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ABSTRACT

A dual-flow tray for vapor-liquid contacting comprising:
higher-relief portions configured to provide first valves;
lower-relief portions configured to provide second valves;
interconnecting portions that interconnect the higher-

relief portions and the lower-relief portions.




Patent Application Publication  Jul. 11,2024 Sheet 1 of 9 US 2024/0226768 A9




Patent Application Publication  Jul. 11,2024 Sheet 2 of 9 US 2024/0226768 A9

FIG 4A FIG 4B

60 h 20
% 42 64 ! ¥
62 \ """"" X‘”'l """""" \.\ 62
o
p A X .
vvvvvvvvvvvvvvvv N ? }
W
FERC T i
FIG 5A - 6 -

FIG 5B



Patent Application Publication  Jul. 11,2024 Sheet 3 of 9 US 2024/0226768 A9

g, o e <
X Y
62 A\ h fﬂ _____ N -

& L
64 >/% N N 44 e h\\g\42> h

FIG 7D
FIG 7C



US 2024/0226768 A9

Jul. 11,2024 Sheet 4 of 9

Patent Application Publication

T

H

sl 4 ,.. o
g, i Spprren. PRSAE CELFILR: Snen e
iy %

3

Frriy, s g Py P,
% Tk T Gh g g
% a R & ;R 3 g
"
A ; Y% 7% 7% %
s 7 :
) DI

";?\\x\ X
/
{‘;\‘;’"
&
FIG 8A

o
3

. ra
AR &\\\\@;}3\\
g
o
R

ERRE

2z

Core Srrrrs st

P8 Cr %
T G e Binnr

LT, | TG LA S LT ST G A VNI
PP w\ P \\.\.\\.\Y B A e A\.\.\\ Ve PP X
gl L i s o
Gl gy gl
sy L vkt Gt Gaaneall et

AT (AT, ST ELIE, I A LR T | AL AL VO
UL R T e G MR
R s T s ST T S LN WX PPV
nr > gt e g
e A By, N\MM\YS@.“ g ey g Ry, .M..\\q Ppewssty,

Gncaf fp i e Gt ¥ el orii Guncedf i el Gt

5%
4

i

IR
Gnk [
N

\W\\.x%,

o4

S,
“

i

TS
NS

.ﬁ\\ &

X

N {\\\'\

e

FIG 8B



Patent Application Publication  Jul. 11,2024 Sheet 5 of 9 US 2024/0226768 A9

Y

B 10

FIG 8C



US 2024/0226768 A9

Jul. 11, 2024 Sheet 6 of 9

Patent Application Publication

SRS

_,-vt"“v
o
N
o
-\“‘A‘
S

‘“ et LY Rl i e R R 403 L8 A S G g Ay wd wm b 4 () i
— I Rt WSS et s ey
e 3
\mi&?&é S :\\\...\FSS. & S o5 m\\\\.ﬁ&sf\\k.. .\\S\\.Ea\ T (U]
~ ok bt 4 LI D § b bt Eb -
4 pun...\:arlvx.nun-uk A 1 .|n...\nap|wmn||u.x * Ll

e o, ?
% 7 g PR ]
iiif)_ it [

o

A A A A

ot
R
Semaae®
 a——"
3
T
3

r

RSN

RIEERAE)
o

3 :L-.\u.;;l
20 2 Bdd
-t
1

]
£

N
X
R
I
N
3

%
N
3

oo \‘Ta.....»\
‘}uaxoq

==

v
¥
N\\\Q\‘}m\\q
K Py
< ,,v‘é;wm?
l:""""\h‘-i‘ S
B
1
aind ecocs

sﬂM\\
]

]
\N\
W

: = 2 o 5 \ mﬂi\w
: 7 v
¥ 5o H 4 % z J
% M. % 1 % 34
i %l , Lo Yok -’ 1t
8 7 G, 7 £ e, 70 7y /
- I TG B e T T i W g HET e e T
D B ek BBk B d S L e e e P R B3 ek
e oy P ]
A e [anasare s e : v -~ e s L acaasrse e IS 22 Logeaar s A
N ,Nv % 7 \\mw.wfz\\m h e m\ - 2 A Bl \\h 5 A.v,r..:\.\ 7 ;
AN VR | T S SO |} s S TN § N B N | .k...i I ) SN S W WS S W | SO S S W
- [ T e B T v TR S vors S o N o N ..1. o i A e I [ S o B T =
B PR PPy PR SO s VO S .. S S SO ORIV PP s s -+ PNl PP \h\m\h vorrrrrrs

o x}
SN

S

i

T Prsocess

7 N
1w
WW L
5

N‘},;\\\
.
3 imw;i
?*‘ﬁ
i

N I
0_ bn xg

i Wm &

20 1

oo
-

P
-
\~.___;F‘

POCCRKAAY

e

b

T
booo
oo,
1
oammn ¥ S
s

"
"

?
R g

-
j—

|-

Q__wﬂh__,
3
H
R
s R
H
[ gy N
Pt
e

[

&
L

~

§

§

B

o
Rl

3
b}
veead?™
R
%
B
¥
R
LA
g A
¥ 3
o
SRR

s

g N
-
b >
o
.
-
et
Ty
]
PR o S
20 2 ke
N =3
I
\L,“\\“
-
\l .
3
i
:
3
.
P-A-.\\&"‘i\._..

N
¥
N
§

I
3;'

R N R R A N I A W N
v

i.?
r\
‘-.)

