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-1- .. H GH CAPACI TY TRAY FOR GAS- LI QUI D CONTACT APPARATUS BAGKGROUND
OF THE' | NVENTI ON This invention relates to gas-liquid contact
appar at usyp 88ydoz3d particul arly pertains to a novel crossfl oWwGT/H§I¥WISse
in fractionation towers and other apparatus. In a typica

i nstallation, a nunber of horizontal trays with openings therein are
nounted in a

HI CAPACI TRAY FOR GAS~LIQUID C ACT APPARATUS

BACKGROUND OF THE INVENTION
This invention relates to gas-liquid contact
5 apparatus, and it particularly pertains to a novel
crossflow tray for use in fractionation towers and other
apparatus.
In a typical installation, a number of
horizontal trays with openings therein are mounted in a
10 sealed, vertically elongated vessel known in the industry
as a column or tower. Liguid is introduced on the upper
surface of the uppermost tray. At the downstream end of
each tray, there is a weir which leads to a downcomer;
and, the downcomer leads to an unperforated upstream area
15 (the "downcomer seal area") on the next lower tray. Gas
is introduced inte the lower end of the tower. As the
ligquid flows across the trays, gas ascends through the
openings in the trays and into the liquid to create a
bubble area where there is intimate and active contact
20 between the gas and liquid. In towers used in high
liguid rate systems such as light hydrocarbon
digtillations and direct contact heat exchange, each tray
level may have multiple sets of flow paths including a
downcomer, bubbling area and downcomer seal transition
25 area.
Many crossflow trays are simple sieve trays,
i.e. decks which have hundrede of circular holes. Some
trays have valves associated with the tray openings, and
others have fixed deflectors. 1In an example of the
30 latter, shown and described in U.S. patent 3,463,464 of
August 26, 1969, each tray opening includes a trapezoidal
aperture in the plane of the tray deck, and a stationary
deflector which overlies and is aligned with the
aperture. The deflector and the adjacent deck surface
35 define lateral outlet slots which are oriented to direct
vapor which passes up through the aperture in directions
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.seal ed, vertically elongated vessel known in the industry as a columm or
tower. Liquid is introduced on the upper surface of the uppernpst &{?y. At
t he dovwetgseoseasend of each™fray, there is a weir which | eafiST{UF?40075
downconer; and, the downconer |eads to an unperforated upstream area (the
"downcomer seal area") on the next lower tray. Gas is introduced into the
| omer end of the tower. As the liquid flows across the trays, gas ascends
t hrough the openings in the trays and into the liquid to create a bubble
area where there is intimate and active conjact between the gas and |iquid.
In towers used in high liquid rate systens such as |ight hydrocarbon
distillations and direct contact heat exchange, each tray |evel nay have
mul tiple sets ofhifdovarmtdeneral Liyditxpns e dirertheh flsiv i xgekiemdgof
downconer seal jtyransd td,PMewd Efeck. Many crossflow trays are sinple
sieve trays, i.e.” decks which have hundreds of circular holes. Sone trays
have val ves associated with the tray openings, and others have fixed
deflectors. In e TH 3

The present invention relates to improvements
5 in a type of gas-liquid contact apparatus where a deck
tray supports a body of liquid which moves in a generally
horizontal flow direction from an upstream location to a
downstream location. The deck is provided with apertures
which introduce ascending vapor under pressure into the
10 ligquid. Each aperture has a longitudipal axis which is
parallel to the flow direction, and each aperture is
tapered in the plane of the deck from a maximum dimension
transverse to the flow direction at its upstream end to a
minimum dimension transverse to the flow direction at its
15 downstream end. Deflector members overlie the apertures.
Each deflector includes an upstream portion, a central
portion, and a downstream portion. Each upstream portion
extends above the deck at an upstream end of the
associated aperture, and it lies across the entire
20 maximum transverse extent of the aperture so that the
entirety of the aperture is shielded from liquid which is
moving in the flow direction toward the aperture. Each
downstream portion extends above the deck at the
downstream end of its aperture, and it lies across the
25 entire transverse extent of the downstream end of the
aperﬁure to prevent vapérs from impelling liquid in a
downstream direction. Each deflector member and the
adjacent deck define lateral outlet slots which are
oriented to direct vapor which passes up through the
30 aperture in a direction which is generally transverse to
the flow direction of liquid on the deck.
In one respect, the invention inveolves the use
of the outlet slots which have an upper edge no longer
than about 0.85 inch, a height which is no greater than
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{atter, shown and described in U S. patent 3,463, 464 of August 26, 1969,
each tray openrng includes a trapezoidal aperture in the plane of the tray
deck, 0_319 i onary defl€ctor- which overlies and is™al i gped/mishioetsbe

he

aperture efl ector and the adjacent deck surface define lateral outlet
slots which are oriented to direct vapor which passes up through the
aperture in directions -2-

- 7 -

0.35 inch, and a lower edge which is no longer than about
1.5 inches.

Another feature of the invention pertaing to
apertures each of which, in the plane of the tray deck,

5 has a length no greater than 1.5 inches measured along
its longitudinal axis, an upstream width no greater than
about 1.0 inch, and a downstream width no greater than
0.75 inch. Preferably, the centers of the apertures are-
spaced apart no more than about 3.0 inches longitudinally

10 of the flow direction, and no more than about 2.0 inches
transversely of the flow direction.

Additional features are used in preferred
embodiments of the invention. The apertures are arranged
in longitudinal rows, and the apertures in adjacent

15 longitudinal rows are staggered so that an aperture in
one row has a longitudinal position which is miaway
between the longitudinal positions of two apertures and
an adjacent row. The central portions of the deflectors
are supported on the deck by the upstream and downstream

20 deflector portions. The upstream baffle portions and the
downstream baffle portions are inclined to form obtuse
angles with the deck. Each deflector is integral with
the deck and is, in vertical projection, substantially
geometrically identical to its respective aperture. The

25 outlet slots are trapezoidal, and burrs are formed around
them. Each outlet slot has an area of about 0.3 square
inch. This is greater than the area (0.2 square inch) of
a one-half inch circular opening in a conventional sieve
tray-

30 BRIEF DESCRIPTICON OF THE DRAWINGS
Fig. 1 is a diagrammatic drawing of the general

arrangement of crossflow trays in a gas-liquid contact

tower.
Fig. 2 is a diagrammatic plan view of the tower
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whi ch are generally transverse to the flow direction of liquid on the deck
SUMVARY OF THE I NVENTION = ' The present inventi.on relates to

i Npr ovevem®©s/00239a type of §as-liquid contact apparatus wherRCHUSMENERY ay
supports a body of liquid which noves in a generally horizontal flow
direction froman upstream | ocation to a downstream | ocation. The deck is
provi ded with apertures which introduce ascendi ng vapor under pressure into
the liquid. Each aperture has a longitudinal axis which is parallel to the
flow direction, and each aperture is tapered i=n the plane of the deck from
a maxi mum di nension transverse to the flow direction at its upstreamend to
a mnimum di mension transverse to the flow direction at its downstream end.
Def |l ector nmenbepP§ Bigrl te shewiper theegenernah BEPPEELSPNENELUEBE an

upstream porti OBowRcefBkl akea, perforated active bubble area, and
unperforated downcomer seal area.

Fig. 3 is a perspective view showing a group of

5 openings in a tray constructed according to the
invention.

Pig. 4 is a bottom view of a portion of the
tray, sﬁowing the aperture shapes, proportions and
spacing.

10 Fig. 5 is a transverse sectional view as seen
along the section line 5-5 in Fig. 4. '

Fig. 6 is a sectional view taken along the line
6-6 in Fig. 5 to show the curvature and burrs which are
formed in the deflector.

15 Fig. 7 is a graph showing capacity
- characteristics of fluid contact trays with different
openings.

Fig. B8 l1s a graph showing entrainment and
weeping characteristics of contact trays as a function of

20 their capacity indices.

Fig. 9 shows a modification of the invention in
which a vertically movable valve is the deflector.

