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FUEL CELL SYSTEM WITH AIR COOLING DEVICE

ABSTRACT OF THE DISCLOSURE

A fuel cell system (300) includes a fuel cell stack (302), an air supply system
including a blower (304) for driving the air to the fuel cell stack (302) and an air
humidifier (316) for humidifying the air supplied to the fuel cell stack (302), a
hydrogen supply system including a hydrogen storage and a pressure regulating
device (307), and a hydrogen recirculator (318) for receiving excessive hydrogen
from the fuel cell stack (302) and forcing the hydrogen back into the fuel cell
stack (302) in order to induce a hydrogen flow inside the fuel cell stack (302). A
control circuit (324) electrically controls the flow and pressure regulating device
(307) for regulating the hydrogen flow to the fuel cell stack (302) and electrically

controls the blower (304) to regulate the air flows to the fuel cell stack (302) and
the air humidifier (316).
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FUEL CELL SYSTEM WITH AIR COOLING DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to a fuel cell system, and in
particularly to a fuel cell system comprising an air cooling device for improving
performance thereof.

[0003] 2. Description of the Prior Art

[0004]  Fuel cell power system is capable of generating electrical power
energy by means of electro-chemical reaction between a fuel, such as hydrogen
and methanol, and an oxidizer, such as oxygen. Based on the electrolyte thereof,
the fuel cell is classified as proton exchange membrane fuel cell or polymer
electrolyte membrane fuel cell, abbreviated as PEMFC or PEM, alkaline fuel cell
(AFC), phosphoric acid fuel cell (PAFC), molten carbonate fuel cell (MCFC) and
solid oxide fuel cell (SOFC).

[0005] Among these known fuel cells, the PEMFC 1s the best-developed
technique, having the advantages of low operation temperature, fast start-up and
high power density. Thus, the PEMFC is very suitable for transportation vehicles
and power generation systems, such as home power systems and other portable
and stationary power generation systems.

[0006]  Fuel cell of power smaller than 1 kilo-watt usually comprises an air
cooling device. Figure 1 of the attached drawings shows an example of
conventional power fuel cell systems comprising a fuel cell stack 102. Air
containing oxygen is drawn in by an air pump 104, and hydrogen stored in a
hydrogen canister 110 is cohveyed through a solenoid valve 106 and a pressure
regulator 108 to the fuel cell stack 102. The electro-chemical reaction between

the hydrogen and oxygen generates electricity with water and heat as byproducts
1
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of the reaction. The heat generated subsequently causes the rise of a temperature
of the fuel cell stack 102, When the temperature of the fuel cell stack 102 rises

too high, a cooling fan 112 1s driven to turn on for cooling.

[0007)]  Figure 2 shows a perspective view of a conventional fuel cell
comprises a cooling fan. The fuel cell stack 102 includes a plurality of fuel cell
units 202, each of which comprises an anode plate, a cathode plate, a membrane
electrode assembly (MEA), and two gas diffusion layers at the two sides of MEA.
Two adjacent cell units 202 sandwich a cooling plate 204 which comprises a
plurality of parallelly arranged air grooves 206. When the fuel cell stack 102
reaches a high temperature, the cooling fan 112 is driven to turn on and cooling air
is drawn into the grooves 206. The cooling air absorbs and carries away the heat

inside the fuel cell stack 102. Subsequently, the temperature of fuel cell stack
102 is decreased.

[0008]  The electro-chemical reaction between hydrogen and oxygen is highly
improved in suitable moisturized condition. Accordingly, the temperature of the
fuel cell stack 102 should be maintained at below 40~60., otherwise, there may be
insufficient water and reaction rate is low. Therefore, when the fuel cell stack
reaches a temperature higher than 40~60., the cooling fan 112 is driven to turn on

for cooling. However, the cooling fan 112 can only generate cooling air of low
pressure and velocity, and the cooling effect is poor. Therefore, the fuel cell stack
102 is not capable to work at heavy load and provide large working current.
Moreover, an extra space is required for the placement of the cooling fan 112.

10009] Furthermore, to promote the electro-chemical reaction between oxygen
and hydrogen, a solenoid valve 106 and a pressure regulator 108 control the
flowing of hydrogen to the fuel cell stack 102. Such a regulation limits the utility
of hydrogen.

