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(54) SHELL-AND-TUBE APPARATUS WITH BAFFLES

(57) Shell-and-tube apparatus comprising a plurality
of baffles (5) which are arranged along the tube bundle,
perpendicular to an axis of the tube bundle and passed
through by the said tubes, wherein each baffle is an es-

sentially flat body having openings (11) through which
the tubes pass, and in the region of said openings (11)
the baffle comprises tabs (12) which protrude from the
surface of said baffle.
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Description

Field of application

[0001] The invention relates to the field of shell-and-
tube apparatus.

Prior art

[0002] Shell-and-tube apparatus are used normally as
heat exchangers between a fluid which flows inside the
tubes and a fluid which flows in the shell side.
[0003] Known shell-and-tube apparatus comprise baf-
fles which have essentially two functions: a fluid-dynamic
function of deviating and/or accelerating the fluid in the
shell side, thus increasing the heat exchange coefficient;
and a structural function for preventing vibration of the
tubes;
[0004] A known method for manufacturing the baffles
consists of a rod-baffle supported by a framework. This
construction method is described for example in the prior
art patents US 5,058,664 and US 5,642,778. Another
construction method is described in EP 2,469,215 and
envisages baffles formed by thin plates which intersect
forming a grille and which are inclined so as to deflect
the shell-side flow.
[0005] One drawback of the aforementioned construc-
tion methods is that each single baffle is composed of
several parts which to be welded and/or fitted together
and consequently the construction thereof is relatively
costly. Moreover insertion of the tubes through the baffles
is a difficult operation.
[0006] Another problem of these apparatus is that the
heat exchange coefficient is greatly affected by the shell-
side flow. In order to direct suitably the shell-side flow it
is known to provide partitions inside the apparatus which
however result in additional head losses.
[0007] EP 3,115,734 describes baffles which allow the
free insertion of tubes and their subsequent locking.

Summary of the invention

[0008] The object of the invention is to provide a novel
method for manufacturing baffles of shell-and-tube ap-
paratus which is advantageous both from the structural
point of view and from the point of view of internal fluid
dynamics.
[0009] This object is achieved with an apparatus as
described in the claims.
[0010] The baffles comprise a metal plate which has
openings for the passage of the tubes through said baffle.
At said openings, the baffles comprise tabs protruding
from the surface of the baffle. These tabs cooperate to
the fluid dynamics and/or the anti-vibrational structural
function as will be explained below with the aid of exam-
ples.
[0011] Preferably, the baffles are substantially flat el-
ements perpendicular to the axis of the tubes (i.e. to the

axis of the tube bundle). The tabs extend from the surface
of the respective baffle in a direction parallel to the axis
of the tube bundle or in a direction inclined relative to
said axis.
[0012] Each tab may extend over an area equal to, or
less than, the area of the corresponding opening formed
in the metal plate.
[0013] Said tabs may be configured for a fluid-dynamic
function, suitable for deviating the shell-side fluid, and/or
a structural function of elastically supporting the tubes.
Tabs able to cause a significant deviation of the motion
of the shell-side fluid are termed fluid-dynamic.
[0014] Preferably, the tabs of the baffles are overall
arranged to give the shell-side fluid a motion component
in the direction transverse to the direction of the longitu-
dinal axis of the tubes or the tube bundle.
[0015] More advantageously, the tabs are arranged to
give the shell-side fluid a substantially sinusoidal motion
or a substantially helical motion.
[0016] An arrangement of the tabs such as to give the
shell-side fluid a substantially sinusoidal flow is preferred
when the tubes have a square or triangular pitch. An ar-
rangement of the tabs such as to give the shell-side fluid
a substantially helical flow is preferred when the tubes
are arranged on circular ranks, even though sinusoidal
flows may also be obtained with the latter configuration
of tubes.
[0017] In a preferred embodiment, the apparatus com-
prises baffles with differently configured tabs. The appa-
ratus may comprise two or more sets of baffles in which
each set has a specific configuration of tabs. The term
"configuration" may comprise one or more features such
as for example shape, size and orientation of the tabs.
Baffles with different configurations may be suitably dis-
tributed along the tube bundle, for example they can al-
ternate with each other.
[0018] It should be noted that a different configuration
of the tabs may change both the fluid-dynamic function
and the structural function.
[0019] In some embodiments of the invention, a se-
quence of baffles with differently configured tabs imparts
a target path to the shell-side fluid, creating preferential
paths across the shell side, and/or gives a certain degree
of turbulence to said fluid. A suitable path and/or increase
in turbulence may increase the heat exchange.
[0020] As an alternative to, or in addition to the above,
said sequence of baffles may create supports for the
tubes according to different planes for effectively damp-
ening the vibrations. For this purpose the tabs of adjacent
baffles rest advantageously on a same tube according
to different support planes.
[0021] In a preferred embodiment an apparatus ac-
cording to the invention comprises at least a first set of
baffles with a first configuration of tabs, and a second set
of baffles with a second configuration of tabs, wherein
the second configuration is conjugate to the first config-
uration and the baffles of the first set and second set
alternate along at least part of the tube bundle. In this
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way, a baffle with the first configuration of tabs faces, and
is adjacent to, a baffle with the second configuration of
tabs, and so on.
[0022] The shell-side flow therefore encounters alter-
nately tabs of the first configuration and tabs of the sec-
ond configuration. Said tabs in a conjugate configuration
cooperate to give the shell-side fluid a desired fluid dy-
namic effect. According to preferred embodiments, said
fluid-dynamic effect results in essentially sinusoidal or
essentially helical flow lines.
[0023] The embodiments with a sinusoidal shell-side
flow and the embodiments with a helical shell-side flow
may be combined with each other, for example by con-
figuring the baffles for obtaining a sinusoidal flow along
at least part of tube bundle and a helical flow along at
least another part of the tube bundle.
[0024] In some embodiments a single baffle may com-
prise tabs with a different configuration. Accordingly, for
example, different portions of a single baffle have a dif-
ferent fluid-dynamic effect.
[0025] The tabs may have various forms. In a first em-
bodiment, the tabs have a substantially two-dimensional
form wherein one size, for example the thickness, is sig-
nificantly smaller than the other two sizes. In another em-
bodiment the tabs have a substantially mono-dimension-
al form in which one size is predominant over the other
two. The tabs may have a polygonal form or a more com-
plex form.
[0026] In preferred embodiments, each opening for
one or more tubes comprises at least a first region suit-
able for receiving the tube or tubes with play and a second
region suitable for receiving the tube or tubes with less
play or with substantially no play. By arranging the baffles
in a so-called assembly configuration, the first regions of
the openings are aligned allowing free insertion of tubes,
each tube being received with play through the openings
of the baffles.
[0027] In said assembly position the baffles are stag-
gered or rotated relative to their operating configuration.
By moving the baffles from the assembly position into
the operating position, the tubes switch from the first re-
gions into the second regions of the openings, where
they are substantially locked in position. The motion
which leads the baffles from the assembly position into
the operating position may be a displacement (so-called
"shift-lock" embodiment) or a rotation (so-called "twist-
lock" embodiment).
[0028] These embodiments allowing free insertion of
tubes through the baffles and their subsequent locking
are described in greater detail in the already mentioned
patent application EP 3 115 734.
[0029] In the aforementioned embodiments with lock-
ing of the tubes upon assembly, the tabs are advanta-
geously formed so as to provide an elastic support for
the tubes when the baffle is in the locking position. In this
way the invention provides the further advantage of pro-
viding the system with a certain degree of elasticity and
flexibility.

[0030] Advantageously the material of the baffles is
steel sheet. The baffle may be a single body formed by
the cut or punched metal plate or may comprise further
elements such as a peripheral reinforcing ring. In some
embodiments said metal plate comprises a plurality of
superimposed metal sheets. Preferably the metal plate
has the shape of a disc or portion of a disc.
[0031] Each baffle may extend over the whole of or
substantially the whole cross-sectional area of the shell
side, or it may extend only over a portion of said area.
Baffles which cover only a part of the cross-sectional area
of the shell side may be alternated with a different ar-
rangement, for example to cover different portions of the
area.
[0032] The advantage of the invention is given by the
constructional simplicity combined with the fact that baf-
fles actively cooperate with the fluid dynamics and/or the
structural feature. For example the invention allows to
realize an apparatus in which the baffles cooperate to
the internal fluid dynamics by directing the shell-side flow
and further provide a yielding elastic support for the
tubes.
[0033] In some embodiments the tabs projecting from
the surface of the baffle act essentially like bracket ele-
ments which are able to bend and therefore provide an
elastic support for the tubes. This is an important advan-
tage because the prior art system for assembling the
tubes and the baffles is problematic: a relatively free cou-
pling is not able to counteract the vibrations in an effective
manner, while a precise fit makes the mounting difficult
and makes the ensemble of tubes and baffles too rigid.
The invention solves the problem by allowing a precise
mounting which, at the same time, gives the system a
certain elasticity owing to the ability of the tabs to flex.
[0034] The fluid-dynamic effect has the advantage of
increasing the heat exchange coefficient and optimising
the shell-side flow, exploiting the passages through the
baffles for this purpose without introducing substantive
additional head losses. The suitably directed shell-side
flow, for example with sinusoidal or helical lines, runs
over all tubes and allows full exploitation of the tube bun-
dle.
[0035] In first embodiments of the invention, the open-
ings for the tubes are formed in the metal plate of the
baffle, advantageously with a punching or cutting proc-
ess, and said tabs are formed by strips of material of the
metal plate, generated by the cutting or punching of the
openings, and bent in appropriate manner. Preferred cut-
ting techniques comprise laser cutting and water-jet cut-
ting.
[0036] In second embodiments of the invention, the
tabs are formed by elements firmly applied on the metal
plate at the openings. Advantageously the tabs are
sheet-metal elements applied by means of welding, pref-
erably spot-welding (resistance welding).
[0037] In the first embodiments of the invention, the
baffles comprise advantageously a plate with a small
thickness, such that the tabs are elastic and easy to bend.
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In order to increase the stability of the baffles, a reinforc-
ing ring welded to the outer edge of the plate can be
provided.
[0038] The second embodiments (applied tabs) have
the advantage that the thickness of the tabs may differ
from the thickness of the metal plate forming the baffle.
For example, the tabs may be thinner to ensure they are
elastic and easy to bend.
[0039] In a particularly preferred variant a baffle com-
prises a metal plate of the desired thickness, with open-
ings for the tubes obtained by means of laser cutting or
water-jet cutting; the fluid-dynamic tabs are made from
thin sheet metal and are applied on the baffle in the region
of the openings by means of spot welds.
[0040] In some variants, in order to facilitate the oper-
ation of positioning and welding the tabs, the metal plate
comprises two superimposed metal sheets of different
thickness. A first metal sheet with a relatively large thick-
ness has a structural function and comprises the through-
openings for the passage of the tubes. A second metal
sheet with a smaller thickness (less than that of the first
sheet) is mounted onto the first sheet and comprises the
fluid-dynamic tabs. Said tabs, in this case, may be formed
by bending the strips or part of the strips extending be-
yond the openings. The tabs may be bent before the in-
sertion of tubes or during the insertion of tubes.
[0041] In addition to ensuring a greater heat exchange
efficiency, both the construction methods described
above are faster and cheaper than the conventional
methods which envisage forming the baffles by assem-
bling a large number of linear elements of the bar type.
[0042] It should be noted that the invention is advan-
tageous both for exchangers with or without the said sys-
tem for locking the tubes during assembly.
[0043] Another advantage of the invention consists in
the possibility of providing differently configured tabs on
the same baffle. In this way it is possible to achieve better
control of the internal fluid dynamics.
[0044] The invention is applicable to apparatus with
straight tubes and apparatus with U-shaped tubes. In this
latter case the baffles are applied along the straight por-
tion of the U-shaped tubes.
[0045] The advantages of the invention will emerge
even more clearly with the aid of the detailed description
below relating to a number of preferred embodiments.

Description of the figures

[0046]

Fig. 1 shows a simplified diagram of a shell-and-tube
apparatus comprising a set of anti-vibration baffles.

Fig. 2 shows a tube passing through a baffle in an
embodiment of the invention.

Fig. 3 shows in schematic form a set of baffles of the
apparatus shown in Fig. 1, according to a first exam-

ple of a variant of the invention.

Fig. 4 is a schematic cross-section through the baf-
fles and the tubes according to Fig. 3 and shows the
shell-side flow lines.

Fig. 5 shows a detail of Fig. 4.

Fig. 6 shows a set of baffles in a second variant of
the invention.

Fig. 7 shows a set of baffles in a third variant of the
invention.

Fig. 8 is a schematic cross-section through the baf-
fles and the tubes according to Fig. 7.

Fig. 9 shows a set of baffles in a fourth variant of the
invention.

Figs. 10 to 13 show a number of variations of em-
bodiment of the tabs of the baffles.

Figs. 14 and 15 show further embodiments of the
tabs of the baffles.

Detailed description

[0047] Fig. 1 shows in schematic form a shell-and-tube
apparatus 1 comprising: a shell 2; a straight-tube bundle
3; a plurality of baffles 5 separated by an interval p; two
tube plates 6. In Fig. 1, for simpler illustration, only the
axes of the tubes are indicated. Moreover the central axis
20 of the tube bundle 3 which is parallel to the axes of
the tubes is indicated.
[0048] Each of the baffles 5 (Fig. 2) comprises essen-
tially a metal disc 10 in which openings 11 for allowing
the tubes 4 to pass through are formed. In the region of
said openings 11, or at least some of them, the baffle 5
comprises appendix tabs 12 formed by strips of material
of the disc 10 which protrude from one side 13 of the disc
10.
[0049] The openings 11 and the tabs 12 may be formed
using various methods. For example: the openings 11
are obtained by means of partial punching and the tabs
12 are formed by strips of the material of the disc 10,
which instead of being removed, remain attached to the
disc; the openings 11 may be obtained using a suitable
cutting method, preferably laser or water-jet cutting, and
subsequent bending of strips to form the tabs 12; the tabs
12 are thin sheet-metal elements which are mounted on
the disc 10. These examples are provided by way of a
non-limiting example and other manufacturing methods
are possible.
[0050] Each opening 11 is passed through by a tube
4 or several tubes 4 depending on the specific embodi-
ment.
[0051] Figs. 3 to 5 show an embodiment (shift lock
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type) in which the tubes 4 can be freely inserted into the
openings 11, with a certain amount of play, when the
baffles 5 are in an axially offset assembly position. Once
insertion of the tubes has been completed, the baffles
can be locked on the tubes with conjugate linear displace-
ments +f or -f which bring the said baffles into alignment.
The direction of said displacements +f, -f is also called
locking direction. Preferably, adjacent baffles are locked
by displacements in opposite directions.
[0052] For this purpose, for example, the openings 11
have an essentially trapezoidal form comprising a base
portion suitable to receive a tube with play, and flanks
converging towards a tapered head portion for locking
the tube. Such an embodiment is also shown in Figs.
10-15.
[0053] The set of baffles 5 comprises first baffles 5a
having a first configuration of tabs 112a and second baf-
fles 6b having a second configuration of tabs 112b in
which the first baffles 5a and the second baffles 5b alter-
nate with each other in the longitudinal direction of the
tube bundle. The figure also shows a tube plate 6. In the
example the baffles 5a and 5b can be locked on the tube
bundle by means of the linear displacements +f, -f, re-
spectively.
[0054] The tabs 112a with said first configuration pro-
trude from the respective baffles 5a in a direction forming,
in a reference plane, a first angle a1 with the direction of
the direction of the axis 14 of the tubes and the axis 20
of the tube bundle 3.
[0055] The tabs 112b with said second configuration
protrude from the respective baffles 5b in a second di-
rection forming with said direction of the axes 14 and 20,
in the same reference plane, a second angle a2 with a
sign opposite to that of the first angle a1 (Fig. 5).
[0056] Preferably said second angle is equal and op-
posite to said first angle, i.e. a2 = - a1.
[0057] More advantageously, the absolute value (mod-
ulus) of said first angle a1 and second angle a2 is com-
prised between 30 and 60 degrees, and is preferably 45
degrees.
[0058] Said reference plane is for example the plane
shown in Fig. 4.
[0059] With reference to Fig. 5 the upper surface 120
of a tab 112a faces the opening 11 and comprises a flat
surface inclined at said angle a1 relative to the direction
of the axis 20 of the tube bundle. Similarly the upper
surface 121 of a tab 112b has a flat surface with an in-
clination a2 relative to the said axis 20.
[0060] As a result of this arrangement, as shown in
particular in Fig. 4, the tabs 112a and 112b deviate the
shell-side flow inside the apparatus 1 alternately in two
different directions, for example upwards and down-
wards, resulting in substantially sinusoidal flow lines Fs
bending upwards or downwards while traversing the first
baffles 5a or the second baffles 5b, respectively.
[0061] In Figs. 3 to 5 the tabs 112a, 112b are arranged
on one side of the opening 11 which moves towards the
tube 4 as a result of the locking displacement +f or -f, for

example on the smaller side of trapezoidal openings 11.
In this way the aforementioned tabs 112a, 112b provide
an elastic support for the tubes 4 when the baffles 5a, 5b
switch from the assembly position to the locked position.
[0062] In Fig. 5 in particular it can be seen that a tube
4 makes a bearing contact alternately according to one
direction and according to an opposite direction, for ex-
ample upwards and downwards. In the locking phase,
the tubes 4 are wedged between the inclined flanks of
the openings 11; the tabs 112a, 112b provide an elastic
element to recover any play due to the constructional
tolerances.
[0063] It can be understood that the tabs 112a, 112b
have both a fluid dynamic function, determining sinusoi-
dal flow lines, and a structural function of elastically sup-
porting the tubes 4, compensating for play due to the
constructional tolerances, and preventing vibrations.
[0064] Fig. 6 shows a variant of the embodiment of
Figs. 3-5, in which the tabs 112a, 112b are arranged lat-
erally with respect to the locking direction of baffles 5, for
example along the converging flanks of the trapezoidal
openings 11.
[0065] Figs. 7 and 8 shows a variant of the twist-lock
type in which the baffles 5 pass from an assembly position
(where the tubes can be freely inserted with play into the
openings 11) into a locking position with conjugate rota-
tions +ϕ or -ϕ about the axis 20. Preferably adjacent baf-
fles allow locking of the tubes with rotations in opposite
directions.
[0066] In said twist-lock embodiment, the set of baffles
5 advantageously comprises first baffles 5a and second
baffles 5b with tabs 212a, 212b configured to impart a
helical motion to the shell-side fluid.
[0067] In greater detail, according to the shown em-
bodiment, the tabs 212a, 212b extend from opposite
sides of the baffles, for example the tabs 212a extend
from front sides 13a of the baffles 5a and the tabs 212b
extend from rear sides 13b of the baffles 5b. The tabs
212a, 212b are also angularly offset. As a result of this
arrangement, as shown in Figs. 7 and 8, the tabs 212a,
212b deviate the shell-side flow helically around the di-
rection of the axes 14 and 20, thus generating essentially
helical flow lines Fe.
[0068] In Figs. 7 and 8, the tabs 212a, 212b are posi-
tioned, relative to the openings 11, so that the tubes 4
move towards said tabs 212a, 212b when the baffle pass-
es from the assembly position into the operating position.
In this way, the tabs also act as elastic supports for the
tubes and for recovery of the play (in a similar manner
to that shown in Figs. 3-5).
[0069] Fig. 9 shows a variant of Figs. 7 and 8 in which
the tabs 212a, 212b are positioned laterally with respect
to the locking movement (in a similar manner to that
shown in Fig. 6). With the configuration of the tabs shown
in Fig. 9 a sinusoidal flow associated with the twist-lock
configuration is obtained.
[0070] Figs. 10-13 show examples of embodiment of
the tabs, indicated generally by the reference number
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12. Figs. 14 and 15 shows further examples of embodi-
ment. Said examples of embodiments in Figs. 10 to 15
are likewise applicable to the various embodiments
shown in Figs. 1-9.
[0071] Fig. 10 shows an example of embodiment in
which the tabs 12 have an essentially polygonal trapezi-
um-like form and are connected to the sheet-metal disc
along one side 15.
[0072] Fig. 11 shows a variant in which only a part of
the material removed from the disc 10 forms the tab 12
and, consequently, the area of the tabs 12 is smaller than
the area of the openings 11.
[0073] Fig. 12 shows a variant in which the tabs 12 are
joined to a base 16 of the opening 11 having an essen-
tially trapezoidal form.
[0074] Fig. 13 shows a variant in which the openings
11 each comprise two tabs 12 which extend on opposite
sides relative to the plane of the baffle.
[0075] Openings with an essentially trapezoidal form
as shown in Figs. 10-12 are generally suitable for receiv-
ing only one tube 4; consequently the baffle requires a
number of openings 11 equal to the number of tubes 4.
Fig. 13 shows an example of an embodiment of opening
11 of the shift-lock type suitable for receiving four tubes.
[0076] Figs. 14 and 15 show an embodiment in which
the tabs 12 are formed by thin sheet-metal elements
which are mounted on the disc 10 for example by means
of spot welds 25.
[0077] It should be noted that the constructional form
shown in Figs. 14 and 15 may be applied to all the variants
of the invention.
[0078] It should be finally noted that embodiments of
the invention, for example similar to embodiments of
Figs. 1-9 are also possible without the above described
shift-lock or twist-lock baffle locking system.

Claims

1. Shell-and-tube apparatus comprising a plurality of
baffles (5) which are arranged along the tube bundle,
perpendicular to an axis (20) of the tube bundle (3)
and passed through by said tubes, characterized
in that:

each baffle is an essentially flat body and com-
prises a metal plate (10) with openings (11) for
the passage of the tubes through said baffle;
at said openings (11) the baffle comprises tabs
which protrude away from the metal plate,
said tabs are configured to operate as elastic
supports for the tubes and/or to operate as fluid-
dynamic tabs adapted to deviate a fluid travers-
ing the shell side of the apparatus.

2. Apparatus according to claim 1, wherein all tabs of
each baffle extend from the same side (13) of the
respective baffle.

3. Apparatus according to claim 1 or 2, comprising first
baffles (5a) having a first configuration of tabs and
second baffles (5b) having a second configuration
of tabs, wherein the first baffles and the second baf-
fles alternate along at least a part of the tube bundle
and wherein said first configuration and second con-
figuration of tabs are conjugate to impart to the shell-
side flow a movement component transverse to the
axis (20) of the tube bundle (3).

4. Apparatus according to claim 3, wherein:

the first baffles (5a) have tabs (112a) configured
to direct the shell-side flow in a first direction
forming, in a reference plane, a first angle (a1)
with the axis of the tubes,
the second baffles (5b) have tabs (112b) con-
figured to direct the shell-side flow in a second
direction (2a) forming, in said reference plane,
a second angle with the axis of the tubes, said
second angle having a sign opposite to the first
angle,
thus obtaining shell-side flow lines which, pass-
ing through the baffles, are alternately deviated
in different directions.

5. Apparatus according to claim 4, wherein the shell-
side flow lines are substantially sinusoidal.

6. Apparatus according to claim 3, wherein the first baf-
fles (5a) and the second baffles (5b) comprise tabs
(212a, 212b) directed so as to impart to the shell-
side fluid a substantially helical flow about the axis
of the tube bundle.

7. Apparatus according to claim 6, wherein the tabs
(212a, 212b) protrude from opposite sides (13a, 13b)
of the respective first baffles and second baffles (5a,
5b) and the baffle tabs facing each other are angu-
larly offset.

8. Apparatus according to any one of the preceding
claims, wherein at least one baffle comprises tabs
of varying configuration.

9. Apparatus according to any one of the preceding
claims, wherein each baffle occupies all or substan-
tially all of the cross-sectional area of the shell side,
or only a portion of said area.

10. Apparatus according to any one of the preceding
claims, wherein tabs of adjacent baffles rest on op-
posite sides on each tube.

11. Apparatus according to any one of the preceding
claims, wherein the baffles are formed in such a way
that:
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each opening for one or more tubes comprises
at least a first region suitable to receive the tube
or tubes with play and a second region suitable
to receive the tube or tubes with less play or with
substantially zero play;
each tube of the bundle is received in a first re-
gion of a respective seat when the baffle is in a
so-called assembly position and is received in
a second region of the seat when the baffle is in
an operating position.

12. Apparatus according to claim 11, wherein the tabs
are positioned relative to the openings (11) so that
the tubes move towards said tabs when the baffles
are arranged in the operating position, such that the
tabs define elastic supports for the tubes when the
baffles are in the operating position.

13. Apparatus according to any one of the preceding
claims, wherein the tabs are formed by sheet-metal
elements mounted on the metal plate in correspond-
ence of the openings.

14. Apparatus according to any one of claims 1 to 12,
wherein the openings are punched or cut in the metal
plate, and said tabs are formed by strips of material
of the metal plate generated by the cutting or punch-
ing of the openings, and suitably bent.

15. Apparatus according to any one of the preceding
claims, wherein the baffles comprise an outer rein-
forcing ring having a thickness greater than the thick-
ness of the metal plate.
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