nozzle, the suspension fluid
from the one or more nozzle outlets, while simultaneously
imparting, by an actuator comprised by the nozzle, pres-
sure fluctuations on the suspension fluid at the one or
more nozzle outlets for generating a stream of droplets
therefrom, locally increasing the shear rate in the supply
channel upstream of the one or more nozzle outlets using
a shear section, wherein the shear rate is increased for
imposing a shear force on said particles which is larger
than an attractive force between said particles in a par-
ticle agglomeration, and removing from the one or more
nozzle outlets excess fluid not ejected from the nozzle
using a return channel.
[0021] Moreover, in accordance with a fourth aspect
thereof, there is provided a method of manufacturing a
print head according to claim 14.

Brief description of the drawings

[0022] The invention will further be elucidated by de-
scription of some specific embodiments thereof, making
reference to the attached drawings. The detailed descrip-
tion provides examples of possible implementations of
the invention, but is not to be regarded as describing the
only embodiments falling under the scope. The scope of
the invention is defined in the claims, and the description
is to be regarded as illustrative without being restrictive
on the invention. In the drawings:

Figure 1 schematically illustrates a printing appara-
tus in accordance with the present invention;
Figure 2A provides a schematic exploded view of a
print head in accordance with the present invention;
Figure 2B provides a schematic exploded view of
the print head also illustrated in figure 2A from a bot-
tom side;
Figure 3A schematically illustrates a flow channel
and nozzle chamber useable in an embodiment il-
lustrated in figures 2A and B;
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Figure 3B schematically illustrates a cross sectional
view of the nozzle chamber of figure 3A;
Figure 4 schematically illustrates an alternative noz-
zle chamber in accordance with the present inven-
tion;
Figures 5A and 5B provide, in cross section, a sche-
matic top view and side view of an alternative nozzle
in accordance with the present invention;
Figure 6 schematically illustrates an alternative noz-
zle in accordance with the present invention;
Figure 7 schematically illustrates a further alternative
nozzle in accordance with the present invention;
Figure 8 schematically illustrates further alternative
nozzle in accordance with the present invention; and
Figure 9 schematically illustrates a flow channel that
can be implemented in the embodiment illustrated
in figures 2A and 2B, implementing the embodiment
of figure 8 therein.

Detailed description

[0023] A schematic illustration of the principles of a
printing system or printing apparatus in accordance with
the present invention is provided in figure 1. The printing
apparatus 1 comprises a suspension fluid container 2.
The suspension fluid container 2 comprises a suspension
fluid which is to be printed using a print head 4 in accord-
ance with the present invention. The suspension fluid
may for example comprise a liquid including a suspen-
sion of particles. For example, the suspension fluid may
be water including a suspension of a food ingredient in
the form of particles. Instead of water, a different liquid
having a different viscosity and different properties may
be applied. For example, the liquid could be an oil having
a suspension of the food ingredient. Instead of a food
ingredient, the printing apparatus of the present invention
may also be used for printing other suspensions, such
as a liquid comprising a pharmaceutical component (e.g.
a medicine in the form of a powder) or a liquid comprising
metal or ceramic particles (e.g. for printing electronic cir-
cuits (printable electronics)).
[0024] The printing apparatus comprises a flow path 3
including a supply channel 8 and a return channel 10.
The supply channel 8 comprises an inlet 7 connecting it
to the container 2. The return channel 10 may comprise
an outlet 14 for providing excess suspension fluid back
to the container 2. A supply pump 9 provides the sus-
pension fluid via the supply channel 8 to the print head
4. Optionally, a return pump 11 draws the flow through
the return channel 10 providing it back to the container
2. By regulating the volume metric flow rate through sup-
ply pump 9 and return pump 11, the amount of suspen-
sion fluid that will be ejected from the print head 4 for
printing can be precisely controlled. However, the return
pump 11 is optional as printing may also be achieved
with embodiments including only a supply pump 9. In-
stead of using a supply pump 9 and a return pump 11,
in an alternative embodiment one of the pumps may be

