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(57) Abstract: An exhaust state control device for a fuel cell for a mobile unit includes an exhaust gas temperature sensor (17) that
measures the temperature of exhaust gas in a discharge passage that discharges the exhaust gas from the main body of the fuel cell,
and an ambient temperature sensor (19A) that measures the temperature of ambient air to which exhaust gas is to be discharged.
If, based on the difference between the exhaust gas temperature and the ambient temperature, it is determined that white smoke is
€ generated, it is determined whether a condition to reduce white smoke is satisfied. When a first condition is satisfied, a process to
reduce white smoke is activated. When a second condition, which requires further reduction of white smoke than under the first
condition, is satisfied, a process to suppress the generation of white smoke is activated.
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EXHAUST STATE CONTROL DEVICE FOR FUEL CELL FOR MOBILE UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a technique to control the exhaust state
for a fuel cell for a mobile unit.

2. Description of the Related Art

[0002] o In fuel cells, a reaction generates electricity and discharges a
corresponding amount of generated water. Especially in fuel cells for automobiles, a
larger amount of water is generated as the vehicle travels a longer distance. Most fuel
cells for automobiles are of a solid polymer type, which basically operates at low
temperatures. A common problem with the fuel cells is the treatment of the generated
water, that is, pfeventing the generated water from freezing on the road in cold regions or
from splashing toward any following vehicles.

[0003] . Depending on the ambient air conditions and the driving conditions,
however, it is also necessary to suppress the genération of white smoke from the exhaust
port of a discharge passage for off gas. Generation of the white smoke is not desirable
from the standpoint of the merchantability of the automobiles. In some instances, the
impact of the autombbiles on the surroundings due to the white smoke should be taken into
accouni. In view of the above, proposals have been made to suppress the white smoke in
fuel cells for vehicles in Japanese Patent Application Publication No. 7-169498
(JP-A-7-169498) and Japanese Patent Application Publication No. 2001-185199
(JP-A-2001-185199). ‘

[00_04] To reduce the white smoke, in general, the fuel cells for vehicles have
adopted means for cooling or heating the off gas beyond the temperature range where white
smoke is easily generated, means for suppressing the amount of scavenged air, and so forth.
Therefore, energy is required to reduce the white smoke, which contradicts the requirement
to improve the power generation efficiency.

[0005] That is, the fuel cells described in the above documents estimate the

CONFIRMATION COPY
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generation of white smoke mainly based on the difference between the exhaust air
temperéture and the ambient temperature. Then, a white smoke reduction process is
‘executed according to the estimation results. If the white smoke reduction process is
executed frequently, the fuel efficiency is reduced due to the heating, the energy efficiehcy
is reduced, the output is reduced due to the suppressed amount of écavenged air, etc., to a
larger degree.

[0006] As a result of a more detailed examination of the circumstances where
the white smoke is generated, the following may be pointed out. The white smoke
| generated is not noticeable while the vehicle is in motion because of the diffusion effect of
the head wind, but is noticeable while the vehicie is stationary or traveling at low speeds.
The visibility of the white smoke varies in accordance with the environmental conditions
around the vehicle, such as whether it is daytime or nighttime and whether it is sunny or

rainy. The white smoke generated affects the vision of the operator when babking the

vehicle.

SUMMARY OF THE INVENTION

[0007] The present invention provides an exhaust state control device for a fuel
cell for a mobile unit, such as a vehicle, powered by a fuel cell, that determines the
necessity for white smoke -reduction based on the traveling conditions of the mobile unit,
the operating state of the mobile unit, or the environmental conditions to efficiently
suppress the white smoke.

[0008] An aspect of the present invention is directed to an exhaust state control
device for a fuel cell for a mobile unit that detects a state of exhaust gas from a fuel cell
provided in the mobile unit. The exhaust state control device for the fuel cell includes: a
white smoke generation determination section that determines whether white smoke is
generated based on relationship between a state of the exhaust gas and a state of the ambient
air; a motion sensor that detects movement of the mobile unit; a condition determination
section that determines whether a condition to reduce white smoke is satisfied based on a

detection signal from the motion sensor when the white smoke generation determination
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section determines that white smoke is generated; and a control section that activates a
process to reduce white smoke if the condition determination section determines that a
predetermined condition is satisfied.

[0009] Thelexhaust state control device for a fuel cell for a mobile unit may
further include: an operation state sensor that detects an operating state of an operating
.section that operates the mobile unit; and a sensor that senses a surrounding environmental
state of the mobile unit, and the condition determination section may determine whether the
condition to reduce white smoke is satisfied based on at least one of the detected moving
state of the mobile unit, the detected operating state of the operating section that operates
the mobile unit, and the detected surrounding environmental state of the mobile unit.

[0010] In the exhaust state control device for a fuel cell for a mobile unit, the
control section may activate a process to reduce white smoke when the condition
determination section determines that a first predetermined condition is satisfied, and
activate a process to further reduce generation of white smoke than when the first
predetermined condition is determined to be satisfied, if the condition determination section
determines that a second predetermined condition is satisfied.

[0011] The exhaust state control .device for a fuel cell for a mobile unit
according to the above aspect may further include: an exhaust gas temperature sensor that
measures a temperature of the exhaust gas in a discharge passage that discharges the
exhaust gas from a main body of the fuel cell; and an ambient temperature sensor that
measures a temperature of the ambient air to which the exhaust gas is to be discharged, and
the white smoke generation determination section may determine whether white smoke is
generated according to the difference between the exhaust gas temperature and the ambient
temperature.

[0012] The exhaust state control device for a fuel cell for a mobile unit
according to the above aspect may further include: an exhaust gas temperature sensor that
measures a tcmperatﬁre of the exhaust gas in a discharge passage that discharges the
exhaust gas from a main body of the fuel cell; an ambient temperature sensor that measures

a temperature of the ambient air to which the exhaust gas is to be discharged; and an

3



WO 2009/016492 PCT/1IB2008/002012

ambient humidity sensor that measures a humidity of the ambient air to which the exhaust
gas is to ‘be discharged, and the white smoke generation Idctermination section may
determine whether white smoke will be generated according to the difference between the
exhaust gas temperature and the ambient temperature and the ambient humidity.

[0013] According to the above aspect, if it is determined that white smoke will
be generated, white smoke reduction can be performed in different levels by détérmining
whether the first condition is satisfied or the second-condition, which requires greater
reduction of white smoke than the first condition does, is satisfied. In general, the process
to further reduce white smoke lowers the efficiency of the fuel cell for a mobile unit more
than the process to reduce white_ smoke does. Thus, the exhaust state control device for a
fuel cell for a mobile unit can improve the efficiency of the fuel cell for a mobile unit by
determining in detail the conditions under whicl.l__white smoke is generated to perform the
white smoke reduction process in different levels.

[0014]  In the above aspect, the first condition may be satisfied if either one of
the conditions, where a moving speed of the mobile unit is determined to be at or below a
~ predetermined value and where a visibility of white smoke around the mobile unit is
- determined to be higher than that in a reference gnvironment,v is satisfied; and the second
condition may be satisfied if both the conditions, where the moving speed of the mobile unit
s determined to be at or below the predetérmined value and where the visibility of white
smoke around the mobile unit is determined to be higher than that in the reference
environment, are satisfied. According to the above aspect, the exhaust state control device
for a fuel cell for a mobile unit can determine in detail the circumstances where white
smoke is generated by defining the first condition and the second condition which requires
greater reduction of white smoke than the first condition does.

[0015] In the above aspect, the condition.where the moving speed of the mobile
unit is determined to be at or below the predetermined value may include a state where the
thobile unit is stationary. Greater reduction of white smoke is occasionally required when
the vehicle is stationary than when it is moving. In the above aspect, the moving speed of

the mobile unit may be an absolute speed of the mobile unit or a relative speed between the
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mobile unit and the ambient air around the mobile unit. The generation and the visibility
of white smoke are affected by the relative speed between the mobile unit and the ambient
air.

[0016] In the above aspect, the mobile unit may be a vehicle; the first cor_ldition
may be satisfied if either one of conditions, where a shift lever is determined to be in a
parking position and where a visibility of white smoke around the mobile unit is determined
to be higher than that in a reference environment, is satisfied; and the second condition the
second condition may be satisfied if both the conditions, where the shift lever is determined
to be in the parking position and where the visibility of white smoke around the mobile unit
can be determined to be higher than that in the reference environment, are satisfied.

