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HORI ZONTAL TRAY AND COLUMN FOR CONTACTI NG GAS

AND LI QU D The present invention relates to a horizontal tray
for use in a nornajyg'vertical columm for counter- o

cont acting gasWaA#3%21ui d. Such a col um conpri ses a ou5|ngﬁ“°

- provided with an inlet for gas and 5 an inlet for liquid which is
arranged above the inlet -1 -

HORIZONTAL TRAY AND COLUMN FOR CONTACTING
GAS AND LIQUID

The present invention relates to a horizontal tray
’ for use in a normally vertical column for counter-
currently contacting gas and liquid. Such a column
comprises a housing provided with an inlet for gas and
5 an inlet for liquid which is arranged above the inlet

for gas, and an outlet for gas arranged in the upper end
of the column and an outlet for ligquid arranged in the
lower end of the column.

The horizontal tray is arranged in the housing

10 between the inlet for gas and the inlet for liquid.
During normal operation gas is supplied through the
inlet for gas and liquid through the inlet for liquid,
and on the horizontal tray gas and liquid are brought in
contact with each other to exchange heat and/or matter.

15 After contacting, gas separated from the liquid is
withdrawn from the column through the outlet for gas
which is located above the horizontal tray, and liquid
is withdrawn from the column through the outlet for
ligquid which is located below the horizontal tray.

20 Such a horizontal tray is known from UK patent
specification No. 1 070 777. The known horizontal tray
comprises a horizontal plate and a vertical tubular
contact and separation device, which contact and
separation device comprises an open-ended tube extending

25 through an opening in the horizontal plate, a liquid
feed pipe which opens near the inner surface of the
open-ended tube, swirl imparting means arranged in the

N open-ended tube above the opening of the liquid feed
pipe, and guide means to direct liquid from the upper
., 30 end of the open-ended tube onto the horizontal plate,



for gas, and an outlet for gas arranged in the upper end of the
colum and an outlet for liquid arranged in the | oner end of the
col um. The hori zont al S—at-+-an an the housing 10

between the inlet for gas and the |nTHiéSﬁ’%§|[ A&Eﬁﬁ‘h Duri ng nor nal
operation gas iWORHIS ed t hrough tlhe  REPLACEDnl et {or gas arﬁfrﬁ%aﬁ‘?za‘”
through the inlet for liquid, and on the horizontal tray gas and
liquid are brought in contact with-each other to exchange heat

W thar aun £ om ¢ nebasPyRREERPBEEH FHeY Sypftlpe; SPRpRLEEs' A Wl iren T1 7 1 ©
| ocat ed above therﬁ@PV2§§taﬁpﬂréyeda%kHQidQU|d is withdrawn fromthe

colum through the oupl aisaefrantage of |dheukdowhi ﬁbriﬁoh@&ﬁtﬁfb.}bfﬂso‘ﬁhhhe
hori zontal tray. 2 i,zont al g own. f fron1UK pat ent

speci fication No. "Peg78uFH72 ﬁ%ﬁlf?ﬂﬁégt%fPﬁégﬁP a§°re t nprlses a
hori zontal 5pl ate amiudavecontacttamd|ssparation deviractaahinwishdfiead on

devi ce, whi ch conigk ARG to be proPAMIFURNeHEH 68 ERENELIESARRPEN- ended

2 he h I a_l
tube extending SSeparatlggu ev1geopenlg chnatcgseoiézggﬁflbé) 1fficul | quid

if not impossible to supply liquid to each contact and

separation device in such a way that the amount of
10 liquid is evenly distributed over the contact and
separatlon device.

It is an object of the present invention to provide
a horizontal tray for use in a normally vertical column
for counter-currently contacting gas and liquid wherein

1s liquid is evenly distributed over the contact and
separation devices. '

To this end the horizontal tray according to the
present invention for use in a normally wvertical column
for counter-currently contacting gas and liquid

20 comprises an upper horizontal plate, a lower horizontal
plate, a liquid supply space defined between the plates,
a liquid feed pipe opening into the liquid supply space,
and a vertical tubular contact and separation device,
which contact and separation device comprises an open-

25 ended tube extending through openings in the horizontal
plates, a liquid delivery device comprising an upwardly
directed liqﬁid delivery opening which is in fluid |
communication with the liquid supply space, swirl
imparting means arranged in the open-ended tube above

320 the liquid delivery opening, and guide means to direct
liquid from the.upper end of the open-ended tube onto
the upper horizontal plate, which horizontal tray
further comprises an open-ended downcomer having an
inlet arranged above the upper horizontal plate and an

35 outlet arranged below the lower horizontal plate.
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feed pi.pe which opens near the inner surface of the open- ended
tube, swirl inparting neans arranged..in.the—— open- ended tube above
the opening of the liquid feed |45 Lricpi b BEEYN |gui de means to direct

liquid fromthe upper 30 end of HEPEACEREN- ended tube onto_the

hori zontal pl at‘@‘,’g&&“ . - PET/EPI6/02340

whi ch horizontal tray further conprises a tube for r enovi ng
separated |iquid. A di sadvant age 8f -t he known horizontal tray is
t hat when such [ 3 &ﬁpt ' h

tubul ar contact and sggﬁtf%%nﬁg%?%%ﬂta |c‘1% gifggésglﬁpgpam% that at

relatively low liquid flow rates, the contact efficiency
is not very large. One reason is that the opening of the

. liquid pipe is near the inner surface cf the open-ended
5 tube so that liguid is collected on the inner surface.
’ Consequently contacting between liquid and gas has to

take place in the film of liquid on the inner surface. A
more efficient way of contacting is obtained when the
liquid is dispersed in the gas, and this can only be

10 partly achieved with the known device.

' To overcome this problem, the liquid delivery device
suitably comprises a plurality of parallel channels
having upwardly directed qpeningé, which channels are in
fluid communication with the liquid supply space. In a

.18 ‘suitable alternative design, the liquid delivery device
comprises a liquid delivery opening which is centrally
arranged in.an open-ended tube, which open-ended tube is

. in filuid communication with the liguid supply tube.

The horizontal tray according to the present

20 invention can be used for low flow parameters, even for
£low parameters which are less than 0.01. The flow
parameter is defined as (L/G)*(pl/pg)%, wherein I. is the
liquid flow rate in m3/s, @ is the gas flow rate in
m3/s, pl is the liquid density in kg/m3, and pg is the

25 gas density in kg/m3.

