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Having thus described the invention, what is

claimed is: includ.‘ﬁ

1. A mass transfer column cerpriSing: an
external shell defining an interior region open to the flow
of vapor and liquid streams; a plurality of generally
horizontally disposed and vertically spaced apart trays
positioned in said open interior region to facilitate
contact between the vapor and liquid streams when flowing
in the interior region of the column, said trays having an
upper surface along which the liquid stream can flow; at
least one downcomer associated with each of said trays and
extending downwardly toward an underlying tray to deliver
liquid from the associated tray to the underlying tray,
said downcomer having an inlet region through which liquid
enters the downcomer and an outlet region through which
liguid exits the dowricomer, said outlet region of the
downcomer being positioned above a liquid receiving area of
the underlying tray; a bottom plate closing the outlet
region of the downcomer; a plurality of spaced apart
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louvres positioned in and extendlng bel?w said downcomer
tncludiag ‘

bottom plate, each of said louvres eempriSing a channel
extending below the bottom plate, said channel having an
outlet end lying in a plane intersecting a plane in which
the bottom plate lies to allow liquid to exit the outlet
end with an at 1least partially horizontal veldcity to
reduce a vertically downward force with which the liquid
impacts the liquid receiving area of the underlying tray;
and a plurality of apertures in said trays through which
ascending vapor may flow to interact with the liquid stream

flowing across the upper surface of the trays.
37. A method for interacting liquid and vapor streams on a vapor-liquid

contact tray and downcomer assembly provided in an interior region of a mass
transfer column, said assembly including a plurality of generally horizontally
disposed and vertically spaced apart trays positioned in said open interior région,
a plurality of apertures in said trays, at least one downcomer associated with each
of said trays and extending downwardly toward an underlying tray, and a bottom
plate closing an outlet region of the downcomer, said method including the steps:

(1)  directing a liquid stream to one of said trays;

(2)  flowing the liquid stream across said one tray in a first direction;

(3)  directing said liquid stream from said one tray into an inlet region of
the associated downcomer and passing the liquid stream downwardly through

$aid associated downcomer,;
(4)  discharging the liquid stream in sald associated downcomer onto a

liquid receiving area of an underlying tray with an at least partially horizontal
momentum to reduce the vertically downward force with which the liquid stream
impacts the liquid receiving area by directing the liquid stream through a plurality
of spaced apart channels having an inlet end lying in a plane of an upper surface
of the bottom plate and an outlet end lying below the bottom plate in a plane
intersecting said plane of the upper surface, whereby said liquid stream exits said
outlet end with the at least partialiy horizontal momentum;

(5) flowing said liquid stream across said underlying tray in said
opposite direction;

(6)  repeating steps (3) - (5) on successive lower ones of said trays; and

(7)  directing a portion of the vapor stream upwardly through said

apertures in the trays to interact with said liquid stream flowing across the trays.
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(57) Abstract

A vapor-liquid contact tray (18) and downcomer (24) assembly is
provided with louvres (32) which serve to impart a horizontal directional
flow to the liquid exiting the downcomer and/or the vapor passing through
the tray. The downcomer includes a bottom plate (30) which closes the
outlet region of the downcomer and includes a plurality of louvres (32)
presenting generally vertical openings in the direction of liquid flow
across the underlying tray. The downcomer receiving area (34) in the
underlying tray can include similar louvres (36). The louvres redirect
the vertical momentum of the liquid and vapor streams to-a generally
horizontal momentum as the liquid exits the downcomer and as the vapor
rises through the tray. In other embodiments, the louvres. in either the
bottom plate or the downcomer receiving area of the tray are replaced
with apertures which do not block the vertical momentum of the stream
passing through the apertures. An enhanced vapor-liquid active area on
the tray results from the use of the louvres.
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VAPOR-LIQUID CONTACT TRAY AND DOWNCOMER ASSEMBLY
AND METHOD EMPLOYING SAME

Background of the Invention
This invention relates in general to mass

transfer and exchange columns, and, more particularly, to
a vapor-liquid contact tray and downcomer assembly employed
in such columns. The invention also relates to a process
in which the tray and downcomer assembly is utilized to .
improve the contact between vapor and liquid streams
flowing through the column.

Horizontally disposed trays are used in many
types of mass transfer or exchange columns to facilitate
the contact between upwardly flowing vapor streams and
downwardly flowing liquid streams. These vapor-liquid
contact trays are formed from a solid sheet-like material
and contain a plurality of apertures which allow vapor to
flow upwardly through the tray for interaction with liquid
flowing across the top surface of the tray. In trays known
as sieve trays, the apertures are sized small enough so
that during operation of the column the pressure of the
vapor passing upwardly through the apertures restricts or
prevents 1liquid from passing downwardly through the
apertures. In other types of trays such as valve trays,
structural elements such as valves, bubble caps, and tunnel
caps can be provided about the apertures to seal against
the downward passage of liquid.

Downcomers are conventionally provided in
combination with the vapor-liquid contact trays to provide '
a passage through which liquid is removed from one tray
directed to an underlying tray. In single pass trays, the
downcomers are provided at opposite ends of vertically
adjacerit trays so the liquid must flow completely across
one tray before it enters the downcomer for passage to the
next lower tray. The liquid on the lower tray then flows
in the opposite direction across the tray and enters
another downcomer. This back-and-forth flow pattern‘ is
repeated as the liquid descends through the portion of the
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column containing the vapor-liquid contact trays. In

double pass trays, the liquid is split into two streams

which travel in opposite directions on each tray. A center
downcomer is provided on alternate trays while two end
downcomers are placed at opposite ends of vertically
adjacent trays to provide the double pass flow pattern.
Multiple pass trays are also utilized and are constructed
in a similar manner using multiple downcomers.

A welir is also used on vapor-liquid contact trays
to cause 1liquid to accumulate on the top surface of the
tray for enhanced interaction with the wapor kubbling
through the apertures in the tray deck. The vapor and
liquid interaction on the tray desirably causes a froth to
build up on the tray. Because the liquid phase remains

substantially continuous in the froth, the vapor and liquid

interaction continues in the froth and results in greater
mass transfer efficiencies.

The area of the tray deck which contains the
apertures in conventional vapor-liquid contact trays is
referred to as the "active area" of the tray because the

vapor-liquid interaction occurs above the apertures in the

tray. In general, the liquid and vapor handling capacity
of the tray is limited by the available active area of the
tray as well as the area of the downcomer. If the amount
of descending liquid or ascending vapcr exceeds the tray
capacity, flooding of the tray will occur as either the
eitrained liquid is unable to adequately disengage from the

associated vapor stream or the vapor is unable to disengage

from the liquid stream.
The active area cn' many conventional trays does

not include the area immediately below the outlet of the
downcomer which is associated with the overlying tray.
This area of the tray below the downcomer outlet is
referred to as the downcomer receiving area and is

typically a solid plate which receives the vertic&-ai‘;.'l'y

flowing discharge from the downcomer and redirects it
horizontally to flow across the tray.
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Because greater tray capacities can be obtained
by increasing the active area on conventional trays,
attention has been focused on expanding the active area of
the tray into that portion of the tray underlying the
downcomer outlet. However, it is impracticable to simply
place apertures in the downcomer receiving area on the tray

because the liquid exiting vertically downward from the

downcomer could be forced through such apertures. In
addition, the presence of apertures in the receiving area
could cause vapor to flow upwardly from the receiving area
and enter the downcomer where it would interfere with the
downvard flow of liquid in the downcomer.

One known method of increasing the active area on
trays involves decreasing the cross-sectional area of the
downcomer outlet by sloping the normally vertical wall of
the downcomer to cause a constricted discharge outlet.
This reduced area of the downcomer outlet allows more
apertures to be placed in the tray deck without being
located directly under the downcomer outlet and thus
increases the active area of the tray. It is also known,
as disclosed in U.S. Patent No. 5,049,319, to place a seal
pan between the tray deck and the downcomer outlet. - The
allows apertures to be placed in that portion of the tray
underlying the seal pan to increase the active area of the
tray. In U.S. Patent Nos. 4,956,127 and 5,164,125, a
perforated raised deck is provided beneath the downcomer
and the outlet of the downcomer is constructed to form a
dynamic seal against entry of ascending vapor. The raised
deck is referred to as a raised active inlet area and is
said to cause vapor injection into the 1liquid being
discharged from the downcomer to cause greater mass
transfer. ’

Although the capacities obtainable with the
improved vapor-liquid contact trays referenced above are
notable, the complicated nature of those tray designs may
make them too costly for use in many types of processes.
In addition, although such trays can be designed to operate
efficiently within a limited range of liquid and vapor flow
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rates, the efficiency of the trays are substantially compromised when the liquid or
vapor flow rate falls outside the designed range. A need has thus developed for a
less complicated tray design which provides the desired capacity and the desired

efficiency over a greater range of operating flow rates.
Summary of the Invention

According to one aspect of the invention there is provided a mass transfer
column including: an external shell defining an interior region open to the flow of
vapor and liquid streams; a plurality of generally horizontally disposed and
vertically spaced apart trays positioned in said open interior region to facilitate
contact between the vapor and liquid streams when flowing in the interior region
of the column, said trays having an upper surface along which the liquid stream
can flow; at least one downcomer associated with each of said trays and
extending downwardly toward an underlying tray to deliver liquid from the
associated tray to the underlying tray, said downcomer having an inlet region
through which liquid enters the downcomer and an outlet region through which
liquid exits the downcomer, said outlet region of the downcomer being positioned
above a liquid receiving area of the underlying tray; a bottom plate closing the
outlet region of the downcomer; a plurality of spaced apart louvres positioned in
and extending below said down comfer bottom plate, each of said louvres
including a channel extending below the bottom plate, said channel having an
outlet end lying in a plane intersecting a plane in which the boticm plate lies to
allow liquid to exit the outlet end with an at least partially horizontal velocity to
reduce a vertically downward force with which the liquid impacts the liquid
receiving area of the underlying tray; and a plurality of apertures in said trays
through which ascending vapor may flow to interact with the liquid stream flowing
across the upper surface of the trays.

