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HEAT EXCHANGER WITH FILTER, FOR REFRIGERANT FLUID LOOP

The present invention relates to the domain of heat exchangers designed for refrigerant
fluid loops. More specifically, the present invention concerns devices for filtering the

refrigerant fluid that flows through such heat exchangers.

A refrigerant fluid loop generally comprises at least two heat exchangers, at least one
compressor and at least one expansion device. The compressor and the expansion device are
both fragile and comprise movable elements that can easily break. In particular, for the
compressor, hard particles are especially dangerous — they can scratch internal surfaces and
due to that increase internal friction, or decrease compression ratio. For expansion valve
even soft particle can be dangerous. Particles can stop between parts and block valve in
current position or reduce range of the movement. As a result, AC loop effectiveness is

reduced or the loop stops working.

It is therefore important that only the refrigerant fluid enters this compressor or the
expansion device. In order to achieve that goal, it is already known to filter the refrigerant

fluid before it reaches one of these components.

However, some particles may be inside heat exchangers, for instance due to
manufacturing processes or default in the cleaning system of such heat exchanger. The
cleaning of such particles appears to be really expensive and complex. And even with all the
care that can be given to this cleaning, some of those particles, especially particles that have
a diameter smaller than 60um can remain in those heat exchangers and can then be dragged
by the refrigerant fluid to finally damage the compressor, the expansion device or any other

element in which this refrigerant fluid could flow.

As aresult, automotive suppliers are more and more concerned with this filtration, and

they aim to filter even smaller particles than what is already filtered.

The present invention solves at least this issue, by providing a heat exchanger for a
refrigerant fluid loop, the heat exchanger comprising at least one inlet configured to allow a
refrigerant fluid to enter in the heat exchanger and at least one outlet configured to allow the
refrigerant fluid to exit the heat exchanger, the heat exchanger comprising at least one filter

arranged at the outlet of the heat exchanger. According to the invention, the filter is brazed
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to the outlet, and the filter is adapted to filter the refrigerant fluid that exits the heat

exchanger.

The brazing operation prevents refrigerant fluid leakages. In other words, this brazing
operation forces all the refrigerant fluid that exits the heat exchanger to go through the filter,
and thus to be filtered before it reaches another component of the refrigerant fluid loop the

heat exchanger is intended to.

According to one aspect of the present invention, the filter comprises at least one
brazing ring which is brazed to the outlet of the heat exchanger and at least one meshed
element configured to filter the refrigerant fluid. Advantageously, the filter can comprise at
least one smooth band interposed between the brazing ring and the meshed element. In other
words, this band lacks the meshed element, preventing any capillary effect which could
occur especially during the brazing operation and which, as detailed below, could lead to a

diminution of the filtration efficiency.

According to the present invention, the outlet presents a first diameter smaller than a
second diameter of the brazing ring. As a result, the brazing ring extends around the outlet

of the heat exchanger.

According to a feature of the invention, a sealing device can be arranged between the
outlet of the heat exchanger and the filter. More precisely, the sealing device can be arranged
between the outlet of the heat exchanger and the brazing ring of the filter. This sealing device
is thus used in addition to the brazing operation, that is to say that such sealing device is also

preventing refrigerant fluid leakages between the outlet of the heat exchanger and the filter.

For instance, the filter can have a cylindrical shape, that is to say that such filter
comprises a circular base from which extends a circular wall. According to the invention,
the brazing ring extends from an edge of this circular wall, opposite to the circular base of
the filter and this brazing ring defines an opening of the filter through which the refrigerant
fluid can enter the filter or exit it, depending on the orientation of the filter relative to the

outlet of the heat exchanger.

According to the invention, the filter extends, at least partially, inside the heat
exchanger. Optionally, the filter can extend completely inside of the heat exchanger. As a

result, when the filter extends totally inside the heat exchanger, the refrigerant fluid is filtered
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upstream the outlet, referring to a direction along which the refrigerant fluid flows,
meanwhile, when the filter comprises at least a part that extends outside the heat exchanger,
the filtration of the refrigerant fluid is operated downstream the outlet of the heat exchanger,

referring to the direction along which the refrigerant fluid flows.

