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Description

[0001] Theinventionrelatestoanapparatus and meth-
ods for generating droplets. The present disclosure re-
lates to a method of generating a collimated stream of
droplets from a flow focusing nozzle, and a method and
an apparatusfor preserving droplets when immersed (i.e.
introduced) in to a drying or hardening environment
and/or for protecting droplets during formation.

[0002] Techniques are known for producing collimated
droplet streams, such as flow focusing. The droplets in
the droplet streams may be subsequently dried to form
apowder, forexample, which is often referred to as spray
drying. However, the number of droplets that are capable
of being dried compared to the number of droplets that
are produced is often low (e.g., below 80%), due to the
droplets being attracted, and/or adhering, to the appara-
tus. Moreover, as the droplets exit from a droplet forming
device, the initial properties/characteristics of the drop-
lets may be lost or affected such that the droplet loses
its form and may become agglomerated and/or polydis-
persed, or may not even be produced.

[0003] Figure 1 illustrates an example of a known sys-
tem 1thatis usedfor spray drying. The system 1 includes
a droplet forming device 2, such as a flow focusing noz-
zle. The illustrated example has been simplified, but it
will be appreciated that the flow focusing nozzle is fed
with one or more fluids 4 to produce a droplet stream at
its outlet (not shown). The outlet of the device 2 is within
a drying chamber, which is in this background example
is an elongate cylindrical conduit 6. The conduit 6 is pro-
vided with an air stream via fluid inlet 8. The air stream
is at a temperature greater than room temperature (i.e.,
20°C to 26°C) such that as the droplet stream exits the
device 2, the droplets are air dried. However, the air
stream provided within the conduit 6 may prevent drop-
lets being effectively produced or, as is mentioned above,
may affect the droplets such that they become agglom-
erated and/or polydispersed.

[0004] Additionally, document DE202007008121 U
discloses an arrangement for the distribution of process
air in a drying tower useful in spray drying unit, which
comprises ring chambers arranged below the tower cov-
ering between a feed pipe and outer wall of the drying
tower towards lower product discharge opening. In the
center, the drying tower protrudes from the upper tower
cover by a coaxial feed tube with spraying unit for prod-
ucts to be dried in the drying tower. The heated process
air is brought into the drying tower by the feed pipe
presentin the tower cover. The drying tower shows proc-
ess air discharges. The ring chambers are formed by a
ring area submerging in the drying area and in the outer
walll. Each ring chamber shows a separate feed pipe for
the process air. The internal ring chamber is provided
with the process air of lower temperature than the exter-
nal ring chamber during spray drying. The temperature
ofthe process airisincreased from the internal ring cham-
ber to external ring chamber or decreased from the in-
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ternal to external ring chamber using cool spraying pro-
cedure. The process air is discharged from the ring cham-
bers with same or different discharge speeds. The ring
chambers are separately orjointly connected with a boiler
like heat exchanger and with a ventilator for introducing
the process air.

[0005] Accordingly, itis an object of the presentinven-
tion to improve the yield of droplets and/or powder pro-
duced by such spray drying apparatus, and to provide a
stabilization environment for droplets exiting a droplet
forming device before being air dried.

[0006] The presentdisclosure can be understood with
reference to the description of the embodiments set out
below, in conjunction with the appended drawings in
which:

Figure 1 illustrates schematically an example of a
known air drying system;

Figure 2 illustrates an apparatus for spray drying ac-
cording to a first embodiment of the invention;

Figure 3 illustrates an expanded view of the appa-
ratus illustrated in Figure 2;

Figure 4 illustrates schematically a cross-section
through an apparatus according to the first embod-
iment of the invention;

Figure 5 illustrates, in an upper image, polydis-
persed, agglomerated droplets, and, in a lower im-
age, monodispersed, dried droplets;

Figure 6 illustrates a partial cross-section through
the apparatus according to the first embodiment of
the invention;

Figure 7 illustrates a cross-section through a flow
focusing nozzle according to the first embodiment of
the invention;

Figure 8 illustrates an apparatus for spray drying ac-
cording to a second embodiment of the invention;

Figure 9 illustrates an apparatus for spray drying ac-
cording to a third embodiment of the invention; and

Figure 10 illustrates a multi-nozzle fluid dispenser
which may be used with the second and third em-
bodiments of the invention.

[0007] According to afirst aspect of the invention there
is provided an apparatus in accordance with claim 1. Pre-
ferred embodiments are defined in claims 2-7. Thus, the
droplets during formation are protected from the reaction
fluid flow and a greater number of the droplets produced
using the liquid dispenser may be persevered. Accord-
ingly, at least 99.5% of the droplets that are produced
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will exit the first fluid flow device and can be subsequently
transformed to form particles.

[0008] The liquid dispenser is configured to generate
the droplet stream using flow focusing.

[0009] The liquid dispenser may be concentrically ar-
ranged within the first fluid flow device (i.e., the liquid
dispenser and the first fluid flow device may share the
same centre or axis, such that they are coaxial) and the
firstfluid flow device may be concentrically arranged with-
in the second fluid flow device.

[0010] Each of the confinement fluid and/or the reac-
tion fluid may be air.

[0011] The first and/or second fluid flow devices may
comprise an elongate conduit and the first and/or second
fluid flow devices may comprise a circular conduit (i.e.,
the conduit has a circular cross section). The conduits
may also be non-circular (e.g. oval, elliptical or simple
polygon). 1t will be understood that if a non-circular con-
duit is used its radius is taken to be half the largest dis-
tance between any pair of vertices.

[0012] Theliquid outlet may comprise a plurality of noz-
zZles, each configured to generate a droplet stream.
[0013] The temperature of the second fluid flow may
be greater than the temperature of the droplet stream
and/or the confinement fluid flow.

[0014] The reaction may comprise hardening the drop-
lets in the droplet stream.

[0015] The first fluid flow device may be dimensioned
to produce a laminar fluid flow, and may be dimensioned
to prevent the droplet stream from being agglomerated.
[0016] According to a second aspect of the invention
there is provided a system comprising an apparatus ac-
cording to any one of the above-described apparatus and
a first fluid flow generating device coupled to the first fluid
flow device and configured to provide the confinement
fluid to the first fluid flow device. The first fluid flow gen-
erating device and the first fluid flow device may be con-
figured according to the following expression:

1/2
Upin > 02-(“‘2’ H3)/
min = V- 2 D5
Pgl/1
where: U, is the velocity of the flow rate of the confine-
ment fluid; Ky is the viscosity of the confinement fluid; H
is the distance between the liquid outlet of the liquid dis-
penser and the outlet of the first fluid flow device; py is
the density of the confinementfluid; and D, is the external
diameter of the liquid dispenser.
[0017] Accordingto athird aspectofthe inventionthere
is provided a method in accordance with claim 9. Pre-
ferred embodiments of the method are defined in claims
10-13.
[0018] The reaction fluid flow may harden the droplets
to form particles/capsules and the method may comprise
collecting the particles/capsules at an outlet of the sec-
ond fluid flow device.
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[0019] A minimum velocity of the confinement fluid flow
is represented by the expression:

ug H
Upin = 0.2+
- <p§D15>

where: U, is the velocity of the flow rate of the confine-
ment fluid; Hg is the viscosity of the confinement fluid; H
is the distance between the liquid outlet of the liquid dis-
penser and the outlet of the first fluid flow device; pg is
the density of the confinement fluid; and D is the external
diameter of the liquid dispenser.

