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@ Two-pass shell and tube heat exchanger with rod baffle support.

@ A two-pass shell and tube heat exchanger (10)
having a tube bundle (30) with a longitudinal baffle
(40) which that separates that tube bundle (30) into a
first pass of tubes and a second pass of tubes is
retrofitted with at least one rod baffle in order to
provide additional support for the tubes of the tube
bundle (40). The rod baffle (60) comprises a semi-
circular baffle ring that can be fixedly secured to a
baffle cross-ring so as to circumscribe either the first
pass of tubes or the second pass of tubes with a
plurality of rods (64) extending vertically from the
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semi-circular baffle ring to the baffle cross-ring so as
to provide support for either the first pass of tubes or
the second pass of tubes. The baffle cross-ring is
provided with a plurality of holes (86) passing
through the inner face thereof so that one end of
each of the plurality of rods (64) can be positioned
within one of the plurality of holes (86) so that each
rod (64) is fixedly secured to the baffle cross-ring
without the necessity for welding at the interior of the
tube bundle (30). Methods of constructing the de-
scribed apparatus are also disclosed.
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Background of the Invention

This invention relates to shell and tube heat
exchangers. More specifically, this invention relates
fo a two-pass shell and tube heat exchanger with
rod baffle support.

Shell and tube heat exchangers have long
been known as useful tools for heating fluids and
using thermal energy. Such shell and tube heat
exchangers have been developed to a significant
degree of sophistication. These heat exchangers
comprise of shell surrounding a tube bundle usu-
ally attached to a tube sheet. Fluid flowing through
the shell is subjected to indirect heat exchange
with another fluid flowing through the tubes. Be-
cause of their low shell side pressure loss char-
acteristics, heat exchangers having two shell side
fluid passes are increasingly being used in gas
services and as feed water heaters. Two shell pass
arrangements, containing a longitudinal plate along
the shell axis, are also used to produce pure coun-
terflow and to avoid temperature crosses, which
may occur in conventional, single shell pass ar-
rangements. The most common tube bundle con-
figurations for a two shell pass geometry are the U-
tube, split ring floating head, and pull through float-
ing head designs. In a two shell pass arrangement,
an axial plate is installed inside the shell of a shell
and tube heat exchanger to form a longitudinal
baffle. This longitudinal baffle produces two distinct
shell side flow passages, i.e., an inlet and an exit
passage. In such a configuration, fluid enters the
shell through a single nozzle at the tube sheet end
of the exchanger, flows axially through the shell
side inlet passage, experiences a 180° flow rever-
sal at the end of the longitudinal baffle, and flows
axially back to the exit nozzle through the exit shell
side fluid passage.

In order to reduce flow-induced vibration of the
tube bundle while avoiding excessive flow obstruc-
tions and pressure losses, it is sometimes neces-
sary to provide rod baffle support for the tube
bundle of an existing shell and tube heat exchang-
er. In a two shell pass arrangement, this can be
difficult because the longitudinal baffle prevents
passage of a vertical rod from one side of the tube
bundle to the opposite side.

An important object of the present invention is
to provide a rod baffle that can be readily inserted
into the tube bundle of a two pass shell and tube
heat exchanger in order to reduce flow-induced
vibration of the tube bundle.

Another object of this invention is to provide a
two pass shell and tube heat exchanger having a
plurality of rod baffles inserted in the tube bundle
therein in order to reduce flow-induced vibration of
the tube bundle.
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Another object of this invention is to provide a
method for inserting a plurality of rod baffles into
the tube bundle of a two pass shell and tube heat
exchanger in order to reduce flow-induced vibration
in the tube bundle while avoiding excessive flow
obstructions and pressure losses.

Other and further objects, aims, purposes, fea-
tures, advantages, embodiments, and the like will
be apparent to those skilled in the art from the
present specification, taken with the associated
drawings, and the appended claims.