The invention also relates to a normally vertical
column for counter-currently contacting gas and liquid
comprising at least one horizontal tray according to the
present invention, which horizontal tray is arranged in

30 the column between an inlet for gas and an inlet for
liquid.

The invention further relates to a normally wvertical
column provided with two or ﬁore horizontal trays
according to the invention, wherein the liquid feed pipe

35 of one horizontal tray is in fluid communication with

-__—/___,_
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has to .be provided for each of the contact and separation devi ces.
In-such a case it will be difficult, if not_ | npossi ble to supply

liquid to each contact and separa~THE§SPEgﬁkpgiﬁﬁwice in such a way that
the amount of liquid is 10 e/en‘yiﬁ¥§ﬁ£E@uted-over t he contact and
separation WO 96/3823 ce. Le—an—ebHect of t he FnTEEHfpR340

I nvention to provide a hori zontal tray for use in a normally
vertical colum for counter-currentl 4 €ontacting gas and liquid
wherein 15 | il GovhcBiel brdbakl S hoishaths cagbact and
Ssepar ati on devi ces. ) .o this end the horizontal tray according
to the pr esenThendBNEREACROVILL gWh b2 AserEAbPed\RBYt V&% %ol umm

for counter-currendtanpleniacnorg gastabDdvitl|wederende to théharacterized in
that the liquid deié%%g&%%cgrggﬁgsa whe&-ei%ri ses a liquid delivery
r arr |

opening which is centrad nged 11 _an open-ended tube, which
open-ended Sube is  Figurej 3 shgwg sohematicaliynawcrasehaeertien i waty

space. of a normally vertical column for counter-currently
contacting gas and liquid provided with horizontal trays
according to the present invention;
.?igure 2 shows cross-sectional view II-II, drawn to

10 a scale larger than the scale of Figure 1; and

Figure 3 shows schematically an alternative to the
design of part A of the tubular contact and separation
device of Figure 1 drawn to a scale larger than the
scale of Figure 1.

15 Reference is now made to Figures 1 and 2, showing a
.cross-sectional view of part of . a wvertical column 1 for
-counter-currently contacting gas and liquid comprising a
housing 2 provided with the horizontal trays 3 and 3'.
The upper horizontal tray 3 is arranged above the lower

20 horizontal tray 3’. The lower horizontal tray 3’ is
similar to the upper horizontal tray 3 and corresponding
parts of the lower horizontal tray 3’ have got
corresponding reference numerals provided with a bar.

The upper horizontal tray 3 comprises an upper

25 "  horizontal plate 6 and a lower horizontal plate 7.
Between the upper and lower horizontal plates 6 and 7 is
defined a liquid supply space 8. To supply during normal
operation liquid into the ligquid supply space 8, the
upper horizontal tray is provided with a liquid feed

30 pipe 10 opening into the liquid supply space 8.

The upper horizontal tray 3 is furthermore provided
with a vertical tubular contact and separation device
13. This contact and separation device 13 comprises an
open-ended tube 15 extending through openings 18 and 19

35 in the horizontal plates 6 and 7. The contact and

—_—
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-3 - . Reference is made to the abstract of Soviet pat ent

publication No. 1 535 563, whi ch—publi-cat+en géﬁ.es to a hori zont a
tray for use in a nornally vertlc'ﬁ-l\S(ﬁHEEWﬁS)B counter-currently
contacting gas and |I%UI d, which REPLAGEDzont all tray is provided with a
vertical tubul 3 8213 contact 'devitceTH The formof an open-P e

I n- cluding a gutter for delivering liquid into the | ower

part of the contact device and a vertical shget resting in the

gutter. During nor t Q‘E’ SRRl Le a.,%d

and gas fl ow ng ups\r% 599?{311?0% Jf%% %d"&) lé%%n ag:tL evi %eeh{ ﬁtshentral n the

liquid so that fil3% gbe 11qu1d delivery device comprises a plurality of
parallel channels 23, wherein each channel 23 is

’ provided with an upwardly directed liquid delivery
5 opening 24 (see Figure 2). The channels 23 are in fluid
D) communication with the liquid supply space 8. The number

of channels is suitably between 1 and 10.

The contact and separation device 13 further

comprises swirl imparting means 30 arranged in the open-

10 ended tube 15 above the liquid delivery device 22, and.
guide means 31 to direct ligquid from the upper end of .
the open-ended tube 15 onto the upper horizontal plate
6. The guide means 31 include an outer tube 32 having an
inwardly deflecting upper end, which outer tube 32

15 ‘extends around the open-ended tube 15 to above the upper
horizontal plate 6.

The upper horizontal tray 3 further comprises an
open-ended downcomer 35 having an inlet 37 arranged
above the upper horizontal plate 6 and an outlet

20 . arranged below the lower horizontal plate 7. In the
embodiment shown, the downcomer 35 opens into the liquid
feed pipe 10’ of the lower horizontal tray 3’. The
distance between the upper horizontal plate 6 and the
lower end of the outer tube 32 is less than the distance

25 between the upper horizontal plate 6 and the inlet 37 of
the downcomer 35.

During normal operation liquid supplied through
liquid feed pipe 10 into the liquid supply space 8 of
the upper horizontal tray 3 is brought into contact on

- 30 the upper horizontal tray 3 with gas from the lower
horizontal tray 3’ passing upwardly into the lower end
of the open-ended conduits 15. The gas flows past the
liquid delivery devices 22, and liquid from the liquid

_ delivery devices 22 is dispersed in the gas streams. The
35 mixture of liguid dispersed in gas passes upwardly

