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(57) Abstract: A nozzle is provided for an apparatus for depositing a liquid,
semi-liquid or semi-solid food product. The nozzle (200) comprises a prox-
imal end (202) and a distal end (204), the distal end (204) having an outlet
(208) for depositing the liquid, semi-liquid or semi-solid food product. An
external surface of the nozzle (200) includes a distal portion (212) that con-
verges towards the outlet (208) at the distal end (204). A bore (230) extends
from an inlet (206) to the nozzle (200) at the proximal end (202) of the
nozzle (200) to the outlet (208) from the nozzle (200) at the distal end (204)
of the nozzle (200). The bore (230) has a first portion (228) having a first
cross-sectional area and a second portion (240) distal with respect to the first
portion. The second portion (240) of the bore flares from the first portion
(228) of the bore (230) to meet the external surface (209) at the outlet (208),
whereby the outlet (208) has a second cross-sectional area larger than the
cross-sectional area of the first portion (228). The flaring of the second por-
tion (240) of the bore (230) enables expansion of the gas in the liquid, semi-
liquid or semi-solid food product while within the contines of the flare of the
bore (208), while still providing for a controlled tflow of the liquid, semi-li-
quid or semi-solid food product from the outlet.
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Method, Apparatus and Nozzle for Depositing

Field

The present subject matter is relates to an apparatus for depositing a liquid, semi-liquid or
semi-solid food product and to nozzles for such an apparatus. More particularly, but not
exclusively, the subject matter relates to such an apparatus and nozzle for use in filling
mould cavities for finished confectionery products. The subject matter also relates to a

method for depositing a liquid, semi-liquid or semi-solid food product.

Background

It is known to deposit liquid, semi-liquid or semi-solid food products in confectionery
manufacturing processes. Such products may, for example, be deposited into a mould
cavity for producing a finished confectionery product. One example of such a process is
the depositing of liquid chocolate into a mould cavity for the production of a chocolate bar.
Fillings for confectionery products, such as fondants, caramels, mousses or truffles, may

also be deposited.

As used herein the term ‘chocolate’ denotes any products that meet a legal definition of
chocolate in any jurisdiction and also include product in which all or part of the cocoa
butter is replaced by cocoa butter equivalents (CBE) and/or cocoa butter replacers (CBR).
The terms ‘chocolate compound’ or ‘compound’ as used herein (unless the context clearly
indicates otherwise) denote chocolate analogues characterised by presence of cocoa
solids (which include cocoa liquor/mass, cocoa butter and cocoa powder) in any amount,
notwithstanding that in some jurisdictions compound may be legally defined by the
presence of a minimum amount of cocoa solids. The term ‘choco-material’ as used herein
denotes both chocolate and compound. The term ‘chocolate coating’ as used herein also
refers to a chocolate shell and denotes coatings made from any choco-material. The term
‘chocolate confectionery’ as used herein denotes any foodstuff which comprises choco-
material and optionally also other ingredients and thus may refer to foodstuffs such
confections, cakes and/or biscuits whether the choco-material comprises a chocolate
coating and/or the bulk of the product. Unless the context clearly indicates otherwise it
will also be appreciated that in the present invention any one choco-material may be used
to replace any other choco-material and neither the term chocolate nor compound should

be considered as limiting the scope of the invention to a specific type of choco-material.
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In order to produce certain types of food product, it is desirable to add a gas into liquid
chocolate prior to depositing. This process is typically known as aeration, and can be
used to provide different effects according to the pressures and gases used. Various

pressures have been proposed in different applications ranging from about 4 bar to 12

bar. Difference gases can also be used in different applications.

For example, adding carbon dioxide (CO3) to liquid chocolate prior to depositing can result
in a chocolate product with visible bubbles in the final chocolate product; a process

typically known as “macro aeration”.

By way of a further example, adding nitrogen (N2) to liquid chocolate prior to depositing
can result in a chocolate product where the bubbles that are formed are too small to be
seen by the naked eye in the final chocolate product; a process typically known as “micro

aeration”.

When the liquid chocolate emerges from the outlet orifice of a nozzle of a depositing
apparatus, the dissolved gas expands causing the formation of the bubbles. It has been
observed in operation under at least certain operating conditions, for example when
employing macro aeration, that there can be a build up of chocolate mass around the exit
orifice of a nozzle of a depositing apparatus, an effect which is described herein as
‘cauliflowering’ in view of the similar appearance assumed by such chocolate mass. This
effect can be undesirable as the build-up of chocolate mass can potentially fall into the
product. This is a problem not specific to a particular type of apparatus for depositing
aerated chocolate, but is experienced with different machines for depositing aerated
chocolate. It is also to be noted that similar problems are also encountered in the

production of other food products, such as the production of dairy products.