Summary of the Invention

More particularly, in one aspect, the present
invention relates to a rod baffle for use in a two
pass shell and tube heat exchanger having a tube
bundle with a longitudinal baffle that separates the
tube bundle into a first pass of tubes and a second
pass of tubes. According to the present invention, a
rod baffle is provided, having a semi-circular baffle
ring that can be fixedly secured to a baffle cross-
ring so as to circumscribe either the first pass of
tubes in the top half of the shell or the second pass
of tubes in the bottom half of the shell with a
plurality of rods extending vertically from the semi-
circular baffle ring to the baffle cross-ring so as fo
provide support for either the top half of the tubes
of the tube bundle or the bottom half of the tubes
of the tube bundle. The baffle cross-ring is pro-
vided with a plurality of holes passing through the
inner face thereof so that one end of each of the
plurality of rods can be positioned within one of the
plurality of holes so that each rod is fixedly se-
cured to the baffle cross-ring without the necessity
for welding at the interior of the tube bundle. The
second end of each rod is then fixedly secured to
the semi-circular baffle ring in order to complete
the insertion of the rod baffle within the tube bun-
dle without the need for dismemberment of the
tube bundle.

Materials utilized in the heat exchanger of this
invention are standard materials and comprise car-
bon steel as an example for the shell and alloy
steels for the tube sheet.

In the drawings, further preferred embodiments
and details of this invention are shown. These
drawings should, however, not be interpreted fo
unduly limit the scope of this invention.

Brief Description of the Drawings

FIG. 1 is a front elevation view of a shell and
tube heat exchanger in accordance with this inven-
tion with portions thereof broken away in order to
more clearly illustrate the present invention.

FIG. 2 is an enlarged front elevation view of the
tube bundle of FIG. 1 after removal from the shell
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of FIG. 1 in accordance with this invention.

FIG. 3 is a cross-section view taken along line
3-3 of FIG. 2.

FIG. 4 is a cross-section view taken along line
4-4 of FIG. 2.

FIG. 5 is an enlarged elevation view of the top
vertical rod baffle illustrated in FIG. 3.

FIG. 6 is a top view of the vertical rod baffle of
FIG. 5.

FIG. 7 is a left side view of the vertical rod
baffle of FIG. 5.

FIG. 8 is a cross-section view taken along line
8-8 of FIG. 5.

FIG. 9 is an enlarged view of the baffle cross-
ring shown in cross-section in FIG. 8.

Detailed Description of the Invention

Referring to the drawings, and to FIG. 1 in
particular, there is seen an elevation view of one
embodiment of a two pass shell and tube heat
exchanger in accordance with the present invention
which is herein designated in its entirety by the
numeral 10. Heat exchanger 10 includes an elon-
gated, substantially cylindrical housing or shell 12
with a first end 14 and a second end 16. A tube
inlet 18 is positioned in the upper portion of the
shell 12 near the first end 14 of the shell 12. A tube
outlet 20 is positioned in the lower portion of the
shell 12 near the first end 14 of the shell 12. A
shell inlet 22 is positioned in the upper portion of
the shell 12 between the tube inlet 18 and the
second end 16 of the shell 12. A shell outlet 24 is
positioned in the lower portion of the shell 12
between the tube outlet 20 and the second end 16
of the shell 12. Positioned within the shell 12 is a
tube bundle, generally designated by the numeral
30.

FIG. 2 is an enlarged view of the tube bundle
30 having a first end 31 and second end 32. Tube
bundle 30 includes a plurality of tubes with a first
pass of substantially longitudinal tubes or tube por-
tions 33 and a second pass of substantially longitu-
dinal tubes or tube portions 34. First pass 33 and
second pass 34 are parallel to the longitudinal axis
of tube bundle 30. A plurality of U-bend tubes or
tube portions 36 interconnect corresponding tubes
or tube portions in the first pass 33 and the second
pass 34. Each tube formed by first pass 33, sec-
ond pass 34 and U-bend tube 36 may be integrally
formed or fabricated from separate elements. Ei-
ther U-tube construction is known in the art.