According to an embodiment of the invention, the filter is arranged, at least partially,
in a block, said block comprising crimping means thanks to which the block can be crimped
to the outlet. Advantageously, these crimping means allow a pre-positioning of the block,

and so of the filter arranged in said block.

According to the invention, the heat exchanger can be configured to undertake a heat
exchange between the refrigerant fluid and an airflow. For example this airflow can be taken
outside a motor vehicle the heat exchanger is intended to. Alternately, the heat exchanger
can be configured to undertake a heat exchange between the refrigerant fluid and a coolant.
According to this alternative, the heat exchanger of the invention is arranged at an interface
between the refrigerant fluid loop and a coolant loop. In other words, the heat exchanger
comprises at least a first chamber through which the refrigerant fluid flows and a second
chamber through which the coolant flows. Such coolant can for example be water.
Alternately, the heat exchanger can also be configured to undertake a heat exchange between
refrigerant from high pressure side and refrigerant from low pressure side (IHX). Such
exchangers are used to increase subcooling before evaporator and increase superheating

before compressor, to improve AC loop efficiency.

For instance, the heat exchanger according to the invention can be used as a condenser.
In other words, the heat exchanger is then configured to liquefy and cool the refrigerant fluid
that flows through it, that is to say that the refrigerant fluid enters the heat exchanger in a

gaseous state and exits it in a liquid state.

Other features, details and advantages of the invention can be inferred from the
specification of the invention given hereunder. Various embodiments are represented in the

figures, wherein:

- figure 1 is a schematic representation of a refrigerant fluid loop that comprises at least

one heat exchanger according to a first example of application of the invention ;

-figure 2 is a cross-section view of an outlet of the heat exchanger schematically
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illustrated on figure 1 ;

-figure 3 is a schematic representation of the heat exchanger according to a second
example of application of the invention, this heat exchanger being arranged at an interface

between the refrigerant loop and a coolant loop ;

- figures 4 to 6 are cross-section views of an outlet of the heat exchanger schematically
illustrated on figure 3, according, respectively, to a first embodiment, to a second

embodiment and to a third embodiment of the invention.

In the specification given hereunder, the words “upstream” and “downstream” refer to

a direction along which a refrigerant fluid flows.

Figure 1 is a schematic view of a refrigerant fluid loop 100 intended to be
accommodated in a motor vehicle. This refrigerant fluid loop 100 illustrates a first example
of application of the present invention. This refrigerant fluid loop 100 comprises at least a
compressor 110 configured to increase the pressure of a refrigerant fluid R circulating
through the loop 100, a first heat exchanger 120 configured to undertake a heat exchange
between the refrigerant fluid R and a first airflow AF1, an expansion device 130 configured
to decrease the pressure of the refrigerant fluid R and a second heat exchanger 140
configured to undertake a heat exchange between the refrigerant fluid R and a second airflow
AF2. For instance, the first airflow AF1 is taken outside the motor vehicle in which the
refrigerant fluid loop 100 is accommodated, and the second airflow AF2 is reserved to be

sent in a passenger compartment of said motor vehicle.

According to the illustrated embodiment, the first heat exchanger 120 is realized
according to the invention and comprises a filter 200. According to the invention, this filter
200 is located at an outlet 122 of the heat exchanger 120, that is to say that this filter 200 is
adapted to filter the refrigerant fluid R, after the heat exchange that occurs in said first heat

exchanger 120.

First, the refrigerant fluid R exits the compressor 110 in a gaseous state and reaches
the first heat exchanger 120, and more precisely it reaches an inlet 121 of the first heat
exchanger 120. Once the refrigerant fluid R has entered the first heat exchanger 120, a
transfer of calories is undertaken between said refrigerant fluid R circulating in this first heat

exchanger 120 and the first airflow AF1 that flows through it. More precisely, the refrigerant
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fluid R gives calories to the first airflow AF1 and liquefies. In other words, the first heat
exchanger 120 is used, in this particular example, as a condenser. As a result, the refrigerant
fluid R exits the first heat exchanger 120 in a liquefied state and reaches the filter 200
wherein the refrigerant fluid R is filtered. In other words, it is to be understood that the filter
200 is connected on one hand to an outlet 122 of the first heat exchanger 120 configured to
allow the refrigerant fluid R to exit said first heat exchanger 120 and on the other hand to a
pipe 101 of the refrigerant fluid loop 100. Then the refrigerant fluid R goes through the
expansion device 130 in which its pressure is reduced before it reaches the second heat
exchanger 140. In this second heat exchanger 140, the refrigerant fluid R takes calories from
the second airflow AF2 and evaporates. The second airflow AF2 can then be sent to the
passenger compartment to drop the temperature of this compartment and the refrigerant fluid

R, which is again in a gaseous state, can again reach the compressor 110 to start a new cycle.

