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MIXED PHASE FIXED BED REACTOR DISTRIBUTOR

e e e e e e e e et ettt At

FIELD OF THE INVENTION

The present invention relates to a method and apparatus for
uniformly distributing a mixed phase reactant stream on to the surface

of a fixed bed of contact material.

BACKGROUND OF THE INVENTION

There are numerous petroleum and chemical processes which
require uniformly distributing a mixed phase reactant stream with a
bed of contact materials, such as catalyst particles. Uniform distri-
bution is important to assure maximum utilization of the contact
material. Various devices have been developed in an attempt to affect
more uniform distribution of mixed phase reactant streams. These
devices have been employed above the contact bed in a single bed
reactor and they have been employed above a plurality of beds in a

muliti-bed contact reactor.

It is an object of this invention to provide improved distri-

bution of a mixed phase reactant stream to a fixed bed of contact

material.

Another object of the present invention 1is to provide an
improved method and apparatus for distributing a mixed stream of

liquid and vapor through a bed of solid catalyst material, which
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M XED PHASE FI XED BED REACTOR DI STRI BUTOR
FI ELD OF THE | NVENTION  The present invention relates to a nethod and

appra- tus for uniformy distributing a m xed phase reactant streamon to
the surface of a fixed bed of contact »&2e-

method and apparatus can be utilized both at high 1iquid mass velo-

cities and low liquid mass velocities.

Another object of the present invention is to provide an
improved mixed phase distributor means that substantially uniformly
distributes mixed phase reactant stream across the top of a contact
bed without the stream impinging on intermediate beams and other

structures located within the reactor vessel.
SUMMARY OF THE INVENTION

Accordingly, the present invention provides for the uniform
distribution of mixed phase fluid stream onto the top of a contact bed
in a reactor chamber by providing a horizontal tray with a plurality
of spaced-apart, vertically disposed chimneys extending through the
tray. These chimneys have a first end to receive liquid and gas above
the tray and a second end for distributing the liquid and gas down-
wardly below the tray. Importantly, the second end is provided with
means located below the tray for producing a conical downward spray of
the liquid and gas onto the top surface of a bed of contact material
positioned below the tray. The means for producing the conical spray
are located at positions whereby the spray of 1iquid and gas, as it

impinges on the top surface of the fixed bed, will overlap.

In a preferred embodiment of the present invention, the means

for producing the conical spray comprises a metallic ribbon wound the
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BACKGROUND OF THE | NVENTION  There are nunerous petrol eum and cheni ca
pro- cesses which require uniformy distributing a m xed phase reactant
stream with a bed of contact materials, such as catal yst particles.
Uniformdistribution is inpor- tant to_agsure maxi mum utilization of the
contact mate- rial. Various devices have been developed in an attenpt to
affect nore uniformdistribution of m xed phase reac-

form of an inverted conical helix extending from the first end of the

chimney.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and benefits of the invention
will be more fully set forth below in connection with the "Detailed

Description of the Invention" and in connection with the drawings, in

which:
Figure 1 is a schematic longitudinal cross-section illustrat-

ing a two bed reactor embodying a preferred form of the structure

according to the invention;

Figure 2 is an enlarged, partial view showing the structure

illustrated in Figure 1; and

Figures 3 and 4 are partial views of alternate embodiments of

the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention will now be described with particular
reference to a reactor having two fixed beds of contact material in
which the Tiquid vapor distribution device of the present invention is

positioned between the two beds. It should be readily appreciated,
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tant streans. These devices have been enpl oyed above the contact bed in a
single bed reactor and they have been enpl oyed above a plurality of beds in

a multi-bed contact reactor. It is an object of this invention to provide
i nproved distribution of a mxed phase_ jeactant streamto a fixed bed of
contact material . Anot her object of the present invention is to provide

an i nproved net hod and apparatus for distributing a
however, that the distribution device of the present invention can be

used equally as well with a single bed of contact material reactor or

with a reactor having more than two fixed beds of contact material.

Turning now to Figure 1, there is shown reactor vessel 10
that has a top inlet 12 for the introduction of mixed phase reactants
and a bottom outlet 14 for the removal of product stream. Located in
the vessel are two spaced-apart beds 16 and 18 of contact material,
typically catalyst particles 1, supported on a horizontally disposed
pervious plate 19 and 20, respectively. The distribution device of
the present invention is located between beds 16 and 18 and comprises
a horizontally disposed tray 22 having a plurality of cylindrical
chimneys 24 extending above the plate 22 for receipt of liquid and
gaseous material for downward distribution below the plate 22. Means
23 are provided for producing a conical spray of the mixed phases onto

the top surface of the fixed bed 18. Each of the chimneys 24 is
provided with a cap 26.

