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(57) Abstract: A spray device for generating a slow moving aerosol, whereby the aerosol is generated from at least two impinging
jets and the jets are formed by forcing liquid through a single moulded plastic nozzle assembly comprising: a. one or more thin
walled sections (typically<200 pum) (18) where the thin wall sections (18) are supported by one or more thick walled sections (typic-
ally-200 pm) (17, 19). b. at least two opposing holes (13) with hydraulic diameters of 5 pm to 100um (typically 30 um) and axes at
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projected areas of the holes (13) at least partially intersect at the outlet side of the nozzle.
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Low cost impinging jel nozzle
Background

Aerpsols are highly effective and user-friendly methods of delivering pharmaceutical
ingredients to the lungs, nose, and eyes. Delivery is targeted, with fast uptake. Aerosols are
also simple for users o apply without direct user contact with lissue, avoiding many of the

complications from applying topical medicines such as eye drops.

Current low-cost asrosols (.g. nasal pump sprays) typically eject a fast moving spray with a
large fraction of large droplets that splash and dribble on impact, resulling in a poor user
experience, There is a need for a low cost aerosol device {(<£0.50) that produces a gentle,
slow moving (<10 mv/s) plume with a narrow droplet size distribution of 20 - 30 um, with low
flow rates (~50 ul/s). 1t must be possible to manufacture the device in large quantities
(millions per vear), and the device must be robust to manufacturing tolerances. Such a
device would have practical use for the aerosolisation of medicinal formulations {(e.g. nasal,

ophthalmic, sprays, topical) and consumer formulations (e.g. fragrances, sunscreen).

A slow mist can be produced by forcing liquid at high pressures through two holes such that
the liquid jets impinge cutside the nozzle and aerosolise. Such slow misis can be formed by
using an injection moulded nozzle such as that disclosed in US5358179 (1894) or
US7219849. However, it is difficult to reliably form holes less than 100 yms using injection
moulding and as resuli the flow rate through such nozzies is orders of magnitude higher than

what is desired for consumer health applications.

There is a need for a low cost means of reliably forming an impinging jet nozzle with hole
sizes less than 100 um. The axes of the holes must be accurately aligned and the hole exits
must be precisely formed, such that when liguid is forced through the holes under pressures
of greater than 1 bar, the resuitant jels consistently intersect to form a slow moving aerosol.
Furthermore, the hole walls should be relatively smooth to discourage deposits and
subsequent blocking. Ideally, the nozzle should comprise a single part, to minimise
assembly steps and BOM costs. The nozzle should be robust to pressures greater than 1
bar (and potentially up to 300 bar). It should made from a materials that exhibit reasonable
chemical and moisture siability such that it can be exposed to many of the chemical solvents

found in medicinal formulations without degradation in performance.

WO2008000084 introduces a method of forming an impinging jet nozzle with holes of 510 15
wim, whereby the holes are laser diilled perpendicularly into a flat plate. The flat plate is then

deformed after manufacture such that the axes of the holes intersect each other. Although
1
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this is relatively simple method of manufacture, the thin sheet must be supported in order io
connect it with the rest of the fluid feed and to prevent it permanently deforming under high
pressure. A 7 mun diameter, 100 um thick steel circuiar nozzie plate supporied only at the
edges wiil plastically deform at pressures as low as 6 bar. Hence, such a nozzie must be
held in a2 nozzie holder, typically comprised of at least two injection moulded parts and an
elastomeric face seal {e.g. US 7,621,268). This assembly must then stili be sealed to the
rest of the device. Furthermore, the manufaclturing method is likely to be sensitive to
manufacturing tolerances. The process is subject to variation from the shape of the deep
drawing tool, the shape of the thin mesh, the position of the laser drilled holes within the thin
mesh, the placement of the mesh within the deep drawing tools, and the amount of spring

back after drawing, which will be affecied by malerial and process properties.

