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(57) ABSTRACT

The disclosure relates to a lubrication and cooling device
(1), comprising; a cooling fluid device (3), which comprises
a first channel (5), which is connected to a first inlet port (7),
and a lubricant fluid device (9), which comprises a second
channel (11), which is connected to a second inlet port (13).
The lubrication and cooling device (1) further comprises a
heat exchanger (15), which comprises a cooling circuit (17)
and a lubricant delivery circuit (19). The heat exchanger (15)
is arranged to cool the lubricant fluid (24) by means of the
cooling fluid (22), wherein the cooling fluid is a cryogenic
fluid. The disclosure further relates to a method for lubri-
cating and cooling a workpiece or a process by using a
Iubrication and cooling device (1), wherein the method
comprises the steps of: a) cooling the lubricant fluid (24 by
means of the cooling fluid (22) using the heat exchanger
(15), and b) providing the cooled lubricant fluid (24) to the
workpiece or process being lubricated and cooled.
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LUBRICATION AND COOLING DEVICE
AND A METHOD FOR LUBRICATING AND
COOLING A WORK PIECE

TECHNICAL FIELD

[0001] The present invention relates to a lubrication and
cooling device according to the preamble of claim 1 and a
method for lubricating and cooling a workpiece or a process
by using such a device according to the preamble of claim
17.

BACKGROUND

[0002] Many industrial processes, and especially machin-
ing processes such as turning, drilling, milling and grinding,
and also forming processes such as stamping, forging,
extruding, rolling, punching, bending and drawing, generate
large mechanical and thermal loads on the tools used for
such processes. At high processing speeds the thermal loads
have a direct impact on both the tools and the end result of
the products being processed and if not controlled, may have
detrimental effects on the entire process and product. For
avoiding excessive thermal and mechanical loads, different
types of processing fluids are used to cool and lubricate the
process. A processing fluid is a fluid designed for cooling
and lubricating metalworking and machining processes. The
term processing fluid may be viewed as the collective term
for various fluids, depending on the context and on which
type of processing fluid is being considered. It may be
referred to as cutting fluid, cutting oil, cutting compound,
coolant, lubricant, lubricant fluid, or cooling fluid. There are
various kinds of processing fluids, which include oils, oil-
water emulsions, synthetic and semi-synthetic oils, pastes,
gels, aerosols, and air or other gases. They may be made
from petroleum distillates, animal fats, plant oils, water and
air. In industrial processes on a large scale, oil-based emul-
sions are often used. The flow of processing fluid may vary
depending on the process at hand, but often a large quantity
is used to cool and lubricate the process as much as possible
to increase the speed of the process.

[0003] However, due to machining performance and sus-
tainability trends, more and more emphasize is put on
minimum quantity lubrication (MQL). MQL systems use
aerosols where oil droplets are delivered, with pressurized
air, to the cutting zone. Even though MQL has promising
performance when it comes to lubrication, it has low cooling
capability. An alternative to oil-based emulsions is to use
liquid nitrogen, which has an evaporation point at -196° C.,
as a cooling lubricant fluid (cryogenic machining). The
cooling mechanisms in cryogenic machining are excellent,
however lubrication is limited. A problem that is faced in
this case is that nitrogen, when delivered, immediately
evaporates and from a tribology point of view the tool and
machining surface behaves close to dry conditions, and thus
provides a limited lubrication to the process.

[0004] WO9605008 discloses a cryogenic machining
device for cryogenically cooling a cutting tool which can be
used for cutting a metal work piece. The device comprises
a cutting tool with a rake face and a flank face, a chip breaker
arranged adjacent to the rake face and a nozzle for directing
a cryogenic fluid onto the rake face and under chips cut from
the work piece. The device provides good cooling to the
machined surface with the closely provided fluid channel.
However, the device has drawbacks as described above with
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cryogenic machining providing good cooling but a limited
lubrication to the machined surface. The device is also rather
limited in its usage as the channel providing the cryogenic
fluid is arranged directly on to the tool and may not be
suitable for all types of machining processes.

[0005] U.S. Pat. No. 8,303,220 discloses a device for axial
delivery of cryogenic fluid through a machine spindle. The
device is meant to serve as a cooling system combined with
a rotating machining tool. The system supplies a cryogen
such as liquid nitrogen (LN,) to the machined surface
through the axial path of a machine tool spindle and to the
cutting tool. The device and system provides good cooling
through the use of LN,. However, as the nitrogen evaporates
so fast the machined surface is provided with limited lubri-
cation as stated above. Depending on which cryogen the
system uses, a potential interaction between the cryogen and
the machined detail must be taken into consideration. Some
metals may react in a non-favorable way when exposed to
certain gases, which may make the system less flexible, if
used for different materials. The cryogenic fluid when
evaporated to gas may also be something to take in consid-
eration, as gas flowing freely into the environment is not
always preferable in terms of environmental and health
perspectives.

[0006] There is thus a need for an improved lubrication
and cooling device for machining processes to overcome the
problems and drawback of prior art.