[0020] Inthe

method of generating a collimated stream of droplets
from a flow focusing nozzle comprising a discharge ori-
fice, a first fluid dispenser and a second fluid dispenser,
wherein the second fluid dispenser is arranged to accel-
erate, with a carrier fluid, a fluid is dispensed from the
first fluid dispenser out of the discharge nozzle, the meth-
od comprising configuring the flow focusing nozzle to ob-
tain a geometric standard deviation of the disbursement
of droplets from the collimated stream of droplets of less
than 1.6 according to the expression:

1/4 P
<D2AP2P12Q1> " 05 (pd)

ouf ~ 140018 (5_;>

where D is the nominal diameter of the discharge orifice,
AP is the pressure of the carrier, p, is the density of the
fluid being dispensed, Qis the flow rate of the fluid being
dispensed from the first fluid dispenser, ois the surface
tension between the fluid being dispensed and the carrier
fluid, zis the viscosity of the fluid being dispensed, p4is
the density of the carrier fluid, and w4 is the viscosity of
the carrier fluid.

[0021] The flow focusing nozzle may be configured to
obtain a geometric standard deviation of the disburse-
ment of droplets from the collimated stream of droplets
of less than 1.4, or less than 1.3.

[0022] The first fluid dispenser may comprise an inner
fluid dispenser configured to dispense a core fluid and
an outer fluid dispenser configured to dispense a shell
fluid and wherein p, Q;, and w, are of the shell fluid.
[0023] Figure 2 illustrates an apparatus 10 for spray
drying. The apparatus 10 can be separated into three
main parts; a liquid dispenser or liquid dispensing device
12, afirst fluid flow device or confinement/prevention de-
vice 14 and a second fluid flow device or reaction/drying
device 16. Figure 3 illustrates the apparatus 10 in an
expended view.

[0024] Figures 2 and 3 are now used to describe the
apparatus 10. The liquid dispenser 12 is a form of flow
focusing device or nozzle. However, it willbe appreciated
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that a flow focusing nozzle is used here as an example,
butothertypes ofnozzle (e.g., vibrating nozzle, ultrasonic
nozzle, or ink-jet nozzle) may be used. The operation of
the liquid dispenser 12 is described in more detail with
reference to Figure 7. The liquid dispenser 12 includes
two fluid inlets 18, 20 for introducing fluids to produce a
droplet at a proximate end. For example, the first fluid
inlet 18 may be fed with a core-droplet fluid, for example,
an oily fragrance, and the second fluid inlet 20 may be
fed with a shell-droplet fluid, for example, an agueous
polymeric solution (e.g., Arabic Gum or Shellac). The re-
sultant droplet is in the form of a core-shell or capsule
droplet (i.e., a droplet comprising a core and an outer
shell). It will be appreciated that the liquid dispenser 12
may only include a single fluid inlet (i.e., one of two fluid
inlets 18, 20) for feeding only a single fluid for the pro-
duction of droplets. Other core or shell fluids include
agueous ororganic suspensions, emulsions, organic pol-
ymeric solution, aqueous/organic solutions including in-
gredients, actives, pure liquids or solutions including mix-
tures of components such as plasticizers, additives,
thickeners, and monomers. A third fluid inlet 22 is pro-
vided for feeding a carrier fluid such as air. Other gases
may be used as a carrier fluid, such as argon or nitrogen.
The fluid dispenser 12 includes a circular, elongate con-
duit or duct 24 having an external diameter of 5 mm which
is coupled to each of the fluid inlets 18, 20, 22 and is
terminated at a distal end with a nozzle, orifice or outlet
25. The nozzle 25 in this embodiment includes a single
outlet orifice having a diameter of 350 pm (not shown).
The duct 24 includes one or more internal ducts or con-
duits which are described in more detail with reference
to Figure 7.

[0025] The first fluid flow device or confinement/pre-
vention device 14 includes an elongate circular conduit
or first conduit 26 having an internal diameter of 60 mm.
The duct 26 has at its proximal end a cap, lid or cover
(i.e., a closure device) 28 used to close the first conduit
26 at its proximal end except for an opening or inlet 32
to allow the liquid dispenser 12 to be inserted therein.
The diameter of the first conduit 26 is greater than the
diameter of the duct 24. The duct 24 of the liquid dispens-
er 12 is arranged such that at least a portion (i.e., a distal
portion) extends through the opening 32 and within the
first conduit 26, and a further portion (i.e., a proximal por-
tion) extends outside of the first conduit 26. As can be
seen in Figure 2, the outlet 25 is arranged part way along
the length of the first conduit 26 (i.e., the liquid dispenser
is terminated within the first conduit 26). The liquid dis-
penser 12 is arranged concentrically within the first fluid
flow device 14. The closure device 28 includes an inlet
30 that is coupled to an internal channel 66 (see figure
4) to allow the passage of fluid from the inlet 30 through
the internal channel 66 of the closure device 28. The
closure device 28 also includes an opening 68 (see figure
4) coupled to the internal channel 66 to allow the passage
of a fluid into the first conduit 26. The opening 68 within
the closure device 28 may be circular to match the cross
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sectional shape of the first conduit 26. The circular duct
or first conduit 26 has an opening, exit or outlet 34 at its
distal end to allow for the passage of droplets and the
fluid fed to the fluid inlet 30.