The following invention proposes a number of forms of impinging jet nozzles with hole sizes

less than 100 um, that are low cosi, tolerance insensitive, and require few assembly steps.
Summary of the invention

The invention relates 10 a spray device and method(s) of forming such a device as set outin

the accompanying claims.

in particular, the device may comprise a nozzle with two or more holes with diameters of 5 —
100 um (preferably 30 um), where the axes of at least one pair of holes intersects each other
outward from the nozzle face. Preferably, when liquid is forced through the holes under
pressures of 1 — 300 bar, typically 10 bar, a slow moving asrosol of fine droplets with

diameters of 1 — 60 um, typically 30 pum, is generated.

The present invention provides a spray device for generating a siow moving aerosol,
whersby the asrosol is generated from at least two impinging jets and the jets are formed by
forcing liquid through a single moulded plastic nozzle assembly comprising

a. one or more thin walled sections (fypically <200 um) where the thin wall sections are
supported by one or more thick walled sections (typically >200 um).

b. at least two oppesing holes with hydraulic diameters of 5 um o 100um {typically 30
pmy and axes at an angle of between 55 and 125 degrees (preferably 90 degrees) to an
exiernal surface of the thin walied section, such that the projected areas of the holes at jeast

partially intersect at the outlet side of the nozzle.

The present invention also provides a spray device for generating an aerosol of liguid

medicament such as a liquid drug, solulion, suspension or colioid, whereby the aerosol is

2
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generated from at least two impinging jets and the jets are formed by forcing Hauid through a
single moulded plastic nozzle assembly comprising

a. one or more thin walied sections (<200 um) where the thin wall seclions are
supported by one or more thick walled sections (>200 um).

b. at least two opposing holes with hydraulic diameters of 5 pm to 100um (lypically 30
W and axes at an angle of between 55 and 125 degrees to an exiernal surface of the thin
walled section such that the projected areas of the holes at least partially intersect at the

outlet side of the nozzle.

For circular holes, the hydraulic diameter will be the diameter of the holes.

Preferably, the axes of the holes are orthogonal o the external surface of the thin walled
regions as this typically produces the cleanest and most precise hole formation, although

some deviation is possible with 35 degrees either side of orthogonal.

The nozzle assembly is preferably formed using a polymer, that has a mell flow index of at
least 0.15g/10min, preferably 3g/10min, and ideally 20¢/10min and an absorplion coefficient
greater than at least 0.001 um-1, preferably 1 um-1, and ideally 20 um-1 — at at least one

wavelength less than 370 nm.

The nozzle assembly may be formed using a polymer doped with additives that enhance the

absorption of laser energy.

The laser drilled holes are preferably formed using an Bxcimer laser and are preferably

formed through the thin-walled sections.

The laser drilled holes may also be formed using a solid siate laser with a harmonic

generator unit, such as a frequency fripled Nd:YAG.

The thick wall seclions preferably provide the sealing interface o the rest of the device

and/or provide handling features for manufacture.

The invention also provides method of forming a spray device for generating a slow moving
acrosol, whereby the aerosol is generated from at least two impinging jels, the method
comprising the steps of
forming a single moulded plastic part comprising one or more thin walled sections where the
thin wall sections are supported by one or more thick walled sections; and

3
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laser drilling at least two opposing holes with hydraulic diameters of 5 um to 100um (typically
30 um) and axes at an angle of between 55 and 125 degrees (preferably 80 degrees) o an
exiernal surface of the thin walied section, such that the projected areas of the holes at jeast

partially intersect at the outlet side of the nozzie assembly.

Additionally, the invention provides a spray device for generating an aeroscl, whereby the
aerosol is generated from at least two impinging jets and the jels are formed by forcing liquid
through respective channels in a nozzle assembly comprising

at least two components forming each channel, one or more of the components of each
channe! having an open recess in a surface such thal, when assembled, the components

form channels whose projected areas intersect external 1o the nozzle assembly.

The components forming a given channel may have abutling external surfaces defining the

channel therebetween.

The components forming a respective channel typically include a first component having a
first hole of a larger cross section into which a second component having a smaller cross

saction than the first hole is placed, the difference in cross section defining the channel.

The invention also provides a spray device for generating an aerosol of liquid medicament
such as a liguid drug, solution, suspension or colioid, whereby the aerosol is generated from
at least two impinging jels and the jets are formed by forcing liguid through respective
channels in a nozzle assembly comprising

at least two components forming a respective channel including a first component having a
first hole of a larger cross section into which a second component having a smaller cross

saction than the first hole is placed, the difference in cross section defining the channel.