As is shown in Figure 2, the chimney 24 has a first end 25
that extends above plate 22 and has a plurality of openings 27 therein
for receipt of the gaseous or vapor phase material. In this particu-
lar embodiment, the apertures 27 are shown as circular holes; however,

any shape opening that is convenient may be employed. The chimney 24

is also provided with a cap 26.
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m xed stream of |iquid and vapor through a bed of solid catalyst material,
whi ch net hod and apparatus can be utilized both at high Iiquid nass

vel ocies and low |liquid mass vel ociti es. Anot her object of the present
invention is to provide an inproved m xeyl_phase distributor neans that sub-
stantially uniformy distributes m xed phase reactant stream across the top
of a contact bed without the streminpinging on internedi ate beans and

ot her Also shown in Figure 2 is a plurality of liquid inlet aper-

tures 28 and 29. These are shown as generally vertically slots
arranged around the circumference of the chimney 24 and located below
the vapor inlets 27 and above the tray 22. As is shown in Figure 2,
the length of slots 28 and 29 are not equal, with slots 28 extending
downwardly closer to plate 22 than slots 29. Under high liquid
1oadings in the reactor vessels, both slots 28 and 29 will serve as
inlets for 1liquid into chimney 24. Under sufficiently low liquid
levels on the tray 22, only slot 28 will serve as a liquid inlet.

Optionally, liquid inlet slots may be all of the same length.

As can be seen in Figure 1, chimney 24 is provided with a
second end 30 for discharge of liquid and vapor downwardly onto the
bed 18 located below tray 22. As shown in greater detail in Figure 2,
the second end 30 includes means 23 for producing a conical spray, of
a fluid and gas, which spray is shown by the dotted lines. In the
embodiment shown in Figure 2, the means for producing the conical
spray consists of a ribbon in the form of a conical helix having its
base facing upward and its apex downwardly. Importantly, each of the
conical helixes is designed to provide sufficient conical spray of
liquid and vapor so that the mixed phase from one means 23 as it
impinges on the top of the catalyst bed 18 overlaps the spray of mixed

phase produced from the next adjacent means 23.

As will be readily appreciated, cap 26 may be spaced apart

from the first end 25 of chimney 24 by any suitable spacing means.
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structures loated within the reactor vessel.

-6 -

In the embodiment shown 1n.Figure 3, a mandrel 33 is posi-
tioned within the second end 30. Mandrel 33 has an outer diameter
less than the inner diameter of end 30, defining an annular space
therebetween. Mandrel 33 serves to drive the fluids to the inner wall

of second end 30 which thereby increases the swirl imparted to the

fluids.

In the embodiment shown in Figure 4, a plurality of swirl
vanes are positioned within chimney 24 for fluids before they enter
end 30 for discharge a conical spray produced by means 23 injecting a

swirling motion to the mixed phase.

It is an important feature of the present invention that each
conical spray producing means 23 1is designed to produce a spray
pattern on the top of the contact bed immediately below the tray
sufficient to overlap the spray pattern produced by at 1least one
adjacent spray producing means. Thus, the chimneys 24 and hence the
spray means 23 are so positioned that substantially none of the spray
produced impinges on beams and other structural reactor internals

located below tray 22 and above the contact material of bed 18.

The maximum flow through the device at acceptable pressure
drop and the angle of the spread of the conical spray pattern are
controlled by the choice of ribbon pitch, diameter width and 1length.
The angle of the spray and overlap determines the appropriate distance

between the tray carrying the spray device and the catalyst bed.
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-2 - SUMVARY OF THE | NVENTI ON  Accordingly, the present invention
provides for the uniformdistribution of mxed phase fluid streamonto the
top of a contact bed in a reactor chanber by provid- ing a horizontal tray

with a plurality of spaced-apart, vertigally disposed chi meys extending

t hrough t he

Another important feature of the invention is the self-
adjusting control of uniform vapor flow through each distribution
element. This control is provided by the uniform back pressure due to
the pressure drop exerted by the flow of vapor and liquid through the
conical spray producing zone in combination with the uniform flow of
liquid provided by the chimney slots. A surprising discovery is that
this apparatus operates over wide variations in liquid and vapor flow

rates while providing excellent flow distribution performance.

In addition, when in a preferred operating mode, fine drop-
lets ranging between 1 micron and 100 microns are produced. These
extremely small drops are dispersed and suspended in the vapor flow
providing the fixed bed below the tray with a uniform vapor/liquid
flow mixture which via normal bed flow dynamics characteristics will

be distributed uniformly within the top entrance region of the

catalyst bed.
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tray. These chimeys have a first end to receive liquid and gas above the
tray and a second end for disttibuting the liquid and gas downwardly bel ow
the tray. Inpor- tantly, the second end is provided with neans | ocated
bel ow the tray for producing a conical downward spray of the liquid and gas
onto the top surface of a bed of contact material positioned bel ow the
tray. The means for producing the conical spray are |ocated at positions

hereoy thaugansy of 1avid and gas. a1 el NI ANRN I

1. In a reactor having a flow distributing apparatus therein
for distributing a mixed phase fluid stream on the top of a contact

bed in the reactor, the improvement comprising:

a horizontally disposed tray located above the top of the

contact bed within the reator;

a plurality of spaced-apart, vertically disposed chimneys
extending through the tray, the chimneys having a first end to receive
a mixed fluid phase above the tray and a second end for downward

discharge of the mixed fluid phase below the tray;

means extending downwardly from the second end of the
chimneys for producing a conical downward spray of mixed fluid phase

onto the top of the contact bed.