[0026] The second fluid flow device or reaction device
16 includes an elongate circular second conduit 36 hav-
ing an internal diameter of 147 mm. The second conduit
36 has atits proximal end a cap, lid or cover (i.e., a closure
device) 38 that closes the duct 36 at its proximal end
except for an opening or inlet 42 to allow the first conduit
26 of the first fluid flow device 14 to be inserted therein.
The diameter of the duct 36 is greater than the diameter
of the first conduit 26. The first conduit 26 of the first flow
device 14 is arranged such that at least a portion (i.e., a
distal portion) extends through the opening 42 and within
the second conduit 36, and a further portion (i.e., a prox-
imal portion) extends outside of the second conduit 36.
As can be seen in Figure 2, the opening 34 is arranged
part way along the length of the second conduit 36 (i.e.,
the first fluid flow device 14 is terminated within the sec-
ond conduit 36). The first fluid flow device 14 is arranged
concentrically within the second fluid flow device 16. The
closure device 38 includes an inlet 40 that is coupled to
an internal channel 71 (see figure 4) to allow the passage
of fluid from the inlet 40 through the internal channel 71
of the closure device 38. The closure device 38 also in-
cludes anopening 73 (seefigure 4) coupled to theinternal
channel 71 to allow the passage of a fluid into the second
conduit 36. The opening 73 within the closure device 38
may be circular to match the cross sectional shape of the
second conduit 36. The circular second conduit 36 has
an opening, exit or outlet 44 at its distal end to allow for
the passage of droplets and the fluid fed to the fluid inlets
30, 40. Alternatively, fluid may be drawn from the outlet
44 by creating a negative pressure at the outlet 44 using
a suitable suction pump.

[0027] [n this example, the second (reaction)fluid flow
device 16 is manufactured from stainless steel (i.e., the
closure device 38) and glass (i.e., the elongate second
conduit 36), and the first (confinement) fluid flow device
14 is manufactured from similar materials. The liquid dis-
penser 12 is manufactured from plastics and stainless
steel.

[0028] Glass has been used in this example to reduce
any large scale fluctuations that could result from any
internal roughness on the interior walls of the elongate
conduits 26, 36.

[0029] Figure 4 illustrates schematically a cross-sec-
tion through the apparatus 10 illustrated in Figure 2. The
same reference numerals are used in Figure 4 as used
in Figures 2 and 3 for like features. Figure 4 illustrates
the internal channel 66 of the closure device 28 and its
associated circular opening 68. Figure 4 also illustrates
the internal channel 71 of the closure device 38 and its
associated circular opening 73.

[0030] In operation, the apparatus 10 is coupled to a
number of feeding systems, which may include compres-
sors which are configured to pressurize air and feed the
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pressurized air to various inlets of the apparatus 10. The
fluid dispenser 12 is coupled to a compressor 50 via a
pipe (line or passage) 52 at its inlet 22. The compressor
50 in this example feeds air to the dispenser 12 so that
the air provides a carrier for droplets such that an aerosol
is dispensed by the liquid dispense 12. However, a pump
(e.g., a pressurized container, micropump, screw pump,
or piezoelectric pump) could be used to feed the liquid
dispenser 12 with a fluid (e.g., waterif an organic solution
is used) to form an emulsion. A pump 54 is coupled to
the inlets 18, 20 via a pipe (line or passage) 56 to provide
a core and shell-droplet material. It will be appreciated
that only a single pump 54 is illustrated for simplicity, but
when producing core-shell droplets, two separate pumps
are used; one for each fluid inlet. Of course, droplets may
also be produced using a single liquid such that only a
single pump is required. A compressor 58 is coupled to
the inlet 30 of the first fluid flow device 14 via a pipe (line
or passage) 60 and a compressor 62 is coupled to the
inlet 40 of the second fluid flow device 16 via a pipe (line
or passage) 64. Although not shown in the figure, a suc-
tion pump may alsc be arranged at the outlet 44 of the
second fluid flow device 16 to create a negative air pres-
sure at the outlet 44. in this example, the compressors
58, 62 feed the apparatus 10 with air, but other gases
may be used. For example, the compressor 62 may feed
the second fluid flow device 16 with air which has a rel-
ative humidity of 60% or greater, for example, to react
with the droplets containing cyanoacrylates, forexample,
exiting from the first fluid flow device 14. Furthermore,
the compressor 62 typically feeds air to the apparatus
having a temperate that is higher than room temperature
(i.e., 20°C to 26°C). The compressor includes a heating
element which is controlled to increase the temperature
ofthe airflowing through the compressor. In this example,
the temperature of reaction fluid is greater than the con-
finement fluid, which may be used for drying droplets, for
example. However, it will be appreciated that the tem-
peratures of the confinement and reaction flow may be
different, such that the temperature of the confinement
fluid is greater than the reaction fluid, for example. This
may be achieved by increasing the temperature of the
confinement fluid above room temperature while main-
taining the temperature of the reaction fluid at room tem-
perature, or alternatively, cooling the reaction fluid while
maintaining the confinement fluid at room temperature.
In an alternative configuration where a negative pressure
is created at the outlet 44, the element labelled 62 in the
figure could be replaced with a heating or cooling device
only that allows fluid (e.g., air) to be drawn there through
and in to the second fluid flow device 16 via inlet 40.

[0031] During use, the liquid dispenser 12 is operated
and produces a collimated stream of droplets. In this ex-
ample, the liquid dispenser 12 produces a single stream
of droplets. The nozzle 25 dispenses droplets within the
first conduit 26 of the first fluid flow device 14, whereby
amovement of air (or a flow/stream of air) produced using
pump 58 creates a preventative air flow that permits the
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droplet stream to move generally along a trajectory that
prevents the droplets from interacting (i.e., adhering) to
an interior surface of the first conduit 26 of the first fluid
flow device 14. The stream of air also permits the droplets
to stabilize after exiting the dispenser. The droplet stream
exits the opening 34 of the first fluid flow device 14, and
enters the second conduit 36 of the second fluid flow
device 16 and continues to move along a similar trajec-
tory within the flow of air that is provided by the first fluid
flow device 14 and the second fluid flow device 16, where-
by a movement of air (or a flow/stream of air) produced
using pump 62 creates a reaction air flow/stream that
reacts with the droplets. In this example, the reaction air
flow is an air flow at a temperature that is greater than
room temperature which dries the droplets to form of pow-
der. Thefirstand second air streams will mix via diffusion,
for example, such that the combined airstream will dry
the droplets to form particles/capsules, or collectively a
powder, which are collected at the opening 44. For ex-
ample, the powder may be collected using different types
of reservoirs, cyclones, and/or filters.

Two specific examples are now described using the ap-
paratus 10 described in association with Figures 2, 3 and
4.

