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(54) SHELL‑AND‑TUBE HEAT EXCHANGER ASSEMBLY AND METHOD FOR LIMITING A
CORROSION RESPONSE OF TUBES THEREIN

(57) A shell-and-tube heat exchanger assembly
(100) including a first tube sheet (102), a second tube
sheet (104), and a plenum (105), is disclosed. The first
tube sheet (102) is adapted to be secured to a shell (103)
of the shell-and-tube heat exchanger assembly (100).
The first tube sheet (102) includes a plurality of first holes
(102a) adapted to support a plurality of tubes extending
through the shell (103). The second tube sheet (104) is

adapted to be fastened to a front surface of the first tube
sheet (102) and fastened to a rear surface of the plenum
(105). The second tube sheet (104) includes a plurality of
second holes (104a) adapted to support the plurality of
tubes extending through the plurality of first holes (102a).
The second tube sheet (104) is made of a metal adapted
to limit a corrosion response of the plurality of tubeswhen
exposed to a chiller fluid.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application No. 63/512,369 filed on July
07, 2023, which is incorporated by reference herein in its
entirety.

FIELD OF THE INVENTION

[0002] The invnention generally relates to shell-and-
tube heat exchangers. More particularly, the invention
relates to a shell-and-tube heat exchanger assembly,
and a method for limiting a corrosion response of tubes
of the shell-and-tube heat exchanger assembly.

BACKGROUND

[0003] Shell-and-tube heat exchangers are heat ex-
changers that include a shell and a bundle of tubes inside
the shell. When aluminum tubes are used in a steel shell,
the tubes undergo high galvanic corrosion pairing be-
tween dissimilar metals and as a result, the material
inside the tubes wears off thereby resulting in thinning
of the wall. The main drawback of galvanic corrosion is
that the pairing can lead to accelerated corrosion and
premature failure of metal components or structures.
This is because the corrosion rate of the anodic metal
can be significantly increased while the cathodic metal is
protected. The resulting corrosion products can also
cause blockages and reduce the efficiency of fluid flow
in heat exchangers, pipes, and other equipment. In some
scenarios, the thickness of the wall reduces beyond an
allowable limit that can cause the tube to leak or rupture.
[0004] Therefore, there is a need for an improved shell
and tube heat exchanger that addresses the drawbacks
of galvanic corrosion for specific applications that may
use materials with higher galvanic potential than the
traditional industry accepted ones.

SUMMARY

[0005] This summary is provided to introduce a selec-
tion of concepts in a simplified format that are further
described in thedetaileddescription.This summary isnot
intended to identify key or essential inventive concepts of
the invention, nor is it intended for determining the scope
of the invention, which is defined only by the claims.
[0006] Disclosed herein is a shell-and-tube heat ex-
changer assembly including a first tube sheet, a second
tube sheet, and a plenum. The first tube sheet is adapted
to be secured to a shell of the shell-and-tube heat ex-
changer assembly. The first tube sheet includes a plur-
ality of first holes adapted to support a plurality of tubes
extending through the shell. The second tube sheet is
adapted to be fastened to a front surface of the first tube
sheet and fastened to a rear surface of a plenum. The

