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(54)  Fluid microjet system

(57)  Adevice for generating fluid micro streams com-
prises a body portion with a fluid supply cavity therein
and a plurality of fluid micro channels interconnecting the
fluid supply cavity with an external outlet face of the body
portion, the body portion being formed from a plurality of

stacked plates, said micro channels being formed at in-
terfaces of at least certain of said stacked plates. The
micro channels have an oblong cross-sectional profile
over a certain section leading to the outlet face, with a
major width that is greater than two times a minor width
thereof, where the minor width is less than 200 pm.
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Description

[0001] The presentinvention relates to a process and
device for generating a plurality of fluid microjets.
[0002] A device with multiple fluid microjets is de-
scribed in US 5,902,543 for cooling an article. The device
comprises a plurality of micro channels with diameters
from 30 to 100 wm formed as grooves in annular plates
that are stacked one against the other so as to form a
plurality of micro channels between adjacent plates, the
cooling liquid being supplied through a central opening
of the circular plates. This allows a dense arrangement
of very fine jets of cooling liquid to be projected onto the
surface of the article to be cooled, resulting in a wellcon-
trolled and efficient cooling.

[0003] Althoughthe above-mentioned microjet cooling
system has a high cooling efficiency compared to many
other conventional systems, the pressure drop through
the micro channels for creating the microjets is quite high
and the desire to have essentially laminar flow limits the
velocity of the microjet. Manufacturing of the stacked cir-
cular plates with grooves is also quite costly.

[0004] There is a continuous need for more efficient
and effective cooling systems.

[0005] In certain cooling applications, such as metal
quenching, a high degree of uniformity of cooling over or
through the article is desired to minimize the generation
of internal stresses.

[0006] The use of fluid microjets may also be envis-
aged for applications that are not limited to cooling alone,
such as for heating, degassing various liquids such as
molten metals, cooling of combustion gases, and chem-
ical reactions between the microjets and a medium onto
which they are sprayed.

[0007] An object of this invention is to provide a device
for generating a plurality of fluid microjets that is compact,
and that has a high uniformity of treatment and a high
efficiency in terms of contact between the fluid and an
article or medium to be treated.

[0008] It would be advantageous to provide a fluid mi-
crojet device that is compact and cost effective to man-
ufacture.

[0009] It would be advantageous to provide a fluid mi-
crojet device that minimizes pressure loss for generating
the microjets.

[0010] It would be advantageous to provide a fluid mi-
crojet device that is economical on fluid usage.

[0011] It would be advantageous to provide a fluid mi-
crojet device that is able to generate a high density of
very fine microjets of essentially laminar flow, at high
speed.

[0012] It is another more specific object of this inven-
tion to provide a device for cooling an article very rapidly
and with a high efficiency and uniformity.

[0013] It would be advantageous to provide a microjet
cooling device that enables rapid freezing of articles, for
example for cryogenic freezing of processed food.
[0014] Objects of this invention have been achieved
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by providing a microjet cooling device according to claim
1.

[0015] Disclosed herein is a device for generating fluid
microjets comprising a body portion with a fluid supply
cavity therein and a plurality of fluid micro channels in-
terconnecting the fluid supply cavity with an external out-
let face or plurality of external outlet faces of the body
portion, the body portion being formed from a plurality of
stacked plates, said micro channels being formed at in-
terfaces of atleast certain of said stacked plates, wherein
said micro channels have an oblong cross-sectional pro-
file over a certain section leading to the outlet face that
has an oblong shape with a major width that is greater
than two times a minor width thereof, where the minor
width is in the range of 1 to 200 pm.

[0016] Advantageously, the oblong cross-sectional
profile of the microjet improves efficiency of treatment of
an article or medium with respect to the conventional
microjets that have a cross-section approximately square
or circular, the oblong microjet having a greater surface
area for a given laminar or turbulent flow rate.

[0017] The micro channels may advantageously be ar-
ranged such that their long axes are essentially parallel
and essentially orthogonal to a direction of relative move-
ment of an article or medium to be treated with respect
to the device.

[0018] Ina preferred embodiment, cross-section of mi-
cro channels at the outlet have a major width greater than
three times the minor width, where the minor width is
preferably less than 100 wm, more preferably less than
50 pm. In a preferred embodiment, the distance between
adjacent micro channels in a direction of stacking of the
plates is preferably less than 10mm. Preferably the dis-
tance between adjacent micro channels in the same
plane is 0,5 to 10mm. Advantageously the density of mi-
cro channels in the device according to this invention
may be greaterthan 4 micro channels per cm2, preferably
more than 10 micro channels per cm? up to as many as
1000 micro channels per cm2.

