
SCREENLESS INTERNALS FOR RADIAL FLOW REACTORS
BACKGROUND OF THE INVENTION [0001] This invention
relates to the field of fluid particle contact and to
an apparatus for contacting fluids and particles. More
specifically, this invention relates to a moving bed
of particles with a cross-flowing fluid. [0002] A wide
variety of processes use radial flow reactors to
provide for contact between a fluid and a solid. The
solid usually comprises a catalytic material on which
the fluid reacts to form a product. The processes
cover a range of processes, including hydrocarbon
conversion, gas treatment, and adsorption for
separation. [0003] Radial flow reactors are
constructed such that the reactor has an annular
structure and that there are annular distribution and
collection devices. The devices for distribution and
collection incorporate some type of screened surface.
The screened surface is for holding catalyst beds in
place and for aiding in the distribution of pressure
over the surface of the reactor to facilitate radial
flow through the reactor bed. The screen can be a
mesh, either wire or other material, or a punched
plate. For a moving bed, the screen or mesh provides a
barrier to prevent the loss of solid catalyst
particles while allowing fluid to flow through the
bed. Solid catalyst particles are added at the top,
and flow through the apparatus and removed at the
bottom, while passing through a screened-in enclosure
that permits the flow of fluid over the catalyst. The
screen is preferably constructed of a non-reactive
material, but in reality the screen often undergoes
some reaction through corrosion, and over time
problems arise from the corroded screen or mesh.
[0004] The screens or meshes used to hold the catalyst
particles within a bed are sized to have apertures
sufficiently small that the particles cannot pass
through. A significant problem is the corrosion of
meshes or screens used to hold catalyst beds in place,
or for the distribution of reactants through a reactor
bed. Corrosion can plug apertures to a screen or mesh,
creating dead volumes where fluid does not flow.
Corrosion can also create larger 



apertures where the catalyst particles can then flow
out of the catalyst bed with the fluid and be lost to
the process increasing costs. This produces
unacceptable losses of catalyst, and increases costs
because of the need to add additional makeup
catalyst.[0005] The design of reactors to overcome
these limitations can save significantly on downtime
for repairs and on the loss of catalyst, which is a
significant portion of the cost of processing
hydrocarbons. SUMMARY OF THE INVENTION [0006] A
solution to the above problem is to design a catalyst
retention apparatus wherein the fluid is allowed to
freely flow across the catalyst bed, while the
catalyst is maintained in a catalyst retention volume.
The invention is an apparatus for supporting a
granular solid. The apparatus comprises an inlet
partition having apertures for allowing gas to flow
in, and an outlet partition having apertures for
allowing gas to flow out, where the inlet and outlet
partitions define a volume for holding a granular
solid. The apparatus further comprises at least one
inlet louver, where the louver is positioned over an
inlet aperture and extends into the volume for holding
the solid. The louver extends downward and covers the
inlet aperture to prevent solid from passing through
the inlet aperture. The louver has an upper edge and a
lower edge, and the inlet aperture has an upper edge
and a lower edge, where the louver upper edge is
affixed to the inlet partition at a position where the
louver upper edge is at least as high as the inlet
aperture upper edge and the louver lower edge extends
into the volume for holding the solid and is at least
as low as the inlet aperture lower edge. The louver
extends away from the inlet partition at an angle
between 1 degree and 85 degrees. [0007] Other objects,
advantages and applications of the present invention
will become apparent to those skilled in the art from
the following drawings and detailed description. BRIEF
DESCRIPTION OF THE DRAWINGS [0008] Figure 1 is a
drawing of a portion of an inlet partition for the
apparatus; [0009] Figure 2 is a drawing of a louver
including the extensions; [0010] Figure 3 is a
vertical cross section of a radial flow reactor with
the inlet partition 



