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Description

FIELD

[0001] The present invention relates to methods and apparatus for obtaining counter-current gas-liquid contact, such
as wet scrubbers which involve gas-liquid contact between flue gas containing sulfur oxides and a slurry or solution
containing reactive materials as a chemical reacting absorbing medium. More particularly, but not exclusively, the present
invention is drawn to an improved wet scrubber tray construction and a gas-liquid contact apparatus employing same.

BACKGROUND

[0002] Wet scrubber gas-liquid contact systems used for the removal of sulfur oxides (SOx) from flue gases produced
from the combustion of fossil fuels are known. See for example US Patent No. 4,263,021 to Downs et al., the text of
which is hereby incorporated by reference as though fully set forth herein. Additional details of wet scrubber systems
for SOx removal are provided in Chapter 35 of Steam/its generation and use, 41st Edition, Kitto and Stultz, Eds., Copyright
© 2005, The Babcock & Wilcox Company, the text of which is hereby incorporated by reference as though fully set forth
herein. Such systems are also referred to as wet flue gas desulfurization (WFGD) systems.
[0003] Figs. 1 and 2 illustrate components of one type of known wet scrubber system, generally designated 10,
described in the aforementioned Steam 41st reference. SO2-laden flue gas 12 enters the side of the spray tower absorber
14 at approximately its midpoint and exits through a transition 16 at the top. The upper portion of the module (absorption
zone 18) provides for the scrubbing of the flue gas 12 to remove the SO2 while the lower portion of the module serves
as an integral slurry reaction tank (also frequently referred to as the recirculation tank and oxidation zone 20) to complete
the chemical reactions to produce gypsum. Other key components shown include the slurry recirculation pumps 22,
spray headers 24 (which may be conventional or interspatial design) and nozzles for slurry injection, moisture separators
26 (typically of a chevron design) to minimize moisture carryover, oxidizing air injection system 28, slurry reaction tank
mixers or agitators 30 to prevent settling, and a perforated tray 32 that reduces flue gas flow maldistribution to enhance
SO2 removal performance. Flues leading from the transition 16 convey the cleaned flue gas 34 from the wet scrubber 14.
[0004] The perforated tray 32 is provided with a plurality of holes 36 (typically 1-3/8 inches diameter) and provides
intimate gas/liquid contacting and increases the slurry residence time in the absorption zone. The tray 32 creates more
surface area between the slurry and the flue gas 12, and also provides significant holdup time for the slurry. This increases
the limestone dissolution in the absorption zone 18 and increases the absorption per unit volume. Some spray tower
absorbers 14 have two levels of trays providing multiple contact zones for SO2 removal. Absorber modules that do not
use a tray are referred to as open spray towers.
[0005] Recently, after a period of operation, some perforated trays have begun to exhibit cracking. This cracking has
appeared in two areas.
[0006] Crack site 1. In the center stiffener, cracks were found at the end of the stiffener adjacent to a field weld joining
the affected tray with its neighboring tray. These cracks were found to be initiating from the field welds, traveling horizontal
into the center stiffener web. The orientation of the crack suggested that it was following a line of maximum bending
stress caused by lateral movement of the top corner of the center stiffener. The forces causing this movement were
thought to be random buffeting of the stiffener by flue gas and/or slurry spray. The initiation point at the field weld was
caused by the Fatigue Strength Reduction Factor (FSRF) inherent to all welds.
[0007] Crack site 2. In the perforated bottom plate region adjacent to both the intermittent shop welds joining the center
stiffener to the perforated bottom plate, and in the intermittent field welds connecting the trays to the steel support grid.
The field welds are located at the end edges of the perforated bottom plate. The cracks were observed to initiate at the
ends of the weld segments, traveling to the nearest hole in the perforated bottom plate. There were some instances
where the cracks would initiate at both ends of a series of weld segments. This condition would effect the support
boundary conditions of the perforated bottom plate in such a way that chaining of cracks would occur. This chaining
effect had the potential of compromising the structural integrity of the perforated bottom plate, causing large sections of
the perforated bottom plate to fall out, reducing the effectiveness of the function of the tray and creating a risk of pieces
being sucked into the slurry recirculation pumps.
[0008] Metallurgical examinations confirmed that the cracking was due to mechanical fatigue. This fatigue was thought
to be induced by mechanical vibration from an unknown origin. No evidence of stress corrosion cracking or brittle fracture
was found. The heat affected zone (HAZ) adjacent to the welds was also examined and found to be in satisfactory
condition.
[0009] US 3,759,497 describes impingement baffle plate assemblies in a scrubber tower comprising a plurality of
impingement baffles mounted above a perforated plate.
[0010] US 4,263,061 describes a gas-liquid contact system for absorption of gaseous contaminants in an absorptive
liquid where contact is attained by controlled flow relation between the gas and liquid forming a fluidized liquid mass for
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intimate contact between gas and liquid.
[0011] US 2,916,272 describes column-tray structures incorporating removable tray-supporting elements.
[0012] GB 1,041,690 describes a liquid and gas-contacting tray which is composed of two or more sections.
[0013] US 4,673,464 describes a distillation or absorption column tray whose characteristic frequency is a specific
function of the radius of circular apertures in its bottom wall, of the surface tension of the body of liquid therein at the
operating temperature of the column and of the density of such liquid.
[0014] US 2006/0185320 describes an assembly and method for facilitating the attachment of a metal alloy hood to
the concrete shell of a spray absorber tower, and compensating for relative radial thermal expansion of the hood and
the shell during start up, shut down, and operation of the spray absorber tower, while also providing accurate and effective
distribution of shear forces circumferentially along a horizontal plane from the metal alloy hood to anchor rods partially
embedded in the concrete shell of the spray absorber tower.
[0015] US2006/065988 describes a perforated tray assembly for a gas/liquid, liquid/liquid exchange column comprising
a plurality of adjacent tray sections with slots adjacent rounded leading edges of the sections, and catches extending
along trailing edges which interlock in the slots od and adjacent section., This interlocking avoids the use of bolted joints
which cause stagnant areas where sediment accumulation occurs, resulting in reduced gas-liquid and liquid-liquid contact,
and the need for the tray sections to be frequently cleaned.
[0016] US2003/0127755 describes a vapor-liquid contact tray provided with at least two tray panels that are releasably
together along their overlapped margins by a locking hinged joint. The joint is formed by fingers in one tray panel that
extend through slots in the other tray panel.

