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Title of the invention
LI QUI D DOUBLE DI STRI BUTI ON DEVI CE OF USE I N PARTI CULAR I N
AN APPARATUS IN WHICH A LI QUI D PHASE FLOANS UNDER GRAVI TY

Background of the invention

The present invention relates to the general field
of liquid distributors on board a floating support and
included in fractionating colums or in solvent wash
colums or "scrubbers" and also in associated
regeneration colums or in vertical coil heat exchangers
used for liquefying natural gas, and in still nore
general manner in any type of vertical apparatus that is
the seat of a gravity flow of a |iquid phase that needs
to be distributed in uniformmmanner in a zone arranged
under the liquid distribution device and extending over a
hori zontal section of the gravity flow apparatus, the
gravity flow apparatus being installed on board floating
supports such as floating production storage and
of fl oading units (FPSGCs) or floating liquefied natural
gas units (FLNGs).

The fractionating or wash colums 10 shown in
Figure 1 are the seat of transfers of material and of
ener gy between a vapor phase noving upwards and a liquid
phase novi ng downwards under the effect of the
accel eration due to gravity. These transfers take pl ace
at the surface of the liquid phase. |In order to maxi m ze
the area of the interface between the |iquid phase and
t he vapor phase, the colums 10 are filled with "trickle
beds" or packing beds 9 occupying the entire circular
section of the colum. These packing beds are
constituted by a porous solid nedium providing a | arge
area of contact with the liquid. Under the effect of its
surface tension, the liquid spreads around the solid so
as wet it, thereby formng a thin film which in turn
provides a |large area of contact with the vapor.
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The columms 10 present a wall in the formof a
cylinder having an axis that is vertical while the
floating support is at rest, and that is potentially
subjected to tilting novenents relative to the vertica
position. These colums contain a plurality of liquid
distributors 1, each distributor cooperating with a
packi ng bed 9 arranged under the distributor. Putting
t hese two phases into contact thus requires the liquid to
be sprayed by the liquid distributor, and to be spread
out as uniformy as possible on the top of the packing
bed, and also for the uniformty of the liquid streamto
be conserved as it flows and in the event of the floating
support noving, until the liquid exits fromthe base of
t he packi ng bed, while the vapor rises through the
packi ng bed and through the distributor.

Coi | heat exchangers provide a configuration that is
al nost identical to the configuration of the Figure 1
fractionating colum, it being understood that bundl es of
tubes wound as vertical axis coils are installed instead
of, and taking the place of, packing beds.

The function of a liquid distributor of the
invention is to spread out the liquid streamas uniformy
as possible over a said zone, in particular over a
packing bed in a colum, or over a bundle of tubes wound
as coils in a heat exchanger, or over any horizontal
section in a vertical apparatus, in particular when the
gravity flow colum, heat exchanger, or vertica
apparatus with its distributors are subjected to
novenents that disturb this spreading of liquid, giving
rise to nonuniformties in the streamof liquid over the
sections of the gravity flow colum, heat exchanger, or
vertical apparatus.

The problem specific to these gravity flow verti cal
apparatuses installed on FPSOs or on FLNGs that are
subjected to novenents is that the acceleration vector to
which the streamof liquid is subjected is no | onger co-
[inear with the axis of the colum, thereby giving rise
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to nonuniformties in the distribution of the stream over
the section of the gravity flow apparatus. It is in
order tolimt the anplitude of these nonuniformties,
that such gravity flow apparatuses are provided with a
plurality of distributors and wwth a plurality of said
zones, in particular a plurality of packing beds in order
to be able to redistribute the Iiquid between two said
zones, thereby preventing distribution nonuniformties
from propagating and anplifying by flow ng over heights
that are too great. Wen the designer desires not to

i ncrease the nunber of packing beds (in a columm) or of
bundl es of coiled tubes (in a heat exchanger), the
proposed liquid distribution device neverthel ess enabl es
a better distribution of liquid to be achieved than with
a conventional type of gravity liquid distributor. The
hei ght of these distributors may be very significant (up
to 4 neters (m), it being understood that a single
colum may include up to three distributors, and a single
coi l ed heat exchanger may include up to three bundl es of
t ubes.

Patent EP O 878 221 describes an exanple of this
type of distributor for colums that are subjected to
novenents on board floating supports. The configuration
of the distributor described in that patent is described
bel ow i n the present description under the term "Mno
di stributor".

In its nono distributor version, a conventional
di stributor conprises:

inits high portion, a horizontal liquid collector
tray 2 (for collecting the liquid dropping fromthe
hi gher packing bed 9, or froma feeder of the colum);

inits low portion, a series of straight-1line
tubul ar distribution manifolds 8 arranged horizontally
and in parallel with one another, being pierced with
orifices in their under faces and serving to spray and
distribute the flowof liquid in uniformmnner on the
packi ng bed 9 beneath; and
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between the collector tray 2 and the distribution
mani folds 8, a vertical central liquid downflow duct 5
feeding the distribution manifolds 8.

The flow rate of liquid through the orifices 8c in
the distribution manifolds 8 is a function of the static
pressure of the liquid at the inlets of the orifices,
this static pressure being proportional to the height of
liquid above the orifice, and thus to the height of
liquid in the vertical duct 5.

The height of liquid in the central duct 5
determnes the flow rates through the orifices that are
situated in the manifolds 8 and that are distributed
along themfromthe centers of the manifolds 8 of the
distributor to both ends. In practice, a distributor is
configured in terns of the height and the dianeter of the
central duct 5, and of the nunber and the di mensions of
the manifolds 8 and of their orifices 8c, so as to obtain
a range of flowrates froma mnimumflowrate Qnin to a
maxi mum fl ow rate Qmax for a range of heights froma
m ni mum hei ght HmMn to a maxi num hei ght Hrax guar ant eei ng
a distribution of liquid that is that is satisfactory in
terms of uniformty of sharing anong the various
orifices. Wth a single duct 5 it is necessary to have
ratio Hmax/Hmn that is proportional to the square of the
flow rates Qrax/ Qm n.

In the event of the floating support noving, there
will be different liquid heights for an orifice situated
at the center of the manifold and for an orifice situated
at the end of a manifold of the distributor. |In order to
guarantee good uniformty in the distribution of liquid
anong the various orifices, it is necessary to configure
the distributor (also referred to as "hydraulically
calibrating” the distributor) so that the reference
liquid | evel at the center of the distributor is high
enough relative to the difference between the liquid
hei ghts as seen respectively by an orifice situated at
the center and by an orifice situated at the end of a
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mani fold of the distributor. This calibration needs to
t ake account of the m ninmum operating flow rate of the
distributor since it is at the mninmnumflow rate Qmn
that the nonuniformty in distribution anong the various
orifices is at its greatest in the event of the floating
support tilting.

As shown in Figures 2A-2C and in Figures 3A-3C
"doubl e distributors with overflow' have been proposed in
order to inprove the quality of the distribution in a
colum 10 that is subjected to novenents and over its
entire range of operating flow rates. Mre precisely,
these distributors 1 with double liquid distribution have
two central ducts 5 and 6, each feeding a specific series
of manifolds 8a, 8b, with the second duct 6a projecting
above the collector tray 2 so that the second duct begins
to fill with liquid only when the first duct 5 overfl ows
and the excess flow of liquid pours into the second duct
6 viaits top opening 6a. Thus, if the total flow rate
of liquid shared anong the orifices 8c of the first
mani f ol ds 8a exceeds the maxi mum val ue Qmax for uniform
flow, the liquid height H, in the first duct 5 reaches a
maxi mum val ue Hrax and the excess flow overflows into the
second duct 6 so that the second manifolds 8b begin to
oper at e.