Fig. 10 is a table which shows the dimensions
of a preferred embodiment of the invention, and

25 corresponding dimensions of two prior art trays.

DETAILED DESCRIPTION
Fig. 1 shows, in schematic form, the basic

environment of crossflow trays constructed according to
the invention. A plurality of horizontal trays 2 are

30 mounted in a vertical tower 4 where they are vertically
spaced from each other. Liquid is fed to the uppermost
tray by a liguid supply line 6. Downcomer passages 8
lead from the downstream ends of each of the trays to the
upstream end of the next lower tray. Openings (not shown
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porti.on, and a downstream portion. Each upstream portion extends above the
deck at an upstream end of the associated aperture, and.it |lies across the
entire nRyhREgHLbansverse éxtent of the aperture so t hat t hepeErUsya66rsOf
the aperture is shielded fromliquid which is nmoving in the flow direction
toward the aperture. Each downstream portion extends above the deck at the
downstreamend of its aperture, and it lies across the entire transverse
extent of the downstream end of the aperture to prevent vapors from
inmpelling liquid in a downstream direction._Each deflector menber and the
adj acent deck define lateral outlet slots which are oriented to direct
vapor whi ch passes up through the aperture in a direction which is

generally transvgrseitQ the afdeoW odinerC ir0Rnef thia '@oorﬂ;nfaktea%cler other

I n one respect, the I,n entlon I nv Ives the use o %;Iet §>Ots wQICh
have an upper ed§&Snd™ 5nge etdha S Sutt s i chH iFH
greater than supply line 10 w111 ascend through the tower, passing up

thrpugh the tray openings and into the liguid on the
5 trays 2. The tower has a vapor outlet at its upper end,
and a liguid outlet at its lower end.

The proportions of a typical tray are shown in
Fig. 2. Each tray has an unperforated upstream segment
12 (the downcomer seal transition) which receives liguid

10 from a downcomer 8 and redirects the liguid flow to an
active area 14 ("bubbling area'") where the openings are
located. As previously mentioned, the reference numeral
8 identifies the downcomer passage. In the downcomer
passage, disengagement or separatiocn occurs between the

15 components of the liguid-vapor mixture. The separated
vapor component ascends, and the liquid component is
delivered to the unperforated downcomer seal transition
area at the upstream end of the next tray.

In a typical installation where the tower 4 has

20 a diameter of 48 inches, the length L, of the unperforated
upstream segment B is about 8 inCHes, and the downcomer 8
has a horizontal dimension L, of about 10 inches. .The
active area 14 of the deck has a length L, of about 30
inches. This example is representative of conventional

25 crossflow tray design practice.

The present invention is directed to
improvements to a known'type of tray which is disclosed
in United States Patent 3,463,464 of August 26, 1%6%. As
previousgly mentioned, each opening in a tray of this type

30 includes a trapezoidal aperture in the plane of the tray
deck, and a deflector which overlies and is aligned with
the aperture. ‘The deflector and the adjacent deck
surface define lateral outlet slots which are oriented to
direct vapor which passes up through the aperture in

35 directions which are generally transverse to the flow
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- 3- 0.35 inch, and a |l ower edge which is no | onger than about 1.5 inches.
Anot her feature of the invention pertains to apertures each of which, in

t he plwgpsanﬁﬁe tray decks has a length no greater t'an PCTnsIeies?
measured along its longitudinal axis, an upstreamw dth no greater than
about 1.0 inch, and a domnstrean1mndth no greater than

direction of liguid on the deck.

The present invention involves the discovery
that superior performance is attainable if trays of this
type are constructed to have aperture spacings, aperture

s sizes, and slot sizes within specific ranges which are
dirferent from what was heretofore utilized in the
industry.

As shown in Fig. 3, a tray 2 according to the
invention has a plurality of apertures 16 with overlying

10 deflectors 18. This drawing shows tray openings
positioned in three adjacent longitudinal rows, and the
aperture positions are staggered from row-to-row so that
an aperture 16 in one row has a longitudinal position
which is midway between the longitudinal positions of two

15 longitudinally adjacent apertures 16 in an adjacent row.
The centers of the apertures are spaced apart
longitudinally of the flow direction by distances S, which
are no more than about 3.0 inches. Transversely of the
flow direction, the spacing S; between the centerlines 20

20 of adjacent rows is no more than about 2.0 inches.

Each deflector 18 has an upstream portion 18u,
a midportion 18m, and a downstream portion 18d. The
midportion 18m is generally horizontal, and the upstream
and downstream portions 18u, 18d are inclined upwardly

25 and downwardly, respectively, relative to the liquid flow
direction.

In plan view,.each deflector and its respective
aperture are substantially geometrically identical. The
dimensions of an aperture 16 formed in the plane of the

30 deck are shown in Fig. 4. 1Its length L is no greater
than 1.5 inches, its upstream width W, is no greater than
about 1.0 inch, and its downstream width W, is no greater
than 0.75 inch.

Fig. 5 is a side view showing the outlet slot

'35 configuration associated with one of the deflectors. The
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0. 75 knch. Preferably, the centers of the apertures are spaced apart no
nmore than about 3.0 inches longitudinally of the flow direction, and no
nore t hanyaseuiozsd. 0 i nches tfansversely of the flow di récti opCT/US94/06751
Addi tional features are used in preferred enbodi nents of the invention. The
apertures are arranged in longitudinal rows, and the apertures in adjacent
| ongi tudinal rows are staggered so that an aperture in one row has a

| ongi t udi nal position which is m dway between the |ongitudinal positions of
two apertures and an adjacent row. The central portions of the deflectors
are supported on the deck by the upstream and downstream defl ector
portions. The upstream baffle portions and.the downstream baffle portions
are inclined to foutneabtdlset @yl oS geridrd Ty dacpedmicinxlef | Bied OXowér edge

i nt egr al W|thth d qui Y Sdl.t!ﬂ Lqal |
geonetrically |dent|%ccsé§ 0 |)§'s 11rtg%p cééll\clgéuggéa%eﬁféef Q{h] out et s]Fotés(ngr ies
trapezoi dal, and YRAYZEaR ed9n mAPWIDHRAN RdEe E019 HRRBT 2997 MEQ an area
of about 0.3 squaleEir¥d).by WS icwel aaiges dRtH ARtk 2 STt@reppagh)

of S edge has a length L, no greater than 0.85 inch, a height
H which is no greater than 0.35 inch, and a lower edge
which has a length L, no greater than 1.5 inches.
Close inspection of the trays has revealed that
the fabrication process produces a transversae upwazrd
10 convexity in the baffle portions 1Bu and 18d, and burrs
around the ogutlet slots. Fig. 6 shows these burrs 24 in
the plane identified by the section line 6-6 in Fig. 5.
In addition to enhancing tray efficiency by increasing’
local turbulence to increase the interfacial contact area
15 between the vapor and liguid at the slot edges, it is
likely that these burrs 24 contribute to the improved
weeping performance discussed below,
In contrast to trays in the prior art, the
trays according to the present invention have smaller
20 canter-to-center distances between apertures. The
apertures are shorter in length and narrower in width,
and the outlet slots are shorter in length and height.
The preferred dimensions according to the invention
conform with the manufacturing capabilities of computer
25 numerical control ("CNC") presses, which can efficiently
provide these commercial manufacturing needes for slot
~sizes and areas. '
The dimensions used in a preferred embodiment
of the invention are shown in the row identified as Type
30 MVG in the following table which also shows the
corresponding dimensions for the openings in Type L trays
and Type 5 trays which are in the prior art.
It was found by experimentation that the Type L
tray resulted in unacceptable entrainment level when
35 liguid rates are low and vapor rates are high. It was
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a one-half inch circular opening in a conventional sieve tray.
Fig. 1 is a diagranmatic drawi ng of the general arrangepent of crossflow

trays igvél,gg@_%;iquid cont &t tower. Fig. 2 1's apdyragsod/semsti C
pl an view of the tower

B VAN Vamsm
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known in sieve tray technology that smaller openings
produced less entrainment, which led to the design of the
Type S trays, the objective of which was to reduce
entrainment to a level which would compare favorably to

5 that of standard sieve trays having deflectorless
circular openings of 0.5 inch diameter. The larger
openings of the Type L and Type S trays are successful in
the reépect that they reduce the risk of fouling in
commercial service.