Generally speaking, the first heat exchanger 120 and the second heat exchanger 140
are similar and both comprise at least two manifolds or header tanks arranged at an extremity
of a heat exchange area wherein the heat exchange between the refrigerant fluid and the first
or the second airflow AF1, AF2 takes place. According to the example of application
illustrated on figure 1, the outlet 122 of the first heat exchanger 120 is arranged in one of its
head tanks, and the inlet 121 of this first heat exchanger 120 is arranged in the other one. As
explained in more details below, the filter 200 is, according to the invention, brazed to the
outlet 122 of the heat exchanger 120, that is to say that this filter 200 is soldered to the outlet
122 with a nonferrous alloy having a lower melting point than a material which constitutes

said outlet 122 and said filter 200.

We are now going to describe with more details the first example of application of the
invention, and especially, the filter 200 arranged at the outlet 122 of the first heat exchanger
120, with reference to figure 2. For the rest of the specification, the words “first heat
exchanger” and “heat exchanger” will be used with no distinction. Anyway, it is understood
that the filter 200 arranged at the outlet 122 of the first heat exchanger 120 could be placed

at an outlet of the second heat exchanger without departing from the scope of the invention.

Figures 2 illustrates a cross-section view of a head tank 123 of the heat exchanger
according to the first example of application that has just been described, the outlet 122 of

such heat exchanger being arranged in this head tank 123.
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As illustrated, the outlet 122 of the heat exchanger is defined by a collar 124 which
extends outside the heat exchanger, that is to say that this collar 124 extends away from the
head tank 123. According to the invention, the filter 200 is brazed to a base 125 of this collar
124. As illustrated, this base 125 of the collar 124 is realized by a portion of a wall 127 in
which the outlet 122 is arranged. According to the first example of application, this wall 127
is a wall which defines, at least partially, the head tank 123.

The filter 200 presents a cylindrical shape, or a U-shaped cross-section as illustrated
on figure 2. In other words, this filter 200 comprises a circular base 201 from which extends
a circular wall 202, and an opening 203, which faces the circular base 201 and through which
the refrigerant fluid reaches the filter 200. The filter 200 also comprises a brazing ring 204
which extends from said circular wall 202, and more precisely from a free edge of this
circular wall 202, that is to say an edge of this circular wall 202 opposite to the circular base
201. As illustrated, the brazing ring 204 defines the opening 203 of the filter 200.
Additionally, this brazing ring 204 forms the part of the filter 200 thanks to which it is brazed
to the outlet 122. Thus it is understood that this brazing ring 204 is in contact with the collar
124, and more precisely with the base 125 of this collar 124, as described above. Such filter
200 can advantageously be made of a single piece, that is to say that the circular base 201,
the circular wall 202 and the brazing ring 204 cannot be separated without damaging at least

one of them.

The filter 200 also comprises at least one meshed element 205 which forms the part of

the filter 200 which actually filters the refrigerant fluid.

As the filter 200 is brazed to the outlet 122 of the heat exchanger 120, this filter 200,
and the meshed element 205 are both realized with a material which resists high temperature,
and more precisely, which resists to the temperatures at which the brazing operation is

realized. For example, the brazing can be realized at temperature between 580°C and 600°C.

According to the first example of application of the invention, the filter 200 extends
mainly in a block 300 which is attached to the head tank 123. Such block 300 comprises at
least one path 301 through which the refrigerant fluid is able to flow, this path 301 being
directly connected to the outlet 122 of the heat exchanger. As illustrated on figure 2, the
collar 124 defining the outlet 122 and the filter 200 both extend mainly in the path 301 of
this block 300.
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In order to prevent any capillary effect that could lead to the spreading of the
nonferrous alloy used for the brazing operation in the head tank 123 or around the meshed
element 205, the filter 200 comprises a smooth band 206, that is to say a band which lacks
the meshed element 205. Indeed, such the spreading of the nonferrous alloy could result in
a diminution of the filtration efficiency of the filter 200, which is not desirable. As shown,
this smooth band 206 is interposed between the brazing ring 204 thanks to which the filter
200 is brazed to the base 125 of the collar 124, and the meshed element 205 which filters the

refrigerant fluid.

