
EP 0 163 153 B1 Description TECHNICAL DISCLOSURE 5      The invention
relates to plastic tower packing elements of high efficiency, high surface
area and high void area for fluid-fluid, liquid-liquid and liquid-gas
contact apparatuses in which a number of the packing elements may either be
stacked in an orderly fashion or randomly dumped and orient themselves
horizontally to provide one or more packed beds thereof of high efficiency
and low pressure drop at various flow rates. 10 BACKGROUND OF THE INVENTION
1. Field of Invention 15    The invention relates to packing media and
particularly to hollow open ended plastic packing elements for fluid-fluid
and liquid-gas contact apparatus. 2. Description of the Prior Art .o
Heretofore, various forms and sizes of packing elements which may be
orderly stacked or randomly dumped and are self orienting have been
proposed for mass transfer between two counter flowing fluids such as a
liquid and a gas and through which the liquid flows by gravity and
contacted by the upwardly flowing gas. Such plastic packing elements are
disclosed in U.S. patents 3,506,248; 3,914,351; 4,122,011 and 25 4,195,043.
In many industrial applications, it is necessary to provide large
fluid-fluid interfacial area, as well as adequate agitation in both phases,
to facilitate mass transfer and/or heat transfer operations. Vessels with
high-void packings are commonly used to accomplish such fluid-fluid contact
and packed bed adsorption or distillation towers are examples of gas-liquid
contact devices. 30     For efficient operation of heat and/or mass
transfer in a manufacturing/processing environment, gas and liquid are
usually brought into contact with each other in a counter-current fashion,
with liquid flowing downward and gas flowing upward in the packed bed.
Packings may have either an ordered or random geometrical arrangement. The
random packings are most popular due to their low cost and the ease of
installation. A random packing is composed of large numbers of individual
packing elements, which are 35 randomly dumped into a vessel to form a
packing structure. "Packing Element" is the preferred term for identical
individual structural parts, from which a packed bed can be formed. The
present invention contemplates designs of packing elements which will when
randomly dumped or orderly stacked to form a packed bed, provide better
fluid-fluid contact than the packed beds made of prior art packing
elements. 40     In a high-void structural packing, the mechanisms of
liquid flow is interstice-intermittent surface-droplet flow at low liquid
flow rate, gradually becomes interstice-continuous-rivulet flow at moderate
liquid flow rate, and finally becomes film/dripping flow at high liquid
flow rate. The number of interstices per unit volume strongly influences
the liquid hold up, liquid phase mixing rate, as well as gas-liquid
interfacial area. In the prior art random packings, the interstices are
formed by packing element-to-packing element contacts. In 45 the present
invention, the number density of interstices is greatly increased by
designing interstices into packing elements. Those intra-element
interstices have the same function as inter-element interstices. SUMMARY OF
THE INVENTION so     Injection molded hollow plastic packing element for
orderly stacking or random dumping thereof into gas-liquid or liquid-liquid
contact apparatus comprises a large number of uniformly distributed
interstices, crossing members and drip fingers formed by the relative
position of relatively thin, narrow, straight and/or curved structural
members of the packing element. The structural members are arranged in an
alternative triangular fashion so that no two structural members are in the
same axially oriented curved or straight 55 plane. A six pointed star-shape
hollow or cellular packing element comprises a pair of axially disposed and
interconnected hollow triangular units each of which forms one-half of the
packing element situated on opposite sides of a central or horizontal plane
perpendicular to the central axis about which they are 



angularly disposed [err] relative to each other. 2    EP 0 163 153 B1 Each
triangular unit is comprised of three relatively thin and narrow structural
side members each inclined relative to each other and the central plane and
extending to apexes of the triangular structure. A central Y-shape
structure with three thin and narrow radial structural members equally
angularly displaced around and extending radially outwardly from an end of
an interconnecting central hub about the central 5  axis, cross over and
are connected to intermediate points of each of the outer inclined edges of
the structural side members of the triangular unit and to drip ends
situated in adjoining interstices or cells. The Y-shape structures attached
to the triangular units, are angularly displaced [err] relative to each
other, axially spaced and connected together axially by the central hub
portion extending about the central axis. 10     Additionally thin, narrow,
and straight short radial connecting members either cross between or extend
radially from and connect each crossing pair of inner inclined edge
portions of the structural side members of the triangular units. Also
provided are relatively thin and narrow L-shape connecting members which
cross, extend between and connect intermediate outer horizontal or inclined
edge portions of the structural members of the Y- 15  shape member on each
side of the packing element to intermediate inner inclined edge portions of
the structural side members of the triangular unit on the opposite side of
the packing element. Each L-shape connecting member has an outer inclined
or horizontal leg which crosses and extends either normal to or arcuately
from an intermediate portion of each structural member of the Y-shape
member to an axial leg extending axially through an adjoining cell or
interstice to the inner inclined edge portion of a structural side 20
member of the triangular unit on the opposite side of the packing element.
The apexes of the triangular units may be further connected to individual
short structural connecting members or preferably to the peripheral wall of
an outer rim also connected to outer ends of longer straight radial
connecting members crossing in between, and connected to the crossing inner
inclined edge portions of the structural side members of the triangular
units and which extend to inner drip ends or edges located 25 within
interstices or cells. A further embodiment may include short thin members
or fingers extending from the sides of the longer straight radial
connecting members to drip ends or edges located in adjacent cells of the
packing element. The packing elements preferably have a saucer shape
outline and a radio of axial height or length to maximum transverse
diametrical dimension of from 1:1 to 1:10 whereby each tends to orient
itself 30 horizontally when randomly dumped into a tower chamber. BRIEF
DESCRIPTION OF THE DRAWINGS The accompanying drawings illustrate a part or
the whole of the preferred embodiments of the hollow 35 packing element of
the invention wherein: Figure 1 is a perspective view illustrating
gas-liquid flow on a structural member of a packing element; Figure 2 is a
perspective view illustrating gas-liquid cross flow on two structural
members of a packing element off-set and crossing one another: Figure 3 (a)
(b) (c) illustrates the resistance to load for inward-bending (a),
outward-bending (b), and 40    triangularly arranged (c) structural members
of a packing element; Figure 4 is a perspective view of a hollow triangular
structure comprised of three relatively inclined structural members and
utilized in the construction of the packing elements of the invention;
Figure 5 is a top view of a packing element of the invention; Figure 6 is a
side view of the packing element shown in Figure 5; 45    Figure 7 is a top
view of another packing element of the invention; Figure 8 is a side view
of the packing element shown in Figure 7; 



Figure 9 is a vertical sectional view through the packing element taken on
line 9-9 of Figure 7; and Figure 10 is a horizontal sectional view through
the packing element taken on line 10-10 of Figure 8. 50 DESCRIPTION OF THE
PREFERRED EMBODIMENT(s) In a liquid-gas contact packing the liquid tends to
flow on the upside of a structural member of a packing element, while the
gas tends to flow on the downside of the same structural member as shown in
Figure 1. 55     This phenomenon causes the poor contact between liquid and
gas flow. In the present invention, structural members of packing elements
preferably have an off-set-cross arrangement as shown in Figure 2, so that
the gas flow on a structural member cross-over the liquid flow on the other
structural member. Regarding resistance to bending under load of the
packing elements, the theory of mechanical strength 3    EP 0 163 153 B1
favors inward bending structural members as shown in Figure 3 (a), rather
than outward bending structural members as shown in Figure 3 (b). In the
design of Figure 3 (a), both the extension and the compression strength of
the construction material are properly utilized. However, the triangular
arrangement of structural members, shown in Figure 3 (c), is also a better
design than arc shaped structural members from the point 6 of view of load
resistance. In the present invention, a triangular arrangement of
structural members is used whenever possible, this is in sharp contrast to
the circular structural members of prior art packing elements.