10 When the Type S tray was developed, CNC presses
were not economically available for this size of tray
slot manufacture, so the number of slats in any given
area of the tray was alsc minimized to reduce
manufacturing costs. The Type L trays were used

15 extensively because they provided greater slot areas,
less risk of fouling and lower manufacturing costs than
Type S trays. However, the unsatisfactory entrainment
characteristics of Type L trays at low liquid rates have
continued to ke an impediment to their industrial use.

20 Fig. 9 shows a tray in which the deck aperture
has the same size, shape and orientation as in Figs. 3-6,
but the deflector is a vertically movable valve 28. . The
valve haes outturned feet 28f which limit its upward
movement and preset dimples 30 which prevent it from

25 closing completely. When the valve is in its raised and
cpen position, it is a deflector with an upstream portion
28u, a midportion 28m, and a downstream portion 28d. The
dimensions of these portions are the same as the
dimensions of a corresponding stationary deflector 18,

30 except that the width of the midportion is greater to
prevent the valve from falling through the tray aperture
when it closes. When the valve 28 is open, it and the
adjacent deck define rectangular vapor outlet slots which
direct ascending vapor in a direction which is generally
transverse to the flow direction of liquid on the deck.

Comparative data showing the capacity and
weeping limits of various trays are presented in Figs. 7
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:4- -of Fig. 1, showi ng the general proportions of the domnconer ar ea,
perforated active bubble area, and unperforated downconer seal area.

Fig. 3iw g, RessPect i ve vi €W showing a group of openi ngs | NpeTiUSAN/06751
a

constructed according to the invention. Fig. 4 is a bottomview
of a portion of the tray, show ng the aperture shapes, proportions and
spaci ng. Fig. 51s a transverse sectional view as seen along the
section line 5-5 in Fig. 4. Fig..6gis a sectional view taken
along the line 6-6 in Fig. 5 to show the curvature and burrs which are
formed in the deflector. Fig. 7 is a graph show ng capacity

characteristics aig fd. Ui o miygad o ey wirdh wlid ft¥sintaccording to the
present invention had their apeftures staggered as shown
in Fig. 3 ("triangular pitch") and the Type L tray had a
"sgquare pitch" where the apertures in adjacent rows were

5 transversely aligned with each other. As to be expected,

the smaller slot sizes according to the present invention
resulted in lower entrainment at low liquid rates.
Moreover, it was noted that entrainment was lower over
the entire liquid rate range of commercial interest.

10 '~ In the industry, a 10% entrainment level can be
used to define good commercial practice, so the capacity
of trays according to the present invention, as shown in
Fig. 7, is extremely significant as its capacity
advantage at constant 1iquid rate ranges from around 7%

15 at low liquid rates to around 9% at moderate liquid
rates.

When it became known that the tray had such
favorable entrainment and capacity properties, it was
expected that there would be sacrifices in other

20 performance characteristics. Surprisingly, however, the
tray constructed according to the invention resulted in
better weeping performance. This attribute is shown in
the graph of Fig. 8 where it will be seen that, at the
10% entrainment-weeping level, there was an increased

25 turndown potential of about 32%. The ascending vapor
rate curves are in the range where entrainment occurs,
and the descending vapor rate curves are in the weeping
range. It is seen that the tray constructed according to
the invention shows a lower weeping rate (left) and a

30 lower entrainment rate (right).

The improved weeping characteristics of the
Type MVG tray were also found to result in a more uniform
aeration over the bubbling area in a manner which is
similar to aeration achieved by sophisticated valve trays

35 designed by the present inventor.

. From the foregoing, it will be seen that this
invention provides a fluid contact tray and apparatus
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openi ngs. Fig. 8 is a graph showi ng entrai nnent and weepi ng
characteristics of contact trays as a function of thei.r_capaci i ndi ces.
Fig. 9 M¥00B%odification"of the invention in which a ve Bé%éf”;‘)ﬁmvabl e
valve is the defl ector. Fig. 10 is a table which shovvs t he

di mensi ons of a preferred enbodi nent of the invention, and correspondi ng
di nensi ons of two prior art trays. DETAI LED DESCRI PTI ON Fig. 1
shows, in schematic form the basic envirorkent of crossflow trays
constructed according to the invention. A plurality of horizontal trays 2
are nounted in vel[‘thcal ey ale ve rtical ced from

th
each other. Liditrs ?3dp?5¥\?ﬁ‘élﬁﬁp%?ﬁ€%fm¥?%?/ o c?fﬁu?%vg'ggﬁ??sl'i ne 6.
Downconer passakeesenscalilied inethevast reabl ereicomiizacthat theserays to

the upstream engyPinth§e8eshn! BUeEehi 8Yed PLOH NESaf S Ohn SERVRiffer from
the embodiments described above. Therefore, it is
5 emphasized that the invention is not limited to the
disclosed embodiments and does include variations and
modifications which fall within the spirit of the
following claims.
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-5-..1in F|g 1) are formed in the trays so that air or other gas
introduced into a | ower end.of the tower by a gas supply line 10 will

ascend tywpogsgaziohe tower, “passing up through the tray openi PgE/GRd/06150 t he
liquid on the trays 2. The tower has a vapor outlet at its upper end,

A

CLAIMS

1. A fluid contact tray for supporting a body
of liguid moving thereacross in a generally horizontal
flow direction from an upstream location to a downstream

] location, comprising, :

a deck having a group of apertures for
introducing ascending vapors under pressure into said
liquid, said apertures having longitudinal axes which are
parallel to said flow direction, each of said apertures

10 being tapered in the plane of the deck from a maximum
dimension transverse to said flow direction at its
upstream end to a minimum dimension transverse to said
flow direction at its downstream end;

a plurality of stationary deflector members

15 ' each overlying and aligned with a respective one of said
apertures, each deflector member including an upstream
portion, a central portion, and a downstream portion;
said central portion being connected to said upstream and
downstream portions;

20 each said upstream portion extending above the
deck at an upstream end of one of said apertures and
lying across the entire maximum transverse extent of its
respective aperture so that the entirety of the aperture
is shielded from ligquid which is moving in the flow

25 direction toward the aperture,

each said downstream portion extending above
the deck at the downstréam end of one of said apertures
and lying across the entire transverse extent of the
downstream end of the respective aperture to prevent

30 vapors from impelling liguid in a downstream direction,

each said deflector member and said deck
defining lateral outlet slots which are oriented to
direct vapor which passes up through the aperture in a
direction which is generally transverse to the flow

35 direction of liquid on the deck, said tray having burrs
formed around said outlet slots,
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and a liquid outlet at its |ower end. The proportions of a
typi ¢al tray are shown in Fig. 2. Each tray has an unperforated upst ream
segnentyd dsfob38 downconmer seal transition) which receiVvés PET/UBRMGETHIM a
downconer g and redirects the liquid flowto an active area 14 ("bubbllng
area") where the openings are |ocated. As previously nentloned the -
reference nuneral 8 identifies the downconer passage.
passage, disengagenent or separation occurg,between the wlﬁ mlllte
| i qui d-vapor m xture. The separated vapor conponent ascendsg uid
conponent is delivered to the unperforated downconer seal tran5|t|on area
%eﬁ get EES: (r)\(/a\g;n Znﬂagf at *b%lﬁiﬂuﬁlrs’ﬂfgots each Iﬂralxﬂrmgt v edpemstdde at i on
unper f or at ed upShEams éb(?“na%lrﬁn%rzi i oulb%glencﬁte“’sqné%gg% hudlgmco'?r{elré‘he has
a horizontal diisemsi @ragtsy [thgn aﬂ)c%ﬁ irehnands 2 fiewercgdae MEEh A% the
deck has a | engih llﬂl},gq;r a atbdthches.inbhes ,exanple is representative of
Conv%nt|onal Crossflom/tr%y des'é¥¥d¥é§nhav1ng centers which are spaced
apart no more than about 3.0 inches longitudinally of
said flow direction and no more than about 2.0 inches
transversely of the flow direction.

