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(57) Abréegée/Abstract:

The Invention relates to a heat exchanger (10) for heat exchange between fluids, comprising a housing (12) having an inlet (20, 27)
and an outlet (26, 28) for each fluid, the Inlet (20, 27) and outlet (26, 28) for each fluid being connected to one another by a flow
path (38, 58), the flow path (38) of a first fluid comprising multiple heat exchange modules (60) comprising at least one longitudinal
hollow tube (36), wherein the modules (60) are arranged In a matrix configuration that comprises at least two columns of
longitudinal tubes (36) and at least two rows of longitudinal tubes (36), and wherein a module (60) Is provided with at least one
connector (50) for connecting to a co-operating connector of an adjacent module, such that the space (56) enclosed between
adjacent modules (60) defines a flow path (58) for a second fluid, parallel to the flow path (38) for the first fluid.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




9/007065 A1 /NN )0 Y 0 A R0 AR A

O
=

CA 02690570 2009-12-11

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization {2
International Burcau o

(43) International Publication Date
15 January 2009 (15.01.2009)

(51) International Patent Classification:
F28D 7/16 (2006.01) F28F 1/22 (2006.01)

(21) International Application Number:
PCT/EP2008/005484

(22) International Filing Date: 4 July 2008 (04.07.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

07075587.1 12 July 2007 (12.07.2007) EP

(71) Applicant (for all designated States except US): HEXION
SPECIALTY CHEMICALS RESEARCH BELGIUM
S.A. [BE/BE]; Avenue Jean Monnet 1, B-1348 Ottignies
Louvain-la-Neuve (BE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): POSTMA, Ron
INL/NL]; Resolution Research Nederland B.V., Hex-
ion specialty Chemicals Group, Vondelingenweg 601,
NL-3196 KK Vondelingenplaat Rt. (NL). SAKKO,
Robert [NL/NL]; Resolution Research Nederland B.V.,

Hexion Specialty Chemicals Group, Vondelingenweg 601,

(54) Title: HEAT EXCHANGER

(81)

(84)

(10) International Publication Number

WO 2009/007065 A1l

NL-3196 KK Vondelingenplaat Rt. (NL). VAN DEN
BERG, Bart [NL/NL]; Resolution Research Nederland

B.V., Hexion Specialty Chemicals Group, Vondelingenweg
601, NL-3196 KK Vondelingenplaat Rt. (NL).

Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LL.C, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL., SM, ST, SV, SY, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM.,
ZW.

Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, I,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

Fig. 1

with international search report

(57) Abstract: The invention relates to a heat exchanger (10) for heat exchange between fluids, comprising a housing (12) having
& an inlet (20, 27) and an outlet (26, 28) for each fluid, the inlet (20, 27) and outlet (26, 28) for each fluid being connected to one
& another by a flow path (38, 58), the flow path (38) of a first fluid comprising multiple heat exchange modules (60) comprising at
N east one longitudinal hollow tube (36), wherein the modules (60) are arranged in a matrix configuration that comprises at least two
columns of longitudinal tubes (36) and at least two rows of longitudinal tubes (36), and wherein a module (60) is provided with at
least one connector (50) for connecting to a co-operating connector of an adjacent module, such that the space (56) enclosed between
adjacent modules (60) defines a flow path (58) for a second fluid, parallel to the flow path (38) for the first fluid.
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Heat exchanger

The present invention relates to a heat exchanger for heat exchange between fluids.

US-A-3,648,768 has disclosed heat exchanger elements of plastic material
consisting of a plurality of parallel pipes having connecting webs maintaining the pipes
transversely spaced apart, which elements can be manufactured in one piece. It is stated In
this document that the elements should be designed to have an inherent static stability for all
practical purposes, more specifically sufficient bending strength to allow the elements
supported at their ends to bridge a distance of several meters without bending. When
multiple elements of this type are combined so as to form a larger heat exchanger block,
spacing members are used whose opposite sides conform to the contours of one side of
each of two adjacent heat exchanger elements. These spacing members may be e.g. glued
or welded to the respective elements. Mechanical connecting means such as rivets, SCrews
and tie rods may also be used. The elements may be connected to headers by cutting out the
ends of the connecting webs so that short individual pipe ends project from the remaining
main body of the connecting webs. These pipe ends may be fitted into bores of the header or
anchored therein using short nipples. Due to the design this known heat exchanger having a
heat exchange block comprising multiple elements of this type is a cross-flow heat
exchanger.