2. The improvement of claim 1 wherein the chimneys are
spaced-apart relative to each other that downward conical spray from
the means for producing the spray of a chimney overlaps the conical
spray from the means of at least one adjacent chimney on the top of

the contact bed extending downwardly from the second end of the

chimney.
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the top surface of the fixed bed. will overl ap. In a preferred enmvodi nent
of the present invention, the neans for producing the conical spray

conprizes a metallic ri bbon wound t he forn1of an |niﬂ ﬁﬂﬂ'"ﬂﬁ”lﬂ“mL
extending fromthe first end of the chi BRI E

DRAW NGS  The foregoi ng and ot her ObJECtS and benefi'ts of “th® ihvention
will be nore fully set forth below in counec- tion with the "Detail ed

Description of the 3 nvefhei Ofhprovement of claim 1 wherein the means for
producing a conical spray of vapor and liquid metallic ribbon in the

comprises a form of an inverted conical helix.

4. The improvement of claim 1 including a mandrel centrally
located within the second end of each of the chimneys, the mandrel
having an outer diameter less than the inner diameter of the chimney
thereby defining an annular space therebetween whereby a swirl is

imparted to the vapor and liquid discharged from the chimneys.

5. The improvement of claim 2 including a plurality of swirl
vanes located within the chimneys for imparting swirling motion to

vapor and liquid therein.

6. A flow distributing apparatus comprising:

a horizontally disposed tray;

vertically disposed chimneys extending through the tray, the
chimneys having a first end adapted to receive a vapor and fluid

stream and a second end for downward discharge of the vapor and fluid

stream below the tray;

means extending downwardly from the second end of the

chimneys for producing a conical downward spray fluid.
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and in connection with the drawi gs, in which: FIG 1 is a schematic
| ongi tudi nal cross-section illus- trating a two bed reactor enbodying a

preferred formof the structure according to the Flﬂu 2is a
enl arged partial view showi ng the struc-jgure |II”“I"1MEI””'I I , 1, and
FIGS. 3 and 4 are partial views of alternate enbddi® nent of the present
i nventi on. DETAI LED DESCRI PTI ON OF .-THE

7. The apparatus of Claim 6 wherein the means extending
downwardly from the second end of the chimneys is a metallic ribbon in

the form of an inverted conical helix.
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DRAWNGS The present invenion will now be described wth particul ar
reference to a reactor having two fixed beds of contact material in which
the liquid vapor distribu- tion device of the present invention is
positioned be- tween the two beds. It sRbdut d be readi |y appreciated,

ABSTRACT OF THE DISCLOSURE

MIXED PHASE FIXED BED REACTOR DISTRIBUTOR

The uniform distribution of mixed phase fluid stream on to
the top of a contact bed in a reactor chamber is provided by a
horizontal tray with a plurality of spaced-apart, vertically disposed
chimneys extending through the tray. These chimneys have a first end
to receive liquid and gas above the tray and a second end for
distributing the 1liquid and gas downwardly below the tray.
Importantly, the second end is provided with a spray generating device
Tocated below the tray for producing a conical downward spray of the
mixed fluid phase onto the top surface of a bed of contact material
positioned below the tray. The spray generating devices for producing
the conical spray are located at positions so that the spray of the
mixed fluid stream from one spray generating device as it impinges on
the top surface of the fixed bed, will overlap the spray from an

adjacent spray generating device.
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however, that the distribution device of the present
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I nvention.can be used equally as well with a single bed of contact

material reactor or wwth a reactor having nore than two fixed beds of

contact material. Turning nowto FIG 1. there is shown reactor vessel

10 that has a top inlet 12 for the introduction of m xed phase reactants

and a bottomoutlet 14 for%%he renoval of producr stream Located in the
b

vessel are two spaced- apar ‘e7_"§s 16 dAd 18 of contact material typi- cally
catal yst particles 1, suppbrte y
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di sposed pervious plate 9 and 20, respectively. The disribution device of

the present invention is | ocated between beds 16 and 18 and conprises a

hori zontal ly di sposed tray 22 having a plurality of cylindrigal chim neys

24 extendi ng above the plate 22 for rept of liquid and gaseof; T e Tadk—fak
downward distribution below the plate 2% Means 23 are provig MEMEWLSHEET
ing a conical spray of the mixed phases onto the top surfacefof tne fixed

bed 18. Each of the chi MIgES PHASE SFIXED BED REACTOR DISTRIBUTOR l:] 5 gmg‘z/

[ IR
FIELD OF THE INVENTION b

Emmann S S

The present invention relates to a method and apparatus for
uniformly distributing a mixed phase reactant stream on to the surface

of a fixed bed of contact material.
BACKGROUND OF THE INVENTION

There are numerous petroleum and chemical processes which
require uniformly distributing a mixed phase reactant stream with a
bed of contact materials, such as catalyst particles. Uniform distri-
bution is important to assure maximum utilization of the contact
material. Various devices have been developed in an attempt to affect
more uniform distribution of mixed phase reactant streams. These
devices have been employed above the contact bed in a single " bed

reactor and they have been employed -above a plurality of beds in a

multi-bed contact reactor.

It is an object of this invention to provide improved distri-

bution of a mixed phase reactant stream to a fixed bed of contact

material.

Another object of the present invention 1is to provide an
improved method and apparatus for distributing a mixed stream of

liquid and vapor through a bed of solid catalyst material, which
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provided with a cap 26. As is shown in FIG 2, the chimey 24 has a first
end 25 that extends above plate 22 and has a plurality of openings 27
therein for recei pt of the gaseous or vapor phase material. In this
particul ar enbodi nent, the aper- tures 27 are shown as circul ar hol es;
however, any shape opening that is conveni.ent may be enpl oyed. The chi mmey

24 is also provided with a cap 26. Al so shown in FLG% %,is a.flurality of
liquid inl @ethod and apparatus can be utilized both at high Tiquid mass velo-

cities and low liquid mass velocities.