———
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formed .on both sides of the sheet. Thus gas-1iqui d contacting is
‘not done by dispersing the liquid grthe , as is done in the
present invention, but by forning TEHIS SHEET HAS rBEBfﬂ liquid al ong which gas
flows. Noreover, this publli cat i BEPHAGED not i scl ose that the
contact device WO96R8I3 cont ains swi T s so that THRERIUMBAC
device can al so serve as a separation device, nor does this
publication disclose that there are guide se@ns to direct 20 l'iquid

from the upper e”%ﬁ@%u Het§§n§ﬁ§ﬁ éﬁ?@&*%ubes 15 ande?etlvel

di sadvant age of the wn omﬁ1|gU|d
flow rates, the c@ﬁ’tt&(?fl Erepcpageing along the ﬁU%r%'e%?P?’a‘Fb‘ég RGPS é8son i s
that the opening afiqui@ is throwhicuiwhryd p@d a Dequidbeichnetreun aseesf

th -ended 25 b

surface. ot 2 gsar thi Fpdls Ssacdlbe ok BRbpf ChEfed bf Mhd W0

take placeS5in the emdemh bRbesLbd bk sepmatsdr frew. the gas stregy ds

ff t f |

T iR T s
C er

known devi ce.
devi ce substantially liquid-free gas stream passes upwardly to

the outlet for gas (not shown) arranged in the upper end
10 of the housing 2. Liquid collected on the upper
horizontal plate 6 is passed through the downcomer 35
and the liquid feed pipe 10’ into the liquid supply
space 8’ of the below horizontal tray 3’.
On this horizontal tray 3’ liquid is brought in
15 contact with gas coming from below the horizontal tray
3’, and the way in which liquid is brought in contact
with gas is the same as described above. After
contacting, liquid separated from the gas is passed
through downcomer 35’ to the next lower horizontal tray
20 (not shown) or to the outlet for liquid (not shown)
arranged in the lower end of the housing 2.
Contact between liguid and gas takes place when the
liquid.is dispersed in the gas.
Reference is now made to Figure 3 showing
25 schematically an alternative design of part A of the
vertical contact and separation device 13. The
difference resides in the fact that the liquid delivery
device 22 comprises an open-ended conduit 38 provided
with an upwardly directed liquid delivery opening 39,
30 . wherein the open ends of the open-ended conduit 38 open
into the liquid supply space 8. The operation of this
design is similar to the above described operation.
To further improve the dispersion of gas in the
. liquid stream a deflector 40 is arranged directly above
35 the liquid delivery opening 39. Suitably the deflector

_—
—_——
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conprises a liquid delivery opening which is centrally arranged in

-an open-ended tube, which open-ended tube is in fluid comuni cation
with the liquid supply tube. -
3a - The horizontal tray according to the present

i nvention can B¥OBEM3for | ow fl ow paraneters, even for PCTEP(R340
paraneters which are less than 0.01. The flow paraneter is defined
as (L/G*(p[err]/p[err])[err], wherein L is the 5 liquid flowrate in

o115, G 15 (05,088 1SRG 0 Tl ) mecer up £1919 ikl o

internal diameter of the open-ended tube 15, and
suitably in the range of from 0.1 to 0.5 times the

) internal diameter of the open-ended tube 15.

5 To allow operation of the column 1 at very low

. liquid flow rates it is beneficial to recirculate liquid
collected on the upper horizontal plate. To this end the
upper horizontal plate is provided with a recirculation
‘opening. To illustrate this embodiment one recirculation

10 - opening 42 is shown in the upper plate 6’ of the lower
horizontal tray 3','however, the upper plate may be
provided with more than one recirculation opening. The
number and the seize of the recirculation openings is
suitably so selected that the mass flow rate through the

i5 recirculation openings can be up to five times the mass
flow rate through the downcomer 35’. '

In the embodiment as shown in the drawing the guide
means 31, 31' to direct liquid from the upper end of the
open-ended tubes 15, 15’ include outer tubes 32, 32'.

20 Each guide means 31, 31' suitably further includes a
beaker-shaped gas outlet arranged in the upper end of
the outer tube. To illustrate this embodiment a beaker-
shaped gas outlet 44 is shown in the guide means 31!
pertaining to the contact and separation devices 13’ of

25 the lowermost horizontal tray 3'.

In the embodiment shown in Figure 1 the open-ended
dowvncomer 35 passes into the liquid feed pipe 10’ of the
lower horizontal tray 3‘’. In an alternative design (not
shown), the liquid feed pipe has a larger diameter than

30 the downcomer, and the downcomer extends through the
open end of liquid feed pipe into the liquid feed pipe.

. At least part of the annular space between the liquid
feed pipe and the downcomer is then filled with liquid
which provides a seal.

35 The invention will now be illustrated with the aid



density in kg/nferr]. The invention also relates to a normal ly

verti cal colum for counter-currently contacting gas and liquid 10

conprising at |east one horizontal tﬂ_ﬂg et rﬁA§gEEﬁ t he present

i nvention, which horizontal tray is arrapgd ' t he col um bet ween

an-inlet for gMOMRE2MN inlet for ithid PETEPPGRZEM i on
further relates to a normally vertical 15 colum provided with two or

nore horizontal trays according to-t8e-invention, wherein the

liquid feed pipe ¢ the fgirEWEnBOEkéﬂﬂi@J tray is in f|UId comuni cati on
W th 4
A 51ngle horizontal tray was used to determine the

transfer of heat between gas and liquid. This tray was
provided with a tubular contact and separation device
5 ‘including an open-ended tube having an inner diameter of
110 mm. Three different liquid delivery devices were
. tested: (1) a liquid delivery device provided with an
opening at the inner surface of the open-ended tube (not
the according to the invention); (2) the liquid delivery
.10 device of Figures 1 and 2 wherein six parallel channels
' were used having a width of 5 mm and a height of 25 mm;"
and {3) the liquid delivery device as shown in Figure 3,
wherein the diameter of the upwardly directed opening
_ was 17 mm, the diameter of the deflector 35 mm and the
15 height of the deflector above the opening 20 mm. The
liquid delivery devices will be designated with 1DD1,.
LDD2 and LDD3, respectively.
In the experiments, water and air were contacted,
the water had a temperature of 20 °C, and the flow
20 parameter v, the load factor A and the gas temperatures
are included in the below Table. The flow parameter has
been defined herein above, and the load factor is (Vg)*
(pg/Ap)%, wherein Vg is the gas velocity in the open-
ended tube in m/s, and pg is the gas density in kg/m3.
25 " Ap is the difference between p]l and pg, wherein pl is the
liquid density in kg/m?. Tgin is the gas temperature at
the gas inlet, Tgout is the gas temperature at the gas
outlet, and ATg is the difference between the two
temperatures.
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t he downconer of the above horizontal tray. - The invention wl|
now be descri bed by way of exa o oL ' g detail with reference to
t he acconpanyi ng dr awi ngFTﬁl\R/nm?%fRHAél BEEN Figure 1 shows
schematically a cross-section of_par EPLACED o normal Iy vertical columm
for count er - cuMQ3638313 contacting gas and |iquid provi dBETARPI6H2340
hori zontal trays according to the present invention; and