replaced by a different flow regulation element, such as
a pressure operated valve, for establishing a flow in the
flow path 3 and enabling control of the flow rate of sus-
pension fluid ejected from the print head 4.
[0025] The print head 4 is connected to the supply
channel 8 via supply inlet 15 and to the return channel
10 via return outlet 16. The print head 4 comprises a
nozzle 5 including a nozzle outlet 20. A nozzle chamber
18 in the print head 4 of figure 1 is directly connected to
the supply inlet 15 on the upstream side and to the return
outlet 16 on the downstream side. Alternatively, as will
be illustrated further down below, e.g. in connection with
figures 6, 7 and 8, the nozzle chamber 18 may be con-
nected to a main channel (reference numeral 17 in figures
6, 7, and 8) via a branch channel 50 extending therefrom.
[0026] From the nozzle outlet 20, a stream 25 of drop-
lets 26 will be ejected, e.g. for printing thereof on a sub-
strate (not shown). This droplet ejection may be achieved
using an actuator 21 such as a piezo-electric actuator,
enabling a periodic deformation of nozzle plate 19 im-
parting pressure fluctuations on the suspension fluid in-
side nozzle chamber 18. Optionally, a focus member 22
focusses these pressure fluctuations within nozzle cham-
ber 18 towards the nozzle outlet 20 for effectively forming
the droplets 26 at the nozzle outlet 20. Alternatively, it is
also possible to impart the pressure fluctuations using a
different setup. For example, the focus member 22 may
itself be actuated periodically, or may be provided by a
suitably shaped part of the wall of the supply channel 8
actuated from the outside to impart pressure fluctuations
on the inside within the channel.
[0027] In the embodiment illustrated in figure 1, a shear
section 40 is formed by protrusions 28 (e.g. in the form
of knobs, dimples or a rim or other structure) that locally
reduce the channel dimensions of the nozzle chamber
18. The shear section 40 is located upstream of the noz-
zle outlet 20, and locally increases the shear rate of the
flow to a level above the shear rate near the nozzle outlet
20. As will be explained below, the combination of shear
section 40 upstream of the nozzle outlet 20 with the pres-
ence of the return channel 10, effectively prevents clog-
ging of the nozzle outlet 20. This combination allows to
locally obtain a large shear rate while due to the presence
of the return channel 10 the flow rate through the shear
section 40 can be kept much larger than the flow rate
through the nozzle outlet 20 alone - thereby enabling the
channel dimensions to be maintained much larger than
the typical size of particle agglomerations. This prevents
clogging of the shear section 40, while the shear section
40 itself prevents clogging of the nozzle outlet 20 by
breaking-up the agglomerations.
[0028] As described earlier, the local shear force must
be at least sufficient to overcome the attractive forces
between the particles of the agglomerations. These at-
tractive forces include the Van der Waals forces, which
are known to increase linearly with the size of the parti-
cles. Due to a local increase in flow velocity across an
agglomeration of particles, on the ’front’ side of the ag-
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glomeration (i.e. the side facing the flow direction or
downstream direction) where the flow velocity is higher
the flow will exert a larger force on the agglomeration
than on the ’back’ side of the agglomeration (i.e. the side
facing the opposite or upstream direction of the flow)
where the flow velocity is lower. The agglomeration will
experience a net pulling force across its front and back
end. Such a pulling force is also experienced in a bend
of the flow, where the flow changes direction. In this latter
case, the inertial force pulls the agglomeration towards
the change in direction.
[0029] If the pulling force is large enough to overcome
the Van der Waals forces, the agglomeration will break-
up. The shear rate at which this will occur depends on
the magnitude of the forces keeping the agglomeration
together, and hence is dependent on the properties of
the suspension and the particles therein. Channel dimen-
sions and dimensions and shapes of specific structures
that form a shear section (such as shear section 40) can
thus be modified such as to adapt the teachings of the
present invention to be applied to suspension fluids of
any type comprising any desired particles. The shear rate
required can be determined by balancing the local inertial
forces in the shear section in the flow with the attractive
forces on the particles. The magnitude of these attractive
forces is for example described in "Particle Clogging in
Radial Flow: Microscale Mechanisms" by Julio R. Valdes
et. al., SPE Journal, Society of Petroleum Engineers,
June 2006.
[0030] An exploded view of print head 4 is schemati-
cally illustrated in figure 2A. The print head 4 comprises
a top housing section 30 and a bottom housing section
32. Within the housing sections 30 and 32, a plurality of
components may be present comprising, as indicated in
figure 2A, seals 33 and 34, flow channel 35 and nozzle
plate 19. The flow channel 35 forms the structure of noz-
zle chamber 18, and the nozzle plate 19 may comprise
the nozzle outlet 20. Nozzle outlet 20 corresponds with
a further hole in bottom housing element 32 through
which the generated droplets of the suspension fluid are
ejected. The number of holes present in the bottom hous-
ing element 32 will be dependent on the number of nozzle
outlets 20.
[0031] A bottom exploded schematic view of the print
head 4 illustrated in figure 2A is illustrated in figure 2B.
In figure 2B, the bottom side of top housing element 30
is visible which includes, a chamber inlet 38 and a cham-
ber outlet 39 for nozzle chamber 18. Also visible on the
top housing element 30 is the location of the focusing
member 22 (schematically visualized in figure 1) for fo-
cusing the pressure fluctuations onto the nozzle outlet 20.
[0032] In figures 2A and 2B, the nozzle including the
nozzle chamber 18 comprises only a single nozzle outlet
20 in the central part of the nozzle plate 19. To increase
throughput, the number of nozzle outlets maybe in-
creased (e.g. two, three, four, five, six, etc.) In figure 3A,
a schematic illustration of a nozzle chamber 18 that may
be implemented in the embodiment of figures 2A and 2B