SUMMARY

[0017] Particular aspects and embodiments of the present invention are set out in the appended independent and
dependent claims.
[0018] The present invention has been conceived in the light of an identification by the inventors of the desirability of
an improved wet scrubber perforated tray providing increased resistance to vibration-induced cracking whilst being
simple in design, rugged in construction, and economical to manufacture. The various aspects of the present invention
may exhibit one or more such features. Such features of the improved wet scrubber tray may be used singly or in any
combination.
[0019] Accordingly, one aspect of the present disclosure is drawn to a modification of the sides of the tray to make
the tray self supporting and to eliminate wastage of raw material. The original tray design had a high side and a low side
that required the field welding of the low tray side to the high side of its neighboring tray to complete its support require-
ments. This construction required an extra shearing operation by the tray fabricator and the subsequent wastage of
material. By providing two, equal height, side stiffeners, the tray stiffness is markedly increased. This change also
eliminated the difficult field weld of the low side to the neighboring high side. In addition, the elimination of this field weld
helped solve the cracking problem at Crack Site 1.
[0020] Another aspect of the present disclosure is drawn to the addition of an internal stiffener to the tray to make two
intermediate stiffeners. The original design had one center stiffener that acted as a baffle for functional reasons, to stiffen
the perforated bottom plate, and to provide a positive brace for the side stiffeners. The one problem with this design is
that it still did not prevent the side stiffeners from warping. The addition of an internal stiffener eliminated the possibility
of warping due to gas or spray buffeting. The previously mentioned aspect also worked to the benefit of this aspect by
allowing for a shop weld to be applied at both ends of the intermediate stiffeners. The original tray design required field
welding the center stiffener end to the neighboring tray high side. It is this field weld that provided the initiation point for
the Crack Site 1 cracking. With certain changes in the specific design of the intermediate stiffeners, the intermediate
stiffeners may be shop-installed or field-installed.
[0021] Yet another aspect of the present disclosure is drawn to a change in the connection of the intermediate stiffeners
to the perforated bottom plate to eliminate the shop weld in the bottom plate. This new arrangement, in one embodiment,
uses a 1 inch strip of metal with slots in it to capture the bottom perforated plate. The same pattern of slots is in the
perforated bottom plate. In this design the intermediate stiffeners have tabs on their bottom edges that will protrude
through the slots. The tabs are then welded to the 1 inch strip. There is no fusion of the 1 inch strip to the perforated
bottom plate. In addition, a welding sequence is specified to minimize residual weld stresses.
[0022] Still another aspect of the present disclosure involves repositioning the holes in the perforated bottom plate so
that they are moved away from the boundaries of the tray to reduce their influence on boundary conditions. This is
especially true along the intermediate stiffeners where holes are arranged to provide a landing for the stiffener attachment
slots.
[0023] Yet still another aspect of the present disclosure involves increasing the thickness of the tray material to lower
the vibratory stresses that are causing the cracking. This increase in thickness, along with the addition of the internal
stiffener, will also increase the natural frequencies of the tray. It is well established that the displacements and stresses
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in a vibrating structure will decrease as the frequency increases. Lowering the vibratory stresses is probably the most
effective way to reduce fatigue.
[0024] Still another aspect of the present disclosure involves a change in the mechanism for holding the trays them-
selves within the spray absorber tower; according to the present invention, the trays are now held down by plate material
that is attached to the support grid, but not to the trays. This feature was instituted primarily to get the remainder of the
field welds out of the perforated bottom plate.
[0025] Yet still another aspect of the present disclosure involves application of three field welds to the sides of each
tray to hold the trays in place relative to each other. These field welds are much easier to make than the field welds on
the original trays. In addition to holding the trays in place, these welds are strategically placed to allow adjacent side
stiffeners to act together as a composite section, thus increasing their strength.
[0026] Another aspect of the present disclosure involves the use of an elastomeric material such as neoprene material
at the tray-to-grid attachments. This neoprene material was added in an effort to buffer the tray bottom plate from the
sharp edge of the hold-down plate. Subsequent experimentation indicated that the neoprene material increases the
damping of the system. It is scientific fact that introducing additional damping to a vibrating system decreases the
responses of the system, thereby decreasing the stresses in the structure. The inclusion of this neoprene material also
has the additional benefit of isolating the tray from any lateral motions or restraint imposed by the support grid. In one
embodiment, an extruded neoprene "boot" that puts neoprene on both the top and bottom of the tray is used. Experi-
mentation indicates that this supplies the greatest damping.
[0027] Yet still another aspect of the present disclosure is drawn to a stiffened tray for a wet scrubber installation which
employs one or more features such as reinforcing ribs in the bottom of the tray. The ribs may have various profiles and
run in any direction on the tray in order to provide the desired stiffness. Alternatively, or in addition thereto, the perforations
in the trays may be provided with a boss punched through or indented around the perforations. Still further, single or
multiple domes or bulges, or dimples, may be provided in the trays to provide additional stiffness.
[0028] If the desired stiffness is achieved via use of some or all of these features, instead of using thicker material for
the trays, significant material cost savings can be realized. The reduced weight of trays made of more lightweight gauge
materials also facilitates physical handling of the individual trays by shop manufacturing and field installation personnel.
[0029] The various features which characterize the invention are pointed out in the claims annexed to and forming a
part of this disclosure. For a better understanding of the invention, its operating advantages and the specific benefits
attained by its uses, reference is made to the accompanying drawings and descriptive matter in which particular em-
bodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] For a better understanding of the invention and to show how the same may be carried into effect reference is
now made by way of example to the accompanying drawings in which:

Fig. 1 is a perspective elevation view, partly in section, of a known wet scrubber absorber tower;

Fig. 2 is a perspective elevation view of the perforated tray used in the wet scrubber absorption tower of Fig. 1;

Fig. 3 is a perspective schematic illustration of a redesigned, shop-fabricated wet scrubber tray with shop-installed
intermediate stiffeners;

Fig. 4 is a perspective schematic illustration of a known, perforated wet scrubber tray with field-installed intermediate
stiffeners;

Fig. 4A is a perspective schematic illustration of a field-installed intermediate stiffener of the type depicted in Fig. 4;

Fig. 5 is a plan view of an embodiment of a shop-fabricated wet scrubber tray with shop-installed intermediate
stiffeners;

Fig. 6 is a sectional view of Fig. 5 viewed in the direction of arrows 6-6 of Fig. 5;

Fig. 7 is a sectional view of Fig. 5 viewed in the direction of arrows 7-7 of Fig. 5;

Fig. 8 is a plan view of the hold-down plate and neoprene boots of Fig. 5;

Fig. 9 is a plan view of another example of a shop-fabricated wet scrubber tray with shop-installed intermediate
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stiffeners;

Fig. 10 is a sectional view of Fig. 9 viewed in the direction of arrows 10-10 of Fig. 9;

Fig. 11 is a sectional view of Fig. 9 viewed in the direction of arrows 11-11 of Fig. 9;

Fig. 12 is an illustration of a typical configuration of the bent plate angles of Fig. 11 used to secure the bottom tray
plate of Fig. 11;

Fig. 13 is a perspective schematic illustration view of another example of a stiffened wet scrubber tray;

Fig. 14 is a sectional view of Fig. 13 viewed in the direction of arrows 14-14 of Fig. 13;

Fig. 15 is a perspective schematic illustration view of another example of a stiffened wet scrubber tray;

Fig. 16 is a sectional view of Fig. 15 viewed in the direction of arrows 16-16 of Fig. 15;

Fig. 17 is a perspective schematic illustration view of another example of a stiffened wet scrubber tray;

Fig. 18 is a sectional view of Fig. 17 viewed in the direction of arrows 18-18 of Fig. 17;

Fig. 19 is a sectional view of Fig. 17 viewed in the direction of arrows 19-19 of Fig. 17;

Fig. 20 is a plan view of yet another example of a stiffened wet scrubber tray;

Fig. 21 is a sectional view of Fig. 20 viewed in the direction of arrows 21-21 of Fig. 20;

Fig. 22 is a sectional view of Fig. 20 viewed in the direction of arrows 22-22 of Fig. 20;

Fig. 23 is a sectional view of Fig. 20 viewed in the direction of arrows 23-23 of Fig. 20;

Fig. 24 is a sectional view of Fig. 20 viewed in the direction of arrows 24-24 of Fig. 20;

Fig. 25 is an end view of a portion of Fig. 20 viewed in the direction of arrows 25-25 of Fig. 20;

Fig. 26 is a plan view of yet still another example of a stiffened wet scrubber tray;

Fig. 27 is a sectional view of Fig. 26 viewed in the direction of arrows 27-27 of Fig. 26;

Fig. 28 is a sectional view of Fig. 26 viewed in the direction of arrows 28-28 of Fig. 26;

Fig. 29 is a sectional view of Fig. 26 viewed in the direction of arrows 29-29 of Fig. 26; and

Fig. 30 is a close-up sectional view of the circled portion of Fig. 28.

[0031] While the invention is susceptible to various modifications and alternative forms, specific embodiments are
shown by way of example in the drawings and are herein described in detail. It should be understood, however, that
drawings and detailed description thereto are not intended to limit the invention to the particular form disclosed, but on
the contrary, the invention is to cover all modifications, equivalents and alternatives falling within the spirit and scope of
the present invention as defined by the appended claims.

DETAILED DESCRIPTION

[0032] The natural circular frequency of a single degree of freedom component can generally be represented by the
relationship: 
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where:

ωn = circular frequency

k = stiffness

m = mass

[0033] If the observed tray cracking is vibration-induced, the amplitude of the portions undergoing vibration is such
that the stresses are exceeding the endurance limit, and the failures are due to fatigue. One way to reduce the amplitude
of any component undergoing vibration at a given frequency is to increase the natural frequency of the component.
Based upon the above relationship, increasing the stiffness-to-mass ratio of the component will increase the natural
frequency. Thus, if the driving forces remain at the same frequency, stiffening the trays will reduce their likelihood to
vibrate, thereby reducing the amplitude of vibration and the resulting flexural stresses experienced. The present invention
thus provides several ways to increase the stiffness of the tray, increase natural frequency and reduce stress.
[0034] Referring to the drawings generally, wherein like reference numerals designate the same or functionally similar
elements throughout the several drawings, and to Fig. 3 in particular, there is shown a perspective schematic illustration
of a redesigned, shop-fabricated wet scrubber tray, generally designated 50, with shop-installed intermediate stiffeners.
[0035] As shown in Fig. 3, each of the new shop-fabricated trays 50 have equal height side stiffeners 52, rather than
the unequal height side stiffeners of existing tray designs, plural intermediate stiffeners 54 (in this embodiment, two;
three or more may be employed) and a perforated lower portion or bottom plate 56 (most of the perforations 36 have
been omitted for clarity). The perforated plate 56 is provided with substantially symmetrically spaced relatively large
openings or perforations 36 to form an open area therethrough; this open area can be provided by a plurality of holes
or perforations 36 which may be 1-3/8 inch diameter. The perforations 36 may be provided on a staggered or straight-
line pattern. In accordance with one set of examples, the perforations 36 are also repositioned or "pulled away" from
the edges of the perforated plate 56 so that they are moved away from the boundaries of the tray to reduce their influence
on boundary conditions and thereby reduce the tendency for cracks to initiate. See Fig. 5. The intermediate stiffeners
54 can be L-shaped with a short leg S and a long leg L; this cross section provides stiffness both to the stiffeners 54
and the tray 50 to which they will be attached. The long leg of the stiffener 54 is placed against the tray bottom 56 upon
installation. There are no welds of the intermediate stiffeners 54 to the tray bottom 56. The intermediate stiffeners 54
may be the same height as the side stiffeners 52, or they may have different height(s) if desired. The intermediate
stiffeners 54 divide the tray 50 into compartments, and the two intermediate stiffeners 54 stabilize each of the side
stiffeners 52 at two points.
[0036] The trays 50 rest upon suitable structural support members 70 which establish and maintain the trays 50 in a
substantially horizontal position. The support members 70 are attached to the walls of the spray tower absorber 14 and
the trays 50 extend transversely across the spray tower absorber 14 as small or large elements forming a perforated
barrier to gas flow upwardly and liquid flow downwardly through the spray tower absorber 14. At each end of the tray
50, in contrast to prior practice of welding the tray to the supports in the field, a tie-down plate 58 and an elastomeric
pad 60 made of a material such as rubber or, in the present examples, neoprene, are used to hold down adjacent ends
of two adjoining trays 50 via fasteners 62. In some examples, the fasteners 62 comprise a bolt welded to the support
members and an associated washer and nut assembly. As described later, apertures can be provided in the tie-down
plate 58 and notches can be provided in the elastomeric pad 60 to accept the fasteners. The elastomeric pad 60 may
have different configurations; it may comprise a single pad which spans the adjacent ends of two adjoining trays 50, or
it may comprise two U-shaped pads or boots which extend around the adjacent ends of two adjoining trays 50. Tray-to-
tray groove welds 59, three in number in the present example, are provided between and at an upper edge of adjacent
side stiffeners 52 of adjacent trays 50, and serve to strengthen both adjacent trays 50.
[0037] The intermediate stiffeners 54 may be applied to the trays 50 in the shop, or they may be field installed. In the
case of field "fixes", certain aspects of the shop-fabricated trays 50 described herein and their method of installation
cannot be employed. For example, since in an existing wet scrubber the trays may be welded to the supports, the use
of the tie-down plate 58 and the elastomeric pad 60 to hold down adjacent ends of two adjoining trays 50 via fasteners
62 cannot be employed. In this case, the additional stiffening would be supplied primarily via the application of the
intermediate stiffeners. Slight differences are thus required in the configuration of field-installed intermediate stiffeners
54 versus the configuration of shop-installed intermediate stiffeners 54 used in the construction of the shop-fabricated
trays 50, as will be described in the following paragraphs.
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[0038] As illustrated in Figs. 5 - 7, in the case of shop-installed intermediate stiffeners 54, the intermediate stiffeners
54 span the distance between the side stiffeners 52 across the bottom plate 56 of the tray 50. Ends of the intermediate
stiffeners 54 are shop welded at 68 to the side stiffeners 52. The bottom edge of each of the intermediate stiffeners 54
is provided with a plurality of straight fingers or tabs 64 which are spaced so as to correspond to slots 65 in the bottom
56 of the tray 50. The tabs 64 extend through the slots 65 and pass through corresponding slots in a strip 66 placed
below the bottom 56 of the tray 50. In one embodiment, the strip 66 is a 1 inch wide strip of metal also with slots 65 in
it; the intermediate stiffeners’ 54 tabs 64 protrude through the slots 65 in the bottom 56 of the tray 50 and into the
corresponding slots 65 in the strip 66. The tabs 64 are then welded to the strip 66. There is no fusion of the strip 66 to
the perforated bottom plate 56.
[0039] As illustrated in Figs. 4 and 4A, in the case of field-installed intermediate stiffeners 54, the intermediate stiffeners
54 also span the distance between the side stiffeners 52 across the bottom plate 56 of the tray 50. However, the approach
of welding straight fingers or tabs 64 to a strip 66 located beneath the tray 50 cannot be used because welding access
to the underside of the tray 50 is unavailable. In this case longer, bent fingers 67 are provided along the bottom long leg
edge of each of the field-installed intermediate stiffeners 54. The fingers 67 can be bent at an angle of greater than about
90 degrees with respect to the plane of the long side L of the intermediate stiffeners 54. The spacing of the bent fingers
67 along the bottom edge corresponds to the spacing of the perforations 36 in the bottom plate 56, and the size of each
of the bent fingers 67 is such that they can be readily received by the perforations 36 during installation and contact
adjacent ligaments to support the tray 50. Field installation of any of the intermediate stiffeners 54 is accomplished by
locating an intermediate stiffener 54 above the bottom 56 of the tray 50 with the bent fingers 67 aligned with a corre-
sponding perforation 36. The stiffener 54 is then tipped towards the bottom 56 of the tray 50 and the bent fingers 67 are
engaged with their corresponding perforations 36. The stiffener 54 is then tipped back to vertical to engage the bent
fingers 67 through the perforations 36, hooking them underneath the bottom 56 of the tray 50, thereby increasing the
stiffness of the tray 50. The bent fingers 67 through the existing perforations 36 prevent downward deflection of the
bottom 56 of the tray 50, while the flat bottom edge of the intermediate stiffener prevents upward deflection of the bottom
56 of the tray 50.
[0040] Field welds are then made between the ends of the intermediate stiffeners 54 with the inside of the side stiffeners
52 and the existing side ledge 55; no other fusion welds are made between the intermediate stiffeners 54 and the tray
50. Alternatively, these field welds could be dispensed with if a stamped feature of the side stiffeners 52, such as a
spring tang formed in the side stiffeners 52, is employed. During installation, as the intermediate stiffeners 54 are being
tipped back to vertical to engage the bent fingers 67 through the perforations 36, the ends of the intermediate stiffeners