2. Apparatus according to claim 1 in which

10 said upstream baffle portions and said downstream baffle
portions are inclined to form obtuse angles with said
deck.

3. Apparatus according to claim 1 in which
each of said deflector members is integral with said deck

15 and is, in vertical projection, substantially
geometrically identical to its respective aperture.

4. Apparatus according to claim 1 wherein each
said outlet slot has an area of about 0.3 square inches.

5. Apparatus according to claim 1 wherein said

20 apertures are arranged in longitudinal rows, said
apertures in adjacent longitudinal rows being staggered
so that an aperture in cne row has a longitudinal
position which is midway between the longitudinal
positions of two apertures in an adjacent row.

25 6. A plurality of fluid contact trays
according to claim 1 in combination with a tower,

said trays being mounted in said tower and
vertically spaced from each other; and

downcomer conduit means leading from downstream

30 locations of said trays to upstream locations of trays
therebelow.

7. Apparatus according to claim 1 wherein each
of said apertures has a length measured along its
longitudinal axis which is no greater than 1.5 inches, an

35 _ upstream width which is no greater than about 1.0 inch,
and a downstream width which is no greater than 0.75

inch.
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The present invention is directed to inprovements to a known type of tray
which i's disclosed in United States Patent 3,463,464 of August 26, 1969. As
previ ousl wogpnedaened, each epening in a tray of this type i nEQTIBSI406751
trapezoidal aperture in the plane of the tray deck, and a deflector which

overlies and is aligned wth the aperture. The deflector { '
deck surface define lateral outlet slots which are ori entl%ﬂlﬂmi iﬁhﬂgﬂ;‘ﬂ)r
whi ch passes up through the aperture in dirgcf4ans which I
transverse to the flow

8. A fluid contact tray for supporting a body
of liquid moving thereacross in a generally horizontal
flow direction from an upstream location to a downstream
location, comprising,

5 a deck provided with a group of apeftures for
introducing ascending vapors under pressure into said
liquid, said apertures having longitudinal axes which are
parallel to said flow direction, each of said apertures
being tapered in the plane of the deck from a maximum

10 dimension transverse to said flow direction at its

~upstream end to a minimum dimension transverse to said

flow direction at its downstream end, each of said
apertures having a length measured along its longitudinal
axis which is no greater than 1.5 inches, an upstrean

15 width which is no greater than about 1.0 inch, and a
downstream width which is no greater than 0.75 inch;

said apertures having centers which are spaced

apart no more than about 3.0 inches longitudinally of
said flow direction and no more than about 2.0 inches

20 . transversely of the flow direction;

a plurality of stationary deflector members
each overlying and aligned with a respective one of said
apertures, each deflector member including an upstream
portion, a central portion, and a downstream portion;

25 said central portion being connected to the deck by said
upstream and downstream portions;

each said upstream portion extendlng above the
deck at an upstream end of one of said apertures and
lying across the entire maximum transverse extent of its

30 respective aperture so that the entirety of the aperture
is shielded from liquid which is moving in the flow
direction toward the aperture,

each said downstream portion extending above
the deck at the downstream end of one of said apertures

35 ) and lying across the entire transverse extent of the
downstream end of the respective aperture to prevent
vapors from impelling ligquid in a downstream direction,

This Sheet Has Been Replaced
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--6- - direction of liquid on the deck. The present invention

i nvol ves the discovery that superior performance is attainable if trays of
t hi s tywe ssmezi®onstruct ed {0 have aperture spaci ngs, apertﬁﬂé"@?‘%@,ﬂ and
slot sizes within specific ranges which are different -fromwhat was =~

heretofore utilized in the industry. As shown i L y 2
according to the invention has a plurality of aperturesuwlﬁ‘mﬂ!ﬁuumm g
defl ectors 18. This drawi ng shows tray openu4ngs positio N hmees *

adj acent longitudinal rows, and the aperture positions are staggered from
row-to-row so that an aperture 16 in one row has a | ongitudi nal position

which is nidway between tdech gragid W figctsgs imenher emd v@idbReRidi nal |y
adj acent apert \#85 plithd NAkA aifillet! @Nots which are oriented to

direct vapor which passes up through the aperture in a
direction which is generally transverse to the flow
5 direction of liquid on the deck, said tray having burrs
'~ formed around said outlet slots.

9. Apparatus according to claim 8 in which
said upstream baffle portions and said downstream baffle
portions are inclined to form obtuse angles with said

10 deck.

10. Apparatus according to claim 8 in which
each of said deflector members is integral with said deck
and is, in vertical projection, substantially
geometrically identical to its respective aperture.

15 11. Apparatus according to claim 8 wherein
each said outlet slot has an area of about 0.3 square
inches.

12. Apparatus according to claim 8 wherein
said apertures are arranged in longitudinal rows, said

20 apertures in adjacent longitudinal rows being staggered
so that an apertures in one row has a longitudinal
position which is midway between the longitudinal
positions of two apertures in an adjacent row. _

12. A plurality of fluid contact trays

25 according to claim 8 in combination with a tower,

said trays being mounted in said tower and
vertically spaced from each other; and

" downcomer conduit means leading from downstrean
locations of said trays to upstream locations of trays

ao therebelow.
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The centers of the apertures are spaced apart longitudinally of the flow
direction by distances S[err] which are no nore than about 3.0 inches.
Transvegpgpbsjoidss t he fl ow di+ection, the pfa\2| ng ST bet'Ween pCiraUSIsME®L| i nes
20 of adjacent rows is no nore than about 2.*0 i nches. Each

defl ector 18 has an upstream portion 18u, a mdportion I 8m and a
downstream portion 18d. The m dportion 18mis generally horizontal, and the
upstream and downstream portions 18u, 18d are inclined upwardly and
downwar dl y, respectively, relative to the liquid flow. direction4

In plan view, ec it Orespective a stantially
geonetrically identical. The dinegsi{ons of qan apeiture 16 fornedy\i p2t he

pl ane of the}deck are shown in fg—%4— Its th{L is no greatdgr\than 1.5
inches, its pstieamwidthvvu i¥s 1o greater t bout 1.0 inch, dits
downstream W dt hFAFerr+—rs—mo~xgreqt er than 0475 i pch. Fi 5is a
si de vi ew shpw nb the outl et /sJ configuratifon ag$sociated wth jon A the
defl ectors. {[he | : _

| N S
, | T®  ~{ip —La —fbsi—
’ s

\- FIG. 2

10
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--7- . outlet slot 22 is generally trapezoidal. Its |lower edge is defined by
the upper surface of the tray deck, and its upstream gdge, downstream edge,
and uppwo ssigessr e defi ned By the | ower gdges of the def | eBEEMSHPTS pper
edge has a length L[err], no greater than 0.85 inch, a height

et Has Been Replaced
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Hwhich is no greater than 0.35 inch, and a | ower edge which has a Iength
L[err] no greater than 1.5 inches. C ose insfgection of the trays
has rev t the fabri-eation procgsg produces a tfansvEIHUS#06251d
convexi ?gb?%"’%%g baffl e portions 18u acﬁcf('ad, and burrs around the outl et
slots. Fig. 6 shows these burrs 24 in the plane identified by the section
line 6-6 in Fig. 5. In addition to enhancing tray efficiency by increasing
| ocal turbul ence tg jncrease the ipgterfac{al contact area between the vapor
and | i qui the g#ot edges, it idMA¥%elyOMRAFIRRA burrs 24 contribute
to the ifipr oved vietpi ng perCaporritydi €@ udLH bElmbtrainment In contrast
to trays in_the prior art, the trayS according to the present invention
have smal | e@ ceneb-+p—ecenter—distanmces—between apertures. I1he apejt ures

are shorter dn be&lgtb_ and narrowe n_wi dt h, and the-eut-e S dr e
shorter in ng nd| hei ght . The_pr ef erred®imenstons—~aeccomdi ng t ¢ t he
i nvention cahf or - 1] e Ao Dg—eefFprH-t+es—of—eofut er puneri cal

control (" C:ﬂ:" ) OPB8SSpS FHCH a—etf+etent Y

ﬂ:J 0.3— = /?——‘-—"zd
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& 0.25

s 02 %

B 0.15

® 0.1

‘g 0.05

S 0 I T T l T

0 2 4 6 8 10 12
Liquid Rate, GPM/In Weir

—— MVG TRAY —8&— TYPE S —a&— TYPE L

Tray Comparison
6 GPM/In Weir

3
O
®

30

!
> . . [/
: I,
N I Ax

0 T T T 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Vapor Rate, Cs (Bubble Area)

ENTRAINMENT or WEEPING, (%)