[0017] In the above aspect; the first condition may be satisfied if either one of
conditions, where the white smoke generation determination section determines that white
smoke is generated or a condition where a moving speed of the mobile unit is at or below a
predetermined value and where a visibility of white smoke around the mobile unit is
determined to be lower than that in a reference environment, is.satisfied; and the second
condition may be satisfied if both the conditions, where the moving speed of the mobile unit
is determined to be at or below the predetermined value and where the visibility of white
‘smoke around the mobile gnit is determined to be higher than that in the reference
environment, are satisfied. '

[0018] In the above aspect, if the conditions, where the white smoke generation
determination section determines that white smoke is generated, and where the moving
speed of the mobile unit is at or below the predetermined value and the visibility of white
smoke around the mobile unit is determined to be lower than that in the reference
environment, are satisfied, the condition determinat‘ion section may perform the process to
reduce white smoke, in the case the condition determination section determined that the first
predetermined condition has been satisfied, in different level.

[0019] In the above aspect, the first condition may be satisfied if either one of
conditions, where a vision of an operator who voperates the mobile unit is determined to be

affected by white smoke and where a visibility of white smoke around the mobile unit is
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higher than that in a reference environment, is satisfied; and the second condition maybe
satisfied if both the condition, where the vision of the operator who operates the mobile unit
is determined to be affected by white smoke and where the visibility of white smoke around
the mobile unit is higher than that in the reference environment, are satisfied. According
to the above aspect, the exhaust state control device for a fuel cell for a mobile unit can
determine in detail the circumstances where white smoke is generated by defining the first
condition and the second condition which requires greater reduction of white smoke than
the first condition does.

[0020] In the above aspect, the reference environment may include at least one
of a daytime environment and a non-rainy environment. The visibility of white smoke is
considered to be lowest in daytime or non-rainy environments.

[0021] In the above aspect, the mobile unit may be a vehicle; the operating state
of the operating section may be determined based on whether a headlight is on; the
surrounding environmental state may be determined based on at least one of: whether a
darkness detection signal for an automatic light is on; whether a current time is after a
sunset and before a sunrise; whether a signal from a global positioning system cannot be
received; whether a wiper is on; whether a rain sensing signal is on; and whether a detection
value of the ambient humidity sensor exceeds a predetermined value; and the condition
determination section may determine that the reference environment is the daytime or
non-rainy environment if at least one of the determined states above is satisfied.

[0022] In the above aspect, it may be determined that the white smoke interferes
with the vision of the operator when the mobile unit advances in a discharging direction of
the exhaust gas. The possibility that the white smoke will interfere with the vision of the
operation increases if the white smoke is at the advance direction and the operator is
looking in the advance direction of the mobile unit.

[0023] In the above aspect, the mobile unit may be a vehicle; and it may be
determined that the condition where the white smoke interferes with vision of the operator
of the mobile unit is satisfied when at least one of the shift lever is in a reverse position and

the parking brake is off.
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[0024] In the above aspect, the pfocess to reduce white smoke may be at least
one of a process to control the exhaust gas temperature and a process to control a flow rate
of the exhaust gas at an air electrode side of the fuel cell. The generation of white smoke
can be controlled by the exhaust gas temperature and the flow rate of the exhaust gas at the
air electrode side.

[0025] In the above aspect, discharge of the exhaust gas at the air electrode side
may be controlled such that a limit of the flow rate of the exhaust gas decreases as the-
moving speed of the mobile unit decreases. The generation of white smoke is reduced and
the visibility of white smoke is lowered when the moving speed of the mobile unit is at or
above a predetermined value.

[0026] In the above aspect, a pressure or the flow rate of the exhaust gas at the
air electrode side may be controlled such that the limit of the flow rate of the exhaust gas
increases as the pressure of the exhaust gas increases. To discharge the same amount in
mass of exhaust gas, the volumetric flow rate of the gaslis decreased as the pressure of the
gas is increased. Therefore, to discharge the same amount in mass of exhaust gas, the
amount of water vapor to be discharged is reduced as the pressure of the exhaust gas is
higher. To maintain approximately the same amount. of water vapor to be discharged, a
larger amount in mass of exhaust gas can be discharged when the pressure of the exhaust
gas is increased than when the pressure is not increased.

[0027] In the above aséect, the process to reduce the generation of white smoke,
which is performed when the condition determination section determines that the second
predetermined condition is satisfied, includes at least one of stopping scavenging air and

shutting off a hydrogen supply pressure to the fuel cell.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] The foregoing and further features and advantages of the invention will
become apparent from the following description of example embodiments with reference to

the accompanying drawings, wherein like numerals are used to represent like elements and

wherein:
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FIG. 1 shows an example configuration of a fuel cell systen.,

FIG. 2 is a flowchart illustrating the operation of the fuel cell system;

FIG. 3 shows an example process of the white smoke reduction control;

FIG. 4 shows the classification of the white smoke reductioﬁ process;

FIG. 5 shows an example process of the white smoke reduction control;

FIG. 6 shows an example process of the white smoke reduction control;

FIG. 7 is a flowchart illustrating the operation of the fuel cell systerh;

FIG. 8 shows an example of the map showing white smoke reduction regioné;
FIG. 9 is a configuration diagram of the fuel cell system;

FIG. 10 shows the concept of a vehicle equipped with the fuel cell system; and

FIG. 11 shows an example process of the white smoke reduction control.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] A fuel cell system according to a first embodiment of the present
invention is described below with reference to FIGS. 1 to 3..

[0030] FIG. 1 shows an example configuration of a fuel cell system in
accordance with an embodiment of the present invention. As shown in FIG. 1, the fuel cell
system includes a fuel cell stack 1. The fuel cell system also includes, a hydrogen tank 7,
which serves as its hydrogen system that supplies hydrogen to the fuel cell stack 1; a
pressure regulator 10, an anode gas passage 2, an anode off gas passage 3, a hydrogen pump
8, an anode off gas circulation passage 4, a gas-liquid separator 12, which separates water
from anode off gas; a drain tank 13, and an exhaust/draih valve 14. The fuel cell system
additionally includes, as its air system that supplies air to the fuel cell stack 1, an air filter
11, a pump 9, a cathode gas passage 5, and a cathode off gas passage 6. The fuel cell
system further includes, as its control system and measurement system, an electronic
control unit (ECU, equivalent to the exhaust state control device for a fuel cell for a mobile
unit) 15, a discharge gas temperature sensor 17, an ambient temperature sensor 19A, an
ambient humidity sensor 19B, and a stack temperature sensor 20. As shown schematically

in FIG. 1, the fuel cell system is mounted on a mobile unit such as a vehicle to function as a
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power source for the mobile unit.

[0031] The fuel cell stack 1 is composed of a plurality of cells stacked over each
other. [Each cell is composed of an electrolyte membrane, an anode (fuel electrode), a
cathode (air electrode), and a separator. Flow paths for hydrogen and air are formed
between the anode and the cathode.

[0032] The hydrogen tank 7 supplies anode gas to the anode gas passage 2.
The anode gas supplied from the hydrogen tank 7 is adjusted to a predetermined pressure by
the pressure regulator 10. Then, the anode gas is suppli.ed from the anode gas passage 2 to
the anode of the fuel cell stack 1.

[0033] Air drawn via the air filter 11 is supplied through the cathode gas passage
5 to the cathode of the fuel cell stack 1 from outside the fuel cell system by the pump 9
(which may be an air compressor).

[0034] When the anode gas is supplied to the anode of the fuel cell stack 1,
hydrogen ions -are generated from hydrogen contained in the anode gas. Oxygen contained
in the air is supplied to the cathode of the fuel cell stack 1. Then, in the fuel cell stack 1,
an electrochemical reaction occurs between the hydrogen and the oxygen that generates
electrical energy. In addition, at the cathode of the fuel cell stack 1, the hydrogen ions,
generated from hydrogen, and oxygen are combined that generates water.