[0019] The position of micro channels in adjacent
plates may advantageously be offset in a direction or-
thogonal to the plate stacking direction thus giving a bet-
ter surface coverage by the microjets of the article to be
treated.

[0020] The micro channels may advantageously have
a non-constant major width, the major width being larger
towards the input side and narrower towards the outlet
face. This advantageously allows the body portion to
have the necessary mechanical integrity and good seal-
ing between stacked plates, while reducing flow resist-
ance and therefore the pressure drop across the micro
channels. In an embodiment, the micro channels may
advantageously be formed as slits in a first set of plates
sandwiched between plates of a second set, central cav-
ities of the second set of plates configured such that they
overlap ends of the slits opposite the outlet end of the
micro channel. The first set of plates also comprise a
central cavity for passage of the supply fluid there-
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through, the cavity however being separated from ends
of the slits by a certain width of material ensuring struc-
tural integrity of the first set of sheets. The minor width
of the micro channels may thus be determined by the
thickness of plates of the first set, the width of the slits
that are cut through the plate determining the major width
ofthe micro channels, atleast over alonger section there-
of.

[0021] The slits through the plates of the first set may
be cut by various known cutting techniques, such as by
laser cutting, by means of a die, high-pressure water jet
cutting, electro-erosion and other known manufacturing
techniques for cutting through thin plates as well as etch-
ing. The first set of plates may be made of the same
material as the second set of plates, or of a different ma-
terial whereby the combination of materials may be op-
timized for sealing effectiveness between the stacked
faces, ease of cutting and forming the slits, and for cost
reasons. The plates of the first set may for example be
made of a ceramic, metal or plastics material, depending
on the application and the environmental temperatures
whereas the plates of the second set could be made of
steel or plastic or ceramics depending on the application
and operating temperature range. Plates of the second
set may have smooth surfaces, for example polished sur-
faces with a low roughness thus reducing flow resistance
in a fairly economical manner. The density of microjets
can also be easily varied by varying the thickness of the
plates of the second set, without affecting the micro chan-
nel geometry or the manufacturing process for the micro
channels.

[0022] A fluid microjet device according to an embod-
iment of this invention may advantageously be used for
rapid freezing of food stuffs and other perishable goods,
the fluid microjet device being installed in an apparatus
having a supply of cryogenic liquid, in particular liquid
nitrogen, that is injected by the microjets onto the article
tobe frozen. The articles to be frozen may advantageous-
ly be transported on a mesh conveyor belt, fluid microjet
devices being positioned either side of the conveyor belt
such that jets of the cooling liquid are projected upon
opposing sides of the article. The extremely rapid and
efficient cooling resulting from the microjet geometry and
arrangement according to this invention enables partic-
ularly rapid cooling with minimal use of the cryogenic
liquid thus reducing freezing cycle time, and use of cool-
ing liquid, thus reducing overall costs as well as improving
product quality. Very rapid freezing of food stuffs reduces
dehydration of the product during the freezing process,
among other advantages.

[0023] Fluid microjet devices according to the inven-
tion may also be used in many other cooling applications,
such as for cooling of metal articles in material treatment
processes (high precision extrusion quenching, sheet
and plate uniform quenching, roll cooling, cooling of pol-
ymer extrusions).

[0024] Further objects and advantageous features of
the invention will be apparent from the claims and the
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following description and drawings in which:

Figure 1 ais a perspective view of a portion of a fluid
microjet device formed of a stack of plates according
to this invention;

Figure 1b is an exploded perspective view of a por-
tion of a fluid microjet device formed of a stack of
plates according to this invention;

Figure 2ais a view of a plate of a second set of plates
of an embodiment of the invention;

Figure 2b is a view of a plate with micro channels of
a first set of plates of the device according to this
invention;

Figure 2c is a view of the stacked assembly of the
plates of figures 2a and 2b;

Figure 3a is a perspective view of a section of an
embodiment of the device according to this inven-
tion;

Figure 3b is a perspective representation of fluid mi-
crojets according to this invention;

Figure 3c is a partial view of a configuration of fluid
microchannels according to an embodiment of this
invention;

Figure 4a is partial detailed view of first and second
plates of a device according to another embodiment
of this invention, showing microchannels according
to a second embodiment;

Figure 4b is a view similar to figure 2a, of a third
embodiment;

Figure 5 is a perspective schematic view of part of
an apparatus for cryogenic freezing of processed
food products according to this invention.