[0032] Inexample one, a solution of Shellac (15% w/v)
is dispensed from a single nozzle of the fluid dispenser
12 ata volume flow rate of 30 mL/h (i.e., 8.333*10-2 m3/s)
using pump 54, and a carrier phase is introduced at a
pressure of 90 mbar using compressor 50. The velocity
of the droplets exciting the fluid dispenser 12 is 100 m/s
and the droplets have a diameter of 80 pm (+/- 5 pm).
The air flow from the second fluid flow device 16, pro-
duced by compressor 62, is at a volume flow rate of 320
L/min (i.e., 0.0053 m3/s) at a temperature of 78.5°C,
which equates to a Reynolds number of 2,182 (i.e., the
flow is laminar). The air flow from the first or preventing
fluid flow device 14, produced by compressor 58, is at a
volume flow rate of 60 L/min (i.e., 0.001 m3/s) at room
temperature, which equates to a Reynolds number of
1,150 (i.e., the flow is laminar). In example one, the noz-
Zle 25 of the fluid dispenser 12 is terminated at a distance
of 10 mm from the opening or fluid exit 34 of the first fluid
flow device 14. The apparatus 10 is operated according
to example one, produced dried particles with a yield of
90%. It is noted that particles are produced, since only a
single liquid was dispensed from the liquid dispenser 12.
[0033] Inexample two, a solution of Shellac (10% w/v)
is dispensed from a single concentric nozzle of the fluid
dispenser 12 at a volume flow rate of 30 mL/h (i.e., ap-
proximately 8.333*10-° m3/s) using pump 54, and a car-
rier phase is introduced at a pressure of 90 mbar using
compressor 50. In example two, the Shellac is a shell
liguid and water is dispensed as a core liquid at a volume
flow rate of 1 mL/h (i.e., approximately 2.77710-10 m3/s).
The velocity of the droplets exciting the fluid dispenser
12is 100 m/s and the droplets have a diameter of 80 pm
(+/- 5 pm). The air flow from the second fluid flow device
16, produced by compressor 62, is at a volume flow rate



9 EP 3 259 543 B1 10

of 80 L/min (i.e., approximately 0.0013 m3/s) at a tem-
perature of 70°C to 75°C, which equates to a Reynolds
number of 1,982 (i.e., the flow is laminar). The air flow
from the first or preventing fluid flow device 14, produced
by compressor 58, is at a volume flow rate of 8 L/min
(i.e., approximately 0.00013 m3/s) at room temperature,
which equates to a Reynolds number of 543 (i.e., the flow
is laminar). In example two, the nozzle 25 of the fluid
dispenser 12 is terminated at a distance of 10 mm from
the opening 34 of the first fluid flow device 14. That is to
say that the distance travelled by the dispensed droplets
is 10 mm within the first fluid flow device 14. During op-
eration, the apparatus 10, operated according to example
two, produced dried, monodispersed particles. It will be
understood that as the fluid in the core is just water in
this example, the water is evaporated and dried. There-
fore, nothing is retained in the core and the final dried
droplet is like a particle without a core. This is in contrast
to a capsule which includes a core material.

[0034] The applicant has determined that the velocity
ofthe confinement fluid in apparatus 10 such that atleast
99.5% of the droplets produced using the liquid dispenser
12 are recoverable and are able to pass to the second,
reaction fluid flow device 16, (0.5% of the droplets either
adhere to the internal walls of the first fluid flow device
14 or become agglomerated, for example) is expressed
according to the following formula:

,uf; 53 1/2
Unin 2 k|5
pgD1

where U, is the velocity of the confinement fluid, k is a
constantin the range of 0.2 to 2.0, and includes 0.2, 0.3,
04,05,06,0.7,08,0.9,1.0,1.1,1.2,13,14,15,186,
1.7,1.8, 1.9, 2.0 at least, My is the viscosity of the fluid
fed by compressor 58 (i.e., the viscosity of the confine-
ment fluid), H is the distance between a liquid outlet or
nozzle 25 of the liquid dispenser 12 and a fluid exit 34 of
the first fluid flow device 14, p; is the density of the con-
finementfluid, and D, is the external diameter of the liquid
dispenser 12.

[0035] Moreover, to achieve laminar flow in the first,
confinement, fluid flow device 14, Reynolds number
should be less than 4:103, where Reynolds number is
provided by the following known expression:

pgUD;
Hg

4.10% >

where U is the velocity of the confinement fluid and D5
is the internal diameter of the first fluid flow device. Ac-
cordingly, the velocity of the confinement fluid can be
determined within the range of:
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41032 > > k<ﬂg2 5>
pgDB png

[0036] In practical terms, the cross section of the pro-
tection device (i.e., the first fluid flow device) may be cho-
sen/designed to obtain the required velocity using an air-
flow rate as low as possible while considering the con-
finement air is cold and will cool the hot drying air, which
may decrease its drying capacity and avoiding droplet
interaction with the internal walls of the protection device
in order to achieve less than 0.5% losses.

[0037] Figure 5 illustrates two images of droplets. In
the upper image, polydispersed, agglomerated droplets
are illustrated that may be produced using the known
system illustrated in Figure 1, for example. The droplets
may have become agglomerated shortly afterleaving the
fluid dispenser 2. In the lower image, dried, monodis-
persed particles are illustrated, which are formed from
core-shell droplets dispensed according to example two
described above.

[0038] Figure 6 illustrates a partial cross-section
through the apparatus illustrated in Figures 2, 3 and 4.
In particular, a cross-section through the elongate sec-
ond conduit 36 of the second fluid flow device 16, the
elongate first conduit 26 of the first fluid flow device 14
and the fluid dispenser 12. The figure illustrates sche-
matically the fluid flow from each of the devices and how
itinteracts. As can be seenfrom the figure, the fluid exiting
the fluid dispenser 12 is travelling at a different velocity
to the fluid flow from the first fluid flow device 14, such
that there may be sheering where the two fluids meet,
which may cause local turbulence. However, the first fluid
flow device 14 is dimensioned so as to prevent any dis-
turbance to the droplet stream exiting the fluid dispenser
12. Similarly, the fluid exiting the first fluid device 14 is
typically travelling at a difference velocity to the fluid flow
exiting from the second fluid flow device 16, such that
there may be sheering forces where the two fluids meet,
which may cause local turbulence. Any disturbance be-
tween the first and second (i.e., the confinement and re-
action) fluid flows is less significant than any disturbance
between the droplets exiting the fluid dispense 2 and the
first fluid flow, since once the droplets have exited from
the first fluid flow and into the second fluid flow, they are
already typically stabilized. Once the first (confinement)
fluid flow has exited the first flow device 14 into the second
(reaction) fluid flow, the two fluids will gradually mix by
diffusion as the fluids flow from the left to the right in the
orientation shown in the figure, such that the increased
temperature of the second fluid flow will effectively in-
crease the temperature of the first fluid flow and dry the
droplets to form a powder.