According to another aspect of the invention there is provided a mass
transfer column including: an external shell defining an interior region open to the
flow of vapor and liquid streams; a plurality of generally horizontally disposed and
vertically spaced apart trays positioned in said open interior region to facilitate
contact between the vapor and liquid streams when flowing in the interior region
of the column, said trays having an upper surface along which the liquid stream

C.\WINWORDWENNIFER\WARIOUS\WODELETER2413,00C
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can flow; at least one downcomer associated with each of said trays and

extending downwardly toward an underlying tray to deliver liquid from the
associated tray to the underlying tray, said downcomer having an inlet region
through which liquid enters the downcomer and an outlet region through which
liquid exits the downcomer, said outlet region of the downcomer being positioned
above a liquid receiving area of the underlying tray, said liquid receiving area of
the tray extending vearwardly from a forward end thereof at an angle 6, of
between approximately 60° and 90° to the vertical; a plurality of apertures in said
trays through which ascending vapor may flow to interact with the liquid stream

fiowing across the upper surface of the trays; and a plurality of tray louvres

positioned on and extending above the liquid receiving area of the trays, each of

said tray louvres comprising a channel extending through the trays and having an
outlet end lying in a plane intersecting a plane in which the liquid receiving area of
the trays lies to allow vapor to exit the outlet end of the channel with an at least
partially horizontal velocity for vapor-liquid interaction in an area above the liquid
receiving area.

According to further still another aspect of this invention there is provided a
mass transfer column including: an external shell defining an interior region open
to the flow of vapor and liquid streams; a plurality of generally horizontavlly
disposed and vertically spaced apart trays positioned in said open interior fegion
to facilitate contact between the vapor and liquid streams when flowing in the
interior region of the column, said trays having an upper surface along which the
liquid stream can flow; at least one downcomer associated with each of said trays

and extending downwardly toward an underlying tray to deliver liquid from the

associated tray to the underlying tray, said downcomer having an inlet region

through which liquid enters the downcomer and an outlet region through which
liquid exits the downcomer, said outlet region of the downcorner being positioned
above a liquid receiving area of the underlying tray, said liquid receiving area of
the tray extending rearwardly from a forward end thereof at an angle 6, of
between approximately 60° and 90° to the vertical; a bottom plate closing the
outlet region of the downcomer and extending rearwardly from a forward end of
| the bottom plate at an angle 6, of between approximately 60° and 150° to the
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vertical, spaced apart downcomer louvres positioned in and extending below said

downcomer bottom plate, each of said louvres comprising a channel extending

below the bottom plate, said channel having an outlet end lying in a plane

intersecting a plane in which the bottom plate lies to allow liquid to exit the outlet

5 end with an at least partially horizontal velocity to reduce a vertically downward

force with which the liquid impacts the liquid receiving area of the underlying tray,

wherein each of said channels in the downcomer louvres is defined in part by a

ramp which underlies an iniet end of the channel and is attached to the bottom

plate along opposed sides and one end of the ramp, an opposite end of the ramp

10  being spaced downwardly from the bottom plate and defining said outlet end of

the channel; a plurality of apertures in said trays through which ascending vapor

may flow to interact with the liquid stream flowing across the upper surface of the

trays; and a plurality of valves positioned on and extending above the liquid

receiving area of the trays, each of said valves comprising: a second aperture

15 distributed in and extending through the liquid receiving area of one of the trays; a

frame extending above the liquid receiving area of the tray; a floating ca.p

moveable within the frame in response to the upward force of vapor flow into the

second apertu.ie between a lower position covering said aperture to resist liquid
entry therein and a raised position spaced above the tray to permit vapor flow
20 through the second aperture; and a stationary cap positioned above the floating

cap to deflect the downward flow of liquid away from the floating cap.

According to further still another aspect of this invention there is provided a
vapor-liquid contact tray for placement within a mass transfer column to facilitate -

contact and interaction between ascending vapor and descending liquid, said tray

. 25 including

.‘::.. an at least partially planar plate having a liquid receiving area for
it underlying on outlet region of a downcomer and receiving liquid therefrom,

T, wherein said liquid receiving area includes at least two vertically spaced
apart and partially overlapping tray segments and wherein a horizontally

30 elongated passageway is formed between the overlapped portions of the tray
segments which is open to the flow of vapor through the liquid receiving area of

. the tray, wherein said tray segments are overlapped sufficiently to cause vapor

C:\WINWORDUENNIFERWARIOUSWODELETE22413,.0¢1 %
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flowing through the elongated passageway to exit the passageway with an at
least partially horizontal velocity; and

at least one downcomer associated with said tray and extending
downwardly toward an underlying tray to deliver liquid from the associated tray to
the underlying tray, said downcomer having an inlet region through which liquid
eﬁters the dowpcomer and an outlet region through which liquid exits the
downcomer, safd outlet region of the downcomer being positioned above the
liquid receiving area of the underlying tray, and including:

a bottom plate closing the outlet region of the downcomer and including at
least two vertically spaced apart and partially overlapping plate segments; and

a horizontally elongated passageway formed between the overlapped
portions of the plate segments which is open to the flow of liquid thrcugh the
bottom plate, wherein said plate segments are overlapped sufficiently to cause
liquid flowing through the elongated passageway to exit the passageway with an
at least partially horizontal velocity to reduce the vertically downward force with
which the liquid impacts the liquid receiving area of the underlying tray.

According to still further another aspect of this invention there is provided a
vapor-liquid contact tray and downcomer assembly for placement within a mass
transfer column to facilitate contact and interaction between ascending vapor and
descending liquid, said assembly including a plurality of vertically spaced apart
trays, each of said trays having an upper surface along which liquid can flow and
containing apertures through which vapor can ascend to interact with said liquid
on the upper surface; at least one downcomer associated with each of said trays
and extending downwardly toward an underlying tray to deliver liquid from the
associated tray to the undenying tray, said downcomer having ar. inlet region
through which liquid enters the downcomer and an outlet regior through which
liquid exits the downcomer, said outlet region of the downcomer being positioned
above a liquid receiving area of the uriderlying tray; a bottom plate closing the
outlet region of the downcomer and including at least two vertically spaced apart
and partially overlapping plate segments; and a horizontally elongated

passageway formed between the overlapped portions of the plate segments

=\

Al
i

i

/‘:\ :li/*:;\ which is open to the flow of liquid through the bottom plate, wherein said plate
f v
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segments are overlapped sufficiently to cause liquid flowing through the
elongated passageway to exit the passageway to exit the passageway with an at
least partially horizontal velocity to reduce the vertically downward force with
which the liquid impacts the liquid receiving area of the underlying tray.

According to further still another aspect of this invention there is provided a
method for interacting liquid and vapor streams on a vapor-liquid contact tray and
downcomer assembly provided in an interior region of a mass transfer column,
said assembly including a plurality of generally horizontally disposed and
vertically spaced apart trays positioned in said open interior region, a plurality of
apertures in said trays, at least one downcomer associated with each of said trays
and extending downwardly toward an underlying tray, and a bottom plate closing
an outlet region of the downcomer, said method including the steps:

(1)  directing a liquid stream to one of said trays;

(2) flowing the liquid stream across said one tray in a first direction;

(3)  directing said liquid stream from said one tray into an inlet region of
the associated downcomer and passing the liquid stream downwardly through
said associated downcomer;

(4) discharging the liguid stream in said associated downcomer onto a
liquid receiving area of an underlying tray with an at least partially horizontal
momentum to reduce the vertically downward force with which the liquid stream
impacts the liquid receiving area by directing the liquid stream through a plurality
of spaced apart channels having an inlet end lying in a plane of an upper surface
of the bottom plate and an outlet end lying below the bottom plate in a plane
intersecting said plane of the upper surface, whereby said liquid stream exits said
outlet end with the at least partially horizontal momentum;

(5) flowing said liquid stream across said underlying tray in said
opposite direction;

(6) repeating steps (3) - (5) on successive lower ones of said trays; and

(7)  directing a portion of the vapor stream upwardly through said

30  apertures in the trays to interact with said liquid stream flowing across the trays.
v According to further still another aspect of the invention there is provided a
(}15"’\/ P Q&J\,:\\(nethod for interacting liquid and vapor streams on a vapor-liquid contact tray and
? \ L5

£
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downcomer assembly provided in an interior region of a mass transfer column,

said assembly comprising a plurality of generally horizontally disposed and
vertically spaced apart trays positioned in said open interior region, a plurality of
apertures in said trays, and at least one downcomer associated with each of said
trays and extending downwardly toward an underlyirg tray, said meithod including
the steps:

(1)  directing a liquid stream to one of said trays;

(2)  flowing the liquid stream across said one tray in a first direction;

(3) directing said liquid stream from said one tray into an inlet region of
the associated downcomer and passing the liquid stream downwardly through
said associated downcomer;

(4) discharging the liquid stream in said associated downcomer through
an outlet end of the downcomer onto a liquid receiving area of an underlying tray;

(5) flowing said liquid stream across said underlying tray in said
opposite direction;

(6) repeating steps (3) - (5) on successive lower ones of said trays;

(7)  directing a portion of the vapor stream upwardly through said
apertures in the trays to interact with said liquid stream flowing across the trays;
and

(8)  directing another portion of the vapor stream upwardly through the
liquid receiving area of the trays ard imparting an at least partially horizontal
momentum to the vapor stream as it passes through the liquid receiving area by
passing all or part of said another portion of the vapor stream through a plurality
of spaced apart channels which are formed in the liquid receiving area of the
associated tray, each of said channels having an outlet end lying in a plane
intersecting a plane in which the liquid receiving area lies to cause vapor to exit
the outlet end of the channel with said at least partially horizontal velccity for
vapor-liquid interaction in an area above the liquid receiving area and for
substantially preventing entry of liquid into the channels and downward passage
of the liquid through the liquid receiving area; and

(9) wherein at least some of the liquid receiving areas containing said

channels comprise at least two vertically spaced apart and patrtially overlapping

C:\WINWORDVUENNIFER\WARIOUS\NODELETE\2413.00C
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tray segments which form a horizontally elongated passageway between the
overlapped portions of the tray segments and wherein a further portion of the
vapor stream enters the passageway from below and is redirected by the
passageway and discharged therefrom with an at least partially horizontal
velocity.