Nevertheless, structural members with curved surfaces induces secondary
motion of fluid and also provides more tortuosity to fluid flow. The
secondary fluid motion increases the rate of fluid mixing and the rate of
surface renewal. Therefore, curved structural members may be used when it
is probably not 10 subjected to stress conditions. When the possibility of
stress conditions exists for curved members, an attached parallel rib is
recommended. The packing elements of the invention utilize a three
dimensional triangular structure or unit 10 formed of three inclined
structural side members 12, 14, and 16 as shown in Figure 4 which
effectively assures the liquid-guiding function of this triangular
structure. Since no more than one member can be positioned 15  horizontally
at any orientation of this triangular structure, there are always more than
two inclined members functioning as liquid guides. This feature of the
present invention assures the reduction and dispersion of "blind spots" -
nonfunctional members in liquid guidance and thus helps to increase the
efficiency of gas- liquid contact. For straight members or channels of
various cross-sectional geometry, those of equilateral triangular 20
cross-section have the lowest drag per unit wetted surface in the laminar
flow region. Interpretation of this fact by hydrodynamic theory indicates
that the equilateral triangular arrangement of straight structural members
results in lowest frictional drag between fluids and the packing in the
laminar flow region. The packing elements of the invention also provide a
combination of stereo-geometrically arranged members and approximately
evenly spaced interstices that guide liquid flow in a zig-zag pattern with
25 approximately equal interstice-to-interstice distances in the path of
liquid flow. Packing elements of the invention have drip fingers and edges
(end of a member projecting into a void) and were found to have a higher
efficiency. Here, the hypothesized function of a finger is that liquid
drips from a finger, when this finger is inclined with end downward. This
dripping phenomenon results in better liquid distribution on an adjacent
packing element which is just below the drip point of a finger, since an 30
otherwise normally dry area now will have a chance to be wetted by the
dripping liquid. In the prior art packing element, the number of drip
points is small and the drip points are not evenly distributed in the space
occupied by the packing element. In the present invention, interstices and
drip points are not only intentionally designed into a packing element, but
also the numbers are increased to maximum with regard to the manufacturing
technology to 35 be used. Also, the design of the even distribution of
interstices and drip points in the space occupied by the 



packing element assures the effectiveness of liquid mixing and gas-liquid
contact at interstice/drip points. In contrast to prior art packing element
design, the width of a structural member of the packing elements should be
the same as the width of the liquid rivulet which flow upon the structural
member. Generally, the width of a structural member is from .078" to .276"
(2mm to 7mm) depending upon the width 40 of the local rivulet, which in
turn depends upon the quality of liquid distribution and from .032" to
.078" (.79mm to 2mm) thick. The minimization of inter-packing element void
also contributes to the even distribution of interstices drip points in a
packed bed and thereby increases the gas-liquid contact efficiency of the
packed bed. A randomly packed bed of saucer-shaped packing elements of the
invention has the least inter-packing 45 element void when compared to the
packed beds of spherical packing elements or cylindrical packing elements
of various size ratio. When the packing element is molded of a plastic
material, a two-part molding die has significant manufacturing and economic
advantages. The design of alternatively arranged members, i.e., as shown in
Figure 5 - the top view of the new packing element, where no two members
are on the same axially 50 oriented plane, of the present invention enables
the use of two-part injection molding die. Referring to Figures 5 and 6,
there is shown a hollow or cellular six (6) pointed star and saucer-shaped
packing element 20 with opposite open ends constructed of a pair of right
and left hand hollow three (3) pointed star or equilateral triangular
structure groups or units 22 and 24 angularly displaced 60 relative to each
other about a central axis x and on opposite top or right hand and bottom
or left hand sides of the 55 packing element 20. The left and right hand
triangular structures 22 and 24 are a mirror image of each other and are
constructed similar to the triangular unit 10 shown in Figure 4 and each
comprises three inclined narrow structural side members 22a, 22b, and 22c,
for unit 22 and 24a, 24b, and 24c, for unit 24. The structural side members
are of substantially identical equal size and shape fixed to and cross one
another 4    EP 0 163 153 B1 at the apexes of each triangular structure
group. The narrow inclined structural side member, 22a, 22b, 22c, 24a, 24b,
and 24c, have upper and lower thin parallel edges inclined relative to the
upper and lower inclined edges of an adjacent side member in each group and
to a central or horizontal plane CP through the packing element. 5      In
Figures 5 and 6, one can see that the structural side members 22a, 22b, and
22c of the triangular structure 22 are situated opposite, spaced parallel
to and have inclined top and lower edges extending parallel to but spaced
axially from the inclined edges of the respective structural side members
24a, 24b, and 24c, of the triangular structure 24. At each of the apexes,
two oppositely inclined structural side members have axially offset upper
and 10 lower end portions that cross one another and one member is upwardly
inclined to an upper drip end thereof and the other extends inclinded
downwardly to a lower drip end thereof. At each of the cross-over points
and apexes of the triangular structures 22 and 24 are short drip fingers or
cross members 22d and 24d respectively which extend parallel to an opposite
side member of the triangular structure and to opposite drip ends thereof.
15     Connecting the adjacent axially disposed triangular structures 22
and 24 together are a plurality of short structural tie members 26 with
opposite drip ends and edges located in adjacent outer and intermediate
cells, voids or interstices of the packing element 20. Each tie member 26
extends both axially between and radially from each cross over portion or
point of adjacent structural side members of the triangular unit 22 and 24
and also parallel to a structural side member of each of the triangular
units 22 and 24. 20     The packing element 20 also comprises a pair of
Y-shape structures 28 and 30 situated on opposite outer saucer shape sides
of the packing element. The Y-shape structure 28 has three (3) relatively
thin, narrow and straight radial structural members or legs 28a, 28b, and
28c, equally angularly spaced [err] 



about and extending horizontally radially outwardly from one upper end of
an central connector or hub 32 extending axially about the axis X and
connecting the Y shape structures 28 and 30 together. Likewise, the 25
Y-shaped structure 30 has three similar thin, narrow, and straight radial
structural members 30a, 30b, and 30c, equally angularly spaced [err] about
and extending horizontally radially outwardly from the opposite lower end
of the central hub 32. The Y shape structure 28 is situated on the top or
right-hand side of the packing element 20 so that the three structural
members 28a, 28b, and 28c, extend radially, cross over and are connected to
the 30  intermediate or mid-points or portions of the upper outer inclined
edge of each of the structural side members 22a, 22b, and 22c, of the
triangular structure 22. Similarly, the Y-shaped structure 30 is situated
on the bottom or left-hand side of the packing element 20 and oriented
angularly [err] to the Y structure 28 so that the structural members 30a,
30b, and 30c, extend radially, cross over, and are connected to the
intermediate or mid-points or portions of the lower 36  outer edge of each
side member 24a, 24b, and 24c of the triangular structure 24. The
horizontal radial members 28a, 28b, 28c, 30a, 30b, and 30c, of the
interconnected Y-shape structures 28 and 30 are preferably equally
angularly spaced [err] apart and each extends radially from the axis X
toward an apex and lies in an axial plane aligned with and passing through
the axis X and one of the six (6) equally angularly spaced [err] apart
apexes of the triangular structures 22 and 24. 40     Each of the straight
radial structural members 28a, 28b, 28c, 30a, 30b, and 30c, extend beyond
the cross over or mid-points of the side members to free drip ends and
edges thereof each situated in an outer triangular shape interstice, void
or cell with open ends adjacent thereto and an apex of one of the
triangular units 22 or 24. Additionally, the outer edges of the straight
radial structure members 28a, 28b, 28c of Y-structure 28 on 45 the right
hand or top side of the packing element are interconnected by L-shaped
members 34a, 34b, and 34c respectively to the mid points or portions of the
inner edges of the structural side members 24a, 24b, and 24c, of the
triangular unit 24 on the opposite lower or left hand side of the packing
element 20. Likewise, the outer edges of the straight radial structural
members 30a, 30b, and 30c, of Y-structure 30, on the lower or left-hand
side of the packing element 20 are interconnected by L-shaped members 36a,
36b, 50 and 36c respectively to the mid-points or portions of the
structural side members 22a, 22b, and 22c of the triangular structure 22 on
the opposite top or right-hand side of the packing element 20. Each of the
L-shaped structural members 34a, 34b, 34c, 36a, 36b, and 36c, have an outer
inclined portion connected at its outer end to an axial or vertical portion
extending axially to the inner edge of a structural side member of a
triangular structure. The outer inclined portion including outer inclined
edges 55  thereon is inwardly inclined toward the central plane CP from an
inner high point of the inner drip end thereof situated in the plane of
each opposite side of the packing element 20 which also determines the
axial length or height thereof. The outer inclined portion of each
generally L or angular shape structure member is connected at an 5    EP 0
163 153 B1 inner end or edge portion to the outer edge portion of a
straight radial structural member of the Y-shape structures 28 and 30 which
it crosses and extends beyond to inner drip ends and edges each located in
an adjacent inner triangular void, cell or interstice of the packing
element 20. Also, it can be seen that the inclined portion of each L or
angular shaped connector or member 34a, 5  34b, 34c, 36a, 36b, and 36c, is
relatively thin, narrow, and straight, and extends generally parallel to
one of the straight structural side members 22a, 22b, 22c, 24a, 24b, and
24c of the triangular structure 22 and 24. The outer lower drip edges of
each L-shaped member extends axially through a void of the packing element
from the outer end of the outer inclined edge to the mid-point or portion
of the inner edge of a structural side member of the triangular structure
on the opposite side of the packing element. 