The first hole may be formed by a first larger section and a second smaller section, wherein

the second component fits into the first larger section.

The aerosol may be of a liguid medicament such as a liguid drug, solution, suspension or

colloid.

Preferred embodiments of the invention include provision for a filter element to be placed

within the nozzle assembly.
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The device of the invention may be a nasal spray, opthalmic or topical spray, or may be an

inhaler.

Different fluids may be provided o different holes within a given device.

The shape of the fluid feed/channel/holes may facilitates the shear thinning of a thixetropic

solution, typically by narrowing towards an exit hole.

At least one of the impinging holes may be supplied with air to disperse, shape or evaporate

the dose.

Detailed Description

Figure 1 is an image of an impinging jet nozzle, formed according 1o the present invention,

by laser drilling two holes into a moulded plastic part with thick and thin walls.

Figure 2 is a side cross-sectional view of an impinging jet nozzle, formed according to the
present invention, by moulding a nozzle with two holes formed using a shaped mould pin

and then plugging the wider section of the hole, such that only a small hole remains.

Figure 3 is a side cross-sectional view of an impinging et nozzle, according to the present
invention, formed by combining an ouler component containing, a small moulded groove
with a blade or plug components such that two small impinging holes are formed on

assembly.

Figure 4 is a side cross-sectional view of an impinging et nozzle, according to the present
invention, formed by combining an outer nozzle with a blade or plug component, where the
blade or plug component contains a small moulded channel, such that two small impinging

holes are formed on assembly.

Figure 5 shows an impinging et nozzle, according 1o the present invention, formed by
combining an outer component with a conical plug component, where the outer component
contains a small moulded channel, such thal two small impinging holes are formed on

assembly.
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Figure 6 shows an impinging jet nozzle, according o the present invention, formed by
combining an outer component with a conical plug component, where the outer component
cotaing a small moulded channel, such that two small impinging holes are formed on

assembiy.

Figure 7 shows an impinging et nozzlie, according 1o the present invention, formed by
combining an outer component with a conical plug component, where the conical plug
contains a small moulded channel, such thal two small impinging holes are formed on

assembly.

Figure 8 shows an impinging jet nozzle, according to the present invention, containing a

recess to hold a filier component.

Figure 9 shows an impinging jet nozzle, according 1o the present invention, where each hole

is fed from a separaie fiuid feed, with a separate filter component.

Figure 10 shows an impinging et nozzle, where the fluid feed narrows towards the exit in

order to facilitate the shear thinning of viscous thixotropic liguids.

Figure 11 shows an impinging jet nozzle, where comprising channels thal narrow towards

the exit in order to facilitate the shear thinning of viscous thixotropic liquids.

Figure 12 a graph of viscosity plotted against time for a constant sheer stress applied to a

thixotropic PEG based formulation.

A single plastic moulded part with laser drilled holes

Plastic injection moulding is a common process used for manufacturing medical device
components. In this process, molien polymer is pumped at high pressure into & moulding
fool, wherein the polymer is cooled, and then ejected from ithe fool Parts with compilex

shapes can be manufactured cheaply in largs volumes.

Laser drilling of a polymer uses a high infensity laser to ablate material from a targel region.
When the beam hits the target surface, a combination of photochemical decomposition and
thermal processes take place. Holes with diameters as small as 1 um can be rapidly drilled.
The process is also cost effective in high volumes.

5
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An impinging jet nozzie can be formed by injection moulding a single plastic part and then
laser drilling two or more holes into the part that impinge by design to form a slow mist. This
method offers several advaniages over drilling and deforming a membrane and then
integrating it into an assembly. Firstly, an injection moulded plastic can have integrated large
features that can withstand high pressures and user handling, and be used to seal {o the rest
of the device without an additional nozzle holder. Secondly, the part can contain features
such that it can be easily aligned relative to the laser. By laser drilling the holes into a single
part, perpendicular to the cutlet surface, the tolerances are defined solely by the position of

the laser relative {0 the part.