According to the invention, a sealing device 207 is arranged between a rim 214 of the
brazing ring 204 and the outlet 122 of the heat exchanger. More precisely, this sealing device
207 1s received in a groove 128 arranged in the base 125 of the collar 124 defining the outlet
122 of the heat exchanger. As illustrated, the sealing device 207 is realized by an O-ring that
surrounds the brazing ring 204 of the filter 200. This sealing device 207, in combination with
the brazing operation, create a sealing area 223 that advantageously prevents any refrigerant
fluid leakage between the filter 200 and the collar 124 defining the outlet 122 of the heat
exchanger. In other words, all the refrigerant fluid that leaves the heat exchanger 120 through
its outlet 122 has been previously filtered. Obviously, this sealing area 223 extends all
around the outlet 122, as does the sealing device 207.

We also note that a first diameter D1 of the outlet 122 of the heat exchanger is smaller
than a second diameter D2 of the brazing ring 204. As a result, such brazing ring 204 is
arranged around said outlet 122. According to the example illustrated on figure 2, a third
diameter D3 of the filter 200 is smaller than both the first diameter D1 of the outlet and the
second diameter D2 of the brazing ring 204. According to the invention, the first diameter
D1 of the outlet 122 is measured perpendicularly to the collar 124 defining such outlet 122,
the second diameter D2 of the brazing ring 204 is measured along a straight line which
crosses both the rim 214 of this brazing ring 204 and a centre of this brazing ring 204, and
the third diameter D3 of the filter 200 is measured perpendicularly to its circular wall 202.

Advantageously, the block 300 in which the filter 200 extends can comprise crimping
means — not represented here — configured to allow a pre-positioning of this block 300, that
is to say that those crimping means permit to position the block 300, and therefore the filter

200 too, relative to the head tank 123 before the brazing operation.
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According to the first example of application of the invention, the refrigerant fluid that
flows in the head tank 123 of the heat exchanger after the heat exchange with the first airflow,
reaches the filter 200 through its opening 203. The refrigerant fluid is then filtered by the
meshed element 205 and finally reaches the path 301 of the block 300 which is connected to
the rest of the refrigerant fluid loop. The refrigerant fluid is thus filtered downstream the
outlet 122 of the heat exchanger, before it reaches any other component of the refrigerant

fluid loop.

For instance, the meshed element 205 is configured to filter, that is to say to retain,
particles that present a diameter bigger than 50um. It is understood that this is only an
example and that the meshed element 205 can be modified and adapted to retain particles of

different diameters without departing from the invention.

Figure 3 illustrates schematically the refrigerant fluid loop 100 according to a second
example of application of the invention. For the sake of brevity, some of the features shared
by both the first example of application and the second example of application of the
invention are not described again. This second example of application of the invention
differs from the first example of application, essentially in the fact that the first heat
exchanger 120’ is configured to undertake a heat exchange between two fluids that flows
through it. In other words, this first heat exchanger 120’ is arranged at an interface between
the refrigerant fluid loop 100 and a coolant loop 400. The first heat exchanger 120°,
according to this second example of application, therefore comprises a first chamber 220
through which the refrigerant fluid R flows and a second chamber 221 through which a
coolant C, for instance water, flows. This second chamber 221 is arranged on the coolant
loop 400, such coolant loop 400 comprising at least a pump 401 for circulating the coolant
C, and a third heat exchanger 410 configured to undertake a heat exchange between the
coolant C and the first airflow AF1 taken outside the motor vehicle. As a result, the coolant
C that flows through the third heat exchanger 410 releases calories it carries in the first
airflow AF1, this coolant C then reaches the second chamber 221 of the first heat exchanger
120’ wherein it captures calories from the refrigerant fluid R that flows in the first chamber
220 of said first heat exchanger 120°. The refrigerant loop 100, on its side, works as
described above. In particular, it is understood that the first heat exchanger 120° according

to the second example of application of the invention is also used as a condenser.
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The coolant loop 400 will not be described in further details, and the following
specification will focus on the first heat exchanger 120°. As earlier, in the following
specification, the words “first heat exchanger” and “heat exchanger” will be used with no

distinction.