[0025] Referring to the figures, a device for generating
fluid microjets 7 comprises a body portion 4 comprising
an outlet face 6 through which micro streams of fluid 7
are projected, a fluid supply cavity 8 within the body por-
tion connected to fluid supply system (not shown), and
a plurality of micro channels 10 in fluid communication
between the fluid supply cavity 8 and the outlet face 6.
[0026] In a preferred embodiment, the body portion 4
comprises a stack of plates 12, 14 between which the
micro channels 10 are formed.

[0027] In a preferred embodiment, the micro channels
10 are formed in plates 12 of a first set as slits that are
cut through the entire thickness of said plates of the first
set and plates 14 of a second set without slits are inter-
posed therebetween. The micro channels 10 are thus



5 EP 2 085 489 A1 6

formed by the slits in the first set of plates 12 sandwiched
between the plates 14 of the second set in an alternating
manner. The first plates 12 have openings 16 that form
part of the boundary of the fluid supply cavity 8 in the
body, the slits 10 extending from an outlet edge 18 that
forms part of the body portion outlet face 6 to a closed
end 20 that is separated at a certain distance R from an
edge 22 of the opening 16, the distance between the end
of the slit 20 and the edge 22 being sufficient to ensure
mechanical integrity of the first plate 12 during handling
and assembly between the second plates 14.

[0028] The second plates 14 also have openings 24
that form part of the fluid supply cavity 8, an edge 26 of
the opening adjacent the outlet face 6 overlapping a por-
tion 10a of the slits such that the closed ends 20 of the
slits are in fluid communication with the cavity 8 as best
seen in figure 2c, 4a and 4b . The second plates 14 may
be of a simple planar construction with smooth surfaces
thus lowering flow resistance in the micro channels 10.

[0029] The slits 10 may be produced by various con-
ventional techniques, such as laser cutting, water jet cut-
ting, electro-erosion, die stamping, etching, or by means
of circular saws, depending on the material of the first
plate 12 and the channel dimensions. The slit manufac-
turing method may also be chosen as a function of the
surface smoothness of the micro channel and manufac-
turing costs. The alternate sandwich construction of first
and second plates with the micro channels formed by
slits in one of the two plates provides a large versatility
in the choices of materials and manufacturing techniques
for the plates to optimize the performance and cost for
various applications. For high temperature applications,
the plates 14 may for example be made of a high tem-
perature stainless steel whereas the first plates 12 could
also be made of steel, or a thin ceramic such as mica.
For low temperature applications the first plates with slits
12 could be made out of a sheet of thin polymer or com-
posite material. Depending on the desired density of mi-
cro streams, the second plates 14 may be from various
thicknesses, without affecting the manufacturing of the
micro channels.

[0030] The stack of plates forming the body portion 4
may be held together sealingly by means of compression
bolts 11 extending through bolt holes 13 in the body por-
tion, clamping the stack of plates together.

[0031] Referring to figure 4a, the micro channels 10
may advantageously have non-constant width, with a
large width W, towards the closed end 20 in order to
increase the channel cross-section at the fluid inlet, the
channel width reducing to a narrow section W, corre-
sponding essentially to the desired micro stream cross-
sectional profile at the outlet face 6. The latter configu-
ration reduces flow resistance and pressure drop through
the micro channels without compromising on the struc-
tural integrity of the device and the sealing between ad-
jacent plates. The enlargened closed ends of the slits
may be easily manufactured, for example by a die stamp-
ing etching or electro-erosion process.
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[0032] As shown in figure 4b, the micro channels may
have non-constant profiles 27 also at the outlet end for
example to create a laval shaped channel for the creation
of supersonic fluid jets.