[0010]  JP 2002-008698 discloses a fuel cell system which comprises a fuel
cell stack, an air supply system and a hydrogen supply system comprising a
hydrogen storage. A blower is used to drive the air to a cooling air inlet of the
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fuel cell stack for cooling and to an air humidifier for humidifying the air supplied
to the fuel cell stack. A solenoid valve is used to control the flowing of the
hydrogen gas. The supply of air is varied according to the supply of fuel gas.
When the fuel cell power plant is at high performance, the flow rate of hydrogen
gas is increased, more air is drawn in to the fuel cell stack for reaction and cooling.
However, it is noted that the unreacted hydrogen flowing out of the fuel cell stack
is discharged to the surrounding and not recirculated for use. Moreover, the prior

art does not disclose how cooling by air is regulated when the fuel cell stack
reaches a high temperature.

[0011]  US 2003/012989A1 relates to a control device for fuel cell. An
ejector is used to an ejector 36 is provided to draw in the hydrogen in the
hydrogen circulation line by means of a negative pressure. The fuel cell stack 1s
connected to a fuel cell information unit which is electrically connected to an
electric cutoff valve and a signal pressure relief valve so that information, such as
the pressure of hydrogen and the pressure of air supplying to the fuel cell stack,
and the temperature of the fuel cell stack may be input to the fuel cell information
unit. The fuel cell information unit controls the fuel cell system though a fuel
cell control unit which is connected to an electric cutoff valve at the hydrogen
supply line, a hydrogen purge valve at the hydrogen exhaust line, and an on-off
control valve at the hydrogen circulation line so that it can camry out the
opening-closing control of the valves.

[0012] US 6,413,661 provides a method of operating a combustor to heat a
fuel processor to a desired temperature in a fuel cell system. The fuel cell system
comprising the fuel cell is incorporated to a vehicle propulsion system. The
vehicle propulsion system comprises a battery, an electric motor, and associated
drive electronics including inverter. The battery accepts and stores electrical
energy supplied by the fuel cell and the motor, and to provide electric energy to
motor. At the beginning of operations when the fuel cell apparatus is cold and
starting up, the compressor is driven by the electric motor energized from the
battery to supply air to the combustor only for reacting with the fuel to generate
heat energy so as to drive the fuel processor to operate.
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[0013] Ogino S et. al. discloses a fuel cell powered electric vehicle in EVS.
International Electric Vehicle Symposium, Tokyo, Jeva, JP, vol. 1 Symp. 13, 13
October 1996, Pages 671-674, XP000687930. Hydrogen discharged from the
metal hydride 1s supplied to the fuel cell. Unutilized hydrogen is recirculated to
the fuel cell by a recirculator. The fuel cell and the secondary battery are

connected in parallel via a diode, so that the secondary battery is recharged by the
fuel cell.

[0014]  US 2003/022036A1 teaches a fuel cell system comprising a fuel cell
stack, a microcontroller, at least one actuator and at least one sensor proximate the
fuel cell stack to detect an operating parameter of the fuel cell stack. The
microcontroller is coupled to receive signals from the sensor and to provide
signals to the actuator and configured at least a portion of a self-test of general

registers while the system is in a starting state, and at least a portion of a self-test
while in a running state.

[0015] It 1s thus desired to provide a fuel cell system that overcomes the
above-discussed disadvantages of the prior art. The present invention provides a
fuel cell system with an air cooling device, which enables the fuel cell stack to
work at higher temperature while it does not require a cooling fan for cooling.

SUMMARY OF THE INVENTION

[0016] Thus, the present invention provides a fuel cell power system which
comprises a fuel cell stack, an air humidifier, a blower, a hydrogen storage, a flow
and pressure regulator, a hydrogen recirculator and a control circuit. The air
humidifier humidifies the air supplied to the fuel cell stack with the humidity from
the fuel cell stack, the blower drives the air containing oxygen to the air
humidifier and fuel cell stack, the hydrogen storage stores and supplies hydrogen
to the fuel cell stack, a flow and pressure regulating device regulates the hydrogen
flow, the hydrogen recirculator receives excessive hydrogen from the fuel cell
stack and circulates the hydrogen back into the fuel cell stack, and the control
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circuit electrically controls the flow and pressure regulating device and the blower.

[0017] To achieve this, in accordance with the present invention, there is
provided a fuel cell system which is capable of humidifying and supplying the air
to fuel cell stack, so that even when the working temperature rises, there is
sufficient moisture in the fuel cell stack for performing electro-chemical reaction
at high rate. It enables the fuel cell stack to work at heavy load and provide large
working current. Moreover, the fuel cell stack does not require a cooling fan for
cooling, and production cost and space are greatly saved. Furthermore, unreacted
and excessive hydrogen is recirculated to the fuel cell system. By this means, the
utility of hydrogen is highly enhanced.