Thi s double system referred to herein as a
distributor with "double liquid distribution" serves to
i ncrease hydraulic distribution capacity. For exanple,
if the first distributor @ is allowed a range of flow
rates having a ratio of 1 to 5 between the m ninmum fl ow
rate @mn and the maximumflow rate Qnmax, that neans
that with a distributor having only one duct, the ratio
of HHm n to Hiymax needs to be 1 to 25, while a double
distributor nmakes it possible to reduce the maxi num
hei ght Himax required for the first duct, since the second
duct increases the hydraulic distribution capacity.

Nevert hel ess, that known double systemw th overfl ow
is not satisfactory, as explained belowwth reference to
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Figure 5A. Specifically, the operating regine of the
assenbly conprising the second duct 6 and the second
mani folds 8b while it is in the transition zone (i.e. on
passing froma node of operation using only the first
distributor to a doubl e node of operation with both
distributors in action) is unsatisfactory so long as the
excess flow via the second duct remains below a certain
mnimumflowrate @Qmn, so that the height of liquid in
the second duct 6 remains |ess than the height Hmn
required for ensuring good uniformty of distribution
anong the orifices 8c in the second mani folds 8b. Wen
operating at a rate that is only a little greater than
the maxi mumuniformflow rate Qnax for saturating the
first distributor conprising the first duct 5 and the
first mani folds 8a, the second distributor conprising the
second duct 6 and the second mani folds 8b is operating
under poor conditions with a flowrate that is too | ow,
| ess than @mn, and thus with a liquid height that is
| ess than that required for ensuring a uniformflow rate
t hrough the second distributor.

| n-depth technical analysis carried out by the
inventors has made clear this defect of the "double
systemw th overflow'. Specifically, this "double system
with overflow' provides distribution of a quality that is
"out - of -speci fication" over a segnent of operating flow
rates that is significant (about 10% when the flowate
begins to exceed the flowate for which the first
distributor (first duct and first manifolds) is
calibrated. For exanple, when the first distributor is
calibrated for a maximumuniformflow rate (Qmax) of 65%
of the nom nal maxi mumflow rate (Qnmax+Qmax), and when
the second distributor (second duct and second nani f ol ds)
is calibrated to take the bal ance of the maxi mum uniform
flowrate (Qnax) between 65% and 100% the quality of
di stribution by the second distributor is "out-of-
specification” while the flowate for distributing lies
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substantially in the range 65%to 75% of the maxi num fl ow
rate.

(bj ect and sunmary of the invention

A main object of the present invention is thus to
provide a double liquid distribution device suitable for
use in a fractionating or wash colum, or in a coiled
heat exchanger, or in any type of vertical apparatus that
is the seat of a gravity flow of a Iiquid phase that
needs to be distributed in uniformmanner over a
hori zontal section of the apparatus in a zone under said
liquid distribution device that overcones the drawbacks
of the double liquid distribution device with overfl ow,
and in particular that guarantees uniformdistribution of
liquid over the entire section of a columm, even while
the columm is being subjected to novenents, and to do so
over a range of flowrates that is sufficient, with
flowate distribution presenting uniformty in conpliance
with the expected criterion over the entire range of
operating flow rates, which does not apply to existing
systens with overflow while they are in the transition
zone.

I n accordance with the invention, this object is
achi eved by providing a double liquid distribution device
suitable for use in any type of vertical apparatus that
is the seat of gravity flow of a liquid phase that needs
to be distributed in uniformmanner over at |east one
zone situated under said double liquid distribution
devi ce, said zone extending over at |east one section
orthogonal to the vertical axis of said gravity flow
apparatus, the liquid distribution device conprising a
high collector tray connected to a mani fold support via
at least two longitudinal liquid dowmflow ducts, said
mani fol d support supporting at |east two series of
transverse tubular manifolds and serving to feed liquid
respectively to the first series of manifolds via a first
| ongi tudi nal duct and to the second series of manifolds
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via a second | ongitudinal duct, each manifold having
distribution orifices in its under face suitable for
distributing the liquid over a said zone situated under
said mani folds of the double liquid distribution device,
t he shape of the collector tray being suitable for
channelling a liquid on the collector tray towards a top
opening of the first |ongitudinal duct, and the top
openi ng of the second duct reaching a level that lies
above said collector tray; the double liquid distribution
devi ce being characterized in that the two | ongitudi nal
i quid downfl ow ducts are connected together in a | ow
portion by a communi cation device fitted with a valve
having controll ed opening that is suitable for allow ng
the liquid to be transferred between the two | ongitudi nal
ducts in controlled manner, the opening and the cl osing
of said valve being triggered solely on the basis of
measuring the liquid level in said first and second
ducts.

In particular, said gravity flow apparatus is a
fractionating or wash colum containing at |east one
packi ng bed extending in a said zone over the cross
section of said colum perpendicularly to the axial
| ongi tudi nal direction ZZ' of said colum.

I n known manner, a packing bed is a porous solid
mediumwi thin which the solid elenments nmaking it up
provide a very large area of contact with the flow ng
fluid, the function of a packing bed being to maxim ze
the area of contact between a vapor phase and a liquid
phase so as to conme as cl ose as possible to
t hernochem cal equilibrium between those two phases. The
structure of this solid nmediummay be organi zed (referred
to as "structured packing"), typically being constituted
by a nodular metal structure enabling relatively |arge
surface areas to be obtained while providing great
porosity to the flows of fluids. The structure of
packi ng may al so be random (referred to as "random
packi ng") being constituted by small solid el enents of
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speci al shapes, e.g. in the range 1 centineter (cn) to
2 cm and used for filling the packing volune with a
random confi gurati on.

The term "transverse direction” is used herein to
mean a direction perpendicular to the |ongitudinal axial
direction ZZ' that is common to the device and to the
gravity flow vertical apparatus, such as a colum or a
coil heat exchanger, for exanple.

It can be understood that:

both ducts are said to be "longitudinal" in that
they extend parallel to a comon |ongitudinal direction
parallel to an axial longitudinal direction ZZ' of the
devi ce;

the high collector tray extends over the cross
section of said gravity flow apparatus, in particular of
a said colum;

so long as the liquid I evel on the high collector
tray remains |lower than the | evel of the top opening of
t he second duct, the high collector tray serves to feed
liquid only to the first duct and not to the second duct;

the layout of the distribution orifices and the
arrangenent of said manifolds serves to distribute the
liquid in a regular and uni form manner over the entire
surface of the cross section of the device in said zone,
thus in particular over the top surface of the packing
bed of a said columm; and

the first duct and the first manifolds forma
first distributor and the second duct and the second
mani fol ds form a second distri butor.

A liquid distribution device of the present
i nvention enables the relative difference of the
hydraulic | oads as seen respectively by two dianetrically
opposite points of the distribution manifolds to be
limted, with this |imtation of the relative difference
bet ween the | oads bei ng obtai ned by ensuring that the
average of the two loads is |arge enough conpared with
that difference. The uniformty of the distribution of
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liquid thus relies on the principle of mnimzing static
| oad differences. Furthernore, if a device has two
series of manifolds, each series covers the entire cross-
sectional surface of the vertical apparatus (colum or
heat exchanger).

More particularly, for a series of orifices in a
series of manifolds of a distributor, tolerance in terns
of uniformty can be quantified by the value of a
uniformty factor k = (Q-Q")/(Q +Q"), where k is less
than or equal to a given Iimt value ko, with ko
preferably lying typically in the range of 4%to 10% the
val ue of kg depending on the service provided by the
colum, where Q is the conbined flow rate through the
orifices of the half of the manifolds of the distributor
that deliver the nost (since they are subjected to a
liquid height that is greater than the |iquid height of
an orifice situated at the center of the distributor),
and where Q' is the conbined flow rate of the orifices of
the half of the manifolds of the distributor that deliver
the |l east (since they are subjected to a |iquid height
that is less than the liquid height of an orifice
situated at the center of the distributor).

In the present invention, and unlike a conventi onal
"overflow' device, the liquid overflowng fromthe first
duct when filled to the maxi mum and going to the top
openi ng of the second duct is provided only as an
energency device in the event of a malfunction of the
control |l ed opening of the val ve.