[0033] The micro channels could alternatively be
formed as grooves on the surface of plates that are
stacked one on the other where a side of the plate op-
posite the grooves is stacked against the side with
grooves of the adjacent plate. Such plates could advan-
tageously be made by injection moulding of a polymer or
other injectable materials such as certain metal alloys,
whereby the die imprinting the micro channels could be
made by photo lithography and etching. For example the
injection moulding die with the micro channel profiles
could be made out of silicon in a standard etching proc-
ess. This would allow micro channels of particularly small
and well controlled dimensions to be produced. The in-
jected micro channels could have non-constant profiles
as discussed in relation to figures 4a and 4b above.
[0034] According to the invention, the micro channels
advantageously have an oblong profile at or proximate
the outlet face 6, defined by a minor width W,,,;, and a
major width W,,,,,where the major width is advantageous-
ly more than two times the value of the minor width. The
micro channels are configured preferably such that the
major width W, is defined by the narrow width W, of
the slit 11 and the minor width is defined by the thickness
of the first sheet 12. It is however possible to have a first
plate thickness superior to the slit width W, such that the
micro channel major width W,,; is defined by the plate
thickness and the slit width W, defines the minor width
Wmin-

[0035] The microchannelsin afirst plane may be offset
in a direction orthogonal to the stacking direction of the
plates, which may advantageously correspond to a di-
rection of relative movement between the fluid microjet
device and an article to be treated such that the oblong
micro streams have a better impact coverage across the
surface to be treated.

[0036] The oblong shape of the micro streams, and in
addition the offset arrangement of adjacent micro
streams provides more uniform and more efficient cool-
ing of the surface to be treated than the conventional
microjets. As shown in Fig. 3c, a plurality of successive
micro stream layers may be offset by a distance Os with
respect to a first layer depending on the major width and
spacing S (see figure 3) between micro streams and the
cooling efficiency required.

[0037] Referringtofigure 5, an apparatus for cryogenic
freezing of articles, for example food stuffs, comprises a
conveyor system 30 for conveying the articles through
the apparatus, and one or more fluid micro stream de-
vices 2 arranged along the conveyor system and config-
ured to project micro streams on the articles as they are
transported along the conveyor system. The conveyor
system may comprise a conveyor belt that is preferably
in the form of a mesh or grill in order to allow projection
of micro streams from above and below the articles for
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more efficient and rapid all round cooling of the articles.
Other conveyor systems may however be used, depend-
ing also on the articles to be cooled.

[0038] Inthe embodiment shown, fluid microjet devic-
es are placed on opposite sides of the conveyor belt 32,
across the width of the conveyor belt and project micro
streams of fluid on top and bottom sides of the articles
34 to be cooled. Depending on the amount cooling re-
quired, a plurality of fluid micro stream devices can be
arranged along the conveyor belt as shown in figure 3.
For cryogenic freezing of articles, the cooling fluid sup-
plied to the devices is advantageously liquid nitrogen al-
though other very low temperature cooling liquids could
be used, such as liquid helium. In view of the relatively
high cost of liquid nitrogen and other cryogenic cooling
liquids, the very rapid and efficient cooling provided by
the micro streams enables minimum use of cooling fluid
and moreover the velocity of micro streams may be easily
varied with a direct effect on the rate of cooling. For ex-
ample, the micro streams velocity may be reduced, by
reducing pressure in the supply cavity towards the end
of the cooling cycle. In the arrangement of figure 5, the
most downstream fluid microjet device 2c may for in-
stance have a lower supply pressure of cooling liquid
than the most upstream device 2a.

[0039] The invention may advantageously be used in
various applications not limited to cooling, such as for
heating, degassing various liquids such as molten met-
als, cooling of combustion gases, and chemical reactions
between the microjets and a medium onto which they are
sprayed.

[0040] In applications for chemical reactions on liquid
metals, the device for generating fluid microjets is sup-
plied with liquid metal as the fluid for generating fluid mi-
crojets and the device isimmersed in a reaction medium,
in particular a reaction gas.

[0041] In applications for degassing liquid metals, the
device for generating fluid microjets is immersed in the
liquid metal and a degassing medium, such as an inert
gas such as Argon, is supplied as the fluid for generating
fluid microjets and injected into the liquid metal.

Examples

Example 1 : Quenching Aluminium Alloy

[0042] Cooling of Alluminium alloy strip, thickness of
0.5 to 5 mm, typical specific flow 20 liter/m?/s. A typical
set of values for microjets for this application are: W,,;
=120pm, W, = 50pm, S = 3mm, H = 3mm.

[0043] Advantages compared to conventional cooling
technology: More homogeneity in cooling, and conse-
quently high mechanical properties homogeneously dis-
tributed, less residual stresses.

Example 2: Freezing Food

[0044] For cryo-freezing of foodstuffs such as meat,
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fish, fruits Typical specific flow 0.5 liter/m2/s. A typical set
of values for microjets for this application are: W,,
150pum, Wi, = 20pm, S = 5mm, H=5mm.

