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METHOD AND APPARATUS FOR EXCHANGING ENERGY AND/OR
MASS

FIELD OF THE INVENTION

[0001] The present invention relates generally to a method and
apparatus for exchanging energy and mass between at least two fluid
streams.

BACKGROUND OF THE INVENTION

[0002] A conventional regenerative device that exchanges sensible

heat, latent heat, and moisture between two streams of fluids can be
manufactured in the form of a wheel, and can be referred to as an enthalpy
wheel, an energy wheel, or a heat exchange wheel (hereinafter ‘enthalpy
wheel’). Conventional enthalpy wheels are illustrated in U. S. patents, Nos.
4,093,435, 4,924,934 and 6,155,334.

[0003] A conventional enthalpy wheel typically rotates on a shaft at
fairly low speeds, for example, no more than about 40 r.p.m. The enthalpy
wheel typically has a housing containing a matrix of media (capable of
absorbing sensible heat) that is coated with a desiccant material (capable of
absorbing moisture and thus latent as well as sensible heat). The media can
be made of alternate sheets of flat and corrugated paper whose open-ended
corrugations provide a multitude of parallel passages through the wheel in
an axial direction. This arrangement of the corrugations facilitates the flow of
fluids through the enthalpy wheel. The housing together with the media is
generally rotated about the shaft by, for example, a motor.

[0004] Two fluid streams, for example, a first humidified and heated
air stream and a second dry and cool air stream, can enter the enthalpy
wheel along the axial direction. The first air stream flows through the
enthalpy wheel from one side into an area of the media where the humidity
and heat in the air stream is absorbed and retained by the media. The
second air stream flows through the enthalpy wheel, generally through the
opposite side from the first air stream, and into an area of the media that is

usually in symmetrical relation to the area where the first stream entered the
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housing. As the enthalpy wheel rotates about its axis, the area of the media
that has retained and absorbed the humidity and heat from the first air
stream rotates to where the second air stream flows through the housing to
transfer humidity and heat to the dry cool air of the second stream.

SUMMARY OF THE INVENTION

[0005] In accordance with the present invention there is provided a
regenerative energy and/or mass exchange assembly comprising an
exchange media, a first flow path to pass a fluid stream through the
exchange media, at least a second flow path to pass a further fluid stream
through the exchange media, and at least one fluid stream diverter to divert
the different flow paths to pass the respective fluid streams through different
regions of the exchange media.

[0006] In one embodiment, the exchange assembly further comprises
at least one housing connected to one end of the exchange media and

wherein the flow paths are provided in the housing.

[0007] In another embodiment, the fluid stream diverter is provided in
the housing.
[0008] In another embodiment, the housing and the fluid stream

diverter cooperate to form the flow paths.

[0009] In another embodiment, the fluid stream diverter is rotatably
mounted within the housing.

[0010] In another embodiment, the exchange media is housed in a
plurality of cavities that are separated from one another in cross section and
extend in parallel along the direction of fluid stream flow.

[0011] In another embodiment, the fluid stream diverter rotates to
pass the different fluid streams through the exchange media.

[0012] In another embodiment, the fluid stream diverter rotates to
pass the different fluid streams through different cavities of the exchange
media.

[0013] In another embodiment, the exchange assembly further
comprises a shaft that extends through the exchange media, the at least

one housing connected to one end of the exchange media, and the fluid
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stream diverter rotatably mounted within the housing.

[0014] In another embodiment, the fluid stream diverter has a radial
extent that is generally less than the radial extent of the exchange media.
[0015] In another embodiment, the at least one housing connected to
one end of the exchange media comprises a connection portion and a
dispersion portion which are in fluid communication with each other.

[0016] In another embodiment, the connection portion has at least
two ports adapted to connect to external fluid stream sources.

[0017] In another embodiment, the dispersion portion has an open
end that is in fluid communication with the exchange media.

[0018] In another embodiment, the connection portion has a radial
extent that is generally less than the radial extent of the dispersion portion.
[0019] In another embodiment, the fluid stream diverter is
substantially disposed within the connection portion.

[0020] In another embodiment, the fluid stream diverter has a radial
extent that is substantially equal to the radial extent of an inner wall of the
connection portion.

[0021] In another embodiment, the dispersion portion comprises a
plurality of chambers that are separated from one another.

[0022] In another embodiment, the plurality of cavities that house the
exchange media are disposed within a central housing.

[0023] In another embodiment, each cavity is thermally insulated from
adjacent cavities.

[0024] In another embodiment, the plurality of cavities that house the
exchange media are positioned in correspondence to the chambers of the
dispersion portion.

[0025] In another embodiment, the cavities and the chambers are
substantially equal in cross section and substantially evenly spaced about
the axial direction.

[0026] In another embodiment, the number of chambers is three, and
the number of cavities is three.

[0027] in another embodiment, the number of chambers is five, and
the number of cavities is five.
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[0028] In another embodiment, the fluid stream diverter comprises in
sequence along the axial direction a first segment, a first reduced diameter
portion, a second segment, a second reduce.d diameter portion, and a third
segment; an inner bore defining an inner space within the fluid stream
diverter; a first passage extending from a first port in the outer wall of the
second reduced diameter portion through the inner space and then to a
second port on the outer wall of the first segment; a second passage
extending from a third port on the end wall of the first segment adjacent to
the first reduced diameter portion to a fourth port on the outer wall of the first
segment; and wherein the said first and second passages are isolated from
each other.

[0029] In another embodiment, a sealing means is provided between
the fluid stream diverter and the connection portion.

[0030] In another embodiment, the sealing means is provided
between each of the first, second, and third segment, of the fluid stream
diverter and the inner wall of the connection portion.

[0031] In another embodiment, the connection portion has an open
end and a closing means which closes the open end.

[0032] In another embodiment, the exchange assembly further
comprises snap-connection means provided between the central housing
and the housing connected to one end of the exchange media.

[0033] In another embodiment, the assembly has a first end housing
and a second end housing disposed on either end of the exchange media.
[0034] In another embodiment, a first fluid stream diverter is disposed
in the first end housing and a second fluid stream diverter is disposed within
the second end housing. |

[0035] In another embodiment, the plurality of chambers of the
dispersion portion of the first end housing is in substantial axial alignment
with the corresponding plurality of chambers of the dispersion portion of the
second end housing.

[0036] In another embodiment, the first and second fluid stream
diverters are disposed correspondingly in the respective end housings and
rotate in phase during operation.
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[0037] In accordance with the present invention, there is provided a
method of exchanging energy and/or mass between at least two fluid
streams, the method comprising:
(a) passing at least two fluid streams through different regions
of an exchange media; and
(b) changing the flow paths of the fluid streams to the
exchange media so that at least one of the fluid streams is
passed through a region of the exchange media that a
different fluid stream had passed through.
[0038] In one embodiment, each flow path is changed by a fluid
stream diverter.
[0039] In another embodiment, the fluid stream diverter is provided in
a housing connected to one end of the exchange media.
[0040] In another embodiment, the housing and the fluid stream
diverter cooperate to form the flow paths.
[0041] in another embodiment, the fluid stream diverter is rotatably
mounted within the housing.
[0042] In another embodiment, the exchange media is housed in a
plurality of cavities that are separated from one another in cross section and
extend in parallel along the direction of fluid stream flow.
[0043] In another embodiment, the fluid stream diverter rotates to
pass the different fluid streams through the exchange media.
[0044] In another embodiment, the fluid stream diverter rotates to
pass the different fluid streams through different cavities of the exchange
media.
[0045] In another embodiment, step (a) includes passing the fluid
streams through different regions of an exchange media in a concurrent
direction.
[0046] In another embodiment, step (a) includes passing the fluid
streams through different regions of an exchange media in a counter-current

direction.
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BRIEF DESCRIPTION OF THE DRAWING FIGURES
[0047] For a better understanding of the present invention, and to
show more clearly how it may be carried into effect, reference will now be
made, by way of example, to the accompanying drawings', which show a
breferred embodiment of the present invention in which:

[0048] Figure 1a shows a perspective view of a conventional enthalpy
wheel;
[0049] Figure 1b shows a perspective view of an exchange media

used in a conventional enthalpy wheel;

[0050] Figure 2a shows a longitudinal sectional view of an enthalpy
wheel assembly according to the present invention;

[0051] Figure 2b shows an enlarged view of one end of an enthalpy
wheel assembly according to the present invention;

[0052] Figure 3a shows a plan view of a central housing accordingly
to the present invention;

[0053] Figure 3b shows a longitudinal sectional view of a central
housing according to the present invention taken along the lines A-A of
Figure 3a;

[0054] Figure 4a shows a perspective view of a first example of an
end housing according to the present invention;

[0055] Figure 4b shows another perspective view of a first example of
an end housing according to the present invention;

[0056] Figure 4c shows a longitudinal sectional view of a first example
of an end housing according to the present invention;

[0057] Figure 4d shows a perspective sectional view of a first
example of an end housing according to the present invention;

[0058] Figure 5a shows a perspective view of a fluid stream diverter
according to the present invention;

[0059] Figure 5b shows a longitudinal sectional view of a fluid stream
diverter according to the present invention;

[0060] Figure 5c shows a perspective sectional view of a fluid stream
diverter according to the present invention;

[0061] Figure 5d shows another perspective view of a fluid stream

6
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diverter according to the present invention;
[0062] Figure 6 shows a perspective view of a shaft according to the
present invention;
[0063] Figure 7a shows a perspective view of a first example of a
multi-cavity media support according to the present invention;
[0064] Figure 7b shows a perspective sectional view of a first
example of a multi-cavity media support according to the present invention;
[0065] Figure 8a shows a perspective view of a end housing
according to the present invention with snap connection means provided
thereon;
[0066] Figure 8b shows another perspective view of a end housing
according to the present invention with snap connection means provided
thereon;
[0067] Figure 9a shows a plan view of a central housing according to
the present invention with snap connection means provided thereon;
[0068] Figure 9b shows a side elevational view of a central housing
according to the present invention with snap connection means provided
thereon;
[0069] Figure 10 shows another longitudinal sectional view of an
enthalpy wheel assembly according to the present invention; and
[0070] Figure 11 shows a cross-sectional view taken along the line A-
A of Figure 2a, illustrating the relationship between the size of the slots in
the fluid stream diverter and the openings in the end housing;
[0071] Figure 12 shows another longitudinal sectional view of an
enthalpy wheel assembly according to the present invention.
[0072] Figure 13 shows a perspective view of a second example of an
end housing and a multi-cavity media support according to the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0073] A conventional enthalpy wheel 50 is illustrated in Figure 1a.

Enthalpy wheel 50 rotates on a shaft 102, at fairly low speeds, for example,
no more than about 40 r.p.m. The enthalpy wheel 50 typically has a housing
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101 containing a matrix of media 103 (capable of absorbing sensible heat)
that is coated with a desiccant material (capable of absorbing moisture and
thus latent as well as sensible heat). As shown in Figure 1b, the media 103
can be made of alternate sheets of flat and corrugated paper whose open-
ended corrugations provide a multitude of parallel passages through the
wheel in an axial direction. This arrangement of the corrugations facilitates
the flow of fluids through the enthalpy wheel 50. The housing 101 together
with the media 103 is generally rotated about the shaft 102 by, for example,
a motor 104. A groove 105 can be provided on the circumference of the
housing 101 so that a belt 106 can be placed within the groove 105 to
transmit the driving force from the motor 104 to rotate the housing 101 of the
enthalpy wheel 50. A cassette housing (not shown) can enclose the
enthalpy wheel 50, and be fluidly connected to gas ducts (not shown).
[0074] Two fluid streams, for example, a first humidified and heated
air stream 11 and a second dry and cool air stream 21, can enter the
enthalpy wheel 50 along the axial direction. The first air stream 11 flows
through the enthalpy wheel 50 from one side into an area of the media
103—indicated at 15—where the humidity and heat in the first air stream 11
is absorbed and retained by the media 103. The second air stream 21 flows
through the enthalpy wheel 50, generally through the opposite side from the
first air stream 11, and into an area of the media 103—indicated at 25—that
is usually in symmetrical relation to the area where the first stream 11
entered the media 103. As the housing 101 of the enthalpy wheel 50 rotates
about its axis, the area of the media 103 that has retained and absorbed the
humidity and heat from the first air stream 11 rotates to where the second air
stream 21 flows through the media 103 transferring humidity and heat to the
dry cool air of the second stream 21.

[0075] Figure 2a shows a longitudinal sectional view of an enthalpy
wheel assembly 100 of the present invention. By way of example, the
embodiment disclosed will refer to an exchange of heat and humidity
between two gas streams such as, for example, in a ventilation or air
conditioning system. However, it is understood that the enthalpy wheel 100

can be used to exchange energy and/or mass between more than two fluid
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streams. More specifically, the enthalpy wheel assembly 100 might also
have applicability to other uses, such as, but are not limited to, gas
purification, gas enrichment, valuable component recovery from gas
mixtures, and selective mass transfer between two gas streams.

[0076] Referring to Figure 2a, the enthalpy wheel assembly 100.
comprises a central housing 120, a first end housing 140 and a second end
housing 140’. For the embodiment illustrated in Figure 2a, the components
in the first end housing 140 are identical to those in the second end housing
140’. Accordingly, the numbers relating to the second end housing 140’ are
denoted with a suffix . The central housing 120 is preferably cylindrical in
shape and contains an exchange media 110. A suitable exchange media
comprises random oriented fiber based carbon paper commercially
available from E-TEK, or carbon cloth commercially available from W.L.
Gore. The media 110 has two end surfaces 112, 112’. The two end
housings 140, 140’ are placed at the opposite open ends of the central
housing 120. A shaft 180 extends throughout the three housings 120, 140,
140’, preferably along the center of the annular section of those housings.
Further, a fluid stream diverter 200 is fitted into the first end housing 140
about shaft 180, as will hereinafter be described. Furthermore, the fluid
stream diverter 200 and the end housing 140 in the embodiment disclosed
cooperate with one another to form at least two flow paths to the exchange
media 110 for the external gas streams. Moreover, the second end housing
140’ can also be provided with a fluid stream diverter 200’

[0077] As shown in Figures 3a and 3b, the central housing 120 of the
enthalpy wheel assembly 100 has enlarged inner diameter portions 121 and
123 at each end thereof. The enlarged diameter portions 121 and 123 are
adapted to connect the first and second end housings 140, 140’ to the
central housing 120. |

[0078] Figures 4a—4d show various perspective and sectional views
of a first example of an end housing. It is understood that although the
numbers in Figure 4 correspond to the first end housing 140, they are
equally applicable to the second end housing 140’.

[0079] Referring to Figure 4a, the first end housing 140 has a

9
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connection portion 141 and a dispersion portion 142, which are in fluid
communication with each other. The connection portion 141 has an outer
wall 153 and an inner wall 152. Inner wall 152 defines an inner chamber 160
that can be cylindrical in shape. The outer wall 153 of the connection portion
141 can define a plane portion 154 having two gas ports 143, 144 provided
thereon. The gas ports 143, 144 are in fluid communication with the inner
chamber 160 of the connection portion 141. The open end of the connection
portion 141 is closeable by a closing means 500 (see Figure 2a), such as a
threaded cap or the like. Referring to Figure 4d a number of annular grooves
400 are provided in parallel relation on the inner wall 152 of the connection
portion 141, to accommodate a sealing means, such as an O-ring (not
illustrated).

[0080] Figures 4a and 4b show an end wall 158 of the dispersion
portion 142 extending radially from the connection portion 141, and a portion
157 extending axially from end wall 1 58. The axially extending portion 157
can be cylindrical in shape and have a reduced outer diameter portion 147
adapted to fit into the enlarged inner diameter portion 121 of the central
housing 120 as shown in Figure 2a. An O-ring groove 155 can be provided
on the reduced diameter portion 147 for sealing between the central housing
120 and the first end housing 140.

[0081] A journal 145 is provided at the center of the open end of the
dispersion portion 142. A plurality of chamber dividers 151 extends radially
from the journal 145 towards the outer wall of the dispersion portion 142 to
define a plurality of chambers 150. The journal 145 has a portion 146 that
extends axially towards the connection portion 141. Further, portion 146 s
spaced from the inner end wall 158 of the dispersion portion 142 forming a
plurality of partially circular openings 156 within each chamber 150 of the
dispersion portion 142. Openings 156 provide a plurality of gas flow paths
into the plurality of chambers 150 from the inner chamber 160 of connection
portion 141. The journal 145 has a hub 149 that supports the shaft 180.
[0082] At least one annular groove 148 can be provided on an inner
wall 161 of the axially extending portion 146 for sealing, for example, by
using an O-ring (not illustrated). The inner wall 161 of the axially extending

10
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portion 146 can have roughly the same diameter as the inner chamber 160
of the connection portion 141. The dispersion portion 142 and the journal
145 have a common end face 159.

[0083] Figure 2a shows the fluid stream diverter 200 fitted into_the
first end housing 140. Figures 5a, 5b, and 5¢ show the detailed structure of
the fluid stream diverter 200. The fluid stream diverter 200 has a plurality of
reduced diameter portions. Specifically, in the preferred embodiment, the
fluid stream diverter 200 has a first segment 220, a second segment 240,
and a third segment 260, as well as a first reduced diameter portion 230 and
a second reduced diameter portion 250. The segments 220, 240 and 260
can have the same diameter. Likewise, the reduced diameter portions 230,
250 can have the same reduced diameter. Within an end surface 210 of the
fluid stream diverter 200 a slot 211 is provided. Preferably, slot 211 is arc
shaped, and has a smaller radius than the end surface 210 of the first
segment 220. The slot 211 extends axially throughout the first segment 220.
On the outer wall 221 of the first segment 220 two slots can be provided,
namely slots 212 and 213. Slot 211 is in fluid communication with slot 212.
[0084] The fluid stream diverter 200 has an inner bore 214 extending
axially throughout the length thereof. The inner bore 214 extends to a
position adjacent to the end surface 210, at which point it has a reduced
diameter portion 215 for supporting the shaft 180. The inner bore 214 is
isolated from slots 211 and 212. Slot 213 is in fluid communication with
inner bore 214.

[0085] The second reduced diameter portion 250 is provided with a
plurality of holes that penetrate this portion, namely, a plurality of gas
dispersion holes 251 and pinholes 253. As shown in Figure 2b, at least one
of the pinholes 253 can be used to accommodate a pin 350 to fix the fluid
stream diverter 200 to the shaft 180 so that the fluid stream diverter 200
rotates with the shaft to disperse the gas streams, as will hereinafter be
described.

[0086] On an end surface 270 of the third segment 260, a number of
screw holes 271 are provided. These screw holes 271 are used to

accommodate screws to enable the fluid stream diverter 200 to be removed
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from the first end hohsing 140 when the enthalpy wheel 100 is
disassembled. Fluid stream diverters 200 and 200’ are respectively fitted
into the inner spaces 160, 160’ of the first and second end housings 140
and 140'. The shaft 180 passes through the respective redﬁced diameter.
portions 215, 215’ of the fiuid stream diverters 200 and 200’ and the fluid
stream diverters are fixed to the shaft 180 using respective pins 350, 350’.
During operation, the fluid stream diverters 200, 200" are continuously
rotating with the shaft 180.

[0087] Referring to Figure 2a, a heat and mass exchange media 110
is disposed within the central housing 120. The media has an inner hole 111
extending axially therethrough to rotatably receive the shaft 180. In
operation, the shaft is driven by a motor (not shown). This arrangement
allows the fluid stream diverters 200 and 200’ within the first and second
end housings 140 and 140’ to rotate in phase with the shaft 180 without
turning the media 110 therein. As described above, each of the first and
second end housings 140 and 140’ has a reduced diameter portion 147
adapted to fit into the enlarged diameter portion 121, 123 of the central
housing 120. Preferably, sealing means 122, for example O-rings, are
provided to prevent leakage of any gas from the gas streams. Preferably,
the media 110 and the first and second end housings 140 and 140’ are
dimensioned such that the end surfaces 159, 159’ of the journals 145, 145’
are adjacent to, but not in contact with, the end surfaces 112, 112’ of the
media, as shown in Figure 2a.

[0088] Shaft 180 (see Figure 6) is provided with pinholes 183 and
183’. As can be seen on the left side of Figure 2a, the fluid stream diverter
200 is fixed with respect to the shaft by means of a pin 350 that fits into the
pinhole 253 of the fluid stream diverter 200 and one of the pinholes 183 and
183’ on the shaft 180. Therefore, the fluid stream diverter 200 rotates in the
same phase as the shaft 180. '

[0089] As the diameter of the inner bore 214 of the fluid stream
diverter is greater than the outer diameter of the shaft 180, a gas flow path
is formed within the fluid stream diverter 200. The inner chamber 160 of the

connection portion 141 preferably has substantially the same diameter as
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that of the outer wall 221 of the fluid stream diverter 200, which, as seen in
Figures 5a and 5b is the diameter of the first, second and the third segments
220, 240, 260. The fluid stream diverter 200 is positioned within the first
housing 140 on the shaft 180 such that the second segment 240 of the fluid-
stream diverter 200 is in substantial alignment with a groove 400 provided
on the inner wall 152 of the connection portion 141 in which, for example, an
O-ring (not illustrated) can be placed to provide a seal. With fluid stream
diverter 200 positioned within first end housing 140 as illustrated in Figure
2b, a first inner space 440 between the second segment 240 and third
segment 260 is provided that is separated from a second inner space 441
between the first segment 220 and the second segment 240. Moreover, the
third segment 260 can be provided with an O-ring (not illustrated).

[0090] Now referring to Figures 5a, 5b and 5c, the first end housing
140 and the fluid stream diverter 200 are dimensioned such that each of the
slots 212, 213 of the first segment 220 of the fluid stream diverter 200 are
substantially in alignment with each of the plurality of openings 156 located
in the plurality of chambers 150 for dispersing gases when the fluid stream
diverter 200 is disposed in the first end housing 140. Preferably, the journal
145 is provided with at least one groove 148. Since the diameter of the inner
wall 161 of the journal 145 is substantially the same as that of the inner wall
152 of the connection portion 141, it is substantially the same as the
diameter of the outer wall 221 of the first segment 220 of the fluid stream
diverter 200. Sealing means, for example an O-ring (not illustrated), can be
placed in the groove 148 to provide sealing between the journal 145 and the
first segment 220. When in assembly, two separate plates are provided for
the fluid stream diverter 200, namely, a sealing plate 370 and a support
plate 380 (see Figures 2a and 2b). As can best be seen in Figure 5b, the
sealing plate 370 is formed in accordance with the shape of the slot 211 of
the first segment 220 and has a certain thickness so that it can fit into the
slot 211 and close the slot 211 on the end surface 210. Sealing plate 370
can be fixed onto the fluid stream diverter 200 by means of, for example,
welding or the like. The support plate 380 is provided with a through hole so
that the shaft 180 can pass through it. The support plate 380 has a diameter

13
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that is greater than the diameter of the inner bore 214 of the fluid stream
diverter 200. The internal bore 214 of the fluid stream diverter 200 is
provided with a step 272 at a position adjacent the end face 270 so that the
support plate 380 can fit into the inner bore 214 of the fluid stream diverter
200 and abut against the step 272. Therefore, the fluid stream diverter 200“\
is supported about the shaft 180 at two positions adjacent to the ends
thereof, i.e., by reduced diameter portion 215 and by support plate 380.
[0091] Still referring to Figures 2a and 2b, a closing means 500, such
as a cap, is provided on the end surface of the connection portion 141 of the
first end housing 140. The closing means 500 is fixed onto the end surface
of the connection portion 141 in a known manner, such as, for example, a
screw connection as illustrated at 501. The closing means 500 supports the
shaft 180 by means of a bearing 385. The shaft is also supported by the
journal 145 by means of a bearing 375. Sealing between the journal 145
and the shaft 180 can be provided by, for example, an O-ring. Therefore, the
shaft 180 is supported by the first end housing 140 in two locations using
bearings.

[0092] As shown in Figure 4b two gas ports 143 and 144 are provided
on the plane portion 154 of the connection portion 141 of the first end
housing 140. The two gas ports 143 and 144 are in fluid communication with
the inner chamber 160 of the connection portion 141. In the radial direction,
the gas port 143 is in fluid communication with the following components:
the first inner space 440, the plurality of gas dispersion holes 251, the inner
bore 214, the slot 213, and, with appropriate rotation of the fluid stream
diverter 200, as will hereinafter be described, the plurality of openings 156,
the plurality of chambers 150, and the central housing 120. The gas port
144 is in fluid communication with the following components: the second
inner space 441, the slot 211, the slot 212, and, with appropriate rotation of
the fluid stream diverter 200, as will hereinafter be described, the plurality of
openings 156, the plurality of chambers 150, and the central housing 120. In
the same manner, the central housing 120 is in fluid communication with the
second end housing 140'.

[0093] The first and second end housings 140, 140’ are positioned
14



WO 03/019080 PCT/CA02/01286

such that the plurality of chambers 150 of the first end housing 140 are
generally in alignment with the chambers 150" of the second end housing
140’. Additionally, the fluid stream diverters 200 and 200’ turn in phase with
each other while the enthalpy wheel assembly 100 is in operation. That is to
say, the positions of the slots 211, 212, 213 are constantly in alignment with
those of the slots 211°, 212’, 213’ in the axial direction.

[0094] As described above, the exchange media 110 typically has a
multitude of parallel fluid channels. When operating with fluid streams
having higher pressures and/or high-pressure gradients, the fluid stream
that has a higher pressure tends to crossover the axially extending channels
of the media 110 towards the fluid stream having a lower pressure. This can
result in poor humidity and/or heat exchange, and even leakage of the
enthalpy wheel assembly 100. Therefore, the enthalpy wheel assembly 100
of the present invention preferably has a multi-cavity media support 300, as
shown in Figures 7a and 7b. The multi-cavity media support 300 has an
inner wall 302 and is generally cylindrical in shape, as the central housing
120, but with a smaller diameter. The multi-cavity media support 300 has a
hub 310 for the shaft 180 to pass through. A plurality of cavity dividers 303
extend radially from the hub 310 towards the inner wall 302 of the multi-
cavity media support 300 and axially throughout the length thereof, thereby
dividing the inner space thereof into a plurality of cavities 301,
corresponding to the number of the chambers 150. Moreover, the multi-
cavity media support 300 has an end face 304.

[0095] In operation, the multi-cavity media support 300 is fitted into
the central housing 120, and the media is then separately placed into the
plurality of cavities 301. Therefore, the media in one cavity 301 is isolated
from those in adjacent cavities. Each chamber 150, 150’ within the first and
second end housings 140 and 140’ is respectively aligned with a
corresponding cavity 301 within the multi-cavity media support 300. Since
the end housings 140, 140’ and the multi-cavity media support 300 do not
rotate, an appropriate conventional face sealing means, such as, for
example, a gasket (not shown), may be utilized to provide sealing between
the stationary end face 304 of the multi-cavity media support 300 and
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stationary end faces 159 and 159’ of the first and second end housings 140
and 140’ respectively. As a result, different gas stream paths are isolated
from one another and stream leakage from higher-pressure streams to lower
pressure streams across the media material is prevented by the isolating,
property of the multi-cavity media support 300 and the sealing technique
mentioned above. Optionally, the material of the multi-cavity media support
300 may also be chosen to have a thermal insulation property, so that the
stream paths are further thermally insulated from one another, and from the
wall of the central housing 120 and thus the environment.

[0096] Now referring to Figures 8a, 8b, 9a and 9b, the central housing
120 and the first and second end housings 140 and 140’ can be provided
with snap connection means for easily disassembling the enthalpy wheel
assembly 100. On the outer walls of the first and the second end housings
140 and 140, a plurality of attachments 80 are provided. On the outer wall
of the central housing 120, a number of latches 70 and hooking means 60
are provided. The hooking means 60 can be configured to hook the’
attachments 80 to form a snap-on connection with the latches 70. The
latches 70 can be gripped by hand to drive the hooking means 60 to hook
the attachments 80. This forms a shap-on connection that enables the
central housing 120 and the first and second end housings 140 and 140’ to
be connected and disconnected with ease. This arrangement simplifies the
task of replacing the media.

[0097] The arrangement of Figure 2a is intended to provide energy
and/or mass exchange between two fluid streams. This is explained further,
by the detailed descriptions of the different modes of operation described
below.

[0098] For example, referring to Figure 10, a first warm and
humidified gas stream 10 and a second cool and dry gas stream 20 run
concurrently through the enthalpy wheel assembly 100, that is, the gas
streams 10, 20 enter through the same side of the wheel 100, and exit
through the same side of the wheel 100. The first gas stream 10 enters the
enthalpy wheel assembly 100 through gas port 143, and flows into the first
inner space 440. From here, the first gas stream 10 flows through the
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plurality of gas dispersion holes 251 located on the second reduced
diameter portion 250, into the inner bore 214 of the fluid stream diverter 200.
Next, the first gas stream 10 flows along the length of the inner bore 214,
and exits the fluid stream diverter 200 through slot 213. As the fluid stream.
diverter 200 is continuously rotating with the shaft 180, the first gas stream
10 flows into one of the chambers 150 via a respective opening 156 when
the fluid stream diverter 200 rotates into a position where slot 213 fluidly
communicates with one of the openings 156. As the gas streams are usually
conveyed by means of blowers (not illustrated), the first gas stream 10 is
forced to flow along the axial direction into the media 110 supported in one
of the cavities 301 in the central housing 120. As previously mentioned, the
media 110 in one of the cavities 301 has a plurality of axially extending
channels that are not in communication with the plurality of axially extending
channels in the other of the cavities in either the radial or circumferential
directions. Therefore, the first gas stream 10 flows along the plurality of
media channels to the corresponding chamber 150’ of the second end
housing 140’. From here, the first gas stream 10 flows through opening 156’
and slot 213’ respectively, and enters the inner bore 214’ of the fluid stream
diverter 200’. Next, the first gas stream 10 flows along the length of the inner
bore 214’, exits through the plurality of holes 251’, passes through the first
inner space 440, exits the enthalpy wheel assembly 100 through the gas
port 143’, and passes into an external duct (not shown). As the first gas
stream 10 flows across the plurality of channels in the media 110, the heat
and humidity of the first gas stream is retained in the media 110. Since the
fluid stream diverter 200 continually rotates with the shaft 180, the first gas
stream 10 flows through all the channels of the media 110 to retain heat and
humidity.

[0099] A second gas stream 20 enters the enthalpy wheel assembly
100 through gas port 144, and flows into the second inner space 441. It is
noted that the first inner space 440 is isolated from the second inner space
441, From here, the second gas stream 20 passes through slots 211 and
212 respectively. The second gas stream 20 then flows into one of the

separate chambers 150 via a respective opening 156 when the fluid stream
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diverter 200 rotates into a position where slot 212 fluidly communicates with
one of the openings 156. Next, the second gas stream 20 flows along the
plurality of media channels in one of the cavities 301 of the central housing
120 to a corresponding chamber 150’ of the second end housing 140’. As
stated above, the humidity and heat of the first gas stream 10 is retained in'
all the channels of the media in all of the cavities 301 of the central housing
120. Therefore, as the second gas stream 20 flows along the channels heat
and humidity is transferred to it. Hence, the second gas stream 20 is heated
and humidified as it passes through the media 110 to chamber 150’ of the
second end housing 140". From here, the second gas stream 20 flows
through opening 156’, slots 212' and 211’ respectively, and enters the
second inner space 441’. Next, the second gas stream 20 exits the enthalpy
wheel assembly 100 through gas port 144’, and passes into an external duct
(not shown).

[0100] It is noted that at any time, any one of chambers 150, media
cavities 301, and chambers 150’, will only contain either gas from the first
stream 10 or gas from the second stream 20. The chamber dividers 151
separate each chamber so that the first and second gas streams 10, 20 will
never mix. To ensure no mixing of the gas streams, for the embodiment
illustrated, the size of the slots 212, 213 of the fluid stream diverter 200 and
the size of the openings 156 are selected and oriented as follows. Figure 11
shows the relationship between the size of the slots 212, 213 and the three
openings 156, in case of three chambers 150, and numbered in Figure 11
as 156a, 156b, and 156¢c. In this Figure, segments 212a and 213a,
respectively, indicate cords corresponding to the arc shaped slots 212 and
213. Therefore, the two ends of each segment 212a, 213a represent the two
ends of each slot 212, 213, respectively. As illustrated in Figure 11, the fluid
stream diverter 200 is rotating in a clockwise direction. The slots 212, 213
and the openings 156 should be sized and oriented such that at the moment
the slot 213 rotates away from chamber 150a, to cut off fluid communication
between the slot 213 and the opening 156a, the slot 212 does not fluidly
communicate with the same opening 156a. This arrangement will ensure the

first and second fluid streams will not mix in each chamber 150.
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[0101] Now referring to Figure 12, in a second embodiment, the gas
streams 10, 20’ run through the enthalpy wheel 100 counter-currently, that
is, the first gas stream 10 enters the wheel 100 on one side, and the second
gas stream 20’ enters the wheel 100 on the opposite side. This is the.
preferred mode of operation. The first gas stream 10 follows the same gas
flow path as the first embodiment described above and will not be repeated.
[0102] A second gas stream 20’ enters the enthalpy wheel assembly
100 through gas port 144’ of the second end housing 160, and flows into the
second inner space 441’. From here, the second gas stream 20’ passes
through slots 211’ and 212’, respectively. The second gas stream 20’ then
flows into one of chambers 150’ via a respective opening 156’ when the fluid
stream diverter 200’ rotates into a position where slot 212’ fluidly
communicates with one of the openings 156'. Next, the second gas stream
20’ flows along the plurality of media channels in one of the cavities 301 of
the central housing 120 to a corresponding chamber 150 of the first end
housing 140. As the second gas stream 20’ flows along the channels heat
and humidity is transferred to it as described above for the embodiment of
Figure 10. From here, the second gas stream 20 flows through opening 156,
slots 212 and 211 respectively, and enters the second inner space 441 of
the first end housing 140. Next, the second gas stream 30 exits the enthalpy
wheel assembly 100 through gas port 144, and passes into an external duct
(not shown).

[0103] Figure 13 shows a perspective view of an end housing 140
and a multi-cavity support 300 according to a second example of the
present invention. In this example, the end housing 140 has five chamber
dividers 151 that section the dispersion portion 142 into five separate
chambers 150. Likewise, the multi-cavity support 300 has five cavity dividers
303 that divide the inner space of the multi-cavity support 300 into five
separate cavities 301 corresponding to the chambers 150 of the end
housing 140. It is understood that the chambers 150 and the cavities 301
are in alignment during operation and that at any time, any one of chambers
150, media cavities 301, and chambers 150’, will only contain either gas

from the first stream 10 or gas from the second stream 20. The chamber
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dividers 151 separate each chamber so that the first and second gas
streams 10, 20 will never mix. The size and orientation of the slots 212, 213
of the fluid stream diverter 200 and the size and orientation of the openings
156 are selected depending on the actual number of chambers 150 and to
ensure no mixing of the gas streams.

[0104] It is also understood that although in the above embodiments,
the central housing 120, the connection portions 142, 142’, the dispersion
portions 143, 143’ of the end housings 140, 140’, and the first, second and
third segments 220, 240, 260 are all described as cylindrical in shape, the
actual shape may vary as required. These components may have different
perimetrical extents at different axial positions thereof. Therefore, the words
“diameter” and “radial”’ as used in this disclosure do not limit the shape of
the components.

[0105] The enthalpy wheel 100 can work in many different systems
since it has the ability to operate in two different modes, that is concurrently
and counter-currently. Moreover, the connections between the central
housing 120 and the end housings 140, 140’ are adapted for easy assembly
and disassembly of the enthalpy wheel 100.

[0106] Additionally, since the central housing 120 and hence the
media do not rotate during operation, the system can work with two or more
gas streams having high pressure and/or high pressure gradients. By having
the enthalpy wheel remain stationary during operation the system can be
scaled up or down for use in novel applications. Moreover, since the rotary
members have smaller diameters than conventional designs, the enthalpy
wheel assembly of the present invention can require less driving force for
rotation, reducing system energy loss and improving system efficiency.
[0107] While the above description constitutes the preferred
embodiments, it will be appreciated that the present invention is susceptible
to modifications and changes without departing from the fair meaning of the
proper scope of the accompanying claims. For example, the exchange
media can comprise any material that is well known in the art. Moreover,
since the central housing 120 and the media 300 do not rotate during

operation, the housings of the present invention are not limited to cylindrical
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shapes. The shapes of the housings 120, 140, 140’ may include, but are not
limited to, square, rectangular or triangular. Similarly, the fluid stream
diverters 200 are not limited to the shape as disclosed herein.
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WE CLAIM:

1.

A regenerative energy and/or mass exchange assembly, comprising:
(a) an exchange media;

(b) a first flow path to pass a fluid stream through the exchange

media;

(c) at least a second flow path to pass a further fluid stream through
the exchange media; and

(d) at least one fluid stream diverter to divert the different flow paths
to pass the respective fluid streams through different regions of the
exchange media. "

An exchange assembly according to claim 1 further comprising at
least one housing connected to one end of the exchange media and

wherein the flow paths are provided in the housing.

An exchange assembly according to claim 2 wherein the fluid stream
diverter is provided in the housing.

An exchange assembly according to claim 3 wherein the housing and
the fluid stream diverter cooperate to form the flow paths.

An exchange assembly according to claim 4 wherein the fluid stream
diverter is rotatably mounted within the housing.

An exchange assembly according to claim 5 wherein the exchange
media is housed in a plurality of cavities that are separated from one
another in cross section and extend in parallel along the direction of
fluid stream flow.

An exchange assembly according to claim 5 wherein the fluid stream
diverter rotates to pass the different fluid streams through the
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13.

14.
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exchange media.

An exchange assembly according to claim 6 wherein the fluid stream
diverter rotates to pass the different fluid streams through different
cavities of the exchange media.

An exchange assembly according to claim 7 or 8 further comprising a
shaft that extends through the exchange media, the at least one
housing connected to one end of the exchange media, and the fluid
stream diverter rotatably mounted within the housing.

An exchange assembly according to claim 9 wherein the fluid stream
diverter has a radial extent that is generally less than the radial extent
of the exchange media.

An exchange assembly according to claim 10 wherein the at least
one housing connected to one end of the exchange media comprises
a connection portion and a dispersion portion which are in fluid
communication with each other. '

An exchange assembly according to claim 11 wherein the connection
portion has at least two ports adapted to connect to external fluid
stream sources.

An exchange assembly according to claim 12 wherein the dispersion
portion has an open end that is in fluid communication with the
exchange media.

An exchange assembly according to claim 13 wherein the connection
portion has a radial extent that is generally less than the radial extent
of the dispersion portion.
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21.

22.

23.
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An exchange assembly according to claim 14 wherein the fluid
stream diverter is substantially disposed within the connection
portion.

An exchange assembly according to claim 15 wherein the fluid
stream diverter has a radial extent that is substantially equal to the

radial extent of an inner wall of the connection portion.

An exchange assembly according to claim 16 wherein the dispersion
portion comprises a plurality of chambers that are separated from
one another.

An exchange assembly according to claim 17 wherein the plurality of
cavities that house the exchange media are disposed within a central
housing.

An exchange assembly according to claim 18 wherein each cavity is
thermally insulated from adjacent cavities.

An exchange assembly according to claim 19 wherein the plurality of
cavities that house the exchange media are positioned in
correspondence to the chambers of the dispersion portion.

An exchange assembly according to claim 20 wherein the cavities
and the chambers are substantially equal in cross section and

substantially evenly spaced about the axial direction.

An exchange assembly according to claim 21, wherein the number of
chambers is three, and the number of cavities is three.

An exchange assembly as accordingly to claim 21, wherein the
number of chambers is five, and the number of cavities is five.
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An exchange assembly according to claim 22 or 23, wherein the fluid
stream diverter comprises in sequence along the axial direction a first
segment, a first reduced diameter portion, a second segmenf, a
second reduced diameter portion, and a third segment: an inner bore
defining an inner space within the fluid stream diverter; a first
passage extending from a first port in the outer wall of the second
reduced diameter portion through the inner space and then to a
second port on the outer wall of the first segment; a second passage
extending from a third port on the end wall of the first segment
adjacent to the first reduced diameter portion to a fourth port on the
outer wall of the first segment; and wherein the said first and second

passages are isolated from each other.

An exchange assembly according to claim 24 wherein sealing means
is provided between the fluid stream diverter and the connection
portion.

An exchange assembly according to claim 25 wherein sealing means
is provided between each of the first, second, and third segment, of

the fluid stream diverter and the inner wall of the connection portion.

An exchange assembly according to claim 26 wherein the connection
portion has an open end and a closing means which closes the open
end.

An exchange assembly according to claim 18 further comprising
snap-connection means provided between the central housing and

the housing connected to one end of the exchange media.

An exchange assembly according to claim 20 wherein the assembly

has a first end housing and a second end housing disposed on either
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35.

36.
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end of the exchange media.

An exchange assembly according to claim 29 wherein a first fluid
stream diverter is disposed in the first end housing and a second fluid

stream diverter is disposed within the second end housing.

An exchange assembly according to claim 30 wherein the plurality of
chambers of the dispersion portion of the first end housing is in
substantial axial alignment with the corresponding plurality of
chambers of the dispersion portion of the second end housing.

An exchange assembly according to claim 31 wherein the first and
second fluid stream diverters are disposed correspondingly in the
respective end housings and rotate in phase during operation.

A method of exchanging energy and/or mass between at least two
fluid streams, the method comprising:
(a) passing at least two fluid streams through different regions of an
exchange media;
(b) changing the flow paths of the fluid streams to the exchange
media so that at least one of the fluid streams is passed through a
region of the exchange media that a different fluid stream had
passed through.

A method according to claim 33 wherein each flow path is changed
by a fluid stream diverter.

A method according to claim 34 wherein the fluid stream diverter is

provided in a housing connected to one end of the exchange media.

A method according to claim 35 wherein the housing and the fluid
stream diverter cooperate to form the flow paths.
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A method according to claim 36 wherein the fluid stream diverter is
rotatably mounted within the housing.

A method according to claim 37 wherein the exchange media is
housed in a plurality of cavities that are separated from one another
in cross section and extend in parallel along the direction of fluid

stream flow.

A method according to claim 37 wherein the fluid stream diverter
rotates to pass the different fluid streams through the exchange
media.

A method according to claim 37 wherein the fluid stream diverter
rotates to pass the different fluid streams through different cavities of
the exchange media.

A method according to claim 37 wherein in step (a) passing the fluid
streams through different regions of an exchange media is in a

concurrent direction.
A method according to claim 37 wherein in step (a) passing the fluid

streams through different regions of an exchange media is in a

counter-current direction.

27



50

WO 03/019080

WET AIR

)

REACTIVATION AIR

21

1/15

\-11

PROCESS AIR

PCT/CA02/01286

FIG. 1A

DRY AIR

15

102

SUBSTITUTE SHEET (RULE 26)




WO 03/019080

103

2/13

SUBSTITUTE SHEET (RULE 26)

PCT/CA02/01286

FIG.1B




PCT/CA02/01286

WO 03/019080

3/15

006 -

\ A Z
4
. vie
022 Emwm
\
DSOS . N/ | 008
i .. NWAN! 08¢
$ ]
7 \ 8._.\.\ SRS , 3¢
Y | s DT
. . T . -, N Ul
................:.N& NN +—otp
05— Joo s L /q%ﬁ
Ort : ¢l 0OSt 0ot L
écl 0zl 121 ovL
£21 v _

Okt

SUBSTITUTE SHEET (RULE 26)



PCT/CA02/01286

WO 03/019080

4115

0de \/_\\\\\!I—.Om
\\\ \\%\/
k N NN NN 00S
cle &M U/// W _—cge
1 .// 7 o)
- / it €5z
SO NN NS
081 M\\ X //U
VA N /)

0L& \¥
e zre-

B
951 \

N
ove
il \
o

\_\\\w\§m

SUBSTITUTE SHEET (RULE 26)



WO 03/019080

5/15

123

ey

120
121 /

TELCNS

120

SUBSTITUTE SHEET (RULE 26)

PCT/CA02/01286

FIG. 3B

FIG. 3A




PCT/CA02/01286

WO 03/019080

ov 'Old

a4

34t

\\\mmr :

WO\ 7
W ﬁu//loﬁ

mi\; w\\\\\\\\m

6/15

12} 74 S 251
. 9G1—
0Si—7 l// z///
ovl

GG1 8G1
yadh
lS1

-

SUBSTITUTE SHEET (RULE 26)



PCT/CA02/01286

WO 03/019080

SUBSTITUTE SHEET (RULE 26)



WO 03/019080

8/15

SUBSTITUTE SHEET (RULE 26)

PCT/CA02/01286

FIG.6



0000000000

N

¥
§
QO

O

FIG. 7B

FIG. 7A




PCT/CA02/01286

WO 03/019080

10/15

.

5 vl

SUBSTITUTE SHEET (RULE 26)



WO 03/019080

11715

70
60

SUBSTITUTE SHEET (RULE 26)

PCT/CA02/01286

FIG. 9B

FIG. 9A




PCT/CA02/01286

WO 03/019080

12/15

O}l "©Old

ot~

A

Y A 002
002 -
\\_.\\._\J\w\_l_\\\\\w..\ur‘ ‘\ /.,,M, S ///%///h,
X \JA i N ” )
A 9 O ”mw/ LN N-ne
L \_u\\ \Mm\\ o \\ 7 N AN . rﬂﬂ Ny S
PN L i
v f//_l

Wﬂ%
=t
YA V7

SUBSTITUTE SHEET (RULE 26)



WO 03/019080

—
ile}
~—

13/15

212a
150c

SUBSTITUTE SHEET (RULE 26)

150b

PCT/CA02/01286

FIG. 11



PCT/CA02/01286

WO 03/019080

14/15

¢l Old

oL

00e—__ \ Mt ooz
A\\%\\\@SL‘\ ./“f ../ ////,.. AN 3
1 e mﬂwr\ N N unmﬂm\.iw‘
[ ..\4\\“ ;M\; i’ \\\\ Jh . .“1/// /,Mu// ,n._H... W.
Fic
i ﬁ\’ﬁ\\\\\\\\ \\\. .\\ //n 1IN N ///////.,M._\\u ﬂﬂ
710 Izt e NN N
Z ' RPN RS sese— Oy

oct

NS AT AANUNRUUOOCNSY .////////.I.f.//////ly///.f///lr.f/./lr///f/////////////f///////JI//////////’

\

AYA

™ ——

0g}

ori

SUBSTITUTE SHEET (RULE 26)



0000000000

SUBSTITUTE SHEET (RULE 26)




INTERNATIONAL SEARCH REPORT

I _ tional Application No

PCT/CA 02/01286

A._CLASSIFICATION OF SUBJECT MATTER
IPC 7 F24F3/14 B01D53/04

F28D17/04

B. FIELDS SEARCHED

According to International Patent Classification (IPC) orto both national classification and IPC

IPC 7 BO1D F24F F28D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where approptiate, of the relevant passages

Relevant to claim No.

26 May 1981 (1981-05-26)
abstract

figures 8,9

column 9, 1ine 50 -column 10, line 4

-f—

X GB 508 372 A (ARTHUR LEONARD SADLER) 1-18,
22 June 1939 (1939-06-22) 33-40,42
A the whole document 19,28,41
X DE 25 12 065 A (NAKAJIMA SEIKI CO) 1-15,
30 September 1976 (1976-09-30) 33-40,42
page 6, 1ine 1 -page 8, line 22
figures 1,2,4
X US 2 204 431 A (MOORE WILLIAM E ET AL) 1-8,
11 June 1940 (1940-06-11) 33-40,42
A the whole document 9
A US 4 269 611 A (ANDERBERG ERLING L) 1,9

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
m?nls, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

21 November 2002

Date of mailing of the international search report

27/11/2002

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

De Graaf, J.D.

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

It ivowrmun0nal Application No

PCT/CA 02/01286

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A

EP 0 853 967 A (BOC GROUP INC)
22 July 1998 (1998-07-22)

EP 0 512 534 A (MITSUBISHI HEAVY IND LTD)
11 November 1992 (1992-11-11)

EP 0 279 495 A (DELAIR B V)

24 August 1988 (1988-08-24)

GB 942 261 A (METALLGESELLSCHAFT AG)
20 November 1963 (1963-11-20)

Form PCT/ISA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

Information on patent family members

tional Application No

PCT/CA 02/01286

Patent document Publication Patent family Publication

cited in search report date member(s) date

GB 508372 A 22-06-1939  NONE

DE 2512065 A 30-09-1976 DE 2512065 Al 30-09-1976

US 2204431 A 11-06-1940 NONE

US 4269611 A 26-05-1981 DK 8577 A 11-07-1978
BE 862771 Al 10-07-1978
CH 624856 A5 31-08-1981
DE 2800722 Al 13-07-1978
DE 7800463 U1 15-03-1979
FR 2376684 Al 04-08-1978
GB 1582608 A 14-01-1981
NL 7800301 A ,B 12-07-1978
NO 780082 A ,B 11-07-1978
SE 432058 B 19-03-1984
SE 7800211 A 11-07-1978

EP 0853967 A 22-07-1998 US 5820656 A 13-10-1998
us 5891217 A 06-04-1999
AU 735294 B2 05-07-2001
AU 5209498 A 23-07-1998
CA 2227483 Al 21-07-1998
CN 1201708 A 16-12-1998
EP 0853967 A2 22-07-1998
NZ 329591 A 29-11-1999
PL 324374 Al 03-08-1998

EP 0512534 A 11-11-1992 JP 2891560 B2 17-05-1999
JP 5200225 A 10-08-1993
JP 2971195 B2 02-11-1999
JP 5068834 A 23-03-1993
JP 5023526 A 02-02-1993
JP 2971202 B2 02-11-1999
JP 5038413 A 19-02-1993
AU 647617 B2 24-03-1994
AU 1610192 A 12-11-1992
DE 69213309 D1 10-10-1996
DE 69213309 T2 23-01-1997
EP 0512534 Al 11-11-1992
us 5248325 A 28-09-1993

EP 0279495 A 24-08-1988 NL 8700377 A 16-09-1988
EP 0279495 Al 24-08-1988

GB 942261 A 20-11-1963 DE 1419251 Al 06-11-1969
NL 250983 A

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