SUMMARY OF THE INVENTION

[0007] The object of the present invention is to provide
said lubrication and cooling with using as small quantities of
Iubricant fluid as possible. A further object of the invention
is also to provide a device where the temperature of the
provided lubricant fluid can be controlled without changing
the flow of lubricant fluid. An even further object of the
invention is to provide a method for lubricating and cooling
a workpiece or a process with such a device.

[0008] These objects are achieved by the lubrication and
cooling device as defined by claim 1 and the method as
defined by claim 17. Embodiments of the present invention
are defined by the dependent claims.

[0009] The lubrication and cooling device comprises a
cooling fluid device, comprising a first channel, which is
connected to a first inlet port. The device further comprises
a lubrication device, comprising a second channel, which is
connected to a second inlet port. The lubrication and cooling
device even further comprises a heat exchanger, comprising
a cooling circuit and a lubricant delivery circuit. The cooling
circuit comprises said first inlet port and a first outlet port,
and the cooling circuit is arranged to receive a cooling fluid,
which cooling fluid flows through the cooling circuit, from
the first inlet port to the first outlet port. The lubricant circuit
comprises said second inlet port and a second outlet port,
and the lubricant delivery circuit is arranged to receive a
lubricant fluid, which lubricant fluid flows through the
lubricant delivery circuit, from the second inlet port to the
second outlet port. The heat exchanger is arranged to cool
the lubricant fluid by means of the cooling fluid, wherein the
cooling fluid is a cryogenic fluid.

[0010] This has the advantage that where both lubrication
and cooling are needed for any type of system which may so
require, both the lubrication and cooling needs are met with
a system where the lubricant and coolant may be chosen
individually to meet the requirements of lubrication and
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temperature as the two fluids do not come in contact with
each other, they only interact by means of heat transfer
provided via the heat exchanger. A process in need of both
lubrication and cooling will therefore have both these
requirements met in a very efficient way when using the
present invention. As the device according to the present
invention provides both lubrication and cooling from the
same output source, the space needed for these assisting
means may be reduced which is beneficial when setting up
a process. The cooling fluid being a cryogenic fluid has the
advantage that the cooling effect of the cooling fluid may be
very high due to the low temperature of the cryogenic
cooling fluid. This in turn promotes to lower the temperature
of'the lubricant fluid to very low temperatures which ensures
a very efficient cooling when using the lubrication and
cooling device while still providing excellent lubrication.

[0011] According to one embodiment of the present inven-
tion the device further comprises at least one nozzle from
which the lubricant fluid is delivered.

[0012] This has the advantage that both the lubrication and
cooling may be provided for a system in a controlled and
efficient way. With an external nozzle design the lubrication
and cooling may be provided in a wide variety of ways to
meet the needs of the system or process where lubrication
and cooling is needed. For very detailed processes and/or
where small products are being processed, a nozzle assists to
provide the working area with lubricant and coolant, as a
nozzle is easy to control and/or direct to a certain area where
lubrication add cooling are needed. This in turn lowers the
risk of defaults in the end-product or the tool being used
which could occur due to a less than needed amount of said
fluids.

[0013] According to another embodiment of the present
invention, the cooling circuit is arranged in fluid communi-
cation with a flow regulation valve.

[0014] This has the advantage that the heat transfer within
the heat exchanger and the corresponding temperature
change of the lubricant fluid can be controlled by regulating
the flow of cooling fluid within the cooling circuit of the heat
exchanger. This allows for controlling the temperature of the
lubricant fluid without affecting the flow rate of said lubri-
cant fluid at the same time. This is very beneficial as there
is therefore no unnecessary waste of lubricant fluid due to an
increased flow of said fluid to increase the cooling effect it
has on the process system.

[0015] According to yet another embodiment of the pres-
ent invention, the first outlet port of the cooling circuit is
connected to a cooling fluid recovery tank, which cooling
fluid recovery tank is arranged to recover the used cooling
fluid.

[0016] This is advantageous both form an economical and
an environmental perspective. By collecting the cooling
fluid after the cooling of the lubricant fluid has occurred in
the heat exchanger the cooling fluid may be used in other
applications and not go to waste. The cooling fluid when
recovered in the recovery tank may have other uses in the
same manufacturing facility, or it may be sold. This is also
very environmental friendly as the cooling fluid does not get
delivered straight out into the atmosphere which could be
environmentally unfriendly depending on the cooling fluid
used.

[0017] According to an even further embodiment of the
present invention, the cryogenic fluid is liquid nitrogen.
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[0018] This has the advantage that the cooling effect of the
cooling fluid can be very high due to the low temperature of
the cooling fluid, which is achievable with nitrogen. This in
turn promotes to lower the temperature of the lubricant fluid
to very low temperatures which ensures a very efficient
cooling when using the lubrication and cooling device, by
using a very common substance as cooling fluid. Nitrogen
have many uses in different areas of industries, both in liquid
and gas form, which creates a further advantage when the
recovered cooling fluid is recovered within the cooling fluid
recovery tank.

