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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation-in-part of U.S.
patent application Serial No. 12/432,147, filed April 29,
2009.

BACKGROUND

1. Field

[0002] The present invention relates generally to heat
exchangers and, more particularly to modularization for
stacked plate heat exchangers. US 2010 0276128 A1
discloses a heat exchanger having the features in the
preamble of claim 1.

2. Description of the Related Art

[0003] The feedwater for steam generators in nuclear
power plants is typically preheated before being intro-
duced into the secondary side of the steam generators.
Similarly, feedwater is preheated before being intro-
duced into boilers for non-nuclear power plant applica-
tions. Feedwater heat exchangers are typically used for
this purpose. Conventionally, heat exchanger designs
are divided into two general classes; heat exchangers
with a plate structure and those with a tube and shell
structure. The major difference in the two classes, with
regard to both construction and heat transfer, is that the
heat transfer surfaces are mainly plates in one structure
and tubes in the other.
[0004] The tube and shell heat exchanger in a number
of feedwater heater applications employs a horizontal or
vertical tubular shell having hemispherical or flat ends.
The inside of the horizontal shell is divided into sections
by a tube sheet which is normal to the axis of the shell.
More specifically, at one end of the shell, a water chamber
section is defined on one side of the tube sheet that in-
cludes a water inlet chamber having a water inlet opening
and a water outlet chamber having a water outlet open-
ing. In a U-tube tube and shell heat exchanger plurality
of heat transfer tubes are bent at their mid portions in a
U shape and extend from the other side of the tube sheet
along the axis of the shell. These tubes are fixed to the
tube sheet at both ends such that one end of each of the
tubes opens in the water inlet chamber, while the other
end opens in the water outlet chamber. Another type of
tube and shell heat exchanger employs straight tubes
with an inlet chamber and an outlet chamber respectively
at opposite ends of the tubes. The heat transfer tubes
are supported by a plurality of tube supporting plates,
spaced at a suitable pitch in the longitudinal direction of
the tubes. An inlet opening for steam and a drain inlet
and outlet are formed in the shell in the portion in which
the tubes extend.
[0005] In operation, the feedwater coming into the

feedwater heater from the water inlet chamber flows
through the U-shaped heat transfer tubes and absorbs
the heat from the heating steam coming into the feedwa-
ter heater from the steam inlet opening to condense the
steam. The condensate is collected at the bottom of the
shell and discharged to the outside through a drain in the
bottom of the shell. Thanks to the cylindrical shape of the
shell and the heat exchange tubes, the structure is well
suited as a pressure vessel, and thus tube and shell heat
exchangers have been used in extremely high pressure
applications.
[0006] The most significant drawback of the tube and
shell heat exchangers is their heavy weight when com-
pared to the surface area of the heat transfer surfaces.
Due to that, the tube and shell heat exchangers are usu-
ally large in size. Also, it is difficult to design and manu-
facture tube and shell heat exchangers when the heat
transfer, flow characteristics and expense are taken into
account.
[0007] A typical plate heat exchanger is composed of
rectangular, ribbed or grooved plates, which are pressed
against each other by means of end plates, which, in turn,
are tightened to the ends of the plate stack by means of
tension rods or tension screws. The clearances between
the plates are closed and sealed with banded seals on
their outer circumference and the seals are also used at
the flow channels. Since the bearing capacity of the sleek
plates is poor, they are strengthened with the grooves
which are usually arranged crosswise in adjacent plates,
wherein they also improve the pressure endurance of the
structure when the ridges of the grooves are supported
by each other. However, a more important aspect is the
significance of the grooves for heat transfer; the shape
of the grooves and their angle with respect to the flow,
affect the heat transfer and pressure losses. In a con-
ventional plate heat exchanger, a heat supplying medium
flows in every other clearance between the plates and a
heat receiving medium flows in the remaining clearances.
In alternate plate pairs the flow is conducted in between
the plates via holes located in the vicinity of the corners
of the plates. Each clearance between the plates in al-
ternate plate pairs always contains two holes with closed
rims and two other holes functioning as inlet and outlet
channels for the clearance between the plates. The plate
heat exchangers are usually constructed of relatively thin
plates when a small and light structure is desired. Be-
cause the plates can be profiled into any desired shape,
it is possible to make the heat transfer properties suitable
for almost any type of application. The greatest weakness
in conventional plate heat exchangers is the seals which
limit the pressure and temperature endurance of the heat
exchangers. In several cases, the seals have impaired
the possibility of use with heat supplying or heat receiving
corrosive medium.
[0008] Attempts have been made to improve the plate
heat exchanger construction by leaving out all of the seals
and replacing them with soldered joints or welded seams.
Plate heat exchangers fabricated by soldering or welding
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usually resemble those equipped with seals. The most
significant external difference is the absence of tension
screws between the ends. However, the soldered or
welded structure makes it difficult if not impossible to non-
destructively dissemble such heat exchangers for clean-
ing.
[0009] Attempts have been made to combine the ad-
vantages of the tube and shell heat exchanger and the
plate heat exchanger in heat exchangers whose con-
struction partly resembles both of these basic types. One
such solution is disclosed in the U.S. Patent 5,088,552,
in which circular or polygonal plates are stacked on top
of each other to form a stack of plates which is supported
by means of end plates. The plate stack is encircled by
a shell, the sides of which are provided with inlet and
outlet channels for corresponding flows of heat supplying
and heat receiving medium. Differing from the conven-
tional plate heat exchanger, all fluid flows into the clear-
ances between the plates are directed from outside the
plates. When the heat exchanger according to the pub-
lication is closed by welding, it is possible to attain the
same pressures as when using a tube and shell heat
exchanger with the heat transfer properties of a plate
heat exchanger.
[0010] International Publication WO 91/09262 pur-
ports to present an improvement on the foregoing publi-
cation, which more distinctly exhibits features typical of
both plate heat exchangers and tube and shell heat ex-
changers. The circular plates are drawn together in pairs
by welding them together by the rims of holes which form
an inlet and outlet channel. By welding the plate pairs
fabricated in the above manner together by the outer pe-
rimeters of the plates, a closed circuit is attained for the
flow of one heat transfer medium. Differing from the con-
ventional plate heat exchanger, this structure is welded
and there are only two holes in the plates. The flow of
another heat transfer medium is directed to every other
clearance between the plates by means of a shell sur-
rounding the stack of plates. In order to prevent the flow
from running between the plate stack and the shell, seals
are utilized which are primarily used as deflectors for the
flow. Obviously, pressure endurance is not required of
the deflectors. Due to the structure of the plate stack, it
is difficult to implement the seals. Elastic rubber gaskets
are suggested for the seals so that it is possible to dis-
assemble the heat exchanger, e.g., for cleaning purpos-
es.
[0011] The shell and tube heat exchanger currently
used in nuclear power plants has a common design flaw
that when tube degradation occurs, in an effort to mini-
mize leakage, the only option is to plug the damaged
tube resulting in a loss of thermal duty. The loss of thermal
duty in the feedwater system is costly for nuclear power
plants and eventually requires the replacement of the
shell and tube feedwater heater. Another limitation of the
shell and tube design is that the shell side inspection is
typically limited to small hand holes and inspection ports
and as a result corrosion/erosion damage is difficult to