While an injection moulded polymer impinging jet nozzle with laser drilled holes is altractive
for its cost of goods and low assembly costs, it is difficult to reliably implement in practice.
The placement of the laser drilled holes must be consistent, and furthermore the holes must
be well formed and highly reproducible otherwise the nozzies will produce irreguiar jets of
poorly controlled diameter that deviate from their intended trajectory and do not impinge o
form a slow mist. The injection moulded part can be designed in such a way {o facilitate this,
with certain requirements onto the laser set-up used, the material properties of the polymer,

and the geometry of the mouided plastic part.

in order to achieve a good hole qualily in a polymer, it is desirable to use an Excimer laser.
Typical chemical bonds in polymers have bond energies in the region of 3-8sV {for example,
C-C, C=0). By comparison, the photon energies of various lasers are shown in table 1. The
first two lasers in the table (CO; and YAG) produce photons clearly below the bond energy
of polymers. This typically results in a thermal ablation process with a large heat affected
zone {(HAZ), which can cause distortion and unfavourable changes to the mechanical
properties of the surrounding polymer. By contrast, the last 3 lasers in the table (Excimer
lasers) all produce photons around or above the bond energy of polymers. This means thata
much greater proportion of the energy absorbad by the polymer will be used in breaking
chemical bonds, resulling in less heating of the surrounding polymer and a smaller HAZ
Alternatively, a solid state Nd:YAG laser may be used with a harmonic generator unif, in

order o triple or quadruple the frequency, and drill at wavelengths of 370 nms and below.
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Table 1: Photon energy available for typical lasers.

Laser Wavelength Photon  energy
fype {nm}) {eV}

CO; 10800 .12

Nd:Yag 1064 1.2

XeCl 308 4

KrF 248 5

ArF 193 6.4

Furthermore, it is important that a polymer with a high absorption coefficient is used. A larger
a value results in the absorption of photons being concenirated in a smaller region at the
surface of the polymer. It has been found experimentally that polymers with a higher
absorption coefficient are better suited 1o laser drilling clean holes (see for example;, Martin F
Jensen, Laser micromachining of polymers (PhD thesis), p73). Polymers with poor
absorption, such as PTFE at 248nm, will tend to produce non-uniform and highly variable
features. For reliable drilling o be performed, a polymer is regquired with an absorption

coefficient of >0.001um™ at the wavelength produced by the laser.

In terms of geometry, the sheels of material being drilled into are preferably relatively thin
(<200 um) — the deeper the hole being drilied the more likely it is the ablated malerial will
redeposit in the hole, and the radiation will be attenuated by the edges of the hole. it is aiso
likely that reflections laser beam will reflect off the hole walls, causing further deterioration in
hole guality. Furthermore, the laser drilled holes should preferably be drilled perpendicular o
the external surface. Holes laser drilled at an obligue angle are characterised by uneven
profiles (Wu et al., Effects of excimer laser illumination on microdrilling inte an obligue
polymer surface. Optics and Lasers in Engineering) and are uniikely to produce two jets that

relizbly collide.

Although it is desirable to have thin wall sections o reliably laser-drill holes, these thin wall
sactions are preferably supported by thicker wall sections &> 200 um) in the injection
moulded part in order to ensure that the part can withstand the large generaied pressures
without substantial deformation. Moulding thin wall sections in an otherwise-thick part can be
difficult to achieve using injection moulding. As the polymer flows through the {ool, the melt
in contact with the walls of the ool will cool and sdlidify very quickly, and the polymer will
progressively cool over ime, gradually freezing further from the wall. This means that thin
8
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sactions of the tool cavily (and the resulting plastic part) will freeze first. Depending on the
geometry of the parl, some parts of the cavity will have frozen through the entire part
thickness before the whole cavily has been filled. This can block the flow of the moiten
polymer, preventing the part from being completely formed. This phenomenon is commoniy

referred to as ‘short shot'.