International patent application WO 2010/102716 describes an example of an apparatus
for depositing a liquid, semi-liquid or semi-solid food product, the apparatus comprising: a
fixed volume chamber for receiving the food product under a positive pressure, the
chamber being defined by chamber walls, one of the chamber walls being provided with
an outlet orifice for depositing the food product, the outlet orifice being provided with a first
sealing surface; and a valve spindle arranged for reciprocating movement within the
chamber, the length direction of the valve spindle extending substantially perpendicular to
the chamber wall in which the outlet orifice is provided, a first end of the valve spindle

being provided with a second sealing surface; wherein the second sealing surface of the
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valve spindle is arranged for abutting the first sealing surface of the outlet orifice to

thereby close the outlet orifice.

European patent application EP 2016837 discloses (see the Abstract) an apparatus with
at least one discharge passageway extending to at least one elongate discharge outlet for
depositing a confectionery mass, wherein at least one discharge passageway diverges in
a direction towards the discharge outlet. It is described in paragraph [0014] that generally,
in a plan view, the discharge passageway can be described to have the shape of a fishtail
and that, described three-dimensionally, the passage is a hollow truncated pyramid, with
the discharge outlet constituting the base, and the inlet end of the discharge passageway
constituting the upper part of the pyramid. It is described in paragraph [0010] in
EP2016837 that the length of the discharge outlet extends substantially perpendicular to a
direction in which molds or any other molding means is moved relative to the discharge
outlet, hence the confectionery mass can be deposited into the molds in the shape of
relatively wide strips. It is described in paragraph [0011] in EP2016837 that depositing a
relatively wide strip of aerated confectionery mass into a mould can reduce a need for

shaking or vibrating of the mould.

Accordingly, it is desired to find a solution to the problem of cauliflowering in the

depositing of aerated chocolate and other food products.

Summary

The presently claimed subject matter is defined in the claims.

In one aspect, a nozzle is provided for an apparatus for depositing a liquid, semi-liquid or
semi-solid food product. The nozzle comprises a proximal end and a distal end, the distal
end having an outlet for depositing the liquid, semi-liquid or semi-solid food product. An
external surface of the nozzle includes a distal portion that converges to the outlet at the
distal end. A bore (also described herein as a channel or passage) extends from an inlet
to the nozzle at the proximal end of the nozzle to the outlet from the nozzle at the distal
end of the nozzle. The bore has a first portion having a first cross-sectional area and a
second portion distal with respect to the first portion. The second portion of the bore
flares from the first portion of the bore to meet the external surface at the outlet, whereby
the outlet has a second cross-sectional area larger than the cross-sectional area of the
first portion. The flaring of the second portion of the bore enables controlled expansion of

gas in the liquid, semi-liquid or semi-solid food product within the confines of the flare of
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the bore, while still providing a controlled flow of the liquid, semi-liquid or semi-solid food

product from the outlet.

An apparatus for depositing a liquid, semi-liquid or semi-solid food product can comprise a
fixed volume chamber for receiving the food product under a positive pressure, the
chamber being defined by chamber walls, one of the chamber walls being provided with
an outlet orifice for depositing the food product defined such a nozzle installed in the
chamber wall. A valve spindle can be arranged for reciprocating movement within the
chamber, a first end of the valve spindle being provided with a second sealing surface
arranged for abutting the first sealing surface of the nozzle to thereby close the outlet

orifice.

A method of depositing a liquid, semi-liquid or semi-solid food product can comprise

operating such an apparatus.

Brief Description of the Drawings

Embodiments are described, by way of example only, with reference to the accompanying

drawings, in which:

Figure 1 is a schematic cross-sectional view of an apparatus for depositing a liquid, semi-

liquid or semi-solid food product;

Figure 2 is a plan view of the apparatus shown in Figure 1;

Figures 3A and 3B are cross-sectional views though a nozzle as illustrated in WO
2010/102716 illustrating the interaction of sealing surfaces of the nozzle and a valve shaft
in first and second positions;

Figure 4A is a perspective view of an embodiment of a nozzle as claimed herein for use
with the apparatus of Figures 1 and 2, Figure 4B is a bottom view of the nozzle of Figure
4A, Figure 4C is a side view of the nozzle of Figure 4A and Figure 4D is a cross-sectional
view of the nozzle of Figure 4A.

Figures 5A and 5B illustrate example embodiments of nozzles claimed herein.

Figures 6A and 6B illustrate velocity profiles for different nozzle configurations
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Detailed Description

An example of a nozzle as described herein for an apparatus for depositing a liquid, semi-
liquid or semi-solid food product has the effect of reducing cauliflowering when depositing
the liguid, semi-liquid or semi-solid food product. The problem of cauliflowering is not
specific to a particular type of apparatus for depositing aerated chocolate, but is
experienced with different machines for depositing other food products, whether aerated
or not. An example apparatus for depositing a liquid, semi-liquid or semi-solid food

product is described herein.