More particularly, said comuni cation device with a
val ve having controlled opening in the distribution
device of the invention leads into the | ow portions of
each of the first and second ducts respectively operating
at a height lower than Hnn, where Hnn is the m ni num
hei ght required for liquid in said first and second ducts
that are in communication via said valve in order to
obtain uniformdistribution of |iquid anong the various
orifices of said first and second series of manifolds,
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W th said communi cation device having a valve with
controll ed opening preferably opening out into the bottom
ends of the first and second ducts, respectively.

I n an enbodi nent, said communi cation devi ce opens
out into said first and second ducts at their bottom
ends.

More particularly, triggering of the opening or the
closing of the valve is based solely on neasuring the
liquid level in said first and second ducts (and not on
measuring flow rate), such that:

a) with flowrate increasing in said first duct
only, said valve opens automatically when the liquid
level in the first duct reaches a maxi numthreshol d val ue
Hmrax; and

b) the valve closes automatically with flowrate
decreasing in said first and second ducts when the
identical liquid level in the first and second ducts that
are in comruni cation via the open valve drops down to a
m ni mum threshold value that is greater than or equal to
said m ni mum hei ght Hm n as defi ned above.

It can be understood that Hrax is | ess than the
hei ght of the second duct in order to avoid any risk of
liquid overflowing fromthe first duct to the top opening
of the second duct.

These paraneters Hm n and Hmax are di nensi onal
characteristics of the distributor that are cal cul ated by
t he designer as a function of specifications (in
particular the required uniformty of liquid distribution
or the anmount of distribution variation that can be
tolerated), as a function of the severity of the
movenents, i.e. the anplitude of possible novenents,
and/or the extent of the flow rate ranges that are to be
covered. Thereafter, in operation, they becone
thresholds for triggering said valve.

Preferably, in a device of the invention, the first
and second distributors are configured in such a manner
t hat :
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a) @mnis less than or equal to Qnax-Qm n;
the first and second distributors being defined as
consisting in:
- the first duct and the orifices of the first
series of manifolds, for the first distributor; and
- the second duct and the orifices (8c) of the
second series of ducts, for the second distributor; and
Qmn and Q@m n being defined respectively as the
conbi ned mnimum flow rates through the orifices of the
first and second series of manifolds respectively, that
enable liquid to be distributed uniformy by said first
and second series of manifolds; and
Qmax being defined as the maximum flow rate of the
first distributor when the liquid height in the first
duct is of maxi num val ue Hrax; and

b) when said valve is opened and the two
| ongi tudi nal ducts are put into comrunication with each
other, the level of the liquid in the first duct that was
of maxi mum val ue Hrax noves down to a liquid level Hy in
the second duct that is identical to the |evel of the
first duct, Hy being greater than or equal to HMn, Hmn
bei ng the common m ni mum height required for liquid in
said first and second ducts in comunication via said
val ve for obtaining uniformdistribution of |iquid anong
the various orifices of said first and second series of
mani f ol ds.

These flow rate paraneters Qm n and Qmax, which are
associated with corresponding liquid heights, are
characteristics that |lead to the nunbers and sizes of
orifices to be made in the liquid distribution manifolds
during manufacture, specific for each application, and
cal cul ated by the designer as a function of
specifications (required uniformty of liquid
distribution or acceptable extent of variation in
di stribution, possible severity/anplitude of novenents,
extent of flow rate ranges to be covered, .).
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Al so preferably, the first and second distributors
are configured in such a manner that the flowrate
corresponding to the threshold Hmax for triggering
opening of said valve while flowrate is increasing in
order to pass fromthe node of operation with only the
first distributor in action to the double distribution
node of operation with both the first and the second
distributors in action, preferably Qnax as defined above,
is greater than the flow rate corresponding to the
threshold Hmn for triggering closing of the valve while
flowrate is decreasing in order to pass fromthe double
di stribution node of operation with both the first and
second distributors in action to the node of operation
with only the first distributor in action, preferably
Qm n+Qm n as defined above. In this enbodi ment,
specifically as a result of the way the flow rates of the
two mani folds are calibrated, the device operates with
hysteresis that is characterized by the fact that the
flowrates corresponding to the two control-triggering
t hreshol ds respectively Hrax for opening and Hmn for
closing the valve are different so as to avoid untinely
phenonmena of oscillation between the "nono-distributor”
node of operation and the "double distributor” node of
operation, as expl ai ned bel ow.

More particularly, in order to obtain such
hysteresis, the first and second distributors are
configured in such a manner that:

a) @mnis less than Qnmax-Qm n; and

b) H) is greater than Hm n but |ess than Hmax.

Still nmore particularly, the collector tray includes
channel s for channelling the liquid towards the top
opening of the first vertical duct.

More particularly, the transverse tubul ar nmanifol ds
extend parallel in a transverse direction perpendicul ar
to an axial longitudinal direction ZZ of the double
di stribution device. Nevertheless, the manifolds could
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be arranged in sonme other way, e.g. with manifolds in the
formof concentric rings.

More particularly, both series manifolds are
arranged at the sanme level in the |ongitudinal direction
(ZZ') of the double distribution device, the manifol ds of
the first series being interleaved in parallel between
the mani fol ds of the second series.

The present invention is applicable to a
fractionating colum, to a washing colum, to a coiled
type vertical heat exchanger, or to any type of vertical
apparatus on board a vessel or a floating support and
including at | east one double liquid distribution device
of the invention arranged coaxially inside the
cylindrical wall of the apparatus above a cross-section
of said apparatus and perpendicularly relative to the
axi al longitudinal direction (ZZ') of said cylindrical
wal | .

More particularly, said collector tray is arranged
transversely and coaxially relative to said cylindrica
wal | of the apparatus. It can be understood that the
outline of the collector tray follows the outline of the
cross section of said cylindrical wall.

Still nore particularly, the apparatus may incl ude
the need to performdistributions of the |iquid phase
several tines over (at a plurality of levels) as applies
in particular to a colum having a plurality of packing
beds extending across the cross section of said colum
and spaced apart fromone another in the axial
| ongi tudinal direction (ZZ') of said colum, with a
plurality of said double liquid distribution devices
bei ng i nterposed, each between two packing beds; in the
same manner, for a coiled heat exchanger having a
plurality of bundles, there nmay be a plurality of double
di stribution devices above each bundl e.

The present invention also provides a nethod of
distributing liquid using a double liquid distribution
device of the invention receiving a liquid on said high
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collector tray, the method being characterized in that
the foll owm ng steps are perforned:

e.1l) filling the first |ongitudinal duct with
[iquid; and

e.2) when the liquid level in the first duct reaches
a maxi mum t hreshol d val ue, opening said valve and putting
the two | ongitudinal ducts into comuni cation with each

other, thereby filling the second duct to the sane liquid
| evel as the first duct; and
e.3) re-closing said valve if said identical liquid

| evel of said first and second ducts decreases bel ow a
m ni mum t hreshol d val ue.

These | evel thresholds are di nensional
characteristics of the distributor that are cal cul ated by
the designer as a function of specifications (uniformty
and/or extent of variations in liquid distribution that
are required and/or tolerated, severity and/or anplitude
of novenents, extent of flow rate ranges to be covered).

More particularly, the opening or the closing of the
valve is triggered automatically as a function of
measuring the liquid level in said first and second
ducts, in such a manner that:

a) in step e.2), with flowrate increasing in said
first duct only, said valve opens autonatically when the
liquid level in the first duct reaches a maxi mum
t hreshol d val ue Hmax; and

b) in step e.3), with flow rate decreasing in both
of said first and second ducts, the valve cl oses
automatically when the identical liquid level in the
first and second ducts that are in conmmunication via the
open val ve drops down to a m ninumthreshol d val ue
greater than or equal to HMmn, Hm n being the m ni mum
comon height required for liquid in said first and
second ducts while they are in comrunication with each
other via said valve in order to obtain uniform
distribution of liquid anong the various orifices of said
first and second series of manifolds.
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This height HMn is determ ned by the conbi ned
maxi mum uni formflow rates Qmn and Qm n respectively
through the orifices of the first series of manifolds and
through the orifices of the second series of manifolds.