In addition to the U-tube configuration de-
scribed, any other suitable configuration can be
utilized to interconnect the corresponding tubes or
tube portions in the first pass 33 and the second
pass 34, such as, for example, split ring floating
heads, pull through floating heads, etc.
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A tube sheet or plate 38 is positioned at the
first end 31 of the tube bundle 30 substantially
normal to the longitudinal axis of tube bundle 30.
The plurality of tubes of the first pass 33 extend
through the tube sheet 38 so as to be in fluid flow
communication with the tube inlet 18 (shown in
FIG. 1). The plurality of tubes of the second pass
34 extend through the tube sheet 38 so as to be in
fluid flow communication with the tube outlet 20
(shown in FIG. 1). Thereby, fluid flow communica-
tion is provided between the tube inlet 18 and the
fube outlet 20 by way of the plurality of tubes
comprising the first pass 33, second pass 34 and
U-bend tubes 36.

A longitudinal baffle 40 is positioned between
the first pass of tubes 33 and the second pass of
tubes 34. The longitudinal baffle 40 has a first end
42 that is sealingly engaged with the tube bundle
30 and a second end 44 that is positioned near the
second end 32 of the tube bundle 30. When the
tube bundle 30 is positioned within the shell 12, as
shown in FIG. 1, each side of the longitudinal baffle
40 is sealingly engaged with the inner surface of
the shell 12 so as to divide the shell 12 into an
upper chamber 46 and a lower chamber 48. An
opening is provided between the second end 44 of
the longitudinal baffle 40 and the second end 16 of
the shell 12 in order to provide passage of the U-
bend tubes 36 and additionally in order to provide
direct fluid flow communication between the upper
chamber 46 and the lower chamber 48.

A plurality of plate baffles 50 are positioned
within the tube bundle in order to provide a sup-
porting means for first tube pass 33 and second
tube pass 34. While the purpose of the present
invention is to provide additional tube support to
the tube bundle through the use of rod baffles, the
pre-existing plate baffles 50 will remain in place
within the tube bundle 30 after the addition of the
rod baffles of the present invention. A plurality of
tie rods 52 are evenly spaced along the periphery
of the tube bundle 30 parallel to the longitudinal
axis of the tube bundle 30. Each tie rod 52 has a
first end 54 and a second end 56. The first end 54
of each tie rod 52 is fixedly secured to the tube
sheet 38 and the second end 56 of each tie rod 52
is fixedly secured to the plate baffle 50 that is in
closest proximity to the second end 32 of the tube
bundle 30. The purpose of the tie rods 52 is to
hold the plate baffles 50 securely in place while
maintaining proper spacing between each plate
baffle 50.

In accordance with the present invention, a
plurality of vertical rod baffles 60 and a plurality of
horizontal rod baffles 62 are positioned between
the existing plate baffles 50 in order to provide
additional support to the tubes of the tube bundle
30.
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FIG. 3 illustrates a vertical rod baffle 60 provid-
ing support for the first pass of tubes 33 and a
separate vertical rod baffle 60 providing support for
the second pass of tubes 34. The vertical rod baffle
60 which supports the first pass of tubes 33 com-
prises a semi-circular structure that circumscribes
the first pass of tubes 33 and provides support to a
plurality of vertical rods 64. The vertical rod baffle
60 that provides support to the second pass of
tubes 34 comprises a semi-circular structure that
circumscribes the second pass of tubes 34 and
provides support to a plurality of vertical rods 64.
Each vertical rod baffle 60 is fixedly secured to at
least one tie rod 52 in order to support the vertical
rod baffle 60.