An example depositing apparatus is described in WO 2010/102716 and with reference to
Figures 1 and 2 herein. The example apparatus comprises a fixed volume chamber for
receiving the food product under a positive pressure, the chamber being defined by
chamber walls, one of the chamber walls being provided with an outlet orifice for
depositing the food product, the outlet orifice being provided with a first sealing surface.
The apparatus also comprises a valve spindle arranged for reciprocating movement within
the chamber, the length direction of the valve spindle extending substantially
perpendicular to the chamber wall in which the outlet orifice is provided, a first end of the
valve spindle being provided with a second sealing surface. The second sealing surface
of the valve spindle is arranged for abutting the first sealing surface of the outlet orifice to

thereby close the outlet orifice.

The example apparatus 1 for depositing a liquid, semi-liquid or semi-solid food product 3
comprises a fixed volume chamber 5 for receiving the food product 3 under a positive
pressure in the range of 4 to 12 bars, for example 4 to 6 bars. The chamber 5 is provided
with an inlet 7 and an outlet 9 for supplying the food product 3 to the chamber 5 from a
pump (not shown). Suitable pumps and supply lines will be apparent to those skilled in
the art. The pump is configured to supply the food product 3 to the chamber at a rate of,

for example, approximately 125% of the intended depositing rate.

Side walls 11 of the chamber 5 are provided as a unitary body formed of, for example, a
stainless steel casting. Bottom and top walls of the chamber, which are substantially flat,
are formed of, for example, stainless steel plates 13, 15 bolted and sealed to the side

walls 11.
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The bottom wall 13 of the chamber 5 is provided with a plurality of apertures 17 having a
two dimensional arrangement for producing a desired depositing pattern (see Figure 2).
As shown, the two dimensional arrangement of apertures 17 is a regular row and column
array of 64 apertures. Other arrangements are, however, possible. A nozzle 19 is fitted
into each of the apertures 17 and defines an outlet orifice through which the food product
3 is deposited. An inside surface of the nozzle 19 is provided with a conical surface,

which surface serves as a first sealing surface.

The apparatus also comprises a plurality of valve spindles 21 associated with respective
outlet orifices and a plurality of linear pneumatic actuators 23 associated with respective

valve spindles 21.

Each valve spindle 21 is in the form of an elongate circular rod, or needle. A first (lower)
end of the spindle 21 is provided with a conical surface which serves as a second sealing
surface and is adapted for making sealing contact with the first sealing surface of a
respective nozzle 19, as described above. The valve spindle 21 has a length slightly less
than the internal height of the chamber § (measured across the inner surfaces of the
bottom and top plates 13, 15 of the chamber 5). A second (upper) end of the valve
spindle 21 is attached to a respective actuator 23, which is itself attached to the top plate
15 of the chamber 5. The actuator 23 is attached to the top plate 15 of the chamber 5
such that it can be accessed for repair or replacement without significant disassembly of

the apparatus 1.

The actuators 23 and valve spindles 21 are arranged with their axes perpendicular to the
bottom and top plates 13, 15 such that the actuators 23 can be operated to longitudinally
displace the valve spindles 21 relative to the chamber walls with reciprocating movement.
The valve spindles 21 are arranged such that, with the valve spindles 21 in their upper
position, the outlet orifices are open so the food product 3 is deposited. With the valve
spindles 21 in their lower position, the sealing surfaces of the nozzle components 19 and
the valve spindles 21 are in sealing contact to thereby close the outlet orifices and prevent

the flow of the food product 3.

The actuators 23 can be operated independently so that the flow of food product 3 can be
varied between different outlet orifices, with a selectable number of the outlet orifices

being open at any one time.
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The actuators 23 are each connected to a pneumatic circuit (not shown) for providing
linear movement and a controller (not shown) for controlling the pneumatic circuits.
Suitable pneumatic circuits will be known to those skilled in the art. Suitable controllers

include programmable logic controllers (PLCs) and suitably programmed computers.

In use of the apparatus 1, the controller is arranged to control the actuators 23 to
independently open and close the respective outlet orifices for starting and stopping the
deposition of the food product 3. The flow rate of the food product 3 through the outlet
orifices can be controlled by opening and closing the outlet orifices in a cycle having a
frequency of at least 2 Hz, and by varying the proportion of the cycle time in which the

outlet orifice is open (i.e. varying the mark-space ratio).

The flow rate of the food product 3 through the outlet orifices also depends, at least in
part, on the pressure of the food product 3 in the chamber 5. The controller is therefore
provided with the output from a pressure sensor (not shown), which measures the
pressure in the chamber 5. The controller controls the actuators 23 based on the sensed

pressure.

Rather than pneumatic actuators, the actuators may alternatively be other types of
actuator, such as moving coil electrical actuators. Moving coil electrical actuators may be
capable of accurate positional control so that the flow rate of the food product through the

outlet orifices can be varied by adjusting the linear position of the valve spindles.