[0039] Figure 7 illustrates a cross-section through a
flow focusing nozzle according to a second embodiment
of the invention. The nozzle illustrated in Figure 7 forms
the distal end of the liquid dispenser 12 illustrated in Fig-
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ures 2 and 3. In this regard the duct 24 forms the outer
channel or conduit of the nozzle. The nozzle is concen-
trically arranged and includes a firstinner channel or fluid
passage 51 (i.e., an outer fluid dispenser) arranged con-
centrically within the duct 24 and a second inner channel
or fluid passage 53 (i.e., an inner fluid dispenser) ar-
ranged concentrically within the first inner channel 51.
Although not illustrated in Figure 7, the channel or duct
formed between the duct 24 and the first inner channel
51 is coupled to the fluid inlet 22 illustrated in Figures 2,
3 and 4 for feeding a carrier fluid 59, the channel or duct
formed between the firstinner channel 51 and the second
inner channel 53 is coupled to the second fluid inlet 20
illustrated in Figures 2, 3 and 4 for feeding a shell-droplet
fluid 55, and the second inner channel 53 is coupled to
the first fluid inlet 18 illustrated in Figures 2, 3 and 4 for
feeding a core-droplet fluid 57. Each of the first and sec-
ond inner ducts 51, 53 are terminated within the duct 24
such that fluid exiting from these inner ducts interacts
with the carrier fluid 59 within duct 24. The nozzle, orifice
or outlet 25 allows the passage of the combined core-
shell fluid 57, 55 and the carrier fluid 59 out of the device
first as a stream, which subsequently forms droplets 61.
It will be appreciated that the firstinner wall 51 is optional,
andis not typically used if a single fluid is used to generate
the droplets (i.e., the generated droplets are not core-
shell type droplets). Each of the fluids 55, 57, 59 illustrat-
ed in Figure 7 may be a gas or a liquid.

[0040] During operation, fluid is fed to each of the fluid
inlets and travels along each respective ductto the orifice
25. As the fluids 55, 57 exit the first and second inner
ducts 51, 53 they do not typically mix, such that the first
fluid 55 forms an outer shell to the second fluid 57. The
carrier fluid 59 accelerates the first and second fluids 55,
57 to generate a monodispersed beam of droplets.
[0041] The applicant has determined that a collimated
stream of droplets having a geometric standard deviation
of the disbursement of droplets from the collimated
stream of droplets (i.e., a measure of the spread of drop-
lets with respect to the droplet stream) of less than 1.6
can be achieved with a nozzle configured to according
to the expression:

1+05 (5—;)

1/4
(DZAPprQl> 3
~ 140018 (ﬂ)
Ha

3
O]

where D is the nominal diameter of the discharge orifice
(i.e., orifice 25), AP is the pressure of the carrier fluid, p,
is the density of the fluid being dispensed, Q, is the flow
rate of the fluid being dispensed from the first fluid dis-
pensing device, ois the surface tension between the fluid
being dispensed and the carrier fluid, p, is the density of
the carrier fluid, and . is the viscosity of the carrier fluid.
In the nozzle illustrated in Figure 7, two fluids are used
to form a core-shell type droplet. in this case, the density
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of the fluid being dispensed (p)) is taken to be the greatest
density of the two fluids being dispensed. In the nozzle
illustrated in Figure 7, two fluids 55, 57 are dispensed to
form core-shell droplets, such that the density and vis-
cosity values (i.e., py and ug) are typically of the dis-
pensed fluid with the greatest fluid velocity, which is typ-
ically the shell forming fluid 55.

[0042] Preferably, a geometric standard deviation of
the disbursement of droplets from the collimated stream
of droplets ofless than 1.4, and more preferably less than
1.3 can be achieved using a nozzle configured according
to the above-expression. The angle of the fluid dispensed
from a nozzle (angle 63 illustrated in Figure 7) is prefer-
ably less than or equal to 5 degrees.

[0043] Figure 8 illustrates an apparatus 70 for spray
drying according to a second embodiment of the inven-
tion. Apparatus 70 is similar to apparatus 10 in that it
includes the same second flow device 16. Apparatus 70
also includes a similar first fluid flow device 14’ to that
described in association with apparatus 10, except the
opening 74 of the first fluid flow device 14’ is greater than
the opening 32 of the first fluid flow device 14 to accom-
modate a larger fluid dispensing device or fluid dispenser
72. The fluid dispensing device 72 is larger in diameter
than the fluid dispenser 12, since itincludes multiple noz-
Zles to produce multiple droplet streams, as is described
in association with Figure 10. The apparatus 70 is oper-
atedin the same manner as apparatus 10, except for the
fluid dispenser 72, which is described in association with
Figure 10.

[0044] The apparatus 70 illustratedin Figure 8 includes
a multi-nozzle dispensing device 72. Using the expres-
sion for a single nozzle dispensing device presented
above, itis possible to predict the velocity of the confine-
ment fluid required in a multi-nozzle dispensing device
to recover at least 99.5% of the droplets produced using
the multi-nozzle dispensing device. This is done by re-
placing the value of H in the previously presented ex-
pression with the expression H/(1-D,/D5), where H is the
distance between a liquid outlet or nozzle of the liquid
dispenser 72 and a fluid exit of the first fluid flow device
14’, D, is the smallest diameter of a virtual circle contain-
ing the centres of the discharge orifices/exits of the noz-
zles in the multi-nozzle dispensing device 72 and Dy is
the internal diameter of the first fluid flow device 14’. The
following expression is obtained:

1/2

pg H >

Upin 2 k
mm (P;Df(l — D,/Ds)3

where U,,,;, is the velocity of the confinement fluid, k is
a constant in the range of 0.2 to 2.0 and includes 0.2,
0.3,0.4,05,0.6,0.7,0.8,09,1.0,11,1.2,1.3,1.4,15,
16,1.7,1.8,1.9 2.0 at least, My is the viscosity of the
confinement fluid, H is the distance between a liquid out-
let or nozzle of the multi-nozzle dispensing device 72 and
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a fluid exit of the first fluid flow device 14°, Py isthe density
of the confinement fluid, D, is the external diameter of
the multi-nozzle liquid dispenser 72, D, is the smallest
diameter of a virtual circle containing the centres of the
discharge orifices/exits of the nozzles in the multi-nozzle
dispensing device 72 and D5 is the internal diameter of
the first fluid flow device 14’.

