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Heat exchanger with modular headers

The presentinvention refers to a heatexchanger

provided with modular headers.

A heat exchanger, in particular of the finned-pack
type, made according to the present invention comprises
a plurality of tubes (1) that extend between a plurality of
hollow interspaces (2); at least a header (4) comprising
a support (5) provided with a plurality of first apertures

2

(6) adapted to accommodate an extremity region (7, 8)
ofthe tubes (1); and acover (9) associated to said support
(5). The heat exchanger is characterized in that each
one of said support (5) and said cover (9) comprises a
plurality of modular members (10, 18) that are removably
associated to each other by means of conjugate surfaces
(11a, 11b; 19a, 19b).
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Description

[0001] The presentinvention refers to a heat exchang-
er provided with modular headers.

[0002] Heat exchangers, in particular those of the
finned-pack type used in the production of water-cooled
heat-exchange banks, evaporators and condensers, are
widely known in the art to be generally comprised of a
plurality of tubes, through which a liquid medium is
caused to circulate, and which are arranged in a pattern
of parallel rows, or ranks, that are running transversally
relative to the flow direction of the air. At the extremities
thereof, the rows of tubes are connected to each other
by a pair of manifolds, or headers, comprising at least
one conduit for letting the liquid medium into the heat
exchanger and at least one outlet conduit for the liquid
medium to be able to exit the heat exchanger. Equally
well-known in the art is the fact that, in view of increasing
the efficiency of the heat exchanger, the tubes of the
various rows or ranks must be fluidly connected to each
other in such manner as to enable the liquid medium to
repeatedly flow across the flow of air while moving to and
from the headers of the heat exchanger. For such repeat-
ed passages of the liquid fluid across the air flow to be
ensured, the tubes of the various rows, or ranks, are con-
nected two-by-two via U-shaped pipe unions, or connec-
tion elbows, associated to the tubes by means of welding
or brazing. Typically, heat exchangers of this kind are
known to have some drawbacks, as set forth hereinbe-
low.

[0003] A first drawback lies in the fact that manufac-
turing time requirements are markedly dependant on the
number of tubes which the heat exchanger is comprised
of, since such number substantially determines the
number of weldings or brazings that have to be done for
the various rows or ranks of the heat exchanger to be
fluidly connected to each other.

[0004] A second drawback derives from the need for
all of the thus completed weldings or brazings to then
undergo rigorous and laborious tests to check them for
perfect execution. Among other things, these checks in-
clude a test of strength and leak-resistance of the tubes
under internal pressurization conditions, which is carried
out by insufflating dry air into the tubes while the heat
exchanger is submerged in a water bath. It can be most
readily appreciated that such tests strongly contribute to
an extension of the time needed to complete the heat-
exchanger manufacturing process, further to obviously
implying the use of specially designed equipment and
skilled personnel.

[0005] A further drawback, connected with the use of
the above-mentioned U-shaped pipe unions, or connec-
tion elbows, derives from the need for a material to be
used - both for the tubes and the related unions - that is
able to be easily welded, or brazed, at low costs. Usually,
such requirements are met by materials such as copper,
which, on the other hand, has a specific weight and a
purchase price that are definitely higher than those of

10

15

20

25

30

35

40

45

50

55

other materials, such as for instance aluminium. The use
of aluminium tubes instead of copper ones only consti-
tutes a partial solution to the afore-noted problems in that
it inherently involves a number of other construction-re-
lated problems connected to the difficulties typically
found and the high costs to be sustained in making the
required welded or brazed joints between pipe unions
and tubes.

[0006] Fully apparent is also the fact that, in the case
of heat exchangers of the above-described type, main-
tenance and cleaning operations involving the conduits
of the same heat exchangers turn out as being particu-
larly complicated to be performed, since they generally
require the heat exchanger to be al most completely dis-
assembled.