The apparatus may be provided with a spreader plate attached to the bottom plate. The
spreader plate connects the outlet orifices to a larger plurality of spreader plate outlets.
The spreader plate outlets may be provided with a pressure operated valve, the pressure
operated valve being arranged to close when a pressure drops below a predetermined

pressure greater than atmospheric pressure.

The apparatus may be arranged in an intermittent motion (indexed) food product moulding
line. When the line is stationary, the apparatus may be moved over a mould cavity at high

speed to fill the mould cavity with the food product.

Figures 3A and 3B provide an enlarged view of a conventional nozzle 19 as illustrates in
Figure 1, showing the interaction between an internal conical surface of the nozzle 28
which forms a first sealing surface and a conical surface 30 provided at the end of the vale

spindle 21, which forms a second sealing surface.
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The nozzle 19 has a generally cylindrical configuration. In the example shown in Figures
3A and 3B, an external screw thread on the nozzle 19 is screwed into an internal screw
thread in an aperture 17 in the bottom plate 13 of the apparatus 1. A valve-receiving bore
32 in the nozzle is open to the chamber 5 within the apparatus 1. The valve-receiving
bore 32 is connected to an outlet bore 34 of a smaller diameter via the internal conical
surface 28. The outlet bore 34, which has a constant cross-section and diameter, ends at

the outlet 36 from the nozzle.

As illustrated in Figures 3A and 3B, the valve spindle reciprocates between a first position

as shown in Figure 3A and a second position shown in Figure 3B.

In the first position shown in Figure 3A, the conical surface 30 of the valve spindle is
spaced from the internal conical surface 28 of the nozzle so that the chamber 5 is
connected via the valve-receiving bore 32 and the outlet bore 34 to the outlet 36 of the
nozzle, whereby the food product in the chamber 5 can flow under pressure past the

conical surfaces 28 and 30 to be deposited from the outlet 28 of the nozzle 19

In the second position shown in Figure 3B, the conical surface 30 of the valve spindle is in
contact with the internal conical surface 28 of the nozzle to block the connection between
the valve-receiving bore 32 and the outlet bore 34, whereby the food product in the
chamber 5 cannot flow past the conical surfaces 28 and 30 to be deposited from the outlet
28 of the nozzle 19.

The dimensions of the nozzle 19 can vary depending upon various parameters including
the composition of the food product and/or the gas used for aeration, the pressure under

which the product is kept in the chamber 5 and the desired rate of deposition.

As discussed in the background, in use, cauliflowering of the food product can be
encountered during depositing of the food product. As the food product leaves the outlet
36 of the outlet bore 34, some of the food product solidifies and builds up on the exterior
surface of the nozzle around the outlet 36. The manner in which the food product builds
up can resemble the florets of a cauliflower, hence the term cauliflowering. The collection
or build up of food material on the exterior surface of the nozzle 19 around the outlet 36
can potentially result in the collected material falling into the food product, which is

undesirable.
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An embodiment of a nozzle as claimed herein seeks to eliminate or at least mitigate the

cauliflowering effect.

Figures 4A-4D illustrates an example of a nozzle 200 as claimed herein that is suitable for
use with an apparatus as described with reference to Figures 1 and 2. Figure 4A is a
perspective view of an embodiment of a nozzle 200 as claimed herein, Figure 4B is a
bottom view of the nozzle of Figure 4A, Figure 4C is a side view of the nozzle of Figure 4A
and Figure 4D is a cross-sectional view of the nozzle of Figure 4A, the section taken at
line A-Ain Figure 4C.

The nozzle 200 of Figures 4A to 4D could be used with the apparatus of Figures 1 and 2
and replace a nozzle 19 as illustrated in Figures 3A and 3B. In this regard, it is to be
noted that the length of the valve spindle 21 of Figure 1 can be adjusted to suit the nozzle
that is used, whereby the nozzle as shown in Figures 4A-4D does not have to have the

same length as the nozzle 19 as shown in Figures 3A and 3B.

Although embodiments of a nozzle are described herein that could be used with the
apparatus 1 of Figures 1 and 2, other embodiments of a nozzle as claimed herein could
be used with other apparatus. Accordingly, an embodiment of a nozzle as claimed herein
could have other forms and other dimensions in other embodiments, whereby the form
and the dimensions of the nozzle of Figures 4A to 4D are by way of example only, and the
claimed subject matter is not limited to the specific forms and dimensions described with

reference to Figures 4A to 4D.

The nozzle 200 has a generally cylindrical configuration with a central channel or passage
(referred to hereafter as a bore) 230. It is manufactured as an integral unit using a food
grade material, for example stainless steel. Although in a particular example described
herein the nozzle 200 is manufactured from stainless steel, for example by machining a
block of stainless steel, in alternative embodiments it could be manufactured from another
food-grade material, from example from a food-grade metal or plastics material using any
suitable manufacturing process, such as machining or moulding. Although the term bore
is used herein to describe the channel or passage 230, it is to be understood that the
channel or passage 230 need not be manufactured by “boring” that channel or passage
230.