10     Another preferred embodiment of a packing element 40 of the
invention is disclosed in Figures 7, 8, 9, and 10. The hollow packing
element 40 is constructed in substantially the same fashion and of
substantially the same structural elements as the packing element 20
disclosed and described hereinabove. It differs in that it has a pair of
equilateral or three pointed star shaped triangular structure groups or
units 42 and 44, each comprised of three relatively thin, narrow and
straight inclined structural side - 15 members 42a, 42b, 42c, which extend
to but do not cross beyond apexes of the triangular structure 42 and 44a,
44b, and 44c, extending to but do not cross apexes of the triangular
structure 44. The hollow three pointed star shape triangular structure 42
is a right hand version located on the top or right side of the packing
element 40 whereas the hollow three pointed star shape triangular structure
44 is a left-hand version or mirror image of the triangular structure 42
and located on the opposite lower, bottom, or left side 20  of the packing
element 40. The triangular structure 42 and 44 are also angularly displaced
[err] relative to each other about a central or vertical axis X and
situated on opposite sides of a central or horizontal plane CP of the
packing element 40. It also can be seen that the structural side member
42a, 42b, and 42c, are situated opposite, spaced, parallel to, and have
inclined upper and lower edges extending parallel to but spaced axially
from the inclined edges of the respective structural side member 44a, 44b,
and 44c, of the 25 triangular structure 44. At each of the apexes the ends
of two oppositely inclined structural side members are attached to one of
the upper or lower edges of an outer annular rim or outer structural member
R with a narrow outer central reinforcing rib portion enclosing the inner
wider portion thereof. The ends of adjacent and oppositely inclined side
members of each triangular structure are situated adjacent to and displaced
axially or offset 30 relative to each other. That is, one side member
including upper and lower inclined edges, is inclined upwardly from a lower
end situated adjacent a high end of the other adjacent downwardly inclined
member including downwardly inclined upper and lower edges extending to an
opposite lower end thereof. Thus, all structural side members of the
triangular structures 42 and 44 are inclined relative to each and the
central plane CP of the packing element 40. Situated between, connecting
and axially spacing the triangular 35  structures 42 and 44 are a plurality
of short radial tie members 46 that are connected to and extend radially
inwardly from the inner portions of the outer rim R. The tie members 46 are
equally angularly spaced about the axis X and rim R and extend axially
between and intersect the crossing edge portions of the inner edges of
adjacent structural side members of the triangular units 42 and 44 and
parallel to a structural side member of the triangular units 42 and 44.
Each radial tie member 46 cross the intersection of the adjacent 40
structural side member of the units 42 and 46 and extend to drip ends and
edges each located in an adjacent intermediate void or interstice of the
packer element 40. A pair of axially spaced Y-shaped structural members 48
and 50 are also situated on opposite outer sides of the packing element 40,
angularly displaced [err] relative to each other and axially spaced and
connected by a central connector or hub 52 about the axis X. 45     The
Y-shaped structure 48 has three (3) relatively thin, narrow and straight
inclined radial structural members or legs 48a, 48b, and 48c, equally
angularly spaced [err] about and extending radially outwardly or upwardly
inclined from a recessed lower end of the central connector or hub 52 to
free drip ends each located in an outer triangular void of the packing
element 40. Similarly the Y-shape structure 50 also has three (3) thin,
narrow, and straight inclined radial structural 60  members or legs 50a,
50b, and 50c, equally angularly spaced 120  about and extending radially
and outwardly or downwardly inclined from the opposite recessed lower end
of the central connector or hub 52 to free drip ends each located in an
outer triangular void of the packing element 40. The three inclined
structural members 48a, 48b, and 48c, of the Y-structure 48 are situated on
the right or top side of the packing element 40, extend radially, cross
over and are connected to the mid or intermediate points or 55  portions of
the upper outer edges of each of the structural side member 42a, 42b, and
42c, of the triangular structure 42. On the bottom or left-hand side of the
packing element 40 the structural members 50a, 50b, and 50c, of Y-shaped
structure 50 extend radially, cross over, and are connected to the mid or
intermediate points or 6 



EP 0 163 153 B1 portions of the lower outer edges of each of the structural
side members 44a, 44b, and 44c, of the triangular structure 44. The six (6)
inclined radial members 48a, 48b, 48c, 50a, 50b, and 50c, of the
interconnected Y-shaped structures 48 and 50 are preferably equally spaced
[err] apart and each extends radially from the apex X 5  toward and lies in
an axial plane aligned with and passing through the axis X and one of the
six equally angularly spaced [err] apart apexes of the triangular
structures 42 and 44. Also, each of the six (6) inclined radial member of
the Y-structures 48 and 50 cross-over and beyond the mid-point of a side of
the triangular structures 42 and 44 to drip end and edges each located in
and outer triangular void or interstice adjacent each of the six apexes of
the triangular structure 42 and 44 of the packing element 40. 10     A
number of L-shaped or angular structural members 54a, 54b, and 54c
interconnect the outer inclined edge of each of the inclined straight
radial members 48a, 48b, and 48c, of the Y structure 48 on the right hand
or top side of packing element 40 to the mid-point or portion of the inner
edge of the structural side member 44a, 44b, and 44c, of the triangular
unit 44 on the lower of left hand side of the element 40. Likewise L-shaped
or angular structural members 56a, 56b, and 56c, interconnect the outer
inclined is edge of each inclined straight radial member 50a, 50b, and 50c
of the Y-structure 50 on the opposite left- hand or bottom side of the
packing element 40 to the mid-points or portions of the inner edge of the
structure side members 42a, 42b, and 42c, of triangular structure 42 on the
upper or top side of the element 40. Preferably, each of the L-shaped or
angular structural members have an outer relatively thin, straight 20 and
narrow horizontal portion connected at its outer end to an axial or
vertical portion extending axially to the inner edge of a structural side
member of the opposite triangular structure 42 or 44. The outer horizontal
edges of the horizontal portion of the three (3) L-shape members on each
side of the packing element are situated in the same plane parallel to the
central plane CP. Thus, the distance between the planes of the outer
horizontal edges determine the axial height or length of the packing
element 40 and the outer 25 diameter of outer rim R determines the maximum
diameter, transverse or diametrical dimension thereof. Thus, the hollow
cellular packing elements 20 and 40 which are preferably injection molded
in a split mold are made of suitable plastic material and constructed in
such a way as to provide the desired strength, crossing contact surface
area, uniformly distributed structural members, voids or cells and drip
fingers and edges therein. 30     However, it is obvious that the packing
elements of the invention could be fabricated, or molded of various metals,
ceramics and plastic materials, but are preferably precision injection
molded of a suitable thermoplastic material such as polyvinyl chloride,
polypropylene, polystyrene, nylon, polytetrafluorethylene and halogenated
polyolefins. Obviously, the material selected depends upon the environment
and its resistance to the materials which it comes in contact with in that
particular environment. 35     The packing elements of the invention may be
made in various sizes and shapes but preferably have a generally saucer
shape opposite sides or peripheral outline and a maximum transverse
diametrical dimension, width or diameter, measured along a vertical plane
passing through the axis X and two apexes of the triangular structure,
greater than its axial length or height between the opposite sides thereof.
The ratio of axial length to the maximum transverse diametrical dimension
will in most instances range from 1:1. 40 to 1:6 and preferably about 1:3,
but not greater than 1:10 whereby randomly dumped packing elements of the
invention have the tendency to self-orient themselves horizontally within
the tower chamber. Typical packing elements of the invention have a maximum
transverse dimension of approximately 2- 1/4" (5.7cm) and 3-3/4" (9.5cm)
and an axial length or height of approximately 3/4" (1.9cm) and 1-1/4"
(3.2cm). 45     Alternatively, the L-shape or angular shape structural
members 54a, 54b, 54c, 56a, 56b, and 56c may have an arcuate curved outer
portion as shown in phantom lines in Figs. 7 and 10 which tends to create 



secondary motion to fluid flow over the surfaces thereof. Additional drip
fingers 58 and edges can also be provided by attaching them to the radial
members 46 as shown in phantom lines in Fig. 7. When the packing elements
of the invention are oriented horizontally in a bed thereof the outer
portions 50 of the L-shape members contact one another and thus prevent
nesting of adjacent packing elements randomly dumped or stacked in the bed.
Also, the horizontally oriented packing elements of the invention provide
uniformly distibuted cells or voids and structural members with the
majority of the surface area oriented vertical and inclined in various
directions relative to the horizontal plane CP and axis X. 55     The outer
annular rim R which by example is shown to be circular may have a hexagonal
or other polygonal shape with side members extending between the apexes and
angularly to the side members of the triangular structures. In a series of
comparison tests, tower packings containing the packing elements made
according to the 7    EP 0 163 153 B1 invention were found to be more
efficient and outperform comparable packings of such well known and highly
efficient plastic packing elements of various sizes and designs sold under
the registered trademarks INTALOX SADDLE and PALL RING by the Chemical
Process Products Division of Norton Company, Tallmadge, Ohio. 5      The
following data in Table 1 indicates results obtained from a typical mass
transfer operation between a gas phase (G) containing 1% [err] in air
flowing at a rate of 4390Kg/[err]/hr (900 lbs/[err]/hr) and a liquid phase
(L) at a temperature of 75 F containing 4% NaOH aqueous solution of which
25% is carbonated and flowing at a rate of 4880 Kg/[err]/hr (10.000
lbs/[err]/hr). Comparing the data in Table I, it can be seen that, interms
of [err] (kg moles/hr-[err]-bar), the packings of 10  randomly dumped 5.1
cm (2 inches) and 8.9 cm (3-1/2 inches) size plastic packing elements of
the invention performed better than packings of randomly dumped plastic
Pall Rings and plastic Intalox Saddle packing elements of comparable 5.1cm,
7.6cm and 8.9cm (2, 3 and 3-1/2 inch) sizes. The superior performance was
attained in spite of the less than favorable distribution of the liquid by
the particular liquid distributor above the bed of packing elements. Thus,
the implication is that the [err] value 15 would be slightly higher with a
better and more uniformly distributed liquid. Nevertheless, the packing
elements of the invent6ion are considered to be well within the criterion
for attaining better packing performance which is either a lower or higher
[err] while holding [err] constant. 20 25 30 35 40 45 50 55 8    EP 0 163
153 B1 [err] Claims 55 



1. A packing element (20, 40) for fluid-fluid, liquid-liquid, liquid-gas
contact apparatus comprising: a first hollow triangular shape structure
(22, 42) on one side of the packing element and a central plane (CP)
thereof extending perpendicular to a central axis (X) of the packing
element and having 9    EP 0 163 153 BI [err]    three elongated inclined
structural side members (22a, 22b, 22c; 42a, 42b, 42c) having edges that
are thin compared with the width of said structural side members, said
structural side members being inclined relative to each other and to the
central plane (CP) and extending around the central axis (X) and between
apexes of the first triangular structure (22; 42), 5          a second
hollow triangular shape structure (24, 44) on an opposite side of the
packing element and the central plane (CP) and angularly displaced about
the central axis (X) relative to the first triangular structure and having
three elongated inclined structural side members (24a, 24b, 24c; 44a, 44b,
44c) having edges that are thin compared with the width of said structural
side members and inclined relative to each other and to the central pane
(CP) and to the elongated inclined side structural 10     members of the
first triangular shape structure (22, 42) and extending around the central
axis (X) between apexes of the second triangular structure (24, 44) and
crossing the inclined side members (22a, 22b, 22c; 42a, 42b, 42c) of the
first triangular structure (22, 42); and a pair of interconnected generally
Y-shaped structures (28, 30; 48, 50) each situated on one side of the
central plane (CP) of the packing element (20, 40) adjacent each of the
first and second triangular - 15    structures (22, 42; 24, 44) and each
including a central hub (32, 52) connected to each other about the central
axis (X); each Y-shaped structure comprising three elongated radial
structural members (28, 28b, 28c; 30a, 30b, 30c; 48a, 48b, 48c; 50a, 50b;
50c) having edges that are thin compared with the width of said radial
structural members and being 20   angularly displaced relative to each
other about the central axis (X), extending radially from the central hub
(32, 52) and being connected to and crossing the outer inclined thin edges
of the three structural side members of each adjacent one of the first and
second triangular structures (22, 42; 24, 44) to define free drip ends each
situated within an open ended cell adjacent each of the apexes of said
first and second triangles; the arrangement being such that it is the
planes of said thin edges of said 25     structural side members and said
radial structural members that are inclined to said central plane (CP), the
minor axis of each of said thin edges being generally parallel to said
central plane (CP). 2. A packing element according to Claim 1, wherein the
pair of interconnected Y-shaped structures (28, 30; 48, 50) adjacent the
first and second triangular structures (22, 42; 24, 44) are angularly
displaced at 30     least 60  relative to one another about said central
axis (X). 3. A packing element according to Claim 1 or Claim 2 further
comprising: a structural tie member (26, 46) at each point where a
structural side member of a first triangle (22, 42) crosses a structural
side member of a second triangle (24, 44); each of said structural tie
members 35     extending radially with respect to said central axis (X) and
each having opposite drip ends situated within an adjacent cell of the
packing element (20, 40); each of said structural tie members having edges
that are thin compared with the width of said structural tie member, the
minor axis of each of said thin edges of the structural tie members being
generally parallel to said central plane (CP). 40  4. A packing element
according to any one of Claims 1 to 3 wherein the three inclined structural
side members (22a, 22b, 22c; 42a, 42b, 42c; 24a, 24b, 24c; 44a, 44b, 44c)
of each of the first and second 



triangular structures (22, 42; 24, 44) cross one another at each of the
apexes of the triangles and extend to drip ends thereof circumferentially
and axially displaced relative to each other. 45  5. A packing element
according to Claim 4 further comprising; a drip finger (22d; 24d) extending
to drip ends thereof from each of said apexes of said triangles (22, 42;
24, 44) and connecting the crossing portions of the inclined structural
side members defining said apexes, each drip finger being parallel to that
side of its triangle that does not serve to define the apex at which the
drip finger is located. 50 6. A packing element according to any one of
Claims 1 to 5 wherein the packing element has a predetermined axial length
in the direction of said central axis (X) and a maximum transverse
diametrical dimension lying in said central plane (CP) in a ratio of 1:1 to
1:10. 55  7. A packing element according to any one of Claims 1 to 6,
further comprising, an L-shape structural member (34a, 34b, 34c; 36a, 36b,
36c; 54a, 54b, 54c; 56a, 56b, 56c) connecting each of the radial structural
members (28a, 28b, 28c; 30a, 30b, 30c; 48a, 48b, 48c; 50a, 50b, 50c) of the
Y-shaped structures (28, 30; 48, 50) on each side of the packing element to
each of 10    the structural side members of said first and second
triangular structures (22, 42; 24, 44). 8. A packing element according to
Claim 7 wherein each L-shape structural member comprises an outer portion
having edges that are thin compared with the width of said outer portion
and connected at an 5      inner end thereof to the outer edge of a radial
structural member (28a, 28b, 28c; 30a, 30b, 30c; 48a, 48b, 48c; 50a, 50b,
50c) of a Y-shaped structure and extending to an opposite outer end
thereof, and an axial portion having edges that are thin compared with the
width of said axial portion connected to and extending axially from the
opposite outer aend of the outer portion and connected to an inner edge
portion of a structural side member of a triangular structure (22, 42; 24,
44) on the opposite side of the 10     packing element. 9. A packing
element according to Claim 8, wherein said outer portion and its outer edge
of each L- shaped structural member (34a, 34b, 34c; 36a, 36b, 36c; 54a,
54b, 54c; 56a, 56b, 56c) is inlcined inwardly toward the central plane (P)
from the inner end to its opposite outer end. 15 10. A packing element
according to Claim 8, wherein said outer portion of each L-shape structural
member has an arcuately curved shape and arcuately curved opposite sides
extending between the inner and opposite outer ends thereof. 20  11. A
packing element according to Claim 1, wherein the first and second
triangular structures (22, 42; 24, 44) are equilateral triangular
structures and each inclined structural side member of the first triangular
structure (22, 42) crosses and is connected to crossing inner edge portions
of two adjacent inclined structural side members of the second triangular
structure (24, 44), the apexes of the first and second triangular
structures being equally angularly spaced about said central axis (X); 25
the radial structural member (28a, 28b, 28c; 30a, 30b, 30c; 48a, 48b, 48c;
50a, 50b, 50c) of the Y- shaped structures (28, 30; 48, 50) being equally
angularly spaced about said central axis (X) and each lies in an axial
plane aligned with and extending through said central axis (X) and an apex
of the triangular structures (22, 42; 24, 44) and out of axial alignment
with one another and each of the inclined structural side members of said
triangular structures; 30         whereby no two structural members of the
packing element are situated in the same axial plane, the structural
members and the cells therebetween being uniformly and equally distributed
about said central axis (X) and the packing element. 12. A packing element
according to Claim 1, wherein each of the radial structural members (28a,
28b, 28c; 35     30a, 30b, 30c; 48a, 48b, 48c; 50a, 50b, 50c) of each of
the Y-shaped structures (28, 30; 48; 50) is 



inclined outwardly from a recessed end of said central hub (32, 52) to its
outer end. 13. A packing element according to any one of Claims 1 to 12,
wherein each outer side of the packing element (20, 40) has an
approximately saucer shape outer peripheral outline. 40 14. A packing
element according to any one of Claims 1 to 13 and wherein all of the
inclined structural side members of the triangular structures (22, 42; 24,
44) have their said edges inclined at the same angle relative to the said
central plane (CP); and said width of said structural side members is from
(0.078 to 0.276 inches) 2mm to 7mm in said axial direction (X). 45 15. A
packing element (20, 40) according to any one of Claims 1 to 14, of molded
thermoplastic material selected from a group consisting of polyproplene,
polystyrene, polyvinyl chloride, nylon poly- tyetrafluoroethylene and
halogenated polyolefins. 50  16. A packing element (40) according to any
one of Claims 1 to 15 comprising: an outer rim (R) extending around and
connected to each of the apexes of said first and second triangular
structures (42, 44). 17. A packing element (40) according to Claim 16
further comprising: 55         a plurality of structural tie members (46)
connected to and extending radially inwardly from said outer rim (R),
connecting and axially spacing adjacent crossing prortions of the
structural side members of the first and second triangular structures (42,
44) and terminating in drip ends situated within adjacent cells of the
packing elements (40) said structural tie members (46) having edges that
are thin 11    EP 0 163 153 B1 compared with the width of said members. 18.
A packing element according to Claim 17, further comprising: a finger (58)
extending from each opposite side of each of said structural tie members
(46) 5      connected to and extending from the outer rim (R), to a drip
end situated in an outer cell of the packing element (40) 19. A packing
element according to Claim 3, wherein the crossing portions of the inclined
structural side members of the triangular structures (22, 42; 24, 44) and
the radially extending tie members (26, 46) 10     interconnect one another
at intersections thereof, intersect one another at an angle, and are
axially offset relative to and overlap one another by a predetermined axial
amount at each intersection of the structural members. Revendications 15 1.
Un 6l6ment de remplissage (20, 40) pour un appareil de contact
fluide-fluide, liquide-liquide, liquide-gaz comprenant: une premiere
structure creuse de forme triangulaire (22, 42) d'un c6t6 de l'6l6ment de
remplissage et un plan central (CP) de celle-ci s'6tendant
perpendiculairement a un axe central (X) de l'6l6ment de .0     remplissage
et ayant trois 6l6ments structuraux inclin6s et allong6s (22a, 22b, 22c ;
42a, 42b, 42c) ayant des bords qui sont minces compares a la largeur
desdits 6l6ments lat6raux structuraux, lesdits el6ments lat6raux
structuraux 6tant inclin6s par les uns par rapport aux autres et par
rapport au plan central (CP) et s'6tendant autour de l'axe central (X) et
entre les sommets de la premiere structure triangulaire (22 ; 42), 25