Another object of the present invention is to provide - an
improved mixed phase distributor means that substantially uniformly
distributes mixed phase reactant stream across the top of a contact
bed without the stream impinging on intermediate beams and other

structures located within the reactor vessel.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides for the uniform
distribution of mixed phase fluid stream onto the top of a contact bed
in a reactor chamber by providing a horizontal tray with a plurality
of spaced-apart, vertically disposed chimneys extending through +the
tray. These chimneys have a first end to receive Tiquid and gas above
the tray and a second end for distributing the liquid and gas down-
wardly below the tray. Importantly, the second end is provided with
means located below the tray for producing a conical downward spray of
the liquid and gas onto the top surface of a bed of contact material
positioned below the tray. The means for producing the conical spray
are located at positions whereby the spray of 1liquid and gas, as it

impinges on the top surface of the fixed bed, will overlap.

In a preferred embodiment of the present invention, the means

for producing the conical spray comprises a metallic ribbon wound the
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apertures 28 and 29. These are shown as generally verti- cally slots
arranged around the circunference of the chimey 24 and | ocated bel ow t he
vapor inlets 27 and above the tray 22. As is shown in FIG 2. the length of
slots 28 and 29 are not equal, with slots 28 extendi ng dowmwardly cl oser to
plate 22 than slots 29. Under high liquigl loadings in the reactor vessels,

both slots 28 and 29 will serve as inlets for liquid into chimey 24. Under
suf fici ent |fiprmoaf lnginverted elopical hekixt extending ofrop thetfipst end of the
chimney.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and benefits of the invention
will be more fully set forth below in connection with the "Detailed

Description of the Invention” and in connection with the drawings, in

which:
Figure 1 is a schematic longitudinal cross-section illustrat-

ing a two bed reactor embodying a preferred form of the structure

according to the invention;

Figure 2 is an enlarged, partial view showing the ' structure

illustrated in Figure 1; and

Figures 3 and 4 are partial views of alternate embodiments of

the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention will now be described with particular
reference to a reactor having two fixed beds of contact material in
which the Tiquid vapor distribution device of the present invention is

positioned between the two beds. It should be readily appreciated,

REPLACEMENT SHEET

0 ©MAR 1897

This Sheet Has Been Replaced

AT




will serve as a liquid inlet. Optionally, liquid inlet slots may be all of
t he sane | engt h. As can be seen in FIG. 1, chimey 24 is provided with a
second end 30 for discharge of liquid and vapor downwardly onto the bed 18
| ocated below tray 22. As :

- 4 -
however, that the distribution device of the present invention can be
used equally as well with a single bed of contact material reactor or

with a reactor having more than two fixed beds of contact material.

Turning now to Figure 1, there is shown reactor vessel 10
that has a top inlet 12 for the introduction of mixed phase reactants
and a bottom outlet 14 for the removal of product stream. chated in
the vessel are two spaced-apart beds 16 and 18 of contact material,
typically catalyst particles 1, supported on a horizontally disposed
pervious plate 19 and 20, respectively. The distribution device 'of
the present invention is located between beds 16 and 18 and comprises
a horizontally disposed tray 22 having a plurality of cylindrical
chimneys 24 extending above the plate 22 for receipt of liquid and
gaseous material for downward distribution below the plate 22. Means
23 are provided for producing a conical spray of the mixed phases onto
the top surface of the fixed bed 18. Each of the chimneys 24 is
provided with a cap 26.

As is shown in.Figure 2, the chimney 24 has a first end 25
that extends above plate 22 and has a plurality of openings 27 therein
for receipt of the gaseous or vapor phase material. In this particu-
lar embodiment, the apertures 27 are shown as circular holes; howevér,

any shape opening that is convenient may be employed. The chimney 24

is also provided with a cap 26.
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-4- shown in greater detail in FIG 2, the second

-5 -

Also shown in Figure 2 is 5 plurality of liquid inlet aper-
tures 28 and 29. These are shown as generally vertically slots
arranged around the circumferepce of the chimney 24 and located below
the vapor inlets 27 and above the tray 22. As is shown in Figure 2,
the length of slots 28 and 29 are not equal, with slots 28 extending
downwardly closer to plate 22 than slots 29. Under high liquid
1oadings in the reactor vessels, both slots 28 and 29 will serve as
inlfets for 1liquid into chimney 24. Under sufficiently low Tliquid
levels on the tray 22, only slot 28 will serve as a liquid inlet.

Optionally, liquid inlet siots may be all of the same length.

As can be seen in Figure 1, chimney 24 is provided with a
second end 30 for discharge of liquid and vapor downwardly onto the
bed 18 located below tray 22. As shown in greater detail in Figure 2,
the second end 30 includes means 23 for producing a conical spray, of
a fluid and gas, which spray is shown by the dotted lines. In the
embodiment shown in Figure 2, the means for producing the conical
spray consists of a ribbon in the form of a conical helix having its
base facing upward and its apex downwardly. Importantly, each of the
conical helixes is designed to provide sufficient conical spray of
liquid and vapor so that the mixed phase from one means 23 as it
impinges on the top of the catalyst bed 18 overlaps the spray of mixed

phase produced from the next adjacent means 23.

