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(57) Abrege(suite)/Abstract(continued):

(24, 24" on the first and second legs (20, 22) and the return bend (21), permeable covers (40, 40") bonded to the first and second
opposite sides (24, 24') to contain the adsorbent (39) within the space (37), a hole (26) In the return bend (21), a frame (41)
connected to the U-bend (21) and defining a space in communication with the hole (26), and filter material (47) on the frame (41).
An Integrated U-tube and adsorbent unit (94) including a plastic U-tube (82) and a self-contained adsorbent unit (70) having a
plastic cover (/1) bonded to the U-tube (82) with the body of the self-contained adsorbent unit positioned between the legs (83, 84)
of the U-tube.



WO 02/01126 Al

CA 02409279 2002-11-14

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

(10) International Publication Number

3 January 2002 (03.01.2002) PCT WO 02/01126 Al
(51) International Patent Classification’: F25B 43/04 Alexander; 3655 Julie Court, North Tonawanda, NY
14120 (US). MILLEN, Peter, Ralph; 6354 Burke Hill
(21) International Application Number: PCT/US01/17281 Road, Perry, NY 14530 (US).

(22) International Filing Date: 29 May 2001 (29.05.2001)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
09/603,415 26 June 2000 (26.06.2000) US
09/698,531 27 October 2000 (27.10.2000) US

(71) Applicant: MULTISORB TECHNOLOGIES, INC.
[US/US]; 325 Harlem Road, Buffalo, NY 14224-1893
(US).

(72) Imventors: DOBSON, Rodney, Lee; 1120 Ben’s Creek
Road, Greer, SC 29651 (US). INCORVIA, Samuel,

(54) Title: INTEGRATED U-TUBE AND ADSORBENT UNIT

% 15

]ll;
K
|
)

[ ; 40 "
ENAE |
20 [ /] | 14
/
3 S 2
27
3
2 30
3 H
18 £ 18
3l | 7
1A "_,'} 2l |A
43 47 _42
a5 44240 3

(74) Agent: GASTEL, Joseph, P.; Suite 722, 295 Main Street,
Buffalo, NY 14203-2507 (US).

(81) Designated States (national): BR, CA, CZ, JP, KR, MX,
PL.

(84) Designated States (regional): European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE, TR).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(87) Abstract: Anintegrated U-tube and adsorbent unit (10) including
a U-tube (19) having first and second legs (20, 22) and a return bend
(21), a space (37) between the first and second legs (20, 22) and the
return bend (21), adsorbent (39) in the space (37), opposite sides (24,
247) on the first and second legs (20, 22) and the return bend (21), per-
meable covers (40, 40”) bonded to the first and second opposite sides
(24, 247) to contain the adsorbent (39) within the space (37), a hole
(26) in the return bend (21), a frame (41) connected to the U-bend (21)
and defining a space in communication with the hole (26), and filter
32 material (47) on the frame (41). An integrated U-tube and adsorbent
f _ unit (94) including a plastic U-tube (82) and a self-contained adsorbent
| ' unit (70) having a plastic cover (71) bonded to the U-tube (82) with the

body of the self-contained adsorbent unit positioned between the legs
(83, 84) of the U-tube.
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INTEGRATED U-TUBE AND ADSORBENT UNIT

BACKGROUND OF THE INVENTION

The present invention relates to an
integrated U-tube and adsorbent unit for an accumulator of
an auvtomotive air conditioning system.

By way of background, insofar as known, in the
past a refrigerant accumulator used in an automotive air
conditioning system comprised:a housing which contained a
U-tube and a separate adsorbent unit associated therewith.
The adsorbent unit, in the past, could have been of various
shapes and sizes and could have been secured to the U-tube
in many different ways. However, 1insofar as known, the
prior art did not disclose an integrated U-tube and
adsorbent unit wherein the adsorbent unit was an integral
part of the U-tube. Also, insofar as known, in the past a
separate filter construction was mounted on the return bend
of a U-tube to filter the o0il which was induced into the
return pbend. The addition of such a filter construction
added costs which resulted from the additional material and
labor. Also, 1nsofar as known, in the past refrigerant
tracer dye was generally placed directly in the adsorbent
unit of an accumulator of an automotive air conditioning
system.

BRIEF SUMMARY OF THE INVENTION

It is the primary object of the present invention
to provide an integrated U-tube and adsorbent unit wherein
the adsorbent unit is an integral and inseparable part
of the U-tube.

Another object of the present invention is to
provide an integrated U-tube and adsorbent unit which can
be fabricated by a simple fabrication technique wherein the
space between the legs of the U-tube contains adsorbent
which is restricted therein by covers bonded to the outer
sides of the U-tube.