[0045] A specific example is now described using the
apparatus 70 described in association with Figure 8.
[0046] In example three, a solution of Arabic Gum
(10% wiv) is dispensed from a multiple nozzle including
8 nozzles of the fluid dispenser 72 at a volume flow rate
of 30 mL/h per nozzle (i.e., approximately 8.333*10-°
m3/s), and a carrier phase is introduced at a pressure of
85 mbar. The droplets have a diameter of 82 um (+/- 5
wm). The air flow from the second fluid flow device 16 is
at a volume flow rate of 550 L/min (i.e., approximately
0.0092 m3/s) at a temperature of 70°C to 75°C, which
equates to a Reynolds number of 4,330 (i.e., the flow is
NOT laminar). The air flow from the first or preventing
fluid flow device 14’ is at a volume flow rate of 50 L/min
(i.e., approximately 0.00083 m3/s) at room temperature,
which equates to a Reynolds number of 982 (i.e., the flow
is laminar). in example three, the nozzles 25 of the fluid
dispenser 72 are terminated at a distance of 10 mm from
the opening of the first fluid flow device 14’. Thatis to say
that the distance travelled by the dispensed droplets is
10 mm within the first fluid flow device 14’. The first fluid
device 14’ has a diameter of 60 mm. During operation,
the apparatus 70, operated according to example three,
produced dried, monodispersed particles.

[0047] Figure 9 illustrates an apparatus 80 for spray
drying according to a third embodiment of the invention.
Apparatus 80 is similar to apparatus 70 and includes four
fluid flow devices 14’, each having a fluid dispenser 72.
The second fluid flow device 16’ is also similar to the
second fluid flow device 16 of apparatus 10, but as can
be seen it is greater in diameter and includes four open-
ings 82 to accommodate the four fluid flow devices 14’.
Thefluid dispensing device 72 is described in association
with Figure 10. The apparatus 80 is operated in the same
manner as apparatus 70.

[0048] Figure 10 illustrates a multi-nozzle fluid dis-
penser 72 which may be used with the second and third
embodiments of the invention. The multi-nozzle fluid dis-
penser 72 includes 8 nozzles 25 in this example. Each
of the nozzles 25 includes an associated duct 24, first
inner channel 51, and second inner channel 53, as is
illustrated in Figure 7. These are notillustrated in Figure
10 for simplicity. Each of the ducts for each nozzle is also
coupled to an associated compressor or pump. It will be
appreciated that the same compressor/pump may feed
all of the respective ducts 24, firstinner channels 51, and
second inner channels 53 depending on the type of drop-
lets being formed.

[0049] it will be appreciated that the dimensions pro-
vided for the apparatus described herein are only exam-
ples and should not be considered to limit the scope of
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the invention. In this regard, the outer diameter of the
fluid dispenser may range from 5 to 100 mm. Further-
more, the internal diameter of the first fluid flow device
may range from 5.5 mm to 1000 mm and the internal
diameter of the second fluid flow device may range from
50 mm to 2000. Moreover, the ratio between the outer
diameter of the fluid dispenser and the internal diameter
of the first fluid flow device is from 1:1.1 to 1:100. It is
noted that the values for density and viscosity mentioned
herein are with respect to room temperature (i.e., 20°C
to 26°C). The viscosity mentioned herein is a dynamic
viscosity, and the density and viscosity values mentioned
herein have been determined using the standard test
method for dynamic viscosity and density of liquids by
Stabinger Viscometer, for example, in accordance with
the ASTM standards.

[0050] The examples are typically illustrated in a ver-
tical orientation such that the droplets are introduced at
the top and exit at the bottom of the apparatus. This is
the typical orientation of the apparatus during use.
[0051] In the examples described herein, the confine-
ment flow device is a single elongate conduit. However,
this can be increased to include multiple elongate con-
duits arranged concentrically. The multiple elongate con-
duits will also have different lengths, such that the short-
est conduit will terminate within the next longest conduit
and so forth. Thus, a nested, or telescopic, confinement
device is achieved.

Claims

1. An apparatus (10, 70, 80) for generating droplets,
the apparatus (10, 70, 80) comprising:

a liquid dispenser (12, 72) comprising a liquid
outlet (25) adapted to generate a collimated
droplet stream;

a first fluid flow device (14, 14’) configured to
generate a confinement fluid flow for confining
atrajectory of the droplet stream therein, the first
fluid flow device comprises an outlet (34) ar-
ranged to allow the droplet stream to exit there-
from, and further comprising a first conduit (26)
wherein the liquid outlet (25) is arranged so as
to dispense the droplets within the first conduit
(26) of the first fluid device (14,14),

a second fluid flow device (16, 16’) configured
to generate a reaction fluid flow for reacting with
droplets in the droplet stream, the second flow
device (16, 16’) comprising a second conduit
(36) and the first fluid flow device (14, 14") is
arranged within the second fluid flow device (16,
16’) sothat the droplet stream exits in the second
conduit (36) of the second fluid flow device
(16,16")

2. The apparatus (10, 70, 80) of claim 1, wherein the
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liquid dispenser (12, 72) is concentrically arranged
within the first fluid flow device (14, 14’°), and/or the
first fluid flow device (14, 14’) is concentrically ar-
ranged within the second fluid flow device (16, 16’).

The apparatus (10, 70, 80) of claim 1 or claim 2,
wherein each of the confinement fluid and/or the re-
action fluid is air.

The apparatus (10, 70, 80) of any one of claims 1 to
3, wherein the first (14, 14’) and/or second (16, 16")
fluid flow devices comprise an elongate conduit (24,
26), and the elongate conduit (24, 16) may be circu-
lar.

The apparatus (10, 70, 80) of any one of the preced-
ing claims, wherein the liquid outlet (25) comprises
a plurality of nozzles, each configured to generate a
droplet stream.

The apparatus (10, 70, 80) of any one of the preced-
ing claims, wherein the liquid dispenser (12, 72) is
configured to generate the droplet stream using flow
focusing.

The apparatus (10, 70, 80) of any one of the preced-
ing claims, wherein the first fluid flow device (14, 14’)
is dimensioned to produce a laminar fluid flow.

A system comprising the apparatus (10, 70, 80) of
any one of claims 1 to 7 and a first fluid flow gener-
ating device coupled to the first fluid flow device (14,
14’) and configured to provide the confinement fluid
to the first fluid flow device (14, 14).

A method of generating droplets using an apparatus
according to any one of claims 1 to 8, the method
comprising:

generating a droplet stream from a liquid dis-
penser (12, 72);

generating a confinement fluid flow within a first
fluid flow device (14, 14’) to confine the trajectory
ofthe droplet stream, wherein the droplet stream
is generated within the confinement fluid flow
and exits from an outlet (34) of the first fluid flow
device (14, 14°); and

generating a reaction fluid flow within a second
fluid flow device (16, 16°) for reacting with drop-
lets in the droplet stream, wherein the confine-
ment fluid flow is generated within the reaction
fluid flow.

The method of claim 9, wherein the reaction fluid
flow hardens the droplets to form particles and the
method comprises collecting the particles at an outlet
(44) of the second fluid flow device (16, 16°).
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1.