As will be readily appreciated, cap 26 may be spaced apart

from the first end 25 of chimney 24 by any suitable spacing means.
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I ncludes means 23 for producing a conical spray, of a fluid and gas, which
spray is shown by the dorted lines. In the enbodinent shown in FIG 2, the
means for producing the conical spray consists of a ribbon in the form of
a conical helix having is base facing upward and its apex downwardly.
I nportantly, cach of the conical helixesg is designed to provide sufficient
conical spray of liquid and vapor so that- the m xed phase from one neans 23
as it inpinges on fhetheopmbaidindéret shtval y$n Figure 3, a mandrel 33 is posi-
tioned within the second end 30. Mandrel 33 has an outer diameter
less than the inner diameter of end 30, defining an annular space
therebetween. Mandrel 33 serves to drive the fluids to the inner wall
of second end 30 which thereby increases the swirl imparted to the

fluids.

In the embodiment shown in Figure 4, a plurality of swirl
vanes are positioned within chimney 24 for fluids before they enter
end 30 for discharge a conical spray produced by means 23 injecting a

swirling motion to the mixed phase.

It is an important feature of the present invention that each
conical spray producing means 23 is designed to produce a spray
pattern on the top of the contact bed immediately below the tray

sufficient to overlap the spray pattern produced by at least one
adjacent spray producing means. Thus, the chimneys 24 and hence "the
spray means 23 are so positioﬁed that substantially none of the spray
produced impinges on beams and other structural reactor internals

located below tray 22 and above the contact material of bed 18.

The maximum flow through the device at acceptable pressure
drop and the angle of the spread of the conical spray pattern are
controlled by the choice of ribbon pitch, diameter width and 1length.
The angle of the spray and overlap determines the appropriate distance

between the tray carrying the spray device and the catalyst bed.
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bed 18 overlaps the spray of m xed phase produced fromthe next adjacent
nmeans 23. As will be readily appreciated, cap 26 may be spaced apart from
the first end 25 of chimey 24 by any suitable spacing neans. In the
enbodi nent shown in FIG 3. a mandrel 33 is positioned within the second
end 30. Mandrel 33 has an outer diameteryless than the inner dianeter of
end 30. defining an annul ar space therebetween. Mandrel 33
Another important feature of the invention is the self-
adjusting contrel of uniform vapor flow through each distribution
element. This control is provided by the uniform back pressure due to
the pressure drop exerted by the flow of vapor and liquid through the
conical spray producing zone in combination with the uniform flow of
liquid provided by the chimney slots. A surprising discovery. is that
this apparatus operates over wide variations in liquid and vapor flow

rates while providing excellent flow distribution performance.

In addition, when in @ preferred operating mode, fine drop-
lets ranging between 1 micron and 100 microns are produced. These
extremely small drops are dispersed and suspended 1in the vapor flow
providing the fixed bed below the tray with a uniform vapor/liquid
flow mixture which via normal bed flow dynamics characteristics will

be distributed uniformly within the top entrance region of the

catalyst bed.
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saves to drive the fluids to the inner wall of second end 30 which thereby
I ncreases the swirl inparted to the fl uids. In the enbodi nent shown in

FIG 4, a plurality of swirl vanes 44 are positioned within chimey 24 for
fluids before they enter end 30 for discharge a conical spray produced by

means 23 injecting a swrling notion to ghe m xed phase. It is an inportant
feature of the present invention that

CLATHS: | UL

1. In a reactor having a flow distributing apparatus therein
for distributing a mixed phase fluid stream on the top of a contact

bed in the reactor, the improvement comprising:

a horizontally disposed tray located above the top of the

contact bed within the reator;

a plurality of spaced-apart, vertically disposed chimneys
extending through the tray, the chimneys having a first end to receive
a mixed fluid phase above the tray and a second end for downward

discharge of the mixed fluid phase below the tray;

means extending downwardly from the second end of the
chimneys for producing a conical downward spray of mixed fluid phase

onto the top of the contact bed.

2. The improvement of claim 1 wherein the chimneys are
spaced-apart relative to each other that downward conical spray from
the means for producing the spray of a chimney overlaps the conical
spray from the means of at least one adjacent chimney on the top of

the contact bed extending downwardly from the second end of the

chimney.
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each coni cal spray producing nmeans 23 is disigned to produce a spray
pattern on the top of the contact bed i medi ately belom/the tray sufficient
to overlap the spray pattern produced by at Ieast Im E y
produci ng neans. Thus, the chi meys 24 and hence 3 are so
positioned that substantially none of {he spray produced |np|nges on beans

and other structural reactor internal |ocated below tray 22 and above the
contact material of3-bedTheg. improvement of claim 1 wherein the means for

producing a conical spray of vapor and liquid metallic ribbon in the

comprises a form of an inverted conical helix.

4. The improvement of claim 1 including a mandrel centrally
located within the second en& of each of the chimneys, the mandrel
having an outer diameter less than the inner diameter of the chimney
thereby defining an annular space therebetween whereby a swirl is

imparted to the vapor and liquid discharged from the chimneys.