detect. Significant corrosion/erosion has been sustained
by the internal baffling which can lead to (1) flow bypass
and thermal performance degradation, and (2) tube wear
due to flow induced vibration. Significant corrosion/ero-
sion has also been observed on the inner shell surface
of the shell and tube feedwater heater design.
[0012] Therefore, a new feedwater heater design is de-
sired for long term, sustainable thermal duty and for im-
proved long term component integrity relative to the cur-
rent shell and tube feedwater heater design. Preferably,
long term, sustainable thermal duty will be achieved by
replacement or repair of the heat transfer surfaces, as
needed, instead of requiring that the heat transfer surface
be removed from service. Additionally, it is desirable to
be able to increase the heat transfer capability of the
feedwater heater to accommodate power plant uprates
without replacing the entire feedwater heater.

SUMMARY

[0013] The foregoing objectives are achieved by a heat
exchanger as defined in claim 1. The inlet and outlet con-
duits and heat transfer plate pairs form a heat transfer
assembly that is preferably supported by a structure
which rests on and is moveable along an internal track
attached to the interior of the shell, which facilitates re-
moval of the heat transfer plates from the shell. The mod-
ular plate and shell feedwater heater has a removable
head integral with the shell for removal of the heat transfer
plates for inspection, repair or replacement. Preferably,
the inlet and outlet nozzles are sealed to and extend
through the removable head.
[0014] The heat exchanger provided for herein in-
cludes a means for increasing the heat exchange capac-
ity of the unit over time to accommodate upratings of the
plant in which the heat exchanger is installed. In one em-
bodiment, the inlet and outlet conduits include a number
of additional attachment points for pairs of the heat trans-
fer plates that are initially plugged. In another embodi-
ment, the inlet and outlet conduits can be expanded by
the attachment of additional heat transfer plate pairs or
modules. The heat exchanger is provided with a spacer
module having no or relatively negligible heat transfer
capacity that is supported in tandem with the heat transfer
plate modules. A heat transfer plate module may later be
substituted for the spacer module to increase the heat
transfer capacity of the heat exchanger. Desirably, at
least some of the couplings between the pairs of heat
transfer plates, or modules of bonded pairs of heat trans-
fer plates, are detachable for ease of repair and replace-
ment. Preferably, tie rods connect the modules; and in
the embodiment where the inlet and outlet conduits ex-
tend between modules, the tie rods provide compressive
force for pressure seals at the interface of the conduit
segments of the interfacing modules to form a tight seal.
[0015] Preferably, the heat transfer assembly is with-
drawn from the shell with the removable head. Alternate-
ly, a manway is provided in the shell for gaining access
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to the interior of the shell for disconnecting the feedwater
inlet nozzle from the feedwater inlet conduit and for dis-
connecting the feedwater outlet conduit from the feed-
water outlet nozzle or both options may be provided.
[0016] Desirably, the modules have support panels at
each end between which the tie rods extend. The heat
transfer plate pairs are sandwiched between the support
panels and in one embodiment, the primary fluid inlet
conduit and the primary fluid outlet conduit pass through
the modules. Preferably, the support panels are thicker
than the heat transfer plates. In one embodiment the heat
transfer plates between the support panels are welded
to each other and to the support panels and adjacent
support panels are mechanically connected to each oth-
er.
[0017] The invention also provides for a method of
cleaning or repairing the feedwater heater which includes
the steps of: accessing the interior of the pressure vessel
shell; removing at least one pair of heat transfer plates
from the heat transfer assembly of heat transfer plates;
cleaning, repairing, or replacing the removed pair of heat
transfer plates; and reconnecting the cleaned, repaired
or replaced pair of heat transfer plates to the heat transfer
assembly. Preferably, the step of accessing the interior
of the pressure vessel shell includes removing the de-
tachable head; and the step of removing at least one pair
of heat transfer plates comprises removing the one pair
of heat transfer plates from the feedwater inlet conduit
and the feedwater outlet conduit.
[0018] The invention further includes a method of re-
pairing, inspecting, cleaning or uprating the feedwater
heater wherein the pressure vessel has a detachable
head. The method comprises the steps of: removing the
detachable head or otherwise accessing the interior of
the pressure vessel shell; and disconnecting the feed-
water inlet conduit and the feedwater outlet conduit from
the feedwater inlet nozzle and the feedwater outlet noz-
zle, respectively, while the heat transfer assembly is in
the pressure vessel. This method further includes the
step of replacing a defective pair of heat transfer plates
as well as the step of increasing the number of pairs of
heat transfer plates after the feedwater heater has been
placed in service to uprate the feedwater heater.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A further understanding of the invention can be
gained from the following description of the preferred em-
bodiments when read in conjunction with the accompa-
nying drawings in which:

Figure 1 is an elevational view of the feedwater heat-
er of one embodiment of this invention;
Figure 2 is a top view of the feedwater heater shown
in Figure 1;
Figure 3 is a perspective view of another embodi-
ment of the feedwater heater of this invention with
the heat transfer assembly separated into modules

and partially removed from the shell;
Figure 4 is a perspective view of one of the end mod-
ules of pairs of heat transfer plates of the embodi-
ment shown in Figure 3;
Figure 5 is a perspective view, with a portion cut
away, of the heat transfer assembly partially shown
in Figures 3 and 4;
Figure 6 is a schematic of the flow of primary fluid
through the embodiment of the feedwater heater il-
lustrated in Figures 3-5;
Figure 7 is a side view of a heat transfer plate pair;
Figure 8 is a schematic view of one embodiment of
a heat transfer plate module described hereafter;
Figure 9 is a schematic view of a second embodiment
of a heat transfer plate module described hereafter;
Figure 10 is a sectional view of a spacer module
described hereafter; and
Figure 11 is a side view, partially in section, of a tie
rod segment which can be employed to couple two
heat transfer plate modules.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0020] Current feedwater heater designs employed in
nuclear power plants utilize a shell and tube heat ex-
changer arrangement. Another general type of heat ex-
changer that has been in existence since 1923 is the
plate and frame heat exchanger. The latter is character-
ized by a compact design, high heat transfer coefficients,
high fluid pressure drop within the plates and is generally
limited to low pressure fluids. The embodiments de-
scribed herein provide a plate and shell feedwater heater
that combines and optimizes the aspects of a plate and
frame heat exchanger and the traditional shell and tube
type heat exchanger that is conveniently serviceable and
can be easily altered, relatively inexpensively, to increase
its heat transfer capacity, where desired.
[0021] One embodiment of the feedwater heater, 10,
of the inventions claimed hereafter is illustrated in the
elevational view shown in Figure 1 and the top view
shown in Figure 2. Two heat transfer plates 12 and 14
are welded together to form a welded plate pair 16 that
therebetween form a flowpath for feedwater fluid as in a
traditional plate heat exchanger. In one embodiment, the
heat transfer plate pair 16 is removably connected, such
as with gaskets 18 and bolted flange joints 20, to and in
fluid communication with an inlet header pipe 22 at one
end of the welded heat transfer plate pair 16 and an outlet
header pipe 24 at the other end of the welded heat trans-
fer plate pair 16. A number of these welded heat transfer
plate pairs 16 are stacked in a spaced tandem arrange-
ment, each coupled between the inlet header and outlet
header to form a heat transfer assembly having a parallel
flow path. One such arrangement is shown in Figure 2.
Alternately, it should be appreciated that a number of the
heat transfer plate pairs 16 can be coupled in series with
the ends of the series arrangement removably attached
in a similar fashion to the inlet header pipe 22 and the
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outlet header pipe 24. In either embodiment, the terminal
ends of the heat transfer plate pairs 16 are connected
either directly or indirectly to the inlet header pipe 22 and
the outlet header pipe 24. The inlet header pipe 22 and
the outlet header pipe 24 are respectively connected to
a feedwater inlet and a feedwater outlet nozzle 26 and
28 preferably using a bolted closure with gaskets in a
manner similar to that described for removably fastening
the pair of heat transfer plates 16 to the inlet and outlet
header pipes 22 and 24, though it should be appreciated
that other means of removable attachment may be used.
[0022] In the embodiment shown in Figures 1 and 2,
the header pipes 22 and 24 are supported by a frame
structure 30 which rests on an internal track 32 attached
to the lower portion of the cylindrical shell 34 that forms
a pressure vessel that surrounds the heat transfer plate
assembly 36. The track 32 and wheels 33 on the frame
structure 30 facilitate removal of the heat transfer plate
assembly from the shell for repair, cleaning or uprating.
In one embodiment the shell has an integral hemispher-
ical end 38 on one side and a removable hemispherical
head 40 on the other side to completely enclose and seal
the heat transfer assembly 36 within the pressure vessel
formed by the cylindrical shell 34, hemispherical end 38
and removable head 40. However, it should be appreci-
ated that the ends need not be hemispherical to take
advantage of this invention, though hemispherical ends
are preferable for high pressure applications. The remov-
able head 40 has the feedwater inlet nozzle 26 and the
feedwater outlet nozzle 28 extending therethrough as
shown in Figures 1 and 2. Alternately, the hemispherical
end 38 can be constructed to be removable instead of
the head 40 or both can be connected by bolted flange
connections to the shell 34 for added flexibility in gaining
access to the interior of the shell 34 to service the heat
transfer plate assembly 36. The shell 34 is also fitted with
an extraction steam inlet 42, drain inlets 44 and 46 and
drain outlets 48 and 50.
[0023] During operation, the inlet feedwater passes
through the inlet nozzle 26, the inlet header pipe 22, the
heat transfer welded plate pairs 16 where it is heated by
the drain flow and extraction steam, the outlet header
pipe 24 and the outlet nozzle 28. The extraction steam,
upon entering the feedwater heater through the extrac-
tion steam inlet 42, is distributed by the steam impinge-
ment plate 52 and passes through the upper shell region
where it mixes with the entering drain flow from the drain
flow inlet nozzles 44 and 46. The extraction steam and
drain flow then pass between the heat transfer plate weld-
ed pairs 16, where it is cooled by the feedwater and con-
denses to the lower shell region where it exits through
the drain flow outlet nozzles 48 and 50.
[0024] During a plant outage, an inspection of the heat
transfer plates and shell internal surface can be per-
formed using the following steps. First, the shell end 38
is unbolted at the flange 54 and removed. The header
pipes 22 and 24 may then be disconnected from the inlet
and outlet nozzles 26 and 28. A manway 56 on the head

