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PLURAL CONDUIT REPLACEABLE OUTER SUPPORT STRUCTURE FOR

RADIAL FLOW SYSTEM

BACKGROUND OF THE INVENTION

1) Field of the Invention

The invention relates to the fluid conduits which form the outer retaining wall

for an annular particulate bed used in a radial flow system mounted in a cylindrical

vessel. In such systems a fluid typically is directed radially inwardly or outwardly

into or out of the particulate bed through openings in the inner surfaces of a plurality

of outer, vertically arranged conduit members or through openings in a cylindrical

screen basket member which has a smaller diameter than the inner wall of the vessel.

The fluid passes through openings in a vertically arranged center pipe which forms

the inner retaining wall for the annular particulate bed.

2) Description of the Related Art

The vessel typically is a reactor which contains a bed of particulate material

such as catalyst, absorbent, resins or activated carbon. The fluid which passes

through the particulate bed in a radial direction is usually a gas but it could also be a

liquid or a liquid/gas mixture. In prior art systems the outer wall support for the

annular particulate bed is often a ring of individual scallops which have convex inner

surfaces and outer surfaces which conform to the wall of the vessel. The scallops can

be formed from metal plates which contain perforations smaller in diameter than the

size of the particulate material. They can also be formed with their convex inner

surface comprising a screen element having a plurality of closely spaced wires

welded to support rods. Such scallops are often sized so they can be installed or

replaced when required by lifting them through an opening in the top of the vessel.

Although the convex surface of the scallops which supports the particulate bed is

quite strong, the convex shape causes the thickness of the annular bed to be non-

uniform. Thus, the flow distribution through the bed is non-uniform and more flow

will take place at the location on the scallops where their convex surface is closest to

the center pipe and the pressure drop is lowest. Since the bed must usually have a

predetermined minimum thickness, the convex scallops shape means that additional
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particulate material must be provided to fill all of the space which is radially

outwardly of a circle containing the radially innermost portion of the scallops.

Where the particulate material is one which contains a precious metal such as

platinum, the need for additional material can be very expensive. In addition, the

tendency for flow to take place where the flow distance is at its shortest results in

uneven contact between the fluid to be reacted and the particulate material in the bed.

This uneven flow can result in the need to replace the particulate material sooner than

if the flow was entirely uniform.

Another type of prior art system includes a cylindrical screen basket member

which is spaced inwardly from the outer wall of the vessel. Such a cylindrically

shaped screen basket member cooperates with an inner screen pipe member to cause

the particulate bed positioned between such inner and outer members to have a

uniform thickness. However, the system is quite expensive since the large diameter

screen cannot be installed or removed through a small upper opening in the vessel, as

can the scallops type screen.

Examples of prior art systems which have scallops around the inside surface

of the outer vessel wall include Hansen, Jr. U.S. Patent 3,167,399 and Koves et al

U.S. Patent 5,209,908. Fantham U.S. Patent 4,374,094 shows vertical screen

segments surrounding an annular catalyst bed which are spaced from the side wall of

the vessel. Schuurman U.S. Patent 4,540,547 shows a moving bed reactor wherein a

ring of screen segments surrounds a centrally located catalyst bed and separates the

catalyst from the outer annular chamber which receives the effluent after it passes

through the screen surfaces. Nagaoka E.P. Publication 0 483 975 Al shows a device

for holding particulate catalyst in a radial flow reactor which comprises a ring of

vertically arranged containers having abutting side walls and screened inner walls,

the containers being filled with catalyst and positioned between an annular outer

fluid chamber and an inner cylindrical fluid chamber.

SUMMARY OF THE INVENTION

It is one object of the present invention to provide an outer support structure

for the particulate bed in a radial flow system which is relatively simple to install

initially or when replacement is necessary by making it in individual segments which
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are sized so that each segment can easily be removed and can pass through a

relatively small inlet opening in an end of the vessel.

The present invention provides apparatus for supporting and retaining

particulate material in a radial flow vessel according to claim 1. Preferred or optional

features of the invention are defined in the dependent claims. In the mounting

system of the present invention, a plurality of vertically extending conduit members

are positioned adjacent each other in a ring around the inner circumference of the

outer wall of the vessel. The inner walls of the conduit members comprise a screen

surface which defines the outer support structure for the particulate bed and includes

flow openings which are of a lesser width than the diameter of the particulate

material. The screen surface is preferably formed of parallel, closely spaced wires

which are welded to underlying support rods. The screens which form the inner

walls are preferably flat or slightly concave so that the particulate bed which extends

between them and a circular center pipe screen member will have a substantially

constant radial thickness. At least some of the conduit members have a generally

trapezoidal shape. The conduit members preferably have an outer wall which lays

against the inside vessel wall and has a radius that is the same as that of the inside

vessel wall. Generally radially extending side wall portions of the conduits

preferably have such angles and clearance between adjacent conduits that any

individual conduit can be moved inwardly with no more than a small sliding

displacement of adjacent conduits or by removal of a maximum of one adjacent

conduit.