5. The improvement of claim 2 including a plurality of swirl
vanes located within the chimneys for imparting swirling motion to

vapor and liquid therein.
6. A flow distributing apparatus comprising:
a horizontally dispoéed tray;
vertically disposed chimneys extending through the tray, the

chimneys having a first end adapted to receive a vapor and fluid

stream and a second end for downward discharge of the vapor and fluid

stream below the tray;

means extending downwardly from the second end of the

chimneys for producing a conical downward spray fluid.

REPLACEMENT SHEET

0 b MAR 1997

This Sheet Has Been Replaced




The maxi mum fl ow t hrough the device .at acceptable pressure drop and the
angl e of the spread of the conical spray pattern are controlled by the

nd over! ap aeror hnes. the-appropr ate arstance NN I HETIEI IHIIF spray
- 10 -
7. The apparatus of Claiﬁ 6 wherein the means extending

downwardly from the second end of the chimneys is a metallic ribbon in

the form of an inverted conical helix.
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between the tray carring the spray device and the
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ABSTRACT OF THE DISCLOSURE

MIXED PHASE FIXED BED REACTOR DISTRIBUTCR

The uniform distribution of mixed phase fluid stream on to
the top of a contact bed in a reactor chamber is provided by a
horizontal tray with a plurality of spaced-apart, vertically disposed
chimneys extending through the tray. These chimneys have a first end
to receive 1liquid and gas above the tray and a second end for
distributing the 1iquid and gas downwardly below the tray.
Importantly, the second end is provided with a spray generating device
located below the tray for producing a conical downward spray of the
mixed fluid phase onto the top surface of a bed of contact material
positioned below the tray. The spray generating devices for producing
the conical spray are located at positions so that the spray of the
mixed fluid stream from one spray generating device as it impinges on
the top surface of the fixed bed, will overlap the spray from an

adjacent spray generating device.

FIGRE 1
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catal yst bed. Anot her inportant feature of the invention is the
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sel f-adjusting control of uniformvapor flow through each distribution
elemmt. This control is provided by t he uni form back presure due to the
presure drop exerted by the flow of vapor and liquid through the
coni cal spray produci ng zone in conbination with the uni form fl ow of
| iquid provided by the chimey slots. AJ_ surprising discovery is that
this apparatus operar over - -
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wi de variations in liquid and vapor flow  rates while provi di ng excel | ent
flow distribution perfornmance. In addition, when in a preferred
operating node, fine dropl ets rangi ng between 10 m cron and 1000 m crons
are produced. These extrenely small drops are dis- persed and suspended
in the vapor flow providing the fixed bed below the tray with a uniform
vapor/liquid flow m xture which via _nornmal bed fl ow dynam cs
characteristics will be dpst i buted unizf'Orrﬂy within the
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top entrance region of the catal yst bed. What is clainmed is: 1.

In a reactor having a flow distributing apparatus therein for
distribution a m xed phase fluid stream on the top of_a contact -bhed-in
the rector, the inprovenent wherein said distributing QH#QKQFMSN SHE LT
conpri ses: a horizontally disposed tray | ocated aboye f e.t.op-of

the contact bed within the reactor, a plurality of space aparAN 1098
vertically disposed chim -1 -

MIXED PHASE FIXED BED REACTOR
DISTRIBUTOR

FIELD OF THE INVENTION

The present invention relates to a method and appara-
tws for uniformly distibudng a mixed phase reactant
stream 00 0 the surface of a fixed bed of contact mate-
rial.

BACKGROUND OF THE INVENTION

There are mumercus petroleum and chemical pro-
cesses which require umiformly distributing s mixed
phase reactant stream with a bed of contact materials,
such as caralyst particles. Uniform distributon is impor-
tant to assure maximum udlization of the coatact mate-
rial. Various devices have been developed in an atempt
to affect more uniform distribution of mixed phase reac-
tant streams. These devices have been employed above
the contact bed in a single bed reactor and they bave
been cmployed above a plurality of beds in a multi-bed
contact reactor.

It is an object of this invention w provide improved
disoribution of a mixed phase reactant stream to a fixed
bed of contact material.

Another object of the present invention is 10 provide
an improved method and apparatus for disuibutng a
mixed stream of liquid and vapor through a bed of solid
catalyst material, which mcthod and apparatus can be
utilized both at high liquid mass velocities and low
liquid mass velocities.

Another object of the present invention is 1o provide
an improved mixed phase distributor means that sub-
stangally uniformly distributes mixed phase reactant
stream across the top of a contact bed without the
stream iImpinging on intermediate beams and other
structures located within the reactor vessel.




neys exendi ng through the tray, the chi meys having a first end to

receive a mxed fluid phase above the tray and a second end for
downwar d di scharge of the mxed fluid phase bel oy the-tray; -~ a
metallic ribbon in the formof an inverted coni cal FhEIAX “ext efidilng
downwardly fromthe second end of the chimeys fo¢r jproducing a
coni cal downwar d spray of m@ed fluid phase ontojthe {f gpipf the ‘

cont act bed.

SUMMARY OF THE INVENTION!

Accordingly, the present invention provides for the
uniform distribution of mixed phase fluid stream onto
the top of a contact bed in a reactor chamber by provid-
ing a horizontal tray with a plurality of spaced-apart,
vertcally disposed chimneys extending through the
tray. These chimneys have a first end 10 receive liquid
and gas above the tray and a second end far distributing
the liquid and gas downwardly below the tray. Impor-
tantly, the second end s provided with means located
below the tray for producing a conical downward spray
of the liquid and gas onto the rop surface of a bed of
contact material positioned below the tray. The means
for producing the conical spray are located at positions
whereby the spray of liquid and gas, as it impinges on
the top surface of the fixed bed. will overlap.