54 could then be drawn past the spring tang which would then snap back into place and hold the intermediate stiffeners
54 in place. The field-installed intermediate stiffeners 54 will help stabilize the side stiffeners 52 against warping due to
turbulence and buffeting. In addition, the installation of these field-installed stiffeners 54 can be done in a relatively short
amount of time such that an implementer does not have to endure an extended outage to fix the trays 50.
[0041] Digressing for a moment, most trays 50 provided in wet scrubber absorber towers 14 are rectangular in shape
with a center stiffener located between the long sides. It will thus be appreciated by those skilled in the art that while the
term intermediate is often used in the present description to indicate that the added stiffeners of the present examples
are typically placed in between an existing center stiffener and an end of the tray 50, it is possible to locate any of the
additional stiffeners at any location along the tray 50, even at or near a central location. See Fig. 4. In some installations,
a stiffener is not provided at the center of a tray 50, and is located instead at some other location. Further, while
symmetrical locations of such stiffeners in the tray 50 might be preferred from a manufacturing standpoint, non-sym-
metrical stiffener spacing along the tray which provides compartments of varying sizes may be employed to further
reduce the possibility of the stiffeners being placed at vibrational node locations along the tray that might lead to unde-
sirable vibrational behavior.
[0042] Referring again to Fig. 7, Fig. 7 illustrates the use of the tie-down plate 58 and elastomeric pad or boot 60 and
fasteners 62 to secure adjacent edges of trays 50 to a support beam or member 70. Here, the elastomeric pad 60 is an
extruded U-shape, and can be 3/16 inch thick, with a Shore Type A - 50 durometer hardness. The hardness may range
between approximately 40 - 60 Shore Type A durometer hardness, depending upon the amount of dampening and
preload desired, as well as economic concerns. Armaflex® 520 adhesive (available from Armaflex LLC of Mebane, NC)
or equivalent is used to secure the elastomeric boot 60 to the tray 50 edges before tray shipment. Fig. 8 illustrates the
assembled tie-down plate 58 and a neoprene boot 60; notches and/or apertures are provided in both parts to permit the
fasteners 62 to extend therethrough for assembly and a notch is pre-cut into the boot 60 to permit drainage.
[0043] Figs. 9, 10, 11 and 12 illustrate another embodiment of how the ends of adjacent trays 50 may be held down
at locations where the tray 50 supports have a different configuration. In this embodiment, the support beam 72 is an
inverted TEE shape comprised of a vertical plate 74 welded to a horizontal plate 76. The support beam 72 may itself be
supported from a truss member extending across a diameter or chord of the wet scrubber 10. The ends of adjacent trays
50 rest upon the horizontal plate 76. Ends of the adjacent trays 50 are again provided with a neoprene boot 60, glued
as before. Bent plate angles 78 of a desired length, and which may be straight or curved (if adjacent the curved outer
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shell of the wet scrubber 10), are then used to retain the ends of the trays 50 in place. Fig. 12 illustrates a typical
configuration of the bent plate angles 78 and the placement of the field welds 82 used to secure the bent plate angles
78 to the support beam 72, including installations adjacent the outer curvature of the spray tower absorber 10 housing.
[0044] Figs. 13 - 19 illustrate other ways to increase tray natural frequency by providing an increased stiffness to mass
ratio. Some of these aspects may be used to influence scrubber performance. The increased tray 50 stiffness to mass
ratio involves forming specific features in the trays 50. In some of these Figs., perforations 36 have been omitted for
clarity; similarly, only one intermediate stiffener 54 is shown for clarity. These features include providing one or more
reinforcing ribs 90 in the bottom 56 of the tray 50; these ribs can be stamped, bead rolled or bent into the surface of the
bottom 56 of the tray 50. The ribs may run in any direction on the tray 50 in order to provide the desired stiffness, and
may be a height of from © to twice the thickness of the bottom plate 56. In addition, various profiles of the ribs 90, such
as triangular or semi-circular, may be used. Alternatively, or in addition thereto, a boss punched through or indented
around the perforations 36 in the tray 50 may be provided.
[0045] Figs. 20 - 30 illustrate still other ways to increase tray natural frequency by providing an increased stiffness to
mass ratio. Some of these aspects may be used to influence scrubber performance. The increased tray 50 stiffness to
mass ratio involves forming specific features in the trays 50. These features include providing one or more large domes
or bulges 100 in the bottom 56 of the tray 50; these domes 100 can be stamped or bent into the surface of the bottom
56 of the tray 50. In one embodiment, each of the domes 100 may be on the order of about 15" diameter. In Figs. 20 -
25, the domes 100 may be provided in each of the compartments created on the tray 50 by the intermediate stiffeners
54, approximately in the center portions thereof. While the domes 100 may be provided as features which extend above
the surface of the bottom 56 of the tray 50, it is also possible to provide them as features which extend below the bottom
surface 56 of the tray 50, in which case these features may also be referred to as large dimples 100. Alternatively, in
Figs. 26 - 30, a plurality of smaller domes or bulges 110 may be provided in the bottom 56 of the tray 50. A plurality of
these smaller domes or bulges 110 may be provided in each of the compartments created on the tray 50 by the intermediate
stiffeners 54, spaced as desired in each compartment. In one embodiment, each of the domes 110 may be on the order
of about 3" diameter. It is also possible to provide these smaller domes or bulges as features which extend below the
bottom surface 56 of the tray 50, in which case these features may also be referred to as small dimples 110. The additional
stiffness provided by these dome features can permit a reduction in thickness from 11 gauge to 14 gauge, resulting in
a material savings of about 37%.
[0046] Thus, viewed from one aspect, there has been described a wet scrubber tray that can be provided with increased
resistance to vibration-induced cracking. The tray is self supporting to eliminate wastage of raw material, and additional
internal stiffeners added to the tray make multiple intermediate stiffeners. The connection of the intermediate stiffeners
to the perforated bottom plate is changed to eliminate the shop weld in the bottom plate. The holes in the perforated
bottom plate are repositioned so that they are moved away from the boundaries of the tray to reduce their influence on
boundary conditions. The thickness of the tray material may be increased to lower the vibratory stresses. The mechanism
for holding the trays themselves within the spray absorber tower is changed so that the trays are now held down by plate
material that is attached to the support grid, but not to the trays. Three field welds are applied to the sides of each tray
to hold the trays in place relative to each other and are strategically placed to allow adjacent side stiffeners to act together
as a composite section, thus increasing their strength. Elastomeric material such as neoprene is used at the tray-to-grid
attachments to increase the damping of the system. Formed features in the trays such as single or multiple ribs, bosses,
domes or dimples may also be provided to increase tray stiffness or influence wet scrubber performance.
[0047] While the principles of the present invention may be particularly applicable to new wet scrubber installations,
it will be appreciated that the present invention may be applied to construction involving the replacement, repair or
modification of existing wet scrubbers. In some embodiments of the invention, certain features of the invention may
sometimes be used to advantage without a corresponding use of the other features. Accordingly, while specific embod-
iments of the present invention have been shown and described in detail to illustrate the application and principles of
the invention, it will be understood that it is not intended that the present invention be limited thereto and that the invention
may be embodied otherwise without departing from such principles. All such changes and embodiments properly fall
within the scope of the following claims.

Claims

1. A wet scrubber tray (50) comprising a plate tray (56) and an intermediate stiffener (54) for increasing the natural
frequency of the plate tray, the intermediate stiffener comprising an L-shaped portion;
characterized in that:

the plate tray (56) is a perforated plate tray; and
the intermediate stiffener (54) further comprises a plurality of spaced straight fingers (64) along an edge of a
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long leg (L) of the L-shaped portion, the straight fingers being received through corresponding spaced slots
(65) of the perforated plate tray (56) with the ends of the straight fingers (64) being secured to a strip (66) located
beneath the perforated plate tray, such that the intermediate stiffener (54) is secured to the perforated plate
tray (56).

2. A wet scrubber tray (50) comprising a plate tray (56) and an intermediate stiffener (54) for increasing the natural
frequency of the plate tray; the intermediate stiffener comprising an L-shaped portion;
characterized in that:

the plate tray (56) is a perforated plate tray; and
the intermediate stiffener (54) further comprises a plurality of bent fingers (67) along an edge of a long leg (L)
of the L-shaped portion, the bent fingers being received through corresponding spaced perforations (36) of the
perforated plate tray (56) with the bent fingers (67) engaging the perforated plate tray (56) through the perforations
(36), such that the intermediate stiffener (54) is secured to the perforated plate tray (56).

3. A wet scrubber tray (50) for a counter-current liquid gas contact device having walls defining an upright housing
with a gas inlet and having means for passing gas upwardly therethrough, wherein:

the wet scrubber tray (50) is in accordance with claim 1 or 2;
a perforated plate (56) is provided with substantially symmetrically spaced relatively large openings (36) to form
an open area therethrough;
equal height side stiffeners (52) extend from first opposing edges of the perforated plate (56) and are oriented
substantially perpendicularly with respect thereto;
the intermediate stiffener (54) is positioned in between the side stiffeners (52) and is connected thereto and to
the plate (56); and
features (90, 100, 110) are provided in the perforated plate (56), the stiffeners (52, 54) and the features (90,
100, 110) serving to increase the stiffness to mass ratio of the tray (50) which increases the tray’s natural
frequency for decreasing the tray’s susceptibility to vibration-induced cracking.

4. The wet scrubber tray (50) according to claim 3, wherein the features comprise at least one or more ribs (90) in the
perforated plate (56).

5. The wet scrubber tray (50) according to claim 3 or 4, wherein the features comprise bosses around the perforations
in the perforated plate (56).

6. The wet scrubber tray (50) according to claim 3, 4 or 5, wherein the features comprise at least one or more domes
(100, 110) or dimples in the perforated plate (56).

7. A counter-current liquid gas contact device comprising walls defining an upright housing with a gas inlet and having
means for passing gas upwardly therethrough and one or more elevations of horizontally disposed trays (50),
wherein:

the trays (50) are in accordance with any one one of claims 3 to 6; the perforated plates (56) extend across the
housing;
each of the one or more perforated plates (56) is perforated with substantially symmetrically spaced relatively
large openings (36) to form an open area through each of the one or more plates; and
adjacent ends of the perforated plates (56) are secured to support members (70) extending across the upright
housing by a tie-down plate (58) and interposed elastomeric material (60) extending therebetween.

8. The device according to claim 7, wherein each of the trays (50) is provided with a plurality of the intermediate
stiffeners (54) connected in between the side stiffeners (52), and wherein the side stiffeners (52) of one tray are
welded (59) at an upper edge to side stiffeners (52) of adjacent trays.

9. The device according to claim 7, further comprising fasteners (62) for securing the tie-down plate (58) and interposed
elastomeric material (60) to the support members (70).

10. The device according to any of claims 7 to 9, further comprising bent plate angles (78) for securing the tie-down
plate and interposed elastomeric material (60) to the support members (72).
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11. The device according to any of claims 7 to 10, wherein the interposed elastomeric material (60) comprises neoprene.

Patentansprüche

1. Nassreinigereinsatz (50), der einen Platteneinsatz (56) und ein dazwischenliegendes Versteifungselement (54) zur
Erhöhung der Eigenfrequenz des Platteneinsatzes umfasst, wobei das dazwischenliegende Versteifungselement
einen L-förmigen Abschnitt umfasst;
dadurch gekennzeichnet, dass:

der Platteneinsatz (56) ein Lochplatteneinsatz ist; und
das dazwischenliegende Versteifungselement (54) ferner mehrere beabstandete gerade Finger (64) entlang
einer Kante eines langen Schenkels (L) des L-förmigen Abschnitts umfasst, wobei die geraden Finger durch
entsprechende beabstandete Schlitze (65) des Lochplatteneinsatzes (56) aufgenommen werden, wobei die
Enden der geraden Finger (64) an einer Leiste (66) befestigt sind, die sich unter dem Lochplatteneinsatz befindet,
derart, dass das dazwischenliegende Versteifungselement (54) an dem Lochplatteneinsatz (56) befestigt ist.

2. Nassreinigereinsatz (50), der einen Platteneinsatz (56) und ein dazwischenliegendes Versteifungselement (54) zur
Erhöhung der Eigenfrequenz des Platteneinsatzes umfasst, wobei das dazwischenliegende Versteifungselement
einen L-förmigen Abschnitt umfasst;
dadurch gekennzeichnet, dass:

der Platteneinsatz (56) ein Lochplatteneinsatz ist; und
das dazwischenliegende Versteifungselement (54) ferner mehrere beabstandete gebogene Finger (67) entlang
einer Kante eines langen Schenkels (L) des L-förmigen Abschnitts umfasst, wobei die gebogenen Finger durch
entsprechende beabstandete Durchbohrungen (36) des Lochplatteneinsatzes (56) aufgenommen werden, wo-
bei die gebogenen Finger (67) mit dem Lochplatteneinsatz (56) durch die Durchbohrungen (36) in Eingriff
gelangen, derart, dass das dazwischenliegende Versteifungselement (54) an dem Lochplatteneinsatz (56) be-
festigt ist.

3. Nassreinigereinsatz (50) für eine Vorrichtung mit gegenströmendem Flüssiggaskontakt, mit Wänden, die ein aufrecht
stehendes Gehäuse mit einem Gaseinlass definieren und mit Mitteln, um Gas aufwärts durch dieses hindurch
strömen zu lassen, wobei:

der Nassreinigereinsatz (50) wie in Anspruch 1 oder 2 definiert beschaffen ist;
eine Lochplatte (56) mit im Wesentlichen symmetrisch beabstandeten, relativ großen Öffnungen (36) versehen
ist, um eine offene Fläche durch sie hindurch zu bilden;
seitliche Versteifungselemente gleicher Höhe (52) sich von ersten gegenüberliegenden Kanten der Lochplatte
(56) erstrecken und im Wesentlichen senkrecht dazu ausgerichtet sind;
das dazwischenliegende Versteifungselement (54) zwischen den seitlichen Versteifungselementen (52) posi-
tioniert und damit und mit der Platte (56) verbunden ist; und
Merkmale (90, 100, 110) in der Lochplatte (56) vorgesehen sind, wobei die Versteifungselemente (52, 54) und
die Merkmale (90, 100, 110) dazu dienen, das Verhältnis von Steifigkeit zu Masse des Einsatzes (50) zu erhöhen,
wodurch die Eigenfrequenz des Einsatzes erhöht wird, um die Anfälligkeit des Einsatzes für ein schwingungs-
induziertes Zerbrechen zu verringern.

4. Nassreinigereinsatz (50) nach Anspruch 3, wobei die Merkmale mindestens eine oder mehrere Rippen (90) in der
Lochplatte (56) umfassen.

5. Nassreinigereinsatz (50) nach Anspruch 3 oder 4, wobei die Merkmale Ansätze um die Durchbohrungen in der
Lochplatte (56) umfassen.

6. Nassreinigereinsatz (50) nach Anspruch 3, 4 oder 5, wobei die Merkmale mindestens eine oder mehrere Kuppeln
(100, 110) oder Vertiefungen in der Lochplatte (56) umfassen.

7. Vorrichtung mit gegenströmendem Flüssiggaskontakt, die Wände umfasst, die ein aufrecht stehendes Gehäuse
mit einem Gaseinlass definieren und mit Mitteln, um Gas aufwärts durch dieses hindurch strömen zu lassen, und
mit einer oder mehreren Lagen von horizontal angeordneten Einsätzen (50), wobei:
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die Einsätze (50) wie in einem der Ansprüche 3 bis 6 definiert beschaffen sind;
die Lochplatten (56) sich quer über das Gehäuse erstrecken;
jede der einen oder mehreren Lochplatten (56) mit im Wesentlichen symmetrisch beabstandeten, relativ großen
Öffnungen (36) durchbohrt ist, um eine offene Fläche durch jede der einen oder mehreren Platten zu bilden; und
angrenzende Enden der Lochplatten (56) mittels einer festgemachten Platte (58) an Tragelementen (70) befe-
stigt sind, die sich quer über das aufrecht stehende Gehäuse erstrecken, und wobei sich ein dazwischenlie-
gender, elastisch verformbarer Werkstoff (60) dazwischen erstreckt.

8. Vorrichtung nach Anspruch 7, wobei jeder der Einsätze (50) mit mehreren dazwischenliegenden Versteifungsele-
menten (54) versehen ist, die zwischen den seitlichen Versteifungselementen (52) verbunden sind, und wobei die
seitlichen Versteifungselemente (52) eines Einsatzes an einer oberen Kante mit den seitlichen Versteifungselemen-
ten (52) von benachbarten Einsätzen verschweißt sind (59).

9. Vorrichtung nach Anspruch 7, die ferner Befestigungselemente (62) zum Befestigen der festgemachten Platte (58)
und des dazwischenliegenden elastisch verformbaren Werkstoffs (60) an den Tragelementen (70) umfasst.

10. Vorrichtung nach einem der Ansprüche 7 bis 9, die ferner Winkel (78) aus gebogenen Platten zum Befestigen der
festgemachten Platte und des dazwischenliegenden elastisch verformbaren Werkstoffs (60) an den Tragelementen
(72) umfasst.