second tube sheet includes a plurality of second holes
adapted to support the plurality of tubes extending
through the plurality of first holes such that the second
tube sheet ismade of ametal adapted to limit a corrosion
response of the plurality of tubes when exposed to a
chiller fluid.
[0007] Optionally, an electrochemical potential of the
metal of the second tube sheet is equivalent or lower than
an electrochemical potential of the material of the plur-
ality of tubes.
[0008] Optionally, the second tube sheet is made of at
least one of an aluminum alloy and an inert material.
[0009] Optionally, each of the plurality of tubes ismade
of an aluminum alloy.
[0010] Optionally, the plurality of first holes of the first
tube sheet is aligned with the plurality of second holes of
the second tube sheet.
[0011] Optionally, a plurality of first openings is defined
in the first tube sheet, a plurality of second openings is
defined in the second tube sheet, and a plurality of third
openings is defined in the plenum.
[0012] Optionally, each of the plurality of first openings
defined in the first tube sheet are aligned with a corre-
sponding second opening from the plurality of second
openings defined in the second tube sheet and a corre-
sponding thirdopening from theplurality of thirdopenings
defined in the plenum.
[0013] Optionally, a plurality of fasteners are adapted
to be inserted into the aligned plurality of first openings,
the plurality of second openings, and the plurality of third
openings to fasten the second tube sheet to a front sur-
face of the first tube sheet and fasten the second tube
sheet to the rear surface of the plenum.
[0014] Optionally, the plurality of fasteners include at
least one of a guiding pin, a screw thread fastener, and a
bolt fastener.
[0015] Optionally, a sealing element is disposed in
each of the plurality of first holes between the plurality
of tubes extending through the shell and the first tube
sheet.
[0016] Optionally, the chiller fluid inside each of the
plurality of tubes is water.
[0017] A method for limiting a corrosion response of a
plurality of tubes of a shell-and-tube heat exchanger
assembly, is also disclosed. The method includes secur-
ing a first tube sheet to a shell of the shell-and-tube heat
exchanger assembly. Next, the step includes disposing a
second tube sheet between the first tube sheet and a
plenum of the shell-and-tube heat exchanger assembly.
Thesecond tubesheet is fastened toa front surfaceof the
first tube sheet and a rear surface of the plenum. The
second tube sheet is made of a metal adapted to limit a
corrosion response of the plurality of tubes when ex-
posed to a chiller fluid.
[0018] Optionally, an electrochemical potential of the
metal of the second tube sheet is equivalent or lower than
an electrochemical potential of the material of the plur-
ality of tubes.
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[0019] Optionally, the second tube sheet is made of at
least one of an aluminum alloy and an inert material.
[0020] Optionally, the second tube sheet is fastened to
the front surface of the first tube sheet and the rear
surface of the plenum using at least one of fasteners
and industrial adhesives.
[0021] Optionally, thestepof fastening the second tube
sheet to the front surface of the first tube sheet and the
rear surface of the plenum further includes aligning each
of aplurality of first openingsdefined in thefirst tubesheet
with a corresponding second opening from a plurality of
second openings defined in the second tube sheet. Next,
each of the plurality of second openings is aligned with a
corresponding third opening fromaplurality of third open-
ings defined in the plenum. A plurality of fasteners are
inserted into the aligned plurality of first openings, the
plurality of second openings, and the plurality of third
openings to fasten the second tube sheet to the front
surface of the first tube sheet and fasten the second tube
sheet to the rear surface of the plenum.
[0022] To further clarify the advantages and features of
the method and system, a more particular description of
the method and system will be rendered by reference to
specific embodiments thereof, which is illustrated in the
appended drawing. It is appreciated that these drawings
depict only exemplary embodiments and are therefore
not to be considered limiting on the scope of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and other features, aspects, and advan-
tages of the inventon will become better understood
when the following detailed description is read with re-
ference to the accompanying drawings, which are pro-
videdbywayof example only and inwhich like characters
represent like parts throughout the drawings, wherein:

Figure1Aexemplarily illustrates anassembled view
of a shell-and-tube heat exchanger assembly;

Figure1Bexemplarily illustratesanenlargedviewof
a cover assembly of the shell-and-tube heat exchan-
ger assembly shown in Figure 1A;

Figure 1C exemplarily illustrates a cutaway iso-
metric view of the cover assembly about the A-A’
axis;

Figure 1D exemplarily illustrates a sectional view of
the cover assembly about the A-A’ axis;

Figure 2 exemplarily illustrates an exploded view of
the shell-and-tube heat exchanger assembly; and

Figure3exemplarily illustratesaflowchart indicating
a method for limiting a corrosion response of a
plurality of tubes of the shell-and-tube heat exchan-

ger assembly.

[0024] Further, skilled artisans will appreciate that ele-
ments in the drawings are illustrated for simplicity and
may not have necessarily been drawn to scale. For
example, the flow charts illustrate the method in terms
of the most prominent steps involved to help to improve
understanding. Furthermore, in terms of the construction
of the device, one ormore components of the devicemay
have been represented in the drawings by conventional
symbols, and the drawingsmay show only those specific
details that are pertinent to understanding so as not to
obscure the drawings with details that will be readily
apparent to those of ordinary skill in the art having the
benefit of the description herein.