It is desirable to provide a vapor-liquid contact tray and downcomer
assembly constructed in a manner to increase the area of the tray through which
the vapor is able to pass so that the desired mass transfer efficiencies can be
obtained over a wide range of operating flow rates.

It is further desirable to provide a downcomer bottom plate and associated
directional louvres in a tray and downcomer so that the momentum of the liquid
exiting the downcomer can be redirected from vertical to substantially horizontal,
thereby reducing the opportunity for the liquid to weep through the apertures
provided in the underlying inlet area of the underlying tray.

It is further desirable to form the louvres from the bottom plate of the
downcomer to avoid the expense and fabrication problems associated with the
use of separate hardware components to block the downward momentum of the
liquid exiting the downcomer.

It is also desirable to additionally or alternately utilize directional louvres in
the liquid receiving area of the tray to block entry of liquid into the openings in the
tray.

It is also desirable to utilize the directional louvres in the liquid .eceiving
area of the tray to impart a substantially horizontal momentum to the vapor as it
passes through the tray deck, thereby facilitating the ability of the vapor to pick up
and further add to the horizontal momentum of the liquid being discharged from
the overlying downcomer before it impacts on the tray.

It is still further desirable to utilize the directional louvres in the liquid
receiving area of the tray to impart the horizontal momentum to the vapor and
thereby facilitate intermixing and interaction between the liquid and vapor before

they reach the center portion of the tray.
It is still further desirable to form the louvres from the tray itself to avoid the

Lf,;;expense and fabrication problems associated with the use of separate hardware

i v B

\
U

s
c \WMORDUENNIFER\VARIOUS\NODELETE\II( 13.00C
S




7d
components to block the upward momentum of the vapor passing through the

liquid receiving area of the tray.
Brief Description of the Drawings

In the accompanying drawings which form a part of the specification and
are to be read in conjunction therewith and in which like reference numerals are
used to indicate like parts in the various views:

Fig. 1 is a fragmentary perspective view of a mass transfer column
employing vapor-liquid contact trays and downcomers constructed in accordance
with the present invention, with the downcomer bottom plate being inclined at an
angle to the horizontal and the liquid receiving area of the tray deck being
horizontally disposed:;

Fig. 2 is an enlarged fragmentary side elevation view of the vapor-liquid
contact tray and downcomer assembly shown in Fig. 1;

Fig. 3 is an enlarged fragmentary side elevation view of another
embodiment of the vapor-liquid contact tray and downcomer assembly whichis
similar to that shown in Fig. 2 but with the downcomer bottom plate being
horizontally disposed;

Fig. 4 is a further enlarged fragmentary top plan view of the vapor-liquid
contact tray and downcomer assembly shown in Fig. 2 and take y in horizontal

section along line 4-4 of Fig. 2 in the direction of the arrows,

y C WINY OADUENNIFERWARIOUSWODELETE22413.00C
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portions of the downcomer bottom plate being broken away to

show the underlying tray deck;
Fig. 5 is a fragmentary top plan view of a still

further embodiment of the vapor-ligquid contact tray and

downcomer assembly similar to that shown in Fig. 4 but with |

the tray deck containing circular apertures rather than

louvres;

Fig. 6 is a fragmentary top plan view of another
vi. iation of the vapor-liquid contact tray and downcomer
assembly in which elongiated slots rather than louvres are
provided in the downcomer bottom plate;

Fig. 7 1is an enlarged side elevation view of a-

portion of the assembly shown in Fig. 2, with arrows being
used to illustrate the directional flow of vapor and liquid
from the louvres in the downcomer bottom plate and the tray

deck;
Fig. 8 is a front elevation view of the louvresv

in the downcomer bottom plate and the tray taken in
generally vertical section along line 8-8 of Fig. 7 in the
direction of the arrows; ‘

Fig. 9 1is an enlarged side elevation view of a
still further variation of the vapor-ligquid contact tray
and downcomer assembly in which floating valves are
utilized on the tray deck to deflect and prevent entry of
liquid into the apertures in the tray;

Fig. 10 is a fragmentary top plan view of the
assembly shown in Fig. 9 with portions of the downcomer
bottom plate being broken away to show the underlying tray;

Fig. 11 is an enlarged side elevation view of one
of the floating valves shown in Figs. 9 and 10 and taken in
vertical section along 1line 11-11 of ¥Fig. 10 in the

direction of the arrows;
Fig. 12 is a side elevation view of the floating

valve shown in Fig. 11 but illustrating the flow of vapbr,

through the valve;
Fig. 13 is a side elevation view of another

variation of the vapor-liquid contact tray and downcomer
assembly in which a segmented downcomer bottom plate is

A
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utilized to provide increased liguid flow capacity through
the bottom plate;

Fig. 14 is a fragmentary top plan view of the
assembly shown in Fig. 13 with portions of the segmented
downcomer bottom plate being broken away to show the
overlapping-construction thereof as well as the underlying
tray; and

Fig. 15 is a side elevation view of another
variation of the vapor-liquid contact tray and downcomer
assembly in which a segmented tray is utilized to provide
increased vapor flow capacity through the liquid receiving

area of the tray.

Description of the Preferred Embodiments

Referring now to the drawings in greater detail
and initially to Figs. 1 and 2, a mass transfer or heat

exchange column is designated generally by the numeral 10 -

and includes a series of vapor-liquid contact tray and
downcomer assemblies 12 located within an open interior
region 14 defined by an external shell 16 of column 10.

Coluun 10 is of a type used for processing liquid '

and vapor streams, including to obtain fractionation

products. The column 10 is vertically elongated and is
typically of cylindrical construction although other
configurations, including polygonal, may be used. The

column 10 can be of any suitable diameter and height and
can be constructed fr~m suitable rigid materials.

One or more liquid streams can be directed to the
column 10 in a conventional manner. Likewise, one or more
vapor streams can be charged to the column 10 or can be

" generated within the column. The column 10 typically can

include other suitable well-known internals such as beds of
packing located in areas above and/or below the.illustrated
assemblies 12 to carry out other desired processing of the
liquid and vapor streams. Other appropriate system

components such as ccnnections and lines for feed, product

removal and reflux streams, reboilers, condensers and the
like are nrot illustrated because of their conventional
nature. The vapor-liquid contact tray and downcomer
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assemblies 12 of the present invention are located within
a portion of the column 10 where the desired interaction
between the liguid and vapor streams occurs. Each assembly
12 includes a generally horizontally disposed tray 18
shaped and sized to extend across the internal region 14 of
the column 10. The trays 18 are generally planar and
plate-like and are supported in vertically spaced apart
relationship by suitable mechanisms (not shown) provided on
the inner surface of the column shell 16.

A plurality of openings or apertures 20 are
provided in the trays 18 and are distributed across
substantially the entire surface area of a center portion
22 of the trays. The apertures 20 are sized and
distributed to allow upwardly flowing vapor to pass through
the trays 18 to interact with liquid flowing across an
upper surface of the trays without allowing an appreciable.
amount of liquid to weep or flow downwardly through thé'

apertures. The apertures can be of any desired shape,
including circular and rectilinear. Trays of this type are !
known as sieve trays. The trays 18 can also include

suitable valves, bubble caps, tunnel caps and other
mechanisms in combination with the apertures 20 to restrict
the downward flow of ligquid through the apertures or modify
the manner in which vapor passes through the deck.

Each tray 18 also includes at least one downcomer
24 which extends from the associated tray downwardly toward
an underlying tray, typically the immediately underlying
tray. The downcomer 24 serves to remove liquid from the
upper tray and direct it to the lower tray. The downcomer
24 is formed by a soclid generally vertically extending
plate 26 which is connected at its upper end to an edge of’
the upper tray 18 and is connected or otherwise placed in
contact along its sides with the interior of the column
shell 16. The remaining curved side wall of the downcomer
24 is provided by the column shell 16 but it will be
appreciated that a séparate side wall may be provided, such
as when the downcomer is located in the center portion 22
of the tray 18 rather than at the edge of the tray.
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As illustrated, the downcomers 24 are located at
opposite ends of successive trays 18 to cause a back and
forth path of travel for the descending 1liquid stream.
Liquid traveling across the upper tray 18 enters the upper
inlet region of the downcomer 24 and travels downwardly
through the downcomer to the lower tray 18. The liguid
then travels across the lower tray 18 in the opposite
direction and enters another downcomer 24 for passage to
the next lower tray in a repeating pattern. This type of
flow pattern is referred to as a single pass pattern
because the liquid flows across the trays 18 as a single
streamn. It will be appreciated that more than one
downcomer 24 can be positioned on each tray to create a two
pass or multiple pass flow pattern in a known manner. This
is contemplated by and is within the scope of the
invention.