[0035] Gas containing unreacted hydrogen and nitrogen and so forth permeated
from the cathode (hereafter referred to as “anode off gas”) is discharged from the fuel cell
stack 1 to the anode off gas passage 3. |

[0036] ' The anode off gas discharged from the anode of the fuel cell stack 1
paéses through the anode off gas passage 3 and the anode off gas circulation passage 4, and
again is supplied to the anode of the fuel cell stack 1 along with anode gas from the
hydrogen tank 7. The anode off gas passage 3 supplies the anode off gas to the gas-liquid
separator 12. This allows the anode off gas to be supplied to the anode off gas circulation
passage 4 after water is separated from the anode off gas.

[0037] Unreacted cathode gas (hereinafter referred to as “cathode off gas”) is

discharged from the fuel cell stack 1 to the cathode off gas passage 6. The cathode off gas
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contains the water generated by the fuel cell stack 1 in the form of water vapor. The
cathode off gas discharged from the cathode is discharged through the cathode off gas
passage 6 to the amBient air.

[0038] The ECU 15 is electrically connected to the pump 9, a driving motor (not
shown) that drives the pressure regulator 10, the discharge gas temperature sensor 17, the
ambient temperature sensor 19A, fhe ambient humidity sensor 19B (equivalent to one of the
sensors), and the stack temperature sensor 20. The ECU 15 controls supply of the pump 9
and the driving motor (not shown) for the pressure regulator 10. The ECU 15 acquires the
temperature of the cathode off gas detected by the discharge gas temperature sensor 17.
The ECU 15 acquires the ambient temperature detected by the ambient temperature sensor
19A and the ambient humidity detected by the ambient humidity sensor 19B. The ECU 15
acquires the operating temperature of the fuel cell stack 1 measured by the stack
temperature sensor 20. The ECU 15 includes a CPU, a ROM, and so forth inside. The
CPU executes various processes according to a control program stored in the ROM.

[0039] The discharge gas temperature sensor 17 detects the temperature of the
cathode off gas that is discharged via the cathode off gas passage 6 to the ambient air. The
discharge gas temperature sensor 17 may be provided at any position in the cathode off gas
passage 6. For example, the discharge gas temperature sensor 17 may be provided in the
vicinity of an exhaust exit (tail end) of the cathode off gas passage 6 so as to measure the
temperature of the cathode off gas immediately before being discharged to the ambient air.

[0040] The ambient temperature sensor 19A measures the temperature outside
the fuel cell system, that is, the ambient temperature. Meanwhile, the ambient humidity
sensor 19B measures the ambient humidity. The stack temperature sensor 20 measures the
operating temperature of the fuel cell stack 1. The stack temperature sensor 20 may be
directly attached to the fuel cell stack 1, or may measure the temperature of the coolant of
the fuel cell stack 1.

[0041] The vehicle is provided with a vehicle speed sensor 22 (equivalent to one
of the sensors) that detects the moving speed of the vehicle, and various levers, operating

buttons, knobs, pedals, and so forth that allow a driver to operate the mobile unit.
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Examples of the various levers, operating buttons, knobs, pedals, and so forth include a shift
lever that designates the ratio between the rotational speed of a motor driven by a power
source and that of a driving part (for example, a wheel), a wipér lever that turns on and off a
wiper, a knob of an in-vehicle device that receives a signal from a global positioning system
(GPS) to provide an indication of the present location and time, guidance to a destination,
and so forth, and a parking brake lever. The vehicle in accordance with this embodiment
has respective sensors that sense operations of the various levers, operating buttons, knobs,
pedals, and so forth by the driver (each equivalent to the sensor of the present invention),
and executes control according to the operations. During this control, the ECU 15
monitors the operations of the various sensors and so forth to recognize their operating
states.

[0042] FIG. 2 is é flowchart of an exhaust state control process that is executed
by the ECU 15. The process is implemented by a control program executed by the CPU.
This process is executed periodically at predetermined time intervals.

[0043] In the process, the ECU 15 first acquires the gas temperature at the
exhaust exit detected by the discharge gas temperature sensor 17 and the temperature
detected by the ambient temperature sensor 19A.  Then, the ECU 15 determines whether
the difference between the gas temperature at the exhaust exit and the ambient temperature
exceeds a predetermined value T1 (S1). If the difference between the gas temperature at
the exhaust exit and the ambient temperature does not exceed the predetermined value T1
(NO in S1), the ECU 15 returns the process to S1. In this case, the ECU 15 may execute
S1 and the subsequent steps after a predetermined amount of time has elapsed. Here, the
predetermined value T1 and the predetermined time may be set as factory default, or set by
the dealer or the user of the vehicle, for example. Incidentally, the ECU 15 which
executes the process in S1 may be equivalent to the white srhoke generation determination
section of the present invention.

[0044] On the other hand, if the difference between the gas temperature at the
exhaust exit and the ambient temperature exceeds the predetermined value T1 (YES in S1),

the ECU 15 reads the traveling speed of the vehicle from the vehicle speed sensor 22 and
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reads the position of the shift lever (S2).

[0045] Then, the ECU 15 determines whether the vehicle speed is 0, or
determines whether the shift lever is in the parking position (P position) (S3). At this time,
the ECU 15 may determine whether the vehicle speed is 0 and whether the shift lever is in
the P position. The conditions in S3 may be equivalent to the first condition of thé preseﬁt
invention.

[0046] Then, if the vehicle speed is not 0, or if the shift lever is not in the P
position (NO in S3), the ECU 15 returns the process to S1. On the other hand, if the
vehicle speed is 0, or if the shift lever is in the P position (YES in S3), the ECU 15
determines the surrounding environmental conditions (S4). The surrounding
environmental conditions include the following, for example. (1) A headlight is on (which
may be equivalent to the operating state of the operating section of the present invention).
(2) A darkness detection signal for an automatic light is on (which may be equivalent to the
environmental state of the present invention). Here, the “automatic light” refers to a
headlight that is turned on and off automatically. That is, the automatic light generates a
darkness detection signal to turn on the headlight when its controller senses that the
brightness in its environment has fallen below a predetermined threshold. (3) It is after a
sunset and before a sunrise (which may be equivalent to the environmental state of the
present invention). (4) A signal from the GPS cannot be received (which may be
equivalent to the environmental state of the present invention). (5) The wiper is on (which
may be equivalent to the operating state of the operating section of the present invention).
(6) For a vehicle provided with an automatic wiper, a rain sensing signal is on (which may
be equivalent to the environmental state of the present invention). (7) A detected ambient
humidity h of the ambient humidity sensor 19B exceeds a predetermined value A (which
may be equivalent to the environmental state of the present invention). Here, the
predetermined value A may be set as factory default, or set by the dealer or the user of the
vehicle, for example. ‘

[0047] Then, the ECU 15 determines whether the surrounding environment

determined in S4 satisfies a predetermined condition (S5). Here, the predetermined
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_ condition may be set as factory default, or set by the dealer or the user of the vehicle, for
example. If none of these conditions is satisfied (NO in S5), the ECU 15 executes the
white smoke reduction control (S6). In this case, the surrounding environmental condition
is determined that it is daytime, that it is not rainy, and that the ambient humidity is less
than a predetermined value. Thus, it is determined that the visibility of the white smoke
is low, and therefore the process to reduce the generated white smoke is executed.

[0048] Here, the white smoke reduction control is a process that reduces the
amount of scavenging air at the air electrode. For example, the ECU 15 reduces the
amount of scavenging air from the pump 9 by a predetermined proportion.  Alternatively,
the cathode off gas may be heated by a heater (not shown) provided in the cathode off gas
passage 6, for example. Conversely, the cathode off gas may be cooled by a heat
exchanger (not shown) to a temperature close to the ambient temperature.

[0049] The cathode off gas may be heated or cooled based on conditions for
white smoke that is generated, which are obtained from the relationship between the
ambient temperature and the gas temperature at the exhaust exit, for example. This is
made possible by experimentally or empirically preparing a map of the relationship that
“the differential between the ambient temperature and the gas temperature at the exhaust
exit is AT or less at a humidity of h,” and storing the map in a storage device of the ECU 15.
Then, the ECU 15 can perform control so as to heat or cool the cathode off gas such that the
differential between the ambient temperature and the gas temperature at the exhaust exit is
AT or less at the ambient humidity.