is schematically illustrated. Figure 3A illustrates an alter-
native flow channel plate 35", and a nozzle plate 19" com-
prising four nozzle outlets 20-1, 20-2, 20-3 and 20-4. Also
illustrated are the nozzle chamber inlet 38 and the nozzle
chamber outlet 39.
[0033] Enlarged and in cross section, the main parts
of a print head 4 as illustrated in figures 2A and 2B are
schematically illustrated. Figure 3B illustrates the supply
inlet 15 and return outlet 16 of the print head 4. The top
housing member 30 comprises nozzle chamber inlet 38
and nozzle chamber outlet 39. In cross section, flow
channel plate 35 is schematically illustrated on a stacked
configuration between top housing member 30 and noz-
zle plate 19. Also present on the top housing member 30
is a rim 41 which stretches across the width of the nozzle
chamber 18. The rim 41 locally increases the shear rate
of the flow considerably such as to break up agglomer-
ations of particles in the suspension fluid. As a result,
droplets can be effectively ejected from the nozzle outlet
20 without the nozzle 5 becoming clogged. As a result
of the implementation of both a supply channel 8 and a
return channel 10, the volume metric flow rate of the flow
path in general can be much larger than the volume met-
ric flow rate through the nozzle outlets 20 of the nozzle
5. As a result, the shear rate in the flow can be increased
locally without having to decrease the dimensions of the
flow path 3 at the shear section 40 formed by the rim 41
to such an extend that the flow path itself may become
clogged. Bridge formation of particle agglomerations is
effectively prevented, and due to the fact that the particle
agglomerations are broken up upstream of the nozzle
outlet 20, no bridge formation will take place across the
nozzle outlet 20. This effectively prevents the clogging.
[0034] A further embodiment of the present invention
is illustrated in figure 4. Figure 4 schematically illustrates
a nozzle chamber 18 comprising a shear section 40 and
four nozzle outlets 20-1 through 20-4. The difference with
the embodiment of figure 3A is that in figure 4 the cham-
ber inlet 44 and the chamber outlet 45 is arranged in the
direction of the flow thereby preventing sharp bends in
the flow and potential death spaces. As may be appre-
ciated, to prevent dead spaces and undesired vortices
in the flow, all bends may be flattened and any sharp
edges may be smoothed, e.g. by providing curved edges.
[0035] In accordance with a further embodiment of the
present invention, the print head 4 may simply include a
flow channel going from the supply channel 8 towards
the return channel 10, as illustrated in figure 5A. In be-
tween the supply inlet 15 and the return outlet 16, a shear
section 40 may be arranged upstream of the nozzle outlet
20. The nozzle outlet 20 may simply be found as a small
hole in the middle of the channel. Figure 5B shows a
cross sectional side view of the embodiment of figure 5A.
In figure 5B, it can be seen that the shear section 40 is
formed of a double rim 48, 49 in the top and bottom part
of the channel. The double rim 48, 49 forms a flow con-
striction which locally increases the shear rate of the flow.
Using the piezo-electric actuator 21 and the focus mem-
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ber 22 (or an alternative thereof as indicated in relation
to figure 1), a stream 25 of ejected droplets 26 can be
effectively formed.
[0036] In yet another embodiment of the present in-
vention illustrated in figure 6, the outlet 20 is located in
a side branch 50 of the channel. The side branch 50
extends from the main channel 17 that extends between
the supply inlet 15 and return outlet 16 of the print head
4. The branch 50 extends from side of channel 17 and
comprises the nozzle outlet 20 near its death end, i.e.
the nozzle chamber 18 is formed by the dead end of the
branch 50. The advantage of locating the nozzle outlet
20 in a side branch 50 (or at least not in the main channel
17) is that the main flow through the channel 17 will not
directly flow over the nozzle outlet 20. The slight disad-
vantage of the embodiment illustrated in figure 5A,
wherein the nozzle outlet 20 is located in the main chan-
nel 17, is that the main flow which flows over the nozzle
outlet 20 provides a sideways impulse to the droplets 26
and thereby creates a sideways velocity component (in
the direction of the main flow) on the egress droplets 26.
Therefor, although this is not indicated in figure 5B, the
egress droplets 26 may be ejected under a slight angle
to the right of figure 5B. In the embodiment of figure 6,
because the main flow between the supply inlet 15 and
the return outlet 16 will not pass over the nozzle outlet
20, droplets ejected from the nozzle outlet 20 will not be
deflected.
[0037] A further embodiment is illustrated in figure 7.
In figure 7 the shear section is formed by thickened por-
tion 52 of the wall of the main channel between supply
inlet 15 and return outlet 16, which locally reduces the
channel dimensions and thereby increases the sear rate.
A side branch 50 of the main channel 17 connects the
main channel 17 to a nozzle chamber 18 comprising the
nozzle outlet 20. The main advantage of the embodiment
of figure 7 is that the nozzle chamber 18 provides addi-
tional space around the nozzle outlet 20 for allowing the
pressure fluctuations to be effectively imparted on the
nozzle outlet for forming the droplets 26. This improves
operating conditions by reducing forces on the nozzle
plate 19 and reducing wear of the active components of
the nozzle 5 over time.
[0038] In the embodiment of figure 8, the nozzle cham-
ber 18 is also connected to the main channel between
the supply inlet 15 and the return outlet 16 by means of
a side branch 50. The branch 50 is located on the inner
bend 55 of a bended section of the flow channel. The
shear section 40 is simply created by a reduction of the
channel dimensions of main channel 17 as illustrated:
walls of the channel 17 are tapered across the bend for
forming the shear section 40. The advantage of providing
the side branch 50 in the inner bend section of the em-
bodiment of figure 8 is that in case any particle agglom-
erations still exist in the suspension fluid flowing through
the main channel 17, these particle agglomerations will
primarily be conveyed by the flow in the outer bend 54
as a result of centrifugal forces. Smaller particles i.e. the