[0007] For cooling down internal combustion engines
and heating up the driver and passenger compartment,
known in the automotive industry is the use of finned-
pack heat exchangers made of aluminium and in a size
ranging from 50 to 150 mm as far as the thickness is
concerned, and from 500 to 700 mm as far as height and
width are concerned. Mass-produced heat exchangers
for this kind of application generally comprise a plurality
of tubes extending between a plurality of hollow inter-
spaces and a pair of headers provided at the extremities
of the tubes. These headers are comprised of box-like
bodies, each one of which comprises a support provided
with a plurality of apertures adapted to receive and ac-
commodate the extremities of the tubes, and a cover as-
sociated to such tube support. The internal cavity of the
headers is subdivided into sections by a plurality of par-
titions, so that the liquid medium circulating in the tubes
can be caused to pass several times to and from a header
and the other one in view of enhancing the heat-ex-
change effect and, as a result, the efficiency of the whole
heat exchanger. An example of heat exchangers of this
kind is described in the European Patent specification
EP 1 046 876.

[0008] The structure of the heat exchangers of the
above-described kind has however a drawback in that is
hardly adaptable to a production of the heat exchanger
in various sizes and capacities thereof in any reasonably
easy and low-cost manner. In fact, the headers are spe-
cially and rigidly sized in accordance with the size of the
heat exchanger which they are intended for, and are not
adaptable to heat exchangers having sizes differing from
the design ones. As a result, in heat exchangers of such
prior-art kind the need disadvantageously arises for
headers of a pre-defined size to be used, which must
therefore be each time produced to exactly comply with
the particular size of the heat exchanger which they have
to be associated to, actually. This introduces poor flexi-
bility in the manufacturing process, along with an overall
increase in the tools needed to cope with generally wide-
ranging production requirements.

[0009] A further drawback of heat exchangers of the
kind disclosed in EP 1 046 876 lies in the tightness, i.e.
liquid leakage problems, as well as problems connected
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with the ability of the headers to work correctly when at-
tempts are made to apply them to heat exchangers hav-
ing any higher number of ranks than a single one, such
as for instance a number situated between 3 and 5. This
is basically due to the increased flow rates of liquid me-
dium that the heat exchanger is due to handle and the
pressures which the headers are subject to.

[0010] At the light of the above-noted drawbacks, the
use of the heat exchangers of the kind described in EP
1 046 867 has therefore been confined to the automotive
industry, since they had generally not been considered
as being reasonably reliable for application to other uses,
such as in air-conditioning equipment for large-sized
rooms and buildings.

[0011] Itis an object of the present invention to there-
fore provide a heat exchanger, in particular of the finned-
pack kind, which is effective in doing away with the draw-
backs and disadvantages of prior-art heat exchangers.
Within this general object, it is a purpose of the present
invention to provide a heat exchanger that is easily dis-
assembled to allow for convenient periodical mainte-
nance and cleaning thereof.

[0012] Another purpose of the present invention is to
provide a heat exchanger that, further to being reliable,
requires shorter manufacturing times than prior-art heat
exchangers in general.

[0013] Yet another purpose of the presentinvention is
to provide a heat exchanger that can be easily produced
in a wide range of sizes and capacities through simple
and quick adaptations of the modular headers thereof.
[0014] A further, equally important purpose of the
presentinvention is to provide a heat exchanger, in which
the number of the ranks of the heat exchanger can be
varied in a simple manner according to actual needs,
substantially without this implying any alteration in pro-
duction times.

[0015] Still a further purpose of the present invention
is to provide a heat exchanger that can be equally well
manufactured using materials of a different nature, such
as copper, aluminium and steel.

[0016] According to the present invention, the above-
stated object and aims are reached in a heat exchanger
that incorporates the features and characteristics as de-
fined and recited in claim 1 appended hereto. Features
and advantages of the present invention will anyway be
more readily understood from the detailed description
that is given below by way of non-limiting example with
reference to the accompanying drawings, in which:

- Figure 1is a schematic, cutaway front view of a heat
exchanger according to the present invention;

- Figure 2is a perspective view of a header of the heat
exchanger illustrated in Figure 1.

[0017] Althoughreferenceis madetoaheatexchanger
of the finned-pack kind both in the illustrations appearing
in the accompanying drawings and the following descrip-

10

15

20

25

30

35

40

45

50

55

tion, it will be readily appreciated that - as this is fully
apparent from what is set forth below - the invention may
be equally applied to any other kind of heat exchanger
provided with tubes, which requires the use of a header
for letting a fluid into such tubes.

