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(54) Heat exchanger

(57)  Aheatexchanger comprises a through pipe (2),
a first flange (4) and a second flange (4’), which are tra-
versed by said through pipe (2) and define, respectively,
at least one inlet (5) and one outlet (8), and a sleeve (3),
which houses at least partially in an axial direction the
through pipe (2) and is fixed to the latter in a fluid-tight
way via the first and second flanges (4, 4’). Moreover, a

plurality of channels (11) are defined at least partially
between the through pipe (2) and the sleeve (3), a first
annular chamber (6) is fluidically set between the chan-
nels (11) and the inlet (5), and a second annular chamber
(9) is fluidically set between the channels (11) and the
outlet (8). In particular, the hydraulic resistance (R1) of
the channels (11) varies along the circumference for con-
trolling the flowrate of fluid at inlet to each channel (11).
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Description

[0001] The presentinvention regards a heat exchang-
er in particular for an air-conditioning circuit of a vehicle.
[0002] Known tothe artare heat exchangers for an air-
conditioning circuit functioning in counter-current com-
prising a through central pipe and a sleeve mounted on
the outside of the central pipe. Respective annular flang-
es block in a fluid-tight way the sleeve on the central pipe.
A first heat-exchange circuit is defined between an inlet
and an outlet delimited by the respective flanges and a
plurality of channels defined between the central pipe
and the sleeve. A second heat-exchange circuit is de-
fined by the central pipe.

[0003] Flowinginsaid circuitsis, forexample, a cooling
fluid; in particular, flowing in the outer sleeve is the hot
fluid in the liquid state, whilst flowing in the central pipe
is the cold fluid in the gaseous state. Between the two
fluids there heat exchange takes place, which contributes
to improving the cooling effect of the air-conditioning cir-
cuit.

[0004] For combined requirements of layout and re-
duction of costs, the inlet for the hot fluid in the liquid
state can be set transverse to the connection flange, and
the fluid tends to distribute in the first circuit in a non-
uniform way in the annular chamber defined between the
flange and the central pipe so that the efficiency of heat
exchange is adversely affected.

[0005] The aim of the present invention is to provide a
heat exchanger that will be free from the drawback spec-
ified above. The aim of the present invention is achieved
via a heat exchanger according to Claim 1.

[0006] Forabetter understanding of the presentinven-
tion a preferred embodiment is now described, purely by
way of nonlimiting example, with reference to the at-
tached drawings, wherein:

- Figure 1is alongitudinal section of a heat exchanger
according to the present invention;

- Figure 2 is a cross section of a component of Figure
1; and

- Figure 3is ahydraulic diagram of the heat exchanger
of Figure 1.

[0007] InFigure 1 designated as a whole by 1 is a heat
exchanger comprising a through central pipe 2, an outer
sleeve 3 mounted on the outside of the through central
pipe 2, and a pair of annular flanges 4 and 4’ traversed
by the through central pipe 2 for anchorage to the latter
of the outer sleeve 3.

[0008] In particular, the annular flange 4 defines both
an inlet 5 having an axis A not aligned with respect to an
axis B of the central pipe 2 and an annular chamber 6 at
least together with a portion of the through central pipe
2. Moreover, the annular flange 4 is connected in a fluid-
tight way both on the central pipe 2 and to an end portion
7 of the sleeve 3 to seal at least the annular chamber 6
towards the external environment.
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[0009] Accordingly, the annular flange 4’ defines both
an outlet 8 having an axis preferably not coinciding with
the axis B and an annular chamber 9 at least via a further
portion of the through central pipe 2. Moreover, the an-
nular flange 4’ is connected in a fluid-tight way both on
the central pipe 2 and to an end portion 10 of the sleeve
3 to seal at least the annular chamber 9 towards the ex-
ternal environment.

[0010] The annular chamber 6 is configured for distrib-
uting the incoming fluid into channels 11 defined in a
radial direction by the through central pipe 2 and by the
sleeve 3, and the annular chamber 9 functions as header
so that the fluid will be directed towards the outlet 8.
[0011] Preferably (Figure 2), the channels 11 are de-
limited by side walls so as to have a variable cross section
between one channel 11 and the adjacent one. Advan-
tageously, if we designate by C a plane (the trace of which
is represented in Figure 2) containing the axes A and B,
the cross sections of the channels 11 are symmetrical
with respect to the plane C as are the annular chambers
6 and 9. It may in fact be presumed that in said conditions
the inlet flow is divided in a symmetrical way with respect
to the plane C. To obtain a desired cross section, it is
advantageous to keep the height constant and vary the
width of the channels 11. Consequently, as illustrated in
Figure 2, a width L1 of a channel 11 is equal to the width
L1.

[0012] According to a preferred embodiment, if we de-
fine a plane D passing through the axis B and perpen-
dicular to the axis A and, in the case illustrated, also to
the plane C, the channels 11 arranged on the same side
of the inlet 5 with respect to the plane D have a smaller
cross section than those arranged on the other half. In
particular, the width L1, L1’ is smaller than the width L2,
L2

[0013] Advantageously, the annular chambers 6 and
9 are the same as one another, and the inlet 5 and the
outlet 8 are coplanar and arranged on the same side of
the plane D so as to provide a path that is balanced with
respect to the plane C and symmetrical with respect to
a plane perpendicular to the axis B and set in the middle
between inlet 5 and outlet 8.