[0019] According to yet another embodiment of the pres-
ent invention, the cooling circuit of the heat exchanger is
arranged to receive a cryogenic fluid having a temperature in
the range of about -50 to about —200° C.

[0020] This has the advantage that the cooling effect of the
cooling fluid when flowing through the heat exchanger will
be very high due to the low temperature which will promote
a fast and efficient cooling of the lubricant fluid. It is further
advantageous that the temperature range is wide so that
several different kinds of cryogenic fluids may be used as
cooling fluids.

[0021] According to an even further embodiment of the
present invention, the temperature of lubricant fluid is in the
range of about 0 to about —70° C. when the lubricant fluid
is exiting the second outlet port.

[0022] This has the advantage that the process being
lubricated and cooled may be performed at very high
material processing speeds as the temperature of the lubri-
cant fluid is low. The lower the temperature of the lubricant
fluid, the more it cools the process it is meant to lubricate
and cool, which in turn means the process may be performed
at a higher speed which cuts down on process time. A lower
process time will in turn lead to a more cost effective
process.

[0023] According to yet another embodiment of the pres-
ent invention, the lubrication and cooling device is arranged
to be used in a machining process.

[0024] According to a further embodiment of the present
invention, the lubrication and cooling device is arranged to
be used in a forming process.

[0025] The advantage for these two embodiments is that
the lubrication and cooling device is useful for several very
common industrial processes. The usage of the device is
hence beneficial for a wide array of companies and manu-
facturing facilities across the industrial world. A further
advantage is that the same device may be used for a multiple
of different kind of processes making the device very cost
efficient for industrial use.

[0026] According to an embodiment of the present inven-
tion, the lubricant fluid is an aerosol comprising an aerosol
carrier and a lubricant liquid.

[0027] This has the advantage that the total amount of
Iubricant fluid needed for a process can be lowered com-
pared to using only said fluid in fluid form. This has benefits
from both an economical as well as an environmental
perspective.

[0028] According to yet another embodiment of the pres-
ent invention, the aerosol carrier comprises a gas, preferably
one of O,, air, CO,, N, and Ar.

[0029] This has the advantage that a specific gas may be
picked for a particular application. Depending on the pro-
cess where the lubrication and cooling is needed, the
requirements for the ingoing elements may differ. If the
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work piece of a process where the invention is used is of a
particular material, which is sensitive to a certain gas,
another gas which it is not sensitive to may be used instead.
[0030] According to a further embodiment of the present
invention, the lubricant liquid comprises oil.

[0031] This has the advantage that the device can deliver
a lubricant fluid with natural lubricating characteristics as oil
is a common lubricant in industrial applications. Oil is
furthermore not prone to cause corrosion, which is beneficial
if the lubrication and cooling needed are for processes
performed on metals.

[0032] According to yet a further embodiment of the
present invention, the lubricant liquid comprises a fatty
alcohol.

[0033] This has the advantage that the device can provide
the desired lubrication and cooling using a very cheap and
common substance, which is easy and cost effective to
produce. Alcohol may further be advantageous for certain
applications where moisture remaining on the tool and/or
work piece being processed might be harmful or not desir-
able for said processes.

[0034] According to an even further embodiment of the
present invention, the lubricant fluid device is an aerosol
generator which provides the aerosol to the heat exchanger,
the aerosol generator comprising; a lubricant fluid reservoir,
an aerosol carrier reservoir, a mixing chamber, and a lubri-
cant flow regulator.

[0035] This has the advantage that the aerosol may be
generated at room temperature in the aerosol generator and
then provided to the lubricant delivery circuit in the heat
exchanger to be cooled in temperature within the heat
exchanger. This is advantageous as existing and reliable
technology may be used for the step of generating the
aerosol. A further advantage with using an aerosol generator
is that the existing flow regulator of the aerosol generator
may be used to regulate the flow of lubricant provided to the
system.

[0036] According to an embodiment of the present inven-
tion, the second outlet is connected to a single-channel
delivery channel, which is connected to the at least one
nozzle, through which the cooled aerosol is provided.
[0037] This has the advantage that the delivery of both
Iubrication and cooling is provided in a very space effective
way. The single-channel delivery is also beneficial as it is
easy to manufacture.

[0038] According to another embodiment of the present
invention, the lubricant delivery circuit of the heat
exchanger further comprises a first portion and a second
portion, wherein first portion is arranged to receive the
lubricant liquid, and the second portion is arranged to
receive the aerosol carrier, and wherein the lubricant liquid
and aerosol carrier are mixed together to an aerosol within
the at least one nozzle, through which the cooled acrosol is
provided.

[0039] This has the advantage that the lubrication and
cooling device may be used without an aerosol generator as
the mixing of the lubricant liquid and the aerosol carrier
occurs within the nozzle.