T %A g €3 em |

i R 1INy OO A - T AT TI T VTTTRN TR PRI VT VT TTIIN  STVNATR -- A T sk /
) % <
wl..x,wiarl.i wl.,.....xm}wfl.d ml..\"}w..l:\ gt Pocemmmmy, ‘l.!% o P T S W >
~ \ AR S 5 UL B SO § WS S SN ) WS S S P beoond ) P R T N 4 o
vty e e i i,

W N =)

FIG 9B



US 2024/0226768 A9

Jul. 11, 2024 Sheet 7 of 9

Patent Application Publication

o L L LR s Cot g W e (o Y = [

3

Keviand Joed
b
v
e

=T
1)
W
N
118
¢
t:}
§
:’*5

14
o
N
g
Kocaingd Fovoed
20 2
T
| BN

o
g

e
N

g
H ’
]

ol
0
I\
g
g

o

e ey
Rcowan Sanecd
LS |
T .

m.\ & .l\\m.\ttw M.‘ lv\»a?\t.t

T g R ¥

S vy
.
{iad
[
dmmn

A — T

S

N

[
i

R -

i I e N R e . v

SIS LTINS R TR s ST s SIS > Sh V)

Jrrre P
IO oS NN S oot

I e ‘\\\\M.

CE G B 8 L s S o8 SN G i B R, =

S

S
ol 3

R T A S .+ A \\\N.

Ay EY i v

N

e
g -am-‘;\‘)\,m“*
oot By
SN
e

¥ b
i
o
g
ot
u\
H
23,

e

FIG 10A

A
T -
FRRRE!
amimmt

srrees ey

o g e g, g e g e e g g e e e e, oo \\\\M

[wic) P

L A I

T e W e

o A s b=

% A A . R I S . < . S Tl A S > A= arrl
1

.T onnt e pray 1&!1?35 ot Yersrisy ?& i 1&»\.\ i 1:!\ S ..:e\sf\xi N %
N | iion T SO § Y 7 i oL S LN E o I
¥ 9§ Ty SOUSUL S WU J ; ird, e, I 5 NV g 'y
o o - S, T e e ey e e

«Mﬁu&ﬁ&aﬁ@ﬁﬁ&«iﬁw

4
e
™

—
X 4B

FIG 10B



Patent Application Publication  Jul. 11,2024 Sheet 8 of 9 US 2024/0226768 A9

100

X R e ap
; :
i .
i ]
- :
N 1
H 3
N :
{
b
§
i

120

H2

110

1 H2

H2
10

¥ 132

H1

H2

120
FIG11



Patent Application Publication  Jul. 11,2024 Sheet 9 of 9 US 2024/0226768 A9

100

X - -
. ¢ :
L ,
. : :
. N ;
. . K
‘
N
{
N

120

D1

110 . & _ | “u

D2

120

D1

10

H1 ¥
L _ s W 132

130
D2

| 120

120 FIG12



US 2024/0226768 A9

DUAL-FLOW TRAY FOR VAPOR-LIQUID
CONTACTING, AND ITS USE

TECHNOLOGICAL FIELD

[0001] Examples of the disclosure relate to a dual-flow
tray for vapor-liquid contacting, and its use.

BACKGROUND

[0002] Trays for vapor-liquid contacting are used in vapor-
liquid columns, such as fractional distillation columns and
absorption columns. Trays for vapor-liquid contacting are
widely used in the petrochemical and chemical industries
amongst other industries. Such trays can be referred to as
fractionation trays as they are used for the separation of
volatile chemical compounds in fractional distillation col-
umns.

[0003] One type of tray for vapor-liquid contacting is a
one-pass cross-flow tray with open apertures (sieve holes).
Liquid enters a flat tray at a side inlet area and flows
cross-wise to the downcomer at the opposite side. The liquid
flows downwards through the downcomer to a side inlet area
of the tray below. The liquid then flows cross-wise to the
downcomer at the opposite side in the opposite direction.
The liquid thus descends downwards. The liquid is main-
tained on the tray due to the vapor pressure drop (dry
pressure drop). The open apertures in the trays allow the
upward movement of vapor.

[0004] A dual-flow tray does not have downcomers. The
downward flow of liquid is via apertures in the tray. In
operation a percentage of the apertures are passing vapor
upwards whilst the remaining are passing liquid downwards.
The fractional split (percentage) between holes passing
vapour or liquid depends primarily on the vapor rate and
density and the liquid rate and density.

[0005] Dual-flow trays have the advantages of superior
fouling resistance and lower pressure drop. Despite this their
use is not common because of perceived characteristics of
low efficiency outside a narrow operating range.

[0006] With standard flat dual-flow or cross-flow trays
using open apertures there are only two degrees of freedom
in the design of the tray—the open aperture diameter and the
total number of open apertures (open area). Increasing the
open area of the tray increases the capacity but reduces the
efficiency.

[0007] For a certain number of holes there is only a limited
range of capacity operation where efficiency is maximized.
This range is significantly narrower for standard flat dual-
flow trays using open apertures compared to standard flat
cross-flow trays using open apertures. Peak efficiencies are
comparable. The narrow (sharp) efficiency profile of the
dual-flow trays is one of the reasons many engineers are
reluctant to use them.

[0008] Another reason many engineers are reluctant to use
standard flat sieve dual-flow trays is that they are recognised
to suffer from poor separation performance in large diameter
columns (D>1200 mm). The total head required to drive the
liquid downwards through the open apertures must over-
come the dry vapor pressure drop plus the wet pressure drop
plus the head loss of liquid flowing through the holes. The
head loss due to the liquid flow through the holes is very
small compared to the dry vapor pressure drop and wet
pressure drop. Hence, the performance of standard flat
dual-flow trays is very sensitive to levelness. For large
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diameter columns a typical levelness tolerance for trays is
D/1000. For example in a column of 3000 mm diameter, the
trays may be 3 mm out of level. This sensitivity to levelness
of'standard flat dual-flow trays can lead to poor performance
in large diameter columns.

BRIEF SUMMARY

[0009] According to various, but not necessarily all,
examples there is provided examples as claimed in the
appended claims.
[0010] According to various, but not necessarily all,
examples there is provided a dual-flow tray for vapor-liquid
contacting comprising:

[0011] higher-relief portions configured to provide first

valves;

[0012] lower-relief portions configured to provide sec-
ond valves;

[0013] interconnecting portions that interconnect the
higher-relief portions and the lower-relief portions.

[0014] In some but not necessarily all examples, the first
valves are static valves and the second valves are static
valves, and comprising open apertures in the interconnecting
portions.