—m— TYPE S —&— MVG

[T

SUBSTTTUTE SHEET (RULE 26)

This Sheet Has Been Replaced

Il



02/22/98 09:41 '5‘202 659 1462 . whYhKlper Dbosa Wy VLV v

provi.de these commercial manufacturing needs for slot sizes and areas.

The di mensions used in a preferred enmbodi nent of the invention are shown in
the rowy@esbihbed as Type-XVG in the foI4<yw;4ng t abl e ‘whi chp@grasesaismsys t he
correspondi ng di nensions for the openings in Type L trays and Type S trays
which are in the prior art. It was found by experinentation that
the Type L tray resulted in unacceptable entrai nnent | evel when |iquid
rates are | ow and vapor rates are high. It was
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1-8--% known in sieve tray technol ogy t hat smal | er: Openlngs ‘produced less
entrai nment, which led to the design of the Ty@e S trays, “the bbjectiveibf
whi ch was to reduce entrainnent to a |evel whi@h woul-d conparetfavorabI? to-
that of standard sieve trays having deflectorlgss ci rcul ar--opefs.ngs -of ¥k 5
inch diameter. The | arger openings of the TypesL and Type S trays are -~
successful in the respect that they redute the risk of fouling in

comerci al service. Wien the Type S tray was develope%g
presses were not economnically available for this size of tray st
- manufacture, so the n,“_ L £F Spdf » ? = vas al so

mnimzed to red d
extensi vely because they prOV|ded greater 'slot areas, less risk of foul ing

and | ower rrarﬂ&&;ﬂ;w &osi@ f_lﬁmgnon

This invention relates to gas-liquid contact

apparatus, and it particularly pertaine_to a novel
crossflow tray for use in fractionation'towers and other
apparatus.

In a typical installation, a number of
horizontal trays with openings therein are mounted in a
sealed, vertically elongated vessel known in the industry
as a column or tower. Liquid is introduced on the upper
surface of the uppermost tray. At the downstream end of
each tray, there is a weir which leads to a downcomer;
and, the downcomer leads to an unperforated upstream area
(the "downcomer seal area") on the next lower tray. Gas
is introduced into the lower end of the tower. As the
liquid flows across the trays, gas ascends through the
openings in the trays and into the liquid to create a
bubble area where there is intimate and active contact
between the gas and liquid. In towers used in high
liquid rate systems such as light hydrocarbon
distillations and direct contact heat exchange, each tray
level may have multiple sets of flow paths including a
downcomer, bubbling area and downcomer seal transition
area. |

Many crossflow trays are simple sieve trays,
i.e. decks which have hundreds of circular holes. Some
trays have valves associated with the tray openings, and
others have fixed deflectors. In an example of the
latter, shown and described in U.S. patent 3,463,464 of
August 26, 1969, each tray opening includes a trapezaidal
aperture in the plane of the tray deck, and a stationary
deflector which overlies and is aligned with the
aperture. The deflector and the adjacent deck surface
define lateral outlet slots which are oriented to direct
Tyapor'which passes up through the aperture in directions
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, Type S trays. However, the unsatisfactory entrai nment, characteristics of
Type L trays at low liquid rates have continued to be an inpedi nent to
their industrial use. Fig. 9 shows a tray in which the deck
aperture has the sane size, shape and orientation as in Figs. 3-6, but the
deflector is a vertically novable val ve 28. The val ve has outturned feet
28f which imt its upward novenent and preset dinples 30 which prevent it
fromclosing conpletely. Wien the valve is in its raised and open position,
it is a deflector with an upstream postpon 28u, a mdportion 28m and a
downstream portion 28d. The di nensions of these portions are the sane as

t he di nensions of a corresponding stationary deflector 18, except that the
wi dt h of thehithiparéei genesajlyateansersevanttitehd han ddrfectiam|ef ng

t hr ough the%lﬁgyﬁagﬁr£ﬂgedggﬁp it closes. Wen the valve 28 is open, it and

t he adj acen efine rectangul ar vapor outlet slots which direct
ascendi ng vapor in a direction which is generally transverse to the flow

di recti on ofupyaARydopnTHhcINCENTION Conpar ati ve data show ng the

capacity and The present invention relates to improvements
in a type of gas-liquid contact apparatus where a deck
tray supports a body of liquid which moves in a generally
horizontal flow direction from an upstream location to a
downstream location. The deck is provided with apertures
which introduce ascending vapor under pressure into the
liquid. Each aperture has a longitudinal axis which is
parallel to the flow direction, and each aperture is
tapered in the plane of the deck from a maximum dimension
transverse to the flow direction at its upstream end to a
minimum dimension transverse to the flow direction at its
downstream end. Deflector members coverlie the apertures.
Each deflector includes an upstream portion, a central
portion, and a downstream portion. Each upstream portion
extends above the deck at an upstream end of the
asscociated aperture, and it lies across the entire
maximum transverse extent of the aperture so that the
entirety of the aperture is shielded from liquid which is
moving in the flow direction toward the aperture. Each
downstream portion extends above the deck at the
downstream end of its aperture, and it lies across the
entire transverse extent of the downstream end of the
aperture to prevent vapdrs from impelling liquid in a
downstream direction. Each deflector member and the
adjacent deck define lateral outlet slots which are
oriented to direct vapor which passes up through the
aperture in a direction which is generally transverse to
the flow direction of liquid on the deck.

In one respect, the invention invelves the use

of the outlet slots which have an upper edge no longer
than about 0.85 inch, a height which is no greater than

R
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“weeping limts of various trays are presented in Figs. 7

-9- and 8. The Type S tray and the tray according to the present

i nvention had their apertures staggered as shown in Fig. 3 ("triangul ar
pitch") and the Type L tray had a "square pitch" where the apertures in
adj acent rows were

0.35 inch, and a lower edge which is no longer than about
1.5 inches,

Another feature of the invention pertains to
apertures each of which, in the plane of the tray deck,
has a length no greater than 1.5 inches measured along
its longitudinal axis, an upstream width no greater than
about 1.0 inch, and a downstream width no greater than
0.75 inch. Preferably, the centers of the apertures are
spaced apart no more than about 3.0 inches longitudinally
of the flow direction, and no more than about 2.0 inches
transversely of the flow direction.

Additional features are used in preferred
embodiments of the invention. The apertures are arranged
in longitudinal rows, and the apertures in adjacent
longitudinal rows are staggered so that an aperture in
one row has a longitudinal position which is midway
between the longitudinal positions of two apertures and
an adjacent row. The central portions of the deflectors
are supported on the deck by the upstream and downstream
deflector portions. The upstream baffle portions and the
downstream baffle portions are inclined to form obtuse
angles with the deck. Each deflector is integral with
the deck and is, in vertical projection, substantially
geometrically identical to its respective aperture. The
outlet slots are trapezoidal, and burrs are formed around
them. Each outlet slot has an area of about 0.3 square
inch. This is greater than the area (0.2 square inch) of
a one-half inch circular opening in a conventional sieve
tray.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic drawing of the general
arrangement of crossflow trays in a gas-liquid contact
tower.