Such an outer support structure is strong and capable of transferring outward

loading applied to it by the particulate bed directly to the walls of the vessel without

being deformed. The structure provides a uniform bed thickness. Each individual

segment has a large cross-sectional area for flow to allow low flow velocities for the

fluid and less turbulence. The vessel diameter can be reduced for a given thickness of

particulate bed as compared to a vessel incorporating scallops.

In a first embodiment, all of the conduits have a generally trapezoidal cross-

section which allows any one conduit to be moved radially inwardly without

affecting any other conduit. In a second embodiment, alternate conduits are
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generally trapezoidal and generally rectangular and the adjacent side wall of adjacent

conduits are generally parallel. This relationship provides a total internal flow area

that is greater than that which is possible in the first embodiment where the inner

wall surfaces of adjacent conduits must be circumferentially spaced from each other

by a distance which is sufficient to allow one conduit to be moved radially inwardly

without affecting adjacent conduits. In the second embodiment, a generally

rectangularly shaped conduit must be moved radially inwardly before an adjacent

generally trapezoidally shaped conduit can be removed. All of the conduits are sized

so that their cross-sectional area and shape is less than that of the opening in the top

of the vessel so that individual conduits may be inserted or removed through said

opening.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The invention will now be described in more detail, by way of example only,

with reference to the accompanying drawings, in which:

Fig. 1 is a horizontal cross-section of a typical prior art vessel in which the

outer portions of the particulate bed are supported by a screen basket in the form of a

cylindrical screen member which is spaced from the outer wall of the vessel;

Fig. 2 is a horizontal cross-section of a typical prior art vessel in which the

outer portions of the particulate bed are supported by a plurality of hollow scallops

members which are in contact with the outer wall of the vessel and have convex inner

surfaces in contact with the particulate bed;.

Fig. 3 is a partially broken away isometric view illustrating a preferred
embodiment of the invention in which the outer portions of the particulate bed are

supported by a ring of conduits which are in contact with the outer wall of the vessel;

Fig. 4 is a fragmentary horizontal cross-sectional view taken inside the vessel

of Fig. 3 at a location above the conduits;.

Fig. 5 is an enlarged isometric view showing three of the conduit members in

Fig.3 with upper sealing plates covering their top surfaces;

Fig. 6 is an isometric view showing an enlarged portion of the screen which

forms the inner wall of each of the conduit members shown in Fig. 

Fig. 7 is a horizontal cross-sectional view taken on line 7-7 of Fig. 
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Fig. 8 is a cross-sectional view of a modified conduit cross-section which is

similar to the conduit cross-section shown in Fig. 7 except for the manner in which

the screenmember forming the inner wall is mounted to the side walls; and

Fig. 9 is a horizontal cross-sectional view similar to Fig. 7 which shows a

modified design in which alternating conduits have generally trapezoidal and

generally rectangular shaped cross-sections.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a cross-sectional view similar to Fig. 2 and Fig. 4 which illustrates

one type of construction used for a prior art radial flow reactor vessel (not shown). A

vertical, generally cylindrical outer wall member 10 cooperates with a cylindrical

outer screen basket member 12 to define an outer annular opening 14. The screen

basket member 12 is concentrically located relative to a center mounted vertical

screen pipe 16 to define the outer and inner walls of an inner annulus area 18 which

is packed with an annular bed of particulate material 19 such as a catalyst. In normal

use, the fluid to be processed enters an inlet opening (not shown) at the top of the

vessel and passes into the outer annular opening 14. The fluid then passes radially

inwardly through openings (not shown) in the screen basket 12, through the annular

bed of particulate material 19, through openings (not shown) formed in the center

mounted screen pipe 16 and then moves downwardly through the screen pipe to an

outlet portion of the vessel (not shown). Although the movement of fluid has been

described as moving from top to bottom, it could also move in the reverse direction.