40 can be used to gain access to the connection between
the inlet and outlet header pipes 22 and 24 and the inlet
and outlet nozzles 26 and 28. Alternately, when the head
40 is removed at the flange 58, the head 40 can be moved
out with the heat transfer assembly 36 sliding on the track
32 so that access can be gained to the connection be-
tween the inlet and outlet headers 22 and 24 and the
feedwater inlet and outlet nozzles 26 and 28. Spool piping
(not shown) will need to be removed from the inlet and
outlet nozzles 26 and 28 before moving the head 40.
Next, the heat transfer plate assembly 36 can be moved
as a unit along the tracks 32 located in the bottom of the
shell 34 to a point where the individual heat transfer plates
12 and 14 and the interior of the shell 34 can be inspected
for damage. The individual heat transfer plate pairs 16
can then be cleaned or, if necessary, repaired or re-
placed. If repair or replacement is necessary, the heat
transfer plate pair 16 in need of attention can be unbolted
from the inlet header pipe 22 and the outlet header pipe
24 and replaced with a new or repaired heat transfer plate
pair 16 bolted in its place. The outlet header pipe 24 and
inlet header pipe 22 are also provided with one or more
additional openings 60 that are initially sealed by plugs.
These additional openings can be unsealed to accom-
modate additional heat transfer plate pairs 16 if uprating
in the future is desirable.
[0025] The removable plate design allows for replace-
ment of the heat transfer surface and mass production
of heat transfer plates and gaskets results in a relatively
low cost for critical spares. Employing this design makes
it possible to increase the number of plates and thus the
heat transfer area to accommodate power uprates and
provides improved shell side inspection.
[0026] While specific embodiments of the invention
have been described in detail, it will be appreciated by
those skilled in the art that various modifications and al-
ternatives to those details could be developed in light of
the overall teachings of the disclosure. For example,
while separate inlet and outlet header pipes or conduits
are shown in the embodiment illustrated in Figures 1 and
2, any other structure that performs their stated function
may also be used without departing from the spirit of this
invention. For instance, the embodiment of the heat
transfer assembly 36 shown in Figures 3, 4 and 5, shows
segments of the inlet and outlet conduits 22 and 24 as
integral parts of the heat transfer plate pairs 16. In Figures
3, 4 and 5 corresponding components to that shown in
Figures 1 and 2, are given like reference characters. The
heat transfer plate assembly 36 in the embodiment
shown in Figures 3, 4 and 5 is formed from a number of
heat transfer plate modules 17. Four such heat transfer
plate modules are visible in Figure 5. Each such module
17 is formed from a number of tandemly spaced heat
transfer plate pairs 16 which are bonded together as an
integral unit. Each of the modules 17 shown in Figures
3, 4 and 5 has approximately 10 such heat transfer plate
pairs, though it should be appreciated that any number
of such heat transfer plate pairs 16 may be used with the
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consequence that the more heat transfer plate pairs 16
to a module 17 the more costly the module will be to
replace. Alternatively, the more modules there are the
more will be spent on gaskets and closure hardware. An
optimum range of the number of plates per module should
be determined on an application specific basis based on
economic considerations. Also, the number of modules
17 in the heat transfer assembly 36 may vary depending
on the number of heat transfer plate pairs 16 per module
and the heat transfer requirements of the application in
which the heat exchanger is going to be employed.
[0027] In the embodiment shown in Figures 3, 4 and 5
the outer surface (i.e., the front and the back) of each
heat transfer plate pair 16 has two openings on either
side with the corresponding openings substantially
aligned with each other and to which incremental seg-
ments 23 of the inlet and outlet conduits 22 and 24 are
bonded such as by welding, brazing or any other suitable
bond that forms a substantially rigid durable joint that is
substantially impervious to the fluids flowing in and
around the inlet and outlet conduits 22 and 24 in the area
between the heat transfer plate pairs 16. The incremental
segments of the inlet and outlet conduits 22 and 24 that
pass between the heat transfer plate pairs 16 and the
outside surface of the adjoining heat transfer plate pairs
16 provide a flow path between the heat transfer plate
pairs 16 for the extraction steam and drain flow to pass.
The outer end of the segments 23 of the inlet and outlet
conduits 22 and 24 formed through each module 17 pref-
erably have a flange on which the corresponding flange
of an adjacent heat transfer plate module segment 23
can be connected; preferably with a gasket pressed be-
tween the flanges. The outer segments 23 on each mod-
ule 17 may then be attached to a corresponding segment
23 on the outer side of an adjacent module with a gasket
in between using the tie rods 64 shown in Figures 3, 4
and 5, though other forms of mechanical attachment may
be used in place of the tie rods. In the embodiment shown
in Figures 3, 4 and 5, the modules 17 are held in position
by front and rear face frames or plates 62 that are drawn
together by tie rods 64. The face plate 62 in the front of
the heat transfer plate assembly has openings for the
inlet and outlet conduits 22 and 24 so that the flanges on
the outer segments 23 can be respectively attached to
the inlet and outlet nozzles 26 and 28 (shown in Figure
2). The outer segments 23, i.e., both inlet and outlet on
the rear heat transfer plate at the end 80 of the heat trans-
fer assembly 36 are either plugged to close the feedwater
flow loop or the rear heat transfer plate is made without
the inlet and outlet holes.
[0028] A schematic of the flow of the primary fluid
through the heat transfer plate assembly of the embod-
iments described above having a parallel flow path
through the heat transfer plate pairs 16 is illustrated in
Figure 6. Figure 7 shows the construction of the heat
transfer plate pairs. As shown in Figure 7, a weld bead
66 extends around each of the incremental segments 23
of the inlet conduit 22 at the corresponding openings in