[0014] Even more preferably, the channels 11 have
cross sections that increase progressively the further
away they are, along the circumference, from the channel
11 the mouth portion of which is connected to the inlet 5
via the lowest hydraulic resistance. For example, said
condition can be satisfied by the channel 11 having its
mouth portion the middle of which defines with the middle
of the inlet 5 the smallest angle where the middles are
projected in a plane parallel to that of the cross section
of Figure 2.

[0015] The production of a heat exchanger 1 in which
the channels 11 have a variable cross section is partic-
ularly simple and presents contained costs in such a way
as to adapt to the requirements of the automotive market.
Likewise, the annular chambers have concentric cylin-
drical walls and preferably are the same as one another
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so that the flanges 4, 4’ can be easily obtained even via
a process of cold plastic deformation. The sleeve 3 has
a profile having rectilinear and parallel generatrices and
can consequently advantageously be obtained by extru-
sion.

[0016] Figure 3 illustrates a hydraulic diagram of the
heat exchanger 1 where each channel 11 defines a hy-
draulic resistance R1 of its own, and is connected to the
inlet 5 and to the outlet 8 in such a way that it is possible
to calculate respective equivalent hydraulic resistances
R2 and R3, which, arranged according to the diagram of
Figure 3, enable calculation of the division of flowrates
itself between the channels 11, which can be measured
and/or simulated numerically in a real heat exchanger.
[0017] The value of each hydraulic resistance is affect-
ed by numerous factors, which comprise the roughness
of the wet surfaces and the geometry of the channels 11
and of the annular chambers 6 and 9. In particular, the
value of the hydraulicresistance is the greater the smaller
the area of the cross section of the corresponding chan-
nel 11.

[0018] Once the geometry of the annular chambers 6
and 9, the position of the single inlet 5 and of the single
outlet 8, and the type of surface finish have been fixed,
each resistance R2 and R3 is fixed, and each channel
11 is sized and/or has a roughness such that the sum
R1, R2 and R3 for each duct is a pre-set constant.
[0019] In this way, the inlet flow divides in a substan-
tially balanced way in each channel 11 without the
marked asymmetries that may be encountered in heat
exchangers with ducts having the same cross section.
The efficiency of heat exchange is consequently im-
proved.

[0020] According to the present embodiment, the heat
exchanger has a configuration symmetrical with respect
to the plane C. However, in the case where for layout
requirements the flow at inlet into the annular chamber
6 has an asymmetrical component, for example of an
inertial type, it is possible to take into account said asym-
metry to balance the flowrate at inlet to each channel 11.
[0021] Alternatively, the asymmetrical component of
the inlet flow can be due to the fact that the axes A and
B are skew.

The resistances R2 and R3 corresponding to each chan-
nel 11 and that generate in the annular chambers 6 and
9 can be evaluated via computer simulations of fluid-dy-
namics using known programs available on the market.
[0022] Finally, itis clear that modifications or variations
may be made to the heat exchanger 1 described and
illustrated herein, without thereby departing from the
sphere of protection as defined by the annexed claims.
[0023] Inautomotive applicationsin an air-conditioning
circuititis preferable for the inlet 5 to be single as likewise
the outlet 8 for requirements of layout but in other auto-
motive circuits it is possible for there to be present further
inlets and/or further outlets.

[0024] Moreover, the number of channels 11 and the
difference between the resistance R1 of one channel 11
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and that of an adjacent channel 11 can be modified also
as a function of geometrical parameters of the end prod-
uct and of the lay-out of the system or of particular re-
quirements of heat exchange and/or head loss. For ex-
ample, itis possible for the resistances R1 not to be sym-
metrical with respect to a plane.

Claims

1. A heat exchanger comprising a through pipe (2), a
first flange (4) and a second flange (4’), which are
traversed by said through pipe (2) and define, re-
spectively, at least one inlet (5) and one outlet (8),
and a sleeve (3), which houses at least partially in
an axial direction said through pipe (2) and is fixed
to the latter in a fluid-tight way via said first and sec-
ond flanges (4, 4’), a plurality of channels (11) being
defined at least partially between said through pipe
(2) and said sleeve (3), a first annular chamber (6)
being fluidically set between said channels (11) and
said at least one inlet (5), and a second annular
chamber (9) being fluidically set between said chan-
nels (11) and said outlet (8), said heat exchanger
being characterized in that the hydraulic resistance
(R1) of said channels (11) varies along the circum-
ference for controlling the flowrate of fluid atinlet into
each channel (11).

2. The heat exchanger according to Claim 1, charac-
terized in that the cross section of said channels
(11) varies along the circumference.

3. The heat exchanger according to any one of the pre-
ceding claims, characterized in that said through
pipe (2) and said inlet (5) have respective axes be-
longing to a first plane (C) and in that said channels
(11) are symmetrical with respect to said plane (C).

4. The heatexchanger according to any one of the pre-

ceding claims, characterized in that the channels
(11) arranged on the same side of said inlet (5) with
respect to a second plane (D) perpendicular with re-
spectto afirst axis (A) of said inlet (5) and comprising
a second axis (B) of said through pipe (2) have a
hydraulic resistance (R1) higher than the channels
(11) set on the opposite side of said inlet (5) with
respect to said second plane (D).

5. The heat exchanger according to either Claim 3 or
Claim 4, characterized in that said hydraulic resist-
ances (R1) decrease starting from the channel (11)
closest, along the circumference, to said inlet (5).

6. The heat exchanger according to any one of the pre-
ceding claims, characterized in that said first and
second annular chambers (6, 9) are defined at least
via concentric cylindrical surfaces.
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7. The heat exchanger according to Claim 6, charac-
terized in that said sleeve (3) has a profile defined
via rectilinear and parallel generatrices.
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