As used herein, the expression “food-grade” when referring to a material herein denotes

that the material is permitted to be in contact with foodstuffs suitable for human
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consumption as defined under the relevant local legislation (also referred to herein as
“suitable for food contact”). At the date of filing the present application in the European
Union the relevant rules for materials that are suitable for food contact include the EU
Regulation 1935/2004, entitled “Framework Regulation on materials and articles intended
to come into contact with food” and EU regulation 2023/2006, entitled “Good
Manufacturing Practice for materials and articles intended to come in contact with food”.
Also relevant are EU Regulations: 10/2011 on food contact with plastic materials (as
amended by 2015/174, 202/2014, 1183/2012, 1183/2012, 1282/2011, 321/2011,
284/2011); 450/2009 on food contact with active and intelligent materials; 282/2008 on
food contact with recycled plastic materials; 42/2007/42 on food contact with regenerated
cellulose film; 1895/2005 on restrictions of food contact with certain epoxy materials; and
EU Directives 500/1984 on national law of food contact with ceramic articles; and 11/1993
on release of N-nitrosamines and N-nitrosatable substances. Thus as used herein “food-
grade material” denotes that said material is compliant with the aforementioned EU
Regulations and Directives on suitability for food contact and preferably such food-grade
materials will also those materials that will continue to be compliant with any updated rules

and lists of materials issued under these and/or related EU Regulations or Directives.

The nozzle comprises a proximal end 202 and a distal end 204. The proximal end has an
inlet 206 for receiving the liquid, semi-liquid or semi-solid food product. The distal end
204 has an outlet 208 for depositing the liquid, semi-liquid or semi-solid food product. The
bore 230 extends from the inlet 206 to the outlet 208.

The exterior of the nozzle comprises various portions extending from the proximal end
202 to the distal end 204.

A proximal portion 210 at the proximal end of the nozzle 200 has a generally cylindrical
external surface with an external diameter to be received within a nozzle-receiving
aperture 17 of the apparatus 1. The cylindrical external surface of the proximal portion
210 of the nozzle can typically have an external diameter in the range of, for example, 10
mm — 25 mm and a length of in the direction of an axis 232 of the bore 230 from the
proximal end 202 to the distal end 204 of the nozzle 200 (hereinafter referred to as the
axial direction 233) of in the range of, for example, 10 mm — 35 mm. The actual
dimensions in any particular example will depend upon the apertures in the apparatus into
which the nozzle is to be inserted and the method of attachment. In the present example,
the cylindrical external surface of the proximal portion 210 is formed with an external

screw thread 214 to engage with an internal screw thread in a nozzle-receiving aperture
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17 of the apparatus 1. However, in other examples, various attachment mechanisms, for
example interlocking mechanisms, clips etc. can be provided for attaching the nozzle to a

depositing apparatus as will be understood by the person skilled in the art.

The example nozzle illustrated in Figures 4A to 4B is provided with distal portion 212 that
includes a boss 218 with a hexagonal form to facilitate screwing of the nozzle into a
receiving aperture 17 of the apparatus 1. The distal portion 212 of the nozzle 200
illustrated in Figures 4A to 4D is provided with a flange 216 that presents a shoulder 215
that can abut against a lower surface 13 of the apparatus 1 when the nozzle is received
with the nozzle-receiving aperture 17 of the apparatus 1. In the example shown the boss
could have a diameter in the range of, for example, 10 mm — 25 mm and a length in the
axial direction 233 in the range of, for example 8 mm — 20 mm. The flange facilitates
accurate location of the nozzle within the nozzle-receiving aperture 17. Although in the
example shown, a flange is provided, in another example embodiment, the flange 216
could be omitted and instead, the boss 218 could present the shoulder by being
configured to have an external diameter larger than that of the cylindrical external surface
of the proximal portion 210 of the nozzle 200. Also, although in Figures 4A to 4D the boss
218 is shown as having a hexagonal form, for other example embodiments the boss could
have other forms (for example a cylindrical form). The form of the boss 218 can be
chosen, for example, based in part on the nature of the attachment mechanism for

attaching the nozzle to the apparatus 1.

The distal end of the boss 218 is formed with a conical external distal portion 220 that
extends from the hexagonal portion of the boss 218 and converges towards the outlet 208
from the nozzle. The example nozzle 200 illustrated in Figures 4A to 4D has a conical
(frusto-conical) external distal portion 220 that converges towards the outlet 208 and
terminates at a flat distal surface 209 that surrounds the outlet 208 of the nozzle.
However, in other examples, the distal flat surface 209 may not be present and the frusto-
conical external distal surface 220 may end at the outlet 208. The conical external distal
portion 220 can have a length of up to, for example, 20 mm in the axial direction 233

according to a particular embodiment.