[0018] According to an aspect of the invention, there is provided a fuel cell
system comprising: a fuel cell stack provided with a cooling air inlet, a cooling air
outlet, a gas inlet, and a gas outlet; an air supply system supplying an air flow to
the fuel cell stack, comprising: a blower for driving the air to the cooling air inlet
of the fuel cell stack for cooling the fuel cell stack; an air humidifier connected
between the blower and the cooling air inlet of the fuel cell stack for humidifying
the air supplied to the fuel cell stack; a hydrogen supply system supplying
hydrogen to the gas inlet of the fuel cell stack, comprising: a hydrogen storage in
which hydrogen is stored and from which a hydrogen flow is supplied to the fuel
cell stack via the gas inlet; a flow and pressure regulating device connected
between the hydrogen storage and the gas inlet of the fuel cell stack for regulating
the hydrogen flow; characterized in that the fuel cell system comprises a hydrogen
recirculator connected between the gas inlet of the fuel cell stack and the gas
outlet for receiving an excessive hydrogen from the gas outlet of the fuel cell stack
and forcing the hydrogen back into the gas inlet of the fuel cell stack in order to
induce a hydrogen flow circulation inside the fuel cell stack; and a control circuit
electrically connected to the flow and pressure regulating device for regulating the
hydrogen flow toward the fuel cell stack and electrically connected to the blower
to regulate the air flow to the fuel cell stack and the air humidifier.

BRIEF DESCRIPTION OF THE DRAWINGS

S
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[0019] The present invention will be apparent to those skilled in the art by

reading the following description of a number of preferred embodiments thereof,
with reference to the attached drawings, in which:

[0020]  Figure 1 is a system block diagram of a conventional fuel cell system;

[0021]  Figure 2 is a perspective view of a conventional fuel cell system
comprising a cooling fan; '

[0022]  Figure 3 is a system block diagram of a fuel cell system constructed in
accordance with the present invention;

[0023] Figure 4 is a perspective view of the fuel cell system constructed in
accordance with the present invention;

[0024]  Figure 5 is a block diagram of an application of the fuel cell system of
the present invention in an electrical vehicle;

[0025] Figure 6 is a block diagram of another application of the fuel cell

system of the present invention in an alternating current power generation system;
and

[0026] Figure 7 is a block diagram of a further application of the fuel cell
system of the present invention in a direct current power generation system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0027]  With reference to the drawings and in particular to Figure 3, a low
power fuel cell system in accordance with the present invention, generally
designated with reference numeral 300, comprises a fuel cell stack 302, which
receives hydrogen from a hydrogen storage 310 that may comprise an alloy based
hydrogen canisters or pressurized hydrogen canister. The supply of the hydrogen
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from the hydrogen storage 310 to the fuel cell stack 302 is regulated by a flow and
pressure regulating device 307. Also, a hydrogen recirculator 318 is connected to

the fuel cell stack 302 for recirculation of hydrogen back into the fuel cell stack
302.

[0028]  Air is drawn in by a blower 304 through an air filter 320. Impurities
contained in the air are filtered by the filter 320. Part of the filtered air is
conveyed directly via an air humidifier 316 to the fuel cell stack 302 and 1s used
for reaction, while the other part of the filtered air is conveyed to the fuel cell
stack for cooling the fuel cell stack 302.

[0029]  As shown in Figure 4, the fuel cell stack 302 includes a plurality of
fuel cell units 402, each of which comprises an anode plate, a cathode plate, a
membrane electrode assembly (MEA) and two gas diffusion layers at the two
sides of MEA. Two adjacent cell units 402 sandwich a cooling plate 404 whit:h
comprises a plurality of parallelly arranged air grooves. The blower 304 drives
the cooling air through a cooling air inlet 406 into the air grooves. The cooling
air absorbs and carries away the heat in the fuel cell stack 302 and flows out from
the cooling air outlet 408. When the load of fuel cell stack 302 is increased, a
substantial quantity of heat is generated from the electro-chemical reaction, and
the temperature of the fuel cell stack 302 significantly rises. In this situation, the
blower 304 will drive more cooling air into the fuel cell stack 302 to cool down

the working temperature. Since the air flow generated by the blower 304 has
high pressure and velocity, the heat dissipation effect of the cooling air is excellent.
Thereby, the working temperature of the fuel cell stack 302 is effectively reduced,
and no other cooling device e.g. a cooling fan is required. Hence, production cost
and space are largely saved. Humid air from the air humidifier 316 is conveyed
into the fuel cell stack 302 via a reaction air inlet 409 and air is conveyed out of

the fuel cell stack 302 via a reaction air outlet 410.