In a preferred embodiment of the present invention,
the means for producing the conical spray comprises 3
metallic nbbon wound the form of an inverted conical
helix extending from the first end of the chimney.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and benefits of the
invention will be more fully set forth below in counec-
tion with the “Detailed Description of the lnvention™
and in connection with the drawings, in which:

FIG. 1 is a schematic longitudinal cross-section illus-
trating 3 two bed reactor embodying a preferred form
of the structure according to the invention;

FIG. 2 1s an enlarged, partial view showing the struc-
ture illustrated in FIG. 1; and

FIGS. 3 and 4 are pardal views of alternate embodi-
ments of the present invention.

DETAILED DESCRIPTION OF THE
DRAWINGS

The present inventon will pow be described with
particular reference to a reactor having two fixed beds
of contact material in which the liquid vapor distribu-
tion device of the present invention is positioned be-
tween the two beds. It should be readily appreciated,




2. The inprovenent of claim1 wherein the chi meys ane
relative to each other that downward coni cal spray froH1t¢g WE
ri bbon for producing the spray of a chi mey overl aps {t he nkc
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however, that the distributdon device of the present
invention can be used cqually as well with a single bed
of contact material reactor or with 2 reactor having
more than two fixed beds of contact material.

Turning now to FIG. 1, there is shown reacwor vessel
10 thar has a top inlet 12 for the introduction of mixed
phase reactants and a bottom ocutet 14 foc the removal
of producr stream. Located in the vessel are two
spaced-apart beds 16 and 18 of contact material, typi-
cally catalyst parucles 1, supported on a horizoatally
disposed pervicus plate 9 and 20, respectively. The
distibudon device of the present invention is located
between beds 16 and 18 and comprises a horizontally
disposed way 22 baving a plurality of cylindrical chim-
ncys 24 extending sbove the plate 22 for receipt of
liquid and gascous material for downward distributon
below the plate 22. Means 23 are provided for produc-
ing a conical spray of the mixed phascs onto the top
surface of the fixed bed 18. Each of the chimneys 24 is
provided with a cap 26.

As is shown in FIG. 2, the chimney 24 has a first cod
25 that extends above plate 22 and has a plurality of
openings 27 therein for receipt of the gaseous or vapor
phase material. In this partcular embodiment, the aper-
tures 27 are shown as circular holes; however, any
shape opening that is convenient may be employed. The
chimney 24 is also provided with a cap 26

—Also shown in FIG. 2 is a plurality of liquid inlet
apertures 28 and 29. These are shown as generally verti-
cally slots arranged around the circumfereace of the
chinney 24 and located below the vapor inlets 27 and
above the tray 22. As is shown in FIG. 2. the length of
slots 28 and 29 are not equal, with slots 28 extending
downwardly closer to platc 22 than slots 29. Under high
liquid loadings in the reactor vessels, both slots 28 and
2 wﬂl serve as inlets for liquid into chimney 24. Under
sufficiently low liquid levels on the tray 22, only slot 28
wil] serve as a liquid inlet. Optionally, liquid inlet sloes
may be all of the same length.

As can be zeen in FIG. 1, chimney 24 is provided
with a second end 30 for discharge of liquid and vapor

' downwardly onto the bed 18 located below tray 22. As




the neans of at |east one adjacent on the top of the contact bed extending
downwardly fromthe second
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shown in grester detail in FIG. 2, the second emd-30——""""""
includes means 23 for prodocing 2 conical spray, of a
fluid and gas, which spray is shown by the dotted lines.
In the embodiment shown in FIG. 2, the means for
producing the conical spray consists of a ribbon in the
form of a comical helix having its base facing upward
and its apex downwardly. Importacdy, cach of the
conical helixes is designed to provide sufficient couical
spray of liquid and vapor 30 that the mixed phase from
onc means 23 as it impinges on the top of the caralyst
bed 18 overiaps the spray of mixed phase produced
from the next adjacent means 23. -

As will be readily appreciated, cap 26 may be spaced
apart from the first end 25 of chimney 24 by any suitable
spacing means.

In the embodiment shown in FIG. 3, 2 mandrel 33 is
positioned within the second end 30. Mandrea] 33 has an
outer diameter less than the inner diameter of end 30,
defining an annular spsce thereberween. Mandrel 33
secves to drive the fluids to the imner wall of second end
30 which thereby increases the swicl imparted to the
fhuids. )

In the embodiment shown in FIG. 4, a plurality of
swirl vanes 44 are posiiosed within chimney 24 for.
fluids before they enter end 30 for discharge 2 conical |
spray produced by means 23 injecting a swirling motion
to the mixed phase. |

-It is an important feature of the present invention that
each comical spray producing meags 23 is designed to
produce a spray pattern ou the top of the contact bed
tmmediately below the tray sufficient to overlap the
spray partera produced by at least one adjacent spray
producing means. Thus, the chimneys 24 and hence the
spray means 23 are 50 positioued that substantially none
of the spray produced impinges on beams and other
structural reactor internals locatad below tray 22 and
above the contact maternial of bed 18.