FIG. 4 illustrates a horizontal rod baffle 62
providing support for the first pass of tubes 33 and
a separate horizontal rod baffle 62 providing sup-
port for the second pass of tubes 34. The horizon-
tal rod baffle 62 which supports the first pass of
tubes 33 comprises a semi-circular structure that
circumscribes the first pass of tubes 33 and pro-
vides support to a plurality of horizontal rods 65.
The horitzontal rod baffle 62 that provides support
to the second pass of tubes 34 comprises a semi-
circular structure that circumscribes the second
pass of tubes 34 and provides support to a plurality
of horitzontal rods 66. Each horizontal rod baffle 62
is fixedly secured to at least one tie rod 52 in order
to support the horizontal rod baffle 62.

While the vertical rod baffles 60 shown in FIG.
3 and the horizontal rod baffle 62 shown in FIG. 4
are shown with vertical rod 64 and horizontal rod
66 adjacent to every other row of tubes, it is
emphasized that a supporting apparatus in accor-
dance with the present invention only requires that
the rods in each baffle assembly inserted in the
spaces between adjacent tube rows in one plurality
of parallel tube rows are inserted into less than the
total number of such spaces. It is immaterial
whether the rods are inserted in adjacent spaces,
alternate spaces, two adjacent spaces followed by
skipping two spaces or any variation desired. The
minimum number of rods in a baffle assembly is
the number sufficient for the baffle set to provide
radial support for each tube forming the tube bun-
dle. It is preferred that this functional limitation also
be used to determine the maximum number of
rods in a baffle assembly because the pressure
drop across the shell side of a shell and tube heat
exchanger is the lowest when the least number of
rods are used to form in the baffle assemblies;
however, it is essential to use enough rods in each
baffle assembly for the baffle set to provide radial
support for each tube.

The vertical rod baffle 60 of the present inven-
tion is more clearly illustrated in FIG. 5 - FIG. 7.
The vertical rod baffle 60 comprises a baffle ring
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70 comprising a semi-circular member having a
first end 72 and a second end 74. Interconnecting
first end 72 and second end 74 of baffle ring 70 is
a baffle cross-ring 76 having a first end 78, a
second end 80, an inner first face 82 and an outer
second face 84. First end 72 of the baffle ring 70 is
fixedly secured to the baffle cross-ring 76 in close
proximity to the first end 78 of the baffle cross-ring
76. Second end 74 of the baffle ring 70 is fixedly
secured to the baffle cross-ring 76 in close proxim-
ity to the second end 80 of the baffle cross-ring 76.
Preferably, first end 72 of the baffle ring 70 is
fixedly secured to the first face 82 of the baffle
cross-ring 76 in close proximity to the first end 78
of the baffle cross-ring 76. Preferably, second end
74 of the baffle ring 70 is fixedly secured to the
first face 82 of the baffle cross-ring 76 in close
proximity to the second end 80 of the baffle cross-
ring 76. A plurality of holes 86, as shown in FIG. 6,
pass through the baffle cross-ring 76 from the first
face 82 to the second face 84. While it is preferred
that the holes 86 pass from the first face 82 to the
second face 84 of the baffle cross-ring 76, the
holes 86 may comprise blind holes that pass from
the first face 82 to a point between the first face 82
and the second face 84 rather than through the
entire thickness of the baffle cross-ring 76. Prefer-
ably, the holes 86 are evenly spaced between the
first end 78 and the second 80 of the baffle cross-
ring 76 and the location of the hole 76 coincides
with the desired locations of the vertical rods 64.

A plurality of vertical rods 64 having a first end
88 and a second end 90 and having a constant
diameter are fixedly secured between the baffle
ring 70 and the baffle cross-ring 76 in parallel
equally spaced relation. The first end 88 of each
vertical rod 64 is fixedly secured to the baffle ring
70 by any suitable means, such as tack welding.
The second end 90 of each vertical rod 64 is
positioned within one of the holes 86 passing
through the first face 82 of the baffle cross-ring 76
so that a tight fit is maintained between the second
end 90 of the vertical rod 64 and the hole 86,
thereby fixedly securing the vertical rod 64 to the
baffle cross-ring 76.