[0040] According to yet another embodiment of the inven-
tion a method for lubricating and cooling a workpiece or a
process is provided. The method is performed by using a
lubrication and cooling device, comprising; a cooling fluid
device, which comprises a first channel, which is connected
to a first inlet port, and a lubricant fluid device, which
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comprises a second channel, which is connected to a second
inlet port. The lubrication and cooling device further com-
prises a heat exchanger, which comprises: a cooling circuit
and a lubricant delivery circuit, wherein the cooling circuit
comprises said first inlet port and a first outlet port, and the
cooling circuit is arranged to receive a cooling fluid, which
cooling fluid flows through the cooling circuit, from the first
inlet port to the first outlet port. The lubricant delivery circuit
comprises said second inlet port and a second outlet port,
and the lubricant delivery circuit is arranged to receive a
lubricant fluid, which lubricant fluid flows through the
lubricant delivery circuit, from the second inlet port to the
second outlet port, wherein the heat exchanger is arranged to
cool the lubricant fluid by means of the cooling fluid. The
method comprises the steps of: a) cooling the lubricant fluid
within the lubricant delivery circuit by means of the cooling
fluid using the heat exchanger wherein the cooling fluid is a
cryogenic fluid, and b) providing the cooled lubricant fluid
to the workpiece or process being lubricated and cooled.
[0041] This has the advantage that a method is provided
where both lubrication and cooling may be provided for a
workpiece or a process. Both the lubrication and cooling
needs are thereby met with a method where the lubricant and
coolant may be chosen individually to meet the requirements
of lubrication and temperature as the two fluids do not come
in contact with each other, they only interact by means of
heat transfer provided via the heat exchanger. A process or
a workpiece in need of both lubrication and cooling will
therefore have both these requirements met in a very effi-
cient way when using the method according to the present
invention. As the device used for the method according to
the present invention provides both lubrication and cooling
from the same output source, the space needed for these
assisting means may be reduced which is beneficial when
setting up a process. The cooling fluid being a cryogenic
fluid has the advantage that the cooling effect of the cooling
fluid may be very high due to the low temperature of the
cryogenic cooling fluid. This in turn promotes to lower the
temperature of the lubricant fluid to very low temperatures
which ensures a very efficient cooling while still providing
good lubrication when using the method according to the
invention.

[0042] According to a further embodiment of the inven-
tion the lubricant fluid used in the lubrication and cooling
device is an aerosol comprising an aerosol carrier and a
lubricant liquid.

[0043] This has the advantage that the total amount of
lubricant fluid needed when using the method may be
reduced compared to using only said fluid in pure fluid form.
This has benefits from both an economical as well as an
environmental perspective. A method is thereby provided
which achieves both lubrication and cooling with using low
amounts of lubricant fluids which exhibits very low tem-
peratures.

BRIEF DESCRIPTION OF DRAWINGS

[0044] Preferred embodiments of the invention will be
further described with reference to the accompanying draw-
ings.

[0045] FIG. 1 illustrates a schematic view of a first
embodiment of the present invention.

[0046] FIG. 2 illustrates a schematic view of a second
embodiment of the present invention.
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[0047] FIG. 3 illustrates a schematic view of a third
embodiment of the present invention.

[0048] FIG. 4 illustrates a schematic view of a fourth
embodiment of the present invention.

[0049] FIG. 5 illustrates a schematic view of a fifth
embodiment of the present invention.

[0050] FIG. 6 illustrates a flowchart of a method for
lubricating and cooling a workpiece or a process according
to the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0051] Embodiments of the invention will herein be
described in more detail with reference to the accompanying
drawings. The drawings should not be considered drawn to
scale as some features may be exaggerated in order to more
clearly illustrate the invention.

[0052] Furthermore, the invention is not limited to the
specific embodiments shown in the drawings and discussed
below, but may be varied within the scope of the appended
claims.

[0053] FIG. 1 schematically illustrates a first embodiment
of the present invention, which is a lubrication and cooling
device 1 comprising a cooling fluid device 3, which com-
prises a first channel 5, which is connected to a first inlet port
7. The lubrication and cooling device 1 further comprises a
Iubricant fluid device 9, which comprises a second channel
11, which is connected to a second inlet port 13. Further-
more, the lubrication and cooling device 1 comprises a heat
exchanger 15, which comprises a cooling circuit 17 and a
lubricant delivery circuit 19. The cooling circuit 17 com-
prises said first inlet port 7 and a first outlet port 21, and the
cooling circuit 17 is arranged to receive a cooling fluid 22,
which cooling fluid 22 flows through the cooling circuit 17,
from the first inlet port 7 to the first outlet port 21. The
lubricant delivery circuit 19 comprises said second inlet port
13 and a second outlet port 23, and the lubricant delivery
circuit 19 is arranged to receive a lubricant fluid 24, which
Iubricant fluid 24 flows through the lubricant delivery circuit
19, from the second inlet port 13 to the second outlet port 23.
The heat exchanger 15 is arranged to cool the lubricant fluid
24 by means of the cooling fluid 22. The lubrication and
cooling device 1 in this embodiment of the invention further
comprises a nozzle 25 which provides the lubricant fluid 24
to a tool 27 and a work piece 29, wherein the tool 27 is
processing the work piece 29.