Figure 2 shows schematically part A of the taubular 10 contact and

separation device,0f ,Fi gyre dr t 0 scal e | ar.ger .t han the
scal e of Figure 1'_1‘an1e. Hesufts F%%Pgnggs}:g ﬁgwtlﬁ%déiﬁeeoe ?Hl%h‘%%ss‘?l’%%}ﬁ 2

showi ng a cross- gevi¢emal view of part of a vertical colum 1 for
counter-currently contacting gas and liquid conprising a 15 housi ng 2

provided with the horizontal (trays,h3,and 3 . Thewuppel. hoyd zont a

tray 3%s arranged above fh 7 OV\é'I’ (/&7 %gHBI’rZ'Bgl?‘étF {kre%?y 3'£.T9Th£ (Tz)ower

hori zontal tray 3' is simlar to the upper horizontal tray 3 and

correspondi ng op1 Parigseef theglgwer horizgatglagray 3' have got cor-
LDD2 0.10 0.61 35.4-25 10.4

LDD3 0.11 0.60 40.6-27.5 13.1

From the results shown in the above Table it can be
concluded thaﬁ under substantially the same conditions
the ATy obtained with the liquid delivery device not
according to the invention (LDD1l) is smaller than the

5 ATg's obtained with the liquid delivery devices
according to the invention (LDD2 and LDD3). The larger
the ATg the more heat is transferred, and the results
show the advantageous effect of the use of the
horizontal tray of the present invention.

10 . The horizontal tray of the present invention is
suitably used in a column for drying natural gas,
wherein the natural gas is counter-currently contacted
with a solvent for water vapour such a glycol.

e
e T -
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upper horTﬂmllmmmuHI,E ﬂ'rngrpgggrghsug[)g\r/i .c-i('aimwithhgr il)?(r)ht al plate 6 a-rl;gea
| oner hori Zonfal “pltate 7.* ‘j@t@ggL" ggg@ and | ower horizonta

plates 6 and 7 is def i ned pace 8. To s during
nor rm.l 25 Wp@ﬁmlbn | | qt,“ d | nt o Tﬁg EAIHIII d S p| y Space 8PCPIEJW
upper horizontal tray is provided with a I|qU|d feed pi pe 10

opening into the liquid supply space 8. The upper horizonta
tray 3 is furthernore provided wi th 3 Vertical tubular contact and
separation device 13. 30 This contact and separation device 13

conpri ses an open- - ended tube 1Eaﬁ§§§#%kﬂg t hr ough openi ngs 18 and
19 in the hori zontal plates 6 an . e contact and

1. Horizontal tray for use in a normally vertical
column for counter-currently contacting gas and liquid,-
which horizontal tray comprises an upper horizontal
plate, a lower horizontal plate, a ligquid supply space

5 defined between the plates, a liquid feed pipe opening
into the liquid supply space, and a vertical tubular
contact and separation device, which contact and
separation device comprises an open-ended tube extending
through openings in the horizontal plates, a liguid

10 delivery device comprising an upwardly directed liquid
delivery opening which is in fluid communication with
the liquid supply space, swirl imparting. means arranged
in the open-ended tube above the liquid delivery
opening, and guide means to direct liquid from the upper

15 end of the open-ended tube onto the upper horizontal
plate, which horizontal tray further comprises an open-
ended downcomer having an inlet arranged above the upper
horizontal plate and an outlet arranged below the lower
horizontal plate.

20 2. Horizontal tray according to claim 1, wherein the
liquid delivery device comprises a plurality of parallel
channels having upwardly directed openings, which
channels are in fluid communication with the liguid
supply space.

25 3. Horizontal tray according to claim 1, wherein the
liquid delivery device comprises a liquid delivery
opening which is centrally arranged in an open-ended
tube, which open-ended tube is in fluid communication

- with the liquid supply tube.

30 4. Horizontal tray according to claim 3, wherein the

vertical tubular contact and separation device further

—_——— .
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device 13 conprises a |liquid delivery device
22 The(]“‘“uu‘mnﬂm |mdeV| ce 22 conpri ses an open ended conduit 38
provi ded=w ¢ h tan *upfar 8l y direct thi@ 1 d i I|very openi ng 39,
wherein the open ends of the opepn- ﬁé§—A§F§ co duit 38 open into the

Li ol

li-qui d supply woaeesf3 The very openi ng 39 PGI/ERSA024P | y

~arranged in the open- ended t ube 38. The contact and
~separation device 13 further com prhges swirl inparting nmeans 30
~arranged in the open- 10 ended tube 15 abqve the |i qui el [yer

devi ce 22, and 1n°1‘1d§$,u%1@9%%13?63&9?@0@1’@%16afb%(y 't'ﬁ ¥dend

of.éhe a1 opaﬁigﬁdeﬁ épdreinkh onto the upper horizontal plate . The
- gui de neans inglu r g I
- defl ecting upper gﬁd ﬁmﬁ?%éggé% %%§%a¥§8 tgHCIa1<3nds arou%g %ﬁg
| open-ended tube 18efdeqboveis r?eﬂi-}%@r having a QLaTetaR HP §oaQe Sgtimes
; 5° the internal diameter of the open-ended tube.

* 6. Horizontal tray according to any one of the claims

1-5, wherein the upper horizontal plate is provided with
a recirculation opening.
7. Horizontal tray according to any one of the claims

10 1-6, wherein the guide means to direct ligquid from the
upper end of the open-ended tube include an outer tube
having an inwardly deflecting upper end, which outer
tube extends around the open-ended tube to above the
upper horizontal plate.

15 8. Horizontal tray according to claim 7, wherein the
distance between the upper horizontal plate and the
lower end of the outer tube is less than the distance
between the upper horizontal plate and the inlet of the
downcomer.

20 9. Horizontal tray according to claim 7 or 8, wherein
the guide means to direct liquid from the upper end of
the open-ended tube further include a beaker-shaped gas
outlet arranged in'the upper end of the outer tube.

10. Normally vertical column for counter-currently

25 contacting gas-and liquid comprising at least one
horizontal tray according to any one of the claims 1-9
arranged in the column between an inlet for gas and an
inlet for liquid.

11. Normally vertical column according to claim 8

30 . provided with two or more horizontal trays according to
any one of the claims 1-9, wherein the liquid feed pipe
of one horizontal tray is in fluid communication with
the downcomer of the above horizontal tray.