particles of the agglomerations that are broken up by
means of the increased shear rate, will travel on the inner
bend and reach the nozzle chamber 18.
[0039] In implementation of the embodiment of figure
8 into the arrangement illustrated in figures 2A and 2B is
illustrated in figure 9. Figure 9 illustrates a flow channel
plate 35’ and its’ dimensions given in mm. The flow chan-
nel plate 35’ comprises a cut-out portion 57 that provides
for the nozzle chamber 18 and a main channel 17 be-
tween nozzle chamber inlet 58 and nozzle chamber outlet
60. The shear section 40 is provided by a reduction of
the main channel 17 across the bend. The inner bend 55
and the outer bend 54 are indicated in figure 9, as is the
side branch 50 of the main channel 17 towards the nozzle
chamber 18. On the right side of figure 9, the thickness
of flow channel plate 35’ is indicated in cross section.
[0040] The diameter of the nozzle chamber 18 is 3.35
mm having a height of 0.1 mm indicated by the thickness
of the flow channel plate 35’. The width of the side branch
50 and the smallest section of the main channel 17 at
shear section 40 is 0.5 mm (at a height of 0.1 mm). In
total, the diameter of the flow plate 35’ is 14.95 mm. Dif-
ferent thicknesses of the main channel 17 were tested
at various flow rates using a ’blank nozzle’ (i.e. a ’nozzle’
without a nozzle outlet 20), to determine favorable chan-
nel dimensions. The tested thicknesses of main channel
17 are indicated herewith in micrometers: 200 mm, 250
mm, and 300 mm. The flow rates used were ∼22.3
ml/minute, ∼156 ml/minute, and ∼78 ml/minute. Accept-
able operation without excessive pressure fluctuations
within the channel 17 was obtained at channel thickness-
es larger than 250mm, and the pressure became stable
at an even preferred channel thicknesses of 300 mm and
larger. The measured channel pressures were between
0,5 bar and 1,5 bar. Using a nozzle 5 with a diameter of
the nozzle outlet 20 being 150 mm, for printing a suspen-
sion fluid consisting of a weight percentage of 35% cal-
cium citrate (the particles having a typical size of ∼12
mm), resulted in a stable flow without clogging at a pres-
sure of approximately 1.8 to 1.9 bar. The flow rate through
the nozzle was 10 ml/minute, providing a stable jet
throughout the experiment. Droplets were generated at
a frequency of 8.5 kHz. The droplet size of the droplets
26 in stream 25 was sufficiently small, while the flow rate
through the flow path 3 could be kept large enough to
prevent clogging of the either the shear section 40 or the
nozzle outlet 20 - without having to apply filtration means.
The experiment was stopped after 23 minutes, without
any clogging having occurred.
[0041] In the embodiments described, the location of
the shear section is upstream of the nozzle outlets, be-
cause the agglomerations are to be broken-up before
reaching the nozzle outlets. Ideally, the shear section is
located in proximity of the nozzle outlet. At least, the
shear section is located at a distance upstream of the
nozzle which in view of the other flow parameters (veloc-
ity, suspension properties, particle properties) is not too
far removed from the nozzle outlet to allow reformation
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of agglomerations in the flow between the shear section
and the nozzle outlet. Therefore, the shear section in the
embodiments illustrated is located in proximity of the noz-
zle outlet. As may be appreciated, additional shear sec-
tions may be included in parts of the print head that are
sensible to clogging as well.
[0042] Herein above, it has been suggested to option-
ally include a return pump 11 in the return channel 10.
The optional return pump 11 draws the flow through the
return channel 10 providing it back to the container 2. By
regulating the volume metric flow rate through supply
pump 9 and return pump 11, the amount of suspension
fluid that will be ejected from the print head 4 for printing
can be precisely controlled. This flow regulated solution
works well in many embodiments. However, as an alter-
native or even in addition, other embodiments may in-
clude a pressure regulated solution to regulate the
amount of suspension fluid released from the nozzles.
[0043] In a pressure regulated embodiment, the supply
pump 9 applies a (predeterminable or preset) pressure
P1 in the supply channel 8. Pressure drop across the
shear section 40, as well as the pressure drop across
the return channel 10 can be calculated if the pressure
in container 2 is known. The pressure drop across the
nozzle is thereby known, assuming a fixed aperture size
of the nozzle outlet 20. This pressure drop equals the
pressure in the nozzle chamber 18 downstream the shear
section 40 and upstream the return outlet 16. As a result,
the amount of suspension fluid released through the noz-
zle outlet 20 is also known.
[0044] However, in case of any disturbance or a block-
ing (e.g. caused by pollution in the nozzle 5 or in any
channel downstream supply pump 9), the pressures in
various parts of the system may change. Therefore, in
accordance with an embodiment applying pressure reg-
ulation, the return channel or any other section down-
stream the nozzle chamber 18, may comprise a dynamic
pressure regulation unit. This pressure regulation unit
may passively or actively regulate the downstream pres-
sure in the return channel in such a manner as to keep
the pressure inside the nozzle chamber 18 downstream
the shear section 40 constant (or at least substantially
constant, dependent on the level of control desired). As
a result, using the pressure regulator (not shown in the
figures) in the return channel, the amount of suspension
fluid can be accurately controlled.
[0045] It is noted that a flow regulated system and a
pressure regulated system respond differently to an ob-
struction of the nozzle. In a flow regulated system, the
total flow through the nozzle is kept constant, hence an
obstruction of the nozzle causes an increase of the pres-
sure inside the nozzle chamber 18. In a pressure regu-
lated solution, the pressure is kept constant, hence an
obstruction of the nozzle is compensated by the pressure
regulator. In a pressure regulated multi-nozzle system or
a nozzle chamber with multiple nozzle outlets, one ob-
structed nozzle outlet will thus have no effect on the flow
through the remaining nozzle outlets. In a pressure reg-

ulated single nozzle system, obstruction of the nozzle
causes the system to stop ejecting droplets. In a flow
regulated multi nozzle system or a nozzle chamber with
multiple nozzle outlets, one obstructed nozzle outlet will
cause the flow through the other nozzles to increase. In
a flow regulated single nozzle system, a (partial) obstruc-
tion of the nozzle outlet will increase the pressure inside
the nozzle chamber 18, and thereby causing the nozzle
outlet to un-block.
[0046] The present invention has been described in
terms of some specific embodiments thereof. It will be
appreciated that the embodiments shown in the drawings
and described herein are intended for illustrated purpos-
es only and are not by any manner or means intended
to be restrictive on the invention. The context of the in-
vention discussed here is merely restricted by the scope
of the appended claims.

Claims

1. Print head (4) for printing a suspension fluid com-
prising particles, the print head comprising a nozzle
(5) having one or more nozzle outlets (20) for allow-
ing the suspension fluid to be ejected from the noz-
zle, a flow path (3) including a supply channel (8) for
supplying the suspension fluid to the one or more
nozzle outlets (20), and a supply pump (9) for estab-
lishing a flow within the flow path (3), wherein the
nozzle (5) further comprises an actuator (21) for im-
parting pressure fluctuations on the suspension fluid
at the one or more nozzle outlets (20) for generating
one or more droplets therefrom,
wherein the flow path (3) further comprises a shear
section (40) for locally increasing the shear rate at
least at a location in the flow path (3) upstream of
the one or more nozzle outlets (20), and a return
channel (10) for allowing excess fluid not ejected
from the nozzle (5) to flow away from the one or more
nozzle outlets (20), wherein the shear section (40)
is configured to locally increase the shear rate for
imposing a shear force on said particles which is
larger than an attractive force between said particles
in a particle agglomeration, wherein at least one of
the one or more nozzle outlets (20) is located in a
branch channel (50) extending from the supply chan-
nel (8);
wherein the shear section (40) comprises at least
one element of:

a flow constriction;
a channel reduction of the supply channel, the
channel reduction reducing at least one dimen-
sion of the supply channel;
a structure present in said supply channel; or
a bend in the supply channel.

2. Print head according to claim 1, wherein the shear
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section comprises a structure present in said supply
channel, the structure including at least one of: a rim
(41, 48, 49), a wall, or a protrusion (28).

3. Print head according to any of the claims 1 or 2,
wherein at least one of the one or more nozzle outlets
(20) is located in a wall of the supply channel (8),
and wherein the supply channel (8) is connected to
the return channel.