Another object of the present invention is to

provide an integrated U-tube and adsorbent unit which does
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not require the assembly of a separate U-tube and édsorbent
unit after they are individually fabricated incidental to
installing them in the housing of an accumulator.

A further object is to provide an improved method
of fabricating a U-tube having an inteqgral adsorbent unit.

A still further object of the present invention
is to provide an improved U-tube having an unique filter
construction.

Yet another object of the present invention is to
provide an improved U-tube construction which includes a
separate compartment which contains refrigerant tracer dye.
Other objects and attendant advantages of the present
invention will readily be perceived hereafter.

The present invention relates to an
integrated U-tube and adsorbent unit comprising a U-tube
having first and second legs and a return bend, a space
between said first and second legs, adsorbent in said
space, and at least one permeable cover bonded to said
legs.

The present 1invention also relates to an
integrated U-tube and adsorbent unit comprising a plastic
U-tube having first and second plastic legs and a plastic
return bend, a plastic cover, adsorbent confined by said
plastic cover, and said plastic cover being fused to said
plastic U-tube.

The present invention also relates to a method of
fabricating an integrated U-tube and adsorbent unit
comprising the steps of providing a U-tube having legs and
a return bend with a space between said legs and first and
second opposite sides on said legs, providing a first cover
on said first sides of said legs, placing adsorbent between
salid legs, and bonding a second cover to said second sides
of said legs.

The present invention also relates to a U-tube
comprising spaced legs and a return bend, an oil pick-up
hole in said return bend, a frame formed integrally with

sald return bend to define a space in communication with
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said hole, and filter material bonded to said frame on the
opposite side of said space from said hole.

The present invention also relates to a
refrigerant tracer dye construction comprising a tube, and
a refrigerant tracer dye compartment on said tube.

The various aspects of the present invention will
be more fully understood when the following portions of the
specification are read in conjunction with the accompanying
drawings wherein:

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 1s a cross sectional view taken substan-
tially along line 1-1 of FIG. 2 with portions broken away
and showing the improved integrated U-tube and adsorbent
unit mounted 1in an accumulator of an automotive air
conditioning system;

FIG. 1A is a cross sectional view taken substan-
tially along 1line 1A-1A of FIG. 1 with the accumulator
housing omitted;

FIG. 2 is a plan view of the integrated U-tube
and adsorbent unit taken substantially in the direction of
arrows 2-2 of FIG. 1:

FIG. 3 is a cross sectional view taken substan-
tially along line 3-3 of FIG. 1;

FIG. 4 1is an enlarged fragmentary detail view
showing the permeable cover bonded to a ridge on the U-tube
and taken substantially along line 4-4 of FIG. 1 with
certaln parts omitted;

FIG. 5 1s a view similar to FIG. 4 but showing a
different type of bonded connection between the permeable
cover and the ridge on the U-tubej;

FIG. 6 is a side elevational view of the U-tube
of FIGS. 1-4 and showing the ridge on the legs and return
bend of the U-tube;

FIG. 6A 1s a fragmentary cross sectional view
taken substantially along line 6A-6A of FIG. 6 and showing

an alternate arrangement of hole placement in the return
bend;
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FI1G. 7 1s an enlarged cross sectional view taken
substantially along line 7-7 of FIG. 6;

FIG. 8 1s a silde elevational view of the U-tube
of FIG. 6 taken substantially in the direction of arrows
8—-8 of FIG. 6;

FIG. 9 1is a side elevational wview of another
U-bend construction which can be integrated with an
adsorbent unit;

FIG. 10 1s a cross sectional view taken substan-
tially along line 10-10 of FIG. 9 and showing the halves of
the U-tube separated;

FIG. 11 is a view taken substantially in the
direction of arrows 11-11 of FIG. 9 and showing the halves
of the U-tube separated;

FIG. 12 1s a schematic view showing the first
step of the method of fabricating an integrated U-tube and
adsorbent unit by bonding a cover to one side of the
U-tube; |

FIG. 13 1is a schematic view showing a subsequent
step in fabricating an integrated U-tube and adsorbent unit
by filling the space between the U-tube's 1legs with
adsorbent;

FIG. 14 1s a schematic view showing the last step
of fabricating an integrated U-tube and adsorbent unit by
bonding a cover to the open side of the U-tube to confine
the adsorbent between the legs of the U-tube;

FIG. 15 is a fragmentary side elevational view of
a return bend of a U-tube which mounts a separate
compartment for a refrigerant tracer dye;