[0054] The lubrication and cooling device 1 is adapted to
provide a cooled lubricant to a tool 27 and a work piece 29,
wherein the tool 27 is processing the work piece 29 in any
sort of process where lubrication and cooling is needed or
wanted to achieve a better and/or faster result is said process.
Said processes may be machining processes such as drilling,
turning, milling, bending, grinding, or other, being per-
formed on a work piece 29 of metal, wood, polymeric
material, ceramics, or other. Said process may also be a
forming process such as stamping, forging, extruding, roll-
ing, punching, bending and drawing. Any type of process
performed with a tool 27 interacting with the mass of a work
piece 29 in a moving fashion may need lubrication and/or
cooling to achieve the desired results and/or increase the
lifespan of the tool 27 being used. The tool 27 may be a
machining tool or a forming tool.

[0055] To achieve the desired lubrication and cooling with
the lubrication and cooling device 1, a cooling fluid 22 is
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provided to the first channel 5 from the cooling fluid device
3. The cooling fluid device 3 may be any suitable container
or reservoir which can provide a flow of said cooling fluid
22 to said first channel 5. Simultaneously a lubricant fluid 24
is provided to the second channel 11 from the lubricant fluid
device 9. The lubricant fluid device 9 may be any suitable
container or reservoir which can provide a flow of said
lubricant fluid to said second channel 11. Provided that the
cooling fluid 22 has a lower temperature than the lubricant
fluid 24, the temperature of the lubricant fluid 24 will be
lowered when the two fluids flows through the cooling
circuit 17 and the lubricant delivery circuit 19 of the heat
exchanger 15. The channels 5, 11 of the lubrication and
cooling device 1 may be any tubing or piping suitable for the
pressures and temperatures of the fluids they will transport.
The lubricant fluid 24 provided to the lubrication and
cooling device 1 may be oils, oil-water emulsions, synthetic
and semi-synthetic oils, pastes, gels, acrosols or other. The
Iubricant fluid 24 may also comprise additives such as
nano-particles. Such nano-particles may be of low friction
materials such as graphite.

[0056] The heat exchanger 15 may be any known type of
heat exchanger such as a shell and tube heat exchanger, a
plate heat exchanger, a plate and shell heat exchanger, a
plate fin heat exchanger or any other type of heat exchanger
with the ability to transfer heat from one fluid to another.
Any type of flow in the heat exchanger may be considered,
such as parallel-flow, counter-flow and cross-flow heat
exchangers. After flowing through their respective circuits
17, 19 in the heat exchanger 15, the cooling fluid 22 will exit
the heat exchanger through the first outlet port 21 and the
lubricant fluid 24 will exit the heat exchanger 15 at the
second outlet port 23. The cooled lubricant fluid 24 is then
provided to the tool 27 and work piece 29 of the process at
hand and the cooling fluid 22 is exposed elsewhere. As the
lubricant fluid 24 never interacts directly with the cooling
fluid 22, only by means of the heat exchanger 15, the choice
of cooling fluid 22 may be selected without regard to an
interaction of cooling fluid 22 and tool 27 and work piece 29.

[0057] FIG. 2 schematically illustrates a second embodi-
ment of the present invention. In this embodiment of the
invention the lubricant fluid device 9 is providing the heat
exchanger 15 with a steady flow of lubricant fluid 24. This
steady flow of lubricant fluid 24 may be provided by means
of an open valve or a pressurised container accompanied to
the lubricant fluid source. This embodiment of the invention
further comprises a flow regulation valve 31 arranged in
fluid communication with the cooling circuit 17. The flow
regulation valve 31 may be any type of known valve which
can be used to regulate flow, such as a poppet valve or
similar. By controlling the flow rate of the cooling fluid 22
by means of the flow regulation valve 31 and thus the
amount of cooling fluid 22 flowing through the heat
exchanger 15, the temperature change of the lubricant fluid
24 may be controlled. Therefore the amount of lubrication
provided by the device 1 may be held constant while still
controlling the cooling provided by the device 1. This results
in a device which is adapted to not waste unnecessary
amounts of lubricant fluid 24 when extra cooling is needed,
which could be the case for conventional lubrication and
cooling devices or systems.

