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The packing belongs to the orderly arranged type and comprises packing units with sheets attached to each other.
Each sheet consists of periodically repetitive formations of folded plates (13, 14) and the shape of the formations can be
defined by the form of the upper and lower intersection line (profile) of the plates with upper and lower planes defined by
the repective sides (1, 10) of the sheets. This form is symmetrical and it is similar to the letter “W" and has uneven arms (3,
2 or 4, 5), and the intersection line of a formation with the first of these planes is congruent with the intersection of the
same formation with the other plane but these intersection lines are laterally offset with respect to each other by a half peri-
od. Adjacent ones of the sheets are attached to each other in such a way that an apex (C) defined by a pair of shorter arms
(3, 4) of a sheet abuts an apex defined by the longer arms of the adjacent sheet, and the adjacent sheets abut each other alt-
ernatively and periodically at one or the other of their sides. The so attached sheets define periodical passage channels
communicating laterally with each other, each channel has continuously varying cross section along the height, however,
every pair of the channels have uniform combined cross section at every height.
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PACKING STRUCTURE ESPECIALLY FOR USE IN A COLUMN MAINLY FOR
CONTACTING LIQUID AND GAS PHASES

FIELD OF THE INVENTION

The invention relates to a packing structure especially for
use in a column mainly for contacting liquid and gas phases.

BACKGROUND OF THE INVENTION

In the chemical industry for carrying out chemical opera-
tions that require the contacting of different phases that meet
mostly in a counterflow e.g. such as absorption, distillation,
etc. columns are used which can comprise several stages of
plates, random or stacked packings or regular tower packings.

The efficiency of a phase-contacting assembly can be
characterized by a few number of operational parameters e.g. by
the quantity of material that <can be processed in a unity
volume of column or by the pressure drop that relates to a theo-
retical stage, etc. Regularly arranged packing structures can
generally process higher quantities of material per unity vo-
lume of column with smaller pressure loss per theoretical stage
than other packing bodies or trays can. Owing to such prop-
erties orderly arranged packing structures are especially
appropriate for use under vacuum.

In tray columns in which the contact of different phases
takes place in a stagewise manner, the expansion of the inter-
facial area, which decisively influences the mass transfer, oc-
curs mainly on account of the flow energy of the gas phase i.e.
it is associated with a higher pressure drop. The gas overcomes
the hydrostatic pressure of the 1liquid on the plates, pe-
netrates therethrough and it raises a fraction of the liquid in
the form of a foam or droplets in the space between the plates,
and the material transfer takes place through the so obtained
free liquid surface i.e. at the phase boundary surface. For
avoiding direct liquid transport only a portion of the space
between the plates can thus be utilised which is connected with
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passage channels from above, while the gas enters from below.

The liquid flows down on the surface of the sheets defining

sides of the passage channels, while the gas flows wup in

the
the

space defined between the channel walls. The passage channels

can also be open at portions of their sides. An ordered assemb-

ly of the passage channels forms generally a packing unit. In a

column an ordered packing comprises a number of packing units

placed above each other (in which adjacent units can be angular-

ly displaced relative to each other).

The side walls of different kinds of ordered packing units

are made generally by arranging appropriate corrugated sheets
beside each other that can be made by folding, pressing or by

other ways from continuous or apertured sheets.

Owing to the uniform structure of the passage channels in

ordered packing units the free cross section of flow is uniform

in different horizontal layers as well as within the layers.

This property decreases the liquid hold-up and the pressure

losses and provides flow and concentration profiles which are

close to the ideal piston-like profile.

In U.S. patents 3.415.502 and 2.940.168 packing structures
are shown that comprise passage channels open at one side and

intersect each other at their open sides being then in mutually

opposing relationship and the axes of such channels close re-

spective angles with each other as well as with the axis of the

column. The liguid enters the passage channels in the form of

droplets or of jet streams, then abuts the slanted walls of

the

channels and gets spread thereon and flows down in directions

which are divergent within every pair of the passage channels.

The gas (vapor) enters the passage channels from below

and

during its oblique upstream the flow of a channel meets through

the open side of the <channel with the oppositely 1inclined

stream of the neigbouring channel that crosses the first chan-

nel, and at the meeting =zones swirling occurs due to mutual

friction of the streams. The oblique arrangement of the passage

channels facilitate the mixing of the gas and liquid phases in

radial direction, but the 1increased flow resistance due
zig-zag flow is connected with significant pressure losses.

to
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The swirl-formation and the increased flow resistance re-
sult in excess pressure losses that cannot create excessive in-
terfacial area.

