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This invention relates generally to a method of
and devices for intimately contacting liquids
with gases or vapors, and specifically to improved
forms of bubble caps for use in vapor fractiona-
ting columns.

A purpose of the invention is to ensure that
the liquid collecting on the fractionating plate
is contacted once only with vapor before passing
to the plate next below.

A purpose of the invention is to provide means
for ensuring that the quantitative relation be-
tween liquid and vapor passing through each
of the bubble caps on any one plate is substan-
tially uniform.

A purpose of the invention is to avoid the
bypassing and short-circuiting of vapor and/or
of liquid which may occur in the use of other
forms of bubble cap when the plates on which
they are mounted are imperfectly levelled.

A purpose of the invention is to avoid the in-
equality in degree of treatment on different parts
of a plate which follows from extended horizontal
fow of liquid over the plate.

These and other advantages will be evident
on inspection of the attached drawings and the
following description thereof, in which

Fig. 1 illustrates in internal elevation a form
of the bubble cap in which the contacted liquid
is collected in a centrally disposed basin pro-
vided with a central downcomer;

Fig. 2 illustrates, in the same manner, a
slightly modified form of the bubble cap in which
the liquid-collecting receptacle and associated
downcomers are disposed around the periphery
of the cap proper;

Fig. 3 is a diagram, on a much reduced scale,
suggesting a suitable arrangement on the plate
of the form of cap shown in Fig. 1, and

Fig. 4 is a similar diagram suggesting an ar-
rangement on the plate of the form of cap shown
in Fig. 2.

Referring first to Fig. 1, 10 is a fragment of
a2 plate extending from wall to wall of a frac-
tionating column, scrubber or absorber. A vapor
uptake 11 extends above the plate for a suf-
ficient distance to maintain a pool of liquid of
g desired depth on the plate when the apparatus
is out of operation and preferably, but not neces-
sarily, extends also to a slight distance below
the plate. ‘

The vapor uptake is surrounded by a sleeve
{2 which is slotted or perforated along its lower
edge in any conventional manner, as at 13. At
a level somewhat below the upper edge of this
sleeve g ring {4 is inserted, this ring carrying
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a dependent downcomer {5, the ring and down-
comer preventing upward flow of vapor and di-
vecting it through perforations i3. The down-
comer seals in liquid on the plate next below, as
is illustrated by the fragmental tubes {6—I16
which represents the downcomers from two caps
on the plate next above and which extend be-
low the surface of liquid pool (7. The exten-
sion of sleeve 12 above ring 4 forms a relatively
shallow catchment basin for contacted liquid,
this liquid draining through downcomer {%.

Around sleeve {2 and preferably concentric
therewith is placed an eduction shield I8 so
supported above the upper face of plate 1§ (by
any means not shown) as to allow a free flow
of liquid beneath its lower edge. The upper end
of this ring-shaped shield may be open but I
prefer to close it partially, as by means of a flaf
ring {9 having a central opening 20.

The functioning of this device is illustrated
by the solid lines 21—2i showing, in a general-
ized manner, the directions of gas flow, and by
the broken lines 22—22 showing the general di-
rections of liguid flow.

Gas or vapor, as the case may be, flows up-
wardly through uptake il, encounters ring (4
and is directed downwardly through the annular
space between sleeves i1 and 12 and outwardly
through slots or perforations 13. Assuming a
sufficient depth of ligquid on the plate to sub-
merge the upper ends of the slots, the upward
flow of vapor through the annulus bhetween
sleeves i2 and 18 entrains a flow of liquid which
is ejected from the upper end of the annulus.
At low vapor velocities the liquid will merely weil
up and overflow; at higher velocities it will be
ejected in the form of a spray. In either case
the mixture of vapor and liquid is retarded in
the enlarged space above the annulus, the liquid
falls into catchment basin 23 and is delivered
through downcomer {5 onto the plate next below,
and the vapor passes through opening 20 into
the vapor space helow the plate next above.