incorporating the invention; [0011] Figure 4 is a
vertical cross section of a second embodiment of a
radial flow reactor with catalyst containment; [0012]
Figure 5 is an embodiment of a spiral louver around an
inner inlet partition of a radial flow reactor;[0013]
Figure 6 shows the use of inlet vanes on the
apparatus; [0014] Figure 7 is a drawing of a portion
of an inlet partition for the apparatus with the
louvers extending outward and away from the particle
retention volume; and [0015] Figure 8 is a vertical
cross section of the apparatus wherein the louvers
extend outward from the particle retention volume.
DETAILED DESCRIPTION OF THE INVENTION [0016] A problem
exists with radial flow reactors where a catalyst
flows down an annular region, and the annular region
is defined by an inner screened partition and an outer
screened partition, which defines the catalyst bed, or
a particle retention volume for holding a granular
solid. A fluid, usually a gas, flows across the
partitions and catalyst bed, reacting with the
catalyst to produce a product fluid, also usually a
gas. The reactor holds the catalyst in with screens
where the gas flows through. The screened partitions
need holes sufficiently small to prevent catalyst
particles from passing, but the holes are subject to
plugging and creating dead spaces where the gas
doesn't flow, as well as the partitions are subject to
erosion and corrosion, creating holes that allow for
catalyst to spill out. [0017] The apparatus can also
be an adsorber for adsorbing a constituent from the
fluid flowing over a granular solid adsorbent. This
includes an apparatus where the adsorbent is loaded
and does not flow through the adsorber, but is held in
place by the inlet and outlet partitions while fluid
flows over the granular adsorbent. The apparatus of
the present invention is oriented for the downward, or
in the direction of gravity, flow of a solid through
the apparatus with the cross flow of a gas, and
accordingly, the use of the terms downward and upward
are in reference to directions relative to the
direction of gravity. 



[0018] The retrofitting of existing radial flow
reactors provides for a method of improving the
reactors by using a screenless inlet partition. A
section of the inlet partition is shown in Figure 1,
where the invention is described relative to the inlet
partition 10 with one of the apertures 20, and a
louver 30 covering the aperture 20. The louver 30 has
a length, L, and extends into the particle retention
area at an angle q, designated by the number 40. The
louver 30 projects into the particle retention area at
a distance of L*sin(q), and extends downward along the
direction of the inlet partition to a distance
L*cos(q). The apertures havea lower edge 110, and the
louvers have a lower edge 70, where the louver lower
edge 70 extends to at least the aperture lower edge
110, along the inlet partition. [0019] During the
filling process of the reactor, the solid fills the
particle retention space, and some of the solids flow
up into the void volume created between the inlet
partition 10 and the louvers 30. The backfilling of
this volume can create a loss of catalyst if the
catalyst is allowed to flow through the inlet aperture
20. Avoiding the loss of catalyst results in
significant savings as catalyst is one of the most
significant costs in a petroleum refinery. The
spilling of catalyst through the aperture 20 is
avoided if the lower edge of the aperture is at a
height above the lower edge of the louver by a
distance determined by the angle of repose, f, of the
granular catalyst. The angle of repose, designated by
the number 50, is a property of particulate solids.
When bulk particles are poured onto a horizontal
surface, a conical pile will form, and the angle
between the edge of the pile and the horizontal
surface is known as the angle of repose. The angle is
related to physical properties of the material, such
as particle size and shape, density, and the
coefficient of friction of the particles. [0020]
Preferably, the distance, or height, of the aperture
lower edge above the louver lower edge is determined
according to the equation, as follows: d = L * sin(q)
* tan(f), where L is the length of the louver, q is
the angle the louver extends away from the inlet
partition, and f is the angle of repose for the
granular solid. The length of the louver, L, is the
length from the upper edge 60 of the louver attached
to the inlet partition 10 spanning to the 