In U.S. patent 3.227.429 an ordered packing structure is
described which has passage channels extending parallel both to
each other and to the axis of the column. These passage chan-
nels have closed vertical side walls. In each layer the passage
channels are offset relative to each other by a half period.
Owing to such design the two phases entering and leaving the
passage channels in counterflow will be united and separated in
an alternating manner without the need of using any additional
deflection means. This design has the drawback that the radial
distribution is smaller than required and  the downwardly
flowing liquid phase cannot impinge a slanted wall that would
facilitate its spreading, thus the liquid can flow through the
passage channel in the form of drops or of a wider or narrower
jet which flow is associated first with a smaller proportion of
the effectively damped surface and second with the occurrence
of unwanted forward mixing. The packing structure described in
the Czechoslowakian patent 206.918 has similar properties.

OBJECT OF 'THE INVENTION

The object of the invention is to eliminate the above sum-
marized drawbacks of ordered packing structures and more parti-
cularly to provide such a geometric design for the sheets and
their mutual connections that define passage channels with re-
duced flow resistance and decreased tendency to vortex forma-
tion and in which the liquid phase cannot flow through without
being effectively spread and'which can properly mix the paral-
lel flows by alternatively uniting and separating them, whereby
material transfer can take place in a simple way requiring a re-
duced volume of colummn and a decreased amount of energy.

SUMMARY QOF THE INVENION

According to the invention a packing structure has been

T
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provided especially for use in a column mainly for contacting
liquid and gas phases, which packing structure comprises sheets
which are periodically folded and attached to each other, the
sheets define regular and periodical passage channels and the
channels are opening to respective parallel planes defined by
the two sides of the sheets, and the improvement according to
the invention lies in that each of the sheets 1is composed of
periodically repetitive elements and each line of intersection
of such elements with said planes has a shape similar to the
letter "M" or "W" which is symmetrical and has uneven arms form
ed by straight or slightly curved line sections, and the inter-
section line of an element with one of said planes defined by a
first side of the sheet is geometrically congruent with the
intersection line of this element with the other one of said
planes defined by a second side of the sheet and these two in-
tersection lines are laterally offset by a half period rela-
tive to each other, and adjacent ones of the sheets are attach-
ed to each other in such a way that an apex defined by a pair
of the shorter arms of a sheet abuts an apex defined by the
longer arms of the adjacent sheet and the adjacent sheets are
abutting each other alternatively and periodically at one or
the other cne of said sides.

The form of the passage channels defined by sheets made and
attached to each other as described hereinabove varies with a
caontinuous transition between the 1in- and outflowing planes,
whereas the free cross section of flow remains wunchanged at
each height. The continuous changing of the form of the pas-
sage channels ensures a low flow resistance and provides an op-
timum flow deflection.

The passage channels are open towards the neighbouring pas-
sage channels at their sides in such a way that the opening is
continuously decreases at one side and 1increases in the other
side along the 1length (height), the resulting combined cross
section of any two neighbouring channel remain, however, un-
changed at every height. The Jjoining and separation of the
streams flowing in a common direction in neighbouring channels
occurs with minimum swirling due to the continuously varying
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opening through which these channels communicate.

The passage channels have closed incoming and outgoing
openings defined by the edges of slanted plates that prevent
simple throughflow of downwardly streaming liquid in drops or
jets without being properly spread.

The above defined assembly of sheets forms a packing unit.
By arranging several packing units above gach other an ordered
column packing system is obtained. The direction of flow will
not suffer a sudden change in direction when entering from one
unit into the other one therefore the flow will be almost

streamlined.
DESCRIPTION OF THE DRAWINGS

The invention will now be described in connection with
preferable embodiments thereof, in which reference will be made
to the accompanying drawings. In the drawing:

FIG. 1 shows a portion of a sheet forming the packing struc-

ture according to the invention;

FIG. 2 shows the top view of the upper and lower sides of a

periodic formation of a shest;

FIG. 3 shows the perspective view of a larger portion of

the packing structure according to the invention;

FIG.4 shows the perspective view of an elzsmentary unit of

the periodic sheet structucz;

FIG. S shows schematically the ficw of the upstreaming gas

between two sheets;

FIG. 6 shows the perspective view of a fraction of a pack-

ing unit partly in fraction;

FIG. 7 is a view similar to FIG. 6 without fraction; and

FIG. 8 shows an other packing unit with sheets being turned

by 90° relative to the sheets of FIG. 7.