DETAILED DESCRIPTION

[0025] For the purpose of promoting an understanding
of the principles of the invention, reference will now be
made to the various embodiments and specific language
will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention
is thereby intended.
[0026] It will be understood by those skilled in the art
that the foregoing general description and the following
detailed description are explanatory of the invention and
are not intended to be restrictive thereof.
[0027] Reference throughout this specification to "an
aspect", "another aspect" or similar languagemeans that
a particular feature, structure, or characteristic described
in connection with the embodiment is included in at least
one embodiment of the invention. Thus, appearances of
the phrase "in an embodiment", "in another embodi-
ment", "some embodiments", "one or more embodi-
ments" and similar language throughout this specifica-
tion may, but do not necessarily, all refer to the same
embodiment.
[0028] The terms "comprises", "comprising", or any
other variations thereof, are intended to cover a non-
exclusive inclusion, such that a process or method that
comprisesa list of stepsdoesnot includeonly thosesteps
but may include other steps not expressly listed or in-
herent to such process or method. Similarly, one or more
devices or sub-systems or elements or structures or
components proceeded by "comprises... a" does not,
withoutmore constraints, preclude the existence of other
devices or other sub-systems or other elements or other
structures or other components or additional devices or
additional sub-systems or additional elements or addi-
tional structures or additional components.
[0029] Embodiments will be described below in detail
with reference to the accompanying drawings.
[0030] Galvanic corrosion pairing between dissimilar
metals is a type of corrosion that occurs when two differ-
ent metals are in contact with each other in the presence
of an electrolyte, such aswater or a corrosive fluid. In this
situation, the more electronegative metal becomes the
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anode and corrodes preferentially, while the more elec-
tropositivemetal becomes the cathodeandcorrodes less
or not at all.
[0031] In the context of heat exchangers, galvanic
corrosion pairing between dissimilar metals can be par-
ticularly problematic because they often use a combina-
tion of different metal alloys, such as copper, brass,
stainless steel, aluminum, and titanium. These alloys
can have different electrochemical potentials, and if they
are in contact with each other, galvanic corrosion can
occur. This can lead to leaks, reduced heat transfer
efficiency, and costly maintenance or replacement of
the heat exchanger.
[0032] Figure 1A exemplarily illustrates an assembled
view of a shell-and-tube heat exchanger assembly 100.
[0033] The shell-and-tube heat exchanger assembly
100 may include a cover assembly 101 and a shell 103
like a large l tank-like vessel and a plurality of tubes
bundled inside theshell 103. Inanembodiment, the tubes
maybemadeof analuminummetal or analuminumalloy.
Hereinafter, the tubes may be used to mean aluminum
tubes or aluminum alloy tubes. The shell 103may have a
plurality of ports for supplying fluids within the shell-and-
tube heat exchanger. The plurality of ports may include
upstream supply ports for supplying fluid within the shell
103 and the tubes separately. For example, the fluid
flowing through the tubes may be chiller water and the
fluid within the shell 103 may be a refrigerant. Therefore,
the upstream supply ports may separately supply chiller
water to the tubes and refrigerant to the shell 103. Simi-
larly, one or more exhaust ports may be provided to
remove exhaust vapor formedwithin the shell 103 during
a heat transfer cycle of the shell-and-tube heat exchan-
ger assembly 100.
[0034] The shell-and-tube heat exchanger assembly
100may be designed to allow one or more fluids such as
a first fluid and a second fluid of different starting tem-
peratures to flow therethrough. In an embodiment, the
first fluidmay be a chiller fluid, for example, water and the
second fluid may be a refrigerant. The first fluid may flow
through the tubes (the tube side), while the second fluid
may flow in the shell 103 (the shell side) but outside the
tubes. Heat is transferred between the fluids through the
tubes, either from tubeside to shell 103sideor vice versa.
The fluids may be either liquids or gases on either the
shell 103 or the tube side. Several tubes are bundled
together within the shell 103 of the shell-and-tube heat
exchanger assembly 100 to increase the heat transfer
area. In anembodiment, the tubesare disposed coaxially
inside the shell 103 to transfer heat efficiently within the
cylindrical tank-like shell 103.
[0035] Figure 1B exemplarily illustrates an enlarged
viewof the coverassembly 101of theshell-and-tubeheat
exchanger assembly 100shown inFigure1A.Figure1C
exemplarily illustrates a cutaway isometric view of the
cover assembly 101 about the A-A’ axis. Figure 1D
exemplarily illustrates a sectional view of the cover as-
sembly 101 about the A-A’ axis. The shell-and-tube heat