Preferably, in step e.2), said valve is opened and
the two | ongitudinal ducts are put into communication
wi th each other such that the level of the liquid in the
first duct, which was of maxi num val ue Hrax, drops down
toaliquid level H in the second duct that is identical
to the level of the first duct, Hy being greater than or
equal to Hmn and corresponding to a flow rate of the
second distributor that is greater than or equal to Qmn;
the first and second distributors being configured in
such a manner that:

a) @mnis less than or equal to Qnax-Qm n;

the first and second distributors being defined as

consisting in:

- the first duct (5) and the orifices (8c) of
the first series of manifolds, for the first distributor;
and

- the second duct (6) and the orifices (8c) of
the second series of ducts, for the second distributor;
and

Qmn and Qm n being defined respectively as the
conbi ned mnimum flow rates through the orifices of the
first and second series of manifolds respectively, that
enable liquid to be distributed uniformy by said first
and second series of manifolds; and

Qmax being defined as the maximum flow rate of the
first distributor when the liquid height in the first
duct is of maxi num val ue Hrax; and

b) on opening said valve and putting the two
| ongi tudi nal ducts into comrunication with each other,
the level of the liquid in the first duct, which is of
maxi mum val ue Hrax, drops down to a liquid level Hy in the
second duct that is identical to the level of the first
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duct, Hy, being greater than or equal to Hm n as defined
above.

Al so preferably, in step e.2), said valve is opened
and the two | ongi tudi nal ducts (5, 6) are put into
comruni cation with each other such that the | evel H; of
the liquid in the first duct, which was of nmaxi num val ue
Hmrax, drops down to a liquid level Hy in the second duct
that is identical to the level of the first duct, Hy being
greater than Hm n and corresponding to a flow rate of the
second distributor that is greater than Qmn; the first
and second distributors being configured in such a manner
t hat :

a) @mnis less than Qnax-Qm n; and

b) on opening said valve and putting the two
| ongi tudi nal ducts into communication with each other,
the level of the liquid in the first duct, which was of
maxi mum val ue Hrax, drops down to a liquid level Hy in the
second duct that is identical to the level of the first
duct, Hy being greater than or equal to Hm n.

If Hois greater than Hmn, it is then advantageously
possi ble to cause the device to operate with hysteresis
that is characterized by two different liquid |evel
threshol ds for triggering the conmunication valve in
opening and in closing, so as to avoid phenonena of
untinmely oscillation between the "nono-distributor” node
of operation and the "double distributor” node of
operation, as expl ai ned bel ow.

Preferably, the flowrate at the threshold for
triggering opening of said valve, while flowrate is
increasing, in order to pass fromthe node of operation
with only the first distributor in action to the double
di stribution node of operation with both the first and
the second distributors in action is greater than the
flowrate at the threshold for triggering closing of the
valve, while flowrate is decreasing, in order to pass
fromthe double distribution node of operation with both
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the first and second distributors in action to the node
of operation wth only the first distributor in action.

Under such circunstances, a nmethod of the invention
may conprise the foll ow ng steps:

1) increasing the liquid level in the first duct
only; and

2) opening said valve when the liquid | evel reaches
t he maxi num hei ght threshold Hrax in the first duct
corresponding to a maximumuniformflow rate Qmx of the
first distributor and putting the two |ongitudinal ducts
into conuni cation so that the level of the liquid in the
first duct, which was of maxi num val ue Hrax, drops down
toaliquid level Hy in the second duct that is identical
to the level of the first duct, Hy being greater than said
val ue Hm n; and

3) the liquid | evel increases fromH, in both the
first and the second ducts, the device now being in the
doubl e di stribution node of operation with both the first
and second distributors in action, the conbined flowrate
of both distributors increasing from Qnmax to Qnax+Qnmax,
Qmex being defined as the maximum flow rate of the second
di stributor when the identical liquid height in the first
and second ducts is at a maxi nrum Hmax; and

4) when the device is in the double distribution
node of operation with both the first and second
distributors in action, the flowrate lying in the range
Qmax to Qmax+Qnex, if the flow rate decreases, said
valve is closed only when the flow rate reaches a m ni num
threshold value @ in the range Qmn to Qmax with a
level Hmn of the liquid in both ducts, @ being greater
than or equal to Qm n+Q@m n and preferably equal to
Qm n+Qm n; and

5) after closing said valve, the liquid level in the
first duct rises to a value H, greater than Hm n but |ess
than Hmax with a flowrate in the range Qm n and Qnax,
the device remains in the single distribution node of
operation with only the first distributor in action so
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long as the liquid |l evel does not exceed Hrax in the
first duct.

In the present description, and as shown in the
figures, the liquid heights in the first and second
ducts, H, H, Hmn, and Hrax shoul d be understood as
hei ghts relative to the base of the distributor defined
by the horizontal plane passing through the bottons of
the ducts and of the manifolds.

Hrax and Hm n are di nensional characteristics of the
distributor that are calculated in order to achieve a
certain degree of performance in ternms of uniformty of
liquid distribution, for given conditions of novenent
severity and for flow rate ranges that are defined by
speci fications.

In operation, the levels in the vertical ducts of
the distributor are neasured in order to control the
val ve; however the trigger thresholds Hmn and Hmax for
the valve are thus characteristics intrinsic to the
equi pnent .

The flow rate and |iquid height parameters of the
invention are thus calibration characteristics for the
equi pnent. Specifically, the person skilled in the art
knows that a device of this type is necessarily of a
structure that is characterized so as to satisfy
properties associated with the definition of the flow
rate ranges Qrin and Qrax that guarantee uniformliquid
distribution, with this being done, in particular, as a
function of the nunber and the size of the holes to be
made in the distribution manifolds or the dianeter of the
distribution manifolds. Techniques for determ ning these
characteristics are known to the person skilled in the
art and they are not the subject matter of the
i nnovat i on.

Brief description of the draw ngs
O her characteristics and advant ages of the present
i nvention appear fromthe follow ng description made with
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reference to the acconpanyi ng draw ngs, which show an
enbodi nent having no limting character. 1In the figures:

Figure 1 is a view of a fractionating colum 10
having a plurality of liquid distributors 1 cooperating
with a plurality of packing beds 9; in Figure 1, the
packi ng bed 9 extends fromthe top dashed |ine under a
top distributor to the pair of dashed lines situated
| oner down (above the chimey tray of the | ower
di stributor);

Figures 2A, 2B, and 2C are views of a prior art
double liquid distributor device wth overflow having two
vertical ducts 5 and 6 arranged side-by-side in the
proximty of the central axis ZZ' and symetrically
relative thereto, shown in a perspective view
(Figure 2A), in a side view (Figure 2B), and in a plan
view (Figure 20);

Fi gures 3A and 3B-3C are diagrammtic views of a
double liquid distributor show ng the cooperation between
the two distribution systens having two different
arrangenments for the two series of manifolds 8a and 8b
relative to one anot her;

Figures 4A and 4B are views of a double liquid
di stributor of the invention with a device 11 for
control |l ed communi cati on between the two ducts 5 and 6,
shown in side view (Figure 4A) and in plan view
(Figure 4B);

Fi gures 5A and 5B are graphs show ng how t he
uni formty paraneter k varies as a function of flowrate
inthe first duct in a double distributor of the prior
art (Figure 5A) and of the invention (Figure 5B); and

Figure 6 shows graphs plotting the variation in
the liquid height as a function of flow rate,
illustrating the operation of a device of the invention,
both with a single valve opening or closing threshold
(wi thout hysteresis: curves A, B, and C), and with two
di stinct valve threshol ds respectively for opening and
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for closing (wwth hysteresis: curves A\, B 1/B 2, and
C).