DETAILED DESCRIPTION OF THE PREFERABLE EMBODIMENTS

¥

¥
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FIG.l shows the perspective view of a portion of one of the
sheets forming the packing according to the 1invention. The
sheet can be made from a thin planar sheet by means of folding
or pressing. The starting planar sheet 1itself can be slotted,
grooved, apertured or woven preferable of metal or plastic
wires. Lower side 1 of the sheet is formed by the repetitive
plurality of formations composed of sections 2,3,4 and 5
similar to the letter "W" which fall in a common plane. In norm-
al use this plane is preferably horizontal. Upper side 10 of
the sheet is formed by the repetitive plurality of upper for-
mations composed of sections 6,7,8 and 9 which upper forma-
.tions are congruent to lower formations but they are laterally
offset by a half period compared thereto. The upper formations
also fall in a common plane which is parallel to the lower one.

FIG. 2 shows the top view of a period of respective forma-
tions of the lower and upper sides 1 and 10 projected together.
The dotted lines indicate the folded edges of the sheet. For
the case of clarity in FIG. 2 the mutual coverage of the sheet
sections was not illustrated. It can be seen in FIG. 2 that the
formations in the lower and upper sides 1 and 10 are not only
congruent and offset by a half period but the spatial figure de-
fined between them is an upright one in geometrical sense, i.e.
point H of the upper side 10 is in alignment with points A and
E of the lower side 1, and in a similar way points F,C and J as
well as G,B8,0 and I are respectively aligned. Regarding the
design of the sheets according to the invention the upright
standing property is not always indispensable because alter-
native figures can be obtained if e.g. the lower side 1 is fix-
ed and the wupper side 10 1is virtually moved laterally in its
plane, whereby similar but oblique sheet figﬁres are obtained.
The main characteristics defining the form of the sheet do not
change essentially if the proportion of the sections 6-7 and
2-3 is varied or alternatively if at a given value of this
proportion the "W" formation 1is pulled wider or pressed
narcower. This proportion should be preferably between 1:1.5
and 1:10, and the width of the formation depends alsoc on the
vertical height of the sheet.
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FIG. 3 shows the perspective view of a portion of a packing
according to the invention, which can be obtained by attaching
a few number e.g. a pair of sheets 11,12 (such as shown in FIG.

1) together as shown. The attached sheets define passage =«
channels therebetween which are almost vertical and have
oblique walls. If the combined cross-section of all passage -
channels between the two sheets 11 and 12 1is considered, one
might draw the conclusion that this resulting cross-section is
the same at every height.

This property will be illustrated in FIG. 4 which shows an
elementary unit of the periodically repetitive structure of
FIG. 3. The unit is composed of plates 13 and 14 of sheet 1l
and plates 15 and 16 of sheet 12. For the sake of conformity
with FIG. 1, the apices of the plates 13 and 14 have also been
indicated in FIG. 4. In the lower plane defined by points C,D
and E the cross-section of the elementary passage channel is
shown by hatched area 17. In upward direction the plate 15
moves away from the plane of the plate 14, and the rear plate
16 approaches towards the plate 13. In the uppermaost height the
plate 16 abuts the plate 13, while the spacing between the
plates 14 and 15 is at maximum. At different heights of the pas-
sage channel the respective cross-sections are 1indicated by
hatched areas 18,19,20 and 21l.

Reference 1is made again to FIG.3, in which arrow 22 shows
the introduction of upstreaming gas into the lower end of a pas-
sage channel. The direction of upstreaming gas will be slightly
diverted and the cross-section 23 which is closed in the plane
of introduction gradually opens and it 1is continued 1in two
cross-sections 24,25 which get closed again in the uppermost
plane. One can understand, however, that not only the gas com-
ing through the cross-section 23 will leave the cross-section
25 but also the half of the gas that enters in the adjacent pas-
sage channel indicated by arrow 26 will do so. FIG. 5 1is a ¢
flow-chart for the upstreaming gas.