[0015] In some but not necessarily all examples, the
higher-relief portions are planar and/or the lower-relief
portions are planar.

[0016] Insome butnot necessarily all examples, the planar
higher-relief portions and the planar lower-relief portions
have different areas.

[0017] In some but not necessarily all examples, the
higher-relief portions have a lower total slot area than the
lower-relief portions.

[0018] In some but not necessarily all examples, the
higher-relief portions are formed as parallel elongate strips
and the lower-relief portions are formed as parallel elongate
strips.

[0019] In some but not necessarily all examples, the
lower-relief portions form elongate channels and the higher-
relief portions form elongates ridges between the elongate
channels.

[0020] In some but not necessarily all examples, the
elongate channels and the elongate ridges are lengthwise
parallel and alternate.

[0021] In some but not necessarily all examples, the
interconnecting portions each comprise one or more planar
portions.

[0022] In some but not necessarily all examples, the
higher-relief portions, the lower-relief portions and inter-
connecting portions form flat portions of a trapezoidal wave.

[0023] In some but not necessarily all examples, the
higher-relief portions, the lower-relief portions and inter-
connecting portions form flat portions of an isosceles trap-
ezoidal wave, In some but not necessarily all examples, the
first valves are associated with fluid flow paths having at
least a first direction and second valves are associated with
fluid flow paths having at least a second direction, wherein
the first direction and the second direction are orthogonal.
[0024] In some but not necessarily all examples, each first
valve is configured to create two opposing flow paths that
combine and wherein each second valve is configured to
create two opposing flow paths that combine.
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[0025] In some but not necessarily all examples, there is a
first number of first valves and a second number of second
valves, and wherein the first number is different to the
second number.
[0026] In some but not necessarily all examples, there is a
first surface area density of first valves and a second surface
area density of second valves, and wherein the first surface
area density and the second surface area density are differ-
ent.
[0027] In some but not necessarily all examples, each
higher-relief portion provides one or more first rows of first
valves wherein the first valves are oriented in a first direction
and the first rows extends in the first direction; and each
lower-relief portion provides one or more second rows of
second valves wherein the second valves are oriented in a
second direction, orthogonal to the first direction, and the
second rows extends in the first direction
[0028] In some but not necessarily all examples, each of
the first valves comprises a first aperture and a fixed partial
obstruction to the first aperture and wherein each of the
second valves comprises an aperture and a fixed partial
obstruction to the aperture.
[0029] In some but not necessarily all examples, each of
the first valves comprises one or more legs supporting one
or more raised cover portions at least partially covering a
first aperture in the higher-relief portion and each of the
second valves comprise one or more legs supporting one or
more raised cover portions at least partially covering a
second aperture in the lower-relief portion.
[0030] In some but not necessarily all examples, each of
the first valves comprise a higher-relief central cover portion
over a first aperture, in the higher-relief portion, supported
by two opposing legs extending from the higher-relief
portion that creates two distinct flow paths through the first
aperture in the higher-relief portion; and wherein each of the
second valves comprises a higher-relief central cover por-
tion over a second aperture, in the lower-relief portion,
supported by two opposing legs extending from the lower-
relief portion that creates two distinct flow paths through the
second aperture in the lower-relief portion.
[0031] In some but not necessarily all examples, the
dual-flow tray comprises open apertures in the interconnect-
ing portions.
[0032] In some but not necessarily all examples, the
dual-flow tray comprises at least two rows of open apertures
in each interconnecting portions that interconnects between
a high-relief portion and a low-relief portion.
[0033] According to various, but not necessarily all,
examples there is provided a vapor-liquid column for vapor-
liquid contacting comprising at least one dual-flow tray as
claimed in any preceding claim or comprising multiple
dual-flow trays as claimed in any preceding claim, wherein
vertically adjacent trays are rotated at 90 degrees to each
other.
[0034] In some but not necessarily all examples, each
dual-flow tray is connected to a periphery rim. In some but
not necessarily all examples, each of the multiple dual-flow
trays are connected to a single periphery rim.
[0035] According to various, but not necessarily all,
examples there is provided a method comprising:

[0036] performing fractional distillation using one or

more of the dual-flow trays or the vapor-liquid column;
and
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[0037] further processing at least one fraction from the
fractional distillation to make, as a direct product of the
method, a commercial product.

[0038] While the above examples of the disclosure and
optional features are described separately, it is to be under-
stood that their provision in all possible combinations and
permutations is contained within the disclosure. It is to be
understood that various examples of the disclosure can
comprise any or all of the features described in respect of
other examples of the disclosure, and vice versa. Also, it is
to be appreciated that any one or more or all of the features,
in any combination, may be implemented by/comprised
in/performable by an apparatus, a method, and/or computer
program instructions as desired, and as appropriate.

BRIEF DESCRIPTION

[0039] Some examples will now be described with refer-
ence to the accompanying drawings in which:

[0040] FIG. 1A shows an example of a dual-flow tray;
[0041] FIG. 1B shows an example of a dual-flow tray;
[0042] FIG. 1C shows an example of a dual-flow tray;
[0043] FIG. 2 shows an example of a dual-flow tray;
[0044] FIG. 3A shows a shape of a dual-flow tray in

cross-sectional side view;

[0045] FIG. 3B shows a shape of a dual-flow tray in
isometric view;
[0046] FIG. 4A shows an example of an open aperture in

a dual-flow tray;

[0047] FIG. 4B shows an example of a valve in a dual-
flow tray;
[0048] FIGS. 5A, 5B show an example of a static valve in

a dual-flow tray;

[0049] FIGS. 6A, 6B, 6C, 6D show an example of a static
valve in a dual-flow tray;

[0050] FIGS. 7A, 7B, 7C, 7D show an example of a static
valve in a dual-flow tray;

[0051] FIGS. 8A, 8B, 8C show an example of a static
valve in a dual-flow tray;

[0052] FIGS. 9A, 9B show an example of a static valve in
a dual-flow tray;

[0053] FIGS. 10A, 10B show an example of a static valve
in a dual-flow tray;

[0054] FIG. 11 shows an example of a vapor-liquid col-
umn comprising dual-flow trays;

[0055] FIG. 12 shows an example of a vapor-liquid col-
umn comprising dual-flow trays.