12.

13.

The method of claim 9 or claim 10, wherein a mini-
mum velocity of the confinement fluid flow is repre-
sented by the expression:

2n5

1/2
M H3>
g1

Upin = 0.2+ <

where: U,,;, is the velocity of the flow rate of the
confinement fluid;

Hg is the viscosity of the confinement fluid;

H is the distance between the liquid outlet (25)
of the liquid dispenser (12, 72) and the outlet
(34) of the first fluid flow device (14, 14°);

pyis the density of the confinement fluid; and
D, is the external diameter of the liquid dispens-
er (12, 72).

The method of anyone of claims 9-11, wherein the
temperature of the second fluid flow is greater than
the temperature of the droplet stream and/or the con-
finement fluid flow.

The method of anyone of claims 9-12, wherein the
reaction comprises hardening the droplets in the
droplet stream.

Patentanspriiche

1.

Vorrichtung (10, 70, 80) zum Erzeugen von Trdpf-
chen, wobei die Vorrichtung (10, 70, 80) Folgendes
umfasst:

eine Flussigkeitsabgabevorrichtung (12, 72),
umfassend einen Flussigkeitsauslass (25), der
geeignet ist, einen kollimierten Trépfchenstrom
Zu erzeugen,

eine erste Fluidstrdmungsvorrichtung (14, 14’),
die zum Erzeugen einer Beschrankungsfluid-
strdmung zum Beschranken einer Trajektorie
des Trépfchenstroms darin konfiguriert ist, wo-
bei die erste Fluidstrémungsvorrichtung einen
Auslass (34) umfasst, der angeordnet ist, um
einem Trépfchenstrom das Austreten daraus zu
ermdglichen, und ferner eine erste Leitung (26)
umfasst, wobei der Flissigkeitsauslass (25) an-
geordnet ist, um die Tropfchen innerhalb der
ersten Leitung (26) der ersten Fluidvorrichtung
(14,14’) abzugeben,

eine zweite Fluidstromungsvorrichtung (16,
16’), die zum Erzeugen einer Reaktionsfluidstré-
mung zum Reagieren mit Trépfchen in dem
Trépfchenstrom konfiguriert ist, wobei die zwei-
te Strdmungsvorrichtung (16, 16°) eine zweite
Leitung (36) umfasst und wobei die erste Fluid-
strémungsvorrichtung (14, 14’) innerhalb der
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zweiten Fluidstréomungsvorrichtung (16, 16’) an-
geordnet ist, sodass der Trépfchenstrom in der
zweiten Leitung (36) der zweiten Fluidstré-
mungsvorrichtung (16,16’) austritt.

Vorrichtung (10, 70, 80) nach Anspruch 1, wobei die
Flussigkeitsabgabevorrichtung (12, 72) konzent-
risch innerhalb der ersten Fluidstréomungsvorrich-
tung (14, 14’) angeordnet ist und/oder die erste Flu-
idstromungsvorrichtung (14, 14’)konzentrisch inner-
halb der zweiten Fluidstromungsvorrichtung (16,
16’) angeordnet ist.

Vorrichtung (10, 70, 80) nach Anspruch 1 oder An-
spruch 2, wobei jedes des Beschrankungsfluids
und/oder des Reaktionsfluids Luft ist.

Vorrichtung (10, 70, 80) nach einem der Anspriiche
1 bis 3, wobei die erste (14, 14’) und/oder zweite (16,
16’) Fluidstrémungsvorrichtung eine langliche Lei-
tung (24, 26) umfassen und die langliche Leitung
(24, 16) kreisfdérmig sein kann.

Vorrichtung (10, 70, 80) nach einem der vorherge-
henden Anspriiche, wobei der Flissigkeitsauslass
(25) mehrere Dusen umfasst, die jeweils zum Erzeu-
gen eines Tropfchenstroms konfiguriert sind.

Vorrichtung (10, 70, 80) nach einem der vorherge-
henden Anspriiche, wobei die Flissigkeitsabgabe-
vorrichtung (12, 72) zum Erzeugen des Trépfchen-
stroms unter Verwendung von Strémungsfokussie-
rung konfiguriert ist.

Vorrichtung (10, 70, 80) nach einem der vorherge-
henden Anspriiche, wobei die erste Fluidstrémungs-
vorrichtung (14, 14’) zum Herstellen einer laminaren
Fluidstrémung bemessen ist.

System, umfassend die Vorrichtung (10, 70, 80)
nach einem der Anspriiche 1 bis 7 und einer ersten
Fluidstrémungs-Erzeugungsvorrichtung, die an die
erste Fluidstrémungsvorrichtung (14, 14°) gekoppelt
ist und zum Bereitstellen des Beschrankungsfluids
an die erste Fluidstromungsvorrichtung (14, 14°)
konfiguriert ist.

Verfahren zum Erzeugen von Trépfchen unter Ver-
wendung einer Vorrichtung nach einem der Anspri-
che 1bis 8, wobeidas Verfahren Folgendes umfasst:

Erzeugen eines Tropfchenstroms aus einer
Flussigkeitsabgabevorrichtung (12, 72);

Erzeugen einer Beschrankungsfluidstrémung
innerhalb einer ersten Fluidstrdomungsvorrich-
tung (14, 14°), um die Trajektorie des Tropfchen-
stroms zu beschrénken, wobei der Tropfchen-
strom innerhalb der Beschrankungsfluidstré-
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mung erzeugt wird und aus einem Auslass (34)
der ersten Fluidstrémungsvorrichtung (14, 14’)
austritt; und

Erzeugen einer Reaktionsfluidstrémung in einer
zweiten Fluidstrdmungsvorrichtung (16, 16’)
zum Reagieren mit Tropfchen in dem Tropf-
chenstrom, wobei die Beschrankungsfluidstré-
mung innerhalb der Reaktionsfluidstrémung er-
zeugt wird.

10. Verfahren nach Anspruch 9, wobei die Reaktionsflu-

1.

idstromung die Trépfchen verfestigt, um Partikel zu
bilden und wobei das Verfahren das Sammeln der
Partikel an einem Auslass (44) der zweiten Fluid-
strémungsvorrichtung (16, 16’) umfasst.

Verfahren nach Anspruch 9 cder Anspruch 10, wobei
eine Mindestgeschwindigkeit der Beschrankungs-
fluidstrémung durch folgenden Ausdruck dargestellt
wird:

1/2

HZ HS
Uppin 2 0,2-( o 5)

pgD7
wobei: U,,, die Geschwindigkeit der Stré-
mungsrate des Beschrankungsfluids ist;
g die Viskositat des Beschrankungsfluids ist;
H der Abstand zwischen dem Flissigkeitsaus-
lass (25) der FlUssigkeitsausgabevorrichtung
(12, 72) und dem Auslass (34) der ersten Fluid-
strdmungsvorrichtung (14, 14’) ist;
pg die Dichte des Beschrankungsfluids ist; und
D, der AuRlendurchmesser der Flussigkeitsab-
gabevorrichtung (12, 72) ist.

