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THERMAL CONTROL OF FUEL CELL FOR
IMPROVED COLD START

serve as the cathode plate for the adjacent cell. In this arrange

ment, the plates may be referred to as bipolar plates.
The fuel ?uid stream that is supplied to the anode typically
comprises hydrogen. For example, the fuel ?uid stream may

CROSS-REFERENCE TO RELATED
APPLICATION

be a gas such as substantially pure hydrogen or a reformate

stream containing hydrogen. Alternatively, a liquid fuel
This application claims the bene?t under 35 U.S.C. § 119
(e) of Us. Provisional Patent Application No. 60/872,410
?led Jun. 23, 2005 (formerly U.S. application Ser. No.

stream such as aqueous methanol may be used. The oxidant

?uid stream, Which is supplied to the cathode, typically com
prises oxygen, such as substantially pure oxygen, or a dilute
oxygen stream such as air. In a fuel cell stack, the reactant

1 1/165,620, converted to provisional by petition ?led Jun. 2,

2006), Which provisional application is incorporated herein
by reference in its entirety.

streams are typically supplied and exhausted by respective
supply and exhaust manifolds. Manifold ports are provided to
?uidly connect the manifolds to the ?oW ?eld area and elec

BACKGROUND OF THE INVENTION

trodes. Manifolds and corresponding ports may also be pro
vided for circulating a coolant ?uid through interior passages
Within the stack to absorb heat generated by the exothermic
fuel cell reactions. The preferred operating temperature range
for PEM fuel cells is typically 500 C. to 120° C., most typi
cally betWeen 60° C. and 85° C.

1. Field of the Invention
The present invention generally relates to a thermal control
system for an electrochemical fuel cell, as Well as a method

for improving thermal conditions for cold start of an insulated
fuel cell stack.

2. Description of the Related Art
Electrochemical fuel cells convert reactants, namely fuel
and oxidant ?uid streams, to generate electric poWer and
reaction products. Electrochemical fuel cells employ an elec
trolyte disposed betWeen tWo electrodes, namely a cathode

20

Under typical conditions, start-up of the electrochemical
fuel cell stack is at a temperature above the freeZing tempera
ture of Water, and the fuel cell stack can be started in a

reasonable amount of time and quickly brought to the pre
ferred operating temperature. In some fuel cell applications, it
25

may be necessary or desirable to commence operation of an

and an anode. The electrodes each comprise an electrocata

electrochemical fuel cell stack When the stack temperature is

lyst disposed at the interface betWeen the electrolyte and the

beloW the freeZing temperature of Water (commonly referred

electrodes to induce the desired electrochemical reactions.

to as “freeze-start” conditions), and even at subfreeZing tem

The location of the electrocatalyst generally de?nes the elec
trochemically active area.

30

peratures beloW —25° C. HoWever, at such loW temperatures,
the fuel cell stack does not operate Well and rapid start-up of

Polymer electrolyte membrane (PEM) fuel cells generally
employ a membrane electrode assembly (MEA) consisting of

the fuel cell stack is more di?icult. It may thus take a consid
erable amount of time and/or energy to bring an electrochemi

an ion-exchange membrane disposed betWeen tWo electrode

cal fuel cell stack from a starting temperature beloW the
freeZing temperature of Water up to an e?icient operating

layers comprising porous, electrically conductive sheet mate
rial as ?uid diffusion layers, such as carbon ?ber paper or

35

temperature.

carbon cloth. In a typical MEA, the electrode layers provide
structural support to the ion-exchange membrane, Which is
typically thin and ?exible. The membrane is ion conductive
40

A variety of techniques have been developed and/or pro
posed to address this issue, including the addition of various
heating elements and/or heat-exchanging subsystems that are
designed to quickly increase the temperature of the fuel cell
stack. Another technique involves insulation of the fuel cell

tion of the membrane is to act as an electrical insulator

stack itself. Thus, if the ambient temperature is at or beloW the

betWeen the tWo electrode layers. The electrodes should be
electrically insulated from each other to prevent short-circuit
ing. A typical commercial PEM is a sulfonated per?uorocar
bon membrane sold by El. Du Pont de Nemours and Com
pany under the trade designation NAFION®.

45

freeZing temperature of Water, the stack temperature may stay
above freeZing for some extended period of time folloWing
shut doWn, Which permits more favorable starting conditions
should the stack be restarted during this period of time.