Fig. 2 is a diagrammatic plan view of the tower

[OWAR 1997 }
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wtransversely aligned with each other. As to be expected, the smaller slot
Ssi zes according to the present invention resulted in |ower entrai nnment at
low liquid rates. Moreover, it was noted that entrai nnent was | ower over
the entire liquid rate range of commercial interest. In the

i ndustry, a 10% entrai nnent |evel can be used to define good conmerci al
practice, so the capacity of trays according to the present invention, as
shown in Fig. 7, is extrenely significant as its capacity advantage at
constant liquid rate ranges fromaround 4% at low liquid rates to around 9%
at noderate liquid rates. When it becane known that the tray had
such favorabl e entrai nment and capacity properties, it was _expected that
there woul d @& Bi@rili ceBovingtihe grneralnpropartdons of dhes.

sur pri si ngl ydolmeENer , ai 688, tpwraﬁméd Pt e Gubtdien @ried ,t Rghd nvention
resulted in bettgg megg ngfg f or manc ThIS attribute is shown in the
graph of Fid9"% 2F 8 ? c?ﬂfgeﬁﬁ? 2-at the 10% entrai nment - weepi ng
| evel , there was an i nBigas2dis a PerSPeCtlve view showing a group of

cpenings in a tray constructed according to the
invention.

Fig. 4 is a bottom view of a portion of the
tray, sﬁowing the aperture shapes, proportions and
spacing.

Fig. 5 is a transverse sectional view as seen
along the section line $-5 in Fig. 4. '

Fig. 6 is a sectional view taken along the line
6-6 in Fig. 5 to show the curvature and burrs which are
formed in the deflector.

Fig. 7 is a graph showing capacity
characteristics of fluid contact trays with different
openings.

Fig. 8 is a graph showing entrainment and
weeping characteristics of contact trays as a function of
their capacity indices.

Fig. 9 shows a modification of the invention in
which a vertically movable valve is the deflector.

Fig. 10 is a table which shows the dimensions
of a preferred embodiment of the invention, and
corresponding dimensions of two prior art trays.

DETAILED DESCRIYPTION

Fig. 1 shows, in schematic form, the basic
environment of crossflow trays constructed according to
the invention. A plurality of horizontal trays 2 are
mounted in a vertical tower 4 where they are vertically
spaced from each other. Liquid is fed to the uppermost
tray by a liquid supply line 6. Downcomer passages 8
lead from the downstream ends of each of the trays to the
upstream end of the next lower tray. Openings (not shown

REPLACEMENT SHEET

0 1 MAR 1997




turndown potential of about 32% The ascending vapor rate curves are in the
range where entrai nment occurs, and the descendi ng vapor rate curves are in
the weeping range. It is seen that the tray constructed according to the

i nvention shows a | ower weeping rate (left) and a | ower entrai nment rate
(right). The i nproved weepi ng characteristics of the Type MG
tray were also found to result in a nore uniformaeration over the bubbling
area in a manner which is simlar to aeration achieved by sophisticated

val ve trays designed by the present inventor. From t he foregoing,
it will be seen that this invention provides a fluid contact tray an

in Fig. 1) are formed in the trays so that air or other
gas introduced into a lower end of the tower by a gas
supply line 10 will ascend through the tower, passing up
through the tray openings and into the liquid on the
trays 2. The tower has a vapor outlet at its upper end,
and a liquid outlet at its lower end.

The proportions of a typical tray are shown in
Fig. 2. Each tray has an unperforated upstream segment
12 (the downcomer seal transition) which receives liquid
from a downcomer 8 and redirects the liquid flow to an
active area 14 ("bubbling area") where the openings are
located. As previously mentioned, the reference numeral
8 identifies the downcomer passage. In the downcomer
passage, disengagement or separation occurs between the
components of the liquid-vapor mixture. The separated
vapor component ascends, and the liquid component is
delivered to the unperforated downcomer seal transition
area at the upstream end of the next tray.

In a typical installation where the tower 4 has
a diameter of 48 inches, the length L; of the unperforated
upstream segment 8 is about 8 incﬁes, and the downcomer 8
has a horizontal dimension Lp of about 10 inches. .The
active area 14 of the deck has a length L, of about 30
inches. This example is representative of conventional
crossflow tray design practice.

The present invention is directed to
improvements to a known'type of tray which is disclosed
in United States Patent 3,463,464 of August 26, 1869. As
previously mentioned, each opening in a tray of this type
includes a trapezoidal aperture in the plane of the tray
deck, and a deflector which overlies and is aligned with
the aperture. The deflector and the adjacent deck
surface define lateral ocutlet slots which are oriented to
direct vapor which passes up through the aperture in
directions which are generally transverse to the flow
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whi ch has particular performance and cost advant ages. Person

skilled in the art will recognize that these advantages can be realiz
fromtrays which differ fromthe enbodi nents descri bed above. Therefo
I s enphasi zed that the invention is not Iimted to the disclosed
enbodi nents and does include variations and nodifications which fall
the spirit of the follow ng cl ai ns.

direction of liguid on the deck.

The present invention involves the discovery
that superior performance is attainable if trays of this
type are constructed to have aperture spacings, aperture
sizes, and slot sizes within specific ranges which are
different from what was heretofore utilized in the
industry.

As shown in Fig. 3, a tray 2 according to the
invention has a plurality of apertures 16 with overlying
deflectors 18. This drawing shows tray openings
positioned in three adjacent longitudinal rows, and the
aperture positions are staggered from row-to-row so that
an aperture 16 in one row has a longitudinal position
which is midway between the longitudinal positions of two
1on§itudinally adjacent apertures 16 in an adjacent row.
The centers of the apertures are spaced apart
longitudinally of the flow direction by distances S, which
are no more than about 3.0 inches. Transversely of the
flow direction, the spacing S; between the centerlines 20
of adjacent rows is no more than akout 2.0 inches.

Each deflector 18 has an upstream portion 18u,
a midportion 18m, and a downstream portion 184. The
midportion 18m is generally horizontal, and the upstream
and downstream portiocns 18u, 18d are inclined upwardly
and downwardly, respectively, relative to the liquid flow
direction.

In plan view, each deflector and its respective
aperture are substantially geometrically identical. The
dimensions of an aperture 16 formed in the plane of the
deck are shown in Fig. 4. 1Its length L is no greater
than 1.5 inches, its upstream width W, is no greater than
about 1.0 inch, and its downstream width W, is no greater
than 0.75 inch. '

Fig. 5 is a side view showing the outlet slot
configuration associated with one of the deflectors. The

S
ed
re, it
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ocutlet slot 22 is generally trapezoidal. 1Its lower edge
is defined by the upper surface of the tray deck, and its
upstream edge, downstream edge, and upper edge are
defined by the lower edges of the deflector. 1Its upper
edge has a length L, no greater than 0.85 inch, a height
H which is no greater than 0.35 inch, and a lower edge
which has a length I, no greater than 1.5 inches.

Close inspection of the trays has revealed that
the fabrication process produces a transverse upward
convexity in the baffle portions 18u and 184, and burrs
around the outlet slots. Fig. 6 shows these burrs 24 in
the plane identified by the section line 6-6 in Fig. 5.
In addition to éenhancing tray efficiency by increasing’
local turbulence to increase the interfacial contact area
between the vapor and liquid at the slot edges, it is
likely that these burrs 24 contribute to the improved
weeping performance discussed below.

In contrast to trays in the prior art, the
trays accerding to the present invention have smaller
center-to-center distances between apertures. The
apertures are shorter in length and narrower in width,
and the outlet slots are shorter in length and height.
The preferred dimensions according to the invention
conform with the manufacturing capabilities of computer
numerical control ("CNC") presses, which can efficiently
provide these commercial manufacturing needs for slot
sizes and areas. '

The dimensions used in a preferred embodiment
of the invention are shown in the row identified as Type
MVG in the following table which alsoc shows the
corresponding dimensions for the openings in Type L trays
and Type S trays which are in the prior art.