FIG. 16 is a fragmentary cross sectional view
taken substantially along line 16-16 of FIG. 15;

FIG. 17 1is a side elevational view of an
adsorbent unit which can be integrated onto a U-bend;

FIG. 18 is an end elevational view taken substan-
tially in the direction of arrows 18-18 of FIG. 17;
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FIG. 19 is a side elevational view of a U-tube
onto which the adsorbent unit of FIGS. 17 and 18 can be
integrated;

FIG. 20 1s a cross sectional view taken substan-
tially along line 20-20 of FIG. 19;

FIG. 21 1s a side elevational view, partially
broken away, showing the adsorbent unit of FIGS. 17 and 18
integrated onto the U-tube of FIGS. 19 and 20;

FIG. 22 1s a cross sectional view taken substan-
tially along line 22-22 of FIG. 21; and

FIG. 23 is a cross sectional view taken substan-
tially along line 23-23 of FIG. 21.

DETAILED DESCRIPTION OF THE INVENTION

The 1integrated U-tube and adsorbent unit 10 of
the present invention 1is shown mounted in an accumulator
housing 11 which 1includes a substantially c¢ylindrical
bottom portion 12 which has welded thereto an upper portion
13 along annular weld 14. Upper portion 13 has integrally
formed therewith an inlet tube 15 which conducts a mixture
of refrigerant liquid and gas from an evaporator to the
inside of the accumulator, with the liquid dropping to the
bottom and the gaseous refrigerant rising to the top. The
gaseous refrigerant will be induced into the open end 17 of
U-tube 19 and will pass through leg 20, U-bend 21 and leg
22 to outlet conduit 23 which leads to the compressor. An
oll-inlet hole or orifice 26 (FIG. 6) is located at the
underside of U-bend 21 to entrain oil located at the bottom
of the accumulator housing, and this o0il is conveyed along
with the gaseous refrigerant to the compressor. The
foregoing type of operation is well known in the art. The
basic U-tube 19 exclusive of the frame 41 on the return
bend 21, exclusive o0of the housing for the refrigerant
tracer dye and exclusive of the structure for mounting the
covers on the sides of the U-tube is a prior art construc-
tion which has ears 18 which bear against the inside of

container bottom portion 12.
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The integrated U-tube and adsorbent unit 10 of
the present invention includes the above described U-tube
19 having legs 20 and 22 connected by U-bend 21. It 1is
fabricated of blow-molded polyethylene by conventional
blow-molding fabrication techniques. It 1includes two
opposite sides 24 and 24' which are essentially mirror
ilmage counterparts about centerline 25 (FIG. 7). On one
side of U-bend 19, a continuous ridge 27 1s molded
integrally with legs 20 and 22 and U-bend 21, as shown in
FIG. 6. More specifically, the continuous ridge 27
includes sgsections 29 and 30 on 1legs 20 and 22,
respectively, a connecting portion 31, which connects
portions 29 and 30 and is located on U-bend 21, and a
connecting portion 32 which connects the upper portions of
ridge portions 29 and 30. A ridge 27' (FIGS. 7 and 8),
which is the mirror image of ridge 27, is located on the
other side 24' of the U-tube. An hour glass shaped section
33 (FIG. 7) is added to the basic U-tube 19 to provide a
closure which closes the gap between the upper portions 34
and 35 of legs 20 and 22, respectively, and the upper
curved portions 32 and 32' of ridges 27 and 27'.

There 1s a space 37 (FIG. 6) between U-tube
return bend 21, legs 20 and 22, and hour glass member 33.
This space 1is filled with adsorbent 39 (FIG. 1) which is
preferably molecular sieve, but may be of any other
suitable type such as silica gel. Permeable covers 40 and
40' (FIGS. 1 and 3), which are preferably web-bonded
polyester felt and which are of the same shape as ridges 27
and 27', respectively, are preferably heat-fused along
their outer edges to ridges 27 and 27', respectively, or
they may be bonded to ridges 27 and 27' by ultrasonic
welding or vibration welding any other suitable bonding
means which may include, without limitation, any other type
of fusion or the use of bonding cement or any other
suitable means of attachment. Permeable covers 40 and 40
may be fabricated out of any other suitable material.

While it 1is preferable to have both covers permeable, it
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willl be appreciated that only one permeable cover may be
used. The other cover may be impermeable material which is
bonded to the side of the U-tube or it may be a plate which
1s molded integrally with or otherwise attached :to the
U-tube.