exchanger assembly 100 may include a first tube sheet
102, a second tube sheet 104, and a plenum 105. In an
embodiment, the first tube sheet 102 is of a solid cuboidal
geometrical configuration. Moreover, the plenum 105
and the second tube sheet 104 may be of a solid cylind-
rical geometrical configuration. The first tube sheet 102 is
adapted to be secured to the shell 103 of the shell-and-
tube heat exchanger assembly 100.
[0036] Figure 2 illustrates an exploded view of the
shell-and-tube heat exchanger assembly 100. In an em-
bodiment, the first tube sheet 102 includes a plurality of
first holes 102a adapted to support a plurality of tubes
extending through the shell 103. The second tube sheet
104 is adapted to be fastened to a front surface of the first
tube sheet 102 and fastened to a rear surface of the
plenum 105. The second tube sheet 104 includes a
plurality of second holes 104a adapted to support the
plurality of tubes extending through the plurality of first
holes 102a. The plurality of first holes 102a of the first
tube sheet 102 is aligned with the plurality of second
holes 104a of the second tube sheet 104.
[0037] The second tube sheet 104 is made of a metal
adapted to limit a corrosion response of the plurality of
tubes when exposed to the chiller fluid. As such, an
electrochemical potential of the metal of the second tube
sheet 104 is equivalent or lower than an electrochemical
potential of the material of the plurality of tubes. In an
embodiment, the second tube sheet 104 ismadeof either
an aluminum alloy or an inert material or both. The inert
materialmay also include plastics. Each of the plurality of
tubes may be made of an aluminum alloy. It may be
appreciated that the metal of the second tube sheet
104 and the metal of the plurality of tubes may be dis-
similar or different. In such a scenario, the only condition
for choosing the metals is that the electrochemical po-
tential of the metal of the second tube sheet 104 is
equivalent or lower than an electrochemical potential
of thematerial of the plurality of tubes. In an embodiment,
a sealingelementmaybedisposed in eachof theplurality
of first holes 102a between the plurality of tubes extend-
ing through the shell 103 and the first tube sheet 102.
[0038] Aplurality of first openings102b is defined in the
first tube sheet 102, a plurality of second openings 104b
is defined in the second tube sheet 104, and a plurality of
third openings 105a is defined in the plenum 105. In an
embodiment, the plurality of second openings 104b and
the plurality of third openings 105a are defined near an
outer periphery of the second tube sheet 104 and the
plenum 105, respectively. Although the first tube sheet
102 is of a solid cuboidal geometrical configuration, the
plurality of first openings 102b are defined in the first tube
sheet 102 such that during assembly, the plurality of first
openings 102b, the plurality of second openings 104b,
and the plurality of third openings 105a align. Thismeans
each of the plurality of first openings 102b defined in the
first tube sheet 102 are aligned with a corresponding
second opening from the plurality of second openings
104b defined in the second tube sheet 104 and a corre-

5

10

15

20

25

30

35

40

45

50

55



5

7 EP 4 488 611 A1 8

sponding third opening from the plurality of third opening
s 105a defined in the plenum 105.
[0039] A plurality of fasteners 106, 106’ may be in-
serted into the aligned plurality of first openings 102b,
the plurality of second openings 104b, and the plurality of
third openings 105a. The inserted plurality of fasteners
106, 106’ ensures the second tube sheet 104 is fastened
to a front surface of the first tube sheet 102. Similarly, the
inserted plurality of fasteners 106, 106’ ensures the
second tube sheet 104 is fastened to the rear surface
of the plenum 105. In an embodiment, the plurality of
fasteners 106, 106’ may include, but are not limited to, at
least one of a guiding pin, a screw thread fastener, and a
bolt fastener.
[0040] The shell-and-tube heat exchanger assembly
100 may include a plurality of plenums 105 (sometimes
called water-boxes). The shell-and-tube heat exchanger
assembly 100 may also include a first cover assembly
101’ including a first plenum 105’ and a second cover
assembly 101" including a second plenum 105" (not
shown) at opposing ends of the shell 103. The second
plenum 105" may be an upstream plenum and the first
plenum105’may be a downstreamplenum, respectively.
Although Figure 1A illustrates only one side of the shell-
and-tube heat exchanger assembly 100, it must be ap-
preciated that the shell-and-tube heat exchanger assem-
bly 100 includes two sets of cover assemblies 101’, 101"
(not shown) on opposing ends of the shell 103. The two
sets of cover assemblies 101’, 101" include the two sets
of first tube sheets 102, two sets of second tube sheets
104, and the first and second plenums (105’, 105"). Each
of the two sets of first tube sheets 102, each of the two
sets of second tube sheets 104, and the first and second
plenums (105’, 105") are disposed on opposing ends of
the shell-and-tube heat exchanger assembly 100.
[0041] Figure 3 exemplarily illustrates a flowchart in-
dicating amethod 300 for limiting the corrosion response
of the plurality of tubes of the shell-and-tube heat ex-
changer assembly 100. For the sake of brevity, details
that are explained in the description of Figures 1A‑2 are
not explained in the description of Figure 3.
[0042] At Step 301, the first tube sheet 102 is secured
to the shell 103 of the shell-and-tube heat exchanger
assembly 100. In anembodiment, the first tube sheet 102
has a solid cuboidal geometrical configuration and the
shell 103 has a hollow cylindrical geometric configura-
tion.
[0043] At Step 302, the second tube sheet 104 is
disposed between the first tube sheet 102 and the ple-
num 105 of the shell-and-tube heat exchanger assembly
100 such that the second tube sheet 104 is fastened to
the front surface of the first tube sheet 102 and the rear
surface of the plenum 105. Moreover, the second tube
sheet 104 is made of a metal adapted to limit the corro-
sion response of the plurality of tubes when exposed to
the chiller fluid. In an embodiment, the second tube sheet
104 is made of either an aluminum alloy or an inert
material or a combination of both. The inert material