[0050] On the other hand, if any of the above conditions is satisfied (YES in S5),
the ECU 15 executes the white smoke suppression control (S7). In this case, the
surrounding environmental condition is determined that it is nighttime, that the headlight is
used, that it is rainy, or that the ambient humidity exceeds the predetermined value. Thus,
the visibility of the white smoke is high, and therefore the process to reduce the generated
white smoke is not enough and the white smoke suppression process is executed.
Incidentally, the white smoke suppression control in the present invention may be

equivalent to the process to  further reduce generation of white smoke.
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[0051] Here, the white smoke suppression control may include, for example,
stopping the operation of the pump 9 (that is, stopping scavenging air), and suspending the
operation of the fuel cell system by shutting off the hydrogen supply pressure with the
pressure regulator 10.

[0052] As discussed above, the fuel cell system in accordance with this
embodiment can precisely determine whether white smoke reduction is required by
determining the visibility of white smoke based on the traveling conditions of the vehicle,
the operating state of the vehicle, and the surrouhding environmental conditions when the
generation of white smoke is highly possible in consideration of the relationship between
the temperature of cathode off gas to be discharged to the ambient air and the ambient
temperature. Then, the fuel cell system in accordance with this embodiment executes a
white smoke reduction process when the visibility of the white smoke is estimated to be not
particularly high, and executes a white smoke suppression process when it is estimated to
be high. That is, white smoke reduction is switched according to the driving conditions of
the vehicle and the surrounding environmental conditions. This contributes to precisely
determining whether white smoke reduction is required, and to reducing wasteful energy
consumption and a decrease in the power generation efficiency.

[0053] In the first embodiment, as described in relation to S4 and S5 of FIG. 2,
the ECU 15 executes the white smoke reduction control if none of the above conditions (1)
to (7) is satisfied, and executes the white smoke suppression proceés if any of the above
conditions (1) to (7) is satisfied. Alternatively, the ECU 15 may execute the white smoke
suppression process (S7) if a specific combination of the above conditions (1) to (7) are
satisfied. For example, the ECU 15 may execute the white smoke suppression process if
the headlight is on and it is nighttime. Further, the ECU 15 may execute the white smoke
suppression process if the wiper is on and the detected ambient humidity exceeds the
predetermined value A. Then, the ECU 15 may execute the white smoke reduction
process (S6) if the specific combination of the above conditions (1) to (7) are satisfied.

[0054] In the fi;st embodiment, if it is determined in S3 of FIG. 2 that the

vehicle speed is not O, or that the shift lever is not in the P position, the process returns to
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S1. That is, in this case, neither of the white smoke reduction control and the white smoke
suppression control is executed. Alternatively, the ECU 15 may first perform the
determination in S5 of FIG. 2, that is, determine whether the surrounding environmental
conditions are satisfied. Then, in the case where none of the above conditions (1) to (7) is
satisfied, the ECU 15 may return the process to S1. That is, the ECU 15 may execute
neither of the white smoke reduction control and the white smoke suppression control.
Conversely, if any of the above conditions (1) to (7) is satisfied, the ECU 15 may determine
whether the vehicle speed is 0, or whether the shift lever is in the P position, and execute
either the white smoke reduction control or the white smoke suppression control according
to the determination results. |

[0055] In the above first embodiment, the necessity for white smoke reduction is
determined, and either the white smoke reduction control or the white smoke suppression
control is executed, depending mainly on whether white smoke is highly visible from
outside the vehicle. Alternatively, the ECU 15 may determine the necessity for white
smoke reduction, and execute either the white smoke reduction control or the white smoke
suppression control, depending on whether the vision of the driver of the vehicle is affected.
FIG. 3 shows an example of such a process.

[0056] In this process, the ECU 15 first acquires the gas temperature at the
exhaust exit detected by the discharge gas temperature sensor 17 and the temperature
detected by the ambient temperature sensor 19A. Then, the ECU 15 determines whether
the difference between the gas temperature at the exhaust exit and the ambient temperature
exceeds a predetermined value T1 (S1). If the difference between the gas temperature at
the exhaust exit and the ambient temperature does not exceed the predetermined value T1
(NO in S1), the ECU 15 returns the process to S1. On the other hand, if the difference
between the gas temperature at the exhaust exit and the ambient temperature exceeds the
predetermined value T1 (YES in S1), the ECU 15 determines the surrounding
environmental conditions (S4). These conditions are the same as in the first embodiment,
and therefore their descriptions are omitted.

[0057] Then, the ECU 15 determines whether the surrounding environment
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determined in S4 satisfies a predetermined condition (S5). If none of the surrounding
environmental conditions (the above conditions (1) to (7)) ‘is satisfied (NO in S5), the ECU
15 returns the process to S1. On the other hand, if any of the surrounding environmental
conditions (the above conditions (1) to (7)) are satisfied (YES in S5), the ECU 15 reads the
position of the shift lever and a switch signal of the parking brake (S8).

[0058] In S9 that follows, the ECU 15 determines whether the shift lever is in
the R position (reverse position), or whether the parking brake signal is off. At this time,
the ECU 15 may determine wﬁether the shift lever is in the R position and whether the
parking brake signal is off.

[0059] Then, if the shift lever is not in the R position, or if the parking brake
signal is on (NO in S9), the ECU 15 executes the white smoke reduction control (S10). In
this case, the vehicle does not move in the direction in which gas is discharged from the
exhaust exit, and therefore the ECU 15 determines that the possibility that the vision of the
driver is affected is low, even under conditions where white smoke is generated and its
visibility is relatively high. In this case, the ECU 15 determines that the white smoke
reduction process is sufficient. |

[0060] Alternatively, if the shift lever is in the R position, or if the parking brake
signal is off (YES in S9), the ECU 15 determines that the possibility that the vehicle is
moving in the direction in which gas is discharged from the exhaust exit is high. In this
case, the ECU 15 determines not only that the white smoke is easily viewable from outside
the vehicle, but also that the white smoke can affect the vision of the driver, and thus
executes the white smoke suppression control (S11).

[0061] As discussed above, in this modification, the ECU 15 estimates the
influence of white smoke on the driver by determining whether the advancing direction of
the vehicle coincides with the discharging direction of gas. Then, the ECU 15 executes the
white smoke suppression control in the case where the advancing direction of the vehicle
coincides with the discharging direction of gas.

[0062] In the white smoke suppression control, the ECU 15 stops scavenging air,

suspends the operation of the fuel cell system, and/or the like. On the other hand, in the
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white smoke reduction control, the ECU 15 restricts scavenging air, heats the cathode off
gas with a heater, and/or the like.

[0063] According to such control, the ECU 15 executes the white smoke
reduction control when the visibility of the white smoke is high, and executes the white
smoke suppression process when the white smoke affects the vision of the driver, allowing
efficient utilization of the fuel cell system. For example, it is possible to very precisely
determine whether to stop scavenging air for the fuel cell stack 1 or to suspend the
operation of the fuel cell system.

[0064] In the above embodiment, the ECU 15 determines in S3 of FIG 2
whether the vehicle speed is 0, or whether the shift lever is in the P position. However, the
white smoke reduction process or the white smoke suppression process may be executed
when the vehicle speed is at or below a predetermined speed, from the standpoint of the
merchantability or upon user request. In this case, the predetermined speed may be set as
factory default, adjusted by the dealer, or set by the user. If the vehicle speed is at or
below (or below) the predetermined speed , the ECU 15 executes the processes in S4 to S7
of FIG. 2. '

[0065] Referring to FIGs. 4 and 5, a fuel cell system in accordance with a
second embodiment of the present invention will be described. In the above first
embodiment, the ECU 15 does not execute white smoke reduction in the case where the
vehicle speed is not 0, or in the case where the shift lever is not in the P position. Further,
in the case where the vehicle speed is 0, or in the case where the shift lever is in the P
position, the ECU 15 selecﬁvcly executes the white smoke reduction control or the white
smoke suppression control depending on the status of whether the surrounding
environmental conditions (1) to (7) are satisfied. Alternatively, the fuel cell system in
accordance with the second embodiment of the present invention executes white smoke
reduction in more diversified levels. In the description below, white smoke reduction is
executed in white smoke reduction control 1, white smoke reduction control 2, and white
smoke reduction control 3 (white smoke suppression control). The other configuration

and function of this embodiment are the same as those of the first embodiment. Thus, like
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processes are denoted by like reference numerals to omit their
configuration is the same as that shown in FIG. 1.