12. Verfahren nacheinem der Anspriiche 9 bis 11, wobei

die Temperatur der zweiten Fluidstrdomung héher als
die Temperatur des Trépfchenstroms und/oder der
Beschrankungsfluidstrémung ist.

13. Verfahren nacheinem der Anspriiche 9 bis 12, wobei

die Reaktion das Verfestigen der Trépfchen in dem
Tropfchenstrom umfasst.

Revendications

1.

Appareil (10, 70, 80) pour la génération de goutte-
lettes, I'appareil (10, 70, 80) comprenant :

un distributeur de liquide (12, 72) comprenant
une sortie de liquide (25) adaptée pour générer
un flux de gouttelettes collimaté ;

un premier dispositif d’écoulement de fluide (14,
14’) configuré pour générer un écoulement de
fluide de confinement pour confiner une trajec-
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toire du flux de gouttelettes a l'intérieur, le pre-
mier dispositif d’écoulement de fluide comprend
une sortie (34) agencée pour permettre au flux
de gouttelettes de sortir de celui-ci, et compre-
nant en outre un premier conduit (26) dans le-
quel la sortie de liquide (25) est agencée de ma-
niére a distribuer les gouttelettes dans le premier
conduit (26) du premier dispositif a fluide (14,
14),

un deuxiéme dispositif d'écoulement de fluide
(16, 16) configuré pour générer un écoulement
de fluide de réaction pour réagir avec des gout-
telettes dans le flux de gouttelettes, le deuxiéme
dispositif d’écoulement (16’) comprenant un
deuxiéme conduit (36) et le premier dispositif
d'écoulementdefluide (14, 14’)estagencédans
le deuxieme dispositif d’écoulement de fluide
(16, 16’) de sorte que le flux de gouttelettes sort
dans le deuxiéme conduit (36) du deuxiéme dis-
positif d’écoulement de fluide (16,16’).

Appareil (10, 70, 80) selon la revendication 1, dans
lequel le distributeur de liquide (12, 72) est agencé
concentriqguement dans le premier dispositif d’écou-
lement de fluide (14, 14’), et/ou le premier dispositif
d’écoulement de fluide (14, 14°) est agencé concen-
triguement dans le deuxiéme dispositif d'écoulement
de fluide (16, 16’).

Appareil (10, 70, 80) selon la revendication 1 ou la
revendication 2, dans lequel chacun parmi le fluide
de confinement et/ou le fluide de réaction est de l'air.

Appareil (10, 70, 80) selon 'une quelconque des re-
vendications 1 & 3, dans lequel les premier (14, 14°)
et/ou deuxiéme (16, 16’) dispositifs d’écoulement de
fluide comprennent un conduit allongé (24, 26), etle
conduit allongé (24, 16) peut étre circulaire.

Appareil (10, 70, 80) selon 'une quelconque des re-
vendications précédentes, dans lequel la sortie de
liquide (25) comprend une pluralité de buses, cha-
cune étant configurée pour générer un flux de gout-
telettes.

Appareil (10, 70, 80) selon 'une quelconque des re-
vendications précédentes, dans lequel le distribu-
teur de liquide (12, 72) est configuré pour générerle
flux de gouttelettes en utilisant la focalisation en
écoulement.

Appareil (10, 70, 80) selon 'une quelconque des re-
vendications précédentes, dans lequel le premier
dispositif d’écoulement de fluide (14, 14’) est dimen-
sionné pour produire un écoulement de fluide lami-
naire.

Systéme comprenant I'appareil (10, 70, 80) selon
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I'une quelcongue des revendications 1 a 7 et un pre-
mier dispositif de génération d’écoulement de fluide
couplé au premier dispositif d’écoulement de fluide
(14, 14°) et configuré pour fournir le fluide de confi-
nement au premier dispositif d’écoulement de fluide
(14, 14’).

Procédé de génération de gouttelettes en utilisant
un appareil selon 'une gquelconque des revendica-
tions 1 a 8, le procédé comprenant :

la génération d’'un flux de gouttelettes a partir
d'un distributeur de liquide (12, 72) ;

la génération d’'un écoulement de fluide de con-
finement dans un premier dispositif d’écoule-
ment de fluide (14, 14 ’) pour confiner la trajec-
toire du flux de gouttelettes, dans lequel le flux
de gouttelettes est généré dans I'’écoulement de
fluide de confinement et sort d’'une sortie (34)
du premier dispositif d’écoulement de fluide (14,
14’); et

la génération d’'un écoulement de fluide de réac-
tion dans un deuxiéme dispositif d’écoulement
de fluide (16, 16 ’) pour réagir avec des goutte-
lettes dans le flux de gouttelettes, dans lequel
I'écoulement de fluide de confinement est gé-
néré dans I'écoulement de fluide de réaction.

10. Procédé selonlarevendication 9, dans lequel 'écou-

1.

lement de fluide de réaction durcit les gouttelettes
pour former des particules et le procédé comprend
la collecte des particules a une sortie (44) du deuxié-
me dispositif d’écoulement de fluide (16, 16°).

Procédé selon la revendication 9 ou la revendication
10, dans lequel une vitesse minimum de Pécoule-
ment de fluide de confinement est représentée par
I’expression :

Unin zo,z(ﬂ)“2

pgD?
ol : Uy, est la vitesse du débit du fluide de
confinement ;
g est |a viscosité du fluide de confinement ;
H est la distance entre la sortie de liquide (25)
du distributeur de liquide (12, 72) et la sortie (34)
du premier dispositif d’écoulement de fluide (14,
14%);
py est la densité du fluide de confinement ; et
D, est le diamétre externe du distributeur de Ii-
quide (12, 72).

12. Procédé selon I'une quelconque des revendications

9-11, dans lequel la température du deuxiéme écou-
lement de fluide est supérieure a la température du
flux de gouttelettes et/ou de I'écoulement de fluide
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de confinement.
13. Procédé selon I'une quelconque des revendications

9-12, dans lequel la réaction comprend le durcisse-
ment des gouttelettes dans le flux de gouttelettes.
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FIG. 1(prior art)
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FIG. 2
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FIG. 4
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FIG. 7
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FIG. 8

e i

20



EP 3 259 543 B1

21



EP 3 259 543 B1

FIG. 10
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