Short shot can be overcome in several ways. One of these is o increase the tool
temperature, so that the polymer remains soft and inviscid for longer. However, this
increases the time required to manufacture the part (cycle time’, which increases
proeduction costs. An allernative is to increase the pressure at which the polymer is injected,
though this is likely to result in increased flash. A third, preferred oplion is to change the
selected polymer for one with a lower viscosily, so that it flows more quickly into the tool.
This can allow the part to be fully filled more easily, without the negative aspects of higher

tool temperature or packing- or hold-pressure.

In the context of injection moulding, the viscosity of a polymer is commonly defined by the
Melt Flow Index (MF1), which is measured according 1o protocols set out in standards such
as ASTM D1238 and IS0 1133, These tests typically involve applying a specified load to
polymers al a specified temperature, and measuring the mass of material that can be
pushed through a capillary of specified dimensions in a specified period of time. The flow
through the capiliary is limited by viscous effects, so a higher MF! indicates that the polymer
has a lower viscosily. A typical result may be 18¢g/10min, such as quoled by Honam

Petrochemical corp for their J-56808 Polypropylene.

Only a small subset of polymers {without additives to improve laser drilling) have both MFis
and high absorplion coefficients of wavelengths between 150 and 370 nm. Preferred
polymers inciude polycarbonate, PMMA, nylon, ABS, or PET. Furthermore it is desirable that
these polymers exhibit chemical and moisture stability to many of the chemical solvents
found in medicinal formulations such that the nozzle can be used to spray these formulations

withoul degradation in performance.

in light of the difficulties described above, the design of an injection moulded impinging jet
nozzle with laser drilled holes that can be reliably formed is described. The nozzle is formed
from a single injection moulded plastic part shown in Figure 1, containing ong or more thin
wall sections <200 pm thick {18} into which holes {13} are laser drilled approximately
perpendicular (£25 degrees) 1o the surface, using an Excimer laser. The thin wall section(s)

are angled such that the axes of the holes intersect each other. These thin wall seclions are

9
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preferably approximately square, [.e. have a substantially square projected area, and have a
projected area of around 80,000um?, and are supported on all sides by a thick-walled region
{19, 17} of the part. By having a small area, with a relatively small aspect ratic (preferably
between 1 and 10 and ideally less than 4, defined by the ratio of unsupported length (longest
side} of thin-walled region : wall thickness of the thin-walled region), large pressure
differences in excess of 1C0bar can be sustained across the thin wall without plastic
deformation of the part. Furthermore, the thick wall sections (>200 um), prevent the thin wall

sections deflecting by more than 5 degrees under pressures of 5 - 50 bar.

The thick wall sections {19} also provide a sealing interface io the rest of the aerosol device,
such that the nozzle can be used without an additional nozzle holder assembly and provide
alignment features for manufacture. The recess {14} provides a location for an optional filter

elements as described in reference o Figure 9 later in the text.

in order {o create these nozzie features in an injection moulded part, the polymer is injected
into through the thick-walled region of the part (18), such that that the polymer remains in a
molien siate in the thick-walled region, while the thin-walled region is completely filied. The
nozzle is manufactured using a polymer that has a mell flow index of greater than
0.15¢g/10min such that short shot problems are avoided, and absorption coefficient at the
wavelength emitied by the chosen laser of > 0.001 um™, such that the laser drilled holes are
weli-formed. Polycarbonate drilled with a kif laser is an example of a polymer and laser
sysiem that satisfies both of these requirements. Alternatively a polymer with an additive o

improve laser drilling performance can also be used.
Combined large and small moulded feature to support small feature during moulding

When moulding plastic components the minimum size of through holes is often limited by the
structural properties of the mould pin needed to form the small hole. Below reasonable limit
of 100 um or more often 200 um the challenge of avoiding mould pin breakage and
achieving stability during moulding becomes problematic for volume production. The use of
wire as a continuously repiaceable mould pin can help with this challenge but it too has

limitations, especially in the case of wanting o form two nozzles that have intersecting axss.

Therefore the use of a shaped mould pin such as that in figure 2 offers an alternative. In
this case the thicker section {20} provides the necessary support for the pin to withstand the
moulding process reliably and the small feature {21} allows the formation of a narrow

channel.