[0056] The figures are not necessarily to scale. Certain
features and views of the figures can be shown schematically
or exaggerated in scale in the interest of clarity and con-
ciseness. For example, the dimensions of some elements in
the figures can be exaggerated relative to other elements to
aid explication. Similar reference numerals are used in the
figures to designate similar features. For clarity, all reference
numerals are not necessarily displayed in all figures.
[0057] In the Figs an orthogonal three dimensional Car-
tesian co-ordinate system (z=x"y) is used consistently.
[0058] In the following description a class (or set) can be
referenced using a reference number without a subscript
index (e.g. 10) and a specific instance of the class (member
of'the set) can be referenced using the reference number with
a numerical type subscript index (e.g. 10_1) and a non-
specific instance of the class (member of the set) can be
referenced using the reference number with a variable type
subscript index (e.g. 10_i).
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DETAILED DESCRIPTION

[0059] This description relates to a dual-flow tray 10. for
vapor-liquid contacting. The dual-flow tray 10 comprises:
[0060] higher-relief portions 12 configured to provide
first valves 20_1;
[0061] lower-relief portions 14 configured to provide
second valves 20_2;
[0062] interconnecting portions 16 that interconnect the
higher-relief portions 12 and the lower-relief portions
14.
[0063] The term ‘relief” refers to elevation from a refer-
ence plane. It describes projection of a part from a plane on
which it is formed.
[0064] Referring to FIG. 1A, in at least some examples,
the higher-relief portions 12 are planar and the lower-relief
portions 14 are planar. The higher-relief portions 12 lies in
a first higher plane 2. The lower-relief portions 14 lie in a
second lower plane 4.
[0065] The planar flat surfaces of the higher-relief portions
12 and the lower-relief portions 14 enables formation of
valves 20 (not illustrated in FIG. 1A).
[0066] The width of the higher relief portion 12 is less than
the width of the lower-relief portion 14.
[0067] The dual-flow tray 10 extends substantially parallel
to planes 2, 4 in the x-y plane.
[0068] The dual-flow tray 10 has a repeating pattern in a
traverse x-direction that is formed by the repetition of repeat
units 8.
[0069] Referring to FIGS. 1B and 1C, in at least some
examples, the higher-relief portions 12 comprise valves 20
and the lower-relief portions 14 comprise valves 20. The
interconnecting portions 16 comprise open apertures 30.
[0070] The number of valves 20 in each higher-relief
portion 12 can be the same or lower to a number of valves
20 in each lower-relief portion 14. In FIG. 1B the number of
valves in each higher-relief portion 12 is the same as a
number of valves 20 in each lower-relief portion 14. In FIG.
1C the number of valves 20 in each higher-relief portion 12
is the less than a number of valves 20 in each lower-relief
portion 14.
[0071] The number of valves 20 per unit area (surface area
density) in each higher-relief portion 12 is lower to the
number of valves 20 per unit area (surface area density) in
each lower-relief portion 14.
[0072] Referring to FIG. 2, in at least some examples, the
higher-relief portions 12 comprise static valves 20 and the
lower-relief portions 14 comprise static valves 20. The
interconnecting portions 16 comprise open apertures 30.
[0073] In FIG. 2, the higher-relief portions 12 comprise
first static valves 20_1 and the lower-relief portions 14
comprise second static valves 20_2.
[0074] The fluid flow path via the first static valves 20_1
has a different orientation to the fluid flow path via the
second static valves 20_2. The first valves 20_1 are associ-
ated with a liquid flow path having at least a first direction
and the second valves 20_2 are associated with a liquid flow
path having at least a second direction where the first
direction and the second direction are orthogonal.
[0075] The valves 20_1 in the higher-relief portions 12
have a first orientation and the valves 20_2 in the lower-
relief portions 14 have a second different orientation,
orthogonal to the first direction.
[0076] FIG. 3A illustrates a cross-sectional shape of the
dual-flow tray 10.
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[0077] The planar higher-relief portions 12 have a width
‘a’ in the x-direction. The planar lower-relief portions 14
have a width ‘b’ in the x-direction. The value of ‘a’ is lower
than the value of “b”.

[0078] Each of the planar higher-relief portions 12 can
have the same area. Each of the planar lower-relief portions
14 can have the same area. The area of each of the planar
higher-relief portions 12 is lower than the area of each of the
planar lower-relief portions 14.

[0079] The higher-relief portions 12, lower-relief portions
14 and interconnecting portions 16 are planar. The higher-
relief portions 12, lower-relief portions 14 and interconnect-
ing portions 16 form flat portions of a trapezoidal wave.
[0080] The dual-flow tray 10 of this cross-sectional shape
can be described as a trapezoidal-wave ripple dual-flow tray.
[0081] The higher-relief portions 12 in combination with
adjacent interconnecting portions 16 form a trapezoidal
shape in cross-section. The adjacent interconnecting por-
tions 16 form opposing sides of the trapezoidal shape and the
higher-relief portion 12 forms an interconnecting side of the
trapezoidal shape. The fourth side of the trapezoidal shape is
open.

[0082] The lower-relief portions 14 in combination with
adjacent interconnecting portions 16 form a trapezoidal
shape in cross-section. The adjacent interconnecting por-
tions 16 form opposing sides of the trapezoidal shape and the
lower-relief portion 14 forms an interconnecting side of the
trapezoidal shape. The fourth side of the trapezoidal shape is
open.

[0083] The planar interconnecting portions 16_1, 16_2
have the same width. The higher-relief portions 12, lower-
relief portions 14 and interconnecting portions 16 therefore
form flat portions of an isosceles trapezoidal wave.

[0084] A repeat unit 8 is formed from a first higher-relief
portion 12_1, a first interconnecting portion 16_1, a first
lower-relief portion 14_1 and a second interconnecting
portion 16_2.