A weir 28 1is optionally provided adjacent the
edge of each tray 18 at the inlet region of the downcomer .
24. The weir 28 causes liquid to accumulate on the
associated tray 18 to the level of the height of the weir
28 before it spills over the weir and enters the downcomer.
The weir 28 can be integrally formed with the downcomer
vertical plate 26 or can be a separate component.

A 1lower outlet region of the downcomer 24
terminates above the 1lower tray at a 1level which is
generally, but not necessarily always, above the top of the
weir 28. The outlet region of the downcomer 24 is closed
by a bottom plate 30 which is solid except for the
provision of a plurality of 1louvres 32 which extend

downwardly beyond the bottom surface of the plate 30.

Louvres 32 are constructed to impart a horizontal momentum
to the 1liquid as it exits t¢he outlet region of the
downcomer and falls onto the lower tray. The louvres 32
are directionally positioned so that the horizontal
momentum imparted to the discharging 1liquid is in the
direction of intended liquid flow on the lower tray, i.e.
toward the next downcomer through which the liguid must

pass to reach the next underlying tray.




WO 95/29745 PCT/US95/04226

10

15

20

25

30

35

- 12 -

As is best shown in Fig. 2, the downcomer bottom
plate 30 extends from the bottom edge of the downcomer
vertical plate 26 at an angle 6, of approximately 97° to the
vertical. The angle #, is desirably within the range of 60°
to 150° and preferably within the range of 90° to 120°. As
shown in Fig. 3, the bottom plate 30 is disposed at an -
angle 6, of approximately 90° to the vertical.

The portion of the tray 18 underlying the
downcomer 24 comprises a liquid receiving area 34 having a
plurality of louvres 36 generally similar to those provided
in the downcomer bottom plate 30 except the tray louvres 36
extend above an upper surface of the receiving area 34 of
tray 18 and are of square rather than rectangular
configuration as viewed in Fig. 4. Louvres 36 are
constructed to impart a generally horizontal momentum to
the vapor ascending through the louvres. The  louvres 36
are positioned so that the horizontal momentum imparted to
the ascending vapor is oriented in the general direction .of
intended flow of the liguid across the associated tray 18.

The receiving area 34 of tray 18 can be integral
with the center portion 22 of tray 18 or can be formed. as
a separate piece. The forward edge of the receiving area
34 is preferably coplanar with the center portion 22 of
tray 18 and the main body of the receiving area 34 extends
at an angle 0, of approximately 83° to an imaginary vertical
line at the forward edge of the receiving area. The angle
§, is desirably within the range of 60° to 90° and .
preferably within the range of 75° to 90°. Angles greater
than 90° are generally unsuitable because liquid would tend -
to accumulate and stagnate at the rear edge of the
receiving area 34.

The various components of the ‘assemblies 12 can
be fabricated from suitable rigid materials such as metals
and polyners. The material selected should be compatible
with the liquid and vapor streams and should be capable of '
withstanding th~ conditions present within the column 10.

Turn.. i now to Figs. 4, 7 and 8, the louvres 32
and 36 are shown in greater detail. The louvres 32 in the
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downcomer bottom plate 30 can be mirror images of the
louvres 36 in the receiving area 34 of tray 18 or they can
be different sizes and shapes. As shown, the downcomer
louvres 32 are elongated to present a rectangular inlet end
to a channel 38 which extends through the bottom plate 30
while the tray louvres 36 define a square inlet end to
channel 38. For ease of description, the same reference
numerals are used with respect to the components of louvres
32 and 36 and the following description of bottom plate
louvres 32 is generally applicable to tray louvres 36.
Each louvre 32 in the downcomer bottom plate 30
comprises the channel 38 formed in and extending through
the bottom plate 30 and a ramp 40 which defines a portion
of the channel 38. The ramp 40 redirects liquid flowing
through the channel 38 to impart an at least partial
horizontal velocity component thereto to reduce the
vertically downward force with which the liquid impacts the
liquid receiving area 34 on the underlying tray 18.
Desirably, the liquid should exit the bottom plate 30 with
as substantial a horizontal velocity as is possible while
being consistent with other design considerations. For-
example, the size of the area through which the liquid is
discharged should be sufficient to prevent an unacceptable.
pressure drop for the liquid passing through the bottom
plate 30. Because the pressure drop of liquid exiting the
downcomer louvres 32 is more likely to cause operational
problems than would result from the pressure drop of vaporv'
exiting the tray louvres 36, the downcomer louvres 32 are
generally provided with a greater open outlet area than the
tray louvres 36. This is clearly illustrated in Fig. 8
where the downcomer louvres 32 present approximately one
and one-half times the total open area of the tray louvres
36. It will be appreciated that the desired open area can
be achieved in other manners such as increasing the number
of downcomer louvres 32 and providing alternate passages
for the liquid, as will be subsequently described with
reference to Figs. 13 and 14. The angle §; of the bottom
plate 30 to the horizontal should also be taken into
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consideration for design purposes because angles closer to
90° make it more difficult to achieve completely horizontal
liguid discharge.

The ramp 40 is attached at one end 42 to the
bottom plate 30 and extends at an angle to the bottom plate
30 in the direction of the opposite end 44. The opposite
end 44 oi’ the ramp 40 is spaced downward from where it
attaches to the bottom plate 30 to form a substantially
vertical channel outlet end 46 which is positioned below
the plane of the bottom plate 30. The outlet end 46
represents  the downstream end of the channel 38 which
extends through the bottom plate 30, with the upstream or
inlet end 47 of channel 38 lying in the plane of the upper
surface of bottom plate 30. The outlet end 46 preferably
lies in a plane which is substantially vertical or at least
extends at an angle to the horizontal and the plane defined
by the bottom plate. The outlet end 46 normally, but not
necessarily, has an area smaller than the iri#i »nd 47 so
that the channel 38 becomes constricted in th# diyanstream
direction. Notably, the ramp 40 is attached along its
sides 48, as well as at end 42, to the bottom plate 30 so
that all of the liquid entering the upstream end of louvre
channel 38 through inlet end 47 is redirected and is
discharged at _the downstream end of the channel 30 through
the discharge outlet end 46.

The ramp 40 comprises a main wall 50 which is
substantially planar and underlies a substantial portidn of
the inlet end 47 of channel 38 in the downcomer bottom
plate 30. The main wall 50 is attached to the bottom plate
30 at ramp end 42 and is spaced downwardly from the plane 4
of the bottom plate at the opposite end 44 where the
chahnel outlet end 46 is positioned. The ramp 40 also -
includes side walls 52 that connect the sides of the main
wall 50 to the bottom plate along the entire length of the
main wall to prevent lateral discharge of liquid from the
main wall and to force forward discharge through outlet end
46. The side walls 52 are u¢f triangular configuration and
lie in planes that extend at an angle to the plane of the
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main wall 50. It will, of course, be appreciated that the
ramp can be of other configurations such as arcuate in
cross section. As a result, there may not be a clear
demarcation between the main wall 50 and side walls 52.
Preferably, the ramp 40 is integral with the bottom plate
30 and is formed from the material which is displaced to
form the inlet end 47 of channel 38 in the bottom plate.
As an example, the ramp 40 can be formed in a substantially
single step process by punching a slit in the bottom plate
and depressing and deforming the material adjacent the slit
to form the ramp 40 and resulting channel 38.

As previously mentioned, the louvres 36 in the
receiving area 34 of tray 18 are of substantially the same
construction as the louvres 32 in the downcomer bottom
plate 30 except the discharge outlet ends 46 in louvres 36
are above rather than below the tray 18 and the channel
inlet end 47 lies below rather than above the tray 18. As
a result, the ramp 40 extends upwardly from a reference
horizontal plane and provides the desired angle of egress
for the vapor which passes through the receiving area 34 of
tray 18. As previously noted with respect to downcomer
louvres 32, the ramps 40 in tray louvres 36 should be
constructed to provide the desired discharge area for the
vapor while taking into consideration the angle 6, of the.
tray deck.

As is best seen in Fig. 4, the downcomer louvres
32 are constructed so that the channel inlet ends 47 are
generally rectilinear in configuration with the long
dimension being approximately three times the shorter
dimension, although other configurations can be utilized.
The tray 1louvres 36 are constructed so that the channel
inlet ends 47 are generally square in configuration,
although other configurations can also be utilized. The
shape of the outlet ends 46 are polygonal but other shapes
are possible. The louvres 32 and 36 are positioned in
spaced apart relationship in parallel rows with louvres in
alternating rows being offset and aligned to form parallel
columns of louvres that extend perpendicularly to the rows
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of louvres. The distribution and density of the louvres in
the bottom plate 30 and receiving area 34 of the tray 18
can be varied as desired.