lower edge 70 of the louver extending into the
particle retention volume. [0021] The angle 40, q, is
between 10 and 50 degrees from the vertical and
preferably is between 15 and 35 degrees, with a more
preferred angle between 15 and 25 degrees. The angle
of the louver is preferably chosen to provide the same
or greater contact area between the inlet gas and the
surface of the bed of granular solid exposed under the
louver, as the surface area of a screened aperture.
[0022] The angle 40 of the louvers 30 is chosen to
minimize holdup of the granular solid as the solid
flows through the apparatus. It has been found that
the uppermost louver preferably is of a steeper angle
than successive louvers lower in the apparatus. The
uppermost louver preferably should be oriented at an
angle from vertical between 1 degree and 20
degrees.[0023] The apertures 20 can be round holes, or
can be slots having a generally horizontal
orientation, or any size or shaped opening that fits
under the louver subject to having the aperture lower
edge 110 above the louver lower edge by a distance as
determined by equation 1. For the case of an aperture
with a non-straight lower edge, the lower edge
reference is the lowest point along the lower edge of
the aperture. [0024] In one embodiment, the louvers 30
extend the width of the inlet partition 10, or in the
case of a radial reactor, the louvers 30 encircle the
inlet partition 10, or form a ring that is affixed to
the cylindrical inlet partition 10 and each louver 30
covers a plurality of apertures 20. For long louvers,
the apertures 20 can be elongated slots having a
generally horizontal orientation. [0025] In another
embodiment, the louvers 30 do not extend the width of
the inlet partition, but extend over the apertures,
and further include extensions, as shown in Figure 2.
The louvers have side edges 80, and the extensions 90
extend from the side edges 80 of the louvers 30 to the
inlet partition 10, effectively forming a shroud over
the aperture 20. [0026] In a radial flow reactor, the
reactor comprises an inner surface and an outer
surface with the catalyst disposed between the inner
and outer surface forming a cylindrical structure. 



Depending on desired flow characteristics, the inner
surface can be the inlet partition, with the outer
surface as the outlet partition. In an alternative,
the outer surface can be the inlet partition and the
inner surface can be the outlet partition.
Characteristics that would dictate the choice include,
but are not limited to, the flow rate of the fluid,
including whether the fluid expands or contracts due
to increasing or decreasing the number of moles of
chemicals within the fluid, as well as temperature
changes in the fluid. A vertical cross-section of a
radial flow reactor is shown in Figure 3, where the
outer surface is the inlet partition 10 and the inner
surface is the outlet partition 100. The gas flows
through the inlet partition 10 as the catalyst flows
down the reactor in the particle retention volume. The
louvers 30 extend into the particle retention volume,
with the lower edge 70 of the louvers extending below
the lower edge 110 of an inlet aperture. The outlet
partition 100 can be screened for retaining catalyst
particles with the screens having holes sized to
prevent the passage of solid granular particles from
the particle retention volume, or can have a
screenless louvered system similar to the inlet
partition 10, as described above and shown in Figure
4, wherein the outlet partition 100 has apertures 120
defined therein, and where the apertures 120 are
covered bylouvers 130 that extend in a downward
direction into the particle retention volume. In one
variation, the outlet partition can be made entirely
of a screen with the screened holes sized sufficiently
small to prevent the passage of catalyst. The outlet
louvers 130 have a lower edge 140 and an upper edge
150, where the upper edge 150 is affixed to the outlet
partition 100 above a covered outlet aperture 120. The
lower edge 140 of the outlet louvers extends to a
distance below the lowest edge of the outlet aperture
by the distance, d as defined above, where the louver
130 extends at an angle, q, from the vertical and the
granular solid has an angle of repose, f. The angle of
the outlet louvers 130 is between 10 degrees and 50
degrees, with a preferred angle between 15 degrees and
35 degrees. The angle for the uppermost outlet louver
130 can be between 1 degree and 20 degrees. [0027] For
reactors that have high fluid cross flow rates, the
outlet louver edge preferably extends to a distance
below the lower edge of the outlet partition aperture
greater than the 



distance the lower edge of the inlet louver extends
below the lower edge of the inlet partition aperture.
[0028] While the preferred embodiment is for a radial
flow reactor, the invention is also applicable to a
reactor, or adsorber, wherein the inlet partition and
outlet partition are substantially parallel planar
structures. [0029] The present invention provides for
many possible designs. One such embodiment is a radial
flow reactor with the inlet partition on the inside of
the reactor. The inlet partition 10 forms a
substantially cylindrical structure, and the louvers
30 are disposed in a spiral arrangement around the
inlet partition on the particle retention volume side
of the inlet partition. The louvers are affixed to the
inner partition 10 and wind in a spiral manner around
the inner partition 10 where the angle of declination
140 between 0.5 degrees and 10 degrees, as shown in
Figure 5. A louver 30 can comprise a single winding
around the inlet partition 10, or can comprise
multiple windings, with the limit of having a single
louver 30 wound around the inlet partition 10. [0030]
The present invention also provides for a variable
angle, q, of the louvers with respect to the inlet
partition 10. The angle that the louver 30 forms with
respect to the inlet partition 10 can, optionally,
vary with position down the length of the reactor
inlet partition 10. It is preferred that the uppermost
angle be the smallest providing the steepest slope of
a louver 30 on the inlet partition, with louvers 30 in
lower positions relative to the uppermostlouver 30
having larger angles. The angles can increase
gradually, or can increase once and remain at that
angle down the length of the inlet partition 10. This
is also true for the design having one or more spiral
louvers, where in the case of a single spiral louver
30, the louver 30 has an initial angle that is small,
and the angle of the louver 30 increases with each
spiral winding around the inlet partition 10. The
angle, q, can vary from 1 degree to 50 degrees. [0031]
The apparatus of the present invention further can
include a fluid inlet at the top of the reactor for
facilitating the downward flow of granular solid
particles in the particle retention volume. 