It can be appreciated that the passage channels formed bet- °

ween adjacent sheets of the packing according to the invention

are continuously transformed into one-another, and owing to the
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uniform total cross-section at every height, as well as to the
slight extent of changes in the streaming direction, the flow
resistance will be very small and ram effects and unwanted vor-
tex building will be much less compared to conventional de-
signs. The constructional design provides for the uniform late-
ral distribution of the liquid phase that <flows down on the
walls of the sheet in the form of a thin fluid film.

FIG. 6 shows a unit of the packing according to the
invention which comprises sheets designed and attached to each
other as described hereinabove and their mutual position is
fixed by means of retainer rings 27. The retainer ring 27 has a
conventional design and enables the proper positioning of the
packing units in the column.

FIGs. 7 and 8 show packing wunits 28 and 29, respectively,
designed as the one shown in FIG. 6. It can be seen that the
sheets of the packing unit 28 extend horizontally in direction
X of FIG. 7 and the sheets of the packing unit 29 therebelow
extend narmal thereto as indicated by arrow Y. If in a column
packing units are arranged vertically on one anather which have
respective periodical passage channel systems that extend nor-
mal to each other, then the lateral distribution of both phases
will thereby favorably be influenced, since the first unit dis-
tributes both streaming phases in the direction X and the other
unit deoes the same in the direction Y. 4 column can be packed
with several packing units, and a favorable distribution is ob-
tained if the units are arranged in pairs with mutually perpen-
dicular direction of sheets. It should be noted, however, that
this normal arrangement of the units cannot form an indispens-
able condition, therefore units with parallel sheets or sheets
that close angles other than 90°% can alsc be used.

The favorable streaming and transition properties and low
flow resistance of the packing according to the invention is
illustrated by the data of Table 1. The data has been obtained
by testing the operational parameters of the packing according
to the invention in a test sytem of 4% NaOH as liquid phase and
1% C02 as a gas phase at carbaonate conversion of 25%.
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Table 1
Specific geometrical surface (m2/m3) 350
.. 3,2
Liquid load (m”/m"h) 5
Gas load (m/s) 1
Pressure drop (mbar/m) .22
Overall mass transfer
coefficient (kmol/mBhbar) 100
Number of transfer units
per length(l/m) .67
Pressure drop per transfer unit (mbar) .33

0f the data given in Table 1 the highly favorable low pres-
sure drop should be emphasised which renders the application of

the packing according to the invention particularly useful for

vacuum distillation purposes.
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1. Packing structure especially for use in a column mainly

for contacting liquid and gas phase
sheets being periodically folded and
said sheets define regular and per

s, said packing comprises
attached to each other,

iodical passage channels

opening to respective parallel planes defined by sides of said

sheets, characterized in that each
posed of periodically repetitive
intersection of said elements with s

having uneven arms formed by straigh

sections, and the intersection line of

said planes defined by a first side

of said sheets being com-

elements,

gach line of

aid planes having a shape
similar to the letter "M" or "W" which 1is

symmetrical and

t or slightly curved line

an element with one of

(2) of said sheet being

geometrically congruent with the intersection line of said ele-

ment with the other one of said planes defined by a second side

(1) of said sheet and said two intersection lines being lateral-

ly offset by a half period relative to each other, and adjacent

ones of said sheets being attached to each other in such a way

that an apex (C) defined by a pair of said shorter arms (3,4)

of a sheet abutting an apex defined by said longer arms of said

adjacent sheet and said adjacent sheets abutting each other

alternatively and periodically at one or the other one of said

sides.
2. The packing structure as cla
said sheets consist of planar surface

imed in claim 1, wherein

S.

3. The packing structure as claimed in claims l or 2, where-

in shaid sheets having upright orient

ations.

4. The packing structure as claimed in claim 1, wherein the

ratio of the lengths of said shorter
7,6) being between 1.5 and 15.

and longer arms (2,3 and

S. The packing structure as claimed in claim 4, wherein the

height of said sheets defined by the distance

of said planes

being at least twice and at most ten times as long as the deve-

loped length of said "W" figure.
6. The packing structure as cla
~said sheets being grooved, slotted,

imed in claim 1, wherein

apertured

0T woven.
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7. The packing structure as claimed in claim 1, wherein
said sheets being arranged to form a cylindrical or prismatic
unit with mantle surface normal to said planes.