——
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The upper horizontal tray 3 further conprises an open- ended

downconer 35 having an inlet 37 arranged above t he upper horizont al
plate 6 and an outlet arranged bel ow 20 the | ower horizontal plate 7.
‘I'n the enbodi nent shown, HIGGABTBEERS opens into the liquid
feed pi pe 10' O¥096/38213 the | V\LHrlQE\%REpg al trdy 3'. The di RAXEWOZHP\een
t he upper horizontal pl r end of the outer

tube 32 is less than the di stance between the upper 25 hori zont al
plate 6 and.the inlet 37 of the downconer 35. Duri ng norma
operation |iquid supplied through liquid feed pipe 10 into the

| i quid supply space 8 of the up orizontal tray 3 is brought
into contact on the upper hori zo tray 3 with gas fromthe | ower

r end of
el ve

hori- 30 zonkal. ay 3' passing upwardly into the L
open- er'ded condui N B iy ows past the Tiquid

devices 22, and |ipNggi d o ¥he |iqui d delivery devi ces gq |
di spergged in thq gay sty gans. m o] qui 7 drgpérs in
gas passes upwardiP) ]3-—5.; 12

32
10

y 44

L~

e
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- 6 --°, t hrough the open-ended tubes 15 and gets a swirling
notion from passing along the swirl inparting neans 30. Liquidis
thrown outward and a |iquid-rich streampasses near the inner

surface of the uposgmesizs of theé PRemHEET HAS BEENHed tubes 15. Liquid
separated fromthe gas streamis cted py gui de neans m
ondelE LoSED PPy

t he upper end of the open—ended—tdbes—tb—oht 0 t he upper

plate 6. A substantially |iquid-free gas stream passes upwardly to
the outlet for gas (not shown) arranged in the upper end 10 of the
housing 2. Liquid collected on the upper hori - zontal plate 6 is
passed t hrough the downconer 35 and t:zyze

]

/<
-
\\

FIG.2
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.IfQUid feed pi pe 10 |nto the liquid supply space 8 of . the bel ow

hori zontal tray 3'. On this horizontal tray 3' liquid is

brought in 15 contact with gas com ng from bel ow the hori zontal

tray 3", and the way in which liquid is brought in cont act mnth gas
Is the sane as descri bed above. After - 2 eontacting, liquid separated
fromthe gas is passed t hrough downconer 35' to the next |ower

hori zontal tray 2@ich hofnizonthdwtyrayr furthes compatisesr al tybed foot shown)
arranged in the E%W%% Edsg a&%%e@pﬂibﬂﬂdz : Cont act bet ween '
l'iquid and gas takes c liquid is dispersed in the gas.

To further inprove tﬁeddﬁgéyﬁgﬁéﬁeopfg§§el#nPWQ PerzontPﬂqGFéyéﬂFe§PF§

defl ector 40 (segnEndWiRrlh h%zqrzroalr&aqd tra cont(iln.h%CHo}tealﬂ:@Mﬁ ohe | i qui d
del i very %penlng 39. .Suitably i
tubular contact and separa

ion %%v1ce, a liquid feed pipe
has to be provided for each of the contact and separation
devices. In such a case it willlbe difficult, if not
impossible to supply liquid to each contact and separa-
tion device in such a way that the amount of liquid is

10 ~ evenly distributed over the contact and séparaﬁion |
device. '

It is an object of the present invention to provide a
horizontal tray for use in a normally vertical column for
counter-currently contacting gas and liquid wherein

15 liquid is evenly distributed over the contact and
separation devices. '

To this end the horizontal tray according to the
present invention for use in a normally vertical column

) for counter-currently contacting gas and liquid is '

20 characterized in that the liquid delivery device com-
prises a liquid delivery opening which is centrally
arrahged in an open-ended tube, which open-ended tube is
in fluid communication with the liQuid supply space.
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-7 - 40 is a plate which has a dianeter up to 0.5 tines the . ... .
i nternal dianeter of the open-ended tube 15, and . suitably-in- the SRR
range of fromO0.1 to 0.5 tines the internal dianeter of the
open-ended tube 15. 5 To al | ow opergation of the colum 1 at very

| ow liquid flowrates it is beneficial to recirculate |Iiquid

col I ected on the Uppq{eMér?éH‘th il &o thd Nsstabd '8F soviet pHidit

hori zontal plate is provided with a recircul ql enl o
illustrate this t Aoy IO ¢ e’c@%l%ﬁ%oﬁ"%’ff’ Pub]c?ﬁﬁ'ﬁ’rfg" Qﬁlo'i/ﬁﬁ 3n

the upper plate Gorizdial avwdy for. use hiai iz ardmmhalYyywert idaleuslymd htor

upper plate may b cun%%cx#lp%%rggf,gdc&é&m;ge 48 % L GEL & CUBE LN

openi ng. The Serze e recirc I 'on openlngs S
) h. horizontal tray is prov1ded with a vertical tubular

contact device in the form of an open-ended tube in-
cluding a gutter for delivering liquid into the lower -
part of the contact device and a vertical sheet resting
in the gutter. During normal operation liquid is éupplied
10 " to the gutter, and gas flowing upwards through the
contact device will entrain the liquid so that films are
formed on both sides of the sheet. Thus gas-liquid
contacting. ig. not doneuby dispersing the liquid in the
gas, as is done in the present invention, but by forming
15 a film of liquid along which gas flows. Moreover, this
publication does not disclose that the contact device
contains swirl imparting means so that the contact device
can also serve as a separation device, nor does this
publlcatlon dlsclose that there are guide means to direct
20 liquid from the upper end of the contact device.

A further dlsadvantage of the known tray is that at
relatively low liquid flow rates, the contact efficiency N
is not very large. One reason is that the opening of the
liquid pipe is near the inner surface of the open-ended

25 tube so that liquid is collected on the inner surface.
Consequently cdhtacting between liquid and gas has to
take place in the film of liquid on the inner surface. A
. more efficient wayf6£.§6ntacting is obtained when the
liquid is dispersed in the gas, and this can only be
30 - partly achieved with the ‘known device.

To overcome this problem, the liquid delivery dev1ce
comprises a liquid delivery opening which is centrally
arranged in an open-ended tube, which open-ended tube is
in fluid communication with the liquid supply tube.

ENDED SHEEY



suitably so selected that the mass flow rate through the 15 -
recircul ati on openings can be up to five tinmes the nass . flowrate. .
t hrough t he downcomer 35'. In the enbodi nent as shown-in the »» °
drawi ng t he gui de means 31, 31' to direct liquid fromthe upper end
of the open-ended tubes 15, 15' inclyde_outer tubes 32, 32'. 20

Each guide neans 31, 31' suitably further includes a beaker - shaped

gas outlet arranged i érﬁbfgﬁgﬂtéiukfgy accordlﬁé“tdnﬁﬁﬁ ﬁfggénﬂk)
illustrate this enbodi nent a beaker- . as outlet 44 |s:%¥gmn

in the guide rrean’sn‘ﬁntmn can %%r‘%%ﬁ‘?m#&rtjcp‘f h@'o?:"f) LANLRF e fAF LR i
devices 13" of 25low piféndeyes Wisichreoead timy 801, The flow In the

enbodi nrent shown in Figure t he.ppen-en SN r..35 S
into the Iiquid R %ij? %#f*#éﬁ'as FEVG‘ \ﬁ;/Pﬁ§r|Z§%g§ 1 §P§§ %%Fn
an alternaive desiguidnBlow rate imhuwifs, GhBSIthﬁu@a$eébb‘1mmt¢lasnan /s,

| ar ger di aneter tha q§ﬁﬂ§ Juaékamb t
t hrough t he '}O;’CGLrP end‘%‘{ieil qui Qg,g e‘ﬁl nto I I qU| ?aed pi pe.

At |east part of d¢msamﬂui@rk§ face bet ween the l'iquid feed pipe and.
the downconer is thenphdl]ofeNtibn! AT drelates to a normally vertical

column for counter-currently contacting gas and liquid

10 comprising at least one horizontal tray according to the
present invention, which horizontal tray is arranged in
thé column between an inlet for gas and an inlet for

liquid.
The invention further relates to a normally vertical
15 column provided with two or more horizontal trays

according to the invention, wherein the liquid feed pipe
of one horizontal tray is in fluid communication with

AMENDED SHFET



which provides a seal. 35 The invention wll now be illustrated
with the aid - 8- ... of
-the fol l ow ng exanpl e. - A single horizontal tray was used-to =
- déterm ne the transfer of heat between gas and liquid. This tray
was _ provided with a tubul ar contact- and. separati on device

I ncl udi ng an open-ended tube having an inner dianeter of 110 mm

gglfle\e/ef" f:‘jg\r“egte |ﬂwldbvg'ﬁidtr%€ﬁf \ofl@Hes efbove Gorizontal et (1) a |iquid

t he Ope% ended tglr)gw( 1V1\'n1ventlon will no%P%m nc%scrltbhe%. bq,n%r ysurff %gc%m%fle
in more detail with reference to the accompanying
drawings, wherein _

5 ' Figure 1 shows schematically a cross-section of part
of a normally vertical column for counter-currently
'contacting gas and liquid provided with horizontal trays
according to the present invention; and

Figure 2 shows schematically part A of the tubular

10 contact and separation device of Figure 1 drawn to a
scale larger than the scale of Figure 1.

Reference is now made to Figures 1 and 2 showing a
cross-sectional view of part of a vertical column 1 for
counter-currently contacting gas and liquid comprising a

15 housing 2 provided with the horizontal trays 3 and 3.
The upper horizontal tray 3 is arranged above the lower
horizontal tray 3’. The lower horizontal tray 3’ is '
gimilar to the upper horizontal tray 3 and corresponding
parts of the lower horizontal tray 3’ have got cor-

20 responding reference numerals provided with a bar.

The upper horizontal tray 3 comprises an upper
horizontal plate 6 and a lower horizontal plate 7.
Between the upper and lower horizontal plates 6 and 7 is
defined a liquid supply space 8. To supply during normal

25 operation liquid into the liquid supply space 8, the |
upper horizontal tray is provided with a liquid feed
pipe 10 opening into the liquid supply space 8.

- - The upper horizontal tray 3 is furthermore provided
with a vertical tubular contact and separation device 13.
30 This contact and separation device 13 comprises an open-
| ended tube 15 extending through openings 18 and 19 in the
horizontal plates 6 and 7. The contact and

AMENDED SHEET,



t he according to the invention); and (2) the liquid 10 delivery device’

of Figures 1 and 2 wherein the dianeter of the upwardiy. directed
openi ng was 17 nm t he di anmeter of the deflector 35 nmm and the
hei ght of the deflector above the opening 20 nm The liquid
delivery devices will be designated & th LDD1 and LDD2. 15

In the experinents, water and air were contacted, the wat er had a
'ﬁggfg:aau;ﬁdozhggegﬁ&%kgona@QvEQ% fikoWomprises Eﬁ&@ iar de@ikkeryt deviiead

S tenperatures ar,e |g§ ed i,n the bel ow Ta
n

The flow par arret@ .hghe liquid dediveay; Jsyifs: cé’B‘é’\’FéseEné‘nt REeRs&F &
factor is 20 coh\v![\ﬁftr Re* prforided erithpane upwardier diredgeds lilgmigas

locity in th ded f ub
dongity’ip | deliygmf BEAPINE RS, Wherdih Tel Shell itk oE U8 BRn:,

andt-ﬁg an8 endddemndlp.[ter%] drent Hatid ddied ldavdid wupplyyspaser 8. Tien
S e g I t
Lemorature at CRIAD T opRiE Ss e pepRadi, neingie l?&é‘:n

the two tenperat open-ended tube 38.

The contact and separatlon device 13 further com-
prises swirl imparting means 30 arranged in the open-

10 ended tube 15 above the liquid delivery device 22, and
guide means 31 to direct liquid from the upper end of the
open-ended tube 15 onto the upper horizontal plate 6. The
guide means 31 include an outer tube 32 having an
inwardly deflecting upper end, which outer tube 32

15 extends around the;open—endéd tube 15 to above the upper
horizontal plate 6.

The upper horizontal tray 3 further comprises an
open-ended downcomer 35 having an inlet 37 arranged above
the upper horizontal plate 6 and an outlet arranged below

20 the lower horizontal plate 7. In the embodiment shown,
the downcomer 35 opens into the liquid feed pipe 10’ of
the lower horizontal tray 3'. The distance between the
upper horizontal plate 6 and the lower end of the outer
tube 32 is less than the distance between the upper

25 horizontal plate 6 and the inlet 37 of the downcomer 35.

During normal operation liquid supplied through
liquid feed pipe 10 into the liquid supply space 8 of the

- upper horizontal tray 3 is brought into contact on the
upper horizontal tray 3 with gas from the lower hori-

. 30 zontal tray 3’ passing upwardly into the lower end of the
open-ended conduits 15. The gas flows past the liquid
delivery devices 22, and liquid from the liquid delivery
devices 22 is dispersed in the gas streams. The mixture
of liquid dispersed in gas passes upwardly
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devi ces.
([err]1 O
35.8-28
13.1 .

10

15

20

25

Table. Results of the tests of the three Iiquid _supply

[err] (-) '_[err] (ms) T[err] - T[err]

[err]Tlerr] ([err]Q) LDD1 0.09 061 -
7.8 L DD2

0.11 0. 60 .40. 6-27.5
- 6 - ’
through the open-ended tubes 15 and gets a swirling
motion from passing along the swirl imparting means 30.
Liquid is thrown outward and a liquid-rich stream passes
near the inner surface of the upper parts of the open-
ended tubes 15. Liquid separated from the gas stream is
directed by guide means 31 from the upper end of the
open-ended tubes 15 onto the upper horizontal plate 6. A
substantially liquid-free gas stream passes upwardly to
the outlet for gas (not shown) arranged in the upper end
of the housing 2. Liquid collected on the upper hori-
zontal plate 6 is passed through the downcomer 35 and the
liquid feed pipe 10’ into the liquid supply space 8’ of
the below horizontal tray 3'.
On this horizontal tray 3’ liquid is brought in
contact with gas coming from below the horizontal
tray 3‘, and the way in which liquid is brought in
contact with gas_is.the same as described above. After
contacting, liquid separated from the gas is passed
through downcomer 35’ to the next lower horizontal tray
(not shown) or to the outlet for liquid (not shown)
arranged in the lower end of the housing 2.
' Contact between liquid and gas takés place when the
liquid is dispersed in the gas. B
To further improve'the dispersion of gas in the
liquid stream a deflector 40 (see Figure 2) is arranged
directly above the liquid delivery opening 39. Suitably
the deflector .

ANENDﬂjsHEg



Ffromthe results shown in.the above Table it can be cohc[uded t hat

under -substantially the same conditions. t he ATg obtained.with the..
l'i.quid delivery device not ' '

according to the invention (LDBI)-is

.sﬁéller than the 5 ATg obtained with the liquid delivery device
according to the invention (LDD2). -Tige -l arger the ATg the nore heat

S

transferred, and the results show the advant ageous effect.

of the use of thefhaherdaildowingy exampiie.present i nventi-on. 10
The hori zontal tray fs&ﬁ%l@fﬁ%%ﬁﬁbhﬂ%&ﬂ%&%? Was used toSWekdRindSede N a
as, wnerern .. t he nat ural

colum for drying natura

gas 1s

as, . -\ [
count er - cur r ent | L remeEen é& Weat: between gagoapchdimpddra Tisy &FEYr Wasch a

gl ycol .

5

10

15

20

25

provided with.a’ tubular contact and separation device
including an opeﬁ{eﬁdéd_tube having an inner diameter of
110 mm. Three différeént liquid delivery devices were
tested: (1) a liquid: delivery device provided with an
opening at the inner surface of the open-ended tube (not
the according to the invention); and (2) the liquid
delivery device of Figures 1 and 2 wherein the diameter
of the upwardly directed opening was 17 mm, the diameter
of the deflegtor 35 mm and the height of the deflector
above the OQghipg;?O mm. The liquid delivery devices will
be designated with LDD1 and LDD2.

In the experiments, water and air were contacted, the
water had a temperature of 20 °C, and the flow
parameter ¢, the load factor A and the gas temperatures
are included in the below Table. The flow parameter has
been defined herein above, and the load factor is
(Vg)*(pg/Ap)%, wherein Vg is the gas velocity in the
open-ended tube in m/s, and Pg is the gas density in
kg/m3, wherein Ap is the difference between pl and pg and
wherein p] is the liquid density in kg/m3. Tgin is the
gas temperature at the gas inlet, Tgout is the gas
temperature at the gas outlet, and ATg is the difference
between the two temperatures.

AMENDED SHEET
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Table. Results of the tests of the three liquid supply °

devices.
¢ (-) A (m/s) Tgin - Tgout (°C) ATg (°C)
i
LDD1 0.09 0.61 35.8-28 7.8
LDD2 0.11 - 0.60 40.6-27.5 13.1

From the results shown in the above Table it can be
concluded that under substantially the same conditions
the ATg obtained with the liquid delivery device not
according to the invention (LDD1l) is smaller than the

5 ATg obtained with the liquid delivery device acéordihg to
the invention (LDD2). The larger the ATg the more heat is
transferred, and the results show the advantageous effect
of the use of the horizontal tray of the present
invention. '

10 The horizontal tray of the present invention is
suitably used in a column for drying natural gas, wherein
the natural gas is counter-currently contacted with a
solvent for water vapour such a glycol.

MCS13/TS0309PC
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1. tra for use in a normal |y verti cal _COhunn.(I)j.;'
for co ﬂ@ um n ' tntaotlng gas and | i qui d, which horizontal,:
tray ( per hori zontal plate (6), a | ower

ate (7)

horlzontal pl

AMENDED CLAI MS

7 "a l'iquid supply space (8) defined between the

pl ates (6, a I|qU|d feed pipe (10) opening into the |iquid
supply space (8),_and a vertical tubular contact and sgﬁapgﬁﬁcﬁgm
device (13), which contact and separation device (13) conprises an
open- ended tube (15) extending 10 I h NiyN , 19) in the
~horizontal plates (6, 7 (22) conpr|5|ng

“an upwardly

\

10

15

20

25

30

directed I|qU|d dellvery opening (39) whichis in fluid

1. Horizontal tray (3) for use in a normally vertical
column (1) for counter-currently contacting gas and
liquid, which horizontal tray (3) comprises an upper
horizontal plate (6), a lower horizontal plate (7), a
liquid supply space (8) defined between the plates (6,
7), a liquid feed pipe (10) opening into the liquid
supply space (8), and a vertical tubular contact and
separation device (13}, which contact and separation
device (13) comprises an open-ended tube (15) extending
through openings (18, 19) in the horizontal plates (6,
7), a liquid delivery device (22) comprising an upwardly
directed liquid delivery opening (39) which is in fluid
communication with the liquid supply space (8), swirl
imparting means (30) arranged in the open-ended tube (15)
above the liquid delivery device (22), and guide means
(31) to direct liquid from the upper end of the open-
ended tube (15) onto the upper horizontal plate (6),

which horizontal tray (3) further comprises an open-ended.

downcomer (35) having an inlet (37) arranged above the
upper horizontal plate (6) and an outlet arranged below
the lower horizontal plate (7), characterized in that the
liquid delivery device (22) comprises a liquid delivery
opening (39) which is centrally arranged in an open-ended
tube (38), which opeén-ended tube (38) is in fluid com-
munication with the liquid supply space (8).

2. Horizontal tray according to claim 1, wherein the
vertical tubular contact and separation device (13)
further includes a deflector (40) arranged directly above
the liquid delivery opening (39).

3. Horizontal tray according to claim 2, wherein the
deflector (40) is a plate having a diameter up to

&
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connunlc e liquid supply space (8), swirl | nparting o
rreant ‘ﬁ ‘!ﬂ“ n t he open-ended tube (15) 15 above the liquid --: :
del i ce QZY and gui de neans (31) to direct liquird from: °

t hie upper end of the open- ended tube (15) onto the upper

hori zontal plate (6), which horizontal tray (3) further conprises
an open-ended domn 35 av. 37) arra d above
t he 20 upper0 ﬁortllﬂﬁﬁ epIl (t I)PK%H' éirﬁ%e%‘%&!uﬁf‘eaitharr r?ge&r% ow -

the | ower horizomtude plidtle (7), characterized in that the l'iquid

delivery device (22) é—iﬁ‘}'ﬂdr&%ﬁ 3 44 f%‘g@o‘i@xn\éﬂ% any ?é’)e el Il,%g (39) which

is centrally arranged 1n an open-e en ended
tube (38) is |n fqhﬁlmewm?rzavheremmf@atqmmhqarltmqalqm@t@ Dy ispace

(8). 5 : dlewlwﬂﬂ}ah amrﬂmﬂlcbrp emlh wlaenein the
verti cal tubul ar contact, AN at I_.on device a) rther
i ncl udes a defl e ortﬁ(% &ydlarcé:&r ) ny one qfh(g'%ﬁ qui d

.del i very openi ng (133)ms 310-4 whe¥reimHatier guiale tnr@nsac(air)dltrmg diredtailiigiid
wherein the frorrf’eéﬂeecdp%fex( W 't 1l Yol VS LB (YR 1 an
' outer tube (32) having an inwardly deflecting upper end,
10 which outer tube (32) extends around the open-ended
tube (15) to above the upper horizontal plate (6).
6. Horizontal tray according to claim 5, wherein the
distance between the upper horizontal platé (6) and the
lower end of the outer tube (32) is less than the
15 distance between the upper horizontal plate (6) and the
inlet (37) of the downcomer (35).
7. Horizontal tray according to claim 5 or 6, wherein
the guide means (31) to direct liquid from the upper end
of the open-ended tube (15) further include a beaker-
20 shaped gas outlet (44) arranged in the upper end of the
outer tube (32).
8. Normally vertical column for counter-currently
contacting gas and liquid cbmprising at least one
horizontal tray adcbrding to any one of the claims 1-7
25 ~ arranged in the column between an inlet for gas and an
inlet for liquid.
9. Normally vertical column according to claim 8
provided with two or more horizontal trays according to
any one of the claims 1-7, wherein the liquid feed pipe
30 (10') of one horizontal tray (3') is in fluid com-
munication with the downcomer (35) of the above

horizontal tray (3).

MCS13/TS0309PC
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0.5 tihes the internal dianeter of the open- ended

4. Horitzontal tray according to any:one ‘of the

the upper horizontal plate (6) is 5
openi ng (42).

tube (15).
clainms 1-3, .wherein.

clainms 1-4, wherein the guide neans (31) to direct liquid

upper end of the open-ended tube (15) include an
having#an i nwardly deflecting upper end, 10

ext end
horizo

7

around t he open-ended
tal plate (6).

-10

provided witha recircul ation-
- 5. Horizontal tray according to any one of the

fromthe
outer tube (32)

e

whi ch outer tube (32)

tu‘i:?lS) to above the upper
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6.° Horiizontal tray according to claim5, wherein the di st ance

bet ween t he upper horizontal plate (6) and the | ower end of. the.
outer tube (32) is less than the 15 di stance between the upper- :--

hori zontal plate (6) and the inlet (37) of the downconmer (35).

7. Horizontal tray according to claim5 or 6, wherein t he gui de
nmeans (31) to direct liquid fromthe upper end of the open-ended
tube (15) further include a beaker- 20 shaped gas outl et (44) arranged
in the upper end of the outer tube (32). 8. Normally vertica
colum for counter-currently ;z acting gas and liquid conprising at
| east one hori zontal tray ac »Ng to any one of the clains 1-7 25
arranged in the colum between an inlet for gas and an inlet for

l'i quid. ! 9. Normally vertical colum according to claim38 :
provided with two or nore horizontal _frays according to. any one of

the claims 1-7, wherel ]
hori zontal tray (33& i 9 nmufi cati on with the downconer
(35) of the above
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(54) Title: _HORIZONTAL TRAY AND COLUMN FOR CONTACTING GAS AND LIQUID
(S7) Abstract

Horizontal tray (3) for use in a normally vertical
columm (1) for counter-cumently contacting gas and
liguid, which horizontal tray (3) comprises an upper *
horizontal plate (6), a lower horizontal plate (7), a
hqwdmpplyspaoe(S).ahqwdfeedmpe(IO)openmz 1
into the liquid supply space (8), and a vertical tubular
contact and separation device (13), which comprises an
open-ended tube (15) extending through the horizontal
plates (6, 7), a liquid delivery device (22) comprising
an upwardly directed liquid delivery opening (24, 39) 2
.which js in fluid communication with the liquid supply
space (8), swirl imparting means (30) arranged in
the open-ended tube (15) above the liquid delivery
opening (24), and guide means (31} to direct liquid
from the upper end of the open-ended tube (15) onto the
upper horizontal plate (6), which horizontal tray further
comprises an open-ended downcomer (35) having an
inlet arranged above the upper horizontal plate (6) and
an outlet arranged below the lower horizontal plate (7).
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