the heat transfer plates 12 and 14 and form a fluid tight
seal at the interface. Similarly, a weld bead 68 extends
around the incremental segments 23 of the outlet conduit
24 at the corresponding openings in the heat transfer
plates 12 and 14 and form a fluid tight seal at the interface.
Furthermore, a girth weld 70 extends around the entire
circumference of the heat transfer plate pair 16. As shown
in Figure 7, the primary fluid enters the inlet conduit 22
inlet 72 of each heat transfer plate pair 16 connecting it
to adjacent pairs or support plates. A portion of the fluid
flows down between the heat transfer plates 12 and 14
where it absorbs heat from the extraction steam and drain
flow passing on the outside of the heat transfer plate pairs
and exits at the outlet 78 to the outlet conduit 24 where
it joins with the primary fluid upstream flow from other
heat transfer plate pairs that entered through the outlet
conduit inlet 76 to the heat transfer plate pair 16. Except
for the last heat transfer plate pair 16 at the end 80 (Figure
5) of the heat transfer plate assembly 36, the remainder
of the primary fluid entering the inlet 72 which did not flow
between the heat transfer plates 12 and 14 of a given
heat transfer plate pair 16 exits through the inlet conduit
outlet 74 to the next heat transfer plate pair 16. All of the
primary fluid traversing the inlet conduit to the end 80 of
the heat transfer plate assembly 36 is conducted through
the last pair of heat transfer plates 12 and 14 where it
exits through the outlet conduit 24 as shown in Figure 6.
It is irrelevant whether the water flows up (as shown in
Figure 6), down (as described here) or sideways through
the heat transfer plate pairs 16 as long as the flow extends
from the inlet conduit 22 to the outlet conduit 24.
[0029] Figure 8 is a schematic of one embodiment of
a heat transfer plate module 17. The module 17 is shown
with four heat transfer plate pairs 16, though as previously
stated the number of heat transfer plate pairs 16 may
vary. The heat transfer plate pairs 16 have relatively thin
heat transfer plates 12 and 14, as compared to the outer
support plates 82, which are thicker than the inner heat
transfer plate pairs 16. The support plates 82 are referred
to as support plates and are longer than the others and
extend past the others to accept the tie rods shown in
Figures 3, 4 and 5, though it should be appreciated that
this embodiment is slightly different than the embodiment
shown in Figures 3, 4 and 5. However, the way in which
the modules are secured to each other is the same,
though it should be appreciated that other means of se-
curing the modules together, e.g., continuous threaded
rods, bolts, etc., could also be used. The inner heat trans-
fer plates are welded to each other with the conduit in-
cremental segments 23 (shown in Figure 4) extending
therebetween, with the welds extending around the cir-
cular openings in the incremental segments of the inlet
conduit 22 and outlet conduit 24, and the outer edges by
the circumferential plate welds 70. Gasket grooves 84
are provided around the inlet conduit 22 and outlet con-
duit 24 openings in the support plates 82 for gaskets to
seal the openings at the interface with mating support
plates 82 of adjoining modules 17.
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[0030] A second embodiment of a heat transfer plate
pair module 17 is shown in Figure 9. The embodiment
shown in Figure 9 is very similar to that described above
with regard to Figure 8 except the outside heat transfer
plates have a gasket retaining ring 86 around the open-
ings to the inlet conduit 22 and outlet conduit 24. A single
support plate is interposed between the modules 17 and
gaskets on the retaining rings 86 seal the openings 22
and 24 between each support plate and the heat transfer
plates. Alternately, grooves can be provided on one or
both sides of the support plates for retaining the gaskets.
[0031] A spacer module 88 is inserted in place of a
heat transfer plate pair module 17 to preserve space for
the later addition of another heat transfer plate pair mod-
ule 17 should a future uprating of the plant in which the
heat exchanger is installed require additional heat trans-
fer capacity within the existing shell. One embodiment of
such a spacer module 88 is illustrated in Figure 10. The
spacer module 88 is the same size as a standard heat
transfer plate pair module 17 for the heat exchange unit
10 in which it is to be employed. The spacer module in
this embodiment has two support plates 82 with gasket
grooves 84, as previously described, that are separated
by an upper support 96 and lower support 98 with a sec-
ondary fluid drain 94. It should be appreciated that the
upper support 96 and lower support 98 may (but need
not) be part of one continuous support cylinder. The em-
bodiment shown in Figure 10 is intended to be inserted
between heat transfer plate pair modules 17 and has a
pipe 90 which is welded around its circumference at each
support plate interface to form a hermetic seal. The pipe
90 forms a portion of the inlet conduit 22, carrying the
primary fluid between the heat transfer plate pair modules
17 that it connects. Similarly a pipe 92 is sealed to and
spans the space between the support plates 82 of the
spacer module 88 to carry the primary fluid through the
outlet conduit 24. If the spacer is used at the end of the
end 80 of the heat transfer plate assembly 36 then the
openings in the spacer module support plates 82 is un-
necessary.
[0032] Figure 11 illustrates one embodiment of a tie
rod arrangement that can be used to draw the modules
17 and 88 together. The tie rod 64 is designed to span
between support plates 82, similar to the spans between
support frames 62 shown in Figure 5. In the embodiment
shown in Figure 11, the tie rods 64 have one end with a
reduced diameter that has a circumferential thread 104.
The circumferential thread 104 terminates at a bearing
surface 106 that is sized to abut one side of a periphery
of a module support plate around a hole in which the
thread 104 is sized to extend through and out the other
side. The other end of the tie rod 64 has an internal thread
100 that is sized to mate with an external circumferential
thread 104 on an adjoining tie rod 64 which is extended
through a corresponding hole in an adjoining support
plate 82. Preferably, the outer circumference 102 around
tie rod end having the internal thread 100 has a square
or hex contour on which a torque can readily be applied.

[0033] As previously mentioned, the heat transfer plate
assembly 36 has wheels 33 that ride on the track 32
previously described to facilitate servicing of the heat
transfer plate assembly. Servicing is the same as de-
scribed for the embodiment illustrated in Figures 1 and
2, except to uprate the heat transfer plate assembly, the
spacer module 88 is removed and an additional heat
transfer plate module 17 is coupled in its place.
[0034] Additionally, while the preferred embodiment is
described in an application to a feedwater heater the in-
vention can be employed with similar benefits in most
other types of heat exchangers. Accordingly, the partic-
ular embodiments disclosed are meant to be illustrative
only and not limiting as to the scope of the invention which
is to be given the full breadth of the appended claims and
any and all equivalents thereof.

Claims

1. A heat exchanger (10), comprising:
an elongated pressure vessel shell (34) having an
axial dimension with a removable closure (40) at one
end of the axial dimension, a primary fluid inlet (26),
a primary fluid outlet (28), a secondary fluid inlet
(42,44, 46), a drain outlet (48, 50) and a heat transfer
assembly (36) comprising:

a primary fluid inlet conduit (22) extending into
the pressure vessel (34) from the primary fluid
inlet (26);
a primary fluid outlet conduit (24) extending into
the pressure vessel (34) from the primary fluid
outlet (28);
a plurality of pairs of heat transfer plates (16)
supported in tandem with each of the pairs of
plates sealed (70) around the periphery to define
a primary fluid flow channel in between a first
and second heat transfer plate (12, 14) of each
pair, with each pair having a heat transfer plate
inlet (72) opening fluidly connected either direct-
ly or indirectly to the primary fluid inlet conduit
(22) and a heat transfer plate outlet opening (78)
fluidly connected either directly or indirectly to
the primary fluid outlet conduit to form a parallel
flow path with flow in the same direction through
each of the pairs of heat transfer plates in a di-
rection orthogonal to the axial dimension of the
pressure vessel shell;
means for expanding a heat transfer capacity of
the heat transfer assembly over an original heat
transfer capacity the heat exchanger has when
the heat exchanger is first placed into service;
and
wherein the plurality of pairs of heat transfer
plates (16) are arranged in modules (17) with at
least one of the modules, including at least one
of the pairs of heat transfer plates, connected in
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tandem with an adjacent module or the primary
fluid inlet or the primary fluid outlet with a non-
destructively removable mechanical coupling
(84) and characterized in that the means for
expanding the heat transfer capacity of the heat
transfer assembly includes a spacer module
having substantially less heat transfer capacity
than the modules of pairs of heat transfer plates,
with the spacer module connected in tandem
with the modules of pairs of heat transfer plates,
the spacer module (88) being at least as long in
the axial dimension as the modules of the pairs
of heat transfer plates and having an inlet duct
passing axially therethrough, fluid connected ei-
ther directly or indirectly to the primary fluid inlet
conduit and an outlet duct passing axially there-
through, fluidly connected either directly or indi-
rectly to the primary fluid outlet conduit.