[0066] FIG. 4 shows the classification of the white smoke reduction process by
the fuel cell system in accordance with this embodiment. In the white smoke reduction
control 1, the scavenging air is reduced by 30%, and the power for heating the cathodé off
gas is set to 300 watts, for example. Reducing the scavenging air by 30% means reducing
by 30% the driving power for the pump 9 at the air electrode side. In the white smoke
reduction control 2, the scavenging air is reduced by 60%, and the power for heating the
cathode off gas is set to 600 watts, for example. In the white smoke reduction control 3,
the scavenging air is reduced by 100%, and the power for heating the cathode off gas is set
to 1000 watts, for example. That is, in the white smoke reduction control 3, the pump 9 is
stopped to stop the scavenging air. In this case, the operation of the fuel cell system itself
may be stopped by shutting off the hydrogen pressure with the pressure regulator 10, for
example. In this way, the ECU 15 compulsorily suppresses the generation of white smoke.

_[0067] FIG. 5 shows the control by the ECU 15 in the fuel cell system. The
steps S1, S2, and S3 in this process are the same as those in the first embodiment, and
therefore their descriptions are omitted.

[0068] If the determination in S3 is NO, the ECU 15 executes the white smoke
reduction control 1 (S6A). On the other hand, if the determination in S3 is YES, the ECU
15 determines the surrounding environmental conditions (S4). The surrounding
environmental conditions determined in S4 are identical to the conditions (1) to (7)
described in relation to the first embodiment.

[0069] Then, if none of the conditions (1) to (7) is satisfied, the ECU 15
executes the white smoke reduction control 2 (S6B). However, if any of the conditions (1)
to (7) is satisfied, the ECU 15 executes the white smoke reduction control 3 (S6C). That is,
the scavenging air for the fuel cell stack 1 is stopped, or the fuel cell system is suspended to
suppress the generation of white smoke.

[0070] As discussed above, according to the fuel cell system in accordance with

this embodiment, white smoke reduction can be executed in more diversified levels than in
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the first embodiment.

[0071] - As described in relation to the modification of the first embodiment, the
ECU 15 may execute the white smoke supﬁression process (S7) when a specific
combination of the above conditions (1) to (7) are satisfied. For example, the ECU 15
may execute the white smoke suppression process if the headlight is on and it is nighttime.
Further, the ECU 15 may execute the white smoke suppression process if the wiper is on
and the detected ambient humidity exceeds the predetermined value A.

[0072] In addition, as described in relation to FIG. 3, the ECU 15 may determine
the necessity for white smoke reduction, and execute either the white smoke reduction
control or the white smoke suppression control, depending on whether the vision of the
driver of the vehicle is affected. FIG. 6 shows an example of such a process.

[0073] In this process, when the surrounding environment 'satisfies none of the
conditions (1) to (7)) (NO in S5), the ECU 15 executes the white smoke reduction control 1
(S10A). On the other hand, if any of the sufrounding environmental conditions (the above
conditions (1) to (7)) are satisfied (YES in SS5), the ECU 15 reads the position of the shift
lever and a switch signal of the parking brake (S8). Subsequently, the ECU 15 determines
whether the shift lever is in the R position, or whether the parking brake signal is off.

[0074] .= Then, if the shift lever is not in the R position, or if the parking brake
signal is on (NO in S9), the ECU 15 executes the white smoke reduction control2 (S10B).
On the other hand, if the shift lever is in the R position, or if the parking brake signal is off
(YES in S9), the ECU 15 determines that the possibility that the vehicle moves in the
direction in which gas is discharged from the exhaust exit is. high. In this case, the ECU
15 determines not only that the white smoke is easily viewable from outside the vehicle, but
also that the white smoke can affect the vision of the driver, and executes the white smoke
suppression control (S11).

[0075] Referring to FIGs. 7 to 9, a third embodiment of the present invention
will be described. In the first and second embodiments, the ECU 15 determines whether
white smoke reduction is necessary based on the difference between the gas temperature at

the exhaust exit and the ambient temperature (see the process in S1 of FIGs. 2, 3, 5, and 6).
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Alternatively, the ECU 15 may determine whether white smoke reduction is necessary
based on the surrounding enviroﬁmental conditions of the vehicle, which include the
ambient temperature and the ambient humidity, and the gas temperature at the exhaust exit.
The other configuration and function of this embodiment are the same as those of the first
and second embodiments. Like components are denoted by like reference numerals to
omit their descriptions.

[0076] FIG. 7 is a flowchart illustrating theA operation of the fuel cell system in
accordance with the embodiment of the present invention.

[0077] The ECU 15 first acquires the temperature of the cathode off gas
detected by the discharge gas temperature sensor 17 (S1A). The ECU 15 also acquires the
ambient temperature detected by the ambient temperature sensor 19A (S1A). The ECU 15
further acquires the ambient humidity detected by the ambient humidity sensor 19B (S1A).
In this embodiment, the ambient humidity measured by the ambient humidity sensor 19B is
referred to as “detected ambient humidity.”

[0078] Next, the ECU 15 makes a determination as to a white smoke reduction
region based on the temperature of fhe cathode off gas, the detected ambient temperature,
and the detected ambient humidity (S1B).

[0079] In S1B, the term “white smoke reduction region” refers to the state
where water vapor contained in the cathode off gas discharged to the ambient air is white
and visible. The relationship between the white smoke reduction region and the
temperature of the cathode off gas, the ambient temperature, and the ambient humidity may
be obtained in advance by experiment or by simulation. For example, a map (table) as
shown in FIG. 8 is prepared in advance by experiment or by simulation. Then, the ECU 15
may make a determination as to the white smoke reduction region using the map.

[0080] The symbol AT indicated in FIG. 8 represents the difference between the
temperature of the cathode off gas and the ambient temperature. The term “humidity”
indicated in FIG. 8 refers to the ambient humidity. The circular marks in FIG. 8 indicate
that AT1 and the ambient humidity are in the white smoke reduction region. The X marks

in FIG. 8 indicate that AT1 and the ambient humidity are not in the white smoke reduction
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region. If the map in FIG. 8 is used to determine whether AT1 and the ambient humidity
are in the white smoke reduction region, the ECU 15 calculates AT1, the difference betWeen
the temperature of the cathode off gas and the. ambient temperature. Then, the ECU 15
references the map shown in FIG. 8 to determine whether AT1 and the ambient humidity are -
in the white smoke reduction region (S1B).

[0081] | If AT1 and the ambient humidity are determined to be in the white smoke
reduction region (YES in S1B), the ECU 15 executes the processes in and after S2. The
processes in and after S2 are the same as those in the first embodiment and the second
embodiment, and therefore their descriptions are omitted. On the other hand, if the ECU
15 determines that AT1 and the ambient humidity are not in the white smoke reduction
region (NO in S1B), the process is returned to S1A.

[0082] According to this embodiment, it is possible to determine at an initial
stage whether white sinoke reduction is required in consideration of the ambient humidity
as well.

[0083] In addition, in and after S2 of FIG. 7, the same processes as those in and
after S2 of FIG. 2 are executed. Alternatively, in and after S2 of FIG. 7, the same
processes as those in and after S4 of FIG. 3 may be executed. As a further alternative, the
same processes as those in and after S2 of FIG. 5, or those in and after S4 of FIG. 6, of the
second embodiment may be executed in and after S2 of FIG. 7.

[0084] Referring to FIGs. 9 to 11, a fuel cell system in accordance with a fourth
embodiment of the present invention will be described. In the first to third embodiments,
when white smoke reduction is determined to be necessary, then the ECU 15 executes the
white smoke reduction control or the white smoke suppression control depending on
whether white smoke is highly visible from outside the vehicle, or whether white smoke
affects the vision of the driver.