A significant disadvantage of this known device is that although the elements are
said to be thin-walled, relatively thick walls are required in heat exchangers of industrial
scale, thereby severely limiting heat transfer between the fluids. Furthermore, despite the
fact that the elements may be manufactured in one piece, a laborious operation whether by
(physico)chemical means whether by mechanical means is needed to assemble several
elements into a large heat exchange block.

Furthermore a compact countercurrent heat exchanger is for example known from
US 2005/0217837. In this known heat exchanger a plurality of longitudinally extending and
parallel fluid carrying tubes are arranged in thermal contact with one another. According to
this publication each tube has at least one bend congruent to a bend in an immediately
adjacent tube. All tubes are manufactured separately and then assembled together using for
example Ag based alloy for brazing. During use a first heat exchange fluid flows through any
one tube in a direction opposite to a direction of a second heat exchange fluid that flows
through an immediately adjacent tube. In such a way a counter-flow heat exchange relation
between the first and second heat exchange fluid is achieved. From the context of the

specification it is apparent that such a compact counter-flow heat exchanger is obviously
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intended for use in aerospace dynamic power systems. In this known device the heat
exchanger tubes are made from stainless steel.

Heat exchangers made from metal as in US 2005/0217837 are subject to fouling.
Furthermore corrosion of the metal from which the heat exchanger channels are made may
cause problems depending on the nature of the fluids between which heat is to be
exchanged. Improvement with respect to corrosion may be achieved by using more
expensive, more corrosion resistant metals or alloys such as stainless steel.

US patent no. 4,733,718 has disclosed heat exchanger bodies or heat accumulator
bodies for application according to the recuperator or regenerator principles. Such a body
comprises a stack of extruded hollow chamber panels made from plastic and having plane
smooth outer walls and webs that join the outer walls in a single piece. It is said that the
plastic must be resistant to the media which, in use, will flow through the chambers of the
hollow chamber panels. The softening temperature of the plastic should be above the highest
operating temperature. The advantages cieaimed of this known heat exchanger body made up
of a stack of individual hollow chamber panels are that the construction costs and expenses
are low. The examples of individual hollow chamber panels shown in this document
comprise a plastic body of one row of four adjacent hollow chambers. Several of these
panels can be stacked to form the heat exchanger body. The joining of these panels in the
area of the front surfaces thereof can be produced by welding, gluing or mechanically e.g.
using clamping elements. Interlocking elements co-operating with elevations and/or
depressions in the outer surfaces of the front surfaces of the panels are preferred.
Disadvantages of this known heat exchanger relate to the double wali thickness affecting
heat transfer, the square cross-section being a source of sealing problems and difficulties
encountered in separately feeding the chambers. Furthermore, although the single panels
can be manufactured easily, assembling multiple elements into a stacked configuration is
laborious. The manufacturing process of the panels may become more complicated, if
interlocking parts should be present in the panels themselves.

WO 2005/071339 / discloses a heat exchanger for heat exchange between oil and
water. An embodiment of this known device comprises rows of interconnected modules Each
module comprises a longitudinal tube having fins and two diametrically arranged connectors
allowing assembling multiple modules into a linear row of modules. A separation plate is
provided as a support between rows of interconnected modules. A first fluid flows through the
longitudinal tubes, while a second fiuid flows in the space between the modules and the

housing and/or separation plates of the heat exchanger.
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It is obvious that the designs and assembling processes discussed above are
complicated, cumbersome, laborious, time-consuming and therefore expensive, offering a
suboptimal final product with respect to its final heat transfer properties.

An object of the present invention is to eliminate one or more of these problems.

More particularly, an object is to provide a heat exchanger, preferably made from
plastic material due to its favourable anti-fouling and anti-corrosion properties and despite its
poor heat transfer properties, allowing an improvement of the total strength in order to keep
the wall thickness low in view of heat transfer.

Another object is to provide a heat exchanger having a stable and strong
configuration, wherein the stability and strength are mainly achieved by the general design
and are dependent to a lesser extent from the nature of the construction materials and

thickness than the general design.