The bore 230 that forms the interior of the nozzle 200 comprises various portions
extending from the inlet 206 at the proximal end 202 of the nozzle 200 to the outlet 208 at
the distal end 204 of the nozzle 200. A first conical portion 222 reduces the diameter of
the bore from the inlet 206 to a valve-receiving portion 224 of the bore 230. The conical

surface of the first conical portion can have a length in the axial direction 233 in the range
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of, for example, 1 mm -10 mm. The cylindrical valve-receiving portion 224 of the bore can
have a diameter in the range of, for example, 5 mm — 20 mm, or, for example, 10 mm — 15
mm and a length in axial direction 233 in the range of, for example, 8 mm — 35 mm. A
conical valve seat portion 226 extends from the valve-receiving portion 224 to an outlet
bore portion 226. The conical valve seat portion 226 forms a sealing portion against
which a corresponding conical sealing portion of a valve (for example a conical surface 30
of a valve spindle 21 as illustrated in Figure 3A and 3B) can engage to close the outlet
bore portion 228. The surface of the conical valve seat portion 226 extends at a constant
angle in the range of, for example, 45° — 70° (the angle chosen to match and angle of a
corresponding conical surface 30 of a valve spindle 21) from the valve-receiving portion
224 which has a diameter in the range of, for example 5 mm — 20 mm or , for example, 10
mm — 15 mm to the outlet bore portion 228 having a diameter of a diameter in the range

of, for example, 1 mm — 4 mm, or, for example, 1.5 mm to 3 mm.

In an embodiment of the nozzle as claimed herein, the outlet bore portion 228 does not
extend all of the way from the conical valve seat portion 226 to the outlet 208 of the bore
230. In an embodiment a flared outlet portion 240 is formed between a distal end of the
outlet bore portion 228 and the outlet 208 of the bore 230.

In the example embodiment shown, the outlet bore portion 228 has a constant diameter in
the range of, for example, 1 mm — 4 mm or, for example, 1.5 mm — 3 mm and a length in
axial direction 233 in the range of, for example, 4 mm — 25 mm. In the example shown,
the flared outlet portion 240 of the bore has a length in axial direction 233 in the range of,
for example, 1.5 mm — 3 mm and the surface of the flared outlet portion 240 flares at a
constant angle in the range of, for example, 15° — 45°, for example 20° — 40° to the axis
232 of the bore 230 to provide an outlet 208 having a diameter in the range of, for
example, 3 mm — 8 mm. An example nozzle 200 can be provided with an outlet that is at
least twice the diameter, for example of the order of 2 to 3 times the diameter of the outlet
bore portion 228. The outlet 208 is formed with a clean and sharp edge where it meets
with the flat distal surface 209 or the surface of the external conical distal portion 220,

depending on whether or not a flat distal surface is present as discussed above.

As described with reference to Figures 3A and 3B, in an apparatus 1 with a nozzle as
described with reference to Figures 4A to 4D, a valve spindle can be arranged to
reciprocate between a first position and a second position. In the first position, a conical
surface 30 of the valve spindle can be spaced from the conical valve seat portion 226 of

the nozzle 200 so that the chamber of the apparatus is connected via the cylindrical valve-
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receiving portion 224 and the outlet bore portion 228 to the outlet 208 of the nozzle,
whereby the food product in the chamber can flow under pressure past the conical
surfaces 30 and 226 to be deposited from the outlet 208 of the nozzle 200. In the second
position, the conical surface 30 of the valve spindle is in contact with the conical valve
seat portion 226 of the nozzle 200 to block the connection between the cylindrical valve-
receiving portion 224 and the outlet bore portion 228, whereby the food product in the
chamber of the apparatus cannot flow past the conical surfaces 30 and 226 to be

deposited from the outlet 208 of the nozzle 200.

Although in the example shown in Figure s 4A to 4D, the surface of the flared outlet
portion 240 flares at a constant angle to the axis 232 of the bore 230, in other examples
the flared outlet portion 240 may have different configurations. For example, in other
embodiments, the flared outlet portion 240 could for example have a parabolic shape or a

shape that approximates a parabolic shape.

Figure 5A is an enlarged reproduction of Figure 4D where the flared outlet portion 240 of
the nozzle 200 flares at a constant angle to the axis 232 of the bore 230 alongside Figure
5B which shows an alternative configuration where a flared outlet portion 240’ of a nozzle
200’ flares in accordance with a series of different angles. In the example shown in Figure
5B, the flared outlet portion 240’ of a nozzle 200’ flares in accordance with a series of
different angles to approximate a parabolic shape. The resultant shape comprises a
series of part conical surfaces where the angle, relative to the axis 232, of successive part
conical surfaces in the axial direction 233 gradually approaches the axial direction 233 of
the axis 232. The use of a series of different angles to approximate a parabolic shape
facilitates machining of a block of material to manufacture a flared outlet portion 240’
approximating a parabolic shape. Like elements in Figure 5B to those in Figure 5A are
given the same reference signs. It will be noted that in the example shown in Figure 5B, a
flat distal portion 209 of the nozzle is not present and the conical external distal portion
220 extends to the edge of the outlet 208.