It was found by experimentation that the Type L
tray resulted in unacceptable entrainment level when
liquid rates are low and vapor rates are high. It was
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known in sieve tray technology that smaller openings
produced less entrainment, which led to the design of the
Type S trays, the objective of which was to reduce
entrainment to a level which would compare favorably to
that of standard sieve trays having deflectorless
circular openings of 0.5 inch diameter. The larger
openings of the Type L and Type S trays are successful in
the reépect that they reduce the risk of fouling in
commercial service.

' When the Type S tray was developed, CNC presses
were not economically available for this size of tray
slot manufacture, so the number of slots in any given
area of the tray was also minimized to reduce
manufacturing costs. The Type L trays were used
extensively because they provided greater slot areas,
less risk of fouling and lower manufacturing costs than
Type S trays. However, the unsatisfactory entrainment
characteristics of Type L trays at low liquid rates have
continued to be an impediment to their industrial use.

Fig. 9 shows a tray in which the deck aperture
has the same size, shape and orientation as in Figs. 3-6,
but the deflector is a vertically movable valve 28. The
valve has outturned feet 28f which limit its upward
movement and preset dimples 30 which prevent it from
closing completely. When the valve is in its raised and
cpen position, it is a deflector with an upstream portion
28u, a midportion 28m, and a downstream portion 28d. The
dimensions of these portions are the same as the
dimensions of a corresponding stationary deflector 18,
except that the width of the midportion is greater to
prevent the valve from falling through the tray aperture
when it closes. When the valve 28 is open, it and the
adjacent deck define rectangular vapor outlet slots which
direct ascending vapor in a direction which is generally
transverse to the flow direction of liquid on the deck.

Comparative data showing the capacity and
weeping limits of various trays are presented in Figs. 7
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‘CLAI VB 1. Afluid contact tray for supporting a body of liquid
novi ng thereacross in a generally horizontal flow direction from an
upstream | ocation to a downstream | ocati on, conpri sing, a deck
havi ng a group of apertures for

and 8, The Type S tray and the tray according to the
present invention had their apertures staggered as shown
in Fig. 3 ("triangular pitch") and the Type L tray had a
"square §itch“ where the apertures in adjacent rows were
transversely aligned with each other. As to be expected,
the smaller slot sizes according to the present invention
resulted in lower entrainment at low liguid rates.
Moreover, it was noted that entrainment was lower over
the entire liquid rate range of commercial interest.

In the industry, a 10% entrainment level can be
used to define good commercial practice, so the capacity
of trays according to the present invention, as shown in
Fig. 7, is extremely significant as its capacity
advantage at constant liquid rate ranges from around 7%
at low ligquid rates to around 9% at moderate liquid
rates. '

When it became known that the tray had such
favorable entrainment and capacity properties, it was
expected that there would be sacrifices in other
performance characteristics. Surprisingly, however, the
tray constructed according to the invention resulted in
better weeping performance. This attribute is shown in
the graph of Fig. 8 where it will be seen that, at the
10% entrainment-weeping level, there was an increased
turndown potential of about 32%. The ascending vapor
rate curves are in the range where entrainment occurs,
and the descending vapor rate curves are in the weeping
range. It is seen that the tray constructed according to
the invention shows a lower weeping rate (left) and a
lower entrainment rate (right).

The improved weeping characteristics of the
Type MVG tray were alsoc found to result in a more uniform
aeration over the bubbling area in a manner which is

'similar to aeration achieved by sophisticated valve trays
designed by the present inventor.

From the foregoing, it will be seen that this

invention provides a fluid contact tray andFi&garaEus-~__Mn
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-i ntroduci ng ascendi ng vapors under pressure into said liquid, said
apertures having |ongitudinal axes which are parallel to said flow
direction, each of said apertures being tapered in the pl ane of the
deck from a maxi mum di mension transverse to said flow direction at its
upstream end to a m ni mum di mensi on transverse to said flow direction at
its downstream end; a plurality of stationary deflector nenbers
each overlying and aligned with a respet®ive one of said apertures, each
defl ector nenber including an upstream portion, a central portion, and a
downstream portion; said central portion being connect ed tg sai d upstream
and downst r ¥BAFRoheFoRarticular perforpangeqafifs fPELNPRYAPFAA®Ext endi ng
above t he dpeksahsaskiflededm ehe airtowdldf reabdndper thaes thesel yi ng across
the entire [ ransyerse t ofe LIS egl.is r t hat the
entirety ofggﬁggggé%Fugéﬁi%iéﬁ%éﬁg%%dfggh?lFgﬁ?g &hﬁéﬁ ?g%ﬁﬁgiﬁé%@h t he

fl ow di rect Ebg smgeﬁém@mésaﬁsﬁpmﬂéﬁd above. Thgrrfexed d&wAStream portion

extendi ng aBQyRasized that the invention is not limited to the
disclosed embodiments and does include variations and
modifications which fall within the spirit of the
following claims.
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‘the deck at the downstream end of one of said apertures and |ying across
the entire transverse extent of the downstream end of the respective
aperture to prevent vapors frominpelling liquid in a downstreamdirection
each said defl ector nmenber and said deck defining lateral outlet slots
which are oriented to direct vapor which passes up through the aperture in
a direction which is generally transverse to the flow direction of liquid

on the deck, said tray having burrs forieg around Sa'ﬂ"mc”’m“wﬂ"@”m’

CLAIMS

1. A fluid contact tray for supporting a body
of liquid moving thereacross in a generally horizontal
flow direction from an upstream location to a downstream
location, comprising,

a deck having a group of apertures for
introducing ascending vapors under pressure into said
liquid, said apertures having longitudinal axes which are
parallel to said flow direction, each of said apertures
being tapered in the plane of the deck from a maximum
dimension transverse to said flow direction at its
upstream end to a minimum dimension transverse to said
flow direction at its downstream end;

a plurality of stationary deflector members
each overlying and aligned with a respective one of said
apertures, each deflector member including an upstream
portion, a central portion, and a downstream portion;
said central portion being connected to said upstream and
downstream portions;

each said upstream portion extending above the
deck at an upstream end of one of said apertures and
lying across the entire maximum transverse extent of its
respective aperture so that the entirety of the aperture
is shielded from liguid which is moving in the flow
direction toward the aperture,

each said downstream portion extending above
the deck at the downstream end of one of said apertures
and lying acress the entire transverse extent of the
downstream end of the respective aperture to prevent
vapors from impelling liquid in a downstream direction,

each said deflector member and said deck
defining lateral outlet slots which are oriented to
direct vapor which passes up through the aperture in a
direction which is generally transverse to the flow
direction of liquid on the deck, said tray having burrs
formed around said outlet slots,
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- 12 - said outlet slots each having an upper edge which is no
| onger than about 0.85 inch, a height which is no greater ‘than 0.35 inch,
and a |l ower edge which is no | onger than about 1.5 in &7 : sald .
apertures having centers which are spaced apart no nor ‘V

t 3.0
inches longitudinally of said flow direction and no rmre m%l
I nches transversely of the flow direction. Appar at dlng
to claim1 in which said upstream bafflg, portions and sald downst feam
baffle portions are inclined to formobtuse angles with said deck.

3. Apparatus according to claim1l in which each of said deflector nenbers
is integral with sai dedddk catdetsslotsveathchavpngj &at hpperselgieantial ly

georet ri cal Ly ;ideqt 63 1b8qktS ch&RPEELLYC02PE  1YLE: a height which
is no greater than 0.35 inch, and a lower edge which is
no longer than about 1.5 inches,

said apertures having centers which are spaced
apart no more than about 3.0 inches longitudinally of
said flow direction and no more than about 2.0 inches
transversely of the flow direction.

2. Apparatus according to claim 1 in which
said upstream baffle portions and said downstream baffle
portions are inclined to form obtuse angles with said |
deck.

3. Apparatus accordinyg to claim 1 in which
each of said deflector members is integral with said deck
and is, in vertical projection, substantially
geometrically identical to its respective aperture.