The maximom flow through the device at acceptable
pressure drop and the angle of the spread of the coaical
spray patiern are controlled by the choice of ribbon
pitch, diameter width and length. The angle of the:
spray and ovcrlap determines the appropriate distance

e



end of the chi mey. 3. The inprovnent of claim1l including a plulity of
swirl vanes located within the chimeys for inpart-_ing swirling motion to
vapor and liquid therein. 4. The inprovenent of } LmI TAcHuding-a

mandrel centrally |ocated within the second end of {ea h “of-“the chwmeys,
t he mandr el j ' Em:"méum”ﬂ arreter | ess than an inner di aneter- of the
Chl mey t her nuI arS Space t her ebet ye n Oaber 2byioge SYNI tl is
-
between the tray carrying the spray deice and the—~———

catalyst bed.

Another important fearure of the invention is the
self-adjusting conrrol of uniform vapor flow through
each distributon clement This control is provided by
the uniform back pressurc due o the pressure drop
excrted by the flow of vapor and liquid through the
conical spray producing zone in combmation with the
uniform flow of iquid provided by the chimuney slots. A
swrprising discovery is that this apparatus operates over
wide vanatons in liquid and vapor flow rates while
providing excellent flow distributon performance.

In addition, when in a prefetred operafing mode, fine
droplets ranging between 10 micron and 1000 microns
are produced. These exremely small drops are dis-
persed and suspended in the vapor flow providing the
fixed bed below the tray with a uniform vapor/liquid
flow mixture which via normal bed flow dynamics
characteristcs will be distributed unifocmly within the
top entragce region of the catalyst bed.

What is claimed is:

1. In a reacror having a flow distributing apparatus
therein for distributing 3 mixed phase flud sweam on
the top of a contact bed in the reactor, the improvement
wherein said distriboting apparatus comprises:

a horizontally disposzed tray located above the top of

the contact bed within the reacter;

—a plurality of spaced-apart, vertically disposed chim-
neys extending through the tray, the chimmeys
having 3 first end to receive 2 mixed flud phase
sbove the tray and a second end for downward
discharge of the mixed fluid phase below the tray;

a metallic cibbon in the form of an inverted conical

belix extending downwardly from the second ead
of the chimneys for producing a conical downward
spray of mixed fluid phase onto the top of the
contact bed.

2. The improvement of claim 1 wherein the chimoeys
are spaced-apart relative to each other that downward
conical spray from the metallic ribbon for produciag
the spray of a chimney overiaps the conical spray from



parted to the vapor and liquid discharged fromthe chimeys. 5. A flow
di stributing apparatus cinprising: a horizontally disposed. tray; et
vertically di sposed chi meys extendi ng through the t;f'@y,,a‘{;tz!?@i@?ﬂ.ﬂffﬁ':h‘rﬁy%

having a fi o] receive a vapor and IL‘{J.'d’_sLLeam-aﬁdja'
second end “m"ﬂa ln Wmﬁ mdi scharsge of the vapor and fl‘ui(fig :f\.?‘-'rs‘;t:?@@aT |
L - - AAEY

bel ow the tray;¢ Moos  x }
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the means of at least one adjacent chiinney on the top of
‘the contact bed extending downwardly from the second
end of the chimney.

3. The improvement of claim 1 including a plurality
of swirl vanes located within the chimaeys for impart-
ing swirling motion to vapor and liquid therein.

4. The improvement of claim 1 including a mandrel
centrally located within the second end of each of the
chimneys, the mandrel having an outer diameter less
than an wner diameter of the chimney thercby defining
an annular space therebetween whereby a3 swirl is im-
parted to the vapor and liqud discharged from the
chimneys.

5. A flow distributing apparatus comprising:

a horizogtally disposed tray;

vertically disposed chimpeys extending through the
tray, the chimneys having a first end adapted to
receive a vapor and fluid stream and a secoad end
for dowaward discharge of the vapor and fluid
stream below the tray;

a metallic nbbon in the form of an inverted conical
belix extending downwardly from the second end
of the chimneys for producing a conical downward
spray fluid.



a nmetallic ribbon in the formof an inverted conical hel i x ext endi ng

downwardly fromthe second end of the chimeys for producing_a.conical
downvar d spray fluid. PEPLACEMENT SHEET

ey

—
68 JAN 1998 |
.- | B aN 988




REPLAGT T 0oy

{
08 Jan 0% |

O T

B

L— 24
44

NN\ SO\

=

FIG.4

23

28 29

NSAANNNNNN

SMANN

33

FIG.3 \




-7 - 11

MIXED PHASE FIXED BED REACTOR
DISTRIBUTOR

ABSTRACT

The uniform distributdon of mixed phase fluid stream on
to the top of a contact bed in a reactor chamber is pro-
vided by a horizontal tray with a plurality of spaced-
apart, vertically disposed chimneys extending through
the tray. These chimneys have a first end to receive
liquid and gas above the tray and a second end for
distributing the Liquid and gas downwardly below the
tray. Importandy, the second cud is provided with a
spray generating device located below the tray for pro~
ducing a conical downward spray of the mixed flmd
phase onto the top surface of a bed of contact material
positioned below the 1ray. The spray geaeratng devices
for producing the conical spray are located at positions
so that the spray of the mixed fluid stream from one
spray generating device as it impinges on the top sur-
face of the fixed bed, will overlap the spray from an
adjacent spray generating device.

Figure 1