The effect of the flared outlet portion 240/240° in combination with the outlet bore portion
228 of the nozzles 200, 200’ is to eliminate or at least reduce or mitigate the cauliflowering
effect which can be experienced with a nozzle such as described with reference to
Figures 3A and 3B. The flared outlet portion 240 allows the expansion of the food
material to be controlled as the food product leaves the outlet bore portion 228. For

example, this allows controlled expansion of gas within an aerated food product such as
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an aerated chocolate-based product where gas is under pressure in the chocolate

material.

This technical effect can be illustrated, at least in part, by reference to Figures 6A and 6B,
which are computer-generated plots showing velocity profiles 300 of a semi-liquid food
product (for example semi-liquid chocolate) exiting example nozzles. Figure 6A is based
on a conventional nozzle with a straight bore, such as that provided in the nozzle 19 of
Figures 3A and 3B. Figure 6B is based on an example of a nozzle 200 as claimed herein
with a flared outlet, such as is shown in Figures 4A to 4D. Similar results to that shown in
Figure 6B are also experienced with, for example, an example nozzle 200" as shown in
Figure 5B.

In order that the velocities profiles can be directly compared, plots were generated with
the geometry based on like-for-like dimensions (length and width of features, angles, etc.)
so that the velocity profiles in Figure 6A and Figure 6B are directly comparable. It will be
noted that the flared outlet provides an improved velocity profile, which not only reduces
the tendency for the food product to collect around the outlet of the nozzle (thereby
reducing a tendency for cauliflowering to occur), but also enables a more accurately
directed stream of the food product. This can have the technical effect of not only
reducing the effect of cauliflowering, but also the further technical effect of enabling more
accurate, and potentially more rapid, filling of moulds. As a result, a higher quality product

can be manufactured more efficiently.

In the case of a chocolate-based product, as the product cools, the product solidifies.

The expansion of gas within an aerated chocolate food product can cause localized
cooling of the product, which may encourage cauliflowering. Also, turbulence and/or
cavitation effects where a food product leaves an outlet orifice may lead to the food
product being deposited around the orifice, resulting in the cauliflowering effect. However,
by providing the outlet bore portion 228 in combination with the flared outlet portion 240,
240’ of the bore 230 of an example nozzle, the exit of the food product from the nozzle is
better controlled, thereby eliminating or at least mitigating or reducing the cauliflowering
effect. For example, any deposition of food material within the flared outlet portion 240,
240’ at the end of a deposition pulse is then ejected by the very next deposition pulse,

avoiding a build of food material.

In addition, as can be seen by comparing Figure 6A and Figure 6B, the use of the outlet

bore portion 228 in combination with the flared outlet portion 240, 240’ of the bore 230
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further improves the accuracy and flow of the food product as it leaves the nozzle. The
constant diameter portion of the outlet bore portion 228 enables a controlled directional
stream of the food product to be provided, and the flared outlet portion 240, 240’ of the
bore increases the accuracy and deposition rate of the food product, and further mitigates

a tendency to cauliflowering of the food product.

Accordingly, there has been described a nozzle for an apparatus for depositing a liquid,
semi-liquid or semi-solid food product, for example a chocolate-based product. The
nozzle comprises a proximal end and a distal end, the distal end having an outlet for
depositing the liquid, semi-liquid or semi-solid food product. An external surface of the
nozzle includes a distal portion that converges towards the outlet at the distal end. A bore
extends from the inlet to the nozzle at the proximal end of the nozzle to the outlet from the
nozzle at the distal end of the nozzle. The bore has a first portion (for example the outlet
bore portion 228) having a first cross-sectional area, and a second portion (for example
the flared outlet portion 240) distal with respect to the first portion, wherein the second
portion of the bore flares from the first portion of the bore to meet the external surface at
the outlet, whereby the outlet has a second cross-sectional area larger than the cross-

sectional area of the first portion.

Although particular embodiments are described herein, it will be appreciated that the
claimed subject matter is not limited to the specific embodiments described, and that

alternative configurations are possible within the scope of the appended claims.