may also include plastics. In an embodiment, the second
tube sheet 104 is fastened to the front surface of the first
tube sheet 102 and the rear surface of the plenum 105
using at least one of fasteners 106, 106’ and industrial
adhesives.
[0044] During assembly, the step of fastening the sec-
ond tube sheet 104 to the front surface of the first tube
sheet 102 and the rear surface of the plenum 105 also
includes aligning each of the plurality of first openings
102b defined in the first tube sheet 102 with a corre-
sponding second opening from the plurality of second
openings 104b defined in the second tube sheet 104.
Next, each of the plurality of second openings 104b is
aligned with a corresponding third opening from the
plurality of third openings 105a defined in the plenum
105. Finally, the plurality of fasteners 106, 106’ are in-
serted into the aligned plurality of first openings 102b, the
plurality of second openings 104b, and the plurality of
third openings 105a to fasten the second tube sheet 104
to the front surface of the first tube sheet 102 and fasten
the second tube sheet 104 to the rear surface of the
plenum 105.
[0045] The replacement of existing copper tubes with
aluminum tubes has significant cost savings potential for
water cooled chillers. The aluminum tubes are rolled in
place at the first tube sheets 102 to provide a tight seal. If
aluminum tubes are inserted into a first tube sheet 102
made of steel, when exposed to the chiller fluid likewater,
the aluminum tubes will corrode if no countermeasures
are taken. Advantageously, the provision of the second
tube sheet 104 made of the aluminum alloy limits the
corrosion response of the plurality of aluminum tubes
when exposed to the chiller fluid such as water.
[0046] Moreover, the design of the second tube sheet
104 includes the plurality of second holes 104a that
match the design of the plurality of first holes 102a
defined in the first tube sheet 102. This design keeps
the structural design of the current shell-and-tube heat
exchanger assembly 100 intact with minimal changes.
This eliminates the process of lengthy or extensive struc-
tural testing to prove the design withstands operational
thermomechanical loading, transportation loads, instal-
lation, and overall field usage. Since the structure of the
shell-and-tube heat exchanger assembly 100 has mini-
mal changes, this solution can be a factory installed
option or even a field retrofit with minor modifications.
[0047] As would be apparent to a person in the art,
various working modifications may bemade to the meth-
od in order to implement the inventive concept as taught
herein.
[0048] Moreover, the actions of any flow diagram need
not be implemented in theorder shown; nor doall the acts
necessarily need to be performed. Also, those acts that
are not dependent on other acts may be performed in
parallel with the other acts.
[0049] The drawings and the forgoing description give
examples of embodiments. Those skilled in the art will
appreciate that one or more of the described elements
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may well be combined into a single functional element.
Alternatively, certain elements may be split into multiple
functional elements. Elements from one embodiment
may be added to another embodiment. For example,
orders of processes described herein may be changed
and are not limited to the manner described herein.
[0050] Benefits, other advantages, and solutions to
problems have been described above regarding specific
embodiments. However, the benefits, advantages, solu-
tions to problems, and any component(s) that may cause
any benefit, advantage, or solution to occur or become
more pronounced are not to be construed as a critical, or
essential feature or component of any or all the claims.