In FIG. 5, an alternate bohding connection 1is
shown for securing the edge of the cover to the ridge. In
this respect, cover 140, which is analogous to cover 40,
rests on the surface 60 of ridge 127, which is analogous to
ridge 27. A tab 61 which projects from the edge of ridge
127 1is rolled over onto the edge of cover 140, and
thereafter bonding is effected by any suitable method, such
as vibration welding, sonic welding, heat and pressure
welding, or any other suitable type of welding or
attachment.

The space within +the 1legs 20 and 22 may
effectively be enlarged to contain a desired amount of
adsorbent by increasing the height of one or both ridges 27
and 27'. Also, if the space within the legs 20 and 22 and
return bend 21 is too large for the desired amount of
adsorbent, a partition 36, which is shown in phantom lines
in FIG. 6, can be installed between the inner sides of legs
20 and 22 in sealing relationship therewith, and the space
for adsorbent would be defined by the legs 20 and 22, the
partition and the return bend 21, or the space would be
defined by the legs 20 and 22 and the partition and the
hour glass section 33. It will be appreciated that the
outer edges of partition 36 will lie in the same planes as
the outer surfaces of ridges 27 and 27' to which the covers
are bonded. The partition would be placed at any desired
area, as determined by the volume required for the
adsorbent. Preferably, the adsorbent is placed in the
space immediately above the U~-bend. It will be appreciated
that if the adsorbent is placed in the space above or below
the partition, the permeable cover need only be bonded to
the portions of the ridge 27 or 27' and the partition 36
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which surround the space in which the adsorbent is
contained.

As noted above, the underside of U-bend 21
includes an oil-receiving hole 26 (FIG. 6). 1In accordance
with another aspect of the present invention, a frame 41
(FIGS. 1, 3, 6 and 8) is molded integrally with U-tube 19.
Frame 41 includes sides 42 and 43 and a bottom 44. Sides
42 and 43 and bottom 44 terminate at U-shaped mirror-image
edges 45 and 45' (FIGS. 1A, 6 and 8) which lie in the same
planes as the outer edges of ridges 27 and 277,
respectively. Thus, the permeable covers 40 and 40' are
extended to provide covers 47 and 47', respectively, which
are bonded to the edges 45 and 45', respectively, of frame
41 by the same means as covers 40 and 40' are bonded to
ridges 27 and 27', respectively. Thus, covers 47 and 47
serve as filters to filter the o0il at the bottom of
accumulator 11 which passes into the space within frame 41
and thereafter enters oil-receiving hole 26. As noted
above relative to covers 40 and 40', both covers 47 and 47°
need not be permeable, as only one permeable cover 47 or
47' may be adequate for filtration. Also, instead of using
permeable fabric on frame 41, metal or plastic filter mesh
Oor screening may be bonded to one or both sides of frame
41. Also, frame 41 need not be limited to the specific
shape shown but may be shaped otherwise. While the bottom
of frame 41 is shown spaced from the bottom of portion 12
of the accumulator housing 11, frame portion 44 may rest on
bottom 48 to stabilize the U-tube.

In FIGS. 9, 10 and 11 another embodiment of a
U-tube 50 is disclosed which can be a part of an integrated
U-tube and adsorbent unit, such as described above relative
to FIGS. 1-8. The U-tube 50 is fabricated by injection
molding in two halves 51 and 52 (FIGS. 10 and 1l1), and
thereafter the two halves are bonded to each other by any
sultable means including but not 1limited to vibration
welding, fusion welding, ultrasonic welding or gluing.

The material of U-tube 50 may be polypropylene or any
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other suitable resin. Aside from the fact that U-tube 50

is formed from two halves which are bonded to each other,
U-tube 50 contains all of the specific structure described
above relative to the U-tube 19 of FIGS. 6-8. It is used
in the same manner with the placement of the adsorbent in
a space 53 and the use of covers which are bonded to ridges
27a and 27b which are analogous to ridges 27 and 27',
respectively, of FIGS. 6-8. It also includes a frame 4la
which is identical to frame 41 of FIGS. 6-8 and which is
utilized in the same manner. Also, the two halves 51 and
52 provide a filter hole 26a which is analogous to filter
hole 26 of FIGS. 6-8.

In FIGS. 15 and 16 a U-tube 19' is shown which
includes a compartment 60 for containing a refrigerant
tracer dye 66 which is in the form of a wafer but can be in
granular form or in any other suitable form. Compartment
60 is outlined by a frame 61 which has outer edges 62 and
62' which lie in the same plane as the outer edges 45 and
45' of frame 41 and the outer edges of ridge portions 31
and 31' of ridges 27 and 27', respectively. Frame 61
includes substantially vertical portions 64 and 65 which
are connected by rounded upper portion 67. Since the edge
62 of frame 61 and edge 45 of frame 41 and the edge of
ridge 27 all lie in the same plane, the covers 40 will be
bonded to the aforementioned coplanar outer surfaces. An
analogous relationship exists with cover 40' relative to
edges 62', 45' and the edge of ridge 27'.