4. Print head according to any of the previous claims,
wherein at least one of the one or more nozzle outlets
is located in a nozzle chamber (18) which is connect-
ed to the supply channel (8) for receiving the sus-
pension fluid, the nozzle chamber (18) comprising
the actuator (21) for imparting the pressure fluctua-
tions.

5. Print head according to claim 4, wherein the nozzle
chamber (18) is connected to the supply channel (8)
via the branch channel (50) extending from the sup-
ply channel (8), the nozzle chamber (18) being sized
or shaped for imparting said pressure fluctuations.

6. Print head according to any of the previous claims,
wherein the branch channel (5) connecting the one
or more nozzle outlets (20) to the supply channel
extends from an inner bend (55) of a bended portion
of the supply channel (10).

7. Print head according to claim 4, wherein the nozzle
chamber (18) is arranged between an outlet portion
of the supply channel and an inlet portion of the return
channel.

8. Print head according to claim 7, wherein the nozzle
chamber (18) is shaped having a broad central sec-
tion and narrow end sections, wherein each one of
the outlet portion of the supply channel (10) and the
inlet portion of the return channel (10) is located in
a respective end section of the nozzle chamber.

9. Print head according to claim 8, wherein multiple of
the one or more nozzle outlets (20) are located dis-
tributed across the width of the central section.

10. Print head according to any of the previous claims,
further comprising a return pump (11) cooperating
with the supply pump (9) for controlling a volumetric
flow rate ejected from the one or more nozzle outlets
(20).

11. Print head according to any of the previous claims,
further comprising a pressure regulator unit down-
stream of the nozzle chamber outlet (39) cooperating
with the supply pump for controlling a pressure in
the nozzle (5) near the one or more nozzle outlets
(20).

12. Printing apparatus for printing a suspension fluid, the
apparatus comprising a print head according to any
of the previous claims 1-11, wherein the supply chan-
nel (8) of the flow path (3) is connected to a fluid
container (2) for receiving the suspension fluid, and
wherein the return channel (10) is connected to the
fluid container for releasing therein the excess sus-
pension fluid.

13. Method of printing a suspension fluid comprising par-
ticles using a print head (4), the print head comprising
a nozzle (5) having one or more nozzle outlets (20),
a supply pump (9), and a flow path (3) comprising a
supply channel (8), the method comprising:

supplying, through the supply channel (8), the
suspension fluid to the one or more nozzle out-
lets (20), using the supply pump (9) for estab-
lishing a flow through the supply channel (8);
ejecting, by the nozzle (5), the suspension fluid
from the one or more nozzle outlets (20), while
simultaneously imparting, by an actuator (21)
comprised by the nozzle, pressure fluctuations
on the suspension fluid at the one or more nozzle
outlets (20) for generating one or more droplets
therefrom,
locally increasing the shear rate in the supply
channel (8) upstream of the one or more nozzle
outlets (20) using a shear section (40), wherein
the shear rate is increased for imposing a shear
force on said particles which is larger than an
attractive force between said particles in a par-
ticle agglomeration, and
removing from the one or more nozzle outlets
(20) excess fluid not ejected from the nozzle us-
ing a return channel (10).

14. Method of manufacturing a print head for printing
suspension fluids comprising particles, the method
comprising: providing a nozzle (5) having one or
more nozzle outlets (20) for allowing the suspension
fluid to be ejected from the nozzle; providing a flow
path including a supply channel (8) for allowing sup-
ply of the suspension fluid to the one or more nozzle
outlets (20); providing a supply pump (9) for enabling
to establish a flow within the flow path (3); and pro-
viding an actuator (21) within the nozzle for enabling
to impart pressure fluctuations on the suspension
fluid at the one or more nozzle outlets (20) for gen-
erating one or more droplets therefrom;
wherein the flow path (3) is provided comprising a
shear section (40) for enabling local increasing of
the shear rate at least at a location in the flow path
upstream of the one or more nozzle outlets (20), the
shear section (40) being configured to locally in-
crease the shear rate for imposing a shear force on
said particles which is larger than an attractive force
between said particles in a particle agglomeration,
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and wherein the flow path (3) is further provided com-
prising a return channel for allowing excess fluid not
ejected from the nozzle to flow away from the one
or more nozzle outlets (20);
wherein the shear section (40) is provided by at least
one of:

a flow constriction;
a channel reduction of the supply channel, the
channel reduction reducing at least one dimen-
sion of the supply channel;
a structure present in said supply channel; or
a bend in the supply channel.

Patentansprüche

1. Druckkopf (4) zum Drucken einer Suspensionsflüs-
sigkeit mit Partikeln, wobei der Druckkopf eine Düse
(5) mit einem oder mehreren Düsenauslässen (20)
umfasst, um das Ausstoßen der Suspensionsflüs-
sigkeit aus der Düse zu ermöglichen, wobei ein Strö-
mungsweg (3) einen Zufuhrkanal (8) zum Zuführen
der Suspensionsflüssigkeit dem einen oder den
mehreren Düsenauslässen (20), und eine Zufuhr-
pumpe (9) zum Herstellen einer Strömung innerhalb
des Strömungswegs (3) umfasst, wobei die Düse (5)
ferner einen Aktuator (21) zum Ausüben von Druck-
schwankungen auf die Suspensionsflüssigkeit an
dem einen oder den mehreren Düsenauslässen (20)
zum Erzeugen eines oder mehrerer Tröpfchen dar-
aus umfasst,
wobei der Strömungsweg (3) ferner einen Scherab-
schnitt (40) zum lokalen Erhöhen der Scherge-
schwindigkeit wenigstens an einer Stelle im Strö-
mungsweg (3) stromaufwärts des einen oder der
mehreren Düsenauslässe (20) und einen Rückführ-
kanal (10) umfasst, um zu ermöglichen, dass über-
schüssige Flüssigkeit, die nicht aus der Düse (5)
ausgestoßen wird, von dem einen oder den mehre-
ren Düsenauslässen (20) wegfließt, wobei der
Scherabschnitt (40) konfiguriert ist, um die Scherge-
schwindigkeit zum Aufbringen einer Scherkraft auf
die Partikel lokal zu erhöhen, die größer ist als eine
Anziehungskraft zwischen den Partikeln in einer
Partikelagglomeration, wobei sich wenigstens einer
der einen oder mehreren Düsenauslässe (20) in ei-
nem Abzweigungskanal (50) befindet, der sich von
dem Zufuhrkanal (8) erstreckt;
wobei der Scherabschnitt (40) wenigstens ein fol-
gendes Element umfasst:

eine Strömungsverengung;
eine Kanalreduktion des Zufuhrkanals, wobei
die Kanalreduktion wenigstens ein Maß des Zu-
fuhrkanals reduziert;
eine Struktur, die in dem Zufuhrkanal vorhanden
ist; oder

eine Biegung im Zufuhrkanal.

2. Druckkopf nach Anspruch 1, wobei der Scherab-
schnitt eine Struktur umfasst, die in dem Zufuhrkanal
vorhanden ist, wobei die Struktur wenigstens eines
von Folgendem aufweist: einen Rand (41, 48, 49),
eine Wand oder einen Vorsprung (28).

3. Druckkopf nach einem der Ansprüche 1 oder 2, wo-
bei sich wenigstens einer der einen oder mehreren
Düsenauslässe (20) in einer Wand des Zufuhrkanals
(8) befindet und wobei der Zufuhrkanal (8) mit dem
Rückführkanal verbunden ist.

4. Druckkopf nach einem der vorhergehenden Ansprü-
che, wobei sich wenigstens einer der einen oder
mehreren Düsenauslässe in einer Düsenkammer
(18) befindet, die mit dem Zufuhrkanal (8) zur Auf-
nahme der Suspensionsflüssigkeit verbunden ist,
wobei die Düsenkammer (18) den Aktuator (21) zum
Ausüben der Druckschwankungen umfasst.

5. Druckkopf nach Anspruch 4, wobei die Düsenkam-
mer (18) über den sich vom Zufuhrkanal (8) erstre-
ckenden Abzweigungskanal (50) mit dem Zufuhrka-
nal (8) verbunden ist, wobei die Düsenkammer (18)
zum Ausüben der Druckschwankungen dimensio-
niert oder geformt ist.

6. Druckkopf nach einem der vorhergehenden Ansprü-
che, wobei der Abzweigungskanal (5), der den einen
oder die mehreren Düsenauslässe (20) mit dem Zu-
fuhrkanal verbindet, sich von einer inneren Biegung
(55) eines gebogenen Abschnitts des Zufuhrkanals
(10) aus erstreckt.

7. Druckkopf nach Anspruch 4, wobei die Düsenkam-
mer (18) zwischen einem Auslassabschnitt des Zu-
fuhrkanals und einem Einlassabschnitt des Rück-
führkanals angeordnet ist.

8. Druckkopf nach Anspruch 7, wobei die Düsenkam-
mer (18) mit einem breiten Mittelabschnitt und
schmalen Endabschnitten geformt ist, wobei sich so-
wohl der Auslassabschnitt des Zufuhrkanals (10) als
auch der Einlassabschnitt des Rückführkanals (10)
in einem jeweiligen Endabschnitt der Düsenkammer
befindet.

9. Druckkopf nach Anspruch 8, wobei sich mehrere der
einen oder mehreren Düsenauslässe (20) über die
Breite des Mittelabschnitts verteilt befinden.

10. Druckkopf nach einem der vorhergehenden Ansprü-
che, ferner mit einer Rückförderpumpe (11), die mit
der Zufuhrpumpe (9) zusammenwirkt, um einen Vo-
lumenstrom zu regeln, der aus dem einen oder den
mehreren Düsenauslässen (20) ausgestoßen wird.
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11. Druckkopf nach einem der vorhergehenden Ansprü-
che, ferner mit einer Druckregeleinheit stromabwärts
des Düsenkammerauslasses (39), die mit der Zu-
fuhrpumpe zusammenwirkt, um einen Druck in der
Düse (5) nahe dem einen oder den mehreren Dü-
senauslässen (20) zu regeln.

12. Druckvorrichtung zum Drucken einer Suspensions-
flüssigkeit, wobei die Vorrichtung einen Druckkopf
nach einem der vorhergehenden Ansprüche 1 bis
11 umfasst, wobei der Zufuhrkanal (8) des Strö-
mungswegs (3) mit einem Flüssigkeitsbehälter (2)
zur Aufnahme der Suspensionsflüssigkeit verbun-
den ist, und wobei der Rückführkanal (10) mit dem
Flüssigkeitsbehälter verbunden ist, um die über-
schüssige Suspensionsflüssigkeit darin freizuset-
zen.

13. Verfahren zum Drucken einer Suspensionsflüssig-
keit mit Partikeln unter Verwendung eines Druckkop-
fes (4), wobei der Druckkopf eine Düse (5) mit einem
oder mehreren Düsenauslässen (20), eine Zufuhr-
pumpe (9) und einen Strömungsweg (3) mit einem
Zufuhrkanal (8) umfasst, wobei das Verfahren Fol-
gendes umfasst:

Zuführen der Suspensionsflüssigkeit durch den
Zufuhrkanal (8) zu dem einen oder den mehre-
ren Düsenauslässen (20) unter Verwendung der
Zufuhrpumpe (9) zum Herstellen einer Strö-
mung durch den Zufuhrkanal (8);
Ausstoßen der Suspensionsflüssigkeit durch
die Düse (5) aus dem einen oder den mehreren
Düsenauslässen (20), während gleichzeitig
durch einen von der Düse umfassten Aktuator
(21) Druckschwankungen auf die Suspensions-
flüssigkeit an der einen oder den mehreren Dü-
senauslässe (20) zum Erzeugen eines oder
mehrerer Tröpfchen daraus ausgeübt werden,
lokales Erhöhen der Schergeschwindigkeit in
dem Zufuhrkanal (8) stromaufwärts von dem ei-
nen oder den mehreren Düsenauslässen (20)
unter Verwendung eines Scherabschnitts (40),
wobei die Schergeschwindigkeit erhöht wird, um
eine Scherkraft auf die Partikel aufzubringen,
die größer als eine Anziehungskraft zwischen
den Partikeln in einer Partikelagglomeration ist,
und
Entfernen von überschüssiger Flüssigkeit, die
nicht aus der Düse ausgestoßen wurde, unter
Verwendung eines Rückführkanals (10) aus
dem einen oder den mehreren Düsenauslässen
(20).