8. The packing structure as claimed 1in claim 7, wherein
several ones of said units being arranged above each other in a
column in which the sheets of neighbouring units close an

angle, preferably a right angle with each other.



WO 87/05827

1/5

PCT/HU87/00017




WO 87/05827

\ PCT/HU87/00017




3/5
15
16 7
7
\

PCT/HU87/00017



PCT/HU87/00017

WO 87/05827

4/5

Fig.6



 5/5

PCT/HU87/00017

WO 87/05827

Fig.7

Fig.8

29/



INTERNATIONAL SEARCH REPORT

Intemational Appiication No PCT/HU 87/00017

1. CLASSIFICATION OF SUBJECT MATTER (it teveral clasufication symbois aoply, indicate all) ¢

4

According te international Patent Classification (IPC) or to both National Classificstion and |PC

IPC’: B 01 J 10/00, BO1J 139/00, B O1 J 19/24; B 01 D 53/20.

il. IELDS STARCHED

Minimum Documentation Searched 7

Classification System |

Classification Symbols

- Int.cl.%

B
B

oNe

1 D 53/20.

1J 10/00, 8/00, 8/04, 19/00, 19/24, 35/04;

Documentation Searched other than Minimum Documantation
to the Extent that such Documents are Inciuded in the Fieids Searched

. DOCUMENTS CONSIDERED TO BE RELIVANT®

i (14.12.83).

I -

|
l
[

Category * | Citation of Decument, 1 with indication, where appropriate, of the relevant passages 2 | Relevant ta Claim No. '3

X | DD, A, 145 154 (KULBE et al.) 26 November (1-8)
i 1980 (26.11.80). ;

X . CH, A5, 642 568 (FAIGLE) 30 April 1984 (1-8)
' (30.04.84).

X : CH, A5, 583 584 (REGELER) 14 January 1977 (1-8)
; (14.01.77).

A . US, A, 4 455 339 (MEIER) 19 June 1984 L (1-8)
©(19.06.84). :

A GB, A, 2 103 953 (UNITED KINGDOM AUTHORITY) (1-8)
i 02 March 1983 (02.03.83).

A US, A, 4 363 753 (DEGUSSA) 14 December 1983 (1-8)

|
|
i
!
|
|
%
|

|

¢ Special categories of cited documents: 10

“A" document defining the genaral state of the art which is not
considered 1o dbe of particular relevance

“E" earlier document but pubiished on or after the international
filing date

“L" documaent which may throw doubts on priority claim(s) or
which is cited to estadlish the publication date of ancther
citation or other special reason (as specified)

“Q" document referring 1o an oral disciosure, use, sxhibition or
other means

“P” document published prior to the internationai flling date but
later than the prionty date claimed

“T™ later document published after the international filing date
or prionty date and not in conflict with the application but
::md 1;0 understand the principle or theory underlying the
nvention

“X" documaent of particular relevance; the claimed invention
cannot be considersd novel or cannot be considered to
invoive an inventive step

“Y" document of particuiar relevance; the claimed invention
cannot be considered to invoive an inventive step when the
document is combined with one or mare other such docy-
{Mm‘u N .::ch combination being obvious to & person skilied
n

“&" document member of the same patent family

IV. CERTIFICATION

Date of the Actual Compiation of the international Search

17 June 1987 (17.06.87)

Date of Mailing of this International Search Report
24 June 1987 (24.06.87)

International Searching Authority Signature of Authorized Officer
AUSTRIAN PATENT OFFICE /4¢§;4a‘_
Form PCT/1SA/210 (second sheet) (Jenuery 1986) 7




GB-A - 2 103 853

US-A -4 363 753

02/03/1983

14/12/1983

PCT/HU 87/00017

AT-E - 23 279
EP-A2-0 073 150
EP-A3-0 073 150
EP-B1-0 073 150
GB-B2-2 103 953
JP-A2-58-040139

BR-A -8 005 972
DE-Al1-2 937 757
FR-A1-2 465 511
GB-Al1-2 058 601
JP-A2-56-108542
SE-A -8 006 594

15/11/1986
02/03/1983
21/03/1984
05/11/1986
09/05/1985
09/03/1983

31/03/1981
09/04/1981
27/03/1981
15/04/1981
28/08/1981
20/03/1981

a



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