[0045] Advantages compared to conventional freezing
technology: economy of cryogenic fluid (which is expen-
sive). The quantity of cryo-coolant needed is minimal,
since the freezing is optimally conducted and the heat-
transfer is optimal. Rapidity of freezing and small jet im-
pingement forces preserves also the integrity of the prod-
ucts as they are being frozen.

aj=

Example 3: Heating, degassing and chemical reactions
on liquid metals.

[0046] In this example, liquid metal, for example alu-
minium, is sprayed as microjets. The ambient gas around
the streams interacts with the liquid metal microjets. The
gas may be used to heat the liquid metal, or to interact
with it chemically, or for degassing. The liquid metal is
thus supplied as the fluid for generating fluid microjets
and the device immersed in a reaction medium, in par-
ticular a reaction gas. Typical specific flow 5 liter/m2/s. A
typical set of values for microjets for this application are:
Wingj = 1000pm, W, = 180pm, S =6mm, H = 4mm.
[0047] Advantages compared to conventional technol-
ogy: The surface of interaction and of contact between
gas and liquid is maximal. Therefore the chemical reac-
tion as well as the heat transfer is highly efficient.

Claims

1. A device for generating fluid micro streams com-
prising a body portion with a fluid supply cavity there-
in and a plurality of fluid micro channels intercon-
necting the fluid supply cavity with an external outlet
face of the body portion, the body portion being
formed from a plurality of stacked plates, said micro
channels being formed at interfaces of at least cer-
tain of said stacked plates, characterised in that
said micro channels have an oblong cross-sectional
profile over a certain section leading to the outlet
face, with a major width that is greater than two times
a minor width thereof, where the minor width is less
than 200 pm.

2. Device according to claim 1 wherein the minor
width of the micro channels is less than 50 pm.

3. Device according to claim 1 or 2 wherein the major
width is greater than three times the minor width.

4. Device according to any one of the preceding
claims wherein the micro channels in adjacent plates
are offsetin a direction orthogonal to a plate stacking
direction.

5. Device according to any one of the preceding
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claims wherein the density of micro channels is
greater than 10 micro channels per cm2,

6. Device according to any one of the preceding
claims wherein the micro channels have a non-con-
stant width, the width being larger towards the input
side and narrower towards the outlet face.

6. Device according to any one of the preceding
claims wherein the micro channels may advanta-
geously be formed as slits in a first set of said plates,
interposed between a second set of said plates.

7. Device according to the preceding claim wherein
central cavities of the second set of plates are con-
figured to overlap ends of the slits.

8. Device according to claim 6 or 7 wherein the first
set of plates are made of a material that is different
to a material from which the second set of plates are
formed.

9. Apparatus for rapid freezing of food stuffs and oth-
er perishable goods, comprising a conveyor system,
a cryogenic fluid supply system, and one or more
devices for generating cryogenic fluid micro streams
installed along the conveyor system, each fluid micro
stream device comprising a body portion with a fluid
supply cavity therein connected to the cryogenic fluid
supply system and a plurality of fluid micro channels
interconnecting the fluid supply cavity with an exter-
nal outlet face of the body portion, the body portion
being formed from a plurality of stacked plates, said
micro channels having minor widths less than 200
pm and being formed at interfaces of at least certain
of said stacked plates.

10. Apparatus according to claim 9 wherein the con-
veyor system comprises a mesh conveyor belt and
wherein devices for generating cryogenic fluid micro
streams are arranged on opposite sides of the con-
veyor belt.

11. Apparatus according to claim 9 or 10 wherein
the cryogenic fluid is liquid nitrogen.

12. Apparatus according to claim 9, 10 or 11 wherein
the micro channels have an oblong cross-sectional
profile over a certain section leading to the outlet
face, a major width of the channel being greater than
two times a minor width thereof, where the minor
width is less than 200 pm.

11. Apparatus according to any one of claims 9 to
12 wherein the devices for generating cryogenic fluid
micro streams comprise the further features of the
device according to any one of claims 2 to 8.
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12. Apparatus for chemical reactions on liquid metals
comprising a device for generating fluid microjets ac-
cording to any one of claims 1 to 8, wherein the liquid
metal is supplied as the fluid for generating fluid mi-
crojets and the device is immersed in a reaction me-
dium, in particular a reaction gas.

13. Apparatus for degassing liquid metals, compris-
ing a device for generating fluid microjets according
to any one of claims 1 to 8, wherein the device is
immersed in the liquid metal and a degassing medi-
um, such as an inert gas, is supplied as the fluid for
generating fluid microjets.
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