Figures 4 to 6 illustrate, in cross-section views, the heat exchanger 120° according to
the second example of application of the invention, those figures illustrating, respectively, a
first embodiment, a second embodiment and a third embodiment of the present invention,
all those three embodiments being intended to be mounted on a cooling loop of the kind

illustrated on figure 3.

As described with reference to the first example of application, the outlet 122 f the
heat exchanger 120’ is defined by the collar 124 and the filter 200 is brazed to the base 125
of this collar 124. The filter 200 is also similar to what have been previously described and
it presents a cylindrical shape with the base 201, the circular wall 202 extending from this
base 201, the opening 203 which faces the base 201, and the brazing ring 204 thanks to
which the filter 200 is brazed to the outlet 122, and more precisely thanks to which the filter
200 1s brazed to the base 125 of the collar 124 defining said outlet 122. The filter 200 further
comprises the meshed element 205, the smooth band 206 which prevents capillary effect and
the sealing device 207 interposed between the brazing ring 204 and the base 125 of the collar
124. In a similar way to what have been described with reference to figure 2, the sealing
device 207 is more precisely received in the groove 128 arranged in the base 125 of the collar

124.

According to the second example of application of the invention, the heat exchanger
120’ comprises several plates 222 stacked one above the other. Those plates 222 each present
a particular shape configured to generate the first chamber 220 and the second chamber 221
of the heat exchanger 120’, as described above. Those plates 222 are configured to undertake
the heat exchange between the refrigerant fluid that flows through the first chamber 220 and
the coolant that flows through the second chamber 221, that is to say that those plates 222

form intermediary between the coolant and the refrigerant fluid.

As detailed hereunder, the three embodiments relative to the second example of
application of the invention differ from one another especially in the position of the filter

200.
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Figure 4 is a cross-section view of a part of the heat exchanger 120’ in which the outlet
122 is arranged, according to the first embodiment. According to this first embodiment, the
filter 200 extends mainly into the heat exchanger 120°. In other words, the brazing ring 204
is in contact with the base 125 of the collar 124 defining the outlet 122 and the rest of the
filter 200 extends from this brazing ring 204 in a direction opposite to the position of the
outlet 122. Thus, the refrigerant fluid enters the filter 200 through its base 201 or its circular
wall 202 and it exits said filter 200 through its opening 203, this opening 203 being directly
connected to the outlet 122 of the heat exchanger 120°. As a result, the refrigerant fluid is

filtered upstream the outlet 122.

According to this first embodiment, the first diameter D1 of the outlet 122 is smaller
than the second diameter D2 of the brazing ring 204. Since, according to this first
embodiment, the filter does not extend through the outlet 122 of the heat exchanger 120°,
the third diameter D3 of the filter 200 is also bigger that the first diameter D1 of the outlet
122.

Referring now to figures 5 and 6, we are going to describe the second embodiment and

the third embodiment of the invention.

The second and the third embodiments of the second example of application differ
from the first embodiment in that the filter 200 extends both inside the heat exchanger 120’
and outside said heat exchanger 120°. More precisely, as can be seen on figures 5 and 6, the
brazing ring 204 of the filter 200 is arranged inside the heat exchanger 120, a first part of the
circular wall 202 of the filter 200 extends in the outlet 122 of the heat exchanger 120’, that
is to say that said first part of the circular wall 202 is surrounded by the collar 124 which
defines said outlet 122, and a second part of this circular wall 202 and the base 201 of the
filter 200 extend outside the heat exchanger 120°. As a result, according to those
embodiment, the third diameter D3 of the filter 200 is smaller than the first diameter D1 of
the outlet 122. Another difference that results from this particular arrangement, is that the
refrigerant fluid enters the filter 200 through its opening 203 and leaves it through its circular
wall 202 or its base 201. In other words, the refrigerant fluid is filtered downstream the outlet

122.