[0018] A heat exchanger according to the present in-
vention is comprised of a plurality of tubes 1 that have a
cross-section in a round or oval shape and are arranged
into one or several ranks, preferably in a number situated
between 3 and 5, which extend between a plurality of
hollow interspaces 2 defined by finned surfaces 3 inter-
posed between two contiguous ranks of tubes 1. The
finned surfaces 3 are preferably comprised of corrugated
sheets associated to the tubes. The heat exchanger fur-
ther comprises a pair of headers 4 located at the end
portions, i.e. extremity regions 7, 8 of the tubes 1. These
headers 4 are intended to convey a liquid medium in a
first pressure and temperature condition into the heat ex-
changer to let such liquid fluid out of the same heat ex-
changer in a second pressure and temperature condition
different from the first condition. The change in the pres-
sure and the temperature of the liquid medium is induced
by the heat-exchange process taking place between the
same liquid medium and the air flowing into and through
the hollow interspaces due to the forced convection effect
brought about by the action of one or several fans (not
shown in the Figures). For reasons of greater illustrative
simplicity and convenience, the liquid-medium inlet and
outlet orifices have been intentionally omitted in the rep-
resentation of the headers; it will however be readily ap-
preciated that these may be provided on each header 4
in any of a number of generally known manners.

[0019] Figure 2 shows a perspective view of one of the
headers 4 of the heat exchanger. The header 4 includes
a support 5 provided with a plurality of first apertures 6
adapted to receive and accommodate the extremity re-
gions 7, 8 of the tubes 1. A cover 9 is removably associ-
ated to the support 5 with the aid of means largely known
as such in the art, such as for instance screw means,
press-fit couplings, and the like. The cover 9 is provided
to be comprised of a plurality of first modular members
10 that are associated with each other - in a removable
manner - by means of first conjugate surfaces 11a, 11
b. Preferably, the modular members 10 of the cover 9
consists of dome-shaped elements, and the conjugate
joining surfaces 11a, 11 b are provided with a set of teeth
12 intended to prevent the members from displacing rel-
ative to each other in a first transverse direction relative
to the longitudinal direction of the members 10, while at
the same time enabling them to displace in a second
transverse direction that is orthogonal to both the first
transverse direction and the longitudinal direction of the
modular members 10, i.e. the direction coinciding with
the prevailing or major dimension of each modular mem-
ber 10. For an adequate liquid-tightness of the modular
members 10 in the assembled state thereof, in which
they form the cover 9, to be effectively ensured, these
modular members 10 are arranged so as to at least par-
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tially overlap each other, as this is shown in Figure 2.
[0020] The inner surface 13 of each such modular
member 10 making up the cover 9, i.e. the surface that
lies facing the support 5 when the cover 9 and the support
5 are assembled, is provided with a plurality of accom-
modations 14 adapted to receive one or several partitions
15. Each partition 15 is used to separate, i.e. subdivide
the compartments 16 (Figure 1) that are created by as-
sembling the cover 9 onto the support 5 into two or more
sections. In this way, the liquid medium circulating in the
tubes 1 can be conveyed from a header 4 to the other
one following a flow path that is determined by the par-
ticular arrangement selected for such sections. By way
of example, in Figure 2 the compartments 16 of each
header 4 are shown to be subdivided into four sections.
To this purpose, the partitions 15 can be substantially
embodied in two basic forms thereof. A first embodiment
calls for the partition 15 to be made up by a simple wall
capable of enabling the compartments 16 to be subdi-
vided into liquid-tight sections, i.e. sections that are ef-
fective in preventing the liquid medium from flowing or
leaking into and from two contiguous sections of a same
header 4. Obviously, when the compartments 16 of the
headers 4 are subdivided into sections by means of par-
titions 15 made in accordance with this first embodiment,
such partitions 15 must be located in the headers 4 ac-
cording to a staggered arrangement, i.e. in such positions
as to ensure that the tubes 1 that receive liquid medium
from a section of a first header 4 will then discharge said
liquid medium into two or more sections of the second
header 4 of the heat exchanger.