[0058] FIG. 3 schematically illustrates a third embodiment
of the present invention. In this third embodiment of the
invention, the lubricant fluid device 9 is an aerosol generator
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33 comprising a lubricant liquid reservoir 35, an aerosol
carrier reservoir 37, a mixing chamber 39, and a lubricant
flow regulator 41. The aerosol generator 33 herein provides
the heat exchanger 15 with lubricant fluid 24 in the form of
an aerosol. By using an aerosol as a lubricant fluid 24,
wherein the aerosol comprises a lubricant liquid 42 and an
aerosol carrier 43, the amount of lubricant liquid 42 used is
drastically lowered compared to if the lubricant fluid 24
would consist of the lubricant liquid 42 only. By using an
aerosol as lubricant fluid 24, the amount of lubricant liquid
42 used and the cost for the process is reduced. Furthermore,
the impact on the environment is also reduced as there is less
lubricant fluid 24 provided to the process. As lubricant fluids
24 potentially may cause health issues if a person is exposed
to, or over-exposed to, certain fluids which may be used as
lubricant fluid 24, this risk is also reduced by using an
aerosol as a lubricant fluid 24. The amount of lubricant
liquid 42 used in the lubrication and cooling device sche-
matically illustrated in FIG. 3 is controlled by means of the
lubricant flow regulator 41 and may be in the range of about
5 ml/h to about 120 ml/h. The lubricant liquid 42 used in the
aerosol generator 33 may vary depending on the process and
the lubrication needs, however, the lubricant liquid 42 is
preferably an oil or oil derivate, an alcohol or a fatty alcohol
or similar. Both organic oils such as oil derived from plants,
or inorganic mineral oils may be used in the device, but for
environmental reasons organic oils such as vegetable oil are
preferred. The lubricant liquid 42 may contain additives
such as nano-lubricants and/or nano-particles, or other addi-
tives. The aerosol carrier 43 used to produce the aerosol in
the aerosol generator is preferably a high pressurized gas.
Gases suitable to be an aerosol carrier 43 can be gases such
as O,, air, CO,, N, and Ar but other gases may also be
possible. The lubricant liquid 42 and the aerosol carrier 43
are mixed in the mixing chamber 39 of the aerosol generator
33 and then provided to the heat exchanger 15 via by means
of pressure. The flow of lubricant fluid 24 can therefore be
controlled directly by the aerosol generator 33, and the
amount of lubricant liquid 42 provided can be controlled by
means of the lubricant flow regulator 41.

[0059] The embodiment of the invention schematically
illustrated in FIG. 3 further comprises liquid nitrogen (LN,),
which is a cryogenic fluid, as cooling fluid 22, provided to
the heat exchanger 15 from a LN, storage tank 44. As
nitrogen has a boiling point of —=195.8° C. the low tempera-
ture of liquid nitrogen provides excellent cooling of the
lubricant fluid 24 within the heat exchanger 15. Other
cryogenic fluids may also be used as cooling fluid 22, such
as CO, and Ar, with boiling points of -78.5° C. and —185.9°
C. respectively. The lubrication and cooling device 1 is
hence designed to use cooling fluids 22 with temperatures in
a wide range, from about -50° C. to about -200° C. to
provide an efficient cooling of the lubricant fluid 24. When
using a cryogenic fluid as cooling fluid 22 the lubrication
and cooling device can produce a cooled lubricant fluid 24
with very low temperatures. The temperature of the lubricant
fluid 24 when exiting the second outlet port 13 can be in the
range of about 0° C. to about -70° C. For any set flow of
lubricant fluid 24 provided from the aerosol generator 33,
the decrease in temperature of said fluid can be controlled
using the flow regulation valve 31 of the cooling circuit 17
to regulate how much cooling fluid 22 is provided to the heat
exchanger 15.
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[0060] Said third embodiment of the invention further
comprises a cooling fluid recovery tank 45 connected to the
first outlet port 21. The cooling fluid recovery tank 45 may
be connected to the first outlet port 21 by any type of piping
or tubing that can handle the low temperature and high
pressure of the nitrogen when it exits from the heat
exchanger 15. As the temperature of the nitrogen increases
simultaneously as the temperature of the lubricant fluid 24
decreases, the nitrogen will be in gas form when it exits the
heat exchanger 15. The nitrogen may then be recovered in
the cooling fluid recovery tank 45, which may be any type
of sealable and pressure resistant container. The nitrogen
may then be re-used in gas form for other processes, such as
welding, or be cooled down to liquid form again for later
uses in the lubrication and cooling device 1.

[0061] This third embodiment of the invention hence
utilizes the low temperature of a cryogenic fluid to decrease
the temperature of a lubricant fluid 24, in the form of an
aerosol, wherein the lubrication and cooling device 1 further
comprises a single-channel delivery channel 47, in which
the cooled lubricant fluid 24 is transported to the nozzle 25.
The term single-channel delivery channel 47 should herein
be understood as such that the delivery of both lubrication
and cooling is provided in a single channel.