Detail ed description of the invention

Figure 1 shows a fractionating or phase separating
colum 10 having a cylindrical wall 10a and contai ni ng
three liquid distribution devices 1 arranged axially
above three respective packing beds 9, each occupying the
entire circular section of the colum. The packing of
t hese beds nay be of the "structured" type such as
"Mel | apak™' structured packing fromthe supplier SULZER
(CH) or "FLEXI PAC™ packing fromthe supplier KOCH GLI TSCH
(USA) or "INTALOX®™ or "IMIP®™ random packing fromthe
supplier KOCH G.I TSCH ( USA)

Fi gures 2A-2C, and al so Figures 3A-3C and 4A-4B
show a double liquid distribution device 1 suitable for
use in a fractionating or wash colum 10 cont ai ni ng at
| east one packing bed 9 extending over the cross section
of said colum perpendicularly to the axial |ongitudinal
direction ZZ' of said colum. Frombottomto top, the
l[iquid distribution device 1 conprises:

a high collector tray 2 of circular outline and of
di aneter equal to the dianeter of the cylindrical wall
10a, the tray 2 having a horizontal plane surface
(perpendicular to ZZ') including two channels 3a and 3b
with sloping bottonms that are arranged dianetrically in a
cross configuration to trap the liquid and direct it down
towards a first liquid downflow duct 5, the tray al so
supporting chimeys 4 allow ng the vapor phase to rise
(whi ch chi meys have hats that are not shown in the
figures);

two parallel longitudinal |iquid downflow ducts 5
and 6 arranged symretrically in the proximty of the axis
ZZ' of the tray 2 and of the colum 10, connecting said
tray 2 to a manifold support 7, the top opening 5a of the
first longitudinal duct 5 being |evel with the bottom of
the channels 3a-3b, while the top opening 6a of the
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second duct reaches a level that is at a height h0Oabove
said collector tray 2;

said mani fold support 7 being arranged
dianetrically and supporting two series of transverse
tubul ar mani fol ds 8, 8a-8b arranged perpendicularly to
the axis ZZ' (horizontally) and parallel to one another;
and

a first series of manifolds 8a is fed solely by
the first longitudinal duct 5 and a second series of
mani folds 8b is fed exclusively respectively by the
second | ongi tudi nal duct 6, each manifold 8, 8a-8b having
distribution orifices 8c arranged in its under face and
suitable for spraying the liquid 8d onto the top face of
t he packi ng bed 9 under the double liquid distribution
devi ce.

In Figure 3A, in a preferred enbodi nent, the
mani fol ds 8a of the first duct 5 are interposed on a
comon | evel between the enpty nmanifolds 8b of the second
duct 6 that extends to a greater height than the first
duct .

Fi gures 3B and 3C show the nanifolds 8a of the first
duct 5 interposed in staggered nanner between the
mani fol ds 8b of the second duct 6 and arranged at a |evel
that is just a little higher than the manifolds 8b so as
to show nore clearly the principle of operating two
series of manifolds and so as to identify better which
mani f ol ds correspond with which ducts, each manifold
being fed exclusively via only one of the vertical ducts.
However, in practice, the manifolds of a double
distributor are all at the same height.

In Figure 3B, the device is operating in single or
"mono-distributor” node, with only the first duct 5 and
the first manifolds 8a being full of liquid 8d for
spraying through the orifices 8c. In Figure 3C, the
device is operating in double node, with both of the
ducts 5 and 6 and both series of manifolds 8a and 8b
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bei ng shown conpletely full of liquid and wi th maxi num
flow rates.

Fi gures 4A and 4B show a double liquid distributor
of the invention identical to that shown in Figures 2 and
3, but also fitted with a comruni cation device 11
provi di ng comruni cati on between the two ducts 5 and 6 and
including a valve 12 with controll ed opening and cl osi ng.
The commruni cati on device 11 conprises tw angl ed ducts
with multiple bends 13 and 14, together with a valve 12.
The two angl ed ducts 13 and 14 provi de connecti ons
bet ween the valve 12, which is |ocated outside the wall
10a, and the bottom portions respectively of the first
duct 5 and of the second duct 6. The two angled ducts 13
and 14 are arranged symmetrically relative to the valve
12, with portions 13a and 14a that are connected to the
ducts 5 and 6 being arranged inside the wall 10a, and
with portions 13b and 14b that are connected to the valve
12 being arranged outside of the wall 10a.

The valve 12 is positioned outside the wall 10a for
practical maintenance reasons. However, it is entirely
possi bl e to envisage said val ve renmai ning inside the wall
10a. Furthernore, the ducts 13 and 14 coul d be of sone
ot her shape w thout changing the principle of the
invention. 1In contrast, the valve 12 nust be positioned
at the I ow point, wthout any "pockets" along the paths
foll owed by the elenents of the ducts 13 and 14 to ensure
that, in the event of the distributor being used with
cryogenic liquids, the vapor bubbl es produced by the
liquid evaporating in the dead arns can be di scharged
naturally towards the inside of the columm. Furthernore,
in order to avoid risking un-primng the flow, given that
the liquid is at its bubble point, the elenents of the
ducts 13 and 14 nust remain at heights that are | ower
than HmMn, i.e. in this exanple that the portions 13a and
14a nmust follow paths that remain at a height that is
| oner than the height corresponding to the liquid |Ievel
Hm n.
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The hei ght H3 of the second duct is equal to the
hei ght H2 of the first duct + hO, where hO is the extra
hei ght of the second duct and is equal in practice to
about 10% of H2.

The mnimum |liquid height Hrin required in both
ducts 5 et 6 for feeding all of the orifices in the two
series of manifolds 8a and 8b depends on the anplitude of
the tilting, in practice about 5° to 20°, on the
di rensions (length and dianeter) of the manifolds, and on
the range or ratio that is required between the m ni num
flowrate Qrin and the nmaxi mum flow rate Qmax. Thus, the
nunber and the size of the holes 8c and the heights of
the first and second ducts 5 and 6 are determ ned so as
to deliver the desired mnimmuniformflowrates Qmn,
Q@mn at said mninmumliquid height Hnn and the desired
maxi mum uni form flow rates Qmax, Qmax at a maxi mum
[iquid height Hrax.

The m ni num hei ght Hm n can be cal cul ated fromthe
di aneter D of the columm, which determ nes the | engths of
the manifolds, froma criterion E for the relative
difference in the flowrates due to the novenent of the
float, this flowrate difference being the difference
between a central orifice and an "extrene" orifice of a
mani fol d, and from an angle "dynam c al pha" defined by
t he angul ar sector formed between the accel eration vector
and the axis ZZ' in the reference frane of the vessel.
Thus, Hmin = Dx0.5xtan(al pha)x(1/((1+E)%-1). The nunber
and the size of the orifices are calculated so that the
distributor can pass the flowrate Qrin at a height Hmn
whi | e guaranteeing sufficient uniformty. The intended
uniformty (factor kp) thus determnes the required ratio
Hm n/ D.

The maxi mum i quid height Hrax in the distributor
results fromthe mnimumflow rate Qrin and fromthe
ratio Qmax/ Qrin, i.e. Hmax/D = (Qmax/ Qr n)?xHmi n/ D).
Typically, the ratio Qrax/Qnn is 100/40. By way of
illustration, for a maximumdi fference E of 8.5% and for
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an angle al pha of 10°, Hmn is 0.5xD. Typically Hwax/D
isinthe range 0.5 to 1.5. Typically Dis 4 mto 5 m
and E = 5%to 15%

The intended uniformty (factor ko) determ nes the
required ratio HMmn/D. However, the effective ratio
Hm n/ D depends subsequently on the effective flow rate at
which the colum is to be operated, it being possible for
the uniformty criterion to be in conpliance for the tilt
angl e taken into consideration during design only for a
flowrate that is greater than or equal to the m ni num
flowrate Qnin that was taken into account during said
desi gn.