As illustrated in FIG. 8 and FIG. 9, the holes 86
are preferably tapered so that the diameter of each
hole 86 decreases as each hole 86 passes from
the first face 82 to the second face 84 of the baffle
cross-ring 76. The diameter of each hole 86 at the
first face 82 of the baffle cross-ring 76 is greater
than the diameter of the vertical rods 64 and the
diameter of each hole 86 at the second face 84 of
the baffle cross-ring 76 is less than the diameter of
the vertical rods 64. As a result of this tapered
design of the holes 86, when the second end 90 of
a vertical rod 64 is positioned within a hole 86, a
downward pressure upon the vertical rod 64 will



7 EP 0 559 191 A1 8

cause the second end 90 of the vertical rod 64 fo
become wedged within the hole 86, thereby fixedly
securing the second end 90 of the vertical rod 64
tfo the baffle cross-ring 76. This configuration allows
each vertical rod 64 to be fixedly secured to the
baffle cross-ring 76 without the need to access the
point at which the vertical rod 64 is fixedly secured
to the baffle cross-ring 76, which would be quite
impractical because such a point would lie well
within the interior of the tube bundle 30.

It is presently preferred to assemble the rod
baffle of the present invention within the tube bun-
dle illustrated in FIG. 2 in the following manner.
Initially, the tube bundle 30 is removed from the
shell 12. In order to support the tubes of the first
pass of tubes 33, a baffle ring 70 is positioned
around the periphery of the first pass of tubes 33
and tie rods 52 so that the baffle ring 70 is normal
to the first pass of tubes 33 at the point at which
support is desired for the first pass of tubes 33.
The baffle ring 70 is positioned so that it is in
contact with at least one tie rod 52.

A baffle cross-ring 76 is positioned normal to
the first pass of tubes 33 between the first pass of
tubes 33 and the longitudinal baffle 40 so that the
first end 72 of the baffle ring 70 is in contact with
the baffle cross-ring 76 at a point near the first end
78 of the baffle cross-ring 76 and the second end
74 of the baffle ring 70 is in contact with the baffle
cross-ring 76 at a point near the second end 80 of
the baffle cross-ring 76. The first end 72 of the
baffle ring 70 is then fixedly secured to the baffle
cross-ring 76 near the first end 78 of the baffle
cross-ring 76 and the second end 74 of the baffle
ring 70 is fixedly secured to the baffle cross-ring
76 near the second end 80 of the baffle cross-ring
76 by any suitable means, such as welding. Weld-
ing is defined for the purposes of this application to
mean the localized coalescencing of metal wherein
coalescencing is produced by heating to suitable
temperatures, with or without the application of
pressure, and with or without the use of filler metal.

The combination of the baffle ring 70 and the
baffle cross-ring 76 forms a one-piece structure
which completely circumscribes the first pass of
fubes 33 at the point at which support is to be
provided for the first pass of tubes 33. This struc-
ture is secured in place by fixedly securing the
baffle ring 70 to the tie rods 52 which circumscribe
the first pass of tubes 33, by any suitable means,
such as welding.

The vertical rods 64 are then inserted in the
desired spaces between adjacent rows of the first
pass of tubes 33 so as to provide support for the
first pass of tubes 33. The vertical rods 64 are
positioned generally vertically in horizontally
spaced mutually parallel relation. The second end
90 of each vertical rod 64 is positioned within one
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of the holes 86 passing through the first face 82 of
the baffle cross-ring 76. Downward pressure is then
applied to each vertical rod 64 so that the second
end 90 of each vertical rod 64 is firmly wedged
within the hole 86. The first end 88 of each vertical
rod 64 is then fixedly secured to the baffle ring 70
by any suitable means, such as welding, so that
each vertical rod 64 is fixedly secured extending
generally vertically between the baffle ring 70 and
the baffle cross-ring 76.

At least one vertical rod baffle 60 is positioned
amongst the second pass of tubes 34 in the same
manner as described above with relation fo the first
pass of tubes 33 in order to provide support for the
second pass of tubes 34.