The radial thickness of the particulate bed 19 is quite uniform. However, since the

outer screen basket 12 is of a very large diameter, it could not be installed or

removed from a vessel having the usual small diameter inlet opening unless the top

of the vessel was welded to the side walls or made so that it could be bolted to the

side walls, a very expensive type of construction.

Fig. 2 shows a more typical type of construction used for a prior art radial

flow reactor vessel. A vertical, generally cylindrical outer wall member 20 supports

a plurality of vertically extending scallops members 22 which are mounted in a ring

around the inside circumference of the outer wall member 20 and include a plurality

of hollow internal opening portions 24. The scallops members 22 each have a
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convex surface 23 in contact with the particulate bed 29 which includes openings

(not shown) which are smaller than the particles in the bed. In normal use, the fluid

to be processed enters the inlet opening of the vessel (not shown) and passes into the

open upper ends of the plurality of hollow internal opening portions 24 formed in the.

scallops members. The fluid then passes radially through the openings in the convex

surfaces 23 of the scallops members 22, through the bed of particulate material 29,

through the openings (not shown) formed in the outer surface of the center mounted

screen pipe 26 and downwardly through the screen pipe and out of an outlet opening

portion (not shown) at the bottom of the screen pipe 26. Although the movement of

fluid has been described as moving from top to bottom, it could also move in the

reverse direction. An advantage of the scallops type configuration, is that one can

move the individual scallops members 22 through a rather small inlet opening (not

shown) in the top of the vessel during initial installation or replacement and thus

avoid the problems noted with the large diameter screen basket arrangement noted

supra. A significant disadvantage is that the radial thickness of the particulate bed 29

is not uniform and the flow into and through the bed is therefore not uniform. For

example, greater flow would tend to take place at the center of the convex surfaces

23 of the scallops where the distance to the center screen pipe 26 is least. Although

uniform flow is always desirable, it is especially desirable where the particulate

material is a catalyst coated with an extremely expensive precious metal. The

processing expense can be minimized if all of the particulate material in the

particulate bed is contacted equally by the fluid being processed. However, in a

convex scallops configuration, the particulate material which is adjacent the radially

outermost side edge portions of the convex scallops members will be at a greater

distance from the center screen pipe than the particulate material which is at the

center of the convex surfaces. Since the pressure drop across the particulate bed is

lowest where the flow distance is shortest, greater flow will tend to take place in such

central regions. Lesser flows in other regions will result in under utilization of the

particulate material in the reaction. The different rates of flow can possibly cause

erosion of the particulate matter where the flow rate is highest and can certainly

produce a situation where the particulate material has to be replaced sooner than if
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the flow was so uniform that all particles in the particulate bed would be contacted

equally.

Fig. 3 is a partially broken away isometric view showing the improved outer

support structure indicated generally at 38 in contact with inner wall surface 39 of the

outer wall 40 of a radial flow reactor vessel 42. The vessel 42 has an inlet opening

44 at its top and an outlet opening 46 at its bottom. The support structure 38

comprises a plurality of generally trapezoidal shaped vertical conduit members 

The conduit members 50 have inner wall surfaces 52 in the form of a screen through

which radial fluid flow can take place. A first side wall surface 54 and a second side

wall surface 56 extend toward the outer wall 40 and have rear end portions 54' and

56' in contact with the inner surface 39 of the outer wall 40. An outer wall portion

58 is preferably provided between and integral with the side wall surfaces 54, 56. In

an alternative embodiment (not shown), rear end portions 54' and 56' are not joined

to each other. A center screen pipe member 60 is mounted in a recess 62 at the

bottom of the vessel 42. The center screen pipe member 60 includes a center pipe

portion 64 which is perforated along at least a major portion of its length, with the

perforations being covered by an outer screen portion 66. At its upper end the screen

pipe member 60 is closed off by an end cap member 68. An annular bed 70 of

particulate material such as a catalyst is positioned between and supported by the

screen portion 66 on the center pipe member 60 and the inner wall surfaces 52 of the

conduit members 50. Top plate members 72 are placed in a ring around and in

contact with the upper surfaces of the conduit members 50. The top plate members

72 include inlet opening portions 74 which allow fluid passing downwardly through

the inlet opening 44 in the vessel 42 to enter the interior of the conduit members 

while sealing off downward flow between adjacent conduits. Flat support portions

76 which surround the opening portions 74 rest on top of the conduits 50 and may be

fastened thereto in any suitable manner. To prevent inlet flow through the inlet

opening 44 from contacting the particulate bed 70 before entering the conduits 50, a

series of pie shaped cover plates 78 are attached to each other and to the inner edge

portions 72' of the top plate members 72 in any suitable manner. The fluid flowpath

through the vessel 42 is indicated by the arrows 80 and shows that the flow passes
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vertically down the hollow insides of the conduits 50, radially through the particulate

bed 70, through the openings in the inner screen portion 66 and perforated center

pipe portion 64 and downwardly through the outlet opening 46.