[0030] The air humidifier 316 also receives reaction air from the fuel cell

stack 302, which carries a great amount of moisture since water is continuously
and rapidly generated by reaction in the fiel cell stack 302. The fresh air drawn
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in by the air blower 304 can absorb water from the humid air in the humidifier
316 to provide the outlet air with the desired humidity. The air is then fed into
the fuel cell stack 302. The moisture contained in the outlet air effectively
promotes the reaction in the fuel cell stack 302. Moreover, the recycle of humid
air from the fuel cell stack 302 maintains the fuel cell stack 302 at an appropnate
moisture content even at a temperature higher than 40~60., and hence the fuel cell
stack may work at high performance Therefore, the fuel cell stack 302 is capable
of working at heavy load and providing large working current with high
performance.

[0031] The supply of hydrogen that is stored in the canister of the hydrogen
storage 310 is controlled and regulated by the flow and pressure regulating device
307 which comprises a solenoid valve 306 and a pressure regulating valve 308.
The solenoid valve 306 is controlled by a control circuit 324, such that it is
selectively tuned on or off for the flowing of the hydrogen from the hydrogen
storage 310, while the pressure regulating valve 308 regulates the pressure of the
hydrogen flowing through the solenoid valve 306 to the fuel cell stack 302.

[0032) The hydrogen recirculator 318 draws unreacted and excessive
hydrogen from the fuel cell stack 302 and circulates the hydrogen back into the
fuel cell stack 302. This induces a forced flowing of hydrogen through the fuel
cell stack 302, and subsequently hydrogen is uniformly distributed. Thereby, the
reaction between the hydrogen and the oxygen is promoted and the performance
of the fuel cell is improved.

[0033] The exhaust valve 314, which may be a solenoid valve, is controlled
by the control circuit 324 to remove undesired water and impurities from the fuel
cell stack 302 at a regular interval. This maintains the purity of the hydrogen
inside the fuel cell stack 302. Also, accumulation of water inside hydrogen
passages of the fuel cell stack 302 can be eliminated in order to maintain the

performance of the fuel cell stack 302.

[0034] The control circuit 324 electrically controls the operation of the flow
:
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and pressure regulating device 307 to regulate the hydrogen flowing into the fuel
cells stack 302. The control circuit 324 also electrically controls the blower 304
to regulate the air flowing to the air humidifier 316 and the fuel cell stack 302.
The control circuit 324 electrically controls the exhaust valve 314 for expelling
impurities and water from the fuel cell stack 302. In addition, the control circuit
324 may conduct a self-diagnosis, such as detection of the hydrogen pressure of
the hydrogen storage 310, and examination of the operation conditions of the
~ blower 304, the solenoid valve 306, the exhaust valve 314, the fuel cell stack 302
and, if desired, the control circuit 324 itself.

[0035] A backup battery set 325 may be incorporated in the fuel cell system
300 for powering the control circuit 324 in starting up the fuel cell system 300.
The backup battery set 325 may comprise a lead-acid battery or the like, which
supplies electricity to the control circuit 324 when the fuel cell system 300 is
started. The power of the backup battery 325 is also supplied to other devices,
such as the blower 304, the solenoid valve 306 and the exhaust valve 314 for the
startup operation. Once the fuel cell system 300 is properly started, electricity
supplied from the fuel cell stack 302 recharges the backup battery set 325 via a
power supplying circuit 326 to maintain future operability of the backup battery
set 325. The power supplying circuit 326 converts the DC output voltage from
the fuel cell stack 302 into a working voltage for the control circuit 324 and the
backup battery set 325.

[0036]  Fuel cell power system of power smaller than 1 kilo-watt 1s simple in
structure and inexpensive. It is usually applied in applications requiring low
power, such as electrical vehicles and low power generators. Figure 5 shows an
application of the fuel cell system 300 of the present invention in an electrical
vehicle wherein the fuel cell stack 302 of the fuel cell system 300 generates a DC
output voltage, which is applied to a driving motor 502 for driving a transmission
504 of the electrical vehicle. It is noted that the components and parts of the fuel
cell system 300 of the present invention that is illustrated in Figure 3 are

completely incorporated in Figure 5 for clanty.
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[0037]  Figure 6 shows another application of the fuel cell system 300 of the
present invention in an alternating current power generator, which may be
portable orstationary. The fuel cell stack 302 of the fuel cell system 300
generates a DC output voltage, which is applied to a DC-to-AC converter 602 for
converting the DC output voltage generated by the fuel cell stack 302 into an AC
output voltage. The alternating current outputted from the DC-to-AC converter
602 flows through a voltage regulator 603 for voltage regulation. Frequency of
the alternate current so generated may be changed as desired e.g. 60/50Hz. It is
noted that the components and parts of the fuel cell system 300 of the present
invention that is illustrated in Figure 6 are completely incorporated in Figure 3
for clarity.