une seconde structure creuse de forme triangulaire (24, 44) sur un c8te
oppos6 de l'6l6ment de remplissage et du plan central (CP) et d6placee
angulairement autour de l'axe central (X) par rapport a la premibre
structure triangulaire et ayant trois 6l6ments lat6raux structuraux
inclin6s et allong6s (24a, 24b, 24c; 44a, 44b, 44c) ayant des c8t6s qui
sont minces compar6s a la largeur desdits el6ments 



lat6raux structuraux et inclin6s les uns par rapport aux autres et par
rapport au plan central (CP) et aux 30     el6ments structuraux lateraux
inclin6s et allong6s de la premiere structure de forme triangulaire (22,
42) et s'6tendant autour de l'axe central (X) entre les sommets de la
seconde structure triangulaire (24, 44) et traversant les 6l6ments lat6raux
inclin6s (22a, 22b, 22c ; 42a, 42b, 42c) de la premiere structure
triangulaire (22,42); et une paire de structures interconnect6es
g6neralement en forme de Y (28, 30 ; 48, 50) qui sont chacune 35
situ6es d'un c6t6 du plan central (CP) de l'6l6ment de remplissage (20, 40)
qui est en position adjacente par rapport A chacune des premiere et seconde
structures (22, 42 ; 24, 44) et comprenant chacune un moyeu central (32,
52) qui est relie a elles autour de l'axe central (X); chaque structure en
forme de Y comprenant trois 6l6ments structuraux radiaux allong6s (28, 28b,
28c ; 30a, 30b, 30c ; 48a, 48b, 48c; 50a, 50b, 50c) 40     ayant des bords
qui sont minces compar6s a la largeur desdits elements structuraux radiaux
et qui sont d6places angulairement les uns par rapport aux autres autour de
l'axe central (X), qui s'etendent radialement du moyeu central (32, 52) et
qui sont reli6s et traversant les bords minces inclin6s externes des trois
6lements lat6raux structuraux de chacune des premiere et seconde structures
triangulaires (22, 42 ; 24, 44) pour d6finir des extr6mit6s d'6coulement
libres qui sont chacune situ6es 45     a l'int6rieur d'une cellule a
extremit6 ouverte adjacente a chacun des sommets desdits premier et second
triangles ; la disposition 6tant telle que ce sont les plans desdits bords
minces desdits 6l6ments lat6raux structuraux et desdits 6l6ments
structuraux radiaux qui sont inclin6s par rapport audit plan central (CP),
le petit axe de chacun desdits bords minces 6tant g6n6ralement parallele
audit plan central (CP). 50 2. Un element de remplissage selon la
Revendication 1, dans lequel la paire de structures interconnec- t6es en
forme de Y (28, 30 ; 48, 50) adjacentes aux premiere et seconde structures
(22, 42 ; 24, 44) est d6plac6e angulairement d'au moins 600 l'une par
rapport a l'autre autour dudit axe central (X). 55  3. Un el6ment de
remplissage selon la Revendication 1 ou la Revendication 2 comprenant en
outre: un 6l6ment d'attache structurel (26, 46) au niveau de chaque poins
oO un 6l6ment lateral structurel d'un premier triangle (22, 42) traverse un
6l6ment lateral structurel d'un second triangle (24, 44) ; chacun desdits
el6ments d'attache structuraux s'6tendant radialement par rapport audit axe
central (X) et 12    * C   L   M   S * EP 0 163 153 B1 chacun ayant des
bords d'6coulement opposes situ6s a l'int6rieur d'une cellule adjacente de
l'6l6ment de remplissage (20, 40); chacun desdits el6ments d'attache
structuraux ayant des bords qui sont minces compares a la largeur dudit
6l6ment d'attache structurel, le petit axe de chacun des dits bords minces
des 6l6ments d'attache structuraux 6tant g6n6ralement parallble audit plan
central (CP). 5 4. Un 6l6ment de remplissage selon l'une des Revendications
1 a 3, dans lequel les trois 6l6ments lat6raux structuraux inclines (22a,
22b, 22c; 42a, 42b, 42c ; 24a, 24b, 24c ; 44a, 44b, 44c) de chacune des
premibre et seconde structures triangulaires (22, 42; 24, 44) se traversent
mutuellement au niveau de chacun des sommets des triangles et s'6tendent
vers leurs bords d'6coulement en 6tant d6places 10
circonf6rentiellement et axialement les uns par rapport aux autres. 5.  Un
6l6ment de remplissage selon la Revendication 4, comprenant en outre; un
doigt d'6coulement (22d, 24d) s'6tendant vers ses bords d'6coulement a
partir de chacun desdits sommets desdits triangles (22, 42; 24, 44) et
reliant les parties traversantes des elements lateraux 16     structuraux
inclin6s d6finissant lesdits sommets, chaque doigt d'ecoulement 6tant
parallble au c8te de son triangle qui ne sert pas a definir le sommet au
niveau duquel est situ6 le doigt d'ecoulement. 



6. Un el6ment de remplissage selon l'une des Revendications 1 a 5, dans
lequel l'6lement de remplissa- ge a une longueur axiale pr6d6termin6e dans
le sens dudit axe central (X) et une dimension diam6trale 20
transversale maximale s'6tendant dans ledit plan central (CP) dans un
rapport de 1 pour 1 a 1 pour 10. 7.  Un 6l6ment de remplissage selon l'une
des Revendications 1 a 6, comprenant en outre, un 6lement structurel en
forme de L (34a, 34b, 34c ; 36a, 36b, 36c; 54a, 54b, 54c ; 56a, 56b, 56c)
reliant chacun des 6l6ments structuraux radiaux (28a, 28b, 28c ; 30a, 30b,
30c ; 48a, 48b, 48c ; 50a 25     50b, 50c) des structures en forme de Y
(28, 30 ; 48, 50) de chaque c6t6 de l'el6ment de remplissage a chacun des
6l6ments lat6raux structuraux desdites premiere et seconde structures (22,
42; 24, 44). 8.  Un el6ment de remplissage selon la Revendication 7, dans
lequel chacun des 6l6ments structuraux en forme de L comprend une partie
externe ayant des bords qui sont minces compares a la largeur de 30
ladite partie externe et reli6s au niveau d'une de ses extremit6s internes
au bord externe d'un 6l6ment structurel radial (28a, 28b, 28c; 30a, 30b,
30c ; 48a, 48b, 48c; 50a, 50b, 50c) d'une structure en forme de Y et
s'6tendant vers une de ses extremites externe oppos6e, et une partie axiale
ayant des bords qui sont minces compar6s a la largeur de la partie axiale
reli6e a et s'etendant axialement a partir de I'extr6mit6 externe oppos6e
de la partie externe et reliee a une partie de bord interne d'un 6l6ment 35
lateral structurel d'une structure triangulaire (22, 42; 24, 44) du c6te
oppos6 de l'6l6ment de remplissage. 9. Un 6lement de remplissage selon la
Revendication 8, dans lequel ladite partie externe et son bords externe de
chaque 6lement structurel en forme de L (34a, 34b, 34c ; 36a, 36b, 36c ;
54a, 54b, 54c; 40     56a, 56b, 56c) sont inclin6s vers l'int6rieur vers le
plan central (P) a partir de l'extr6mit6 interne vers son extr6mit6 externe
opposee. 10. Un 6l6ment de remplissage selon la Revendication 8, dans
lequel ladite partie externe de chaque 6l6ment structurel en forme de L a
une forme arqu6e et des c8t6s oppos6s arqu6s s'etendant entre 45     ses
extr6mit6s externes opposees. 11. Un 6l6ment de remplissage selon la
Revendication 1, dans lequel la premibre et la seconde structure
triangulaire (22, 42 ; 24, 44) sont des structures triangulaires
6quilat6rales et chaque el6ments lat6ral structurel de la premiere
structure triangulaire (22, 42) traverse et est reli6 aux parties de bords
interne 50     traversantes de deux elements lateraux structuraux inclin6s
adjacents de la seconde structure triangu- laire (24, 44), les sommets des
premibre et seconde structures 6tant espaces de fagon angulairement 6gale
autour dudit l'axe central (X); I'element structurel radial (28a, 28b, 28c
; 30a, 30b, 30c ; 48a, 48b, 48c ; 50a, 50b, 50c) des structures en forme de
Y (28, 30 ; 48, 50) 6tant espace de fagon angulairement 6gale autour dudit
axe central (X) 55     et chacun s'etendant dans un plan axial align6 par
rapport et s'etendant au travers dudit axe central (X) et d'un sommet des
structures triangulaires (22, 42 ; 24, 44) et n'6tant pas en alignement
axial l'un par rapport a I'autre et par rapport a chacun des 6l6ments
lat6raux structuraux inclines desdites structures triangulaires; 13    EP 0
163 153 Bi                I IIIII   1111    ll NI par lequel il n'y a pas
deux 6l6ments structuraux de I'element de remplissage qui soient situ6s
dans le mgme plan axial, les 61ments structuraux et les cellules ci-entre
etant r6parties uniform6ment et 6galement autour de l'axe central (X) et
l'6l6ment de remplissage. 5  12. Un 6l6ment de remplissage selon la
Revendication 1, dans lequel chacun des 6l6ments structuraux radlaux (28a,
28b, 28c; 30a, 30b, 30c ; 48a, 48b, 48c; 50a, 50b, 50c) de chacune des
structures en forme de Y (28, 30 ; 48, 50) est inclin6e vers I'ext6rieur a
partir d'un bord 6vid6 dudit moyeu central (32, 52) jusqu'a son extr6mit6
externe. io 13. Un 6l6ment de remplissage selon l'une des Revendications 1
a 12, dans lequel chaque c~t6 externe de l'el6ment de remplissage (20, 40)
a un profil p6riph6rique externe ayant approximativement la forme 



d'une soucoupe. 14. Un el6ment de remplissage selon I,une des
Revendications 1 a 13, dans lequel tous les elements 15     lat6raux
structuraux inclin6s des structures triangulaires (22, 42; 24, 44) ont leur
dits bords qul sont inclin6s au m8me angle par rapport audit plan central
(CP) ; et ladite largeur desdits 6l6ments lat6raux structuraux va de (0,078
a 0,276 pouce) 2 mm & 7 mm dans ledit sans axial (X). 15. Un 6l6ment de
remplissage (20, 40) selon l'une des Revendications 1 b 14, en mat6riau
thermoplasti- _ O    que moul6 s6lectionn6 & partir d'un groupe comprenant
le polypropylene, le polystyrbne, le chlorure de polyvinyle, le
polyty6trafluoro6thylene de nylon et les polyol6fines halogen6es. 16. Un
6l6ment de remplissage (40) selon l'une des Revendications 1 a 15,
comprenant: un pourtour externe (R) s'6tendant autour et reli6 & chacun des
sommets desdites premiere et seconde 25     structures triangulaires (42,
44). 17. Un 6l6ment de remplissage (40) selon la Revendication 16,
comprenant en outre: une pluralit6 d'6l6ments d'attache structuraux (46)
reli6s a et s'6tendant radialement vers l'int6rieur a partir dudit pourtour
externe (R), reliant et espacant axialement les parties traversant
adjacentes des 30     6l6ments lat6raux structuraux des premibre et seconde
structures triangulaires (42, 44) et se terminant en extr6mit6s
d'6coulement situ6s & l'int6rieur des cellules adjacentes des 6l6ments de
remplissage (40), lesdits 6l6ments d'attache structuraux (46) ayant des
bords qui sont minces compar6s A la largeur desdits 6lements. 35  18. Un
6lement de remplissage selon la Revendication 17, comprenant en outre: un
doigt (58) s'6tondant a partir de chaque c8t6 oppos6 de chacun desdits
6l6ments d'attache structuraux (46) reli6 A at s'6tendant a partir du
pourtour externe (R), jusqu'a une extr6mite d'6coule- ment situ6e dans une
cellule externe de l'6lment de remplissage (40). 40  19. Un 6l6ment de
remplissage selon la Revendication 3, dans lequel les parties traversantes
des e6iments lat6raux structuraux inclin6s des structures triangulaires
(22, 42 ; 24, 44) et les 6l6ments d'attache s'6tendant radialement (26, 46)
s'interconnectent les uns les autres au niveau de leurs intersections,
s'entrecoupent les uns les autres & un angle et sont d6cales axialement les
uns par rapport aux autres et se chevauchent les uns les autres dans une
quantit6 axiale pr6d6termin6e au niveau de chaque 45     intersection des
6l6ments structuraux. PatentansprUche 1. Packungselement (20,40) fir
Fluid-Fluid, FlUssigkeit-FlUssigkeit, Flissigkeit-Gas-Kontaktvorrichtungen
50     umfassend: eine erste hohle dreiecksformige Struktur (22,42) auf
einer Seite des Packungselementes und einer mittigen Flache (CP) des
Packungselementes, die sich davon senkrecht zu einer mittigen Achse (X) des
Packungselementes erstreckt, und mit drei linglichen geneigten
Strukturseitenelementen (22a,22b,22c;42a,42b,42c) mit Kanten, die dUnn im
Vergleich zur Breite der Strukturseitenelemente 55     sind, wobei die
Strukturseitenelemente bez~glich zueinander und zu der mittigen Flache (CP)
geneigt sind und sich um die mittige Achse (X) und zwischen den Eckpunkten
der ersten Dreiecksstruktur (22;42) erstrecken, 14    EP O 163 153 B1
I       BIIJ IlIJI IILI II !II eine zweite hohle dreiecksf6rmige Struktur
(24,44) auf einer gegenUberliegenden Seite des Packungs- elementes und der
mittigen Flache (CP) und winkelversetzt um die mittige Achse (X) bezolglich
der ersten   Dreiecksstruktur   und   mit  drel  langlichen   geneigten
Strukturseitenelementen (24a,24b,24c;44a,44b,44c) mit Kanten, die dlnn im
Vergleich zur Breite der Strukturseitenelemente sind 5      und die
bezfglich zueinander und zu der mittigen Flache (CP) und zu den langlichen
geneigten Seitenstrukturelementen der ersten dreiecksformigen Struktur
(22,42) geneigt sind und sich um die 



mittige Achse (X) zwischen den Ecken der zweiten Dreiecksstruktur (24,44)
erstrecken und die geneigten Seitenelemente (22a,22b,22c;42a,42b,42c) der
ersten Dreiecksstruktur (22,42) kreuzen; und ein Paar von miteinander
verbundenen allgemein Y-f6rmigen Strukturen (28,30;48,50), wobei jede auf
10     einer Seite der mittigen Flache (CP) des Packungselementes (20,40)
benachbart zu jeder der ersten und zweiten Dreiecksstruktur (22,42;24,44)
angeordnet ist und jedes eine mittige Nabe (32,52) umfaft, die miteinander
Ober die mittige Achse (X) verbunden sind; wobei jede Y-formige Struktur
umfait drei langliche radiale Strukturelemente (28a,28b,28c;30a, 30b,30c;
48a,48b,48c;50a,50b,50c) mit Kanten, 15     die dUnn im Vergleich zur
Breite der radialen Strukturelemente sind und die bezfglich zueinander um
die mittige Achse (X) winkelversetzt sind, die sich radial von der mittigen
Nabe (32,52) erstrecken und mit den auBeren geneigten diinnen Kanten der
drei Strukturseitenelemente von jeder Angrenzenden der ersten und zweiten
Dreiecksstruktur (22,42;24,44) verbunden sind und sie kreuzen, um freie
Abtropfenden zu begrenzen, wobei jedes innerhalb einer offen endenden Zelle
angeordnet ist, benach- 20     bart zu jedem der Eckpunkte des ersten und
zweiten Dreieckes, wobei die Anordnung derart ausgebil- det ist, daB die
Flachen der diinnen Kanten der Strukturseitenelemente und der radialen
Strukturele- mente zu der mittigen Flache (CP) geneigt sind, und die
Nebenachse einer jeden der dfnnen Kanten im allgemeinen parallel zu der
mittigen Flache (CP) ist. 25  2. Packungselement nach Anspruch 1, wobei das
Paar der miteinander verbundenen Y-formigen Strukturen (28,30;48,50)
angrenzend an die ersten und zweiten Dreiecksstrukturen (22,42;24,44) um
wenigstens 60- bezfglich zueinander um die mittige Achse (X) winkelversetzt
sind. 30  3.  Packungselement nach Anspruch 1 oder 2, ferner umfassend: ein
Strukturbindeelement (26,46) an jedem Punkt, wo ein Strukturseitenelement
eines ersten Dreieckes (22,42) ein Strukturseitenelement eines zweiten
Dreieckes (24,44) kreuzt, wobei jedes der Strukturbin- deelemente sich
radial bezfglich zu der mittigen Achse (X) erstreckt und jedes
gegenfberliegende 35     Abtropfenden hat, die innerhalb einer benachbarten
Zelle des Packungselementes (20,40) angeordnet sind, wobei jedes der
Strukturbindeelemente Kanten aufweist, die dinn verglichen mit der Breite
der Strukturbindeelemente sind und die Nebenachse einer jeden dfnnen Kante
der Strukturbindeelemente im allgemeinen parallel zu der mittigen Flache
(CP) ist. 40  4. Packungselement nach einern der Ansprfche 1 bis 3, wobei
die drei geneingten Strukturseitenelemente (22a, 22b, 22c;42a,42b,42c;
24a,24b,24c;44a,44b,44c) eines jeden der ersten und zweiten Dreiecksstruk-
turen (22,42;24,44) miteinander an jedem der Eckpunkte der Dreiecke kreuzen
und sich zu Abtropfen- den erstrecken, davon in Umfangsrichtung und axial
bezfglich zueinander versetzt. 45  5.  Packungselement nach Anspruch 4,
ferner umfassend; einen Abtropffinger (22d;24d), der sich zu den
Abtropfenden davon ersteckt, von jedem der Ecken der Dreiecke (22,42;24,44)
und die Kreuzungsabschnitte der geneigten Strukturseitenelemente, die die
Eckpunkte begrenzen, verbindet, wobei jeder Abtropffinger parallel zu der
Seite seines Dreieckes ist, so     die nicht zur Begrenzung der Ecke dient,
an der der Abtropffinger angeordnet ist. 6. Packungselement nach einern der
Ansprfche 1 bis 5, wobei das Packungselement eine vorbestimmte axiale Lange
in die Richtung der mittigen Achse (X) und ein maximales transIversales
diametrales AusmaB hat, das in der mittigen Flache (CP) in einem 55
Verhaltnis von 1:1 bis 1:10 liegt. 7. Packungselement nach einem der
Ansprfche 1 bis 6, ferner umfassend, ein L-f6rmiges Strukturelement
(34a,34b,34c;36a,36b, 36c;54a,54b,54c;56a,56b,56c), das jedes der 15    
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(28a,28b,28c;30a,30b,30c;48a,48b,48c; 50a,50b,50c) der Y-formigen Struktu-
ren (28,30;48,50) auf jeder Seite des Packungselementes mit jedem der
Strukturseitenelemente der ersten und zweiten Dreiecksstrukturen (22,42;
24,44) verbindet. 5  8. Packungselement nach Anspruch 7, wobei jedes
L-formige Strukturelement einen au~eren Abschnitt umfaBt mit Kanten, die
dUnn verglichen mit der Breite der aufleren Abschnitte sind, und an einem
inneren  Ende  davon  mit der auBeren  Kante  eines  radialen
Strukturelements  (28a,28b, 28c;30a,30b,30c;48a,48b,48c;50a,50b,50c) einer
Y-formigen Struktur verbunden sind und sich an ein gegenUberliegendes
auIeres Ende davon erstrecken und ein axialer Abschnitt mit Kanten, die
dUnn im 10     Vergleich zur Breite der axialen Abschnitte sind, die mit
dem gegen~berliegendem auBeren Ende des aufleren Abschnittes verbunden sind
und sich axial von diesem erstrecken, und die mit einem inneren
Kantenabschnitt eines Strukturseitenelementes einer Dreiecksstruktur
(22,42;24,44) auf der gegenaber- liegenden Seite des Packungselementes
verbunden sind. 15  9. Packungselement nach Anspruch 8, wobei der aunere
Abschnitt und seine auflere Kante eines jeden L-f6rmigen Strukturelementes
(34a,34b,34c;36a, 36b,36c;54a,54b,54c;56a,56b,56c) nach innen zu der
mittigen Flache (P) von dem inneren Ende zu seinem gegenUberliegenden
auIleren Ende geneigt ist. _.u  10. Packungselement nach Anspruch 8, wobel
der auBere Abschnitt des L-formigen Strukturelementes eine bogenformig
gekrimmte Form und bogenf6rmig gekrimmte gegenuberliegende Seiten hat, die
sich zwischen den inneren und gegenlber- liegenden auferen Enden davon
erstrecken. 25  11. Packungselement nach Anspruch 1, wobei die ersten und
zweiten Dreiecksstrukturen (22,42; 24,44) gleichseitige Dreiecksstrukturen
sind und jedes geneigte Strukturseitenelement der ersten Dreiecksstruktur
(22,42) kreuzt und mit den kreuzenden inneren Kantenabschnitten der zwei
benachbarten geneigten Strukturseitenelemente der zweiten Dreiecksstruktur
(24,44) verbunden ist, wobei die Ecken der ersten und zweiten
Dreiecksstruk- 30     turen gleichwinklig um die mittige Achse (X)
beabstandet sind, das radiale Strukturelement (28a,28b,28c;30a,30b,30c;
48a,48b,48c;50a,50b,50c) der Y-f6rmigen Struk- turen (28, 30;48,50)
gleichwinklig um die mittige Achse (X) beabstandet sind und jedes in einer
axialen Ebene liegt, die ausgerichtet ist und sich erstreckt durch die
mittige Achse (X) und eine Ecke der Dreiecksstrukturen (22,42; 24,44) und
aulerhalb der axialen Ausrichtung miteinander und jede der 35     geneigten
Strukturseitenelemente der Dreiecksstrukturen; wobei keine zwei
Strukturelemente des Packungselementes in derselben axialen Ebene
angeordnet sind, die Strukturelemente und die Zellen dazwischen einheitlich
geformt und gleich Uber die mittige Achse (X) und dem Packungselement
verteilt sind. 40  12. Packungselement nach Anspruch 1, wobei jedes der
radialen Strukturelemente (28a,28b,28c; 30a,30b,30c;48a,48b,48c;
50a,50b,50c) einer jeden der Y-formigen Strukturen (28,30;48;50) nach auien
von einem ausgesparten Ende der mittigen Nabe (32,52) zu seinem aufleren
Ende geneigt ist. 45  13. Packungselement nach einem der Anspriche 1 bis
12, wobei jede auBere Seite des Packungselementes (20,40) eine etwa
pfannenformige auBere Umfangsau- Blenlinie hat. 14. Packungselement nach
einem der AnsprUche 1 bis 13, so     wobei alle geneigten
Strukturseitenelemente der Dreiecksstrukturen (22,42;24,44) ihre Kanten mit
demselben Winkel bezlglich zu der mittigen Flache (CP) geneigt haben, und
die Breite der Struktursei- tenelemente betrggt in der axialen Richtung (X)
etwa (0,078 bis 0,276 Inch) 2 mm bis 7 mm. 15. Packungselement (20,40) nach
einem der AnsprUche 1 bis 14, 55     aus geformten thermoplastischem
Material ausgewghIt aus einer Gruppe bestehend aus Polypropylen,
Polystyrol, Polyvinyichlorid, Nylon, Polytetrafluorethylen und halogenierte
Polyolefine. 16. Packungselement (40) nach einem der AnsprUche 1 bis 15,
umfassend: 
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der sich um jede der Ecken der ersten und zweiten Dreiecksstrukturen
(42,44) erstreckt und mit jeder verbunden ist. 17. Packungselement (40)
nach Anspruch 16 ferner umfassend: 5      eine Vielzahl von
Strukturbindeelemente (46), die mit dem auBeren Rand (R) verbunden sind und
sich radial nach innen von dem auBeren Rand (R) erstrecken, die benachbarte
Kreuzungsabschnitte der Strukturseitenelemente der ersten und zweiten
Dreiecksstrukturen (42,44) verbinden und axial beab- standet sind, und die
in Abtropfenden enden, die innerhalb benachbarter Zellen der
Packungselemente (40) angeordnet sind, wobei die Strukturbindeelemente (46)
Kanten haben, die dUnn verglichen mit der 10     Breite der Elemente sind.
18. Packungselement nach Anspruch 17 ferner umfassend: einen Finger (58),
der sich von jeder gegen~berliegenden Seite eines jeden der
Strukturbindeelemente (46), die mit dem auBeren Rand (R) verbunden sind und
sich von dem auBeren Rand (R) erstrecken, zu is     einem Abtropfende
erstreckt, das in einer auteren Zelle des Packungselementes (40) angeordnet
ist. 19. Packungslemenet nach Anspruch 3, wobei die  Kreuzungsabschnitte
der geneigten  Strukturseitenelemente  der Dreiecksstrukturen (22,42;24,44)
und die radial erstreckenden Bindeelemente (26,46) miteinander an
Schnittpunkten davon 20     verbunden sind, sich miteinander in einem
Winkel schneiden und axial bezUglich zueinander versetzt sind und sich
aneinander durch einen vorbestimmten axialen Betrag an jedem Schnittpunkt
der Strukturlemente Uberlappen. 25 30 35 40 45 60 55 17    