Claims

1. A shell-and-tube heat exchanger assembly (100),
comprising:

a first tube sheet (102) adapted to be secured to
a shell (103) of the shell-and-tube heat exchan-
ger assembly, the first tube sheet comprising:
a plurality of first holes (102a) adapted to sup-
port a plurality of tubes extending through the
shell; and
a second tube sheet (104) adapted to be fas-
tened toa front surfaceof the first tube sheet and
fastened to a rear surface of a plenum (105), the
second tube sheet comprising:
a plurality of second holes (104a) adapted to
support the plurality of tubes extending through
the plurality of first holes,
wherein the second tube sheet is made of a
metal adapted to limit a corrosion response of
the plurality of tubes when exposed to a chiller
fluid.

2. The shell-and-tube heat exchanger assembly of
claim 1, wherein an electrochemical potential of
the metal of the second tube sheet is equivalent or
lower than an electrochemical potential of the ma-
terial of the plurality of tubes.

3. The shell-and-tube heat exchanger assembly of
claim 1 or 2, wherein the second tube sheet is made
of at least one of an aluminum alloy and an inert
material.

4. The shell-and-tube heat exchanger assembly of any
preceding claim, wherein each of the plurality of
tubes is made of an aluminum alloy.

5. The shell-and-tube heat exchanger assembly of any
preceding claim, wherein the plurality of first holes of
the first tube sheet is aligned with the plurality of
second holes of the second tube sheet.

6. The shell-and-tube heat exchanger assembly of any
preceding claim, wherein a plurality of first openings
(102b) is defined in the first tube sheet, a plurality of
second openings (104b) is defined in the second
tube sheet, and a plurality of third openings (105a)
is defined in the plenum.

7. The shell-and-tube heat exchanger assembly of
claim6,wherein eachof the plurality of first openings
defined in the first tube sheet are aligned with a
corresponding second opening from the plurality of
second openings defined in the second tube sheet
and a corresponding third opening from the plurality
of third openings defined in the plenum.

8. The shell-and-tube heat exchanger assembly of any
preceding claim, wherein a plurality of fasteners
(106, 106’) are adapted to be inserted into aligned
pluralities of first openings (102b), second openings
(104b), and third openings (105a) to fasten the sec-
ond tubesheet toa front surfaceof thefirst tubesheet
and fasten the second tube sheet to the rear surface
of the plenum.

9. The shell-and-tube heat exchanger assembly of
claim 8, wherein the plurality of fasteners comprise
at least one of a guiding pin, a screw thread fastener,
and a bolt fastener.

10. The shell-and-tube heat exchanger assembly of any
preceding claim, wherein a sealing element is dis-
posed in each of the plurality of first holes between
the plurality of tubes extending through the shell and
the first tube sheet.

11. The shell-and-tube heat exchanger assembly of any
preceding claim , wherein the chiller fluid inside each
of the plurality of tubes is water.

12. A method for limiting a corrosion response of a
plurality of tubes of a shell-and-tube heat exchanger
assembly (100), the method comprising:

securing a first tube sheet (102) to a shell (103)
of the shell-and-tube heat exchanger assembly;
disposing a second tube sheet (104) between
the first tube sheet and a plenum (105) of the
shell-and-tube heat exchanger assembly,
wherein the second tube sheet is fastened to a
front surface of the first tube sheet and a rear
surface of the plenum,
wherein the second tube sheet is made of a
metal adapted to limit a corrosion response of
the plurality of tubes when exposed to a chiller
fluid.

13. Themethod of claim 12, wherein an electrochemical
potential of the metal of the second tube sheet is
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equivalent or lower thananelectrochemical potential
of thematerial of the plurality of tubes, and/or where-
in the second tube sheet ismade of at least one of an
aluminum alloy and an inert material.

14. The method of claim 12 or 13, wherein the second
tube sheet is fastened to the front surface of the first
tube sheet and the rear surface of the plenum using
at least one of fasteners (106, 106’) and industrial
adhesives.

15. Themethod of claim12, 13 or 14, wherein the step of
fastening the second tube sheet to the front surface
of the first tube sheet and the rear surface of the
plenum further comprises:

aligning each of a plurality of first openings
(102b) defined in the first tube sheet with a
corresponding second opening from a plurality
of second openings (104b) defined in the sec-
ond tube sheet;
aligning each of the plurality of second openings
with a corresponding third opening from a plur-
ality of third openings (105a) defined in the
plenum; and
inserting a plurality of fasteners (106, 106’) into
the aligned pluralities of first openings, second
openings, and third openings to fasten the sec-
ond tube sheet to the front surface of the first
tube sheet and fasten the second tube sheet to
the rear surface of the plenum.
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