Yet another object is to provide a heat exchanger, which is easy to manufacture, in

zeparticular to assemble from modular parts and to disassemble if needed. TR

Another object is to provide a heat exchanger having a high heat transfer area over
volume ratio (m*/m®).

Yet another object is to provide an industrial scale heat exchanger allowing the use
of corrosive media as heat exchanging fluids such as seawater and reducing the risk of
fouling.

According to the present invention a heat exchanger for heat exchange between
fluids is provided, comprising a housing having an inlet and an outlet for each fluid, the inlet
and outlet for each fluid being connected to one another by a flow path, the flow path of a
first fluid comprising multiple heat exchange modules comprising at least one longitudinal
hollow tube, wherein the modules are arranged in a matrix configuration that comprises at
least two columns of longitudinal tubes and at least two rows of longitudinal tubes, wherein a
module is provided with at least one connector for connecting to a co-operating connector of
an adjacent module, such that the space enclosed between adjacent modules defines a flow
path for a second fluid, parallel to the flow path for the first fluid. In the heat exchanger
according to the invention a plurality of modules is arranged in a housing having an inlet and
an outlet for each fluid. A module comprises at least one longitudinal hollow tube. Together
the tubes establish a flow path for a first fluid from the respective inlet to the co-operating
outlet in fluid communication therewith. A module is also provided with at least one connector
for connecting to an adjacent module that is also provided with a suitable connector co-
operating with the first mentioned connector. Due to these co-operating connecting means
the heat exchanger according to the invention can be manufactured easily from a plurality of

modules. Furthermore easy replacement in case of malfunctioning is allowed.
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Advantageously each module is provided with one or more connectors, preferably integral
with the longitudinal tube, for connecting to a co-operating connector of each adjacent
module. In this embodiment the resulting matrix configuration is a self-supporting
arrangement. In a further preferred embodiments the modules are arranged in a matrix
configuration such that the outer walls of the longitudinal tubes and the connectors of two or
more modules, preferably four, enclose a space extending in the direction of the longitudinal
tubes of the modules. Due to the three dimensional connections between the modules in the
matrix the strength and stability thereof are high. As a result the wall thickness of the
longitudinal tubes can be low thereby maintaining the heat transfer properties at a favourable
level, even if the modules are manufactured from a starting material having a poor heat
transfer coefficient such as plastic. The co-operating connectors of different modules are
partitions separating adjacent spaces forming the flow path for a second fluid. Such a flow
path fluidly connects the inlet and outlet for said second fluid. As during use the same second
Tluid flows at different sides of the connectors:under essentially the same flow conditions,
these connectors do not need sealing means in the longitudinal direction. The outer walls of
the longitudinal tubes form an impermeable barrier separating the first and second fluid
between which heat is exchanged. Due to the design wherein a longitudinal tube for a first
fluid is surrounded on all longitudinal sides by the space(s) for a second fluid a compact heat
exchanger having a high heat transfer area over volume ratio (m?/m°) is obtained.
Furthermore manufacturing costs may be kept at a low level compared to heat exchangers
requiring a laborious method for coupling several modules.

Advantageously the modules used in the heat exchanger according to the invention
are made in one piece from a plastic, preferably from a thermoplastic material, more
preferably by extrusion.

Here it is to be noted that typically heat exchangers made from plastic materials are
used mostly in air conditioning systems, and not so often in industry for heat exchange
between process streams, wherein for example a hot (product) stream is cooled by seawater.
Plastic is less sensitive to fouling and scaling, which otherwise would affect heat transfer. As
the connectors and the matrix configuration attribute to the strength and stability, the wall
thickness of the longitudinal tubes can be kept low, thereby allowing a reasonably high heat
transfer despite the fact that the heat thermal conductivity for plastics is low compared to
heat conductive materials like metals. Thus a compact design of a heat exchanger is
possible. Where resistance against corrosion is less important, the heat exchanger can also
be manufactured from metals, metal alloys and carbon, as these kind of materials are
preferred in view of heat transfer. Due to the general design of the heat exchanger as

outlined above and the resulting stability and strength the wall thickness of the longitudinal
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tubes can be kept low for plastic materials in view of heat transfer properties, while for
expensive materials like titanium the cost price of the longitudinal tubes can be reduced
because the amount of material needed Is low.