(typically proton conductive), and also acts as a barrier for
isolating the reactant streams from each other. Another func

While advances have been made associated With cold start
of fuel cell stacks, there remains a need in the art for improved
and/or more e?icient techniques relating to the same. The

The MEA contains an electrocatalyst, typically comprising
?nely comminuted platinum particles disposed in a layer at
each membrane/electrode layer interface, to induce the
desired electrochemical reaction. The electrodes are electri

present invention ful?lls such needs and provides further
50

related advantages.

cally coupled to provide a path for conducting electrons
BRIEF SUMMARY OF THE INVENTION

betWeen the electrodes through an external load.
In a fuel cell stack, the MEA is typically interposed

betWeen tWo separator plates that are substantially imperme
able to the reactant ?uid streams. The plates act as current

In brief, a thermal control subsystem is disclosed for an
55

electrochemical fuel cell system, particularly With regard to

collectors and provide support for the electrodes. To control

improving thermal conditions for cold start of an insulated

the distribution of the reactant ?uid streams to the electro

fuel cell stack. A disadvantage of insulating the fuel cell stack
is that it is also insulated from increasing temperature as the
ambient temperature rises. Thus, if the insulated fuel cell

chemically active area, the surfaces of the plates that face the
MEA may have open-faced channels formed therein. Such
channels de?ne a ?oW ?eld area that generally corresponds to

60

the adjacent electrochemically active area. Such separator

stack to Warm as the ambient temperature increases.

plates, Which have reactant channels formed therein are com
monly knoWn as ?oW ?eld plates. In a fuel cell stack, a

plurality of fuel cells are connected together, typically in
series, to increase the overall output poWer of the assembly. In
such an arrangement, one side of a given plate may serve as an

anode plate for one cell and the other side of the plate may

stack is exposed to freeZing temperatures for a prolonged
period of time, it Will take longer for the insulated fuel cell
In one embodiment, a method is disclosed for thermally
controlling an electrochemical fuel cell system having an

65

insulated electrochemical fuel cell stack. The method com

prises monitoring the temperature of the insulated electro
chemical fuel cell stack; monitoring the temperature of the
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ambient environment; heating a heating ?uid by thermal

A pump is associated With the heating loop such that the
heating ?uid can be circulated Within the heating loop. The
heating ?uid exits the insulated fuel cell stack, enters the heat
exchanger, exits the heat exchanger, and returns to the insu
lated fuel cell stack, after Which the cycle may be repeated.

transfer With the environment When the temperature of the
ambient environment is above the temperature of the insu
lated fuel cell stack; and passing the heated ?uid to the insu
lated fuel cell stack. In this manner, the fuel cell stack may be
heated to a temperature at or near the temperature of the

One or more optional valves may also be associated With the

ambient environment.
In another embodiment, a thermal control subsystem is

heating loop such that the insulated fuel cell stack is isolated
from the remainder of the heating loop. In this manner, ther
mal transfer from the insulated fuel cell stack to the heating
?uid may be minimiZed by preventing convection circulation
of the heating ?uid.
A controller is in communication With the ?rst temperature
sensor, the second temperature sensor, the pump and valve(s).
The controller is programmed to activate the pump and open
the optional valve(s) When the temperature of the ambient
environment is (Ta) is greater than the temperature of the
electrochemical fuel cell stack (TS) as explained in greater

disclosed comprising a heating loop ?uidly connected to the
insulated electrochemical fuel cell stack, the heating loop
capable of carrying a heating ?uid; a heat exchanger ?uidly
connected to the heating loop, the heat exchanger capable of
transferring ambient thermal energy from the environment to
the heating ?uid; a ?rst temperature sensor for detecting the
temperature of the electrochemical fuel cell stack (TS); a
second temperature sensor for detecting the temperature of
the ambient environment (Ta); a pump for circulating the
heating ?uid Within the heating loop; one or more optional
valves Within the heating loop; and a controller in communi
cation With the ?rst temperature sensor, the second tempera
ture sensor, the optional valve(s) and the pump, the controller
programmed to activate the pump and open the optional valve

20

direct or ?uid communication With the stack, are at an

elevated temperature. As noted previously, the operating tem
perature for PEM fuel cells is typically in the range of

(s) When the temperature of the ambient environment is (Ta)
is greater than the temperature of the electrochemical fuel cell

stack (TS).