Fig. 4 is a fragmentary cross-sectional view looking downwardly from a

location just above the cover plates 78 in Fig. 3 and illustrates how the radial

thickness of the annular particulate bed 70 is uniform as compared to the variable

thickness of the prior art bed 29 shown in Fig. 2.

Figs. 5 and 6 are enlarged views showing details of the construction of

conduits 50 and the top plates 72. The views particularly show the preferred

io construction of the screen which forms the surface of the conduit inner wall surface

52. A plurality of vertical screen wires 82 are welded to a plurality of support rods

84 at a spacing which forms flow slots or openings 86 which have a lesser width,

shown by the arrows, than the size of the particulate matter forming the bed 

Angular corner members 88 retain the inner wall surface or screen member 52 by

being welded to the side walls 54, 56 and tack welded to the screen members 52.

Although the inner wall surface 52 is shown as being slightly concave so as to cause

the radial thickness of the particulate bed 70 to be substantially constant, a flat

surface would provide a very close approximation and would also produce a

substantially constant radial bed thickness. The inner wall surface 52 is shown as

being equidistant from the outer wall surface 58 along its vertical length, but it could

also be tapered.

Fig. 7 is an enlarged cross-sectional view taken on line 7-7 of Fig. 5 which

illustrates the relationship between adjacent conduits 50. The conduits have an outer

wall portion 58 of width Wo which must be of sufficiently greater width than the

width Wi of inner wall portion 52 as to enable an individual conduit 50 to be moved

radially inwardly to a location where it could be moved through the opening 44 (Fig.

3) for replacement. The side wall portions 54, 56 of each conduit 50 are preferably

positioned at an angle a which is less than the angle P which the side wall portions

would have if the side walls 56, 54 of adjacent conduits were parallel to each other

and positioned normal to the inner wall surface 39 of the vessel outer wall 40. The

adjacent conduits 50 are preferably spaced a slight distance apart so as to provide a
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small gap Wg which will allow for manufacturing tolerances as well as possible

thermal expansion of the outer wall portion 58 relative to the outer wall 40 during

operation of the reactor. For example, in a situation where W, is 256 mm, and the

inner diameter of the outer wall 40 is 2.345 m, a gap wherein Wg equals 4.5 mm has

been found to be satisfactory. Preferably, Wg is 1.5-2% of W. To maximize the

internal volume of the conduits 50, and ignoring the width of gap Wg, the width Wi of

the inner wall surface 52 should be equal to the width W. of the outer wall surface 58

less the width W. which is the distance between the radially innermost corner

portions 88 of adjacent side walls 56, 54. The corner portions 88, which are shown

to be angle members, are preferably welded to the side wall surfaces 54, 56 and tack

welded to the inner wall or screen members 52. The corner portions 88 hold the

screen members 52 in contact with flange portions 90 which extend from the side

walls 54, 56. To prevent particulate material from entering the triangular open space

69 between adjacent conduits, a sealing plate 71 is preferably welded to the same

single comer portion 88 on each conduit. The sealing plates are preferably of a

thinner material than the wall portions of the conduit and of a width sufficient to

cover the open space 69 and rest on the corner portion 88 of the adjacent conduit

member. The pressure applied to the sealing plates 71 by the weight of the

particulate material will ensure a tight seal. For clarity purposes, only one sealing

plate 71 is shown in Fig. 7.

Fig. 8 shows a modified conduit 150 similar to Fig 7 in that the side wall

portions 154, 156 are integrally formed with a rear wall portion 158. However,

rather than having separate angle members serving to retain the inner wall surface

152, in this embodiment the inner wall surface 152 may be plug welded to the side

wall portions 154, 156 by drilling holes (not shown) in the side wall portions at

locations where the support rods 184 can be aligned with the holes. By welding to

the support rods rather than the screen wires, the integrity of the screen surface can

be maintained.

Fig. 9 shows a modified design in which alternating conduits 250, 260 have

generally trapezoidal and generally rectangular shaped cross-sections, respectively.