14. Verfahren zur Herstellung eines Druckkopfes zum
Drucken von Suspensionsflüssigkeiten, die Partikel
umfassen, wobei das Verfahren Folgendes umfasst:
Bereitstellen einer Düse (5) mit einem oder mehre-

ren Düsenauslässen (20), um zu ermöglichen, dass
die Suspensionsflüssigkeit aus der Düse ausgesto-
ßen wird; Bereitstellen eines Strömungswegs mit ei-
nem Zufuhrkanal (8), um zu ermöglichen, dass die
Suspensionsflüssigkeit dem einen oder den mehre-
ren Düsenauslässen (20) zugeführt wird; Bereitstel-
len einer Zufuhrpumpe (9), um zu ermöglichen, dass
eine Strömung innerhalb des Strömungswegs (3)
hergestellt wird; und Bereitstellen eines Aktuators
(21) in der Düse, um zu ermöglichen, dass Druck-
schwankungen auf die Suspensionsflüssigkeit an
dem einen oder den mehreren Düsenauslässen (20)
ausgeübt werden, um einen oder mehrere Tröpf-
chen daraus zu erzeugen;
wobei der Strömungsweg (3) einen Scherabschnitt
(40) umfasst, um ein lokales Erhöhen der Scherge-
schwindigkeit wenigstens an einer Stelle im Strö-
mungsweg stromaufwärts des einen oder der meh-
reren Düsenauslässe (20) des Scherabschnitts (40)
zu ermöglichen, der konfiguriert ist, um die Scher-
geschwindigkeit zum Aufbringen einer Scherkraft
auf die Partikel lokal zu erhöhen, die größer ist als
eine Anziehungskraft zwischen den Partikeln in ei-
nem Partikelagglomerat, und wobei der Strömungs-
weg (3) ferner einen Rückführkanal umfasst, um zu
ermöglichen, dass überschüssige Flüssigkeit nicht
aus der Düse ausgestoßen wird, um von dem einen
oder den mehreren Düsenauslässen (20) wegzuflie-
ßen;
wobei der Scherabschnitt (40) durch wenigstens ei-
nes der Folgenden bereitgestellt wird:

eine Strömungsverengung;
eine Kanalreduktion des Zufuhrkanals, wobei
die Kanalreduktion wenigstens ein Maß des Zu-
fuhrkanals reduziert;
eine Struktur, die in dem Zufuhrkanal vorhanden
ist; oder
eine Biegung im Zufuhrkanal.

Revendications

1. Tête d’impression (4) pour imprimer un fluide de sus-
pension comprenant des particules, la tête d’impres-
sion comprenant une buse (5) comportant une ou
plusieurs sorties de buse (20) pour permettre au flui-
de de suspension d’être éjecté de la buse, un trajet
d’écoulement (3) comprenant un canal d’alimenta-
tion (8) pour alimenter le fluide de suspension vers
les une ou plusieurs sorties de buse (20), et une
pompe d’alimentation (9) pour établir un écoulement
dans le trajet d’écoulement (3), la buse (5) compre-
nant en outre un actionneur (21) pour imprimer des
fluctuations de pression au fluide de suspension au
niveau des une ou plusieurs sorties de buse (20) afin
de générer une ou plusieurs gouttelettes à partir de
celles-ci,
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dans lequel le trajet d’écoulement (3) comprend en
outre une section de cisaillement (40) pour augmen-
ter localement le taux de cisaillement au moins au
niveau d’un emplacement dans le trajet d’écoule-
ment (3) en amont des une ou plusieurs sorties de
buse (20), et un canal de retour (10) pour permettre
à un excès de fluide non éjecté de la buse (5) de
s’écouler à partir des une ou plusieurs sorties de
buse (20), la section de cisaillement (40) étant con-
figurée pour augmenter localement le taux de ci-
saillement afin d’imposer une force de cisaillement
auxdites particules qui est supérieure à une force
d’attraction entre lesdites particules dans une agglo-
mération de particules, dans laquelle au moins l’une
des sorties de buse (20) est située dans un canal de
ramification (50) s’étendant depuis le canal d’alimen-
tation (8);
dans laquelle la section de cisaillement (40) com-
prend au moins un élément parmi :

un étranglement d’écoulement ;
une réduction de canal du canal d’alimentation,
la réduction de canal réduisant au moins une
dimension du canal d’alimentation ;
une structure présente dans ledit canal
d’alimentation ; ou
un coude dans le canal d’alimentation.

2. Tête d’impression selon la revendication 1, dans la-
quelle la section de cisaillement comprend une struc-
ture présente dans ledit canal d’alimentation, la
structure comprenant au moins un parmi : un rebord
(41, 48, 49), une paroi ou une saillie (28).

3. Tête d’impression selon l’une quelconque des re-
vendications 1 ou 2, dans laquelle au moins l’une
des une ou plusieurs sorties de buse (20) est située
dans une paroi du canal d’alimentation (8), et dans
lequel le canal d’alimentation (8) est relié au canal
de retour.

4. Tête d’impression selon l’une quelconque des re-
vendications précédentes, dans laquelle au moins
l’une des une ou plusieurs sorties de buse est située
dans une chambre de buse (18) qui est reliée au
canal d’alimentation (8) pour recevoir le fluide de
suspension, la chambre de buse (18) comprenant
l’actionneur (21) pour imprimer les fluctuations de
pression.

