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Description
Technical field

[0001] The subject of the invention is a shell-and-tube
heat exchanger designed to perform a heat exchange,
both in single-phase and bi-phase convection mecha-
nisms, in general applications in the area of a broadly
defined thermal technology, and in particular power in-
dustry, in industrial processes, as well as in the systems
for the recovery of waste heat from technological and
energetic processes.

Prior art

[0002] In the prior art, mechanisms for the hydrody-
namic intensification of heat exchange are known. They
include for example the use of jet inflow onto the surface
of heat exchange. This mechanism allows reducing or
eliminating one of the factors limiting the speed of heat
exchange, which is the occurrence of a boundary layer
of fluid at the surface of heat exchange. As a result of
the occurrence of the boundary layer of fluid, an unde-
sirable share of thermal conductivity in the mechanism
for transferring heat through the partition increases. Ther-
mal conductivity is less efficient than convection. By re-
ducing or eliminating the boundary layer, the temperature
gradient between the fluid and the heat exchange sur-
face, i.e. the partition surface, is reduced. The use of fluid
jetof sufficiently high speed, perfusing the heatexchange
surface makes the boundary layer punctured and locally
disappear. Therefore, by using jets perfusing uniformly
the entire surface of heat exchange, the boundary layer
can be almost completely eliminated.

[0003] Ininternational application published under the
number WO 2009/095896A1, entitled "Fluid microjet sys-
tem", a device for generating microjets with which solids
are cooled is disclosed. This device consists of a set of
plates with a common channel, and microchannels
reaching it. In US Patent no 5 329 994, entitled "Jet im-
pingement exchange", an exchanger consisting of two
plates separated by an additional sieve plate which, at a
fluid flow, generates jets perfusing the heat exchange
surfaces is disclosed.

[0004] It is difficult to use the jet inflow in shell-and-
tube heat exchangers due to the fact that in such heat
exchangers a uniform coverage, with jets, of the entire
surface of heat exchange is very troublesome, and not
using the entire surface of heat exchange has a negative
effect on the heat exchange efficiency and nullifies the
benefits arising from the use of jet inflow.

[0005] In US Patent no US 8051900 B2, a shell-and-
tube heat exchanger, wherein inside the shell there is a
bundle oftubes, is disclosed. In this bundle of tubes, there
are tubes with a solid wall and tubes with a perforated
wall. In openings of the tubes with a perforated wall, jets
of a first fluid are formed and perfuse the tubes with a
solid wall in which a second fluid flows.
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[0006] Although the solution disclosed in documentUS
8051900 was designed to increase the use of heat ex-
change surface perfused with jets of the first fluid, it is,
however, not perfect due to the fact that by increasing
the number of tubes with a perforated wall, with the same
cross section of the exchanger, the number of tubes with
a solid wall has to be reduced. Actually, the heat ex-
change surface is the wall surface of the solid tubes.
Therefore, by increasing the use of the heat exchange
surface, its size is reduced, and consequently intensifi-
cation of heat exchange is limited.

[0007] Furthermore, GB 2 164 438 A discloses a shell-
and-tube heat exchanger for cooling exhaustgas passing
in the tubes by water flowing in the shell, whereby the
tubes are concentric double tubes with the inner tubes
being perforated inducing a jet stream of gas from the
inner to the outer tube. No dimensions or ratios are given
in this document.

[0008] The aim of the invention is to solve the above-
described problems occurring in the solutions known in
the prior art, in particular by providing an exchanger struc-
ture allowing the use of the heat exchange intensification
by perfusion with jets, while ensuring a large heat ex-
change surface in relation to dimensions of the heat ex-
changer and making full use of the surface.

Essence of the invention

[0009] A heat exchanger comprising a shell and at
least one channel in the form of concentric tube and lo-
cated inside the shell, with at least one perforated wall
adapted to carry a first fluid, wherein the perforation of
the wall is provided on at least a part of the surface of
this perforated wall so that, as a result of the flow of the
first fluid, microjets are formed in perforation openings,
the shell being adapted to carry a second fluid, and at
least one channel having an additional solid wall sur-
rounding the perforated wall, characterised in that the
shell contains a bundle comprising at least 3 pairs of con-
centric tubes with perforated walls and solid walls, said
perforation openings in the perforated wall have dimen-
sions smaller than 500 micrometres and a ratio of the
distance between the solid wall and the perforated wall
to the average diameter of the perforation openings is in
the range of 0,5 to 25.

[0010] The perforation openings in the perforated wall
have dimensions smaller than 500 micrometres, which
ensures the formation of microjets in case of most of the
fluids used in a large range of pressures and flow rates
used. In particular, these dimensions may be diameters.
[0011] The perforation openings in the perforated wall
are constituted by circular openings made in a staggered
configuration, which ensures a more uniform perfusion.
[0012] Alternatively, the perforation openings in the
perforated wall are made in a checkerboard configura-
tion.

[0013] Theshellhas preferably a cylindrical shape, and
the perforated wall and the solid wall are concentric
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tubes. The use of such shapes allows obtaining advan-
tageous mechanical properties - in particular resistance
to high pressures of fluids, with a relatively small wall
thickness. Due to this feature the exchanger may be light-
er.

[0014] Preferably, the shell is provided with auxiliary
partitions positioned so as to force cross and parallel-
current flow, i.e. so-called mixed flow of the second fluid.
Such flow also promotes acceleration of heat exchange.
[0015] Preferably, atleastone solid wall of at least one
channel is externally ribbed on at least a part of its sur-
face. Such solution also accelerates heat exchange. Rib-
bing on individual channels, in particular on individual
tubes, can be used, and common ribbing for all or a part
of the solid walls of the channels can be also used.
[0016] The method fortransferring heat between a first
fluid and a second fluid according to the invention con-
sists in that these fluids are introduced into the heat ex-
changer in which they are separated from each other by
a partition. A characteristic feature of this method is that
as an exchanger, the exchanger according to the inven-
tion is used. The partition is then constituted by solid
walls.

[0017] As a first fluid and a second fluid, virtually any
fluid used for transferring heat, heating and cooling can
be used, including in particular water, alcohol, flue gas,
air, oil, low-boiling agents, nanoliquids or nanofluids.
[0018] Thefirstfluid is preferably agas, and the second
fluid is a liquid. The heat exchange between the gas and
the partition is usually slower, and the use of perfusion
of the partition with gas microjets accelerates the proc-
ess.

[0019] Also preferably, the first fluid is a condensing
vapour, and the second fluid is a liquid. This is also the
situation in which the use of the exchanger according to
the invention allows compensation of differences in heat
exchange rate between the partition and the first fluid,
and between the partition and the second fluid.

[0020] Also preferably, the first fluid is a gas, and the
second fluid is a vapourising liquid. This is also the situ-
ation in which the use of the exchanger according to the
invention allows compensation of differences in heat ex-
change rate between the partition and the first fluid, and
between the partition and the second fluid.

[0021] Preferably, the first fluid and the second fluid
are introduced into the exchanger countercurrently.
[0022] Preferably, the first fluid and the second fluid
are introduced into the exchanger cocurrently when one
of the fluids is a vapourising liquid , or when one of the
fluids is a condensing vapour.

[0023] The advantage of the heat exchanger with a
heat exchange intensification by microjets according to
the invention is that its construction allows for obtaining
a high efficiency of energy transport while maintaining
external dimensions and mass of the exchanger thanks
to the good use of the heat exchange surface while in-
tensifying the heat exchange by perfusion of this surface
with jets. With fixed thermal parameters, this solution re-
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sults in a significant reduction in external dimensions and
mass of the exchanger, as well as in material consump-
tion and costs of its production. Heat exchangers made
according to the invention may be combined into larger
networks of exchangers. Additionally, an advantage of
the method according to the invention is that it allows
compensation of differences in heat exchange rate be-
tween the partition and the first fluid, and between the
partition and the second fluid.

Description of Figures

[0024] The object of the invention is shown in embod-
iments in the drawing in which Fig. 1 shows a general
view of an embodiment of the shell-and-tube exchanger
according to the invention, Fig. 2 shows a sectional view
of this embodiment of the shell-and-tube heat exchanger
according to the invention, Fig. 3 shows a schematic di-
agram of flow organisation of a heating agentin a bundle
and of a heated agent perfusing the bundle, Fig. 4a shows
a perforated wall with a perforation in a staggered distri-
bution, Fig. 4b shows a perforated wall with a perforation
in a checkerboard distribution, Fig. 5 shows a distribution
of tubes in a bundle inside the shell in an embodiment of
the exchanger according to the invention.

Description of Embodiments

[0025] In Fig. 1, a general view of the shell-and-tube
heat exchanger with a microjet intensification of heat ex-
change in the bundle tubes is shown. Fig. 2 shows this
exchanger in cross-section.

[0026] The channels carrying the first fluid are tubes
50a, 50b, 50c, with double walls. Walls of these tubes
are concentric. A perforated wall 5 forms an inner tube,
and a solid wall 6 forms an outer tube.

[0027] A port 1 for the inlet of the heating agent, i.e.
the first fluid, is used to supply the fluid to the bundle of
tubes 50a, 50b, 50c, more specifically to the interior of
the tubes with perforated walls 5. The tubes with perfo-
rated walls 5 are enclosed in the tubes with solid walls 6
covering them. The cooled first fluid is discharged
through a port 2 for the outlet of the heating agent. A
heated agent, i.e. the second fluid, is introduced through
a port 3 for the inlet of the heated agent, and, after heat-
ing, is discharged through a port 4 for the outlet of the
heated agent.

[0028] The first fluid from the port 1 for the heating
agent inlet is distributed to three tubes with perforated
walls 5. The perforation openings in these walls have a
diameter of 500 micrometres or smaller. As a result of
the first fluid flowing through the tube with a perforated
wall 5, jets perfusing the inner surface of the tube with a
solid wall 6 are generated. Thanks to this, the whole inner
surface of the solid wall 6 is used as a heat exchange
surface, subject to intensification due to the jet perfusion.
The solid walls 6 constitute a partition between the first
fluid and the second fluid. Their total surface constitutes
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a heat exchange surface. The heat exchange surface is
the accumulated surface of the walls 6.

[0029] The second fluid is carried inside the shell 7 and
isolated from the first fluid by solid walls 6 of the bundle
tubes 50a, 50b, 50c.

[0030] In the cross-section shown in Fig. 2, flow direc-
tion "a" of the first fluid and flow direction "b" of the second
fluid are indicated. They are opposite directions. The tube
bundle covered with the shell is constituted by three
pairs/sets of concentric tubes 50a, 50b, 50c carrying the
first fluid. The space between the inner perforated wall 5
and the outer solid wall 6 of each of the tubes 50a, 50b,
50c is not filled with the first fluid. This fluid spouts from
the perforation openings 5 with jets onto the wall 6. There-
fore, the space between the walls 5 and 6 is partially
occupied by the first fluid jets. The staggered distribution
of the perforation openings ensures that the wall 6 is per-
fused with jets in a very similar manner to the completely
uniform one. A tube with the staggered distribution of the
perforation openings is shown in Fig. 4a. Alternatively,
any other distribution of openings, e.g. checkerboard
configuration illustrated in Fig. 4b, can be used, although
it provides a somewhat slower heat exchange than the
staggered distribution.

[0031] The heat exchanger according to the invention
can be used with virtually any fluids used for transferring
heat, heating and cooling, including in particular water,
alcohols, flue gases, air, oil, low-boiling agents, nanolig-
uids or nanofluids. Terms nanoliquids and nanofluids are
used interchangeably to describe a fluid being a suspen-
sion of solid particles, in particular metals e.g. aluminium.
[0032] Theexchangeraccordingtotheinventionispar-
ticularly useful in heat transfer between the gas and the
liquid. Generally, gases are worse at transferring heat,
and also the influence of the boundary layer on the heat
exchange with a gas is more significant than in the case
of a liquid. Therefore, in most known heat exchangers
betweenthe gas and the liquid separated from each other
by a metal partition, a major limitation to the heat ex-
change rate is the intensity of the heat exchange between
the partition and the gas.

[0033] The use of the exchanger according to the in-
vention for the heat exchange between a gas as the first
fluid and aliquid as the second fluid allows a very effective
intensification of the exchange due to the elimination of
"bottleneck" i.e. intensification of the heat exchange be-
tween the partition, constituted by the solid walls 6, and
the gas, by eliminating the boundary layer being
smashed with jets.

[0034] For example, with a single microjet, heat trans-
fer coefficient for the air is approx. 1000 W/(m2K) with an
inflow of air under the pressure of 300 kPa and for the
temperature difference between the partition and the fluid
of 150 K.

[0035] Forwater, the coefficientis 25 000 W/(m2K) with
the temperature difference of 60 K and other conditions
unchanged.

[0036] The diameter of the perforation opening which
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is used in the heat exchanger according to the invention
is associated with the pressure of the first fluid. This prob-
lem is complex because the choice of this diameter is
also dependent on the mass flow of the first fluid. These
parameters should be chosen so that as a result of fluid
flow under a predetermined pressure through a tube hav-
ing a wall perforated with openings with a predetermined
diameter, microjets are formed over its entire length. The
diameter of the openings of up to 500 micrometres en-
sures the formation of microjets in a wide range of pres-
sures. The pressure drop generated during the formation
of a first fluid jet in an opening of the perforated wall 5 is
dependent on the opening diameter and the wall thick-
ness. A small thickness of the wall and a parallel flow
distribution through the perforation openings in an em-
bodiment of the exchanger according to the invention are
very advantageous because they minimise the total hy-
draulicresistance associated with the flow of the first fluid
through the heat exchanger.

[0037] The distance between the perforated wall (5)
and the solid wall (6) is usually determined after deter-
mining the diameter of the perforation openings. This val-
ue affects the heat exchange rate under conditions in
which the formation of microjets is ensured. It can be
chosen experimentally or by numerical analysis. The best
results were obtained under conditions in which the ratio
of the distance between the solid wall and the perforated
wall to the diameter of the perforation opening is in the
range of 0.5 to 25.

[0038] Generally, the aim is to maximise the number
of tube pairs 50a, 50b, 50c¢ forming a tube bundle in the
shell because, along with an increase in this number,
also the maximum possible heat exchange surface for
predetermined dimensions of the shell 7 increases. Good
packing of tubes within the shell improves compactness
of the heat exchanger. Compactness is determined by a
parameter defined as the ratio of heat exchange surface
of the exchanger to volume occupied by the fluid having
worse properties for heat exchange. An example of tube
distribution in the cylindrical shell is shown in Fig. 5. A
tube bundle arranged on a geometric grid is shown there-
in, with the omission of inner perforated tubes. Together
with the diameter of the outer tube and the diameter of
the shell D, distance k between the outer tubes and the
walls of the shell and the distance between the centres
ofthe tubes, i.e. so-called scale S, are provided. Distance
S is determined from the formula S = A * dz, where A is
within the range of 1.2 t0 5.0. Distance k is approximately
equal to half the diameter of the outer tube.

[0039] Intheembodimentillustrated inthe drawingand
discussed above, the exchanger according to the inven-
tion is used in a countercurrent configuration in which the
first fluid flows through the heat exchanger in a direction
substantially opposite to the flow direction of the second
fluid. This configuration is preferable in most cases.
Sometimes, however, it is advisable to direct the flow of
the two fluids in the same direction, for example, in cases
where phase transformations, i.e. boiling or condensa-
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tion, take place in the exchanger. Naturally, in this situ-
ation, the intensification of heat exchange will also occur,
as a result of the perfusion of the heat exchange partition
with jets of the first fluid.

[0040] Alternatively, in the shell of the exchanger, aux-
iliary partitions which will locally change, and even re-
verse the flow direction of the second fluid can be used.
They will lead to turbulisation in the flow of the second
fluid, thereby forcing a cross and parallel-current flow,
i.e. so-called mixed flow of the second fluid. This modi-
fication further accelerates the heat exchange between
the second fluid and the partition. This solution is appro-
priate if as a result of the heat exchange intensification
between the first fluid and the partition, the rate of this
exchange exceeds the rate of the exchange between the
second fluid and the partition. The use of partitions will
accelerate the resultant heat exchange.

[0041] In addition, the solid tubes 6 can be externally
ribbed. Selected ones or all of the tubes can have indi-
vidual ribbing on part or on the whole surface, or they
can have a common ribbing resembling a lamella.
[0042] It is clear that the above embodiments and
drawings illustrating them were provided only for ease of
explanation of the essence of the invention, the proper
scope of which is defined by the patent claims. This scope
includes methods and heat exchangers in which various
shapes of openings and their sizes in the perforated wall,
and various densities and distributions, as well as various
distributions and number of tubes in a bundle, or different
geometrical dimensions of the exchanger can be used.
There is not any reason to interpret these given examples
as limiting in any way.

Claims

1. Aheat exchanger comprising a shell (7) and at least
one channel located inside the shell and in the form
of concentric tubes, with at least one perforated wall
(5) adapted to carry a first fluid, wherein the perfo-
ration of the wall is provided on at least a part of the
surface of this perforated wall (5) so that, as a result
of the flow of the first fluid, microjets are formed in
perforation openings, the shell (7) being adapted to
carry a second fluid, and at least one channel having
an additional solid wall (6) surrounding the perforat-
ed wall (5),
characterised in that
the shell (7) contains a bundle comprising at least 3
pairs of concentric tubes (50a, 50b, 50c) with perfo-
rated walls (5) and solid walls (6), said perforation
openings in the perforated wall (5) have dimensions
smaller than 500 micrometres and a ratio of the dis-
tance between the solid wall (6) and the perforated
wall (5) to the average diameter of the perforation
openings is in the range of 0,5 to 25.

2. The heat exchanger according to claim 1, charac-

10

15

20

25

30

35

40

45

50

55

terised in that the perforation openings in the per-
forated wall are constituted by circular openings
made in a staggered configuration.

3. The heat exchanger according to claim 1, charac-
terised in that the perforation openings in the per-
forated wall are constituted by circular openings
made in a checkerboard configuration.

4. The heat exchanger according to any one of claims
1 to 3, characterised in that the shell has a cylin-
drical shape, and the perforated wall (5) and the solid
wall (6) form a pair of concentric tubes (50a, 50b,
50c).

5. The heat exchanger according to any of claims 1-4,
characterised in that the shell (7) is provided with
auxiliary partitions positioned so as to force cross
and parallel-current flow of the second fluid in the
shell (7).

6. The heat exchanger according to claim 5, charac-
terised in that the solid wall (6) of at least one chan-
nelis externally ribbed on at least a part ofits surface.

7. A method for transferring heat between the first fluid
and the second fluid, wherein these fluids are intro-
duced into a heat exchanger in which they are sep-
arated from each other by a partition, characterised
in that as an exchanger, the exchanger as defined
in any one of claims 1 to 6 is used.

8. The method according to claim 7, wherein the first
fluid is a gas, and the second fluid is a liquid.

9. The method according to claim 7, wherein the first
fluid is a condensing vapour, and the second fluid is
a liquid.

10. The method according to claim 7, wherein the first
fluid is a gas, and the second fluid is a vapourising
liquid.

11. The method according to any one of claims 7 to 10,
characterised in that the first fluid and the second
fluid are introduced into the exchanger countercur-
rently.

12. The method according to claim 9 or 10, character-
ised in that the first fluid and the second fluid are
introduced into the exchanger cocurrently.

Patentanspriiche
1. Ein Warmetauscher, umfassend ein Gehause (7)

und mindestens einen Kanal, der innerhalb des Ge-
hauses und in Form von konzentrischen Rohren an-
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geordnet ist,

mit mindestens einer perforierten Wand (5), die zum
Fihren eines ersten Fluides geeignet ist, wobei die
Perforation der Wand auf mindestens einem Teil der
Oberflache dieser perforierten Wand (5) vorgesehen
ist, so dass infolge der Stromung des ersten Fluides
Mikrostrahlen in Perforations6ffnungen gebildet
werden, wobei das Gehause (7) zum Fihren eines
zweiten Fluides geeignet ist, und mindestens ein Ka-
nal Gber eine zusatzliche feste Wand (6), die die per-
forierte Wand (5) umgibt, verfuigt, dadurch gekenn-
zeichnet, dass

das Gehause (7) ein Biindel enthalt, das mindestens
3 Paar konzentrische Rohre (50a, 50b, 50¢) mit per-
forierten Wanden (5) und festen Wanden (6) um-
fasst, wobei die Perforationséffnungen in der perfo-
rierten Wand (5) Abmessungen kleiner als 500 Mi-
krometer aufweisen und ein Verhaltnis des Abstands
zwischen der festen Wand (6) und der perforierten
Wand (5) zum durchschnittlichen Durchmesser der
Perforationsdffnungen im Bereich von 0,5 bis 25
liegt.

Der Warmetauscher nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Perforationséffnungen in
der perforierten Wand aus kreisférmigen Offnungen
bestehen, die versetzt angeordnet sind.

Der Warmetauscher nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Perforationséffnungen in
der perforierten Wand aus kreisférmigen Offnungen
bestehen, die in einer Schachbrettkonfiguration aus-
geflhrt sind.

Der Warmetauscher nach einem der Anspriiche 1
bis 3, dadurch gekennzeichnet, dass das Gehau-
se eine zylindrische Form aufweist und die perforier-
te Wand (5) und die feste Wand (6) ein Paar kon-
zentrische Rohre (50a, 50b, 50c) bilden.

Der Warmetauscher nach einem der Anspriiche 1-4,
dadurch gekennzeichnet, dass das Gehause (7)
mit Hilfstrenwanden versehen ist, die so angeordnet
sind, dass sie den Quer- und Parallelstrom des zwei-
ten Fluides in dem Gehause (7) erzwingen.

Der Warmetauscher nach Anspruch 5, dadurch ge-
kennzeichnet, dass die feste Wand (6) mindestens
eines Kanals auf mindestens einem Teil ihrer Ober-
flache auflien gerippt ist.

Ein Verfahren zum Ubertragen von Warme zwischen
dem ersten Fluid und dem zweiten Fluid, wobei diese
Fluide in einen Warmetauscher eingefihrt werden,
in dem sie durch eine Trennwand voneinander ge-
trennt sind,

dadurch gekennzeichnet, dass als Warmetau-
scher der Warmetauscher, wie in einem der Anspri-
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10.

1.

12.

che 1 bis 6 definiert, verwendet wird.

Das Verfahren nach Anspruch 7, wobei das erste
Fluid ein Gas istund das zweite Fluid eine Flissigkeit
ist.

Das Verfahren nach Anspruch 7, wobei das erste
Fluid ein kondensierender Dampf ist und das zweite
Fluid eine Flissigkeit ist.

Das Verfahren nach Anspruch 7, wobei das erste
Fluid ein Gas ist und das zweite Fluid eine verdamp-
fende Flussigkeit ist.

Das Verfahren nach einem der Anspriiche 7 bis 10,
dadurch gekennzeichnet, dass das erste Fluid und
das zweite Fluid im Gegenstrom in den Warmetau-
scher eingebracht werden.

Das Verfahren nach Anspruch 9 oder 10, dadurch
gekennzeichnet, dass das erste Fluid und das
zweite Fluid gleichzeitig in den Warmetauscher ein-
gebracht werden.

Revendications

Un échangeur de chaleur comprenant une coque (7)
et au moins un canal situé a l'intérieur de la coque
et sous la forme de tubes concentriques,

avec au moins une paroi perforée (5) adaptée pour
transporter un premier fluide, dans lequel la perfo-
ration de la paroi est prévue sur au moins une partie
de la surface de cette paroi perforée (5) de sorte
que, du fait de I'écoulement du premier fluide, des
micro-jets soientformés dans des ouvertures de per-
foration, la coque (7) étant adaptée pour transporter
un second fluide, et au moins un canal ayant une
paroi pleine supplémentaire (6) entourant la paroi
perforée (5), caractérisé en ce que

la coque (7) contient un faisceau comprenant au
moins 3 paires de tubes concentriques (50a, 50b,
50c) a parois perforées (5) et parois pleines (6), les-
dites ouvertures de perforation dans la paroi perfo-
rée (5) ont des dimensions inférieures a 500 micro-
metres et le rapport entre la distance entre la paroi
pleine (6) et la paroi perforée (5) et le diamétre
moyen des ouvertures de perforation est compris
entre 0,5 et 25.

L’échangeur de chaleur selon la revendication 1, ca-
ractérisé en ce que les ouvertures de perforation
dans la paroi perforée sont constituées par des
ouvertures circulaires réalisées dans une configura-
tion en quinconce.

L’échangeur de chaleur selon la revendication 1, ca-
ractérisé en ce que les ouvertures de perforation
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dans la paroi perforée sont constituées par des
ouvertures circulaires réalisées dans une configura-
tion en damier.

L’échangeur de chaleur selon I'une quelconque des
revendications 1a 3, caractérisé en ce que lacoque
a une forme cylindrique, et la paroi perforée (5) etla
paroi pleine (6) forment une paire de tubes concen-
triques (50a, 50b, 50c).

L’échangeur de chaleur selon I'une quelconque des
revendications 1 a4, caractérisé en ce que lacoque
(7) estmunie de cloisons auxiliaires positionnées de
maniére a forcer la circulation d’un courant transver-
sal et paralléle du second fluide dans la coque (7).

L’échangeur de chaleur selon la revendication 5, ca-
ractérisé en ce que la paroi pleine (6) d’au moins
un canal est nervuré extérieurement sur au moins
une partie de sa surface.

Une méthode pour transférer de la chaleur entre le
premier fluide et le deuxieme fluide, dans laquelle
ces fluides sont introduits dans I'’échangeur de cha-
leur dans lequel ils sont séparés I'un de l'autre par
une cloison,

caractérisé en ce que I'échangeur tel que défini
dans l'une quelconque des revendications 1 a 6 est
utilisé comme échangeur.

La méthode selon la revendication 7, dans laquelle
le premier fluide est un gaz et le second fluide est
un liquide.

La méthode selon la revendication 7, dans laquelle
le premier fluide est une vapeur de condensation et
le second fluide est un liquide.

La méthode selon la revendication 7, dans laquelle
le premier fluide est un gaz et le second fluide est
un liquide de vaporisation.

La méthode selon I'une quelconque des revendica-
tions7a 10, caractérisée en ce que le premier fluide
et le second fluide sont introduits dans I'échangeur
a contre-courant.

La méthode selon la revendication 9 ou 10, carac-
térisée en ce que le premierfluide etle second fluide
sont introduits dans I'’échangeur en méme temps.

10

15

20

25

30

35

40

45

50

55

12



EP 3 067 652 B1

Fig. 1
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