[0038] Figure 7 shows a further application of the fuel cell system 300 of the
present invention in a direct current power generator, which may be portable or
stationary. The fuel cell stack 302 of the fuel cell system 300 generates a DC
output voltage, which is directly applied to a voltage regulator 603 for voltage
regulation. It is noted that the components and parts of the fuel cell system 300
of the present invention that is illustrated in Figure 7 are completely incorporated
in Figure 3 for clanty.

[0039] To this point, it can be noted that the fuel cell system of the present
invention provides humidified air containing oxygen to the fuel cell stack for

enhancing the reaction and to avoid insufficiency of water in case of heavy loads.
It is also noted that the recirculation of the hydrogen back to the fuel cell stack

helps promoting electro-chemical reaction inside the fuel cell stack. Part of the
air drawn in by the blower is conveyed directly to the fuel cell stack for cooling
down of the temperature, and hence no cooling device such as cooling fan is
required.

[0040]  Although the present invention has been described with reference to
the preferred embodiments thereof, it is apparent to those skilled in the art that a
variety of modifications and changes may be made without departing from the
scope of the present invention which is intended to be defined by the appended

10
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claims.

11



CA 02436883 2011-01-13

CLAIMS:
1. A fuel cell system (300) comprising:
a fuel cell stack (302) provided with a cooling air inlet, a cooling air outlet, a
gas inlet, and a gas outlet;
an air supply system supplying an air flow to the fuel cell stack (302),
comprising:
a blower (304) for driving the air to the cooling air inlet (406) of the fuel
cell stack (302) for cooling the fuel cell stack (302); |
an air humidifier (316) connected between the blower (304) and the
cooling air inlet (406) of the fuel cell stack (302) for humidifying the air
supplied to the fuel cell stack (302);
a hydrogen supply system supplying hydrogen to the gas inlet of the fuel cell
stack (302), comprising:
a hydrogen storage (310) in which hydrogen is stored and from which a
hydrogen flow is supplied to the fuel cell stack (302) via the gas inlet;
a flow and pressure regulating device (307) connected between the
hydrogen storage (310) and the gas inlet of the fuel cell stack (302) for
regulating the hydrogen flow;
characterized in that the fuel cell system (300) compnses a hydrogen
recirculator (318) connected between the gas inlet of the fuel cell stack (302)
and the gas outlet for receiving an excessive hydrogen from the gas outlet of
the fuel cell stack (302) and forcing the hydrogen back into the gas inlet of the
fuel cell stack (302) in order to induce a hydrogen flow circulation inside the
fuel cell stack (302); and a control circuit (324) electrically connected to the

flow and pressure regulating device (307) for regulating the hydrogen flow
toward the fuel cell stack (302) and electrically connected to the blower (304)

to regulate the air flow to the fuel cell stack (302) and the air humidifier (316).

2. The fuel cell system as claimed in Claim 1 further comprising:
a battery set (325) for powering the control circuit (324);
a power supplying circuit (326) for receiving and converting a DC output
voltage from the fuel cell stack (302) into a working voltage for powering the
control circuit (324) and charging the battery set (325);

12
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an exhaust valve (314) controlled by the control circuit (324) to expel
impurities and water from the fuel cell stack (302); and

a filter (320) for removing impurities from the air drawn in by the blower
(304).

3. The fuel cell system as claimed in Claim 1, wherein the hydrogen storage (310)
comprises an alloy based hydrogen storage canister.

4. The fuel cell system as claimed in Claim 1, wherein the flow and pressure
regulating device (307) comprises:
a solenoid valve (306) controlled by the control circuit (324) for selectively
shutting down the hydrogen flow; and

a pressure regulating valve (308) for regulating the pressure of the hydrogen
flow.

5. The fuel cell system as claimed in Claim 1, wherein the fuel cell stack (302) 1s

electrically connected to a driving motor (502) of an electrical vehicle, and a
DC output voltage generated by the fuel cell stack (302) is applied to the
driving motor (502).

6. The fuel cell system as claimed in Claim 1, wherein the fuel cell stack is
electrically connected to an alternating current power generation system

composed of a direct current to alternating current converter (602) and a
voltage regulator (603), and a DC output voltage generated by the fuel cell
stack (302) is applied to the alternating current power generation system.

7. The fuel cell system as claimed in Claim 1, wherein the fuel cell stack (302) 1s
electrically connected to a direct current power generation system comprising
a voltage regulator (603), and a DC oﬁtput voltage generated by the fuel cell
stack (302) is applied to the direct current power generation system.

13
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