[0062] FIG. 4 schematically illustrates a fourth embodi-
ment of the present invention. In this embodiment the
lubricant delivery circuit 19 of the heat exchanger further
comprises a first portion 49 and a second portion 51, wherein
the lubricant liquid 42 is arranged to flow through the first
portion 49 and the aerosol carrier 43 is arranged to flow
through the second portion 51. This embodiment does not
comprise an aerosol generator wherein an aerosol is mixed
and provided to the heat exchanger. In this embodiment the
lubricant liquid 42 and the aerosol carrier 43 are being
provided to the first and second portion 49, 51 of the
lubricant delivery circuit 19 respectively, and are being
cooled individually in the heat exchanger 15 by means of the
cooling fluid 22. The first and second portion 49, 51 of the
lubricant delivery circuit 19 are in this embodiment two
pipes or two tubes, running parallel to each other in the heat
exchanger 15. The cooled lubricant liquid 42 and the cooled
aerosol carrier 43 are then mixed to an aerosol in the nozzle
25 before being provided to a tool 27 and work piece 29 for
which lubrication and cooling is needed. Other designs than
the piping or tubing running parallel may be also considered.
An advantage with a parallel piping or tubing is that this type
of arrangement is easier to manufacture. But the piping or
tubing could run in alternative paths in the heat exchanger 15
as a way to change the relative cooling to the lubricant liquid
42 and the aerosol carrier 43.

[0063] FIG. 5 schematically illustrates a view of a fifth
embodiment of the present invention. This embodiment is
similar to the forth embodiment except for that in this
embodiment the first portion 49 of the lubricant delivery
circuit 19 is positioned within the second portion 51 of the
lubricant delivery circuit 19. As in the fourth embodiment,
the lubricant liquid 42 and the aerosol carrier 43 are cooled
individually in the heat exchanger 15, by means of the
cooling fluid 22, before being mixed into an aerosol in the
nozzle 25. An advantage with having the first portion 49 of
the lubricant delivery circuit 19 positioned within the second
portion 51 of the lubricant delivery circuit 19 is that the
aerosol carrier 43 will surround the lubricant liquid 42 when
the aerosol is about to be mixed, which will increase the
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exposure of aerosol carrier 43 on the lubricant liquid 42
which is beneficial when creating the aerosol.

[0064] FIG. 6 illustrates a flowchart of a method for
lubricating and cooling a workpiece or a process according
to the present invention. The method is performed by using
a lubrication and cooling device 1, the device comprising; a
cooling fluid device 3, which comprises a first channel 5,
which is connected to a first inlet port 7, and a lubricant fluid
device 9, which comprises a second channel 11, which is
connected to a second inlet port 13. The lubrication and
cooling device 1 further comprises a heat exchanger 15,
which comprises: a cooling circuit 17 and a lubricant
delivery circuit 19, wherein the cooling circuit 17 comprises
said first inlet port 7 and a first outlet port 21, and the cooling
circuit 17 is arranged to receive a cooling fluid 22, which
cooling fluid 22 flows through the cooling circuit 17, from
the first inlet port 7 to the first outlet port 21, the lubricant
delivery circuit 19 comprises said second inlet port 13 and
a second outlet port 23, and the lubricant delivery circuit 19
is arranged to receive a lubricant fluid 24, which lubricant
fluid 24 flows through the lubricant delivery circuit 19, from
the second inlet port 13 to the second outlet port 23, wherein
the heat exchanger is arranged to cool the lubricant fluid 24
by means of the cooling fluid 22. The method comprises the
steps of: a) cooling the lubricant fluid 24 within the lubricant
delivery circuit 19 by means of the cooling fluid 22 using the
heat exchanger 15 wherein the cooling fluid 22 is a cryo-
genic fluid, and b) providing the cooled lubricant fluid 24 to
the workpiece or process being lubricated and cooled.
Thereby a method is provided which method may cool a
lubricant fluid 24 to very low temperatures by means of
using a cryogenic fluid as cooling fluid 22. Furthermore, a
method is provided which may cool said lubricant fluid 24
in a controlled manner by means of using a heat exchanger
15. This prevent issues such as freezing of the lubricant fluid
24 which could occur if the lubricant fluid 24 would be
subjected to exposure of a cryogenic fluid directly, without
using a heat exchanger 15. Hence, a very effective lubrica-
tion and cooling is provided to the workpiece or process
being cooled by means of the method according to the
invention. Furthermore, the use of a heat exchanger provides
an easy way to control the temperature of the lubricant fluid
(24) by means of controlling the flow of cooling fluid 22
within the cooling circuit 17. This is easily performed by
means of a flow regulation valve 31 arranged on the cooling
circuit 17. The method according to the invention may
therefore comprise a step to control adjustment of the
temperature of the lubricant fluid 24 by means of a flow
regulation valve 31, which adjusts the flow of cooling fluid
22 within the cooling circuit 17 of the heat exchanger 15.
The method according to the invention may be performed by
using various types of lubricant fluids 24 such as oils, fatty
alcohols and similar. The method may further also be
performed by using an aerosol comprising an aerosol carrier
43 and a lubricant liquid 42 as lubricant fluid 24. The
lubricant fluid device 9 may be an aerosol generator 33 to
provide such an aerosol to the heat exchanger 15 in an easy
manner. By using an aerosol as lubricant fluid 24 very small
amounts of lubricant fluid 24 is needed to achieve efficient
lubrication. This provides a method which is very cost
effective and environment friendly as less lubricant fluid 24
is wasted as excess fluid.

[0065] The invention is not limited to the specific embodi-
ments presented. Combinations of features between different
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embodiments are possible. Accordingly, the drawings and
the description thereto are to be regarded as illustrative in
nature, and not restrictive.