The limit of capacity of the cap is reached at
the point at which the vapor-liquid spray is
ejected so forcibly that the liquid is unable to
separate from the vapor within the confines of
the cap, it being essential to the best functioning
of the device that only an immaterial proportion
of the liguid be carried over into the vapor space
and thus returned to the pool on the plate from
which it was withdrawn. The ring {9 in the
upper end of the cap acts as a bafile and assists
in separating and returning liquid to the collect-
ing basin and is highly desirable where the vapor
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velocity is high, though it may be omitted if the
caps are to operate at low vapor velocities.

In the form shown in Fig. 2 a sleeve 24 is con-
centrically arranged around sleeve 18 and the
annulus thus formed is closed at the bottom by
a ring 25, forming an annular catchment well
26. This well is drained by one or more down-
covers 21 which seal in liquid on the plate next
below. The central downcomer {5 may be
omitted, substituting a disc 14’ for the ring (4
of Fig. 1, or, if desired, it may be retained to af-
ford additional drainage. It is preferable to
omit it from the form of Fig. 2 to-permit the
caps to be placed closer together.

The form of Fig. 2 functions in-exactly the
manner above described, the only difference be-
tween the two forms being in the location of the
collecting receptacle and downcomers. -The sec-
ond form allows somewhat more room above the
ejecting annulus for the separation of ligquid
from vapor and will tolérate a highér vapor ve-
locity through the perforations. On ‘the other
hand, this separating space is gained ‘at the
expense of a greater cap didmetfer, allowing a
smaller number of caps on a plate of given
diameter.

As the contact between liquid and vapor is pro-
duced solely within the confines ‘of "the cap, 1o
exterior space for the bubblirig of vapor through
liquid is required. In consequeiice, the ‘caps may
be very closely spaced on the plate, even face to
face as illustrated in Figs. 3 and 4.

In these figures, the solid circles i8 and 24"in-
dicate the positions of the caps on’one plate and
the dotted circles 18’ and 24’ the relstive positions
of the caps on the plates immedidtely above and
below. In Fig. 3 the downcomer 15 (of Fig. 1) is
centered in the free space bounded by four ad-
jacent caps. In Fig. 4 this space receives the
downcomers 21 of two adjacent caps of the type
shown in Fig. 2. These figures suggest merely
a minimum spacing and the caps may in prac-
tice be distributed over the plate in ‘any pre-
ferred pattern. S

Columns equipped with these bubble caps have
‘several advantages over columns of the conven-
tional form in which the vapor is bubbled through
a -pool of liquid and in which the liquid flows
from one side of the plate to the other before
passing to the plate next below. ;

For example, in the conventional column the
resistance to vapor flow through any one cap is
s function of the depth to which the slots or
perforations are submerged. It follows that if
any plate departs from level by tilting, sagging
or buckling, the higher lying caps will pass a
greater amount of vapor through a shallower
layer of liquid than those lying at a lower level,
-and the vapor will be unequally treated over dif-
ferent areas of the plate. In exireme cases the
caps on the higher part of the plate may lose
submergence and permit vapor to blow through,
or those lying at lower levels may drown out and
permit no vapor to pass, or permit liquid to flow
-down through the vapor uptake.

- Even though the plates be maintained level,
‘the flow of liquid across the plate requires a ma-
terial hydraulic head and in columns of rela-
-tively great diameter, which are now coming-into
common use, the difference in depth of liquid be-
tween the two sides of a plate may be enough to
cause & material difference in effectiveness be-
tween caps in dlfferent plate areas.

Inthe use of the form of bubble cap above de-
scribed, the resistance to vapor flow is fixed by
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the pressure drop through the perforations or
slots and by the height of the contacting annu-
lus 31 and is largely independent of the depth of
liquid surrounding the cap. As these factors are
uniform for all the caps on a given plate, and as
the quantity of liquid entering the contacting
annulus is determined by the quantity which the

-gas flow is able to eject (assuming sufficient free
"Space below shield 18) the liquid flow through

the annulus is at least substantially independent

-of the depth of liquid surrounding the cap. Thus
‘it is impossible for a cap to unload or blow

through until the liquid level falls below the
lower end of the shield, and all of the caps on
the plate will contact equal amounts of liguid
with equal amounts of vapor.