5. Tête d’impression selon la revendication 4, dans la-
quelle la chambre de buse (18) est reliée au canal
d’alimentation (8) via le canal canal de ramification
(50) s’étendant à partir du canal d’alimentation (8),
la chambre de buse (18) étant dimensionnée ou mise
en forme pour imprimer lesdites fluctuations de pres-
sion.

6. Tête d’impression selon l’une quelconque des re-
vendications précédentes, dans laquelle le canal de
ramification (5) reliant les une ou plusieurs sorties
de buse (20) au canal d’alimentation s’étend depuis
un coude interne (55) d’une partie coudée du canal
d’alimentation (10).

7. Tête d’impression selon la revendication 4, dans la-
quelle la chambre de buse (18) est agencée entre
une partie de sortie du canal d’alimentation et une
partie d’entrée du canal de retour.

8. Tête d’impression selon la revendication 7, dans la-
quelle la chambre de buse (18) est mise en forme
avec une section centrale large et des sections d’ex-
trémité étroites, dans lequel chacune de la partie de
sortie du canal d’alimentation (10) et de la partie
d’entrée du canal de retour (10) est situé dans une
section d’extrémité respective de la chambre de bu-
se.

9. Tête d’impression selon la revendication 8, dans la-
quelle plusieurs des sorties de buse (20) sont répar-
ties sur la largeur de la section centrale.

10. Tête d’impression selon l’une quelconque des re-
vendications précédentes, comprenant en outre une
pompe de retour (11) coopérant avec la pompe d’ali-
mentation (9) pour commander un débit d’écoule-
ment volumétrique éjecté des une ou plusieurs sor-
ties de buse (20).

11. Tête d’impression selon l’une quelconque des re-
vendications précédentes, comprenant en outre une
unité de régulation de pression en aval de la sortie
de chambre de buse (39) coopérant avec la pompe
d’alimentation pour commander une pression dans
la buse (5) à proximité des une ou plusieurs sorties
de buse (20).

12. Appareil d’impression pour imprimer un fluide de
suspension, l’appareil comprenant une tête d’im-
pression selon l’une quelconque des revendications
précédentes 1 à 11, dans lequel le canal d’alimen-
tation (8) du trajet d’écoulement (3) est connecté à
un conteneur de fluide (2) destiné à recevoir le fluide
de suspension, et dans lequel le canal de retour (10)
est relié au réservoir de fluide pour y libérer le fluide
de suspension en excès.

13. Méthode d’impression d’un fluide de suspension
comprenant des particules utilisant une tête d’im-
pression (4), la tête d’impression comprenant une
buse (5) comportant une ou plusieurs sorties de buse
(20), une pompe d’alimentation (9) et un trajet
d’écoulement (3) comprenant un canal d’alimenta-
tion (8), la méthode comprend les étapes consistant
à :
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acheminer, à travers le canal d’alimentation (8),
le fluide de suspension vers les une ou plusieurs
sorties de buse (20), en utilisant la pompe d’ali-
mentation (9) pour établir un écoulement à tra-
vers le canal d’alimentation (8);
éjecter, par l’intermédiaire de la buse (5), le flui-
de de suspension à partir des une ou plusieurs
sorties de buse (20), tout en imprimant simulta-
nément, par l’intermédiaire d’un actionneur (21)
constitué par la buse, des fluctuations de pres-
sion sur le fluide de suspension au niveau des
une ou plusieurs sorties de buse (20) afin de
générer une ou plusieurs gouttelettes à partir de
celles-ci,
augmenter localement le taux de cisaillement
dans le canal d’alimentation (8) en amont des
une ou plusieurs sorties de buse (20) à l’aide
d’une section de cisaillement (40), le taux de
cisaillement étant augmenté pour imposer
auxdites particules une force de cisaillement qui
est supérieure à une force d’attraction entre les-
dites particules dans une agglomération de par-
ticules, et
évacuer à partir des une ou plusieurs sorties de
buse (20) du fluide en excès non éjecté à partir
de la buse en utilisant un canal de retour (10).

14. Méthode de fabrication d’une tête d’impression pour
imprimer des fluides de suspension comprenant des
particules, la méthode comprenant les étapes con-
sistant à : fournir une buse (5) ayant une ou plusieurs
sorties de buse (20) pour permettre au fluide de sus-
pension d’être éjecté à partir de la buse ; fournir un
trajet d’écoulement comprenant un canal d’alimen-
tation (8) pour permettre une alimentation du fluide
de suspension vers les une ou plusieurs sorties de
buse (20) ; fournir une pompe d’alimentation (9) pour
permettre d’établir un écoulement dans le trajet
d’écoulement (3) ; et fournir un actionneur (21) à l’in-
térieur de la buse pour permettre d’imprimer des fluc-
tuations de pression au fluide de suspension au ni-
veau des une ou plusieurs sorties de buse (20) afin
de générer une ou plusieurs gouttelettes à partir de
celles-ci ;
dans laquelle le trajet d’écoulement (3) est fourni,
comprenant une section de cisaillement (40) pour
permettre une augmentation locale du taux de ci-
saillement au moins au niveau d’un emplacement
dans le trajet d’écoulement en amont des une ou
plusieurs sorties de buse (20), la section de cisaille-
ment (40) étant configurée pour augmenter locale-
ment le taux de cisaillement afin d’imposer auxdites
particules une force de cisaillement supérieure à une
force d’attraction entre lesdites particules dans une
agglomération de particules, et
dans laquelle le trajet d’écoulement (3) est en outre
fourni, comprenant un canal de retour pour permettre
à un excès de fluide non éjecté de la buse de s’écou-

ler à partir des une ou plusieurs sorties de buse (20) ;
dans laquelle la section de cisaillement (40) est four-
nie par au moins un parmi :

un étranglement d’écoulement ;
une réduction de canal du canal d’alimentation,
la réduction de canal réduisant au moins une
dimension du canal d’alimentation ;
une structure présente dans ledit canal
d’alimentation ; ou
un coude dans le canal d’alimentation.
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