For example, in the described examples, the various portions of the bore 230 are circular
in cross-section perpendicular to the axis 232 to facilitate manufacture. It is to be noted
that the various portions of the bore may not be exactly circular and may deviate
therefrom due, for example, to manufacturing tolerances. Indeed, it is to be noted that the
various portions of the bore 230 could have a different shape in cross-section
perpendicular to the axis 232. For example, one or more portions of the bore 230 could
be elliptical or oval in cross-section. In this regard, although in the described examples,
the flared outlet portion 240 of the bore has a surface that defines part of a right conical
surface that has a circular cross-section perpendicular to the axis 232, in other examples
the flared outlet portion 240 may have a different shape in cross-section perpendicular to
the axis 232. For example, in an alternative example, the flared outlet portion 240 may
define part of the surface of, for example, an elliptic or oval cone terminating in an outlet
208 that has an elliptical or oval shape perpendicular to the axis 232 and/or an oblique

cone that tends to an apex that is not aligned above the center of the outlet 208.
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According to particular embodiments therefore, where reference is made to a conical
surface or a part thereof, or a frusto-conical surface, this may be a right conical surface or

part thereof or it may be another type of conical surfaces or a part thereof.
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Claims

1. A nozzle for an apparatus for depositing a liquid, semi-liquid or semi-solid food
product, wherein the nozzle comprises:
a proximal end and a distal end, the distal end having an outlet for depositing the
liquid, semi-liquid or semi-solid food product;
an external surface including a distal portion that converges towards the outlet at
the distal end; and
a bore extending from an inlet to the nozzle at the proximal end of the nozzle to the
outlet from the nozzle at the distal end of the nozzle, the bore having a first portion
having a first cross-sectional area and a second portion distal with respect to the
first portion, wherein the second portion of the bore flares from the first portion of
the bore to meet the external surface at the outlet, whereby the outlet has a

second cross-sectional area larger than the cross-sectional area of the first portion.

2. The nozzle of Claim 1, wherein the flared surface of the second portion flares at a
constant angle with respect to an axis of the bore to define part of an internal conical

surface that extends to the outlet from the nozzle.

3. The nozzle of Claim 1 or Claim 2, wherein a flared surface of the second portion

flares at an acute angle with respect to an axis of the bore.

4, The nozzle of Claim 1, wherein the flared surface of the second portion flares in

accordance with a series of different angles.

5. The nozzle of Claim 1, wherein the flared surface of the second portion flares in
accordance with a series of different angles to approximate a parabolic shape, for
example where the flared surface of the second portion comprises a series of part conical
flared surfaces where the angle relative to an axial direction of successive part conical

flared surfaces in the axial direction gradually approaches the axial direction.

6. The nozzle of any one of the preceding claims, wherein a flared surface of the
second portion flares at an angle of greater than 15° degrees and less than 45° with
respect to the axis of the bore, for example at an angle greater than 20° degrees and less

than 40° with respect to the axis of the bore.
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7. The nozzle of any one of the preceding claims, wherein the first portion of the bore
has a substantially constant cross-sectional area that extends over a length of the bore

greater than a length of the bore over which the second portion of the bore extends.

8. The nozzle of any one of the preceding claims, wherein a diameter of the outlet is

at least twice a diameter of the first portion of the bore.

9. The nozzle of any one of the preceding claims, wherein at least one of:
a diameter of the first portion of the bore is between 1 mm and 4 mm, for example

between 1.5 mm and 3 mm.

10. The nozzle of any one of the preceding claims, wherein a distal portion of the

external surface of the nozzle is frusto-conical converging towards the outlet.

11. The nozzle of Claim 10, wherein the distal portion of the external surface of the
nozzle is frusto-conical converging towards the outlet and terminating at a flat distal

surface that surrounds the outlet.

12. The nozzle of any one of the preceding claims wherein a proximal portion of the

external surface of the nozzle is configured for attachment to the apparatus.

13. The nozzle of any one of the preceding claims wherein the bore further comprises
a further portion between the proximal end of the nozzle and the first portion of the bore,
the further portion having a third cross-sectional area larger than the first and second
cross-sectional areas, wherein the inner surface of the bore has a portion that flares from
the further portion of the bore to the inlet to the nozzle to define a conical surface for the
inlet to the nozzle the inner surface of the bore has a portion that flares from the first
portion of the bore to the further portion of the bore to define an internal conical surface

defining a first sealing surface in the form of a valve seat.

14. An apparatus for depositing a liquid, semi-liquid or semi-solid food product, the
apparatus comprising:

a fixed volume chamber for receiving the food product under a positive pressure,
the chamber being defined by chamber walls, one of the chamber walls being provided
with an outlet orifice for depositing the food product defined by the nozzle of Claim 13

installed in the chamber wall; and
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a valve spindle arranged for reciprocating movement within the chamber, a first
end of the valve spindle being provided with a second sealing surface;
wherein the second sealing surface of the valve spindle is arranged for abutting

the first sealing surface of the nozzle to thereby close the outlet orifice.

15. A method of depositing a liquid, semi-liquid or semi-solid food product, the method
comprising operating the apparatus of Claim 14, including:

providing the food product to the fixed volume chamber under a positive pressure,
the chamber being defined by the chamber walls; and

reciprocating the valve spindle such that the second sealing surface of the valve
spindle intermittently abuts first sealing surface of the nozzle to thereby open and close

the outlet orifice.
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