[0021] In asecond embodiment of these partitions 15,
these are made in the form of a wall provided with one
or more apertures 17 (Figure 1), which enable the liquid
medium that happens to be in contiguous sections of the
same compartment 16 of a header 4 to flow to and from
such sections. When the compartments 16 of the head-
ers 4 are subdivided into sections by means of partitions
15 made in accordance with this second embodiment
thereof, the possibility will arise for sections to be ob-
tained, which have substantially the same volume, as
thisis shownin Figure 1, while anyway enabling the liquid
medium circulating in the tubes 1 to repeatedly displace
from a header 4 to the other one by flowing through the
entire heat exchanger.

[0022] In both embodiments thereof, the partitions 15
are provided with one or more recesses adapted to re-
ceive and accommodate at least a portion of the tubes 1.
[0023] The support 5 includes a plurality of second
modular members 18, as well, which are again associ-
ated to each other in a removable manner by means of
conjugate surfaces 19a, 19b. In the same way as this
has already been described afore in connection with the
first modular members 10 of the cover 9, also the conju-
gate surfaces 19a, 19b of the modular members 18 of
the support 5 are provided with a set of teeth 24 intended
to prevent the members from displacing relative to each
other in a first transverse direction relative to the longi-
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tudinal direction of the same members 18. While only two
modular members 18 are shown to make up the support
5 in Figure 2 for reasons of greater illustrative simplicity,
it will be appreciated that the actual number thereof is
such as to enable the same members to cover the entire
length of the cover 9, which the support 5 is due to be
removably associated to.

[0024] According to a preferred embodiment, the mod-
ular members forming the support 5 and the cover 9 of
each header 4 are made of a polymeric material, thereby
reducing the overall weight of the heat exchanger.
[0025] For adequate liquid tightness to be ensured at
the interface between the extremity regions 7, 8 of the
tubes 1 and the support 5, there are provided sealing
means 20, such as for instance gaskets, placed around
said extremity regions 7, 8. Preferably, the sealing means
20 are arranged between the cover 9 and the support 5
and comprise in turn a plurality of modular portions 21,
each one of which has a length that is greater than or
equal to the length of each of said modular members 10,
18 forming the cover 9 and the support 5, respectively,
of the header 4. In this way, the position of the interface
between two contiguous portions 21 of the sealing means
20 is staggered relative to, i.e. does not coincide with the
position of the interface between two modular members
10, 18, thereby improving the overall liquid-tightness of
the header 4 as a whole.

[0026] In view of ensuring an adequate structural
strength and rigidity of the header 4, particularly during
the heat-exchanger fabrication and assembly steps, a
thin strengthening plate 22 may be associated to the sup-
port 5. To this purpose, such thin strengthening plate 22,
which is preferably made of metal, comprises a plurality
of apertures 23 located in positions corresponding to
those of the apertures 6 of the support 5, so that the
extremity regions 7, 8 of the tubes 1 can be accommo-
dated in and supported by both the support 5 and the
plate 22. Depending on the actual manufacturing needs,
the thin strengthening plate 22 may be provided as shown
in Figure 2 between the support 5 and the cover 9 or, if
preferred, may be arranged at the base of the support 5,
i.e. in a position lying opposite to the side of the support
5 onto which the cover 9 is joined.

[0027] Although the preceding description particularly
refers to a heat exchanger of the finned-pack kind, it will
be readily appreciated that the invention may be equally
applied to any other kind of heat exchanger provided with
tubes, which requires the use of at least one header for
letting the liquid medium into and/or receiving the outflow
of liquid medium from such tubes, through which the
same liquid medium is circulating. In this connection, the
illustration in Figure 2, in which there are represented
two headers 4, is to be considered as a preferred, al-
though not sole exemplary embodiment of the present
invention, which can therefore be modified to include heat
exchangers provided with a single header 4. In particular,
a heat exchanger according to the present invention can
be effectively applied in fluid-carrying circuits of air-con-
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ditioning equipment for large rooms or buildings, in which
the radiating pack of the heat exchanger, in a plan view
thereof, has a height and a length situated anywhere be-
tween 1,500 and 2,200 mm.