1. Lubrication and cooling device, comprising; a cooling
fluid device, which comprises a first channel, which is
connected to a first inlet port, and a lubricant fluid device,
which comprises a second channel, which is connected to a
second inlet port, a heat exchanger, which comprises: a
cooling circuit and a lubricant delivery circuit, wherein the
cooling circuit comprises said first inlet port and a first outlet
port, and the cooling circuit is arranged to receive a cooling
fluid, which cooling fluid flows through the cooling circuit,
from the first inlet port to the first outlet port, the lubricant
delivery circuit comprises said second inlet port and a
second outlet port, and the lubricant delivery circuit is
arranged to receive a lubricant fluid, which lubricant fluid
flows through the lubricant delivery circuit, from the second
inlet port to the second outlet port, wherein the heat
exchanger is arranged to cool the lubricant fluid by means of
the cooling fluid, wherein the cooling fluid is a cryogenic
fluid.

2. Lubrication and cooling device according to claim 1,
wherein the device further comprises at least one nozzle
from which the lubricant fluid is delivered.

3. Lubrication and cooling device according to claim 1,
wherein the cooling circuit is arranged in fluid communica-
tion with a flow regulation valve.

4. Lubrication and cooling device according to claim 1,
wherein the first outlet port of the cooling circuit is con-
nected to a cooling fluid recovery tank, which cooling fluid
recovery tank is arranged to recover the used cooling fluid.

5. Lubrication and cooling device according to claim 1,
wherein the cryogenic fluid is liquid nitrogen.

6. Lubrication and cooling device according to claim 1,
wherein the cooling circuit of the heat exchanger is arranged
to receive a cryogenic fluid having a temperature in the
range of about =50 to about -200° C.

7. Lubrication and cooling device according to claim 6,
wherein the temperature of lubricant fluid is in the range of
about 0 to about —=70° C. when the lubricant fluid is exiting
the second outlet port.

8. Lubrication and cooling device according to claim 1,
wherein the lubrication and cooling device is arranged to be
used in a machining process.

9. Lubrication and cooling device according to claim 1,
wherein the lubrication and cooling device is arranged to be
used in a forming process.

10. Lubrication and cooling device according to claim 1,
wherein the lubricant fluid is an aerosol comprising an
aerosol carrier and a lubricant liquid.

11. Lubrication and cooling device according to claim 10,
wherein the aerosol carrier comprises a gas, preferably one
of O,, air, CO,, N, and Ar.

12. Lubrication and cooling device according to claim 10,
wherein the lubricant liquid comprises oil.

13. Lubrication and cooling device according to claim 10,
wherein the lubricant liquid comprises a fatty alcohol.

14. Lubrication and cooling device according to claim 10,
wherein the lubricant fluid device is an aerosol generator
which provides the aerosol to the heat exchanger, the aerosol
generator comprising; a lubricant liquid reservoir, an aerosol
carrier reservoir, a mixing chamber, and a lubricant flow
regulator.
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15. Lubrication and cooling device according to claim 14,
wherein the second outlet is connected to a single-channel
delivery channel, which is connected to the at least one
nozzle, through which the cooled aerosol is provided.

16. Lubrication and cooling device according to claim 10,
wherein the lubricant delivery circuit of the heat exchanger
further comprises a first portion and a second portion,
wherein the first portion is arranged to receive the lubricant
liquid, and the second portion is arranged to receive the
aerosol carrier, and wherein the lubricant liquid and aerosol
carrier are mixed together to an aerosol within the at least
one nozzle, through which a cooled aerosol is provided.

17. A method for lubricating and cooling a workpiece or
a process by using a lubrication and cooling device, com-
prising; a cooling fluid device, which comprises a first
channel, which is connected to a first inlet port, and a
lubricant fluid device, which comprises a second channel,
which is connected to a second inlet port, a heat exchanger,
which comprises: a cooling circuit and a lubricant delivery
circuit, wherein the cooling circuit comprises said first inlet
port and a first outlet port, and the cooling circuit is arranged
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to receive a cooling fluid, which cooling fluid flows through
the cooling circuit, from the first inlet port to the first outlet
port, the lubricant delivery circuit comprises said second
inlet port and a second outlet port, and the lubricant delivery
circuit is arranged to receive a lubricant fluid, which lubri-
cant fluid flows through the lubricant delivery circuit, from
the second inlet port to the second outlet port, wherein the
heat exchanger is arranged to cool the lubricant fluid by
means of the cooling fluid,

the method comprising the steps of:

a) cooling the lubricant fluid within the lubricant delivery
circuit by means of the cooling fluid using the heat
exchanger wherein the cooling fluid is a cryogenic
fluid, and

b) providing the cooled lubricant fluid to the workpiece or
process being lubricated and cooled.

18. The method according to claim 17, wherein the
lubricant fluid used in the lubrication and cooling device is
an aerosol comprising an aerosol carrier and a lubricant
liquid.