[0085] The first higher-relief portion 12_1 is planar and
lies in the first horizontal plane 2. A first interconnecting
portion 16_1 is planar and lies in a first downwardly sloped
plane. The first interconnecting portion 16_1 makes a reflex
angle (180+¢ that is greater than 180 degrees and less than
270 degrees) to the first higher-relief portion 12. A first
lower-relief portion 14_1 is planar and lies in the second
horizontal plane 4. The first lower-relief portion 14_1 makes
an obtuse angle (180—¢ that is greater than 90 degrees and
less than 180 degrees) to the first interconnecting portion 16.
A second interconnecting portion 16_2 is planar and lies in
a first upwardly sloped plane. The second interconnecting
portion 16_2 makes an obtuse angle (180—¢ that is greater
than 90 degrees and less than 180 degrees) to the first
lower-relief portion 14.

[0086] The first higher-relief portion 12_1 makes a reflex
angle (180+¢ that is greater than 180 degrees and less than
270 degrees) to upwardly sloped second interconnecting
portion 16_2 of the preceding repeat unit 8.

[0087] The upwardly sloped second interconnecting por-
tion 16_2 makes a reflex angle (180+¢ that is greater than
180 degrees and less than 270 degrees) to first higher-relief
portion 12_1 of the next repeat unit 8.

[0088] As illustrated in FIG. 3B, the planar higher-relief
portions 12 are formed as parallel elongate strips and the
planar lower-relief portions 14 are formed as parallel elon-
gate strips. The elongate planar higher-relief portions 12
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have a constant width in the x-direction and extend length-
wise (L) in the y-direction. The elongate planar lower-relief
portions 14 have a constant width in the x-direction and
extend lengthwise (L) in the y-direction.

[0089] The planar lower-relief portions form elongate
channels and the higher-relief portions form elongates ridges
between channels. The elongate channels and the elongate
ridges are lengthwise parallel and alternate. The dual-flow
tray 10 therefore has a corrugated three-dimensional shape
that comprises alternating elongate channels and elongate
ridges. The channel and ridges extend in the same direction
(y-direction) and alternate in the different orthogonal direc-
tion (x-direction).

[0090] The corrugation provides a levelness tolerance to
the dual-flow tray 10.

[0091] The corrugation can be described as a trapezoidal
corrugation. It comprises regularly spaced trapezoidal-
shaped ridges separated by regularly spaced trapezoidal
shaped channels (troughs). The trapezoidal-shaped ridges
and trapezoidal shaped troughs alternate.

[0092] As illustrated in FIG. 10B, a trapezoidal-shaped
channel can comprise within it another trapezoidal shaped
trough.

[0093] FIG. 4A illustrates an example of an open aperture
30 in a dual-flow tray 10. The open aperture 30 is a
through-hole that extends fully through the dual-flow tray
10. There is no obstruction to liquid flow 50 obscuring the
through-hole.

[0094] FIG. 4B illustrates an example of a static valve 20
in a dual-flow tray 10. The static valve 20 comprises an
aperture 40. The aperture 40 is a through-hole that extends
fully through the dual-flow tray 10. There is a fixed obstruc-
tion 42 to liquid flow 50 that obscuring the through-hole.
[0095] The static valve is configured to create two oppos-
ing flow paths 50 around the obstruction 42 that combine
into a single flow path through the aperture 40.

[0096] The static valve 20 is static in that it is given a fixed
configuration that is not changed during use.

[0097] FIGS. 5A, 5B shows an example of a static valve
in a dual-flow tray. FIGS. 6A, 6B, 6C, 6D shows another
example of a static valve in a dual-flow tray. FIGS. 7A, 7B,
7C, 7D show another example of a static valve in a dual-flow
tray. The static valves 20 illustrated can be formed in the
higher-relief portions 12. The static valves 20 illustrated can
be formed in the lower-relief portions 14.

[0098] FIG. 5A is an isometric view and FIG. 5B is a side
view. FIG. 6A is an isometric view, FIG. 6B is a plan view,
FIG. 6C is a side view, and FIG. 6D is an end view. FIG. 7TA
is an isometric view, FIG. 7B is a plan view, FIG. 7C is a side
view, and FIG. 7D is an end view.

[0099] The static valves 20 comprise one or more legs 62
supporting one or more raised cover portions 64 at least
partially covering the apertures 40. The combination of legs
62 and cover portion 64 form a fixed obstruction of an
aperture 40.

[0100] Each of the static valves 20 comprise a higher-
relief central cover portion 64 over an aperture 40 supported
by two opposing legs 62 extending from a plane 2, 4 of the
tray 10 that creates two distinct flow paths 44 to the aperture
40.

[0101] Flow path area 44 is the slot area of a static valve
whereas aperture 40 is the orifice area. It is the slot area 44
that usually governs the performance characteristics of a
static valve tray.
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[0102] Equivalent dimensions are labelled f3, 3, m, A, W, h.
The dimension P is a width of one leg 62. The dimension A
is a width of another leg 62. The dimension o is length of
a cover portion 64. The dimension p is a width if the cover
portion 64. The dimension 9 is a combined length of the legs
62 and the cover portion 64. The dimension h is a height of
the cover portion 64 from the foot of the legs 62.

[0103] The static valves 20 are formed by making two
elongate cuts of length 9. The strip of material between the
cuts is bent to create the aperture 40 and also create the cover
portion 64 supported by opposing legs 62 that forms a partial
obstruction to the aperture 40. The elongate cuts can be
formed by punching a metal blank. The blank is stiff enough
to retain shape but malleable enough to be bent during
manufacture.

[0104] Static valves 20 provide an additional degree of
design freedom compared to open apertures 30. The size of
the cross-sections of the flow paths 44 can be controlled by
controlling a height h of the cover portion 64 above the foot
of'the legs 62 where they join the blank. The height h can be
varied to suit the vapour flows per level. This feature will
further improve the operating range (flexibility).

[0105] Since liquid will preferentially descend downwards
in the column from lower-relief portion 4, it is advantageous
to have a larger total slot area 44 at the lower-relief portion
4 compared to higher-relief portion 2, promoting better
contact between vapor and liquid thus improving the effi-
ciency.