During operation of the column 10, 1liquid and
vapor streams are brought into contact and interact on the
vapor-liquid contact trays 18. The descending liquid
stream enters the inlet region of downcomer 24 associated
with tray 18 and passes downwardly through the downcomer.
When the liquid stream reaches the outlet region of the
downcomer 24, it encounters the bottom plate 30 and enters
louvres 32 through the channel inlet ends 47. The downwar2Z
momentum of the liquid stream in the downcomers 24 is then
redirected by the ramp 40 as the liquid flows through
channels 38. The angled main wall 50 of the ramp 40 causes
the vertically downward momentum of the liquid to be
redirected to a substantially horizontal momentum. As is
shown in Fig. 7, the liquid then exits the louvres through
discharge outlet end 46 in the direction of the desired
liquid flow on the tray 18. |

In a similar manner, vapor from a vertically
ascending vapor stream enters louvres 36 in the receiving.
area 34 in the portion of tray 18 underlying the downcomer
24. The vertical momentum of the vapor is redirected by
the louvre ramp 40 to a generally horizontal momentum as

the vapor exits the louvre outlet end 46.
The use of louvres 32 in the downcomer bottom

plate 30 in combination with the louvres 36 in the tray -
receiving area 34 is particularly advantageous for a number
of reasons. The liquid exiting the downcomers has a

" horizontal momentum. which ‘eliminates or substantially

reduces the opportunity for the 1liquid to be forced
downwardly through the channels 38 in the liquid receiving
area 34 of the underlying tray 18. Entry of liquid into
tray channels 38 is further frustrated by the ramp 40 which
shields the channels 38 on the tray louvres 36 and provides
a vertical rather than horizontal discharge outlet end 46.
Because the vapor and 1liquid streams are exiting the
respective louvres in the same direction, it is more 1ike1y
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that the vapor stream will intermix with and carry the

liquid to the center portion 22 of f{liwe tray before the

liquid even contacts the tray 18, thereby further reducing

the opportunity for liquid to enter the tray channals 38.

The horizontal momentum of the vapor exiting the louvres 36 .

also reduces the opportunity for the vapor to enter the

downcomer outlet region where it would interfe:.z with

discharge of liquid from the clowncomer and could cause
liquid to back up and flood the downcomer. Entry of vapor
into the downcomer outlet region is also undesirable
because the vapor entering the downcomer bypasses the
desired vapor-liquid interaction occurring on the main or

center portion 22 of tray 18. Remarkably, louvres 32 in-
the downcomer bottom plate 30, alone or in combination with

louvres 36, prevent entry of vapor into the downcomer 24
over a much wider range of licuid flow rates than would
otherwise be possible. This extended operating range is

particularly desirable because it allows for greater

variability in the operating flow rates without substantial
compromise of the design efficiency.

Mixing of the vapor and liguid streams is also
facilitated because the vapor and liquid streams are
exiting the respective louvres in the same direction,
making it more 1likely that the vapor stream will more
smoothly intermix with and carry the liquid to the center
portion 22 of the tray 18. This intermixing and
interaction of the vapor and liquid exiting the 1louvres
thus complements the vapor-liquid contact that occurs on
the center portion 22 of the tray as the remaining porﬁions
of the vapor stream pass upwardly through the apertures 20
in the tray and enter the liquid which is accumulating and
flowing across the tray 18. Notably, these advantages are
attainable without requiring the use of separate hardware
components other than the provision of louvres 32 and 36
which can be integrally formed with the associated
downcomer bottom plate 30 and tray 18.

Because the louvres 32 and 36 are particularly
effective at redirecting the flow of the liquid and vapor
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streams and shielding the channels 38 in the downcomex'
bottom plate 30 and tray 18, in certain applications some
or all of the louvres can be omitted in either the
downcomer bottom plate 30 or the liquid'receiving area 34
of tray 18. For example, as shown in Fig. 5, all of the
louvres 36 in tray ar.« 34 can be replaced with the
openings or apercures 54 of the type that are provided in
the center portion 22 of tray 18. As illustrated, the
apertures 54 are circular in configuration and have a
diameter which is approximately one-half of the shorter
dimension of the rectangular louvre channels 38. Othér
sizes are, of course, possible and may be preferred in
certain applications. Vapor ascending through the
apertures 54 retains its vertical momentum until it
contacts the horizontally directed liquid being discharged
from the overlying louvres 32. The vapor is then carried
laterally by the liquid and is blocked from entering the
downcomer 24 by thke bottom plate 30 and the pressure of the
liquid forced through the louvre outlet ends 46. It will
be appreciated that both louvres 36 and apertures 54 can be
provided in tray area 34 if desired. _
Turning to Fig. 6, the louvres 32 in the
downcomer bottcm rilate 30 can be replaced with openings of
apertures, such as in the form of elongated rectilinear
slots 56. Even without the use of louvres 32 to impart a
horizontal momentum to the liquid being discharged from the
downcomer outlet region, the provision of the louvres 36 in
the underlying tray 18 with their ramps 40 and vertically
oriented oﬁtlet ends 46 can be sufficient to block passage
of liquid through the tray 18. Although all of the louvres
32 have been replaced by slots 56 in Fig. 6, a combination
of louvres 32 and slots 56 can be provided if desired.
Turning now to Figs. 9-13, the liquid receiving
area 34 of tray 18 can be modified to provide valvas 58
which are constricted to block the flow of liquid through
tray area 34. Valves 58 can be used alone in combination
with one or more of the previously described louvres 36 and
apertures 54. The valves 5% comprise a circular floating
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cap 60 which overlies an opening 62 extending through tray
18. The floating cap 60 is sized slightly larger than the
opening 62 ‘30 that it can completely cover the opening 62
and be supported by the upper surface of the tray about the
periphery of the opering 62. The floating cap 60 is free
to float vertically a short distance within an overlying
frame 64. Frame 64 comprises generally flat guide legs 66
which are joined together at a center point spaced above
the floating cap 60 and tray 18. The legs 66 extend
outwardly from the center point a distance sufficienc to
clear the floating cap 60 and then extend vertically
downward and are attached to the top surface of the tray
18. Each leg 66 has a vertical inner guide surface 68
which contacts and guides the floatinc cap 60 as the
floating cap moves vertically up and down. The legs 66 are
suitably positioned so that the inner guide surfaces 68
permit vertical movement but prevent lateral movement of
the floating cap 60. The upper end of each inner guide
surface 68 includes an inwardly extending shoulder 70 which
blocks the upward travel of the floating cap 60 at the
desired vertical distance above the tray 18.

As is best illustrated in Figs. 11 and 12, the
weight of the floating cap 60 causes it to rest on the tray
18 and block the opening 62 until a sufficient upward force
is exerted by vapor which flows upwardly and enters the
opening 62 in tray 18. The floating cap 60 is then lifted
upwardly by the force of tho vapor and is held against the
shoulder 70 of frame 64 while the vapor passes through  the
tray 18. A slight dome 72 can be ;ormed in the floating
cap 60 to facilitate directional flow of the vapoi: and to
prevent pooling of the liquid on the top of the floating
cap 60.

In accordance with the present invention, the
valves 58 include a stationary cap 74 which is positicned
on frame 64 above the floating cap 60. The stationary caps
74 deflect the momentum of downwardly flowing liquid to
reduce the opportunity for the liquid to interfere with the
desired vertical movement of the floating caps 60. The




" WO 9529745 PCT/US 5/04226

10

15

20

25

30

35

- 20 -

stationary caps 74 are sized at least slightly larger than
the floating caps 60 and can ke of various configurations.
As illustrated, the stationary caps 74 are square and
generally flat with a center dome 76.

In use, the valves 58 permit wvapor to flow
upwardly through the tray 18 while blocking downward
passage of the liquid through the tray 18. When the valves
58 are closed, as illustrated in Fig. 11, the floating cap
60 rests on the tray 18 and prevents liquid which may be
present on the tray 18 from passing downwardly through the
openings 62 in the tray. When the vales 58 are open as in
Fig. 12, the floating cap 60 is lifted vertically upward by
the force of the vapor and is guided along its vertical
movement by the guide surfaces 68 of the legs 66 which
surround the floating ca2p 60. The stationary caps 74
overlie and protect the floating caps 60 so that the
downward momentum of liquid does not interfere with the
operation of the floating caps 60. The overlying downcomer
bottom plate 30 can contain louvres 32 or openings such as
the slots 56 previously described, or combinations thereof.

Turning to Figs. 13 and i4, the downcomer bottom
plate 30 can be further modified to contain vertically
spaced apart plate segments 78 which partially overlap to
form horizontally elongated passages or louvres 80. The
amount of overlapping between the plate segments 78 should
be sufficient to cause liquid to be redirected horizontally
by the underlying plate segment 72 before it exits through
an outlet end of the louvre 80. By way of example and not
limitation, in some applications the vertical spacing
between the plate segments 78 should be approximately one-
half of the horizontal overlap of the plate segments 78.
The number of, and vertical spacing between, the. plate
segments 78 can be varied to achieve the desired uniform
distribution of ligquid =s it pass through the bottom plate
30. '
Bach of the plate segments 78 extends rearwardly
from its forward edge at an angle §, within the range of 60°
to 150° and pr&« e ably within the rrange of 90° to 120°. As
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illustrated, the angle 6, is approximately 90° for each
plate segment 78. It is to be understood,'however,'that
all of the ylate segments 78 need not extend at the same
angle. ' ' ' ' e
The elongated louvres 80 are particuiatly”
advarntageous because they not only redirect the 1liquid
horizentally much like the louvres 32 previously discussed
but also increase the open area available for 1iquid flow
through the plate 30, thereby reducing the pressure7drop)

across the bottom plate 30. All of the liquid flow th‘rough‘f.,',.”',,,_'ﬂ‘"""'-"'i

the bottom plate 30 can be through the elongated 1ouvres'80
if desired.  Alternatively, a portion of the liquid can

pass through the elongated ouvres 80 while other_portioné_r}’ 
can flow through the louvres 32 which can be provided in .

the plate segments 78 and/or other openings such as slots

56 previously described. The desired amount of liguid flow = .
through the elongated louvres 80 can be achieved by SR

appropriate vertical spacing between the plate segments,78,
and by providing the desired number of louvres 80.. '

The downcomer 24 with plate segments 78 canrbé_
used in combination with any suitable tray desighs,
including those previously described. As illustrated,'the~;
plate segments 78 are used with a tray 18 containing valves
58 which are described above in greater detail with
reference to Figs. 9-12.