10
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Following moulding if the wider section (22) is plugged by a ball, rod or similar solid object
such as a short length of extruded rod or a moulded pin then this offers a means 1o embody
two small holes formed by the exit of the channel (23} that are accurately placed and with

aligned axes to facilitate impinging jets whilst using conventional moulding
Grooves in plug or body

An alternative method of forming narrow tubular features is to combine small features in one
component as a groove or channel at the edge of a wider opening and then plug the wider
opening with a separate component. Figure 3 shows a nozzle body moulded (31} with a
larger central slot  which in turn has narrow channels or grooves at its edges (32). The
larger central siot is plugged by a separate component (30). Similarly Figure 4 shows
an arrangement where small grooves are formed on the biade or plug component {41}. In
both Figures 3 and 4 the combination of the blade or plugging component and the outer
body sllow formation of small closed fluid channels terminating in nozzles {33} and (43)
respectively suitable for forming impacting jets and are well suited io conventional moulding

methods.

A further embodiment using a similar principle replaces the flat central plug with one of a
circutar fruncated conical form. In Figure 5 the grooves needed to form the narrow channels
are formed in the conical plug {81) and when this is pressed into place within the body {580)
narrow and aligned nozzles can be formed. An advantage to the conical plug approach is
that it is orientation independent for the assembly of the components (80) and (51). In a
similar way to Figures 3 and 4 the small groove features could be formed in either of the
mating components. Figure 8 shows an implementation where the groove features are

formed in the body component {60}

in designing such components it can be advantagecus fo include all of the fluid feed
sections in one or other component {o eliminate the nesd for alignment of the two
components. However by including wide openings such 85 an annular manifold (84} in the

body component {60) in Figure 8 such need for alignment can be eliminated. .
U Channels and narrow tubes

As an alternative to moulding narrow features into the body component simple larger holes
could be moulided such that when these are plugged by a secondary component a small
hole is formed. This arrangement is shown in Figure 7 and the shape of the holes {71) can
be chosen to suit the material used to plug the holes. This offers the advantage of making

the body component entirely suiled fo standard injection moulded volume production
11
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methods. The slements used 1o plug the holes can be of the form of a narrow tube with a
fine inner diameter, such as could be formed by deep drawing stainless steel, or an extruded
fube such as those used in HPLC pipework which is commercially available in outer
diameter sizes including 0.26mm to 1.57mm with inner diameters including 25 um , 50 um,
65 um and 75 um. Alternatively the plugging element could be an open channel such as the
form of a U channel {72) where the narrow groove will in combination with the hole in the
hody forms the required nozzles. Such an element could be moulded or extruded as the

open structure is particularly well suited 1o extrusion.
Filter

For reliable operation it is sometimes beneficial {o include a filter component close to the exit
nozzies to avoid contamination and subsequent blocking of the nozzies. It is further
beneficial if such a filter is located a short distance along the fluid path from the exit nozzles.
For the nozzie constructions seen in Figures 3, 4, 5 and 8 provision of a recess in the body
of the component allows a filter element o be pressed into place within the nozzle assembly.
Such an arrangement is shown in Figure 8 where (80} represenis a generic version of the
nozzle body as seen for the various options discussed in reference 1o figures including 3, 4,
5 and 8. The recess in the body (80} labelled (81) is suitable for receiving the filter element
and {82) is the filter element. Optionally the filter element may incorporate a seal such as a
compliant member moulded to the edge of the filter or a seal such as an O ring could be
included between the filter and nozzle body. The filier element itseif could be a fused metal
filter such as a sintered filter block, a fused polymer filter or other filter elements well known
in the art. AHernatively to suit this particular application a laser drilled membrane may be
used as this provides a clean filler which does not need post manufacturing washing,
provides a specific hole size {o act as an absolute filter. Whereas a drilled membrane may
ordinarily be overlocked for many filtering applications due to relatively low contamination

tolerance in this controlled case this limitation is not a significant drawback.
Dual fluid feed