In Figures 5A and 5B, the distributors are
calibrated for the manifol ds having a maxi mnum | ength of
4.15 mand Qmn/(Qmax + Qmax)=40% so that ko is 4.5%

In Figure 5A, it can be seen that in a prior art
doubl e distributor with overflow, when in a maximumtilt
situation, and when the liquid height in the first duct
is increased, the follow ng various successive stages
t ake pl ace:

curve A the flowrate of the first distributor
goes fromQmn at 42%to Qmax at 65% when the liquid
level in the first duct goes fromHmin to Hmax, with the
uniformty of distribution anong the various orifices of
the distributor increasing since k decreases to |ess than
kKo; then

curves B and C the liquid overflows fromthe
first duct and pours into the second duct, with the
conbined flow rate through both the distributors
increasing up to a range (curve C) fromQ@ = 66.58%to
Q =75.7% in which range the required m ni nrum hei ght
Hmn is not reached in the second duct, and as a result
the distribution is not sufficiently uniform wth
nonuni formty increasing, and k exceeding ko = 4.5% up to
7% then

curve D: the liquid height in the second duct
exceeds Hm n and the conbined flow rate increases, with k
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decreasing to a m ni num val ue of 1.5% when the conbi ned
maxi mum fl ow rate reaches (Qnax+Qmax).

In that prior art enbodi nent, over an operating flow
rate lying in the range Qmn to Qnmax+Qnmax, there is
thus a flow rate bandw dth between Q and Q' of al nost
10% (assum ng Qrmax+Qmax = 100% right in the m ddle of
the operating flow rate range and that |lies outside the
required uniformty tol erance.

In Figure 5B and in Figure 6 (curves A, B, and C
W t hout hysteresis drawn in fine lines), it is shown that
in a double distributor of the invention with a
communi cation device 11 having a valve 12 with controll ed
opening, and in a situation of maximumtilt, when the
liquid height in the first duct is increased, with the
second distributor being hydraulically calibrated to
deliver the flowrate difference @m n=Qmax-Qmn wth a
[iquid height Hrin, the various follow ng stages take
pl ace:

curve A the flowrate goes fromO to Qnax, wth
the liquid I evel going fromO to Hrax! (passing via Hnmin
for @mn) in the first distributor operating as a nono
distributor, and the uniformty of distribution anong the
various orifices of the first distributor increases,
since k decreases bel ow kg, and then at point P1;

curve B: the | ow communication valve 12 between
the two ducts is opened, with the liquid passing through
this valve fromthe first duct to the second duct until,
at point P2, the liquid height changes al nost
i nstant aneously to be identical in both ducts at
Ho= Hnin, with the flowrate going from Qmax = Qmax' to
Qmninthe first distributor and fromO to
Qmin = Qnax!-Qnin in the second distributor, such that
t he conbined flow rate through both distributors remains
unchanged at P2 and practically equal to Qmax= Qmax?;
and t hen

curve C. when the conbined flow rate through both
di stributors increases from Qmax! to (Qnmax+Qnax), the
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[iquid height in both ducts increases identically and
simul taneously fromHrin to Hvax', with k decreasi ng down
to a mninmumval ue of 1.5% when the conbi ned maxi num f| ow
rate i s reached.

Hrax = H2+hl, where hl is the maxi mum i quid hei ght
allowed on the collector tray 2, hl being less than hO to
avoid untinely overflowng of liquid into the second duct
before the valve 12 is opened.

In this enbodi ment in accordance with the invention,
the cycle of opening and closing the val ve respectively
for increasing and decreasing flow rates is wthout
hysteresis, the trigger threshold for the val ve being
identical for opening the valve at P1 while the flowrate
is increasing in the direction Bl to Cl, and for closing
the valve at P2 while the flowrate is decreasing in the
direction C2 to B2.

Figure 6 al so shows the advant ageous operation of a
variant calibration for a double distributor of the
invention that presents hysteresis. |In this advantageous
variant, in order to avoid any risk of operating
instability in the vicinity of the flowrate for
openi ng/ cl osing the valve to swtch between the "nono-

di stributor” node and the "double distributor” node, the
device is configured so as to be capable of performng
hysteresis so that the flow rate Qnmax = Qmax?
corresponding to the trigger threshold Hrax? for opening
the valve while flowrate is increasing is greater than
the flowrate (Qm n+Qm n) corresponding to the trigger
threshold Hmn for closing the valve while flowrate is
decreasing. The fact that these two thresholds Hmn and
Hrax for controlling the communi cation val ve correspond
to two different flow rates Qmax and (Qm n+Qm n) serves
to avoi d phenonena of untinely oscillation between the
"nmono-di stributor” node of operation and the "double
distributor” node of operation.

To do this, the second distributor is hydraulically
calibrated so as to guarantee a liquid |level Hmn not for
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a flowrate @mn = Qmax-Qmn but for a fraction of
Qmax-Qmn, i.e. Qmn = rx(Qmax-Qmn) where r is |ess
than 1.
In Figure 6, the follow ng stages take pl ace:

curve A in the direction A'l: the flow rate goes
fromO to Qmax? with the liquid | evel going fromO to
Hrax? (passing via Hrin for Qnin) in the first
di stributor operating as a nono distributor, and the
uniformty of distribution anong the various orifices of
the first distributor increases, since k decreases bel ow
ko, and then at point P'1

curve B ' 1: the | ow comrunication valve 12 between
the two ducts 5 and 6 is opened, and the liquid flows
t hrough the valve fromthe first duct to the second duct,
until the liquid height becones identical alnost
i nstantaneously in both ducts at Hy greater than Hmn, the
flow rate passing from Qmax? to Q(Hy) with Q(H) > Qmin
in the first distributor and passing fromO to
Q(H) = (Qmax* Q(H)) with (Qmax* Q(H)) < (Qmax?-Qnin)
in the second distributor, such that the conbined fl ow
rate through both distributors is initially unchanged and
substantially equal to Qmax = Qmax?, and then at point
P 2;

curve C in the direction C 1. the device operates
in double distribution node with both distributors. Wen
the conbined flow rate through both distributors
i ncreases from Qmax? to (Qmax+Qmax), the |iquid hei ght
in both ducts increases identically and simultaneously
fromH to Hrax? wth k decreasing down to a mi nimum
val ue of 1.5% when the conbi ned maxinumflow rate is
reached.

curve C in the direction C2 and then B 2: while
the device is operating in the double distribution node
of operation wth both the first and second distributors
in action, with the flowrate lying in the range Qnmax® to
Qmax+Qmax, if the flow rate decreases, then said valve
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12 is closed at P3 only when the liquid |evel reaches
Hnmn wth a flowrate @ in both ducts 5 and 6; and
curve B' 2: on closure of the valve 12, the device
passes at P'3 into the single distribution node of
operation with only the first distributor in action, the
liquid level in the first duct rises to a value H, | ess
than Hmax? with a flowrate @ = (Qnin+Qnin) lying in the
range Qmin to Qnax? and
curve A" and direction A'2: the first distributor

remains in operation in nono-distributor node if the flow
rate decreases further from@ to O, or so long as the
flow rate remains | ess than Qmax?.

I n both enbodi nents shown in Figure 6 (with and
w t hout hysteresis), the device is calibrated for the
same maxi num saturation flow rate Qmax*+Qmax® (w t hout
hysteresis) = Qnmax?+Qnmax? (with hysteresis). Furthernore
Qmax? > Qnmax! and Qnax? < Qmax’.