[0085] In this embodiment, the fuel cell system dilutes the cathode off gas
containing water vapor and having passed through the fuel cell stack 1 with air that has not
passed through the fuel cell stack 1. In this case, the dilution ratio with air containing

water vapor as the target of control is determined using an evaluation expression reflecting
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the speed of the vehicle. The other configuration and function are the same as those of the
first to third embodiments. Like components are denoted by like reference numerals to
omit their descriptions.

[0086] FIG. 9 is a configuration diagram of a fuel cell systém in accordance with
this embodiment. In FIG. 9, compared to the configuration of FIG. 1, an air back pressure
regulator 31 and a diluter 32 are added at the cathode side. The cathodé off gas passage 6
is connected to the diluter 32 from the cathode side.

[0087] At the anode side, an anode off gas branch passage 37 is connected to the
anode off gas passage 3 via an exhaust valve 36. The anode off gas branch passage 37 is
also connected to the diluter 32. Furthermore, in FIG. 9, a shut valve 30 is provided
upstream of the pressure regulator 10 for hydrogen.

[0088] The ECU 15 controls the air backpressure regulator 31, the exhaust valve
36, and the pump 9 to control the dilution ratio of the anode off gas and the cathode off gas.

[0089] FIG. 10 shows the concept of a vehicle equipped with the fuel cell system.
In FIG. 10, the vehicle advances in the direction of the arrow at a speed v. The flow rate of
the cathode off gas discharged from the cathode éff gas passage 6 to the diluter 32 at this
time is defined as Qairex.

[0090] In this case, the dilution ratio Dr of the cathode off gas at the vehicle -
speed v, which reflects the effect that the cathode off gas is diffused by the ambient air, is
defined by Expression 1 below.

[Expression 1]

P H20@FC
Qair,,

H20@atm

Qur +hkv

Dilution ratio: Dr =

Where,

k: Conversion factor to obtain dilution air amount

Qair.x: Amount of exhaust air

Puo@rc: Saturated water vapor pressure at operating.temperature of FC

Pr2o@atm: Saturated water vapor pressure at ambient temperature
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[0091] In the expression, k represents a conversion factor for calculating the
amount of air with which the cathode off gas is diluted at the vehicle speed v, Pu2ogrc 1S a
saturated vapor pressure at the operating temperature of the fuel cell stack 1, and Pmo@atm Is
a saturated vapor pressure at the ambient temperature.

[0092] | In the physical sense, Expression 1 means that the concentration of the
cathode off gas is lowered by dilution as the vehicle speed v is higher. That is, if the
saturated vapor pressure at the operating temperature of the fuel cell stack 1 is higher than
the saturated vapor pressure at the ambient temperature, Pro@rc/Pa20@atm 18 more than 1,
which satisfies the condition under which white smoke is generated. Here,
Pa20@rc/Pm20@atm represents the proportion of the cathode off gas that is condensed into
water droplets when the gas is released to the ambient air. In addition, (Pro@rc/PH20@atm)
x Qairex represents the amount of the cathode off gas that is condensed into water droplets
when the gas is released to the ambient air.

[0093] When the vehicle speed v is sufficiently high, however, white smoke is
not noticeable due to the same effect as when the cathode off gas is diluted. The dilution
ratio Dr indicates the degree of such effect.

[0094] Thus, Pr2o@rc/P2o@atm i set to a plurality of values, and for each value,
the degree of the generation of white smoke is observed while varying the cathode off gas
flow rate Qairex and the vehicle speed v. Based on the values obtained from such
experiments, the relationship between Puogrc, Pr2o@atm, Qairex, and the vehicle speed v
and the degree of the generation (visibility) of white smoke may be obtained. From the
values obtained from the experiments, the value to be fulfilled by the dilution ratio Dr
(hereinafter referred to as “reference value Dr0”) is determined. Then, with the reference
value Dr0 set in a memory (not shown) of the ECU 15A, the operating state of the fuel cell
may be controlled such that the dilution ratio Dr is at the reference value D10 or less.

[0095] FIG. 11 is a flowchart showing the control executed by the ECU 15 in
that case. In this process, the ECU 15 first reads the operating temperature of the fuel cell
stack 1 from the stack temperature sensor 20 to calculate the saturated vapor pressure

Pwo@rc of the cathode off gas (821)'. However, the exhaust gas temperature sensor 17 of
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FIG. 1 may be used in place of the stack temperature sensor 20 to detect the temperature of
the cathode off gas. .

[0096] Next, the ECU 15 reads the ambient temperature from the ambient
temperature sensor 19A to calculate the saturated vapor pressure of the ambient air Pyro@atm
(S22). Further, the ECU 15 reads the vehicle speed v from a vehicle speed sensor (not
shown) (S23). Then, the ECU 15 determines the cathode off gas flow rate Qairex such
that the dilution ratio Dr is at the reference value Dr0 or less according to Expression 1
(S24). Then, the ECU 15 controls the rotational speed of the pump 9 such that the cathode
off gas flow rate is at Qairex or less (525).

[0097] As discussed above, according to the fuel cell system in accordance with
the fourth embodiment, the ECU 15 controls the discharge amount of the cathode off gas,
that is, the rotational speed of the pump 9, such that the dilution ratio is at the reference
value Dr0 or less based on the saturated vapor pressure of the cathode off gas, the saturated
vapor pressure of the ambient air, and the vehicle speed. According to such control, white
smoke due to the cathode off gas may be controlled so as not to be noticeable by controlling
the discharge amount, that is, the dilution ratio, of the cathode off gas accbrding to the
vehicle speed v.

[0098] In the fourth embodiment, the ECU 15 controlé the discharge amount,
that is, the dilution ratio, of the cathode off gas according to the vehicle speed v to suppress
white smoke. In such control, the ECU 15 may further control the backpressure at the
cathode side. The backpressure at the cathode side is controlled by the opening of the
backpressure regulator 31 at the exit of the flow path of the fuel cell stack 1 at the cathode
side.

[0099] In the fuel cell system, the ECU 15 calculates the amount in mass of the
cathode off gas that is discharged. For example, it is assumed that power is generated
while the cathode off gas is required that is discharged in an amount of M gram. As the
backpressure at the cathode side is higher, the volume of the off gas that is discharged is
smaller for the same mass. For example, when the back pressure doubles, the required

flow rate of the off gas that is discharged is halved.
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[0100] On the other hand, the saturated vapor pressure relies .upon the
temperature, rather than the backpressure, of the off gas, and therefore a generally constant
amount of water vapor is contained in the off gas of the same volume, regardless of the
backpressure. Thus, when the back pressure doubles, the required volumetric flow rate of
the off gas that is discharged is halved. Thus, at this time, the amount of water vapor to be
discharged together with the off gas is also halved.

[0101] With the influence of the backpressure reflected ‘in the dilution ratio

given by Expression 1, Expression 2 below can be obtained.

[Expression 2]
P .
H20@FC x Qair x Palm
Dr - P H20 @atm - f’back
' Qo +kv

P . . . .
Q. x—2":Changes in volumetric flow rate brought about by increasing backpressure
back

[0102] In the expression, Patm represents the atmospheric pressure, Pback
represents the backpressure at the cathode side, and Qair x (Patm/Pback) represents changes
in volumetric flow rate brought about by increasing the backpressure. Thus, for the same
amount (in mass) of the off gas to be discharged, the dilution ratio may be reduced by the
changes in volumetric flow rate. Conversely, during operation when the backpressure is
reduced, the generation of white smoke may be reduced by reducing the amount in mass of
the off gas to be discharged.

[0103] As described in the above modification 1, the ECU 15 may reduce the
generation of white smoke by further controlling the back pressure in addition to
performing the process of FIG. 11. If the control of the backpressure is given priority, the
ECU 15 may increase and reduce thé amount in mass of the off gas to be discharged
according to changes in back pressure.

[0104] In the fourth embodiment, the ECU 15 controls the discharge amount,
that is, the dilution ratio, of the cathode off gas according to the vehicle speed v to suppress

the generation of white smoke. In this case, the influence of winds around the vehicle may
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be reflected in the vehicle speed v. For example, wind pressure sensor may be disposed at
four positions around the vehicle, namely, at the front, rear, left, and right sides of the
vehicle, to calculate the relative speed V between the vehicle and the ambient air based on
the wind pressures, irrespective of whether the vehicle is stationary or traveling. As the
relative speéd V between the vehicle and the ambient air, the larger one of the relative speed
V1 in the longitudinal direction, which is based on the wind pressure in the longitudinal
direction of the vehicle, and the relative speed V2 in the lateral direction, which is based on
and the lateral direction of the vehicle, may be used.