4. Apparatus according to claim 1 wherein each
said outlet slot has an area of about 0.3 square inches.

5. Apparatus according to claim 1 wherein said
apertures are arranged in longitudinal rows, said
apertures in adjacent longitudinal rows being staggered
so that an aperture in one row has a longitudinal
position which is midway between the longitudinal
positions of two apertures in an adjacent row.

6. A plurality of fluid contact trays
according to claim 1 in combination with a tower,

said trays being mounted in said tower and
vertically spaced from each other; and

downcomer conduit means leading from downstream
locations of said trays to upstream locations of trays
therebelow.

7. Apparatus according to claim 1 wherein each
of said apertures has a length measured along its
longitudinal axis which is no greater than 1.5 inches, an
upstream width which is no greater than about 1.0 inch,
and a downstream width which is no greater than 0.75
inch.
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4. Apparatus according to claiml wherein each said outlet slot has an area
of about 0.3 square inches. 5. Apparatus according to claim1l
wherein said apertures are arranged in longitudinal rows, said apertures in

adj acent |ongitudinal rows being staggered so that an a e I
has a | ongitudinal position which is mdway between theqm"”im'm%mﬂmt
positions of two apertures in an adjacent row. . ¢Apl % Of
fluid contact trays according to claiml iijg conbination with a tower,

said trays being nmounted in said tower and vertically spaced from each

ot her; and downconer conduit means | eading frem downstream

| ocations of said trays &.0 upstindaindodadtonsayf fioragappieetding avbody

|7- Appar at us %gc‘irig]dl% fnﬂn&':ﬂj e gk G g]en%fi-ia(iﬁp%&lirz%% S a
ength nmeasured along 1ts |ongitudinal axis whi IS no“greater than 1.5
i nches, an up§tlpUalﬁiﬂHQﬂ°ril%ifgﬁPm AMIRFEAE acatiggoke & dovnatream a
downstream w digzadiioi), icomprikianier than 0.75

a deck provided with a group of apeftures for
introducing ascending vapors under pressure inta said
liquid, said apertures having longitudinal axes which are
parallel to said flow direction, each of said apertures
being tapered in the plane of the deck from a maximum
dimension transverse to said flow direction at its
upstream end to a minimum dimension transverse to said
flow direction at its downstream end, each of said
apertures having a length measured along its longitudinal
axis which is no greater than 1.5 inches, an upstream
width which is no greater than about 1.0 inch, and a
downstream width which is no greater than 0.75 inch;

said apertures having centers which are spaced
apart no more than about 3.0 inches longitudinally of
said flow direction and no more than about 2.0 inches
trans&ersely of the flow direction;

a plurality of stationary deflector members
each overlying and aligned with a respective one of said
apertures, each deflector member including an upstream
portion, a central portion, and a downstream portion;
said central portion being connected to the deck by said
upstream and downstream portions;

each said upstream portion extending above the
deck at an upstream end of one of said apertures and
lying across the entire maximum transverse extent of its
respective aperture so that the entirety of the aperture
is shielded from liquid which is moving in the flow
direction toward the aperture,

each said downstream portion extending above
the deck at the downstream end of one of said apertures
and lying across the entire transverse extent of the
downstream end of the respective aperture to prevent
vapors from impelling liquid in a downstream direction,
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i.nch. - 13 - 8. Afluid
contact tray for supporting a body of liquid noving thereacross in a
generally horizontal flow direction from an upstrean1|ocat|on to a-

et T

- 14 -~

each said deflector member and said deck
defining lateral outlet slots which are oriented to
direct vapor which passes up through the aperture in a
direction which is generally transverse to the flow
direction of liguid on the deck, said tray having burrs
formed around said outlet slots.

9. Apparatus according to claim 8 in which
said upstream baffle portions and said downstream baffle
'portions are inclined to form obtuse angles with said
deck.

10. Apparatus according to claim 8 in which
each of said deflector members is integral with said deck
and is, in vertical projection, substantially
geometrically identical to its respective aperture.

11. Apparatus according to claim 8 wherein
each said outlet slot has an area of about 0.3 square
inches.

12. Apparatus according to claim 8 wherein
said apertures are arranged in longitudinal rows, said
apertures in adjacent longitudinal rows being staggered
so that an apertures in one row has a longitudinal
position which is midway between the longitudinal
positions of two apertures in an adjacent row.

12. A plurality of fluid contact trays
according to claim 8 in combination with a tower,

said trays being mounted in said tower and
vertically spaced from each other; and

downcomer conduit means leading from downstream
locations of said trays to upstream locations of trays
therebelow.
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i nt roduci ng ascendi ng vapors under pressure into said liquid, said
apertures having |ongitudinal axes which are parallel to said flow
direction, each of said apertures being tapered in the plane of the deck
from a maxi mum di mension transverse to sad flow direction at its upstream
end to a m ninumdinension transverse to said flow direction at its
downstream end, each of said apertures having a |l ength neasured along its

| ongi tudi nal axis which is no greateiEﬁyfﬂA§ﬂ5 i nches, an upstream wi dth
which is no greater than about 1.0 incCh, and a downstream w dth which is no
greater than 0.75 inch; sai d apertures having centers which are

spaced apart NGy iyes Gl PP Opiia 8- FoR NEASST, T RIED [etshiaceT Vassassardk f | ow
direction and no nore an abou .0 1nches transversely of the ow
di rection; a plurality of stationary deflector nenbers each
overlying and aligned with a respective one of said apertures, each
defl ect or nenberimnal odo8gfbowupstredgqupdr tonbach teweral lpguidomovasd a
downstream portion; said central portion being connected to the deck by
sai d horizontally across a plurality of vertically spaced trays
(2), and downwardly from tray-to-tray while gas flows up
through openings in the trays to create a liquid-vapor
mixture in an active bubble area. Each opening includes an
aperture (16) in the plane of the tray, and a deflector
(18) which overlies the aperture to define lateral vapor
outlet slots (22). The aperture (16) is wider at its
upsﬁream end than at its downstream end; and, the defiector
(18) Has upstream and downstream portions (18u,18d) which
extend across the ends of the aperture. The deflectors can
be stationary or they can be vertically movable valves. The
centers of the apertures (16) are spaced apart no more
than about 3.0 inches in the longitudinal flow direction,

and no more than about 2.0 inches transversely of the flow

direction.
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upstream and downstream portions; each sai d upstream portion

ext endi ng above the deck at an upstream end of one of said apertures and

| yi ng across the entire nmaxi mumtransverse extent of its respective
aperture so that the entirety of the aperture is shielded fromliquid which
s moving in the flow direction toward the %Pgrture, each said
downstream portion extendi ng above the decﬂ aft t he downstream end of one of
said apertures and |lying across the entire transverse extent of the
downstream end of the respective aperture to prevent vapors frominpelling
liquid in a downstream direction, 4
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- 14 - each said deflector nmenber and said deck defining

| ateral outlet slots which are oriented to direct vapor which passes up
through the aperture in a direction which is generally transverse to the
flow direction of liquid on the deck, said tray having burrs fornmed around
said outl et slots. 9. Apparatus agqprding to claim8 in which
sai d upstream baffle portions and said do%n tream baffl e portions are
inclined to formobtuse angles with said deck. 10. Appar at us
according to claim8 in which each of said deflector nenbers is integral
with said deck and is, in vertical projection, substantially geonetrically
Identical to its respective aperture.
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11. Apparatus according to claim@8 wherein each said outlet slot has an
area of about 0.3 square inches. 12. Apparatus according to claim
8 wherein said apertures are arranged in |ongitudinal rows, said apertures
in adj acent |ongitudinal rows being staggered so that an apertures in one
row has a | ongitudinal position which is f}ﬂ&?y bet ween the | ongitudina
positions of two apertures in an adjacent 13. A plurality of
fluid contact trays according to claim8 in conbination with a tower,

said trays being nmounted in said tower and vertically spaced from each

ot her; and comer condui t. means, | eadi n rom downst r eam

f
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