-Again, in wide columns having the down-
comers alternated on the two sides of successive
plates, the liquid flowing across the plate passes
a number of bubble caps in succession. In so

‘doing the liquid is successWely contacted with
‘several streams of vapor from & common ‘source

and of identical “composition. The "maximum
difference 'in “composition “between the ‘lquid
and the vapor exists only at the point-at which

‘the first contact ‘is effected ‘and decreases- as

the contacts are repeated, only the first-cap ‘in
the line of flow funectioning at -the 'maximum
efficiency.

In the use-of the bubble caps of ‘the present
invention this difficulty is entirely avoided; first
by providing each bubble ‘cap with at:least one
downcomer, thus bringing the downcomers so
close that horizontal flow is reduced to an im-
material distance, second, by contacting liquid
and vapor in a confined ‘space “in “which liquid
and vapor are again separated and from which
the once treated liquid is withdrawn onto ‘the
next lower plate without returning to ‘the liguid
pool from which the untreated liquid was drawn.
In the cooperation of these two provisions, dif-
ficulties due to imperfect liquid distribition en-
tirely disappear and the liquid fowing from one
plate to the néxt may be equally contacted over
the entire area of the plate.

An important ‘advarntage in ‘the described
structure is the possibility of mraking the con-
tactihg annulus 31 &s long as may be “desired,
permitting the time of contact to be extended
and the intimacy of contact to be increased to
any ‘extent desired. With even a moderate
depth of annulus and a moderate vapor veloc-
ity, the contact prodiuced is much more inti-
mate and effective ‘than tha’c produced by the
pool of liquid.

While the drawings show the caps as consist-
ing of cylindrical ‘elements they may be formed
with straight sides in dny desired relative -di-
mensions, so long as ‘the walls {2 and ‘18 are
kept parallel and the contacting annulus3i of

‘uniform width. “No advantage is presently ‘seen

in such forms, which would probably be more
costly than the eylindrical form.

The caps described are adapted to use in va-
por fractionating columns as well as in gas
scrubbers and absorbers. They may,; if ‘desired,
be formed from sections of tubing ‘and ‘rings of
thin sheet metal, by soldering, welding or braz-
ing according to the temperafure at which ‘the
column is to ‘operdte, and by reason of ‘their
relatively light “weight -may be mounted on
plates of reldtivély slight thickness. * As all of

‘the caps-in a column may be expected to per-
‘form”in the same ‘manner, a detéermination “of
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the capacity and the optimum proportions for
a single eap permits a column to be designed
for the best performance without the elaborate
balancing of numerous variables otherwise re-
quired.

I claim as my invention:

1. In a gas-liquid contacting column having
a plate, a contacting unit comprising: a gas
uptake extending above said plate; an inverted
cup surmounting said uptake and provided along
its lower edge with means for dividing a gas
stream into a plurality of minor streams; a ring-
shaped shield surrounding said inverted cup
and spaced therefrom to form a relatively nar-
row, vertical, annular conduit having parallel
walls, the lower edge of said shield being spaced
from said plate to allow liquid from said pool
to enter said annular conduit; means disposed
within said shield for collecting liquid educted

through said annular conduit, said collecting &

means arranged to prevent return of the educted
liquid to the pool from which it was withdrawn,
and means for draining said collected liquid onto
a lower-lying plate, said last means arranged
to prevent overflow of liquid from said pool and
to receive only said collected liquid.

2. A contacting unit adapted to be mounted
on a horizontal partition plate in a gas-liquid
contacting column and to maintain a liquid pool
thereon, said unit comprising: a gas riser ex-
tending asbove the surface of said plate; a cup
inverted over said gas riser and provided along
its lower edge with means for dividing a stream
of gas into o plurality of minor streams; a tub-
ular shield surrounding said cup and forming
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therewith a relatively narrow, vertical, annular
conduit having substantially parallel walls, the
lower end of said shield being spaced from said
plate to allow liquid to enter said conduit from
said pool and to be ejected therefrom by said
gas streams; means disposed within said shield
for collecting the liquid so ejected, said means
being arranged to prevent said liquid from re-
turning to the pool from which it was drawn,
and a tube passing through said plate and
sealed in liquid on a lower-lying plate for drain-
ing said collecting means without permitting
the overflow of liquid from said pool.
HENRY N. WADE.
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