[0105] Then, the ECU 15 may calculate the dilution ratio of Expression 1 based
on the relative speed V between the vehicle and the ambient air in place of the vehicle speed
v. In this way, while the fuel cell system suppresses the generation of white smoke , the
limit amount of the cathode off gas can be discharged is increased, even when the vehicle is
traveling at a low speed or stationary, by calculating the dilution ratio with the relative
speed between the vehicle and the ambient air taken into account.

[0106] While the invention has been described with reference to example
embodiments thereof, it is to be understood that the invention is not limited to the described
embodiments or constructions. To the contrary, the invention is intended to cover various
modifications and equivalent arrangements. In addition, while the various elements of the
example embodiments are shown in various combinations and configurations, other
combinations and configurations, including more, less or only a single element, are also

within the spirit and scope of the invention.
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CLAIMS:

1.  An exhaust state control device for a fuel cell for a mobile unit that detects a state of
exhaust gas from a fuel cell mounted on a mobile unit, characterized by comprising:

a white smoke generation determination section that determines whether white smoke
is generated based on relationship between a state of exhaust gas and a state of ambient air;

a motion sensor that detects movement of the mobile unit;

a condition determination section that determines whether a condition to reduce white
smoke is satisfied based on a detection signal from the motion sensor when the white smoke
generation determination section determines that white smoke is generated; and

a control section that activates a process to reduce white smoke if the condition

determination section determines that a predetermined condition is satisfied.

2.  The exhaust state control device for a fuel cell according to claim 1, further
comprising:

an operation state sensor that detects an operating state of an operating section that
operates the mobile unit; and

a sensor that senses a surrounding environmental state of the mobile unit,

wherein the condition determination section determines whether the condition to
reduce white smoke is satisfied based on at least one of the detected moving state of the
mobile unit, the detected operating state of the operating section that operates the mobile

unit, and the detected surrounding environmental state of the mobile unit.

3. The exhaust state control device for a fuel cell according to claim 1, wherein the
control section activates a process to reduce white smoke when the condition determination
section determines that a first predetermined condition is satisfied, and activates a process
to further reduce generation of white smoke than when the first predeteﬁnined condition is
determined to be satisfied, if the condition determination section determines that a second

predetermined condition is satisfied.
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4. The exhaust state control device for a fuel cell according to claim 2, wherein the
control section activates a process to reduce white smoke when the condition determination
section determines that a first predetermined condition is satisfied, and activates a process
to further reduce generation of white smoke than when the first predetermined condition is
determined to be satisfied, if the condition determination section determines that a second

predetermined condition is satisfied.

5.  The exhaust state control device for a fuel cell according to claim 4, further
comprising:

an exhaust gas temperature sensor that measures a temperature of the exhaust gas in a
discharge passage that discharges the exhaust gas from a main body of the fuel cell; and

an ambient temperature sensor that measures a temperature of the ambient air to
which the exhaust gas is to be discharged,

wherein the white smoke generation determination section determines whether white

smoke is generated according to the difference between the exhaust gas temperature and the

ambient temperature.

6. The exhaust state control device for a fuel cell according to claim 4, further
comprising:
~ an exhaust gas temperature sensor that measures a temperature of the exhaust gas in a

discharge passage that discharges the exhaust gas from a main body of the fuel cell;

an ambient temperature sensor that measures a temperature of the ambient air to
which the exhaust gas is to be discharged; and

an ambient humidity sensor that measures a humidity of the ambient air to which the
exhaust gas is to be discharged,

wherein the white smoke generation determination section determines whether white
smoke is generated according to the difference between the exhaust gas temperature and the

ambient temperature, and the ambient humidity.
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7.  The exhaust state control device for a fuel cell according to any one of claims 4 to 6,
wherein:

the first condition is satisfied if either one of the conditions, where a moving speed of
the mobile unit is deferrnined to be at or below a predetermined value and where a visibility
of white émoke around the mobile unit is determined to be higher than that in a reference
environment, is satisfied; and

the second condition is satisfied if both the conditions, where the moving speed of the
mobile unit is determined to be at or below the predetermined value and where the visibility
of white smoke around the mobile unit is determined to be higher than that in the reference

environment, are satisfied.

. 8.  The exhaust state control device for a fuel cell according to claim 7, wherein the
condition where the moving speed of the mobile unit is determined to be at or below the

predetermined value includes a state where the mobile unit is stationary.

9.  The exhaust state control device for a fuel cell according to claim 7, wherein the
moving speed of the mobile unit is an absolute speed of the mobile unit or a relative speed

between the mobile unit and the ambient air around the mobile unit.

10." The exhaust state control device for a fuel cell according to any one of claims 4 to 6,
wherein:
the mobile unit is a vehicle;
the first condition is satisfied if either one of conditions, where a shift lever is
determined to be in a parking position and where a visibility of white smoke around the
mobile unit is determined to be higher than that in a reference environment, is satisfied; and
| the second condition is satisfied if both the conditions, where the shift lever is
determined to be in the parking position and where the visibility of white smoke around the

mobile unit can be determined to be higher than that in the reference environment, are

29



WO 2009/016492 PCT/1IB2008/002012

satisfied.

11. The exhaust state control device for a fuel cell according to any. one of claims 4 to 6,
wherein:
the first condition is satisfied if either one of conditiohs, where the white smoke
generation determination section determines that white smoke is generated or a condition
where a moving speed of the mobile unit is at or below -a predetermined value and where a
visibility of white smoke around the mobile unit is determined to be lower than that in a
reference environment, is satisfied; and
| the secoﬂd condition is satisfied if both the conditions, where the moving speed of the
mobile unit is determined to be at or below the predetermined value and where the visibility
of white smoke around the mobile unit is determined to be higher than that in the reference

environment, are satisfied.

12.  The exhaust state control device for a fuel cell according to claim 11, wherein if the
conditions, where the white smoke generation determination section determines that white
smoke is generated, and where the moving speed of the mobile unit is at or below the
predetermined value and the visibility of white smoke around the mobile unit is determined
to be lower than that in the reference environment, are satisfied, the condition determination
section performs the process to reduce white smoke, in the case the condition determination

section determined that the first predetermined condition has been satisfied, in different

level.

13. The exhaust state control device for a fuel cell according to any one of claims 4 to 12,
wherein the first condition is satisfied if either oné of conditions, where a vision of an
operator who operates the mobile unit is determined to be affected by white smoke and
where a visibility of white smoke around the mobile unit is higher than that in a reference
environment, is satisfied; and

the second condition is satisfied if both the condition, where the vision of the operator
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who operates the mobile unit is determined to be affected by white smoke and where the
visibility of white smoke around the mobile unit is higher than that in the reference

environment, are satisfied.

14. The exhaust state control device for a fuel cell according to any one of claims 7 to 13,
wherein the reference environment includes at least one of a daytime environment and a

non-rainy environment.

15. The exhaust state control device for a fuel cell according to claim 14, wherein:

the mobile unit is a vehicle;

the operating state of the operating section is determined based on whether a
headlight is on;

the surrounding environmental state is determined based on at least one of: whether a
darkness detection signal for an automatic light is on; whether a current time is after a
sunset and before a sunrise; whether a signal from a global positioning system cannot be
received; whether a wiper is on; whether a rain sensing signal is on; and whether a detection
value of the ambient humidity sensor exceeds a predetermined value; and

the condition determination section determines that the reference environment is the

daytime or non-rainy environment if at least one of the determined states above is satisfied.

16. The exhaust state control device for a fuel cell according to claim 13, wherein the
vision of the operator is determined to be affected by white smoke if the mobile unit

advances in a discharging direction of the exhaust gas.

17. The exhaust state control device for a fuel cell according to claim 13, wherein:

the mobile unit is a vehicle; and

it is determined that the condition where the white smoke interferes with vision of the
operator of the mobile unit is satisfied when at least one of the shift lever is in a reverse

position and the parking brake is off.
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18. The exhaust state control device for a fuel cell according to any one of claims 4 to 17,
wherein the process to reduce white smoke is at least one of a process to control the exhaust
gas temperature and a process to control a flow rate of the exhaust gas at an air electrode

side of the fuel cell.