[0106] The choice between open aperture 30 and static
valve 20 controls the upward movement of vapor, and the
downward movement of liquid and effects both the hydrau-
lic and mass transfer (efficiency) performance of the tray 10.
With an open aperture 30 vapor enters the liquid on the tray
vertically. This generates a certain amount of entrainment.
With a valve 20, the vapor enters the liquid on the tray 10
horizontally. This reduces the entrainment thus improving
capacity and efficiency.

[0107] Entrainment not only reduces the capacity but also
the efficiency of a tray due to back-mixing of liquid (of a
lighter fraction) to a higher tray. Any reduction of entrain-
ment will improve the tray efficiency. Thus the use of fixed
valves 20, particularly the smaller sizes, will improve tray
efficiency due to a reduction in the entrainment.

[0108] The liquid flowing downwards through a fixed
valve 20 must make two 90 degree turns compared to a open
aperture 30. This increases the head loss thus increasing the
clear liquid height (hold-up). As a result not only is the liquid
side mass transfer coefficient increased further improving
the tray efficiency but the sensitivity to levelness is reduced.
[0109] The use of fixed valves 20 also increases the
aeration of the liquid i.e., reduces the froth density compared
to a open apertures 30. This increases the froth height which
increases the gas residence time thus improving the gas side
mass transfer coefficient and consequently the tray effi-
ciency.

[0110] FIGS. 8A, 8B, 8C show an example of a dual-flow
tray 10. FIGS. 9A, 9B show another example of a dual-flow
tray 10. FIGS. 10A, 10B show another example of a
dual-flow tray 10.

[0111] FIG. 8A is a plan view, FIG. 8B is a first side view,
and FIG. 8C is a second side view. FIG. 9A is a plan view
and FIG. 9B is a first side view. FIG. 10A is a plan view and
FIG. 10B is a first side view.
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[0112] The dual-flow tray 10 comprises: higher-relief por-
tions 12 providing first static valves 20_1; lower-relief
portions 14 providing second static valves 20_2; intercon-
necting portions 16 that interconnect the higher-relief por-
tions 12 and the lower-relief portions 14 and provide open
apertures 30.

[0113] The higher-relief portions 12, lower-relief portions
14 and interconnecting portions 16 form flat portions of a
trapezoidal wave. The dual-flow tray 10 of this cross-
sectional shape can be described as a trapezoidal-wave
ripple dual-flow tray.

[0114] The first static valves 20_1 are aligned in a parallel
configuration. The second static valves 20_2 are aligned in
a parallel configuration that is orthogonal to the parallel
configuration of the first static valves 20_1 The first static
valves 20_1 have partially covered elongate apertures. The
elongate partial cover is formed from cover portion 64 and
opposing legs 62, for example, as previously described. The
partial cover and the apertures are elongate in the y-direc-
tion.

[0115] The second static valves 20_2 have partially cov-
ered elongate apertures. The elongate partial cover is formed
from cover portion 64 and opposing legs 62, for example, as
previously described. The partial cover and the apertures are
elongate in the x-direction.

[0116] The first static valves 20_1 therefore have a first
orientation and the second static valves 20_2 have a second
orientation that is orthogonal to the first orientation. The first
static valves 20_1 are aligned with the ridges. The second
static valves 20_1 are cross-aligned with the channels.
[0117] Each higher-relief portion 12 provides one or more
rows of first static valves 20_1 The first static valves 20_1
are oriented in a first direction (y-direction) and the row
extends in the first direction (y-direction).

[0118] Each lower-relief portion 14 provides one or more
rows of second static valves 20_2 The second static valves
20_2 are oriented in a second direction (x-direction),
orthogonal to the first direction (y-direction), and the row
extends in the first direction (y-direction).

[0119] FIGS. 8A, 8B, 8C show an example of a dual-flow
tray 10. The illustrated dual flow tray is suitable for use in
a small (429 mm ID) column.

[0120] The tray 10 has the following features:

[0121] a. a trapezoidal wave which provides two flat
surfaces—top plane 2 (at the peak 12) and bottom plane
4 (at the trough 14). The depth of the wave may be
adjusted to suit the liquid flow (and the size of column).
It is envisaged at least four depths will be used 2", 34",
1" and 114".

[0122] b. The flat surfaces 12, 14 allow formation of
fixed valves 20 which may be of any size

[0123] c. The fixed valves 20_2 located in the bottom
plane 4 (troughs 14) are perpendicular whilst the fixed
valves 20_1 at the top plane 2 (peak 12) are parallel to
the plane. The varied orientation improves aeration of
the liquid compared to round open apertures.

[0124] d. Each side 16 of the trapezoidal wave is
perforated with at least two rows of open apertures 30
(adjustable size).

[0125] e. The fixed valve 20_2 orientations used result
in more valves located in the troughs 14. This is
desirable as more vapour can be made to flow through
the troughs 14. As liquid preferably collects in the
troughs 14 and leaves from there, the contact between
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liquid and vapour on vertically adjacent trays 10 is
improved which will increase efficiency.

[0126] f. Use of fixed valves 20 allows an additional
degree of freedom compared to open apertures 30—the
slot height h (opening) can be varied to suit the vapour
flows per level. This feature will further improve the
operating range (flexibility).

[0127] In FIGS. 9A and 9B, each lower-relief portion 14
provides two rows of second static valves 20_2. The second
static valves 20_2 are oriented in a second direction (x-di-
rection), orthogonal to the first direction (y-direction), and
the row extends in the first direction (y-direction). Two rows
of static valves 20_2 are used side-by-side in the troughs 14.
This is useful for large diameter columns (D>2000 mm).
[0128] As illustrated in FIG. 10B, a trapezoidal-shaped
channel can comprise within it another trapezoidal shaped
trough. The fixed valves 20_2 orientated perpendicularly in
the bottom trough or middle level whilst at the peak/ridge
the fixed valves 20_1 are parallel to the wave.