Horizontal rod baffles are also positioned
amongst the first pass of tubes 33 and the second
pass of tubes 34 in order to provide support to the
tubes. The baffle ring 70 and the baffle cross-ring
76 of each horizontal rod baffle 62 is positioned in
the same manner as described above for the verti-
cal rod baffle 60. The horizontal rods 66 are then
inserted in the desired spaces between adjacent
rows of tubes so as to provide support for the
tubes. The horizontal baffles 66 are positioned gen-
erally horizontally in vertically spaced mutual par-
allel relation. Each end of each horizontal rod 66
can be fixedly secured to the baffle ring 70 by any
suitable means, such as welding.

Reasonable variations and modifications can be
made in the construction and arrangement of parts
or elements in the embodiment disclosed herein
without departing from the spirit and scope of the
invention as defined in the following claims.

Claims

1. A rod baffle for use in a two pass shell and
tube heat exchanger comprising:

a baffle ring comprising a semi-circular
member having a first end and a second end;

a baffle cross-ring comprising a member
having a first end and a second end and an
inner face and an outer face wherein said first
end of said baffle ring is fixedly secured to
said baffle cross-ring at said first end of said
baffle cross-ring and wherein said second end
of said baffle ring is fixedly secured to said
baffle cross-ring at said second end of said
baffle cross-ring and wherein said inner face of
said baffle cross-ring has a plurality of holes
passing therethrough;

a plurality of rods having a first end and a
second end wherein each first end of said rods
is fixedly secured to said baffle ring and each
second end of said rods is positioned within
one of said holes so that said rods are fixedly
secured between said baffle ring and said baf-
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fle cross-ring in parallel spaced relation.

A rod baffle in accordance with claim 1,
wherein each of said plurality of holes passing
through said inner face of said baffle cross-ring
has an essentially circular cross-section.

A rod baffle in accordance with claim 2,
wherein each of said plurality of holes passing
through said inner face of said baffle cross-ring
is tapered so that the diameter of each of said
plurality of holes decreases as each of said
holes extends from said inner face towards
said outer face and wherein the diameter of
each of said plurality of holes at said inner
face is greater than the diameter of each of
said plurality of rods and the diameter of each
of said plurality of holes at some point be-
tween said inner face and said outer face is
less than the diameter of each of said plurality
of rods.

An apparatus comprising:

a plurality of parallel tubes arranged to
form a plurality of parallel rows of tubes;

at least one first baffle comprising a first
baffle ring comprising a semi-circular member
having a first end and a second end;

a first baffle cross-ring comprising a mem-
ber having a first end and a second end and
an inner face and an outer face wherein said
first end of said first baffle ring is fixedly se-
cured to said inner face of said first baffle
cross-ring at said first end of said baffle cross-
ring and wherein said second end of said first
baffle ring is fixedly secured to said inner face
of said first baffle cross-ring at said second
end of said first baffle cross-ring and wherein
said inner face of said first baffle cross-ring
has a plurality of holes passing therethrough;

a first plurality of rods having a first end
and a second end wherein each first end of
each said first plurality of rods is fixedly se-
cured to said first baffle ring and each second
end of each said first plurality of rods is posi-
tioned within one of said holes so that said first
plurality of rods are fixedly secured between
said first baffle ring and said first baffle cross-
ring in parallel equally spaced relation;

at least one second baffle comprising a
second baffle ring comprising a semi-circular
member having a first end and a second end;

a second baffle cross-ring comprising a
member having a first end and a second end
and an inner face and an outer face wherein
said first end of said second baffle ring is
fixedly secured to said inner face of said sec-
ond baffle cross-ring at said first end of said
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baffle cross-ring and wherein said second end
of said second baffle ring is fixedly secured to
said inner face of said second baffle cross-ring
at said second end of said second baffle
cross-ring and wherein said inner face of said
second baffle cross-ring;