A longitudinal tube is part of the flow path for a first fluid. A "space” enclosed by
assembled modules provides a flow path for a second fluid. For sake of convenience, the
adjective "first" will be used in this specification to indicate parts of the heat exchanger
intended for a first fluid during use. Similarly, the adjective "second” will be used in this
specification to indicate parts of the heat exchanger intended for a second fluid during use.

In the heat exchanger the main directions of the flows of the first and second flow
are parallel to each other, preferably in opposite directions such as in a countercurrent heat

exchanger having a higher overall performance than a cross-flow heat exchanger or

- alternatingly co-current and countercurrent as in a multipass heat exchanger.

Advantageously a module is made from a plastic material thereby reducing the risk
of corrosion, as well as the occurrence of fouling. These characteristics are significant, where
one or more of the fluids between which heat exchange has to take place, is aggressive such
as corrosive themselves, for example, when the cooling fluid for a hot stream in a chemical
plant is a liquid comprising one or more salts like seawater. The modules used in the heat
exchanger according to the invention can be easily manufactured by extrusion of the (metal
or plastic the latter being preferred) material in a desired length. In practice, a heat
exchanger on industrial scale may have a length up to 10 metres or more. Preferably a
module has a suitable length corresponding to the longitudinal dimension of the housing,
thereby not requiring to mount more than one module one behind the other in the lengthwise
direction of the heat exchanger. When the length of a module is limited by the manufacturing
technique, a number of such modules can be arranged one behind the other in the direction
of a flow path using suitable coupling means.

Compared to the heat exchangers as disclosed in the prior art discussed above, the
number of welds and the like in order to assemble the plurality of modules is decreased,
which makes manufacturing more easy and less expensive.

In the heat exchanger according to the invention the modules are arranged in a
matrix configuration comprising at least two columns of longitudinal tubes and at least two
rows of longitudinal tubes. More preferably a column and a row may comprises tens to
hundreds of longitudinal tubes in view of capacity and heat transfer area.

Preferably a longitudinal tube has a circular cross-section providing a high heat
transfer area over volume ratio in relation to the hydraulic diameter. In addition, the ends of
circular tubes are sealed easily in similar through bores and the like of -

header/distributor/collector panels to be discussed herein below due to the circular shape.
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Furthermore extension if required can be provided by (circular) tube sections having
appropriate dimensions. As to the wall thickness, the thinner the better. Long but small
diameter thin-walled tubes are preferred, e.g. tubes having a wall thickness in the order of
magnitude of 0.1 mm typically 0.01-1 mm, but preferably less than 0.1 mm.
Advantageously a connector substantially extends over the whole length of a
module, parallel to the longitudinal axis of a module. In this way the connectors serve as
supports for other modules over the full length thereby providing a stable and strong heat
exchange block. Such longitudinally extending connectors can also easily be manufactured

by extrusion. Preferably a module comprising at least one tube and respective connectors is

made Iin one piece.
Preferably a moduie has at least one male connector and at least one female
connector. A snap fit is a suitable example of co-operating male and female connectors. A rib

or fin is a suitable male connector, while two spaced apart ribs or fins establish a suitable

female connector. As said herein above, sealing:between adjacent spaces is not required. If

necessary, the outer surface of such a rib acting as a male connector may have one or more
protrusions matching corresponding recesses in the inner surfaces facing each other of the
ribs acting as a female connector.

In a particular preferred embodiment a module comprises one longitudinal tube and
its associated connectors. Such a module can be handled relatively easily and allows easy
exchange if necessary without distortion of the other stacked and connected modules.

Advantageously the longitudinal tube is provided with at least two connectors, the
angle between adjacent connectors being less than 180°C, preferably four connectors at an
angle of 90°C. The latter embodiment allows for a particularly stable rectangular main matrix
configuration having a high heat transfer area over volume ratio (m*/m®), while the periphery
may have any shape.

In an alternative embodiment a module comprises at least two longitudinal tubes
connected to each other in a side-by-side configuration by an interconnecting web of material
in one piece. Such a module offers the advantage of less assembling work, and is particularly
suitable for a heat exchanger designed for low to moderate operating pressures. Preferably
the end tubes thereof are provided with the appropriate connectors for connecting to each
adjacent module, again allowing a stable and strong matrix configuration.

The heat exchanger according to the invention advantageously comprises a
distributor for connecting the inlet for a fluid to the respective flow path and a collector for
connecting the respective flow path to the outlet for said fluid. This means that during use a
first fluid flows from a typically single first inlet through the distributor comprising a chamber

in fluid connection with the first inlet to the respective first flow path. In this way the distributor
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distributes the first fluid stream flowing in a first direction over the longitudinal tubes of the
heat exchanger. At the other end of the modules this first fluid stream is collected in a
collector comprising a collecting chamber and discharged via the respective first outlet.
Similarly a distributor and collector are provided for the second fluid.

Typically in a heat exchanger of the countercurrent type the inlet for a fluid will be at
one end wall of the housing, while the outlet in fluid communication with this inlet is present in
a side wall section near the opposite end wall of the housing. Typically the inlets for the fluids
are at opposite ends of the housing.

In a heat exchanger of the multipass type the same configuration can be applied
provided that suitable fluid returning means e.g. partition plates are provided in the distributor
and/or collector. Such a madification of connecting one part of tube ends and/or spaces
respectively to another part of tube ends and spaces leaves the basic design of the heat

exchanger according to the invention intact.

In a:preferred embodiment according to the invention the inlet and outlet of the first =i

fluid flowing through the longitudinal tubes are arranged in opposite end walls, while the inlet
and outlet of the second fluid flowing through the spaces surrounding the longitudinal tubes
are present in the side wall(s) of the housing. This configuration allows for a favourabile
mounting of the modules, as sealing is less complex.

More preferably in such an embodiment a first distributor for a first fluid comprises a
distributing chamber at one end of the housing defined by an end wall of the housing, a
distributor panel spaced apart from said end wall and the respective side wall sections of the
housing, and wherein a first collector for the first fluid comprises a collecting chamber at the
opposite end of the housing defined by the opposite end wall of the housing, a collector panel
spaced apart from said opposite end wall and the respective side wall sections of the
housing, and wherein the distributor panel and the collector panel are provided with a plurality
of through bores corresponding to the total number and positions of the tubes defining the
first flow path, the longitudinal tubes extending through the through bores of the distributor
panel and collector panel in fluid communication with the distributing chamber and collector
chamber. In this preferred configuration the distributor and the collector for a first fluid are -
positioned at the opposite ends of the heat exchanger.

In a further preferred embodiment thereof a second distributor for a second fluid
comprises a distributing chamber at said opposite end of the housing defined by the collector
panel, the connector sections of the modules facing the collector panel and the respective
side wall sections of the housing and a second collector for the second fluid comprises a
collector chamber at said first end of the housing defined by the distributor panel, the

connector sections of the modules facing the distributor panel and the respective side wall
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sections of the housing, these second distributor and second collector being in fluid
communication via the space enclosed between adjacent modules defining the flow path for
the second fluid. The collector and distributor for a second fluid are positioned longitudinally
adjacent to the distributor and collector for the first fluid respectively, while the tubes in which
during use the first fluid flows extend through the distributing and collecting chamber of the
second fluid. In order to effectively separate adjacent chambers in the heat exchanger the
tubes are sealed in the distributor and collector panel respectively.

Usually a collector panel supporting the ends of the modules, in particular the ends
of the longitudinal tubes thereof will be present. This panel has a plurality of through bores
corresponding to the total number and positions of the tubes defining the first flow path. As
the cross-section of a space has a rather complicated shape compared to the preferred
circular cross-section of the longitudinal tubes, it is easier to have the same kind of

arrangement at the opposite end of the housing. In other words, the inlet and outlet of the

—first fiuid are in opposite end walls of the housing, while the:inlet and outlet for the second

fluid are provided in the side wall sections near the respective ends of the housing. Then only
in the distributor and collector of the second fluid some kind of cross-flow heat exchange will
occur. However, the major heat exchange will occur in a counter flow arrangement as defined
above.

If necessary, a longitudinal tube may have an extension. In a preferred embodiment
thereof a longitudinal tube is provided with an extension part comprising a tube section
having a rejuvenated end inserted in the open end of the longitudinal tube. The rejuvenated
end provides a sealing fit inhibiting any leakage of fluids.

In another embodiment the connectors are absent or removed at one or both ends at the
longitudinal tube.

The other end of the tube section advantageously extends through the through bore
in the respective panel in a sealing manner. Preferably a seal such as an O ring is provided
between the outer wall of the tube section and the wall part of the respective panel defining
the through bore. Other types of sealing are welding and glueing.

The type of material from which the heat exchanger modules are made depends on
the nature of the heat exchanging fluids as explained herein above. Metals, ceramics, carbon
and plastic may be suitable starting materials, of which plastic is preferred.

As plastic material is a poor heat conductor compared to for example metals like
copper, brass and stainless steel and carbon, the thickness of the walls between adjacent
chambers is kept low taking into account the physical requirements that are to be met by the

construction.
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In order to increase the heat transfer the plastic material from which the
modules are made, may comprise a heat conduction enhancing filler like carbon
particles and the like. In order to increase the strength fiber-reinforced plastics may
be used.

The preferred starting material from which the modules are made, is an
extrudable material like plastic, for example polyethylene, polypropylene,
polystyrene, polyvinylchloride and poly(meth)acrylate, fluor containing polymers like
PTFEx and biopolymers. Other plastic materials allowing higher operating
temperatures for example over 100°C to about 120°C are polycarbonate and
polysulfon, polyvinylene oxides, polyetherimides, polyethersulfons and especially
fluor containing polymers allow for even higher operating temperatures.

According to a second aspect the invention also resides in a heat exchanger
module, obviously intended for assembling a heat exchanger according to the
invention, said module comprising at least one longitudinal hollow tube, the module
being provided with at least one connector for connecting to a co-operating connector
~ of another module. The preferred embodiments specified above for the heat
exchanger according to the invention equally apply to the module according to the
invention.

Another aspect of the present invention resides in heat exchanger for heat
exchange between fluids, comprising a housing having an inlet and an outlet for each
fluid, the inlet and outlet for each fluid being connected to one another by a flow
path, the flow path of a first fluid comprising muitiple heat exchange modules
comprising at least one longitudinal hollow tube, wherein the modules are arranged
in a matrix configuration that comprises at least two columns of longitudinal tubes
and at least two rows of longitudinal tubes, and wherein a module is provided with at
least one integral connector for connecting to a co-operating connector of an
adjacent module, such that the space enclosed between adjacent modules defines a
flow path for a second fluid, parallel to the flow path for the first fluid; wherein the
modules are made from plastic material, wherein at least one connector substantially
extends over the length of each module parallel to longitudinal axis of the longitudinat
tube thereof, wherein the connectors of the modules are connected to each other
substantially over whole length of each module such that the matrix configuration is a
self-supporting arrangement, and wherein each module has at least one male
connector and at least one female connector, wherein the male connector co-
operates with the female connector of an adjacent module by means of a shap fit or
a slide fit.
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The invention will be further explained by reference to the attached drawing,
wherein:

Fig. 1 is a schematic view of an embodiment of a countercurrent heat
exchanger according to the invention;

fig. 2 shows a schematic view of a detail of the embodiment according to fig.
1;

fig. 3 schematically shows the principle flow directions of the heat exchanging
fluids in the heat exchanger;

fig. 4-6 show several embodiments of snap fits as connectors; and

fig. 7 shows an embodiment of a tube extension.

Fig. 1-3 show an embodiment of a countercurrent heat exchanger according
to the invention. The heat exchanger is indicated in its entirety by reference numeral
10. This heat exchanger 10 comprises a housing 12 comprising respective end walls
14 and 16 and side walls 18. A first inlet 20 for a first (hot) fluid is provided in a first
end wall 14 at a first end 22 of the heat exchanger 10. At the opposite end 24 a first
outlet 26 is provided in the second end wall 16. A second inlet 27 for a second (cold)
fluid is positionéd in a side wall 18 near this opposite end 24, while the second outlet
28 for the second fluid is in a side wall 18 near the first end 22. The inlet 20 is
connected to a distributor 30 comprising a distributing chamber 32 in the housing 12.
This chamber 32 is delimited by the first end wall 14, the respective parts of the side
walls 18 adjacent said end wall 14 and a distributor panel 34. The distributing
chamber 32 divides and feeds the first fluid over and into associated longitudinal
tubes 36 defining a first flow path 38. At the opposite end 24 a collector 40
comprising a collecting
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chamber 42 delimited by the second end wall 16, the respective parts of the side walls 18
adjacent said end wall 16 and a collector panel 44. The distributor panel 34 and collector
panel 44 have through bores 46, the number and positions thereof corresponding to those of
the longitudinal tubes 36. The first fluid is introduced in the heat exchanger 10 via the inlet 20
into the distributor 30. Then it flows into the open ends of the longitudinal tubes 36. The
opposite open ends thereof flow out into the collector chamber 42, where the first fluid after
heat exchange is collected and then discharged through outlet 26. The longitudinal tubes 36
have a modular design. In this embodiment each tube 36 having a circular cross-section is
provided with four connectors 50 circumferentially spaced apart by 90°. Each connector 50
has a strip shape and extends essentially over the length of the longitudinal tube 36. At both
ends of the longitudinal tube 36 the ends of connectors 50 have been removed over a certain
length. Firstly, this allows the ends of a tube 36 to be inserted in the through bores 46 of the
distributor panel 34 and the collector panel 44 in a sealing manner. Secondly, the length
between the respective panel and the beginning (end) of a connector 50 is sufiicient to define -
a second distributor 52 for the second fluid at the opposite end 24 and a second collector 54
at the first end. The connectors 50 of adjacent tubes 36 are connected to each other, thereby
delimiting spaces 56 for the second fluid. Together these spaces 56 define a second flow
path 58 for the second fluid. This second fluid is introduced via inlet 27 into the second
distributor 52. Then it flows through these spaces 56 in countercurrent to the first fluid.
Subsequently the second fluid is discharged from the second collector 54 via the second
outlet 28. A tube 36 and its connectors 50 is a module indicated by reference numeral 60. By
interconnecting these modules 60 by means of the connectors 50 a stable stack of modules
IS established. Fig. 2 shows the stacked modules 60 in a 9x9 matrix. In fig. 3 the flow
direction of the first fluid flowing in the tubes 36 is indicated by vertical (standing) arrows,
while the flow direction of the second fluid flowing in the spaces 56 is indicated by horizontal
(lying) arrows. Furthermore this fig. 3 illustrates an embodiment of a male connector 50’
comprising a longitudinal rib 62 having a rounded edge 64, which snap fits into a female
connector 50" comprising a longitudinal rib 62 having a complementary cup shaped edge 54.

Fig. 4-6 show other examples of suitable male 50' and female connectors 50", In
particular snap fit connections. In fig. 4 the male connectors 50' are a radially extending flat
rib 62 also extending in the longitudinal direction of the tube 36. A female connector 50" is
comprised of a pair of parallel ribs 62 spaced apart over a width corresponding to the
thickness of the rib 62 of a male connector 50'. Fig. 5 shows a rib 62 having a protrusion 64
at the middle of the height of the rib 62 as a male connector 50, while the ribs 70 of the

female connector 50" have a recess 72 having a complementary shape at a corresponding
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position in the rib surfaces 74 facing each other. Fig. 6 shows a sawtooth
configuration. Other suitable connectors would be slide fit and zip connections.

In fig. 7 an extension comprising a tube section 80 having a rejuvenated end
82 is inserted in the open end 84 of a longitudinal tube 36, while the other open end
of the tube section 80 extends through a bore 46 in a panel 34, 44. An O ring 92
seales the distributor/collector chamber for the first fluid from the collector/distributor
chamber for the second fluid.

Of course, this invention iIs not limited to the preferred embodiments
described above by way of non-limiting example, but should be given the broadest

interpretation consistent with the description as a whole.
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CLAIMS

1. Heat exchanger for heat exchange between fluids, comprising a housing
having an inlet and an outlet for each fluid, the inlet and outlet for each fluid being
connected to one another by a flow path, the flow path of a first fluid comprising
multiple heat exchange modules comprising at least one longitudinal hollow tube,
wherein the modules are arranged in a matrix configuration that comprises at least
two columns of longitudinal tubes and at least two rows of longitudinal tubes, and
wherein each module is provided with at least one integral connector for connecting
to a co-operating connector of an adjacent module, such that the space enclosed
between adjacent modules defines a flow path for a second fluid, parallel to the flow
path for the first fluia;

wherein the modules are made from plastic material,

wherein at least one connector substantially extends over the length of each
module parallel to longitudinal axis of the longitudinal tube thereof,

wherein the connectors of the modules are connected to each other
substantially over whole length of each module such that the matrix configuration is a
self-supporting arrangement, and

wherein each module has at least one male connector and at least one
female connector, wherein the male connector co-operates with the female connector
of an adjacent module by means of a snap fit or a slide fit.