The third embodiment illustrated on figure 6 also differs from the first and the second

embodiments in the shape of the areas which receives the brazing ring 204 of the filter 200
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and the sealing device 207. As shown, the base 125 of the collar 124 which defines the outlet
122 of the filter 200 presents two grooves 128, 129. A first groove 128 is similar to what
have been previously described, this first groove 128 receiving the sealing device 207. The
main difference stands in the fact that a second groove 129 is arranged under the first groove
127 according to the orientation of the heat exchanger 120 as illustrated in figure 6. In other
words, the first groove 128 is closer to the base 201 of the filter 200 than the second groove
129. As a result the sealing device 207 arranged in the first groove 128 is surrounded by the
brazing ring 204, part of the smooth band 206 of the filter 200 and the wall of the base 125
in which such first groove 128 is arranged. In other words, according to this third
embodiment of the second example of application of the invention, two sealing areas 224,
225 are created instead of one, ensuring an even better sealing between the filter 200 ant the

outlet 122 of the heat exchanger 120°.

It will be understood from the foregoing that the present invention provides a simple,
ecasily adaptable and easily replaceable means to filter the refrigerant fluid that exit a heat
exchanger accommodated on a refrigerant fluid loop so as to prevent any damage on other

components of such a refrigerant fluid loop.

However, the invention cannot be limited to the means and configurations described
and illustrated herein, and it also extends to any equivalent means or configurations and to
any technically operative combination of such means. In particular, the shape and
arrangement of the filter and/or of the outlet of the heat exchanger can be modified insofar

as they fulfil the functionalities described in the present document.
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REVENDICATIONS

1. Heat exchanger (120, 120°) for a refrigerant fluid loop (100), the heat exchanger
(120, 120°) comprising at least one inlet (121) configured to allow a refrigerant fluid (R) to
enter in the heat exchanger (120, 120’) and at least one outlet (122) configured to allow the
refrigerant fluid (R) to exit the heat exchanger (120, 120°), the heat exchanger (120, 120°)
comprising at least one filter (200) arranged at the outlet (122) of the heat exchanger (120,
120’), characterized in that the filter (200) is brazed to the outlet (122), and in that the filter
(200) is adapted to filter (200) the refrigerant fluid (R) that exits the heat exchanger (120,
120°).

2. Heat exchanger (120, 120’) according to the preceding claim, wherein the filter
(200) comprises at least one brazing ring (204) which is brazed to the outlet (122) of the heat
exchanger (120, 120°) and at least one meshed element (205) configured to filter (200) the
refrigerant fluid (R).

3. Heat exchanger (120, 120’) according to claim 2, wherein the filter (200) comprises
at least one smooth band (206) interposed between the brazing ring (204) and the meshed
element (205).

4. Heat exchanger (120, 120°) according to any of claims 2 or 3, wherein the outlet
(122) presents a first diameter (D1) smaller than a second diameter (D2) of the brazing ring

(204).

5. Heat exchanger (120, 120’) according to any of the preceding claims, wherein a
sealing device (207) is arranged between the outlet (122) of the heat exchanger (120, 120’)
and the filter (200).

6. Heat exchanger (120, 120’) according to the preceding claim in combination with
claim 2, wherein the sealing device (207) is arranged between the outlet (122) of the heat
exchanger (120, 120’) and the brazing ring (204) of the filter (200).
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7. Heat exchanger (120, 120°) according to any of the preceding claims, characterized

in that it has a cylindrical shape.

8. Heat exchanger (120, 120’) according to any of the preceding claims, wherein the

filter (200) extends, at least partially, inside the heat exchanger (120, 120’).

9. Heat exchanger (120, 120’) according to any of the preceding claims, wherein the

filter (200) extends completely inside of the heat exchanger (120, 120°).

10. Heat exchanger (120, 120’) according to any of claims 1 to 8, wherein the
filter (200) is arranged, at least partially, in a block (300), said block (300) comprising
crimping means thanks to which the block (300) can be crimped to the outlet (122).

11. Heat exchanger (120) according to any of the preceding claims, wherein the
heat exchanger (120) is configured to undertake a heat exchange between the refrigerant

fluid (R) and an airflow (AF1).

12. Heat exchanger (120’) according to any of claims 1 to 10, wherein the heat
exchanger (120°) is configured to undertake a heat exchange between the refrigerant fluid

(R) and a coolant (C).

13. Heat exchanger (120, 120°) according to any of the preceding claims, herein

the heat exchanger (120, 120’) is used as a condenser.
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