2. The heat exchanger (10) of Claim 1 wherein at least
some of the modules (17) include a plurality of the
pairs of heat transfer plates (16) with the pairs of
heat transfer plates within the at least some of the
modules supported together with a tie rod (64).

3. The heat exchanger (10) of Claim 2 wherein the at
least some of the modules (17) connected in tandem
with an adjacent module is connected by coupling
their respective tie rods (64).

4. The heat exchanger (10) of Claim 1 wherein the heat
transfer assembly (36) is slidable out of the pressure
vessel shell (34) when the removable closure (40)
is opened.

5. The heat exchanger (10) of Claim 1 wherein the heat
transfer assembly (36) is moveably supported on a
track (32) attached to an inside of the pressure vessel
(34) so that the heat transfer assembly can be re-
moved as a unit from the pressure vessel through
the one end (40) by moving the heat transfer assem-
bly along the track.

6. The heat exchanger (10) of Claim 5 wherein the heat
transfer assembly (36) is supported on the track (32)
on wheels (33) that ride on the track.

7. The heat exchanger (10) of Claim 1 wherein the pri-
mary fluid inlet (26) and the primary fluid outlet (28)
extend from the removable closure (40).

8. The heat exchanger (10) of Claim 1 wherein the heat
transfer assembly (36) is fitted with a number of extra
couplings (60) configured to attach additional pairs
of heat transfer plates (16), the extra couplings are
initially plugged and are available for later uprating
of the heat transfer capability of the heat exchanger
after the heat exchanger has been placed in opera-

tion over an original heat transfer capacity, by un-
plugging at least some of the extra couplings and
attachment of a number of the additional pairs of
heat transfer plates.

9. The heat exchanger (10) of Claim 1 wherein the pres-
sure vessel shell (34) is a cylindrical shape with hem-
ispherical ends (40, 38).

10. The heat exchanger (10) of Claim 1 wherein at least
some of the modules (17) comprise a plurality of pairs
of heat transfer plates (16) with each of the pairs of
heat transfer plates within a module connected to-
gether in the tandem array via a welded coupling
(23).

11. The heat exchanger (10) of Claim 1 wherein at least
some of the modules (17) have a support plate (82)
on a first and a second end with the heat transfer
plates (12, 14) therebetween wherein the support
plates are thicker than the heat transfer plates.

12. The heat exchanger (10) of Claim 1 wherein the mod-
ules (17) are supported in tandem by tie rods (64).

13. A method of repairing, inspecting, cleaning or uprat-
ing the heat exchanger (10) of Claim 1 comprising
the steps of:

accessing the interior of the pressure vessel
shell (34);
disconnecting the primary fluid inlet conduit (22)
and the primary fluid outlet conduit (24) from the
primary fluid inlet (26) and the primary fluid outlet
(28), respectively, and
including the step of replacing a defective pair
of heat transfer plates (16).

14. The method of Claim 13 including the step of increas-
ing the number of pairs of heat transfer plates (16)
within the heat transfer assembly (36) after the heat
exchanger (10) has been placed in operation to up-
rate the heat exchanger.

Patentansprüche

1. Wärmetauscher (10), umfassend:

eine längliche Druckgefäßhülle (34) mit einer
axialen Dimension mit einem abnehmbaren
Verschluss (40) an einem Ende der axialen Di-
mension, einem Primärfluid-Einlass (26), einem
Primärfluid-Auslass (28), einem Sekundärfluid-
Einlass (42, 44, 46), einem Ablaufauslass (48,
50) und einer Wärmeübertragungsanordnung
(36) umfassend:
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eine Primärfluid-Einlassleitung (22), die
sich in das Druckgefäß (34) von dem Pri-
märfluid-Einlass (26) erstreckt;
eine Primärfluid-Auslassleitung (24), die
sich in das Druckgefäß (34) von dem Pri-
märfluid-Auslass (28) erstreckt;
eine Vielzahl von Paaren von Wärmeüber-
tragungsplatten (16), die im Tandem getra-
gen werden, wobei jedes der Paare von
Platten um den Umfang herum abgedichtet
(70) ist, um einen Primärfluid-Strömungs-
kanal zwischen einer ersten und zweiten
Wärmeübertragungsplatte (12, 14) eines
jeden Paars zu definieren, wobei jedes Paar
eine Wärmeübertragungsplatten-Einlass-
öffnung (72), die entweder direkt oder indi-
rekt fluidmäßig mit der Primärfluid-Einlass-
leitung (22) verbunden ist, und eine Wär-
meübertragungsplatten-Auslassöffnung
(78), die entweder direkt oder indirekt fluid-
mäßig mit der Primärfluid-Auslassleitung
verbunden ist, um einen parallelen Strö-
mungspfad mit einer Strömung in dieselbe
Richtung durch jedes der Paare von Wär-
meübertragungsplatten in eine Richtung
senkrecht auf die axiale Dimension der
Druckgefäßhülle zu bilden;
Mittel zur Erweiterung einer Wärmeübertra-
gungskapazität der Wärmeübertragungsa-
nordnung gegenüber einer ursprünglichen
Wärmeübertragungskapazität, die der Wär-
metauscher aufweist, wenn er erstmalig in
Betrieb genommen wird; und
wobei die Vielzahl von Paaren von Wärme-
übertragungsplatten (16) in Modulen (17)
angeordnet sind, wobei zumindest eines
der Module, das zumindest eines der Paare
von Wärmeübertragungsplatten umfasst,
im Tandem mit einem benachbarten Modul
oder dem Primärfluid-Einlass oder dem Pri-
märfluid-Auslass mit einer zerstörungsfrei
entfernbaren mechanischen Kupplung (84)
verbunden ist, und

dadurch gekennzeichnet, dass die Mittel zur
Erweiterung der Wärmeübertragungskapazität
der Wärmeübertragungsanordnung ein Ab-
standhaltermodul umfassen, das eine im We-
sentlichen geringere Wärmeübertragungskapa-
zität als die Module von Paaren von Wärmeü-
bertragungsplatten aufweist, wobei das Ab-
standhaltermodul im Tandem mit den Modulen
von Paaren von Wärmeübertragungsplatten
verbunden ist, wobei das Abstandhaltermodul
(88) in der axialen Dimension zumindest so lang
wie die Module der Paare von Wärmeübertra-
gungsplatten ist und einen axial dort hindurch
verlaufenden Einlasskanal aufweist, der fluid-

mäßig entweder direkt oder indirekt mit der Pri-
märfluid-Einlassleitung verbunden ist, und ei-
nen axial dort hindurch verlaufenden Auslass-
kanal, der fluidmäßig entweder direkt oder indi-
rekt mit der Primärfluid-Auslassleitung verbun-
den ist.