The combination of shapes maximizes the total inside cross-sectional flow area of the
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ring of conduits, causing it to be slightly greater than that provided by the

embodiment of Fig. 7 and substantially greater than that provided by the prior art

scallop shaped conduits illustrated in Fig. 2. This combination of complementary

shapes also eliminates the small void space 69 between conduits which is present in

the embodiment of Fig. 7 and thereby eliminates the chance that particulate material

can be wasted in a location where it will serve no purpose. The side walls 254, 256,

outer wall 258 and inner wall portion 252 of the trapezoidal shaped conduits 250

correspond to similarly numbered elements 50-58 in Fig. 7. The generally

rectangular shaped conduits 260 have side wall portions 264, 266 which are parallel

l0 to each other and are also parallel to the angled side wall portions 254, 256 of

adjacent trapezoidal shaped conduits 250. As noted in the description of Fig. 7, a

small gap Wg is preferably provided between the adjacent conduits 250, 256 to

provide a tolerance for manufacturing and also allow for any thermal expansion that

might take place during use. If desired, each of the rectangular shaped conduits 260

can have a sealing plate 271 welded to its corner portion 278 to ensure that

particulate material cannot enter the gaps Wg. The sealing plates 271 are attached

only to the rectangular shaped conduits, and have a width sufficient to cover the

corner portions 288 of the trapezoidal shaped conduits 250. They are preferably of

less thickness than the wall portions 264, 266 and 268 so that the radial outward

pressure applied to their surfaces by the annular bed of particulate material 70 will

produce a tight seal against the corner portions 288.

The trapezoidal shape of conduits 50 in the embodiment shown in Fig. 7 and

the combination of trapezoidal and rectangular shaped conduits 250 and 256 in the

embodiment shown in Fig. 9 provide an improvement in cost and ease of

replacement as compared to the prior art construction shown in Fig. 1 while closely

approximating the uniformity of flow distribution which is possible with a cylindrical

outer screen basket member. The disclosed conduit shapes also offer the ease of

installation and replacement possible with the convex scallops arrangement of Fig. 2

while achieving a highly uniform flow distribution through the particulate bed 

which is not possible with the convex scallops arrangement. In addition, for conduits

250 or 260 having the same width W. as the scallops members 22 of Fig. 2, the
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interior cross-sectional area can be much larger for the same radial depth. This larger

area results in a lower velocity vertical flow rate, less turbulence, and far more

uniform flow through the entire inner screen surface 52. This is especially true for

the embodiment shown in Fig. 9. Alternatively, the radial thickness of the conduits

50, 250 or 260 could be reduced to a distance which is considerably less than the

depth of the scallops 22 while still having an equal or greater internal cross-sectional

area. In the latter situation, for a given radial thickness of the particulate bed 70, the

vessel 42 could have a smaller outer diameter and thus be manufactured for a lower

cost.

While the invention has been particularly shown and described with

reference to the preferred embodiments thereof, it will be understood by those skilled

in the art that alterations in form and detail may be made therein without departing

from the scope of the invention as defined by the claims.
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CLAIMS

1. Apparatus for supporting and retaining particulate material (70) in a

radial flow vessel (42) having inlet (44) and outlet (46) openings for a fluid 

which is adapted to pass through the vessel, one of said inlet and outlet openings

being in communication with an annular space defined on its outer side by the inner

wall (39) of the vessel and the other of said inlet and outlet openings being in

communication with the interior of an axially mounted member (60) whose outer

surface (66) has openings therein which are smaller than the particulate materials

supported thereby; and a ring (38) of separate, hollow conduit members (50, 250,

260) positioned against the inner wall of said cylindrical vessel and arranged in a

vertical direction to fill said annular space, said conduit members having at least a

portion of their surface formed by screen members (82, 84) which have flow

openings (86) which are of a dimension less than the diameter of the particulate

material which forms a uniform thickness particulate bed (70) and which is located in

an annular space between the conduit members and the outer wall (66) of the axially

mounted member, characterized in that said separate hollow conduit members each

have an internal cross-sectional area defined by a pair of generally radially extending

side wall portions (54, 56, 254, 256, 264, 266) and an inner wall portion (52, 252,

262) integrally joined to each of said pair of generally radially extending side wall

portions, thc outer ends 56') of said generally radially extending side wall

portions of adjacent conduit members being in contact with said inner wall, said pair

of generally radially extending side wall portions on at least some of said conduit

members (50, 250) being angled away from each other in a generally radially

outward direction but at an included angle (cx) which is less than if they were truly

radial relative to the axis of the vessel, the included angle being sufficiently small as

to permit individual conduit members to be moved inwardly relative to adjacent

conduit members during an installation or replacement operation.