‘Turning now to Fig. 15, the liquid receiving area.
34 of tray 18 can also be modified to contain vertically
spaced apart tray segments 82 which overlap in part to form
horizontaily'elongated passages or louvres 84.: The amount
of overlapping between the tray segments 82 should be
sufficient to ensure that the ascending vapor will impinge
updn the overlying tray and be redirected in a horizontal
directicn. Vapor which enters the elongated louvres 84
thus exits the louvres 84 through an outlet end which
presents a substantially vertical opening. '

The tray segments 82 extend rearwardly from their
forward edgzs at an angle 6, which is within the range of
60° to 90° and preferably within the range of 75° to 90°.
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The tray segments 82 can be parallel or they can rextend a_t’
different angles.

The elongated louvres 84 formed by the spaced.- .
apart tray segments 82 operate to redirect the ascendl_ng
vapor in a horizontal direction in a manner similar to the

tray louvres 36 previously described. The number of, and
vertical spacing between, the tray segments 82 is selected

to provide the desired discharge area for the elongated
louvres 84 while still providing for a uniform distribution =
of vapor throuch the tray 18. All of the vapor flow

through the 1liquid receiving area 34 of tray 18 can be
through the elongated louvres 84 or additional _ope,ningsf,.
apertures or louvres 36 can be utilized to provide
alternate flow paths for the vapor. The tray segments 82 .'
can be used in combmatlon with any of various suitable

downcomer designs, including but not limited to ‘those

previousiy described which employ a bottom plate 30.
From the foregoing, it will be seen that 'thi's-' -

invention is one well adapted to attain all the ends ‘and 'b

objects hereinabove set forth. '

It will be understood that certain features and
subcombinations are of utility and may be employed without
reference to other features and subcombinations. Thi's is
contemplated by and is within the scope of the claims.

Since many 'possible_ embodiments may be made of
the invention without departing from the scope thereof, it
is to be understood that all matter herein set forth is to
be interpreted as illustrative and not in a limiting sense.
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Having thus described the invention, what is

claimed is: ma[udm\q '
1. A mass transfer column cemprising: an

external shell defining an interior region open to the flow :
of vapor and liquid streams; a plurality of generally
horizontally disposed and vertically spaced apart tréys
positioned in said open interior region to facilitate
contact between the vapor and liquid streams when flowing
in the interior region of the column, said trays having an
upper surfacé along which the liquid stream can flow; at -
least one downcomer associated with each of said trays and
extending downwardly toward an underlying tray to deliver
liquid from the associated tray to the underlying tray, .
said downcomer having an inlet region through which liquid
enters the downcomer and an outlet region through which
liquid exits the downcomer, said outlet region of the
downcomer being positioned above a liquid receiving area o_f,
the underlying tray; a bottom plate closing the outlet —‘
region of the downcomer; a plurality of spaced apart
louvres pos:LtJ.oned in and extending bleh%(o:; £ fﬁald downconer
bottom plate, each of said louvres eempriSing a channel
extending below the bottom plate, said channel having an
outlet end lying in a plane intersecting a plane in which
the bottom plate lies to allow liquid to exit the outlet
end with an at 1least partially horizontal velocity to
reduce a vertically downward force with which the 1liquid.
impacts the liquid receiving area of the underlying tray;
and a plurality of apertures in said trays through which
ascending vapor may flow to interact with the liquid stream

"flowing across the upper surface of the trays.

2. The mass transfer column as set forth in
claim 1, wherein a portion of said apertures are
distvibuted in the liquid receiving area of the trays to
permit vapor-liquid interaction in an area above the liquid

receiving area.
3. The mass transfer column as set forth ir}(n
claim 1 or

claim 2, including tray louvres positioned on and extending
above the liquid receiving area of the trays, each of said
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tray louvres including a second channel extending through the trays and having
an outlet end lying in a plane intersecting a plane in which the liquid receiving
area of the trays lies to allow vapor to exit the outlet end of the second channel
with an at least partially horizontal velocity, at least some of said apertures
distributed in the liquid receiving area including an inlet end of said second
channels.

4, The mass transfer column as set forth in claim 3, wherein said vapor
exits the outlet end of the second channel in substantially the same horizontal
direction as the liquid exiting the outlet end of the first mentioned channel.

5. The mass transfer column as set forth in any one of the preceding
claims, wherein said bottom plate extends rearwardly from a forward end thereof
at an angle 0, of between approximately 60° and 150° to the vertical and said
liquid receiving area of the tray extends rearwardly from a forward end thereof at
an angle 8, of between approximately 60° and 90° to the vertical. |

6. The mass transfer column as set forth in any one of claims 1 to 4,
wherein said bottom plate extends rearwardly from a forward end thereof at an
angle 8, of between approximately 90° and 120° to the vertical and said liquid
receiving area of the tray extends rearwardly from a forward end thereof at an |
angle 6, of between approximately 75° and 90° to the vertical.

7. The mass transfer column as set forth in any one of the preceding
claims, including a plurality of valves positioned on and extending above the liquid
receiving area of the trays, each of said valves including: one of said apertures
distributed in the liquid receiving area of the trays; a frame extending above the
liquid receiving area of the trays; a floating cap moveable within the frame in
response to the upward force of vapor flow into the aperture between a lower
position covering said aperture to resist liquid entry therein and a raised position
spaced above the tray to permit vapor flow through the aperture; and a stationary
cap positioned above the floating cap to deflect the downward flow of liquid away

from the floating cap.
8. The mass transfer column as set forth in any one of the preceding

,/4 AL/\ laims wherein said bottom plate includes at least two vertically spaced apart and
’L
Z/g \amally overlapping plate segments and wherein a horizontally elongated
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passageway is formed between the overlapped portions of the plate segments
which is open to the flow of liquid through the bottom plate, wherein said plate
segments are overlapped sufficiently to cause liquid flowing through the
elongated passageway to exit the passageway with an at least partially horizontal
velocity to reduce the vertically downward force with which the liquid impacts the
liquid receiving area of the underlying tray.

9. The mass transfer column as set forth in any one of claims 1 to 7,

wherein said liquid receiving area of at least some of said trays includes at least

two vertically spaced apart and partially overlapping tray segments and wherein a

horizontally elongated passageway is formed between the overlapped portions of
the tray segments which is open to the flow of vapor through the liquid receiving
area of the tray, wherein said tray segments are overlapped sufficiently to cause
vapor flowing through the elongated passageway to exit the passageway with an
at least partially horizontal velocity.

10. The mass transfer column as set forth in claim 9, including tray
louvres positioned on and extending above at last one of the tray segments, each

of said tray louvres including a second channel extending through the tray

segment and having an outlet end lying in a plane intersecting a plane in which

the tray segment lies to allow vapor to exit the outlet end of the second channel
with an at least partially horizontal velocity.

11. The mass transfer column as set forth in claims 9 or 10, wherein a
portion of said apertures are distributed in the tray segments to permit vapor-

liquid interaction on and in an area above the tray segments.

i
GHWINWORDUENNIFERWARIOUSWODELETE22413.00C
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12. The mass transfer column as set forth in
claim 8, including a plurality of valves positioned on and
extending abol\vr\eal f}«:n least one of the tray segments, each of
said valves eemprising: an aperture extending through the
tray segment; a frame extending above the tray segment; a
floating cap moveable within the frame in response to the
upward force of vapor flow into the aperture between a
lower position covering said aperture to resist 1liquid
entry therein and a raised position spaced above the tray
to permit vapor flow through the aperture; and a stationary
cap positioned above the floating cap to deflect the
downward flow of 1liquid from the outlet region of the
downcomer away from the floating cap.

13. The mass transfer column as set forth in
claim 12, including second apertures distributed in the
tray segments to permit additional wvapor to flow through
the second apertures for vapor-liquid interaction on and in
an area above the tray segments.
ang ane of the Péc.mgtclfmw%ass transfer column as set forth in

, wherein each of said channels is defined in part
by a ramp which underlies an inlet end of the channel and
is attached to the bottom plate along opposed sides and one
end of the ramp, an opposite end of the ramp being spaced
downwardly from the bottom plate and defining said outlet
end of the channel.