[0028] Fully apparent from the above description is
therefore the ability of the present invention to effectively
reach the aims and advantages cited afore by in fact pro-
viding a highly versatile heat exchanger, in particular of
the finned-pack kind, which - owing to the assembly mod-
ularity of the headers thereof - can be manufactured in
a wide-ranging variety of sizes through quite simple ad-
aptations of the manufacturing process, the process itself
being such as to anyway require a shorter working time
than traditional manufacturing processes. A heat ex-
changer according to the present invention can advan-
tageously produced according to a "just-in-time" working
practice, i.e. within a relatively short delay from the receipt
of the order. Fully apparent is further the ability of a heat
exchanger according to the present invention to enable
fluid, i.e. pipe connections between tubes of different
ranks to be changed according to a multiplicity of varying
schemes, not only at the factory, when the heat exchang-
er is being manufactured, but also when the same heat
exchanger is being installed or even during later mainte-
nance steps. Maintenance itself turns out as being sur-
prisingly simplified thanks to the rapidity with which the
various component parts of the heat exchanger can be
disassembled and re-assembled, actually.

[0029] The particular contrivances adopted in the con-
struction of a heat exchanger according to the present
invention are such as to make it possible for tubes and
pipes made of a variety of different materials to be used
with the same effectiveness from a manufacturing point
of view, thereby enabling both the manufacturer and the
user to each time select the kind of heat exchanger that
best suits the actual application by ideally meeting the
needs of the particular installation, which the heat ex-
changer is due to be fitted in, without incurring disad-
vanatgeous oversizing or undersizing problems.

Claims

1. Heatexchanger, in particular of the finned-pack type,
comprising:

- a plurality of tubes (1) that extend between a
plurality of hollow interspaces (2);

- at least a header (4) comprising a support (5)
provided with a plurality of first apertures (6)
adapted to accommodate an extremity region
(7, 8) of the tubes (1), and a cover (9) associated
to said support (5),

characterized in that each one of said support (5)
and said cover (9) comprises a plurality of modular
members (10, 18) that are removably associated to
each other by means of conjugate surfaces (11a, 11
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10.

11.

12.

13.

b: 19a, 19b).

Heat exchanger according to claim 1, wherein said
conjugate surfaces (11a, 11b; 19a, 19b) are provided
with a set of teeth (12, 24).

Heat exchanger according to any of the preceding
claims, wherein the modular members (10) of said
cover (9) consist of dome-shaped elements ar-
ranged so as to at least partially overlap each other.

Heat exchanger according to any of the preceding
claims, wherein the modular members (10) of said
cover (9) are provided with a plurality of accommo-
dations (14) adapted to receive one or more parti-
tions (15).

Heat exchanger according to claim 4, wherein said
partitions (15) comprise one or more recesses adapt-
ed to accommodate at least a portion of said tubes

(1).

Heat exchanger according to claim 4 or 5, wherein
said partitions (15) comprise at least a second ap-
erture (17).

Heat exchanger according to any of the preceding
claims, wherein the modular members (10, 18) are
made of a polymeric material.

Heat exchanger according to any of the preceding
claims, wherein the modular members (10) of said
cover (9) are removably associated to the modular
members (18) of said support (5).

Heat exchanger according to any of the preceding
claims, wherein sealing means (20) are applied
around said extremity region (7, 8) of the tubes.

Heat exchanger according to claim 9, wherein said
sealing means (20) are interposed between said
support (5) and said cover (9) and comprise a plu-
rality of modular portions (21) having a length that is
greater than or equal to the length of said modular
members (10, 18).

Heat exchanger according to any of the preceding
claims, wherein a thin strengthening plate (22) is as-
sociated to said support (5), said thin strengthening
plate (22) being provided with a plurality of third ap-
ertures (23) located in positions corresponding to
those of said first apertures (6).

Heat exchanger according to claim 11, wherein said
thin strengthening plate (22) is made of metal.

Heat exchanger according to claim 11 or 12, wherein
said thin strengthening plate (22) is interposed be-
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tween said support (5) and said cover (9).

Heat exchanger according to claim 11 or 12, wherein
said thin strengthening plate (22) is associated to
said support (5) on the opposite side relative to said
cover (9).

Heat exchanger according to any of the preceding
claims, wherein said tubes (1) have a cross-section
in a round or oval shape and are arranged into a
number of ranks comprised between 3 and 5.
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