a second plurality of rods having a first
end and a second end wherein each first end
of each second plurality of rods is fixedly se-
cured to said second baffle ring and each
second end of each said second plurality of
rods is fixedly secured to said second baffle
rings so that said second plurality of rods are
fixedly secured between said first baffle ring in
parallel equally spaced relation;

wherein the combination of said first baffle
ring and said first baffle cross-ring of each said
first baffle surrounds at least a portion of said
plurality of tubes in a plane about normal to
said plurality of tubes in each rod of said first
plurality of rods of each first baffle extends
between two adjacent rows of said tubes so as
to be in support of contact with each said tube
of the two adjacent rows; and

wherein the combination of said second
baffle ring and said second baffle cross-ring of
each said second baffle surrounds at least a
portion of said plurality of tubes in a plane
about normal to said plurality of tubes and
each rod of said second plurality of rods of
each second baffle extends between two adja-
cent rows of said tubes so as to be in support
of contact with each said tube of two adjacent
rows.

A rod baffle in accordance with claim 4,
wherein each of said plurality of holes passing
through said inner face of said baffle cross-ring
has an essentially circular cross-section.

A rod baffle in accordance with claim 5,
wherein each of said plurality of holes passing
through said inner face of said first baffle
cross-ring is tapered so that the diameter of
each of said plurality of holes decreases as
each of said holes extends from said inner
face towards said outer face and wherein the
diameter of each of said plurality of holes at
said inner face is greater than the diameter of
each of said first plurality of rods and the
diameter of each of said plurality of holes at
some point between said inner face and said
outer face is less than the diameter of each of
said first plurality of rods.

A method of assembly of a rod baffle within
the tube bundle of a two-pass shell and tube
heat exchanger having a plurality of parallel
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tubes arranged to form a plurality of parallel
rows of tubes and having a longitudinal baffle
separating said plurality of tubes into a first
pass of tubes and a second pass of tubes and
having a plurality of tie rods spaced along the
periphery of said tube bundle parallel to the
longitudinal axis of said tube bundle compris-
ing the steps of:

positioning at least one first baffle ring
normal to said plurality of tubes around the
periphery of said pass of tubes wherein said
first baffle ring comprises a semi-circular
member having a first end and a second end
and wherein said first baffle ring is in contact
with at least one of said tie rods;

positioning at least one first baffle cross-
ring normal to said plurality of tubes between
said first pass of tubes and said longitudinal
baffle wherein said first baffle cross-ring com-
prises a member having a first end and a
second end and an inner face and an outer
face and wherein said inner face has a plurality
of holes passing therethrough and wherein said
first end of said first baffle is in contact with
said first baffle cross-ring at said first end of
said first baffle cross-ring and said second end
of said first baffle is in contact with said first
baffle cross-ring at said second end of said
first baffle cross-ring;

fixedly securing said first end of said first
baffle ring to said first baffle cross-ring at said
first end of said first baffle cross-ring and
fixedly securing said second end of said first
baffle ring to said first baffle cross-ring at said
second end of said first baffle cross-ring so
that said first baffle ring and said first baffle
cross-ring are combined to form a continuous
loop which circumscribes all of said first pass
of tubes;

fixedly securing said first baffle ring to at
least one of said tie rods;

inserting a first plurality or rods in posi-
tions extending generally vertically between
adjacent rows of tubes of said first pass of
tubes in horizontally spaced mutual parallel
relation wherein said first plurality of rods have
a first end and a second end and wherein said
first end of each rod of said first plurality of
rods is positioned in one of said holes passing
through said inner face of said first baffle
Cross-ring;

fixedly securing each of said first plurality
of rods to said first baffle cross-ring by apply-
ing pressure to each of said rods so that said
first end of each of said first plurality of rods is
secured within one of said holes passing
through said inner face of said first baffle
Cross-ring;
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12

fixedly securing said second end of each
said first plurality of rods to said first baffle ring
so that each of said first plurality of rods is
fixedly secured generally vertically between
said first baffle ring and said first baffle cross-
ring in horizontally spaced mutual parallel rela-
tion with a common axis of alignment.
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