19. The exhaust state control device for a fuel cell according to claim' 18, wherein
discharge of the exhaust gas at the air electrode side is controlled such that a limit of the

flow rate of the exhaust gas decreases as the moving speed of the mobile unit decreases.

20. The exhaust state control device for a fuel cell according to claim 18 or 19, wherein a
pressure or the flow rate of the exhaust gas at the air electrode side is controlled such that
the limit of the flow rate of the exhaust gas increases as the pressure of the exhaust gas

increases.

21. The exhaust state control device for a fuel cell according to any one of claims 4 to 20,
wherein the process to reduce the generation of white smoke, which is performed when the
condition determination section determines that the second predetermined condition is
satisfied, includes at least one of stopping scavenging. air and shutting off a hydrogen supply

pressure to the fuel cell.
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WHITE SMOKE |WHITE SMOKE |WHITE SMOKE
REDUCTION | REDUCTION | REDUCTION
CONTROL 1 | CONTROL 2 | CONTROL 3

SCAVENGING | DECREASED |DECREASED |DECREASED

AIR BY 30% BY 60% BY 100%

(AIR SUPPLY

AMOUNT)

HEATING

POWER 300W 600W 1000W




WO 2009/016492

5/11

FIG.5

GAS TEMPERATURE
AT EXHAUST EXIT - AMBIENT
TEMPERATURE > T1?

S2
YES >

READ VEHICLE SPEED SENSOR VALUE
AND READ SHIFT LEVER POSITION

VEHICLE SPEED
0 km/h OR SHIFT LEVERIN P
POSITION?

NO

sS4
J

YES

DETERMINE SURROUNDING
ENVIRONMENTAL CONDITIONS
-LIGHT: ON

-DARKNESS DETECTION SIGNAL FOR
AUTOMATIC LIGHT: ON

- SUNSET < CURRENT TIME < SUNRISE
- GPS SIGNAL: NOT SENSED

*WIPER: ON

-RAIN SENSING SIGNAL FOR
AUTOMATIC WIPER: ON

- AMBIENT HUMIDITY SENSOR
DETECTION VALUE h > A

DOES
SURROUNDING ENVIRONMENT
SATISFY PREDETERMINED
CONDITION?

PCT/1IB2008/002012

YES

(SCAVENGING
AIR RESI)RICTION

(SCAVENGING
AIR REST)RICTION
2

S6A S6B ST
— _
WHITE SMOKE WHITE SMOKE WHITE SMOKE REDUCTION
REDUCTION REDUCTION CONTROL 3 (WHITE SMOKE
CONTROL 1 CONTROL 2 SUPPRESSION, SUCH AS

STOPPING SCAVENGING
AIR AND SUSPENDING
FUEL CELL OPERATION)

U

L

]




WO 2009/016492
6/11

FIG.6

GAS TEMPERATURE
AT EXHAUST EXIT - AMBIENT
TEMPERATURE > T1?

DETERMINE SURROUNDING
ENVIRONMENTAL CONDITIONS
«LIGHT: ON

-DARKNESS DETECTION SIGNAL FOR
AUTOMATIC LIGHT: ON

«SUNSET < CURRENT TIME < SUNRISE
*GPS SIGNAL: NOT SENSED

-WIPER: ON

-RAIN SENSING SIGNAL FOR.
AUTOMATIC WIPER: ON

*AMBIENT HUMIDITY SENSOR
DETECTION VALUE h > A

DOES
NO SURROUNDING ENVIRONMENT
SATISFY PREDETERMINED
CONDITION?

S8

READ SHIFT LEVER POSITION AND
PARKING BRAKE SWITCH SIGNAL

SHIFT LEVERIN R
POSITION OR PARKING
BRAKE OFF?

YES

PCT/1IB2008/002012

S10A S10B 1Mo Si1
~ ~ ~
WHITE SMOKE WHITE SMOKE WHITE SMOKE REDUCTION
REDUCTION REDUCTION CONTROL 3 (WHITE SMOKE
CONTROL 1 CONTROL 2 SUPPRESSION, SUCH AS
(SUCH AS (SUCH AS STOPPING SCAVENGING
SCAVENGING AIR SCAVENGING AIR AIR AND SUSPENDING
RESTRICTION) RESTRICTION) FUEL CELL OPERATION)

v L

]




WO 2009/016492 PCT/1IB2008/002012
7/11

o) FIG.7

S1A

/

ACQUIRE AMBIENT TEMPERATURE, AMBIENT HUMIDITY,
AND DISCHARGE GAS TEMPERATURE AT EXHAUST EXIT

NQ IN WHITE SMOKE REDUGTION REGION?
YES S9
/ .

READ VEHICLE SPEED SENSOR VALUE
AND READ SHIFT LEVER POSITION

VEHICLE SPEED
0 km/h OR SHIFT LEVER IN
P POSITION?

YES S4
| i
DETERMINE SURROUNDING ENVIRONMENTAL CONDITIONS

-LIGHT: ON
-DARKNESS DETECTION SIGNAL FOR AUTOMATIC LIGHT: ON

* SUNSET < CURRENT TIME < SUNRISE
- GPS SIGNAL: NOT SENSED

-WIPER: ON *
*RAIN SENSING SIGNAL FOR AUTOMATIC WIPER: ON
- AMBIENT HUMIDITY SENSOR DETECTION VALUE h > A

S5

DOES
SURROUNDING
ENVIRONMENT SATISFY
PREDETERMINED

YES

CONDITION?
S6 S7
~ ~
WHITE SMOKE WHITE SMOKE
REDUCTION SUPPRESSION CONTROL
CONTROL (SUCH AS STOPPING
(SUCH AS SCAVENGING AIR AND
SCAVENGING AIR SUSPENDING FUEL
RESTRICTION) CELL OPERATION)

L |



WO 2009/016492 PCT/1IB2008/002012
8/11

FIG.S

HUMIDITY
H [ J K L M N
AT

A X X X X X X X
B X X X X X X X
C X X X X X X X
D X X X X X X O
E X X X X x | O] O
F X X X X O O O
G X P X Ol O | O] O




PCT/1IB2008/002012

WO 2009/016492

9/11

-

INIMLNO W3LSAS

dIvV LSNVHX3

ZH
om\/\ww IATVA LOHS
0l HOlvy1no3ay
IATYA LSAVHXS JUNSSIHA T1aVIHVA
LS ot <k g
\/\w
—
.v\
O\
-
Tl
6T
1~ —
1 9
¢€~- dilmia HOL1Y 1Ny A
FANSSII HOVE HIV |
“ no3
gL~

6 OIl4



PCT/1IB2008/002012

WO 2009/016492

10/11

d31N71d

Xailep dIvV NOILNTId
40 INNOWV

A
4>

"dAINd NID0HAAH

**HD 1ISAVHXI NI
NIDOYAAH 40 LNNOWY

8

W3 LSAS NOILVINOHIO NIDOHAAH

0L " Ol4d

1 d33dS IT10IH3A



WO 2009/016492

11/11

FIG. 11

( START )

S21
[

READ OPERATING TEMPERATURE FROM SENSOR
OF FUEL CELL STACK TO CALCULATE SATURATED
VAPOR PRESSURE OF CATHODE OFF GAS

S22
P

READ AMBIENT TEMPERATURE FROM AMBIENT
TEMPERATURE SENSOR TO CALCULATE SATURATED

VAPOR PRESSURE OF ATMOSPHERIC AIR

S23
P

READ VEHICLE SPEED v FROM VEHICLE SPEED SENSOR

S24
/

DETERMINE CATHODE OFF GAS FLOW RATE SUCH THAT
DILUTION RATIO IS AT REFERENGE VALUE Dr0O OR LESS
ACCORDING TO EXPRESSION OF DILUTION RATIO Dr

S25

’
CONTROL ROTATIONAL SPEED OF PUMP
SUCH THAT CATHODE OFF GAS FLOW RATE
IS AT DETERMINED VALUE OR LESS

PCT/1IB2008/002012




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings

