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Title: AN ENERGY AND/OR MASS EXCHANGE APPARATUS HAVING AN
INTEGRATED FLUID SEPARATOR

The present application claims priority from U.S. provisional patent application

no. 60/497,569, which is incorporated herein by reference in its entirety.

Field of the invention

[0001] The present invention relates generally to the field of fluid
separators, with common but by no means exclusive application to

electrochemical cell systems.

Background of the invention

[0002] Fuel cells and electrolyzer cells are generally referred to as
electrochemical cells. Fuel cells have been proposed as clean, efficient and
environmentally friendly power sources that have various applications. A
conventional proton exchange membrane (PEM) fuel cell is typically
comprised of an anode, a cathode, and a selective electrolytic membrane

disposed between the two electrodes.

[0003] A fuel cell generates electricity by bringing a fuel gas (typically
hydrogen) and an oxidant gas (typically oxygen) respectively to the anode and
the cathode. In reaction, a fuel such as hydrogen is oxidized at the anode to
form cations (protons) and electrons. The proton exchange membrane
facilitates the migration of protons from the anode to the cathode while
preventing the electrons from passing through the membrane. As a result, the
electrons are forced to flow through an external circuit thus providing an
electrical current. At the cathode, oxygen reacts with electrons returned from
the electrical circuit to form anions. The anions formed at the cathode react
with the protons that have crossed the membrane to form liquid water.

[0004] In contrast, an electrolyzer uses electricity to electrolyze water to
generate oxygen from its anode and hydrogen from its cathode. Similar to a
fuel cell, a typical solid polymer water electrolyzer (SPWE) or proton

exchange membrane (PEM) electrolyzer is also comprised of an anode, a
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cathode and a proton exchange membrane disposed between the two
electrodes. Water is introduced to, for example, the anode of the electrolyzer
which in turn is connected to the positive pole of a suitable direct current
voltage. Oxygen is produced at the anode. The protons then migrate from the
anode to the cathode through the membrane. On the cathode which is
connected to the negative pole of the direct current voltage, the protons

conducted through the membrane are reduced to hydrogen.

[0005] In practice, the cells are not operated as single units. Rather, the
cells are connected in series, either stacked one on top of the other or placed
side by side. The series of cells, referred to as a cell stack, is normally
enclosed in a housing. For a fuel cell stack, the fuel and oxidant are directed
through manifolds in the housing to the electrodes. The fuel cell is cooled by
either the reactants or a cooling medium. The fuel cell stack also comprises
current collectors, cell-to-cell seals and insulation while the required piping
and instrumentation are provided external to the fuel cell stack. The fuel cell
stack, housing and associated hardware constitute a fuel cell module.
Likewise, electrolyzer cells are also typically connected in series to form an

electrolyzer stack.

[0006] A common problem that has to be addressed, for both fuel cell
stacks and electrolyzer stacks, is the regulation of water content in the
process gas streams. The presence of water in process gas streams typically
reduces the efficiency of the electrochemical cell. However, for certain
applications, it is advantageous to retain some water content in the gas

stream.

[0007] There are a variety of devices for exchanging energy and/or
mass between at least two fluid streams. Examples of such devices include

for example, humidifiers and enthalpy wheels.

[0008] Such devices commonly humidify a first gas or fluid stream by
transferring humidity from a second fluid stream, also typically containing a
gas. In this process, humidity and/or heat from the second fluid stream
having higher temperature and higher humidity is retained in the humidifier.
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The first gas/fluid stream, often having relatively lower humidity and lower
temperature flows through the humidifier and picks up the heat and humidity
retained therein. In this way, the second gas stream is humidified and heated.

This completes the exchange of heat and/or energy between the two streams.

[0009] From time to time, liquid water is formed when the second fluid
stream loses humidity and heat. The liquid water in the second fluid stream
may remain in the second fluid stream, or the liquid water may be retained in
the humidifier and picked up by the first fluid stream. In either case, liquid

water in the fluid stream may be undesirable.

[0010] The inventors have accordingly recognized a need for a fluid
separation device for separating liquid from a fluid stream, and adapted for

use with humidifiers.

Summary of the invention

[0011] This invention is directed towards a liquid separator configured

to separate liquid from a fluid stream.

[0012] The separator includes a housing, a separation chamber
disposed within the housing, a drain having a drain passageway for draining
liquid from the separation chamber, an inlet chamber configured to receive the
fluid stream, an inlet channel configured to communicate the fluid stream from
the inlet chamber to the separation chamber, a swirler disposed within the
inlet channel, and an outlet channel configured to communicate the fluid
stream from a first outlet end positioned proximate the second inlet end, to a

second outlet end remote from the separation chamber.

[0013] Preferably, the separator also includes a mounting face
proximate the inlet chamber, the mounting face configured for mounting the

separator to a humidifier.

[0014] The housing preferably includes a base and a cap which is

removably mountable to the base.

[0015] The invention is further directed towards a humidifier integrated

with a liquid separator. The separator includes a housing, a separation
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chamber disposed within the housing, a drain having a drain passageway for
draining liquid from the separation chamber, an inlet chamber configured to
receive the fluid stream, a mounting face proximate the inlet chamber, an inlet
channel configured to communicate the fluid stream from the inlet chamber to
the separation chamber, a swirler disposed within the inlet channel, and an
outlet channel configured to communicate the fluid stream from a first outlet
end positioned proximate the separation chamber, to a second outlet end
remote from the separation chamber. The humidifier includes a humidifier
inlet, a humidifier outlet, an end face proximate the humidifier outlet, wherein
the end face is configured to mate with the separator mounting face. The end

face is mated with the separator mounting face.

Brief description of the drawings

[0016] The present invention will now be described, by way of example
only, with reference to the following drawings, in which like reference

numerals refer to like parts and in which:

[0017] FIGURE 1 is a partially exploded elevated perspective view of a

liquid separator and humidifier made in accordance with the present invention;

[0018] FIGURE 2 is a side cutaway view of the liquid separator of
Figure 1;
[0019] FIGURE 3 is a side cutaway view of the base of the liquid

separator of Figure 1;

[0020] FIGURE 4 is a generally bottom perspective view of the base of

the liquid separator of Figure 1;

[0021] FIGURE 5A is a side cutaway view of the cap of the liquid

separator of Figure 1;

[0022] FIGURE 5B is a rear perspective view of the cap of the liquid

separator of Figure 1; and
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[0023] FIGURE 6 is a top perspective view of the swirler of the liquid

separator of Figure 1.

Detailed description of the invention

[0024] Referring simultaneously to Figures 1 - 5, illustrated therein is a
liquid separator and energy and/or mass exchange apparatus assembly,
referred to generally as 100, made in accordance with the present invention.
The assembly 100 includes an energy and/or mass exchanger 120 portion
integrated with a separator 140 portion. In the present embodiment, the

energy and/or mass exchanger 120 is a humidifier.

[0025] The humidifier body 120 is a generally cylindrical tube and
includes a substantially cylindrical humidifier (or exchanger) inlet 122 and a
substantially cylindrical humidifier (or exchanger) outlet 124. Typically, a
substantially cylindrical desiccant cartridge 126 is provided within the body of
the humidifier 120 for retaining heat and humidity therein. The cartridge 126
contains tubes 128 of desiccant material, separated by gaps or passageways
130. The humidifier also includes an end face 132 proximate the humidifier
outlet 124. The humidifier 120, inlet 122, outlet 124 and desiccant cartridge
126 are substantially coaxial and aligned about a central axis shown generally
as 800. Preferably the central axis 800 is substantially horizontal when the

humidifier and separator assembly 100 is positioned for operational use.

[0026] The separator 140 includes a substantially cylindrical main
housing 142 having a cap portion 400 and a base 300. The cap 400 is
removably mounted to the base 300, typically through the use of bolts or
similar retaining members passing through through-holes 306. An O-ring 160
or other type of seal may be provided between the base 300 and the cap 400
to prevent fluid leaks.

[0027] For most low-pressure applications, the housing 142 may be

made of plastic or other suitable material.

[0028] A mounting face 302 is provided at one end of the separator
base 300. The mounting face 302 is configured for directly mating the
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separator 140 to the humidifier's end face 132. As a result, no tubular
extension portion for mounting a hose or other conduit to the humidifier's
outlet end 124 is required. Preferably, the diameter 302' of the mounting face
302 is substantially similar to the diameter of the humidifer's end face 132.
Similarly, as can be seen in Figure 1, preferably the outer diameter 140’ of the
separator body 140 is substantially similar to the outer diameter 124' of the
humidifier's outlet 124 (and the outer diameter 122' of the humidifier's inlet
122).

[0029] An annular inlet chamber 340 is provided in the base 300,
proximate the mounting face 302. To accommodate the flow of fluid through
the gaps 130 between the desiccant tubes 128 and into the inlet chamber
340, preferably the outer diameter 340' of the inlet chamber 340 is at least as
great as the outer diameter 126’ of the desiccant cartridge 126.

[0030] A generally cylindrical inlet channel 320 is centrally disposed
within and recessed slightly from the mounting face 302 and configured for
communicating a fluid stream (typically comprising water droplets and oxygen
or hydrogen as a process gas) from a first inlet end 327 to a second inlet end
329 proximate a separation chamber 330. The separation chamber 330 is
substantially cylindrical and is formed within an interior region of the housing

142, when the base 300 and cap 400 are mounted together.

[0031] A swirler 200 removably mounted within the inlet channel 320.
As shown in Figure 6, the swirler 200 is substantially propeller-shaped, having
a plurality of arcuate vanes 240, spiraling about an axial shaft 220. A pin hole
280 may be provided through the axial shaft 220, to receive a pin or similar
device for releasably mounting the swirler 200 to the inlet channel 320.
Having a removable swirler 200 facilitates maintenance and cleaning of the

separator 140.

[0032] As can be seen in Figure 2, proximate the swirler 200, the inlet
channel 320 begins to taper radially outwardly, such that the cross-sectional
diameter of the channel 320 is larger at the second inlet end 329 than the
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cross-sectional diameter of the channel 320 proximate the swirler 200. The

tapered portion of the channel 320 is substantially frusto-conical.

[0033] A generally tubular outlet channel 420 is formed through the cap
400, and communicates fluids between a first outlet end 421 positioned
proximate the second inlet end 329, and a second outlet end 450 remote from
the separation chamber 330. The outlet channel 420 forms a fluid
communication between the separation chamber 330 and the exterior of the

housing 142.

[0034] The first outlet end 421 is slightly inset within and generally
axially aligned with the second inlet end 329. The overlapping portions of the
inlet channel 320 and outlet channel 420 form an annular space or gap
therebetween, through which the fluid is permitted to flow. Preferably, the
inlet chamber 340, inlet channel 320, swirler 200, separation chamber 330,
and outlet channel 420 are substantially coaxially aligned about the central
axis 800.

[0035] The cap 400 has a cap end face 402 adapted to engage the
second end face 304 of the base 300. A plurality of recesses 408 are

provided on the cap's 400 external face 410. The recesses 408 are distributed

- around the circumference of the cover body 410. Each of the recesses 408 is

provided with a through-hole 406 for accommodating screws or bolts to fix the
cap 400, the base 300 and the humidifier 120 together. The through-holes
406 extend along the axial direction of the cover 400. It can be appreciated
that the positions of the recesses 408 and their associated through holes 406

correspond to those of the through holes 306 in the base 300.

[0036] The exterior second outlet end 450 may be configured for
connection to a hose or other suitable conduit or external fitting for delivering
the fluid stream to its desired destination. Alternatively, the inner wall of the
outlet channel 420 may have a threaded portion 452 for threadedly engaging
a fitting 600. However, the connection between outlet channel 420 and

external fittings can vary according to particular applications.
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[0037] A drain 500 is provided proximate a lowest point of and in fluid
communication with the separation chamber 330. In the illustrated
embodiment, the lowest points of the separation chamber 330 (and
correspondingly the location of the drain 500) lie beneath the central axis 800.
The drain 500 includes a substantially vertical drain passageway 510 for
evacuating out of the separation chamber 330 liquid which has been
separated from the fluid stream. The drain 500 may also be provided with a
level switch 520 mounted in the drain passageway 510 for automatically
initiating draining when the separated liquid has reached a pre-determined

level in the separation chamber 330.

[0038] Optionally, other through-holes, such a through hole 308 can be
provided in the base 300, connecting the separation chamber 330 to external
hoses for other purposes. For example, the through hole 308 can be used to

direct a portion of the fluid stream outside of the separator 140.

[0039] In use, a fluid stream formed of a combination of gas and liquid
droplets are directed typically under low pressure (eg. 3 — 10 psi) into the
humidifier inlet 122, through the air gaps 130 between the desiccant tubes
128 and out the humidifier outlet 124.

[0040] The fluid stream then enters the inlet chamber 340 prior to
entering the first inlet end 327 of the inlet channel 320. The fluid stream
passes over the vanes 240 of the swirler 200, causing the fluid stream to swirl
radially outwardly in cyclonic fashion and against the interior surface of the
inlet channel 320, before emerging into the separation chamber 330 and
against the interior surface of the chamber 330.

[0041] As will be understood, the spinning motion imparted to the fluid
stream creates centrifugal forces which cause the water droplets to impinge
upon and collect against the interior surfaces of the inlet channel 320 and the
separation chamber 330. Liquid droplets collecting within the inlet channel

320 are urged by the flow of the fluid stream into the separation chamber 330.
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[0042] As liquid collects in the separation chamber 330, gravity draws
the liquid downwards to the chamber's 330 lowest points near the drain 500.
Once a sufficient amount of separated liquid has collected at the bottom of the
chamber 330, the level switch 520 is activated and allows the liquid to exit
from the chamber 330 through the drain passageway 510.

[0043] The fluid stream (with at least some and preferably most of the
liquid removed) is then able to enter the outlet channel 420 via the first outlet
end 421 and exit the separation chamber 330 ultimately exit the outlet
channel 420 and the separator 140 through the second outlet end 450.

[0044] As noted previously, the housing 142 for the separator 140
preferably includes a base 300 and a cap 400 which is removably mountable
to the base 300. Such a design facilitates the cleaning and maintenance of
the separator 140, generally. Preferably, upon removal of the cap 400, the
inlet and outlet channels 320, 420, the separation chamber 330 and the drain

500 may be easily accessed for cleaning or maintenance.

[0045] Thus, while what is shown and described herein constitute
preferred embodiments of the subject invention, it should be understood that
various changes can be made without departing from the subject invention,
the scope of which is defined in the appended claims.
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Claims:

1. A liquid separator configured to separate liquid from a fluid
stream, the separator comprising:

a) a housing;

b) a separation chamber disposed within the housing;

C) a drain having a drain passageway for draining liquid
from the separation chamber;

d) an inlet chamber configured to receive the fluid stream;

e) an inlet channel configured to communicate the fluid
stream from the inlet chamber to the separation chamber;

f) a swirler disposed within the inlet channel; and

g) an outlet channel configured to communicate the fluid
stream from a first outlet end positioned proximate the second inlet end, to a

second outlet end remote from the separation chamber.

2. The liquid separator as claimed in claim 1, further comprising a

separator mounting face proximate the inlet chamber.

3. The liquid separator as claimed in claim 2, wherein the mounting face

is configured for mounting the separator to a humidifier.

4. The liquid separator as claimed in claim 2, wherein the inlet chamber is

recessed from the mounting face.

5. The liquid separator as claimed in claim 1, wherein the separation

chamber is substantially cylindrical.

6. The liquid separator as claimed in claim 1, wherein the drain is

positioned proximate a lowest point of the separation chamber.

7. The liquid separator as claimed in claim 1, wherein the inlet channel
flares radially outwardly proximate the second inlet end such that the diameter
of the inlet channel at the second inlet end is larger than the diameter of the

inlet channel proximate the swirler.
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8. The liquid separator as claimed in claim 1, wherein the housing

includes a base and a cap which is removably mountable to the base.

9. The liquid separator as claimed in claim 8, wherein the outlet channel

passes through the cap.

10.  The liquid separator as claimed in claim 1, wherein the inlet channel is

substantially aligned about a central axis.

11.  The liquid separator as claimed in claim 1, wherein the inlet channel,

the outlet channel and the separation chamber are substantially coaxial.

12. The liquid separator as claimed in claim 4 in combination with an
energy and mass exchanger, the exchanger comprising:

a) an exchanger inlet;

b) an exchanger outlet;

c) an end face proximate the exchanger outlet, wherein the

end face is configured to mate with the separator mounting face.

13.  The liquid separator as claimed in claim 12, wherein the exchange

apparatus and the separator are substantially aligned about a central axis.

14.  The liquid separator as claimed in claim 13, wherein the exchange

apparatus is a humidifier.

15. A humidifier integrated with a liquid separator, wherein the separator
comprises:

a) a housing;

b) a separation chamber disposed within the housing;

c) a drain having a drain passageway for draining liquid
from the separation chamber;

d) an inlet chamber configured to receive the fluid stream;

e) a mounting face proximate the inlet chamber,

f) an inlet channel configured to communicate the fluid

stream from the inlet chamber to the separation chamber;
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9) a swirler disposed within the inlet channel; and

h) an outlet channel configured to communicate the fluid
stream from a first outlet end positioned proximate the second inlet end, to a
second outlet end remote from the separation chamber;
and wherein the humidifier comprises:

) ahumidifier inlet;

) a humidifier outlet;

k) an end face proximate the humidifier outlet, wherein the
end face is configured to mate with the separator mounting face, and wherein

the end face is mounted to the separator mounting face.

16.  The humidifier integrated with a liquid separator as claimed in claim 15,
wherein the humidifier and the separator are substantially aligned about a

central axis.

17.  The humidifier integrated with a liquid separator as claimed in claim 15,
wherein the separator body is substantially cylindrical and comprises a
separator outer diameter, and wherein the humidifier outlet is substantially

cylindrical and comprises an outlet outer diameter.

18.  The humidifier integrated with a liquid separator as claimed in claim 17,
wherein the separator outer diameter and the outlet outer diameter are

substantially the same.

19.  The humidifier integrated with a liquid separator as claimed in claim 18,
wherein the humidifier inlet is substantially cylindrical and comprises an inlet
outer diameter and wherein the inlet outer diameter is substantially the same

as the outlet outer diameter.

20. The humidifier integrated with a liquid separator as claimed in claim 14,
wherein the humidifier comprises a substantially cylindrical desiccant cartridge
having a desiccant outer diameter and wherein the inlet chamber is

substantially cylindrical and comprises a chamber outer diameter and wherein
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the chamber outer diameter is at least as large as the desiccant outer

diameter.



PCT/CA2004/001556

WO 2005/018778

1/4

rA4°

I 'OIld




WO 2005/018778 PCT/CA2004/001556

204

600

400

Z N 4 -
G ‘ T =

Faless et

520




WO 2005/018778 PCT/CA2004/001556

3/4

510




WO 2005/018778 PCT/CA2004/001556

4/4

400 \

406
450
420 450 1
410
Y
~__ 402
FIG. 5A

220 ’/J




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2004/001556

A. CLASSIFICATION OF SUBJECT MATTER
IPC7: BO1D 45/14 BO1D 17/038 B01D 45/16 F24F 6/00

B. FIELDS SEARCHED

IPC7: BO1D 24T

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

CPD, DELPHION, ESP@CE

Elcctronic data base consulted during the international scarch (name of data base, and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

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

Relevant to claim No.

X EP 1087 888 B1 (FAUST ET AL.)
' 09 July 2003 (2003-07-09)
paragraph [0011] - paragraph [0014]

X US 3724 180 A(MORTON ET AL.)
3 April 1973 (1973-04-03)
figure 1; claim 1; columnn 2, line 39 - line 67

X IP 2003038985 A2 (BRUCKMANN ET AL.)
12 February 2003 (2003-02-12)
abstract and figure

X JP03293009 A2 (TAKIGAWA ET AL.)
24 December 1991 (1991-12-24)
abstract and figure

X US 5853 443 A (RODGERS ET AL.)
’ 29 December 1998 (1998-12-29)
figurc 3; abstract, column 3, line 14 - linc 31

X TP 2003001034 A2 (SEKI TOSHIYUKI)
07 January 2003 (2003-01-07)
abstract and figure

1,2, 46, 10-12
1-6,8
1,2,4-6, 10, 11
‘1, 5,6,10, 11
1,5,6

1,5,6

Further documents are listed in the continuation of Box C.

Patent family members are listed in annex.

* Special categories of cited documents : “T”

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

“E” earlier application or patent 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)

document referring to an oral disclosure, use, exhibition or other

means

document published prior to the intemnational filing date but later than

the priority date claimed

oy
wpn

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
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

document of particular relevance; the claimed invention cannot
be considered 1o involve an inventive step when the document
is combined with one or more other such documents, such
combination being obvious to a person skilled in the art
document member of the same patent family

ey

wy™

“&”

Date of the actual completion of the international-type search
15 November 2004 (15-11-2004)

Date of mailing of the international-type search report
14 January 2005 (14-01-2005)

Name and mailing address of the ISA/
Commissioner of Patents
Canadian Patent Office - PCT
Ottawa/Gatineau K14 0C9

Facsimile No. 1-819-953-9358

Authorized officer
James McCarthy (819) 994-0411

Form PCT/ISA/210 (second sheet ) (January 2004)




INTERNATIONAL SEARCH REPORT International application No.

09 April 1985 (1985-04-09)
figure 1; claim 1

PCT/CA2004/001556
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 4 834 887 A (BROUGHTON) 1
30 May 1989 (1989-05-30)
figure 1
A US 4 509 965 A (MORTON) 1

Form PCT/ISA/210 (continuation of second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/CA2004/001556
EP1087888 A 04-04-2001 DE69909483D D1 14-08-2003
DE69909483T T2 27-05-2004
EP1087888 Al 04-04-2001
US6331195 B1 18-12-2001
WO09959867 Al 25-11-1999
US 3724180 A 03-04-1973 NONE
JP2003038985 A 12-02-2003 CNI1395978 A 12-02-2003
DE10129198 Al 09-01-2003
JP2003038985 A 12-02-2003
TW528612 B 21-04-2003
US6620217 B2 16-09-2003
-JP 03293009 A 24-12-1991 NONE
US5853443 A 29-12-1998 NONE
JP2003001034 A 07-01-2003 NONE
US4834887 A 30-05-1989 NONE

US4509965 A 09-04-1985 NONE




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