Nevert hel ess, when there is hysteresis, the first
di stributor nust be nmade to operate with a greater liquid
| oad prior to opening the valve (Hmax? is greater than
Hrax!). Al so, the second distributor is calibrated for a
flowrate that is lower in the "w thout hysteresis"
situation: given that r is selected so that 0 <r < 1,
then @Qmn = rx(Qmax-Qmn) with
hysteresis < @mn = Qnmax-Qm n w thout hysteresis.
Specifically, when the total flow rate decreases starting
from100% i.e. (Qmax+Qnmax), the flow rate threshold at
P3, which corresponds to closing the valve (for a height
Hm n), nust be less than in the "w thout hysteresis"
situation at P2.

In both of the enbodinents of Figure 6 (with and
W t hout hysteresis), the uniformty of the distribution
remains in conpliance with the required uniformty
tol erance, with k being |l ess than ko over the entire
operating flow rate range fromQmn to (Qmax+Qmax).
For the sanme saturation flow rate (Qnmax+ Qmax), the
hei ght Hrmax is slightly greater than the sanme hei ght for
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a double distributor with overflow. Specifically, for a
doubl e distributor with controlled val ve opening in
accordance with the invention and calibrated in this way,
the ratio Hrax/Hmn is equal to the flowrate ratio
Qrax/ Qmin, whereas for a nono distributor the same ratio
Hrax/HmMn is equal to the square of the ratio of the

maxi mum and m ni num fl ow rates.

In Figure 6, for the respective configurations
"W th" and then "wi thout" hysteresis, it is the |length of
the ducts 5 and 6, and thus the height of the collector
tray 2 above the manifolds 8 that changes between the two
configurations; however the thickness hl of the sheet of
l[iquid on the tray 2 is the sane in both situations, say
0.2 m In a device with controlled opening, the sheet of
liquid rises up to the top of the overflow 6a only in the
event of the valve malfunctioning. 1In the invention, the
overflow 6a is an energency devi ce.

Under all circunstances, opening or closing of the
valve 12 is triggered solely on the basis of nmeasuring
the level of the liquid (and not on nmeasuring flowrate).
When the liquid level in the duct 5 reaches the threshold
Hrax the val ve 12 opens, and when the liquid level in
both ducts 5 or 6 drops down to the threshold Hm n the
val ve 12 cl oses.

The specific nature of a systemw th hysteresis lies
firstly in the ducts 5 and 6 being | engthened in order to
i ncrease the maxi num liquid height of the first
di stributor and thus obtain a value Qnmax? greater than
Qmax!, and secondly in how the series of nmanifolds in the
second submtter is calibrated: this series is calibrated
so that the flow rate Qmnax? reached in the first
distributor on its own before opening the val ve | eads
subsequently to a liquid height Hy (identical in both
ducts 5 and 6) that is greater than Hm n once the val ve
is open. In a systemwthout hysteresis, the |level H
reached i medi ately after opening the valve is equal to
Hm n.
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If HO is greater than Hm n, the device operates de
facto with hysteresis, which is characterized by the fact
that the flow rate Qmax? corresponding to the threshold
Hhrax? for opening the valve 12 is different and of val ue
greater than the flowrate Qm n+Qmn corresponding to
the threshold for re-closing the sane valve 12 at the
level HmMn in order to avoid untinely oscillation
phenonena between the "nmono-distributor” node of
operation and the "double distributor” node of operation.
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CLAI M5

1. A double liquid distribution device (1) suitable for
use in any type of vertical apparatus that is the seat of
gravity flow of a liquid phase that needs to be
distributed in uniform mnner over at |east one zone (9)
arranged under said double liquid distribution device and
extendi ng over at |east one section orthogonal to the
vertical axis of said gravity flow apparatus, the |iquid
di stribution device (1) conprising a collector tray (2)
connected above a manifold support (7) via at |east two

| ongi tudinal Iiquid downflow ducts (5, 6), said manifold
support (7) supporting at |east two series of transverse
tubul ar manifolds (8, 8a-8b) and serving to feed liquid
respectively to the first series of manifolds (8a) via a
first longitudinal duct (5) and to the second series of
mani fol ds (8b) via a second | ongitudinal duct (6), each
mani fold (8, 8a-8b) having distribution orifices (8c) in
its under face suitable for distributing the |iquid over
said zone situated under said manifolds of the double
liquid distribution device (1), the shape of the
collector tray (2) being suitable for channelling a
liquid on the collector tray towards a top opening (5a)
of the first |ongitudinal duct (5), and the top opening
(6a) of the second duct reaching a level that |ies above
said collector tray; the double liquid distribution

devi ce being characterized in that the two | ongitudina

i quid downflow ducts (5, 6) are connected together in a
| ow portion (5b, 6b) by a conmunication device (11)
fitted wth a valve (12) having controll ed opening that
is suitable for allowng the liquid to be transferred
between the two | ongitudinal ducts in controlled manner,
t he opening and the closing of said valve being triggered
solely on the basis of neasuring the liquid |level in said
first and second ducts.

2. A double liquid distribution device according to claim
1, characterized in that the comrunication device (11)
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opens out into the respective |ow portions (5b, 6b) of
each of the first and second ducts (5, 6) at their bottom
ends.

3. A double liquid distribution device according to claim
1 or claim2, characterized in that triggering of the
opening or the closing of the valve (12) is based solely
on neasuring the liquid level in said first and second
ducts, such that:

a) with flowrate increasing in said first duct (5)
only, said valve opens automatically when the liquid
level in the first duct reaches a maxi mumthreshold val ue
Hmrax; and

b) with flowrate decreasing in both of said first
and second ducts (5, 6), the valve closes automatically
when the identical liquid level in the first and second
ducts that are in comrmunication via the open val ve drops
down to a mninumthreshol d value greater than or equa
to HMn, HmM n being the m ni mum hei ght required for
liquid in said first and second ducts while they are in
communi cation with each other via said valve (12) in
order to obtain uniformdistribution of Iiquid anong the
various orifices of said first and second series of
mani f ol ds.

4. A double liquid distribution device according to claim
3, characterized in that the double liquid distribution
device conprises a first distributor and a second
distributor that are configured in such a manner that a)
@mn is less than or equal to Qnax-Qm n;

the first distributor and the second distri butor
bei ng defined as consisting in:

- the first duct (5) and the orifices (8c) of

the first series of manifolds, for the first distributor;
and
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- the second duct (6) and the orifices (8c) of
the second series of manifolds, for the second
distributor; and

Qm n and Qm n being defined respectively as the
conbi ned mninmum flow rates through the orifices (8c) of
the first and second series of manifolds respectively,
that enable liquid to be distributed uniformy by said
first and second series of manifolds; and

Qmax being defined as the maxinmum flow rate of the

first distributor when the liquid height in the first
duct is of maxi mum val ue Hrax; and

b) when said valve (12) is opened and the two
| ongi tudi nal ducts (5, 6) are put into comunication with
each other, the level of the liquid in the first duct
that was at a val ue Hmax noves down to a liquid |level Ho
in the second duct that is identical to the level of the
first duct, Hy being greater than or equal to HMn, Hmn
bei ng the common m ni num height required for liquid in
said first and second ducts in comunication via said
val ve for obtaining uniformdistribution of |iquid anong
the various orifices of said first and second series of
mani f ol ds.

5. A double liquid distribution device according to claim
4, characterized in that the first and second
distributors are configured in such a manner that the
flowrate corresponding to the threshold for triggering
openi ng of said valve while flowrate is increasing in
order to pass fromthe node of operation with only the
first distributor in action to the double distribution
node of operation with both the first and the second
distributors in action is greater than the flowrate
corresponding to the threshold for triggering closing of
the valve while flowrate is decreasing in order to pass
fromthe double distribution node of operation with both
the first and second distributors in action to the node
of operation wth only the first distributor in action.
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6. A double liquid distribution device according to
clains 4 and 5, characterized in that the first and
second distributors are configured in such a manner that:
a) @mnis less than Qnax-Qm n; and
b) Ho is greater than Hrmin but |ess than Hmax.