2. Wärmetauscher (10) nach Anspruch 1, wobei zumin-
dest einige der Module (17) eine Vielzahl der Paare
von Wärmeübertragungsplatten (16) umfassen, wo-
bei die Paare von Wärmeübertragungsplatten inner-
halb der zumindest einigen Module mit einem
Zuganker (64) zusammengehalten werden.

3. Wärmetauscher (10) nach Anspruch 2, wobei die zu-
mindest einigen der Module (17), die im Tandem mit
einem benachbarten Modul verbunden sind, durch
Koppeln ihrer jeweiligen Zuganker (64) verbunden
sind.

4. Wärmetauscher (10) nach Anspruch 1, wobei die
Wärmeübertragungsanordnung (36) aus der Druck-
gefäßhülle (34) verschiebbar ist, wenn der abnehm-
bare Verschluss (40) geöffnet wird.

5. Wärmetauscher (10) nach Anspruch 1, wobei die
Wärmeübertragungsanordnung (36) beweglich auf
einer Schiene (32) gelagert ist, die an einer Innen-
seite des Druckgefäßes (34) angebracht ist, so dass
die Wärmeübertragungsanordnung als eine Einheit
aus dem Druckgefäß durch das eine Ende (40) ent-
fernt werden kann, indem die Wärmeübertragungs-
anordnung entlang der Schiene bewegt wird.

6. Wärmetauscher (10) nach Anspruch 5, wobei die
Wärmeübertragungsanordnung (36) auf der Schie-
ne (32) auf Rädern (33) getragen wird, die auf der
Schiene laufen.

7. Wärmetauscher (10) nach Anspruch 1, wobei der
Primärfluid-Einlass (26) und der Primärfluid-Auslass
(28) sich von dem abnehmbaren Verschluss (40)
weg erstrecken.

8. Wärmetauscher (10) nach Anspruch 1, wobei die
Wärmeübertragungsanordnung (36) mit einer An-
zahl von zusätzlichen Kupplungen (60) ausgerüstet
ist, die dazu ausgestaltet sind, zusätzliche Paare von
Wärmeübertragungsplatten (16) zu befestigen, wo-
bei die zusätzlichen Kupplungen ursprünglich zuge-
stopft sind und für eine spätere Aufrüstung der Wär-
meübertragungskapazität des Wärmetauschers ge-
genüber einer ursprünglichen Wärmeübertragungs-
kapazität verfügbar sind, nachdem der Wärmetau-
scher in Betrieb genommen wurde, indem zumindest
einige Kupplungen geöffnet und eine Anzahl von zu-
sätzlichen Paaren von Wärmeübertragungsplatten
befestigt werden.
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9. Wärmetauscher (10) nach Anspruch 1, wobei die
Druckgefäßhülle (34) eine zylindrische Gestalt mit
halbkugelförmigen Enden (40, 38) ist.

10. Wärmetauscher (10) nach Anspruch 1, wobei zumin-
dest einige der Module (17) eine Vielzahl von Paaren
von Wärmeübertragungsplatten (16) umfassen, wo-
bei jedes der Paare von Wärmeübertragungsplatten
innerhalb eines Moduls in der Tandemanordnung
über eine geschweißte Kupplung (23) miteinander
verbunden ist.

11. Wärmetauscher (10) nach Anspruch 1, wobei zumin-
dest einige der Module (17) eine Trägerplatte (82)
an einem ersten und einem zweiten Ende aufweisen,
wobei die Wärmeübertragungsplatten (12, 14) da-
zwischen angeordnet sind, wobei die Trägerplatten
dicker als die Wärmeübertragungsplatten sind.

12. Wärmetauscher (10) nach Anspruch 1, wobei die
Module (17) durch Zuganker (64) im Tandem gehal-
ten werden.

13. Verfahren zum Reparieren, Inspizieren, Reinigen
oder Aufrüsten des Wärmetauschers (10) nach An-
spruch 1, umfassend die folgenden Schritte:

Zugreifen auf das Innere der Druckgefäßhülle
(34);
Trennen der Primärfluid-Einlassleitung (22)
bzw. der Primärfluid-Auslassleitung (24) jeweils
von dem Primärfluid-Einlass (26) bzw. dem Pri-
märfluid-Auslass (28), und
umfassend den Schritt des Ersetzens eines de-
fekten Paars von Wärmeübertragungsplatten
(16).

14. Verfahren nach Anspruch 13, umfassend den Schritt
der Erhöhung der Anzahl von Paaren von Wärmeü-
bertragungsplatten (16) innerhalb der Wärmeüber-
tragungsanordnung (36), nachdem der Wärmetau-
scher (10) in Betrieb genommen wurde, um den Wär-
metauscher aufzurüsten.

Revendications

1. Échangeur de chaleur (10), comprenant :

une enveloppe de cuve sous pression allongée
(34) ayant un dimension axiale avec une ferme-
ture amovible (40) au niveau d’une extrémité de
la dimension axiale, une entrée de fluide primai-
re (26), une sortie de fluide primaire (28), une
entrée de fluide secondaire (42, 44, 46), une sor-
tie de drainage (48, 50) et un ensemble de trans-
fert de chaleur (36) comprenant :

un conduit d’entrée de fluide primaire (22)
s’étendant dans la cuve sous pression (34)
à partir de l’entrée de fluide primaire (26) ;
un conduit de sortie de fluide primaire (24)
s’étendant dans la cuve sous pression (34)
à partir de la sortie de fluide primaire (28) ;
une pluralité de paires des plaques de trans-
fert de chaleur (16) supportées en tandem,
chacune des paires de plaques étant scel-
lée (70) autour de la périphérie pour définir
un canal d’écoulement de fluide primaire
entre une première et une seconde plaque
de transfert de chaleur (12, 14) de chaque
paire, chaque paire ayant une ouverture
d’entrée (72) de plaque de transfert de cha-
leur, fluidiquement reliée directement ou in-
directement avec le conduit d’entrée de flui-
de primaire (22), et une ouverture de sortie
(78) de plaque de transfert de chaleur, flui-
diquement reliée directement ou indirecte-
ment avec le conduit de sortie de fluide pri-
maire, pour former un chemin d’écoulement
parallèle, avec l’écoulement dans la même
direction à travers chacune des paires de
plaques de transfert de chaleur dans une
direction orthogonale à la dimension axiale
de l’enveloppe de cuve sous pression ;
des moyens pour augmenter une capacité
de transfert de chaleur de l’ensemble de
transfert de chaleur par rapport à la capacité
de transfert de chaleur d’origine de l’échan-
geur de chaleur, lorsque l’échangeur de
chaleur est mis en service pour la première
fois ; et
dans lequel la pluralité de paires de plaques
de transfert de chaleur (16) est arrangée en
modules (17), où au moins un des modules
comprenant au moins une des paires de
plaques de transfert de chaleur est relié en
tandem avec un module adjacent ou l’en-
trée de fluide primaire ou la sortie de fluide
primaire par un accouplement (84) mécani-
que à démontage non destructif, et

caractérisé en ce que les moyens pour aug-
menter la capacité de transfert de chaleur de
l’ensemble de transfert de chaleur comportent
un module de distance ayant une capacité de
transfert de chaleur sensiblement inférieure à
laquelle des modules de paires des plaques de
transfert de chaleur, le module de distance étant
relié en tandem avec les modules de paires de
plaques de transfert de chaleur, le module de
distance (88) étant au moins aussi long dans la
dimension axiale que les modules de paires de
plaques de transfert de chaleur, et ayant un con-
duit d’entrée passant axialement à travers de
celui-ci, fluidiquement relié directement ou indi-
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rectement au conduit d’entrée de fluide primaire,
et un conduit de sortie passant axialement à tra-
vers de celui-ci, fluidiquement relié directement
ou indirectement au conduit de sortie de fluide
primaire.

2. Échangeur de chaleur (10) selon la revendication 1,
dans lequel au moins une partie des modules (17)
comporte une pluralité des paires des plaques de
transfert de chaleur (16), les paires des plaques de
transfert de chaleur étant supportées à l’intérieur au
moins de la partie des modules par un tirant (64).

3. Échangeur de chaleur (10) selon la revendication 2,
dans lequel au moins la partie des modules (17) re-
liés en tandem avec un module adjacent est reliée
en accouplant leurs tirants respectifs (64).

4. Échangeur de chaleur (10) selon la revendication 1,
dans lequel l’ensemble de transfert de chaleur (36)
peut être déplacé hors de l’enveloppe de cuve sous
pression (34) lorsque la fermeture amovible (40) est
ouverte.

5. Échangeur de chaleur (10) selon la revendication 1,
dans lequel l’ensemble de transfert de chaleur (36)
est supporté de manière déplaçable sur un rail (32)
fixé à un côté intérieur de la cuve sous pression (34)
de telle manière que l’ensemble de transfert de cha-
leur peut être retiré en tant qu’unité de la cuve sous
pression par l’une extrémité (40) en déplaçant l’en-
semble de transfert de chaleur le long du rail.

6. Échangeur de chaleur (10) selon la revendication 5,
dans lequel l’ensemble de transfert de chaleur (36)
est supporté sur le rail (32) par des roues (33) qui
roulent sur le rail.

7. Échangeur de chaleur (10) selon la revendication 1,
dans lequel l’entrée de fluide primaire (26) et la sortie
de fluide primaire (28) s’étendent à partir de la fer-
meture amovible (40).

8. Échangeur de chaleur (10) selon la revendication 1,
dans lequel l’ensemble de transfert de chaleur (36)
est prévu d’un nombre d’accouplements supplémen-
taires (60) configurés pour attacher des paires sup-
plémentaires des plaques de transfert de chaleur
(16), les accouplements supplémentaires sont
d’abord bouchés, et sont disponibles pour une aug-
mentation ultérieure de la capacité de transfert de
chaleur de l’échangeur de chaleur par rapport à une
capacité initiale de transfert de chaleur après que
l’échangeur de chaleur est mis en service, en dé-
bouchant au moins une partie des accouplements
supplémentaires et y attachant un nombre de paires
supplémentaires de plaques de transfert de chaleur.

9. Échangeur de chaleur (10) selon la revendication 1,
dans lequel l’enveloppe de cuve sous pression (34)
est une forme cylindrique avec des extrémités hé-
misphériques (40, 38).

10. Échangeur de chaleur (10) selon la revendication 1,
dans lequel au moins une partie des modules (17)
comprend une pluralité de paires de plaques de
transfert de chaleur (16), chacune des paires de pla-
ques de transfert de chaleur dans un module étant
relié en arrangement tandem au moyen d’un accou-
plement soudé (23).

11. Échangeur de chaleur (10) selon la revendication 1,
dans lequel au moins une partie des modules (17)
comprend une plaque de support (82) au niveau
d’une première et une seconde extrémité, les pla-
ques de transfert de chaleur (12, 14) étant disposées
entre les plaques de support, et les plaques de sup-
port étant plus épaisses que les plaques de transfert
de chaleur.

12. Échangeur de chaleur (10) selon la revendication 1,
dans lequel les modules (17) sont supportés en tan-
dem au moyen des tirants (64).

13. Procédé de réparation, inspection, nettoyage et aug-
mentation de l’échangeur de chaleur (10) selon la
revendication 1, le procédé comprenant les étapes
consistant à :

accéder à l’intérieur de l’enveloppe de cuve sous
pression (34) ;
respectivement séparer le conduit d’entrée de
fluide primaire (22) et le conduit de sortie de flui-
de primaire (24) de l’entrée de fluide primaire
(26) et la sortie de fluide primaire (28), et
comprenant l’étape consistant à remplacer une
paire défectueuse de plaques de transfert de
chaleur (16).

14. Procédé selon la revendication 13, comprenant l’éta-
pe consistant à augmenter le nombre de paires de
plaques de transfert de chaleur (16) dans l’ensemble
de transfert de chaleur (36) après que l’échangeur
de chaleur (10) est mis en service, afin d’augmenter
l’échangeur de chaleur.

19 20 



EP 2 802 835 B1

12



EP 2 802 835 B1

13



EP 2 802 835 B1

14



EP 2 802 835 B1

15



EP 2 802 835 B1

16



EP 2 802 835 B1

17



EP 2 802 835 B1

18



EP 2 802 835 B1

19



EP 2 802 835 B1

20

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 43214709 A [0001]
• US 20100276128 A1 [0002]

• US 5088552 A [0009]
• WO 9109262 A [0010]


	bibliography
	description
	claims
	drawings
	cited references