It will be appreciated that while the U-tube of
FIGS. 15 and 16 shows both frames 41 and 61 along with the
ridges 27 and 27', it will be appreciated that each of the
foregoing components can be incorporated separately with
a U-tube. In this respect, it will be appreciated that a
U-tube may have only ridges 27 and 27' if the filtering and
die tracer functions are not desired. Also, a U-tube may
have only a frame, such as 41, having opposite outer edges,
such as 45 and 45' if only a filtering function is desired.

Also, a U-tube may have incorporated therein only a frame,
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such as 61, for containing a refrigerant tracer dye. 1In
this respect, the tracer dye, whether it is in wafer or
granular form, can be inserted into compartment 60 defined
by frame 61 after one side of frame 61 has been covered and
before the opposite side of frame 61 has been covered. The
covers for frame 61 are preferably portions of covers 40
and 40', as discussed above. However, in an embodiment
of a U-tube wherein a frame, such as 61 is used by itself,
separate porous covers can bpbe bonded to one or both
opposite sides of frame 61. While porous covers, such as
40 and 40', have not been shown in the embodiment of FIGS.
15 and 16, it will be understood that such covers, as
discussed relative to FIGS. 1-4, are used in the embodiment
of FIGS. 15 and 16.

In FIGS. 12-14 the method of fabricating the
integrated U-tube and adsorbent unit 10 is shown. The
first step is to bond cover 40 to ridge 27 by the appli-
cation of suitable heat and pressure or by ultrasonic
welding or by gluing them together or by any other suitable
means of attachment. The second step 1s shown in FIG. 13
wherein the adsorbent unit is dumped into the space between
legs 20 and 22. The third step is to seal the cover 40' to
ridge 27' by suitable heat and pressure or by ultrasonic
welding or by any other suitable means to thereby confine
the adsorbent 39 between the legs 20 and 22 and return bend
21.

While the above description has been limited to
a plastic U-tube, it will be appreciated that a metal U-
tube can also be used if the covers, such as 40 and 40',
are suitably bonded thereto, as by gluing or by any other
suitable means. |

While only one opening 26 at the lowermost
underside of U-bend 21 has been shown in the embodiment of
FIGS. 1-7, it will be appreciated that a plurality of
openings 46 can be provided as shown in FIG. 6A or in any

other suitable manner.
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In the above description, primed numerals
represent mirror-image counterparts of unprimed numerals.

The above description has used the terminology
U-tube. However, the U-tube 19 is sometimes referred to as
a J-tube. It is to be understood the terminology U-tube is
intended to mean any tube arrangement having spaced legs
connected by a return bend such that there 1is a space
between the legs.

In FIGS. 17-23 a modified form of integrated
U-tube and adsorbent unit is shown. The adsorbent unit 70
includes a cover 71 consisting of sides 72 and 73
fabricated of web-bonded porous polyester fabric which have
been sealed to each other at fused edge 74 which consists
of straight portions 75 and 77 and curved portions 79 and
80. The cover 71 is filled with a suitable adsorbent 81,
which is the same as adsorbent 39 described above.

The adsorbent unit 70 is integrated onto U-tube
82 which is formed of Dblow-molded polyethylene plastic.
U-tube 82 it has the shape of the U-tube 19 described in
detail above in FIGS. 1-8 except that U-tube 82 is not
shown with the filter frame 41. More specifically, the
U-tube 82 includes straight pipes or 1legs 83 and 84
connected by U-bend 85. It also has ears which may be
identical to ears 18 described above. A ridge 87 is molded
integrally with straight pipes 83 and 84 and U-bend 85.
Ridge 87 includes straight portions 89 and 90 connected by
curved portions 91 and 92.