15. The mass transfer column as set forth in
claim 14, wherein said outlet ends of at least some of the
channels lie in a generally vertical plane. ‘

16. The mass transfer column as set forth in
claim 15, including weirs positioned on said trays to cause
liquid to accumulate on.the trays to a preselected level to
facilitate interaction between said ligquid and the vapor
ascending through the apertures in the trays, and wherein
liquid is able to flow over the ™eirs and enter the
downcomer inlet regions once the preselected level is

reached.
incluuding
17. A mass transfer column comprising: an
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of vapor and liquid streams; a plurality of generally
horizontally disposed and vertically spaced apart trays
positioned in said open interior region to facilitate
contact between the vapor and liquid streams when flowing
in the interior region of the column, said trays having an
upper surface along which the liquid stream can flow; at

least one downcomer associated with each of said trays and.

extending downwardly toward an underlying tray to deliver
ligquid from the associated tray to the underlying tray,
said downcomer having an inlet region through which liquid
enters the downcomer and an outlet region through which
liquid exits the downcomer, said outlet region of the

downcomer being positioned above a liquid receiving area of

the underlying tray, said liquid receiving area of the tray
extending rearwardly from a forward end thereof at an angle
f, of between approximately 60° and 90° to the vertical; a
plurality of apertures in said trays through which
ascending vapor may flow to interact with the liquid stream
flowing across the upper surface of the trays; and a
plurality of tray louvres positioned on and extending above
the liquid receiving area of the trays, each of said tray
louvres comprising a channel extending through the trays
and having an outlet end lying in a plane intersecting a
plane in which the liquid receiving area of the trays lies
to allow vapor to exit the outlet end of the channel with
an at least partially horizontal velocity for vapor-liquid
interaction in an area above the liquid receiving area.
18. The mass transfer column as set forth in
claim 17, including a bottom plate closing .’nf?fd(&utlet
region of the downcomer, said bottom plate ! at
least two vertically spaced apart and partially overlapping
plate segments and wherein a horizontally elongated
passageway is formed between the overlapped portions of the
plate segments which is open to the flow of liquid through
the bottom plate, said plate segments being overlapped
sufficiently to cause liquid flowing through the elongated
passageway to exit the passageway with an at least
ipartially horizontal velocity to reduce the vertically
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downward force with which the liquid impacts the liquid receiving area of the
underlying tray.

19.  The mass transfer column as set forth in claim 17 or 18 including: a
bottom plate closing the outlet region of the downcomer and extending rearwardly
from a forward end of the bottom plate at an angle 9, of between approximately
60° and 150° to the vertical; and a plurality of openings in said downcomer bottom
plate to permit liquid to pass downwardly through the bottom plate and onto the
liquid receiving area of the underlying tray.

20. The mass transfer column as set forth in claim 19, including spaced
apart downcomer louvres positioned in and extending below said downcomer
bottom plate, each downcomer louvre including a channel extending below the
bottom plate, said channel having an outlet end lying in a plane intersecting a
plane in which the bottom plate lies to allow liquid to exit the outlet end with an at
least partially horizontal velocity to reduce a vertically downward force with which
the liquid impacts the liquid receiving area of the underlying tray, at least some of
said openings in the downcomer bottom plate including inlet ends of said
channels.

21.  The mass transfer column as set forth in claim 20, wherein said
bottom plate includes at least two vertically spaced apart and partially overlapping
plate segments and wherein a horizontally elongated passageway is formed
between the overlapped portions of the plate segments which is open to the flow
of liquid through the bottom plate, said plate segments being overlapped
sufficiently to cause liquid flowing through the elongated passageway to exit the
passageway with an at least partially horizontal velocity to reduce the vertically
downward force with which the liquid impacts the liquid receiving area of the
underlying tray.

22. The mass transfer column as set forth in claim 17, wherein said
liquid receiving area of at least some of said trays includes at least two vertically

spaced apart and partially overlapping tray segments and wherein

YRDUENNIF RIOUS\NODELETE\22413.00C
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a horizontally elongated passageway is formed between the
overlapped portions of the tray segments which is open to
the flow of vapor through the liquid receiving area of the
tray, wherein said tray segments are overlapped
sufficiently to cause wvapor flowing through the elongated
passageway to exit the passageway with an at 1least
partially horizontal velocity.

23. The maiss transfer column as set forth in

Oy, ont of clacms 1M do L2 ) .
cldim—17, wherein said channel in the tray louvre 1is

'
defined in part by a ramp which overlies the inlet end of
the channel and is attached to the tray along opposed sides
and one end of the ramp, an opposite end of the i2mp being
spaced upwardly from the tray and defining said outlet end
of the channel.

24. The mass transfer column as set forth in
claim 20, wherein said channel in the downcomer louvre is
defined in part by a ramp which underlies an inlet end of
the channel and is attached to the bottom plate along
opposed sides and one end of the ramp, an opposite end of
the ramp being spaced downwardly from the bottom plate and
defining said outlet end of the channel.

25. The mass transfer column as set forth in
Oy, oL .of elaims  to LG L .
elaim—37, including weirs positioned on each of said trays
to cause liquid to accumulate on the trays to a preselected
level to facilitate interaction between said accumulated
liquid and the vapor ascending through the apertures in the
trays, and wherein liquid is able to flow over the weirs
and enter the downcomer inlet regions once the preselected
level is reached. el

26. A mass transfer column : an
external shell defining an interior region open to the flow
of vapor and liquid streams;' a plurality of generally
horizontally disposed and vertically spaced apart trays
positioned in said open interior region to facilitate
contact between the vapor and liquid streams when flowing
in the interior region of the column, said trays having an
upper surface along which the liquid stream can flow; at
least one downcomer associated with each of said trays and
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extending downwardly toward an underlying tray to deliver
liquid from the associated tray to the underlying tray,
said downcomer having an inlet region through which liquid
enters the downcomer and an outlet region through‘which
liguid exits the downcomer, said outlet region of the
downcomer being positioned above a liquid receiving area of
the underlying tray, said liquid receiving area of the tray
extending rearwardly from a forward end thereof at an angle
6, of between approximately 60° and 90° to the vertical; a
bottom plate closing the outlet region of the downcomer and
extending rearwardly from a forward end of the bottom plate
at an angle 0, of between approximately 60° and 150° to the
vertical; spaced apart downcomer louvres positioned in and
extending below said downcomer bottom plate, each of said
louvres comprising a channel extending below the bottom
plate, said channel having an outlet end lying in a plane
intersecting a plane in which the bottom plate 1lies to
allow liquid to exit the outlet end with an at least
partially horizontal velocity to reduce a vertically
downward force with which the 1liquid impacts the liquid
receiving area of the underlying tray, wherein each of said
channels in the downcomer louvres is defined in part by a
ramp which underlies an inlet end of the channel and is
attached to the bottom plate along opposed sides and one
end of the ramp, an opposite end of the ramp being spaced
downwardly from the bottom plate and defining said outlet
end of the channel; a plurality of apertures in said trays
through which ascending vapor may flow to interact with the
liquid stream flowing across the upper surface of the

" trays; and a plurality of valves positioned on and

extending above the liquid receiving area of the trays,
each of said valves comprising: a second aperture
distributed in and extending through the liquid receiving
area of one of the trays; a frame extending above the
liquid receiving area of the tray; a floating cap moveable
within the frame in response to the upward force of vapor
flow intc the second aperture between a lower position
covering said aperture to resist liquid entry therein and
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a raised position spaced above the tray to permit vapor
flow through the second aperture; and a stationary cap
positioned above the floating cap to deflect the downward
flow of liquid away from the floating cap. '

27. The nass transfer column as set forth in
claim 26, wherein said bottom plate egtﬁ'iﬂﬁ*d%‘;es at least two
vertically spaced apart and partially overlapping plate
segments and wherein a horizontally elongated passageway is
formed between the overlapped portions of the plate
segments which is open to the flow of liquid through the
bottom plate, wherein said plate segments are overlapped
sufficient'y to cause liquid flowing through the elongated
passageway to exit the passageway with an at least
partially horizontal velocity to reduce the vertically
downward force with which the liquid impacts the liquid
receiving area of the underlying tray.

on 2031” B The mass transfer column as set forth in
claim 26, wherein said channel in each downcomer louvre is
defined in part by a ramp which underlies an inlet end of
the channel -and is attached to the bottom plate along
opposed sides and one end of the ramp, an opposite end of
the ramp being spaced downwardly from the bottom plate and
defining said outlet end of the channel.
within a mass transfer column to facilitate contg,ct and
interaction between ascending vapor and descensl/imjxliquid,
said tray comprising: an at least partially.planar plate;
a plurality of valves positioned on and .ext’évnding above the

- plate, each of said valves comp;:i’éing: an apefture

extending through the plate; a_,fféme extending above the
plate; a floating ‘cap moveaplej within the frame between a
lower position covering- Said aperture to resist liquid
entry therein and a"_,r‘a"{ised position spaced above the tray
to permit vapor:,‘,vfiéw upwardly through the aperture, said
floating ca’p,»’ﬁyeing lifted from the lower position to the
raised €ition in respense to the upward force of vapor:
flow &gainst an undersurface of the floating cap; and a

n—said—Erame—above—the—fioating
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29. A vapor-liquid contact tray for placement within a mass transfer
column to facilitate contact and interaction between ascending vapor and
descending liquid, said tray including

an at least partially planar plate having a liquid receiving area for
underlying an outlet region of a downcomer and receiving liquid therefrom,

wherein said liquid receiving area includes at least two vertically spaced
apart and partially overlapping tray segments and wherein a horizontally
elongated passageway is formed between the overlapped portions of the tray
segments which is open to the flow of vapor through the liquid receiving area of
the tray, wherein said tray segments are overlapped sufficiently to cause vapor
flowing through the elongated passageway to exit the passageway with an at
least partially horizontal velocity; and

at least one downcomer associated with said tray and extending
downwardly toward an underlying tray to deliver liquid from the associated tray to
the underlying tray, said downcomer having an inlet region through which liquid
enters the downcomer and an outlet region through which liquid exits the
downcomer, said outlet region of the downcomer being positioned above the
liquid receiving area of the underlying tray, and including:

a bottom plate closing the outlet region of the downcomer and including at
least two vertically spaced apart and partially overlapping plate segments; and

a horizontally elongated passageway formed between the overlapped
portions of the plate segments which is open to the flow of liquid through the
bottom plate, wherein said plate segments are overlapped sufficiently to cause
liquid flowing through the elongated passageway to exit the passageway with an
at ieast partially horizontal velocity to reduce the vertically downward force with
which the liquid impacts the liquid receiving area of the underlying tray.