There may be occasions when it would be beneficial to feed different fluids to sach nozzle.
in the case of a dual nozzle arrangement this would allow mixing of two different liquids that
could not be stored together for stability or compatibility reasons but which would be
beneficially delivered as a combined dose. Allernalively in a dual or multi nozzle
arrangement the delivery of air or other gas may be used o alter the shape of the plume of
delivered dropiets to help optimise the plume to the intended use. For example fo increase

dispersion of the plume to cover a wider area or to help mix the plume with surrounding air
12
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and so help evaperation. By arranging the fluid feeds t¢ be separale from each other in
gither the body or central plug features as shown schematically in Figure 8 individual fluid
connections can be made (92} to supply the nozzles {84). Filter elemenis could be added {0
the individual fluid paths (83}

Shear Thinning

Many drug formulations and in particular topically applied formulations have high static
viscosity but shear thin to & significant extent. For example, the viscosity of a PEG based
formutation for a nasal spray can decrease by over 100 times when a shear stress is applied
(Figure 12). The high static viscosity can prove problematic for spray devices which need
relatively narrow channels, such as those described above, and high fluid speeds fo form
smail droplets and so may have issues with achieving sufficient flow for successful start up.
Shear thinning is particularly important for the impinging nozzles described in all the various

examples due o the small hole sizes.

By arranging the fluid to be held away from the narrowest part of the fluid dispensing head
and having a fluid path that gradually narrows towards the nozzie can resolve this issue.
Once fluid is first acted on by the pressure generating mechanism it will start to move and
start to shear thin. As the fluid moves {o the narrower cross sectional areas the speed of

movement will increase and the shear thinning will also increase.

One form of nozzle of reducing cross section is illustrated in Figure (18). Here the fluid path
gradually reduces in cross section so that fluid starting at the wider part of the fluid path is
accelerated by conservation. As the fluid starls to move s the molecules align and the #uid
starts to shear thin. By arranging the geometry such that the fluid shear thins progressively
through its journey through the flow path the pressure needed to initiate flow will not be
significantly higher than that needed to maintain the target flow rate once the fluid has shear
thinned. This is achieved by the ratio of areas of the start and end of the fluid path and the

rate of change such that there is sufiicient time for the shear thinning to occur.

The narrowing cross section nozzles could be formed using the methods and/or structures
described above in relation to Figures 1 {0 9, especially when the nozzle tapers to the outlet
as shown in Figure 10. Alternatively or additionally, narrowing channels could be formed by

moulding or by the use of a separate component as described below.

A further implementation (Figure 11) of the progressively narrowing fluid path can be
implemented by construction of a nozzle head from a number of cpen channels {1158} of

reducing cross section which are covered and sealed by a second member (111}, The
13
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second member (111} is connected to the fluid reservolr by means such as an annular
manifold channel {112) or other relatively large cross sectional area fluid channel. In tum the,
now sealed, channels {115} connect {o tapered holes {113} which communicate with the exit
nozzies {114}, If ihe reducing areas channels formed by such a method are dry at the start
of the spray then as the fluid is first acted on it will be accelerated from a wide cross
sactional area 1o the narrow area. Again by designing the geometlry appropriately the rate of
acceleration can be tuned to match the shear thinning time behaviour of the fluid such that

the progression of flow speed matches the shear thinning of the fluid.

14
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Claims

1. A spray device for generating a slow moving aerosol, whereby the aerosol is
generated from at least two impinging jets and the jels are formed by forcing lguid
through a single moulded plastic nozzle assembily comprising

a. one or more thin walled sections (typically <200 um) where the thin wall
sactions are supportad by one or more thick walled seclions (typically >200
pmy.

b. at least two opposing holes with hydraulic diameters of 5 um to 100pum
{typically 30 um} and axes at an angle of between 55 and 125 degrees
{preferably 90 degrees) to an exiernal surface of the thin walled section, such
that the projected areas of the holes at least partially intersect at the outlet

side of the nozzle.

2. A spray device for generaling an aerosol of liguid medicament such as a liguid drug,
solution, suspension or colloid, whereby the aerosol is gensrated from at least two
impinging iels and the jels are formed by forcing liguid through a single moulded
plastic nozzle assembily comprising

a. one or more thin walled sections (<200 um) where the thin wall sections are
supported by one or more thick walled sections (>200 um).

b. at least two opposing holes with hydraulic diameters of 5 um to 100um
{typically 30 um) and axes at an angle of between 55 and 125 degrees 1o an
external surface of the thin walled section such that the projected areas of

the holes at least partially intersect at the outlet side of the nozzie.