The integrated U-tube and adsorbent unit 94 is
shown in FIGS. 21-23. The fused edge 74 of adsorbent cover
70 1s fused to ridge 87 by any suitable fusing method as
described above wherein the plastic fused edge 74 of
adsorbent container 70 is bonded by fusion to ridge 87 of
the U-tube 82. The bonding by fusion can be by any of the
methods noted above, namely, by heat fusion, ultrasonic
welding, vibration welding or any other type of fusion or
the use of bonding cement or any other suitable means of

attachment. In the fully integrated position, adsorbent
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unit 70 occupies the position shown in FIGS. 21-23 wherein
the side 73 of the cover 71 is substantially aligned with
the outer edges of tubes 83 and 84, and the body of the
adsorbent unit is located within the legs 83 and 84 and
return bend 85 of the U-tube 82, as shown in FIGS. 22 and
23. The side 73 of cover 71 will generally occupy the
positions shown in FIGS. 21-23. 1If there is a requirement
for more adsorbent than can be fitted into the confines of
cover sides 72 and 73, sides 72 or 73 can be extended so as
to project outwardly beyond the periphery of the U-tube.
In this respect, side 73 could project outwardly to the
right in FIG. 23 and side 72 can project outwardly to the
left beyond 1its position shown in FIG. 23.

While the U-tube 82 has been shown with a ridge
87 thereon, it will be appreciated that the edge 74 of an
adsorbent cover could be fused directly to the U-tube if it
does not have a ridge 87. It will be appreciated that the
cover 71 can be extended beyond that shown, i1f desired, for
bonding to the U-tube.

The construction of the adsorbent unit 70 and
the U~-tube 82, as shown in FIGS. 17 and 23, precludes the
incorporation therein of a separate frame for a filter and
for a refrigerant tracer, as described above. However,
there is no reason that each of the foregoing frames cannot
be incorporated into the U-tube 82, if desired. In this
respect, the incorporation of a filter frame need not
require a change in the configuration of the adsorbent unit
70. However, if a refrigerant tracer frame is incorporated
in the manner shown in FIGS. 15 and 16, then the
configuration of the adsorbent container would have to be
modified accordingly. Alternatively, the refrigerant
tracer compartment could be formed so that it extends
outwardly from the side of one of the tubes 83 or 84 or the
U-bend 85 and the tracer can be contained in such a frame

by separate porous covers.
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While preferred embodiments of the present
invention have been disclosed, it will be appreciated that
it is not limited thereto but may be otherwise embodied

within the scope of the following claims.
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CLAIMS

1. An integrated U-tube and adsorbent unit comprising a
U-tube having first and second legs and a return bend, a
space between said first and second legs, and adsorbent 1n
said space, said U-tube defining a conduit which extends

through said first and second legs and said return bend.

2. The integrated U-tube and adsorbent unit of claim 1 1in
which the first and second legs and said return bend
include first and second halves which are bonded to each
other and a permeable cover bonded to at least one of said

first and second opposite halves.

3. An integrated U-tube and adsorbent unit as set forth
in claim 2 including an oil-pickup opening 1in said return
bend, a frame extending from said return bend, a second
space defined by said frame and in communication with said
oil-pickup opening, and a second permeable cover secured to

said frame.

4. An integrated U-tube and adsorbent unit as set forth
in claim 3 wherein said second permeable cover comprises an

extension of said permeable cover.

5. An integrated U-tube and adsorbent unit as set forth
in claim 2 including a second permeable cover bonded to the

other of said first and second opposite halves.
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6. An integrated U-tube and adsorbent unit as set
forth in claim 5 including an oil-pickup opening in said
return bend, a frame extending from said return bend, a
second space defined by said frame and in communication

with said oil-pickup opening, and a third permeable cover
secured to said frame.

7. An integrated U-tube and adsorbent unit as set

forth in claim 6 including a fourth permeable cover bonded
to said frame.

8. An integrated U-tube and adsorbent unit as set
forth in claim 7 wherein said frame has third and fourth
opposite sides, and wherein said third and fourth
permeable covers are secured to said third and fourth
opposite sides, respectively, of said frame.

9. An integrated U-tube and adsorbent unit as set
forth in claim 8 wherein said third and fourth permeable

covers are extensions of said first and second permeable
covers, respectively.

10. An integrated U-tube and adsorbent unit as set
forth in claim 2 wherein said first halve has a first side
and wherein said second halve has a second side which is
opposite to said first side, and wherein said permeable
cover is bonded to said first and second legs and said

return bend on one of said first and second opposite
sides.

11. An integrated U-tube and adsorbent unit as set
forth in c¢laim 10 including a second permeable cover
bonded to said first and second legs and said return bend
on the other of said first and second opposite sides.
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12. An integrated U-tube and adsorbent unit as set
forth in claim 10 including a ridge on said first and
second legs and said return bend on said one of said first

and second opposite sides, and wherein said permeable
cover is bonded to said ridge.

13. An integrated U-tube and adsorbent unit as set
forth in claim 12 including a second ridge on said first
and second legs and said return bend on the other of said

first and second opposite sides, and a second permeable
cover bonded to said second ridge.

14. An integrated U-tube and adsorbent unit as set
forth in claim 2 including a ridge on one of said first

and second opposite halves, and wherein said permeable
cover is bonded to said ridge.

15. An integrated U-tube and adsorbent unit as set
forth in claim 2 wherein said first halve has a first side
and wherein said second halve has a second side which is
opposite to said first side, and wherein there are first
and second ridges on each of said first and second
opposite sides, respectively, and wherein said permeable

cover is bonded to said first ridge, and a second cover is
bonded to said second ridge.

16. An integrated U-tube and adsorbent unit as set
forth in claim 2 including a ridge on one of said opposite

halves, and said permeable cover being bonded to said
ridge. |

17. An integrated U-tube and adsorbent unit as set
forth in claim 2 including first and second ridges on said
first and second opposite halves, respectively, and
wherein said permeable cover is bonded to said first
ridge, and a second cover on said second ridge.



A T s et Vi e Al l T S S Y ATl e o 2 ATANLE € A e T A Gt a2 L Oy TEA RS T B L A i T vk © anlh

CA 02409279 2009-04-02

17

18. An integrated U-tube and adsorbent unit as set
forth in claim 17 wherein said second cover is permeable.

19. An integrated U-tube and adsorbent unit as set

forth in claim 2 including a partition in said space
between said legs.

20. A method of fabricating an integrated U-tube and
adsorbent unit comprising the steps of bonding first and
second 'parts to define a U-tube having first and second
legs and a return bend having a conduit in said first and
second legs and in salid return bend with a space between
said legs and first and second opposite sides on said
legs, providing a first cover on said first sides of said

legs, placing adsorbent between said legs, and bonding a
second cover to said second sides of said legs.

21. A method of fabricating an 'integrated U-tube and
adsorbent unit as set forth in claim 20 wherein said first
cover 1s bonded to said first sides.

22. A method of fabricating an integrated U-tube and
adsorbent unit as set forth in claim 20 wherein at least
one of said first and second covers is permeable..

23. A method of fabricating an integrated U-tube and
adsorbent unit as set forth in claim 20 wherein said first
and second covers are permeable.

24, A U-tube camprising a plurality of molded parts
bonded to each other to define spaced legs connected by =

return bend which in turn define a conduit which extends
through said spaced legs and sald return beund.
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25. A U-tube as set forth in c¢laim 24 wherein said
plurality of molded parts comprise two halves.

26. A U-tube as set forth in claim 25 wherein said
two halves are located on opposite sides of said conduit.

27. A U-tube as set forth in claim 26 including
adsorbent between said spaced legs.

28. A U-tube as set forth in claim 27 wherein said

adsorbent is in a cover which is bonded to said spaced
legs.

29. A method of fabricating a U-tube comprising the
steps of providing a plurality of molded parts, and
bonding said plurality of molded parts to produce a U-tube
- having legs and a return bend having a conduit extending

therethrough with said molded parts being located on
opposite sides of said conduit.

30. An integrated U-tube and adsorbent unit
comprising a plurality of molded plastic parts bonded to
each other to produce a U-tube having legs and a return
bend, said legs and said U-bend defining a conduit
extending therethrough with said molded parts being

located on opposite sides of sald conduit, and adsorbent

permanently retained in assembled relationship with said
U-tube.

31. An integrated U-tube and adsorbent unit as set

forth in claim 30 wherein said adsorbent is contained in a
cover which is bonded to said U-tube.

32. A method of fabricating an integrated U-tube and
adsorbent unit comprising the steps of providing a
plurality of molded parts, and bonding said plurality of
-molded parts to produce a U-tube having legs and a return
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bend having a conduit extending therethrough with said
molded parts being located on opposite sides of said

conduit, and causing adsorbent to be permanently retained
in assembled relationship with said U-tube.

33. A U-tube comprising a plurality of molded
plastic parts bonded to each other in side-by-side
relationship to produce a U-tube having legs and a return
bend, said legs and said return bend defining a conduit
exténding therethrough with said plurality of molded parts
being located on opposite sides of said conduit.

34. A U-tube ae set forth in claim 33 including
adsorbent between said legs.

35. A U-tube as set forth in claim 34 wherein said
adsorbent is adjacent said return bend.

36. A U-tube comprising a plurality of molded

plastic parts bonded to each other to produce a U-tube
having legs and a return bend, and said molded plastic
parts including configurations such that when said
plurality of molded plastic parts are bonded to each other
in side-by-side relationship said configurations define

sides of a conduit which extends through said legs and
said return bend.

37. ' A U-tube as set forth in claim 36 including
adsorbent between said legs.

38. | A U~tube as set forth in claim 36 inciuding
adsorbent adjacent said return bend.

/

39. An integrated U-tube and adsorbent unit as in claim
1l comprising first and second opposite sides on said first
and second legs, respectively, and a permeable cover bonded
‘to at least one of said first and second opposite sides.
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40. An integrated U-tube and adsorbent unit as set

forth in claim 39 including an oil-pickup opening in said
return bend, a frame extending 'downwardly from said return
bend, a second space defined by said frame and in
communication with said oil-pickup opening, and a second
permeable cover secured to said frame.

41. An integrated Uétube and acisorbent unit as set
forth in c¢laim 40 wherein sald second permeable cover
comprises an extension of said permeable cover.

42. An integrated U-tube and adsorbent unit as set
forth in claim 39 including a second permeable cover

bonded to the other of said first and second opposite
sides.

43. | An integrated U-tube and adsorbent unit as set
forth in claim 42 including an oil-pickup opening in said
return bend, a frame extending from said return bend, a
second space defined by said frame and in communication
with said oil-pickup 6pening, and a third permeéble cover
secured to said frame. |

44, An integrated U-tube and adsorbent unit as set

forth in claim 43 including a fourth permeable cover
bonded to said frame. |

45. An integrated U-tube and adsorbent unit as set
forth in claim 44 wherein said frame has third and fourth
opposite sides, and wherein said third and fourth

permeable covers are secured to said third and fourth
opposite sides, respectively, of said frame.
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46. An integrated U-tube and adsorbent unit as set
forth in claim 45 wherein said third and fourth permeable

covers are extensions of said first and second permeable
covers, respectively.

47. An integrated U-tube and adsorbent unit as set
forth in claim 39 wherein said permeable cover is bonded

to said first and second legs and said return bend on one
of said first and second opposite sides.

48. An integrated U-tube and adsorbent unit as set

forth in c¢laim 47 including a second permeable cover
bonded to said first and second legs and said return bend
on the other of said first and second opposite sides.

49. An integrated U-tube and adsorbent unit as set
forth in claim 47 including a ridge on sald first and
second legs and said return bend on said one of said first

and second opposite sides, and wherein said permeable
cover is bonded to said ridge.

50. | An integrated U-tube and adsorbent unit as set
forth in claim 49 including a second ridge on said first
and second legs and said return bend on the other of said

first and second opposite sides, and a second permeable
cover bonded to said second ridge.

o1. . An integrated U-tube and adsorbent unit as set
forth in claim 39 including a ridge on one of said first

and second opposite sides, and wherein said permeable
cover is bonded to said ridge.

2. An integrated U-tube and adsorbent unit as set
forth in claim 39 including first and second ridges on

each of said first and gsecond opposite sides,
respectively, and wherein said permeable cover is bonded
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to said first ridge, and a second cover bonded to said
second ridge.

53. An integrated U-tube and adsorbent unit as set
forth in claim 39 wherein said first and second opposite
sides include said return bend, and a ridge on one of said
opposite sides of said first and second legs and said

return bend, and wherein said permeable cover is bonded to
said ridge.

4. An integrated U-tube and adsorbent unit as set
forth in claim 39 wherein said first and second opposite
sides include said return bend, first and second ridges on
sald first and second opposite sides, respectively, and
wherein said permeable cover is bonded to said first
ridge, and a second cover on said second ridge.

55. An integrated U-tube and adsorbent unit as set
forth in claim 54 wherein said second cover is permeable..

56. An integrated U-tube and adsorbent unit as set
forth in claim 3¢ including a partition in said space
between said legs.

57. An iritegrated U-tube and adsorbent unit

comprising a U-tube having first and second legs and a
return bend, a space between said first and second legs,

adsorbent in said space, and at least one permeable cover
bonded to said legs.

58. A method of fabricating an integrated U-tube and
adsorbent unit comprising the steps of providing a U-tube
having legs and a return bend with a space between said
legs and first and second opposite sides on said legs,
providing a first cover on said first sides of said 1égs,

placing adsorbent between said legs, and bonding a second
cover to said second sides of said legs.
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59. A method of fabricating an integrated U-tube and

adsorbent unit as set forth in claim 58 wherein sald first
cover 1is bonded to said first side.

60. A method of fabricating an integrated U-tube and
adsorbent unit as set forth in claim 58 wherein at least
one of said first and second covers is permeable.

61. A method of fabricating an integrated U-tube and

adsorbent unit as set forth in claim 58 wherein said first
and second covers are permeable.
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