30. The vapor-liquid contact tray as set forth in claim 29, including a
plurality of apertures in said tray outside of said liquid receiving area and adapted
to allow the vertical passage of vapor while resisting the downward passage of
liquid.

31.  The vapor-liquid contact tray as set forth in claim 30, including a

/\A}a\lurality of second apertures extending through said tray segments and adapted
NS

P.UST
_hb g

5

S
CAWINWORD\ENNIFERWARIOUSWODELETER2413.00C




10

15

20

25

30

33
to allow the vertical passage of vapor while resisting the downward passage of
liquid.

32.  The vapor-liquid contact tray as set forth in any one of claims 27 to
31, including a plurality of tray louvres positioned on and extending above the tray
segments, each of said tray louvres including a channel extending through the
tray and having an outlet end lying in a plane intersecting a plane in which the
liquid receiving area of the tray lies to allow vapor to exit the outlet end of the
channel with an at least partially horizontal velocity for vapor-liquid interaction in
an area above the liquid receiving area.

33. A vapor-liquid contact tray and downcomer assembly for placement
within a mass transfer column to facilitate contact and interaction between
ascending vapor and descending liquid, said assembly including a plurality of
vertically spaced apart trays, each of said trays having an upper surface along
which liquid can flow and containing apertures through which vapor can ascend to
interact with said liquid on the upper surface; at least one downcomer asscciated
with each of said trays and extending downwardly toward an underlying tray to
deliver liquid from the associated tray to the underlying tray, said downcoimer
having an inlet region through which liquid enters the downcomer and an outlet
region through which liquid exits the downcomer, said outlet region of the
downcomer being positioned above a liquid receiving area of t!.e underlying tray;
a bottom plate closing the outlet region of the downcomer and including at least
two vertically spaced apart and partially overlapping plate segments; and a
horizontally elongated passageway formed between the overlapped portions of
the plate segments which is open to the flow of liquid through the bottom plate,
wherein said plate segments are overlapped sufficiently to cause liquid flowing
through the elongated passageway to exit the passageway with an at least
partially horizontal velocity to reduce the vertically downward force with which the
liquid impacts the liquid receiving area of the underlying tray.

34. The assembly as set forth in claim 33, including openings in said

downcomer bottom plate segments to allow liquid to pass downwardly through the

openings.




34
35. The assembly as set forth in claim 34 including spaced apart

downcomer louvres positioned in and extending below said downcomer bottom
plate segments, each downcomer louvre including a channel extending below the
bottom plate, said channel having an outlet end lying in a plane intersecting a

5 plane in which the bottom plate segment lies to allow liquid to exit the outlet end
with an at least partially horizontal velocity to reduce a veitically downward force
with which the liquid impacts the liquid receiving area of the underlying tray, at
least some of said openings in the downcomer bottom plate including inlet ends
of said channels.

10 36. The assembly as set forth in any one of claims 33 to 35 including a
plurality of valves »nositioned on and extending above the liquid receiving area of
the trays, each of said valves including: a second aperture distributed in and
extending through the liquid receiving area of one of the trays; a frame extending
above the liquid receiving area of the tray; a floating cap moveable within the

15 frame in response to the upward force of vapor flow into the second aperture
between a lower position covering said aperture to resist liquid entry therein and a
raised position spaced above the tray to permit vapor flow through the second
aperture; and a stationary cap positioned above 4the floating cap to deflect the
downward flow of liquid away from the floating cap.

20 37. A method for interacting liquid and vapor streams on a vapor-liquid
contact tray and downcomer assembly provided in an interior region of a mass
transfer column, said assembly including a plurality of generally horizontally
disposed and vertically spaced apart trays positioned in said open interior region,

olurality of apertures in said trays, at least one downcomer associated with each

75 of said irays and extending downwardly toward an underlying tray, and a bottom
plate closing an out!=t region of the downcomer, said method including the steps:

(1)  directing a "quid stream to one of said trays;
(2)  flowing the liquid stream across said one tray in a first direction;
(3)  directing said liquid stream from said one tray into an inlet region of

30 the associated downcomer and passing the liquid stream downwardly through

““nUgSaid associated downcomer,
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(4)  discharging the liquid stream in said associated downcomer onto a

liquid receiving area of an underlying tray with ari at least partially horizontal

momentum to reduce the vertically downward force with which the liquid stream -

impacts the iiquid receiving area by directing the liquid stream through a plurality

5 of spaced apart channels having an inlet end lying in a plane of an upper surface
of the bottom plate and an outlet ernd lying below the bottom plate in a plane
intersecting said pla‘ne of the upper surfsce, whereby said liquid stream exits said
outlet end with the at least partially horizontal momentum;

(5) flowing said liquid stream across said underlying tray in said

10  opposile direction;

(6) repeating steps (3) - (5) on successive lower ones of said trays; and

(7) directing a portion of the vapor stream upwardly through said |
apertures in the trays to inferact with said liquid stream flowing across the trays.

38. The method as set forth in claim 37, including directing another

15  portion of the vapor stream upwardly through the liquid .<ceiving area of the
underlying tray and imparting an at least partially hciizontal momentum to the
vapor stream by passing the vapor stream through a plurality of spaced apart
channels having an inlet end lying in a plane of a bottom surface of the liquid
receiving area and an outlet end above the liquid receiving area and lying in a

20 plane intersecting said piane of the bottom surface, whereby said vapor stream
exits said outlet end with the at least partially horizontal momentum.

39. A methed for interacting liquid and vapor streams on a vapor-liquid
contact tray and downcomer assembly provided in an interior region of a mass
transfer colurmn, said assembly comprising a plurality of generally horizontally

25 disposed and vertically spaced apart trays positioned in said open interior region,
a plurality of apertures in said trays, and at least one downcomer associated with
each of said trays and exiending downwardly toward an underlying tray, said
method including the steps:

(1)  directing a liquid stream to one of said trays;

30 (2) flowing the liquid stream across said one iray in a first direction;

by
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(3)  directing said liquid stream from said one tray into an inlet region of

the ass .ated downcomer and passing the liquid stream downwardly through
said associated downcomer;
(4)  discharging the liquid stream in said associated downcomer through
5 anoutlet end of the downcomer onto a liquid receiving area of an underlying tray;
(6) flowing said liquid stream across said underlying tray in said
opposite direction;
(6)  repeating steps (3) - (5) on successive lower ones of said trays;
(7)  directing a portion of the vapor stream upwardly through said
10 apertures in the trays to interact with said liquid stream flowing across the trays;
and
(8)  directing another portion of the vapor stream upwardly through the
liquid receiving area of the trays and imparting an at least partially horizontal
momentum to the vapor stream as it passes through the liquid receiving area by
15 passing all or part of said another portion of the vapor stream through a plurality
of spaced apart channels which are formed in the liquid receiving area of the
associated tray, each of said channels having an outlet end lying in a plane
intersecting a plane in which the liquid receiving area lies to cause vapor to exit
. the outlet end of the channel with said at least partially horizontal velocity for
;, 20 vapor-iquid interaction in an area above the liquid receiving area and for
substantially preventing entry of liquid into the channels and downward passage

: of the liquid through the liquid receiving area; and

é (9) wherein at least some of the liquid receiving areas containing said
channels comprise at least two vertically spaced apart and partially overlapping |

. 25 tray segments which form a horizontally elongated passageway between the

: overlapped portions of the tray segments and wherein a further portion of the

: vapor stream enters the passageway from below and is redirected by the |

passageway and discharged therefrom with an at least partially horizontal

velocity.
30 40. The method as set forth in claim 39, wherein at least some of the

liquid receiving areas containing said channels include at least two vertically

ced apart and partially overiapping tray segments which form a horizontally

RDUENNIFER\VARIOUSWODELETE\22413.00C
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elongated passageway between the overlapped portions of the tray segments
and wherein another portion of the vapor stream enters the passageway from |
below and is redirected by the passageway and discharged therefrom with an at
feast partially horizontal velocity.

5 41.  The method as set forth in claim 40, including discharging the liquid
stream in said associated downcomer through a bottom plate which closes an
outlet region of the downcomer and contains a plurality of spaced apart channels
having an inlet end lying in a plane of an upper surface of the bottom plate and an
outlet end lying below the bottom plate in a plane intersecting said plane of the

10 upper surface to impart an at least partially horizontal momentum to the liquid
stream passing through the bottom plate to reduce the vertically downward force
with which the liquid stream impacts the liquid receiving area of the underlying
tray.

42. A mass transfer column substantially as herein before described

15  with reference to any one of the embodiments illustrated in the accompanying
drawings.

43. A vapor-liquid contact tray substantially as herein before described
with reference to any one of the embodiments illustrated in the accompanying

.00, drawings.

. 20 44. A vapor-liquid contact tray and downcginer assembly substantially

as herein before described with reference to any one of the embodiments
illustrated in the accompanying drawings.
45. A method for interacting liquid and vapor streams substantially as

herein before described with reference to any one of the embodiments illustrated

25 in the accompanying drawings.

DATED: 24 June, 1997
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
30 KOCH ENGINEERING COMPANY, INC.
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