3. A spray device as in claim 1 or 2, wherein the nozzle assembily is formed using a
polymer, that has a melt flow index of at least §.15g/10min, preferably 3g/10min, and
ideally 20g/10min and an absorption coefficient greater than at least 0.001 um™,

preferably 1 um™, and ideally 20 um™ at at least one wavelength less than 370 nm.

4. A spray device as in claim 1 or 2, wherein the nozzie assembly is formed using a

polymer doped with additives that enhance the absorption of laser energy.

5. A spray device as in claim 1 or 2, where in the laser drilled holes are formed using an

Excimer laser.

15
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6.

~i

10.

11

12.

A spray device as in claim 1 or 2, where in the laser drilled holes are formed using a

solid state laser with a harmonic generator unit.

A spray device according to any one of the preceding claims, where the thick wall

sections provide the sealing interface to the rest of the device.

A spray device according (o any one of the preceding claims, wherein the thick

walled sections provide handling features for manufacture.

A spray device according to any ong of the preceding claims, whersin the holes have

been formed by laser drilling through the thin walled section{s).

A method of forming a spray device for generating a slow moving aerosol, whereby
the aerosol is generated from at least two impinging jets, the method comprising the
steps of:

forming @ single moulded plastic part comprising one or more thin walled
sections where the thin wall sections are supported by one or more thick walled
sections; and

laser drilling at least two opposing holes with hydraulic diameters of 5 um to
100um (typically 30 um) and axes al an angle of between 55 and 125 degrees
{preferably 80 degrees) to an external surface of the thin walled section, such that
the projected areas of the holes at least partially intersect at the outlet side of the

nozzle assembly.

A spray device for generating an aerosol, whereby the asrosol is generated from at
least two impinging jels and the jets are formed by forcing liguid through respeciive
channels in a nozzie assembly comprising
at least two components forming each channel, one or more of the components
of each channel having an open recess in a surface such that, when assembiled,
the components form channels whose projected areas intersect external to the

nozzle assembly.

A spray device according to claim 11, wherein the components forming a given
channel have abulting external surfaces defining the channel therebetween.
16
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13.

14.

15.

16.

17.

18.

19.

20.

21.

A spray device according to either claim 11, wherein the components forming a
respective channel include a first component having a first hole of a larger cross
section into which a second component having a smaller cross section than the first

hole is placed, the difference in cross section defining the channel.

A spray device for generating an aeroso! of liguid medicament such as a Hquid drug,
solution, suspension or colloid, whereby the aerosol is generated from at least two
impinging jets and the jets are formed by forcing liguid through respeciive channeis in
a nozzle assembiy comprising

at least two components forming a respective channel including a first component
having a first hole of a larger cross section into which a second component having a
smaller cross section than the first hole is placed, the difference in cross section

defining the channel.

A spray device according to claim 14, wherein the first hole is formed by a first larger
section and a second smaller section, wherein the second component fits into the

first larger section.

A spray device according to any one of claims 11 to 15, wherein the aerosol is of g

liquid medicament such as a liquid drug, solution, suspension or colioid.

A spray device or methed according to any one the preceding claims, whereby

provision is made for a filter element to be placed within the nozzle assembly.

A device or method according to any one of the preceding claims, wherein the device

is @ nasal spray, opthalmic or topical spray.

A device or method according to any one of the preceding claims, wherein the device

i$ an inhaler.

A spray device or method according to any one the preceding claims where at least

two of the impinging holes are supplied with different fluids.

A spray device or method according to any one the preceding claims where the
shape of the fluid feed facilitates the shear thinning of a thixotropic solution.
17
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22. A spray device or method according to any one the preceding claims, where shear
thinning of a thixotropic solution is achieved by having the channel for that solution

that progressively narrows towards the exit hole.
23. A spray device or method according to any one the preceding claims where al least

one of the impinging holes is supplied with air io disperse, shape or evaporate the

dose.

18
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