[0129] The dual-flow tray 10 is a two-stage trapezoidal
wave. This results in the valves 20 located at three levels.
This is envisaged for very large diameter columns (D>3000
mm) with high liquid loads. The use of three levels will
further improve the operating range.

[0130] FIGS. 11 and 12 show examples of a vapor-liquid
column 100 for vapor-liquid contacting comprising dual-
flow trays 10.

[0131] Trays for vapor-liquid contacting are used in vapor-
liquid columns, such as fractional distillation columns and
absorption columns. Trays for vapor-liquid contacting are
used in the petrochemical and chemical industries amongst
other industries.

[0132] The column 100 comprises a column shell 110. The
interior of the column 100 has multiple support rings 120.
Each support ring 120 supports at least one dual-flow tray
10. A gasket seal 132 seals a gap between the support rim
130 and column shell.

[0133] Vertically adjacent trays 10 are rotated 90 degrees
to each other and as such the trapezoidal waves provide
redistribution of liquid.

[0134] The dual-flow trays 10 are tack-welded to a periph-
ery rim 130. The trays 10 can be made of sections framed by
a vertical rim 130 to which the trays 10 are tack-welded. The
sections are of a width to permit passage through a column
man-hole (usually 18-in. to 24-in.).

[0135] Two trays are welded to the same rim 130 thus
allowing an increase in the no. of trays without the need of
welding new support rings 120 or the use of surrogate
support rings.

[0136] The design of any distillation column is split into
process and hydraulic design. The process design establishes
the number of theoretical stage stages (NTS) required for a
given separation whilst the hydraulic design establishes the
design of the trays or packing and internals used.

[0137] For a trayed column, the actual number of trays
required is the NTS divided by the tray efficiency (overall
column/section basis). The NTS is dependent on the reflux
ratio used. It is customary to design the column with a reflux
ratio of approximately 1.1 to 1.2 times the minimum reflux
ratio.

[0138] An increase in tray efficiency may be used to
improve the separation. Alternatively it may be used reduce
the reflux ratio thus reducing the operating costs.
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[0139] In many revamp cases it may be desirable to
increase the NTS by increasing the number of actual trays.
[0140] In FIG. 11, two trays (of any type) are attached to
the same support rim 130. In the example, an original tray
spacing of H1 is divided equally to a tray spacing of H2. The
space H2 between vertically adjacent trays is the same. In
some examples, H1 is 600 mm and H2 is 300 mm.

[0141] The use of dual trays as a deck supported by a
support rim 130 increases the number of trays whilst util-
ising existing support rings 120 without the need for welding
new support rings or the use of surrogate support rings.
[0142] In FIG. 12, two trays (of any type) are attached to
the same support ring 130. In the example, an initial tray
spacing of H1 is divided non-equally to a tray spacings of
D1, D2. In some examples, H1 is 600 mm, D1 is 400 mm
and D2 200 mm. The original tray spacing of 600 mm is
divided unequally, 400 mm for the higher tray and 200 mm
for the lower tray. With a smaller tray spacing for the lower
tray, operation will be near to or at flood conditions.
[0143] A larger tray spacing will give higher capacity
reducing the column diameter. The relationship between
capacity and tray spacing is not linear but rather follows a
square root function. However, it is customary to select the
tray spacing based on mechanical (installation) consider-
ations rather than capacity. Furthermore it is customary to
use a uniform tray spacing in each section of the column
(below & above feeds or draw offs).

[0144] There is also disclosed a method for performing
fractional distillation using one or more dual-flow trays 10
and/or the columns 100 and then further processing at least
one fraction from the fractional distillation to make, as a
direct product of the method, a commercial product. The
commercial product can, for example, be a hydrocarbon.
The commercial product can, for example, be fuel.

[0145] Where a structural feature has been described, it
may be replaced by means for performing one or more of the
functions of the structural feature whether that function or
those functions are explicitly or implicitly described.
[0146] As used here ‘module’ refers to a unit or apparatus
that excludes certain parts/components that would be added
by an end manufacturer or a user. The dual-flow trays 10 can
be modules.

[0147] The term ‘comprise’ is used in this document with
an inclusive not an exclusive meaning. That is any reference
to X comprising Y indicates that X may comprise only one
Y or may comprise more than one Y. If it is intended to use
‘comprise’ with an exclusive meaning then it will be made
clear in the context by referring to “comprising only one . .
. ” or by using “consisting”.

[0148] In this description, the wording ‘connect’, ‘couple’
and ‘communication’ and their derivatives mean operation-
ally connected/coupled/in communication. It should be
appreciated that any number or combination of intervening
components can exist (including no intervening compo-
nents), i.e., so as to provide direct or indirect connection/
coupling/communication. Any such intervening components
can include hardware and/or software components.

[0149] As used herein, the term “determine/determining”
(and grammatical variants thereof) can include, not least:
calculating, computing, processing, deriving, measuring,
investigating, identifying, looking up (for example, looking
up in a table, a database or another data structure), ascer-
taining and the like. Also, “determining” can include receiv-
ing (for example, receiving information), accessing (for
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example, accessing data in a memory), obtaining and the
like. Also, “determine/determining” can include resolving,
selecting, choosing, establishing, and the like.

[0150] In this description, reference has been made to
various examples. The description of features or functions in
relation to an example indicates that those features or
functions are present in that example. The use of the term
‘example’ or ‘for example’ or ‘can’ or ‘may’ in the text
denotes, whether explicitly stated or not, that such features
or functions are present in at least the described example,
whether described as an example or not, and that they can
be, but are not necessarily, present in some of or all other
examples. Thus ‘example’, ‘for example’, ‘can’ or ‘may’
refers to a particular instance in a class of examples. A
property of the instance can be a property of only that
instance or a property of the class or a property of a sub-class
of the class that includes some but not all of the instances in
the class. It is therefore implicitly disclosed that a feature
described with reference to one example but not with
reference to another example, can where possible be used in
that other example as part of a working combination but
does not necessarily have to be used in that other example.

[0151] Although examples have been described in the
preceding paragraphs with reference to various examples, it
should be appreciated that modifications to the examples
given can be made without departing from the scope of the
claims.