2. Heat exchanger according to claim 1, wherein each module comprises one
longitudinal tube provided with four connectors at an angle of 90°C.

3. Heat exchanger according to claim 1 or 2, for heat exchange between fluids

at least one of which has one or more characteristics a corrosion and fouling inducing
fluid.

4. Heat exchanger according to any one of the claims 1 - 3, wherein the plastic

material comprises a heat conduction enhancing filler.

B. Heat exchanger according to any one of the claims 1 - 4, wherein the plastic
material is a fibre-reinforced plastic material.
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6. Heat exchanger according to any one of the claims 1 - 5, wherein the

longitudinal tube has a circular cross-section.

7. Heat exchanger according to any one of the claims 1 - 6, wherein the tubes
have a wall thickness of 0.01 — 1 mm.

8. Heat exchanger according to any one of the claims 1 - 7, wherein at both
ends of the longitudinal tube the ends of connectors have been removed over a

certain length.

9. Heat exchanger according to claim 8, wherein the length between a
distributor panel and the end of a connector is sufficient to define a collector for the
second fluid at a first end, and wherein the length between a collector panel and the
end of a connector is sufficient to define a distributor for the second fluid at the
opposite end.

10. Heat exchanger according to any one of the claims 1 - 9, wherein the co-
operating connectors of different modules are partitions separating adjacent spaces
forming the flow path for the second fluid.

11. Heat exchanger according to any one of the claims 1 - 10, wherein each
module comprises one longitudinal tube provided with at least two connectors, the

angle between adjacent connectors being less than 180°.

12. Heat exchanger according to any one of the claims 1 - 10, wherein each
module comprises at least two longitudinal tubes connected to each other in a side-
by-side configuration by an interconnecting web of material in one piece, wherein at

least the end tubes thereof are provided with connectors for connecting to another

adjacent module.

13. Heat exchanger according to any one of the claims 1 - 12, further comprising
a distributor for connecting the inlet for a fluid to the respective flow path, and a

collector for connecting the respective flow path to the outlet for said fluid.
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14. Heat exchanger according to claim 13, wherein a first distributor for a first
fluid comprises a distributing chamber at one end of the housing defined by an end
wall of the housing, a distributor panel spaced apart from said end wall and the
respective side wall sections of the housing, and wherein a first collector for the first
fluid comprises a collector chamber at the opposite end of the housing defined by the
opposite end wall of the housing, a collector panel spaced apart from said opposite
end wall and the respective side wall sections of the housing, and wherein the
distributor panel and the collector panel are provided with a plurality of through bores
corresponding to the total number and positions of the tubes defining the first flow
path, the longitudinal tubes extending through the through bores of the distributor

panel and collector panel in fluid communication with the distributing chamber and
collector chamber.

19. Heat exchanger according to claim 14, wherein a second distributor for a
second fluid comprises a distributing chamber at said opposite end of the housing
defined by the collector panel, the connector sections of the modules facing the
collector panel and the respective side wall sections of the housing and a second
collector for the second fluid comprises a collector chamber at said first end of the
housing defined by the distributor panel, the connector sections of the modules
facing the distributor panel and the respective side wall sections of the housing,
these second distributor and second collector being in fluid communication via the

spaces enclosed between adjacent modules defining the flow path for the second
fluid.

16. Heat exchanger according to any one of the claims 1 - 15, wherein a
longitudinal tube is provided with an extension part comprising a tube section having
a rejuvenated end inserted in the open end of the longitudinal tube.

17. Heat exchanger according to claim 16, wherein the other end of the tube
section extends in a sealing manner through the through bore in a panel.

18. Heat exchanger according to any one of the claims 1-17, wherein the heat
exchanger is of the multipass type, and wherein fluid returning means are provided In

one or more of a collector and distributor.
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