7. A double liquid distribution device according to any
one of claims 1 to 6, characterized in that the
transverse tubular manifolds (8, 8a-8b) extend in
parallel in a transverse direction perpendicular to an
axi al longitudinal direction ZZ' of the double

di stribution device (1), and both series of manifolds
(8a, 8b) are arranged at the sane |level in the

| ongi tudinal direction (ZZ') of the double distribution
device (1), the manifolds of the first series (8a) being
interleaved in parallel between the manifolds of the
second series (8b).

8. A vessel or floating support including a vertical
apparatus (10) that is the seat of a gravity flow of a
[iquid phase and including at | east one double |iquid

di stribution device according to any one of clains 1 to 7
arranged coaxially inside a cylindrical wall (10a) of
said gravity flow apparatus (10) above a said zone (9)
needi ng to be sprayed in uniformmmanner with the |iquid,
sai d zone extendi ng over the cross section of said
gravity flow apparatus perpendicularly relative to the
axi al longitudinal direction (ZZ') of said cylindrical
wal |, said collector tray being arranged transversely and
coaxially relative to said cylindrical wall and adjacent
to said cylindrical wall.

9. A vessel or floating support according to claimS8,
characterized in that said gravity flow apparatus has a
plurality of zones (9) extending over the cross section
of said colum and spaced apart from one another in the
axi al longitudinal direction (ZZ') of said colum, with a
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plurality of said double liquid distribution devices,
each interposed between two packi ng beds.

10. A vessel or floating support according to claima8 or
claim9, characterized in that said gravity flow
apparatus is a fractionating or wash col um (10)
containing at | east one packing bed (9) extending in a
said zone over the cross section of said colum
perpendicularly to the axial |ongitudinal direction ZZ
of said col um.

11. A method of distributing liquid by using a double
liquid distribution device according to any one of clains
1 to 7 or a vessel or floating support according to any
one of clainms 8 to 10, receiving a liquid on said high
collector tray, the method being characterized in that
the foll ow ng steps are perforned:

e.1l) filling the first |ongitudinal duct (5) wth
liquid; and

e.2) when the liquid level in the first duct reaches
a maxi nrumthreshol d val ue, opening said valve (12) and
putting the two | ongitudinal ducts (5, 6) into

communi cation with each other, thereby filling the second
duct to the sane liquid level as the first duct; and
e.3) re-closing said valve if said identical liquid

| evel of said first and second ducts decreases bel ow a
m ni num t hr eshol d val ue.

12. A method according to claim 11, characterized in that
t he opening or the closing of the valve (12) is triggered
automatically as a function of measuring the liquid |evel
in said first and second ducts, in such a manner that:

a) in step e.2), with flowrate increasing in said
first duct (5) only, said val ve opens automatically when
the liquid level in the first duct reaches a maxi num
t hreshol d val ue Hmx; and
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b) in step e.3), with flow rate decreasing in both
of said first and second ducts (5, 6), the valve closes
automatically when the identical liquid [evel in the
first and second ducts that are in comrunication via the
open val ve drops down to a m ninumthreshol d val ue
greater than or equal to HMmn, Hm n being the m ni num
comon height required for liquid in said first and
second ducts while they are in comrunication with each
other via said valve in order to obtain uniform
distribution of liquid anong the various orifices of said
first and second series of manifolds.

13. A nmethod according to claim 12, characterized in that
in step e.2), said valve (12) is opened and the two
| ongi tudi nal ducts (5, 6) are put into comunication with
each other such that the level (H) of the liquid in the
first duct, which was of maxi num val ue Hrax, drops down
toaliquid level H in the second duct that is identical
to the level of the first duct, H being greater than or
equal to Hmn and corresponding to a flow rate of a
second distributor that is greater than or equal to Qm n;
a first distributor and the second distributor being
configured in such a manner that:
a) @mnis less than or equal to Qunax-Qm n;

the first and second distributors being defined as
consisting in:

- the first duct (5) and the orifices (8c) of
the first series of manifolds, for the first distributor;
and

- the second duct (6) and the orifices (8c) of
t he second series of manifolds, for the second
di stributor; and

Qm n and Qm n being defined respectively as the
conmbi ned mnimum flow rates through the orifices (8c) of
the first and second series of manifolds respectively,
that enable liquid to be distributed uniformy by said
first and second series of manifolds; and
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Qmax being defined as the maxinmum flow rate of the

first distributor when the liquid height in the first
duct is of maxi mum val ue Hrax; and

b) on opening said valve (12) and putting the two
| ongi tudi nal ducts (5, 6) into conmunication with each
other, the level of the liquid in the first duct, which
is of maximum val ue Hrax, drops down to a liquid |level H
in the second duct that is identical to the level of the
first duct, H being greater than or equal to Hm n.

14. A method according to claim 13, characterized in that
in step e.2), said valve (12) is opened and the two
| ongi tudi nal ducts (5, 6) are put into comunication with
each other such that the level (H) of the liquid in the
first duct, which was of maxi num val ue Hrax, drops down
toaliquid level H in the second duct that is identical
to the level of the first duct, H being greater than Hm n
and corresponding to a flow rate of the second
distributor that is greater than @mn; Qm n being
greater than Qmax-Qmn, the first and second
distributors being configured in such a nanner that:

a) @mnis less than Qnax-Qm n; and

b) on opening said valve (12) and putting the two
| ongi tudi nal ducts (5, 6) into conmunication with each
other, the level of the liquid in the first duct, which
i s of maximum val ue Himax, drops down to a liquid level Ho
in the second duct that is identical to the level of the
first duct, HO being greater than or equal to Hmn.

15. A nethod according to any one of clains 13 to 14,
characterized in that the flowrate corresponding to the
threshold (Hrax) for triggering opening of said valve,
while flowrate is increasing, in order to pass fromthe
node of operation with only the first distributor in
action to the double distribution node of operation with
both the first and the second distributors in action is
greater than the flow rate corresponding to the threshold
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(Hmn) for triggering closing of the valve, while flow
rate is decreasing, in order to pass fromthe double
di stribution node of operation with both the first and
second distributors in action to the node of operation
with only the first distributor in action.

16. A method according to claim 14 or claim15,
characterized in that it conprises the foll ow ng steps:

1) increasing the liquid level in the first duct
only; and

2) opening said valve (12) when the liquid |evel
reaches the maxi num hei ght threshold Hmax in the first
duct corresponding to a maxi mumuniformflow rate Qnax of
the first distributor and putting the two | ongitudi nal
ducts (5, 6) into communication so that the |evel of the
liquid in the first duct, which was of maxi mum val ue
Hmrax, drops down to a liquid level H in the second duct
that is identical to the level of the first duct, HO
bei ng greater than said value Hm n; and

3) the liquid | evel increases fromH in both the
first and the second ducts, the device now being in the
doubl e di stribution node of operation with both the first
and second distributors in action, the conbined flowrate
of both distributors increasing from Qnax to Qnax+Qnmax,
Qmex being defined as the maxinumflow rate of the second
di stributor when the identical liquid height in the first
and second ducts is at a maxi num Hmax; and

4) when the device is in the double distribution
node of operation with both the first and second
distributors in action, the flowrate lying in the range
Qmax to Qumax+Qnmax, if the flow rate decreases, said
valve (12) is closed only when the flow rate reaches a
m ni mum threshold value @ in the range Qmn to Qmax
with a level Hnn of the liquid in both ducts (5, 6), Q
bei ng greater than or equal to Qm n+Qm n and preferably
equal to Qm n+Qm n; and



40

5) after closing said valve (12), the liquid |evel
inthe first duct rises to a value H greater than Hmn
but I ess than Hrax with a flow rate in the range Qm n and
Qmax, the device remains in the single distribution node
of operation wth only the first distributor in action so
long as the liquid | evel does not exceed Hhax in the
first duct.