[0152] Features described in the preceding description
may be used in combinations other than the combinations
explicitly described above.

[0153] Although functions have been described with ref-
erence to certain features, those functions may be perform-
able by other features whether described or not.

[0154] Although features have been described with refer-
ence to certain examples, those features may also be present
in other examples whether described or not.

[0155] The term ‘a’, ‘an’ or ‘the’ is used in this document
with an inclusive not an exclusive meaning. That is any
reference to X comprising a/an/the Y indicates that X may
comprise only one Y or may comprise more than one Y
unless the context clearly indicates the contrary. If it is
intended to use ‘a’, ‘an’ or ‘the’ with an exclusive meaning
then it will be made clear in the context. In some circum-
stances the use of ‘at least one’ or ‘one or more’ may be used
to emphasis an inclusive meaning but the absence of these
terms should not be taken to infer any exclusive meaning.

[0156] The presence of a feature (or combination of fea-
tures) in a claim is a reference to that feature or (combination
of features) itself and also to features that achieve substan-
tially the same technical effect (equivalent features). The
equivalent features include, for example, features that are
variants and achieve substantially the same result in sub-
stantially the same way. The equivalent features include, for
example, features that perform substantially the same func-
tion, in substantially the same way to achieve substantially
the same result.

[0157] In this description, reference has been made to
various examples using adjectives or adjectival phrases to
describe characteristics of the examples. Such a description
of'a characteristic in relation to an example indicates that the
characteristic is present in some examples exactly as
described and is present in other examples substantially as
described.
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[0158] The above description describes some examples of
the present disclosure however those of ordinary skill in the
art will be aware of possible alternative structures and
method features which offer equivalent functionality to the
specific examples of such structures and features described
herein above and which for the sake of brevity and clarity
have been omitted from the above description. Nonetheless,
the above description should be read as implicitly including
reference to such alternative structures and method features
which provide equivalent functionality unless such alterna-
tive structures or method features are explicitly excluded in
the above description of the examples of the present disclo-
sure.

[0159] Whilst endeavoring in the foregoing specification
to draw attention to those features believed to be of impor-
tance it should be understood that the Applicant may seek
protection via the claims in respect of any patentable feature
or combination of features hereinbefore referred to and/or
shown in the drawings whether or not emphasis has been
placed thereon.

I/'We claim:

1. A dual-flow tray for vapor-liquid contacting compris-
ing:

higher-relief portions configured to provide first valves;

lower-relief portions configured to provide second valves;

interconnecting portions that interconnect the higher-
relief portions and the lower-relief portions.

2. A dual-flow tray as claimed in claim 1, wherein the first
valves are static valves and the second valves are static
valves, and comprising open apertures in the interconnecting
portions.

3. A dual-flow tray as claimed in claim 1, wherein the
higher-relief portions are planar and/or the lower-relief
portions are planar.

4. A dual-flow tray as claimed in claim 3, wherein the
planar higher-relief portions and the planar lower-relief
portions have different areas.

5. A dual-flow tray as claimed in claim 1, wherein at least
one of:

the higher-relief portions have a lower total slot area than

the lower-relief portions;

the higher-relief portions are formed as parallel elongate

strips and the lower-relief portions are formed as par-
allel elongate strips.

6. A dual-flow tray as claimed in claim 1, wherein the
lower-relief portions form elongate channels and the higher-
relief portions form elongates ridges between the elongate
channels.

7. A dual-flow tray as claimed in claim 6, wherein the
elongate channels and the elongate ridges are lengthwise
parallel and alternate.

8. A dual-flow tray as claimed in claim 1, wherein the
interconnecting portions each comprise one or more planar
portions.
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9. A dual-flow tray as claimed in claim 1, wherein the
higher-relief portions, the lower-relief portions and inter-
connecting portions form flat portions of, at least one of: a
trapezoidal wave; an isosceles trapezoidal wave.

10. A dual-flow tray as claimed in claim 1, wherein the
first valves are associated with fluid flow paths having at
least a first direction and second valves are associated with
fluid flow paths having at least a second direction, wherein
the first direction and the second direction are orthogonal.

11. A dual-flow tray as claimed in claim 1, wherein each
first valve is configured to create two opposing flow paths
that combine and wherein each second valve is configured to
create two opposing flow paths that combine.

12. A dual-flow tray as claimed in claim 1, wherein there
is a first surface area density of first valves and a second
surface area density of second valves, and wherein the first
surface area density and the second surface area density are
different.

13. A dual-flow tray as claimed in claim 1, wherein each
higher-relief portion provides one or more first rows of first
valves wherein the first valves are oriented in a first direction
and the first rows extends in the first direction; and each
lower-relief portion provides one or more second rows of
second valves wherein the second valves are oriented in a
second direction, orthogonal to the first direction, and the
second rows extends in the first direction.

14. A dual-flow tray as claimed in claim 1, wherein each
of the first valves comprises a first aperture and a fixed
partial obstruction to the first aperture and wherein each of
the second valves comprises an aperture and a fixed partial
obstruction to the aperture.

15. A dual-flow tray as claimed in claim 1, comprising
open apertures in the interconnecting portions.

16. A dual-flow tray as claimed in claim 15 comprising at
least two rows of open apertures in each interconnecting
portions that interconnects between a high-relief portion and
a low-relief portion.

17. A vapor-liquid column for vapor-liquid contacting
comprising at least one dual-flow tray as claimed in claim 1
or comprising multiple dual-flow trays as claimed in claim
1, wherein vertically adjacent trays are rotated at 90 degrees
to each other.

18. A vapor-liquid column as claimed in claim 17,
wherein each dual-flow tray is connected to a periphery rim.

19. A vapor-liquid column as claimed in claim 18,
wherein each of the multiple dual-flow trays are connected
to a single periphery rim.

20. A method comprising:

performing fractional distillation using one or more a

dual-flow trays as claimed in claim 1; and

further processing at least one fraction from the fractional

distillation to make, as a direct product of the method,
a commercial product.

#* #* #* #* #*