11. Vorrichtung nach einem der Ansprüche 7 bis 10, wobei der dazwischenliegende elastisch verformbare Werkstoff
(60) Neopren umfasst.

Revendications

1. Plateau de dépoussiéreur par voie humide (50) comprenant un plateau à plaque (56) et un élément rigidificateur
intermédiaire (54) pour augmenter la fréquence naturelle du plateau à plaque, l’élément rigidificateur intermédiaire
comprenant une portion en forme de L ;
caractérisé en ce que
le plateau à plaque (56) est un plateau à plaque perforée ; et
l’élément rigidificateur intermédiaire (54) comprend en outre une pluralité de doigts droits espacés (64) le long d’un
bord d’une longue branche (L) de la portion en forme de L, les doigts droits étant reçus à travers des fentes espacées
correspondantes (65) du plateau à plaque perforée (56), les extrémités des doigts droits (64) étant fixées à une
bande (66) située en dessous du plateau à plaque perforée, de telle sorte que l’élément rigidificateur intermédiaire
(54) soit fixé au plateau à plaque perforée (56).

2. Plateau de dépoussiéreur par voie humide (50) comprenant un plateau à plaque (56) et un élément rigidificateur
intermédiaire (54) pour augmenter la fréquence naturelle du plateau à plaque, l’élément rigidificateur intermédiaire
comprenant une portion en forme de L ;
caractérisé en ce que
le plateau à plaque (56) est un plateau à plaque perforée ; et
l’élément rigidificateur intermédiaire (54) comprend en outre une pluralité de doigts courbes (64) le long d’un bord
d’une longue branche (L) de la portion en forme de L, les doigts courbes étant reçus à travers des perforations
espacées correspondantes (36) du plateau à plaque perforée (56), les doigts courbes (67) s’engageant avec le
plateau à plaque perforée (56) à travers les perforations (36), de telle sorte que l’élément rigidificateur intermédiaire
(54) soit fixé au plateau à plaque perforée (56).

3. Plateau de dépoussiéreur par voie humide (50) pour un dispositif de contact avec des gaz liquides à contre-courant
présentant des parois définissant un boîtier vertical avec une entrée de gaz et ayant des moyens permettant le
passage vers le haut des gaz à travers lui, dans lequel :

le plateau de dépoussiéreur par voie humide (50) est réalisé selon la revendication 1 ou 2 ;
une plaque perforée (56) est prévue, avec des ouvertures relativement grandes espacées sensiblement symé-
triquement (36) pour former une zone ouverte à travers elle ;
des éléments rigidificateurs latéraux de hauteur identique (52) s’étendent depuis des premiers bords opposés
de la plaque perforée (56) et sont orientés sensiblement perpendiculairement par rapport à celle-ci ;
l’élément rigidificateur intermédiaire (54) est positionné entre les éléments rigidificateurs latéraux (52) et est
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connecté à ceux-ci et à la plaque (56) ; et
des éléments (90, 100, 110) sont prévus dans la plaque perforée (56), les éléments rigidificateurs (52, 54) et
les éléments (90, 100, 110) servant à augmenter le rapport rigidité/masse du plateau (50) ce qui augmente la
fréquence naturelle du plateau afin de diminuer la susceptibilité du plateau à la fissuration induite par les
vibrations.

4. Plateau de dépoussiéreur par voie humide (50) selon la revendication 3, dans lequel les éléments comprennent au
moins une ou plusieurs nervures (90) dans la plaque perforée (56).

5. Plateau de dépoussiéreur par voie humide (50) selon la revendication 3 ou 4, dans lequel les éléments comprennent
des bossages autour des perforations dans la plaque perforée (56).

6. Plateau de dépoussiéreur par voie humide (50) selon la revendication 3, 4 ou 5, dans lequel les éléments comprennent
au moins un ou plusieurs dômes (100, 110) ou des boursouflures dans la plaque perforée (56).

7. Dispositif de contact avec des gaz liquides à contre-courant comprenant des parois définissant un boîtier vertical
avec une entrée de gaz et ayant des moyens permettant le passage vers le haut des gaz à travers lui et une ou
plusieurs élévations de plateaux (50) disposés horizontalement, dans lequel :

les plateaux (50) sont réalisés selon l’une quelconque des revendications 3 à 6 ;
les plaques perforées (56) s’étendent en travers du boîtier ;
chacune de la ou des plaques perforées (56) est perforée avec des ouvertures relativement grandes espacées
sensiblement symétriquement (36) pour former une zone ouverte à travers chacune de la ou
des plaques ; et
des extrémités adjacentes des plaques perforées (56) sont fixées de manière à supporter des organes (70)
s’étendant en travers du boîtier vertical au moyen d’une plaque d’attache (58) et d’un matériau élastomère
interposé (60) s’étendant entre elles.

8. Dispositif selon la revendication 7, dans lequel chacun des plateaux (50) est muni d’une pluralité des éléments
rigidificateurs intermédiaires (54) connectés entre les éléments rigidificateurs latéraux (52), et dans lequel les élé-
ments rigidificateurs latéraux (52) d’un plateau sont soudés (59) au niveau d’un bord supérieur à des éléments
rigidificateurs latéraux (52) de plateaux adjacents.

9. Dispositif selon la revendication 7, comprenant en outre des attaches (62) pour fixer la plaque d’attache (58) et le
matériau élastomère interposé (60) aux organes de support (70).

10. Dispositif selon l’une quelconque des revendications 7 à 9, comprenant en outre des coins de plaques coudés (78)
pour fixer la plaque d’attache et le matériau élastomère interposé (60) aux organes de support (72).

11. Dispositif selon l’une quelconque des revendications 7 à 10, dans lequel le matériau élastomère interposé (60)
comprend du néoprène.
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