[0032] Another embodiment of the invention
incorporates inlet vanes, as shown in Figure 6. The
inlet vanes 150 are disposed on the inlet partition
10, on the gas side and away from the particle
retention volume side. The inlet vanes 150 have an
upper edge 160 and a lower edge 170, and are affixed
to the inlet partition 10 with the inlet vanes lower
edges 170 affixed below the lower edge 110 of the
apertures on the inlet partition 10. The angle of the
inlet vanes 150 with respect to the inlet partition 10
is between 10 degrees and 50 degrees. The inlet vanes
150 can have a variety of configurations, including
but not limited to a louvered shape and can be
extended across a plurality of inlet apertures, or a
rounded shape where each inlet aperture has an inlet
vane. [0033] In an alternate embodiment, the apparatus
comprises an inlet partition 10 having apertures 20
defined therein, and an outlet partition 100 having
apertures defined therein, where the inlet and outlet
partition define a particle retention volume between
the partitions for holding a granular solid, and where
each inlet aperture 20 has an upper edge 180 and a
lower edge 110. A portion of the inlet partition 10 of
the apparatus of this embodiment is shown in Figure 7.
The apparatus further comprises at least one inlet
louver 30, where each louver has an upper edge 60 and
a lower edge 70. Each inlet aperture has a louver 30
affixed to the inlet partition 10, where the louver
lower edge 70 is affixed to the inlet partition 10 at
the lower edge 110 of the inlet aperture 20, and
extends away from the particle retention volume space
at an angle, q, between 1 degree and 85 degrees, and
the louver upper edge 60 extends to a distance, d,
above the aperture upper edge 180 according to
equation (1) above, where L is the length of the
louver, q is the angle the louver extends away from
the inlet partition, and f is the angle of repose for
the granular solid.[0034] In an alternate embodiment,
the apertures have side edges, and the louvers 30 have
side edges. The louvers 30 include a pair of
extensions wherein the extensions are affixed to the
louver side edges, and the extensions span the space
between the inlet partition and the louvers. Each
extension is affixed to an aperture side edge to close
the side gap between the louver and the inlet
partition. The extensions provide a further means for
preventing catalyst 



from spilling out of the reactor. [0035] The louvers
30 preferably extend away from the inlet partition 10
at an angle between 10 degrees and 50 degrees, with a
more preferred angle between 15 degrees and 35 degrees
hi order to facilitate the flow of the granular solid
through the apparatus, it is preferred that the
uppermost louver 30 extend away from the inlet
partition 10 at an angle between 1 degree and 20
degrees. [0036] As with the first embodiment, in this
embodiment, the outlet partition 100 can comprise
screened apertures wherein the screen has openings
sufficiently small to prevent the passage of the solid
granular particles that are flowing through the
apparatus hi an alternative, the apparatus can
comprise an inlet partition 10 and an outlet partition
100 as shown in Figure 8, wherein the inlet partition
10 comprises apertures defined therein and has louvers
30 affixed to the inlet partition 10 at the lower edge
of the inlet apertures, and wherein the outlet
partition 100 comprises apertures defined therein and
has louvers 130 affixed to the outlet partition 100 at
the lower edge of the outlet apertures hi this
embodiment, the louvers 30, 130 extend outward from
the particle retention volume. [0037] The present
invention comprises optional designs and
possibilities. One such design that is possible under
this invention is the use of conical shaped sections
or pyramidal shaped sections for covering the inlet
apertures 20, wherein the conical sections are affixed
to the inlet partition 10 with the apex of the conic
section pointing in the upward direction, and the
lower edge of the conic section extending to a
distance below the lower edge of the aperture, as
described above hi the context of this invention,
upward is the direction opposing gravity. [0038]
Optionally, modifications can be made to the louvers
for purposes of redirecting gas flow, and further
contributing to the prevention of solid particle
spillage through apertures in the partitions. One such
modification includes the addition of baffles. The
baffles are affixed to the underside of the louvers,
and project substantially perpendicularly from
thelouvers into the gas stream, but above the lower
edge of the louvers. Preferably, the baffles 