2. Apparatus in accordance with claim 1 wherein the end portions 56')

of the radially outwardly extending side wall portions (54, 56, 254, 256, 264, 266) of

each conduit member (50, 250, 260) are joined by an outer wall portion (58, 258,

268).
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3. Apparatus in accordance with claim 2 wherein the side wall portions (54,

56, 254, 256, 264, 266) and the outer wall portion (58, 258, 268) of each of said

conduit members (50, 250, 260) are formed from a single sheet of metal.

4. Apparatus in accordance with claim 1 wherein the radially outer ends of

said generally radially extending side wall portions which contact the inner wall of

said vessel are not joined to each other.

Apparatus in accordance with any preceding claim wherein said screen

members comprise parallel wires (82) spaced to form slots said parallel wires

being arranged in a vertical direction.

6. Apparatus in accordance with any preceding claim wherein the inner wall

portions (52, 252, 262) are equidistant from the outer wall portions (58, 258, 268)

along their length.

7. Apparatus in accordance with any preceding claim wherein said screen

members which form at least a portion of said inner wall portions arc retained

between flange portions (90) extending from each of said side wall portions and an

angle member (88, 278, 288) which is fixed to said side wall portions.

8. Apparatus in accordance with any preceding claim wherein the conduits

250, 260) have a cross-sectional area and shape which is smaller than an opening

(44) in the top of the vessel, whereby individual conduits can be inserted into or

removed from the vessel through said opening.

9. Apparatus in accordance with any preceding claim wherein said ring of

separate hollow conduit members (50, 250, 260) which are positioned against the

inner wall (39) of said cylindrical vessel are slightly spaced from each other

sufficiently to accommodate manufacturing tolerances or thermal expansion during

operation of said radial flow vessel.

Apparatus in accordance with claim 9 wherein said conduit members are

spaced from each other by a distance (Wg) less than 2% of the distance between the

outer ends of the side wall portions of each of said conduit members.

11. Apparatus in accordance with any preceding claim wherein adjacent

conduit members have their pairs of generally radially side wall portions at different

included angles.
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12. Apparatus in accordance with claim 11 wherein the adjacent side wall

portions (254, 264 and 256, 266) of adjacent conduit members are generally parallel

to each other whereby the total internal cross-sectional area of all of the conduit

members will be maximized.

13. Apparatus in accordance with claim 12 wherein alternating conduit

members (250, 260) have generally trapezoidal and generally rectangular cross-

sections.

14. Apparatus in accordance with any preceding claim wherein vertical

sealing plates (71, 271) are attached to at least one side edge portion of the inner wall

portion of at least some of said conduit members (50, 250, 260) to prevent particulate

material from moving into the space between adjacent conduit members.

Apparatus in accordance with claims 13 and 14 wherein vertical sealing

plates (271) are attached to each side edge (264, 266) of the inner wall portion (262)

of the conduit members (260) that have a generally rectangular cross-section, said

vertical sealing plates having sealing portions extending over the side edges of the

inner wall portions of adjacent conduit members (250) which have a trapezoidal

shape.

16. Apparatus in accordance with any one of claims 1 to 10 wherein all of the

conduits (50) have a generally trapezoidal shaped cross-section and generally radially

extending side wall portions (54, 56) which are angled away from each other at an

included angle which is less than if they were truly radial relative to the axis of

the vessel.

17. Apparatus in accordance with claim 16 wherein a vertical sealing plate

(71) is attached to the same side edge of the inner wall portion of each of the conduit

members that have a generally trapezoidal cross-section, each of said vertical sealing

plates having a sufficient width as to provide a sealing portion which extends over

the side edge of the inner wall portions of an adjacent conduit member whereby

the gap between adjacent conduit members will be covered.



18. Apparatus for supporting and retaining particulate material in a radial flow

vessel, said apparatus being substantially as herein described with reference to
Figs 3-7 of the drawings or as modified by Fig. 8 or 9 of the drawings.

19. A method of supporting and retaining particulate material in a radial flow
vessel, said method being substantially as herein described with reference to
Figs. 3-9 of the drawings.

Dated this 13
t h day of August 2002.

WEATHERFORD/LAMB, INC.

BY:

HODGKINSON OLD McINNES

Patent Attorneys for the Applicant
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