are disposed on the louvers at a position between 10%
and 90% of the length from the louver upper edge to
the louver lower edge. Additionally, baffles can be
added to the inlet partition, where the baffles on the
inlet partition are positioned beneath the louvers and
below the inlet apertures, but above the position
where the granular solid contacts the inlet partition.
The baffles on the inlet partition will, in general,
be above the lower edge of the louvers. The baffles
can further include a screen positioned above the
surface of the catalyst for redistributing gas flow to
the catalyst bed. [0039] While the invention has been
described with what are presently considered the
preferred embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but it is intended to cover various modifications and
equivalent arrangements included within the scope of
the appended claims.CLAIMS: 1. An apparatus for
supporting a granular solid in a cross-flow system
comprising: an inlet partition (10) having apertures
(20) defined therein, where each aperture (20) has a
lower edge ( 110) and an upper edge; an outlet
partition (100) having apertures (120) defined
therein, where each aperture (120) has a lower edge
and an upper edge, and wherein the inlet partition
(10) and the outlet partition (120) are spaced to
define a particle retention volume for holding a
granular solid; and at least one inlet louver (30),
where each louver (30) has an upper edge (60) and a
lower edge (70), and the louver upper edge (60) is
attached to the inlet partition (10) at a position
above an inlet aperture (20) and extends into the
particle retention volume space at an angle, q,
between 1 degrees and 85 degrees and the louver lower
edge (70) extends to at least the lower edge ( 110) of
the inlet aperture (20). 2. The apparatus of claim 1
wherein the louver lower edge (70) extends at least a
distance, d, below the aperture lower edge ( 110)
according to the formula: 



d = L * sin(q) * tan(f), where L is the length of the
louver, q is the angle the louver (30) extends away
from the inlet partition (10), and f is the angle of
repose for the granular solid. 3. The apparatus of
claim 1 or 2 wherein the louvers have side edges (80),
and the apparatus further comprises a pair of
extensions (90), wherein each extension (90) is
affixed to one edge of the louver (80) and the inlet
partition (10). 4. The apparatus of claim 1 or 2
wherein the inlet partition (10) and outlet partition
(100) are cylindrical structures, and the inlet
louvers (30) extend around the circumference of the
inlet partition (10). 5. The apparatus of claim 4
wherein at least one inlet louver (30) comprises a
helical shaped louver (30) that winds around the inlet
partition (10) and having a declination angle between
0.5 degrees and 10 degrees.6. The apparatus of claim 4
wherein the apparatus is a radial flow reactor having
an inner surface and an outer surface, and wherein the
inlet partition (10) defines the inner surface, and
the outlet partition (100) defines the outer surface.
7. The apparatus of claim 4 wherein the apparatus is a
radial flow reactor having an inner surface and an
outer surface, and wherein the inlet partition (10)
defines the outer surface, and the outlet partition
(100) defines the inner surface. 8. The apparatus of
any of the claims 1 to 5 wherein the angle, q, for the
inlet louvers (30) are at an angle from vertical
between 10 degrees and 50 degrees. 9. The apparatus of
any of the claims 1 to 5 wherein the uppermost inlet
louvers (30) are disposed at an angle from vertical of
between 1 degree and 20 degrees. 10. The apparatus of
any of the claims 1 to 9 further comprising inlet
vanes (150), where the inlet partition (10) has a
particle side and a gas side, and where the inlet
vanes (150) have an upper edge (160) and a lower edge
(170), and where the inlet vane lower edges (170) are
affixed to the inlet partition (10) on the gas side at
the inlet partition aperture lower edges (110). 