detail beloW.
During operation of an insulated fuel cell stack, the tem
perature of the stack, as Well as the associated systems in

betWeen 60° C. and 85° C. Thus, the various associated sub
25

systems in direct or ?uid communication With the stack are

These and other aspects of the invention Will be evident
upon reference to the attached ?gures and folloWing detailed

subsystem, including the radiator, coolant tubing, coolant

description.

pump, and the like, are generally at a temperature on the order

BRIEF DESCRIPTION OF THE DRAWINGS

similarly at an elevated temperature. For example, the coolant

30

ated fuel cell subsystems begin to cool. If, for example, the
ambient temperature is at —250 C., the various associated fuel
cell subsystems Will cool rapidly. Under such conditions, and

The provided FIGURES illustrate certain non-optimiZed
aspects of the invention, but should not be construed as lim

iting in any Way.

in order to delay cool doWn of the fuel cell stack, the stack

FIG. 1 is a representative embodiment of a thermal control

subsystem for an electrochemical fuel cell system having an
insulated electrochemical fuel cell stack.
FIG. 2 is a representative ?oW chart shoWing various steps
associated With monitoring and controlling the thermal con
trol subsystem for an electrochemical fuel cell system having
an insulated electrochemical fuel cell stack.

may be insulated in a manner such that the stack stays Warmer

for an extended period of time. Thus, if the fuel cell is
restarted at a later time (e. g., 3 hours later) it may have only
cooled to 20° C., Which is still above freeZing and thus per
mits more favorable restart conditions.
40

in this ?eld, including (but not limited to) use of insulating
materials such as foams, or by employing appropriate isola

commonly referred to as a “freeze-start”, and involves any
45

the ambient temperature increases from, for example, —25° C.

50

?uidly connected to the insulated electrochemical fuel cell

stack, the heating loop capable of carrying a heating ?uid. The
55

heat exchanger capable of transferring ambient thermal
energy from the environment to the heating ?uid. In this Way,
heat from the ambient environment may be transferred to the
60

?ed.

temperature. If this loWer temperature is beloW 0° C., freeZe
start of the fuel cell is required, even though the ambient
temperature may be above freeZing. Further, even if the ambi
ent temperature remains beloW freeZing, an increase in the
temperature of the fuel cell stack from, for example, —25° C.
to —l0° C., is still bene?cial by creating more favorable con
ditions for freeZe-star‘t.
Accordingly, ambient heat from the environment is utiliZed
to increase the temperature of an insulated fuel cell stack.

Following shut doWn, the insulated fuel cell stack may be

thermally isolated from the remainder of the heating loop by
closing optional valve(s). In this manner, thermal heat loss via

the electrochemical fuel cell stack (TS); and a second tem

perature sensor capable of detecting the temperature of the
ambient environment (Ta). Suitable temperature sensors in
this regard are Well knoWn, and need not be further exempli

Words, the fuel cell stack is insulated from increasing ambient
temperature, such that as the ambient temperature increases,
the insulated fuel cell stack Will undesirably remain at a loWer

The thermal control subsystem comprises a heating loop

heating ?uid Within the heating loop, and then transferred to
the insulated fuel cell stack by circulation of the heating ?uid.
The thermal control subsystem further comprises a ?rst
temperature sensor capable of detecting the temperature of

number of techniques knoWn to those skilled in this ?eld. If
to 5° C., the insulation of the fuel cell stack Will serve to delay
an increase in temperature of the fuel cell stack. In other

tion techniques, such as vacuum gaps.

heating loop is also ?uidly connected to a heat exchanger, the

HoWever, after a su?iciently long period of time, the insu
lated fuel cell stack Will eventually cool to ambient tempera
ture, such as —25° C., as discussed above. Restarting the fuel
cell from a temperature beloW the freeZing point of Water is

DETAILED DESCRIPTION OF THE INVENTION

As mentioned above, a thermal control subsystem for an
electrochemical fuel cell system is disclosed. The electro
chemical fuel cell system comprises an insulated electro
chemical fuel cell stack. The fuel cell stack may be insulated
by any of a variety of suitable techniques knoWn to one skilled

of 60° C. at fuel cell shutdoWn. FolloWing shut doWn, and
assuming a colder ambient temperature, the various associ

65

the heating loop may be minimiZed (e.g., heat loss via con
vection circulation of the heating ?uid). The ambient tem
perature of the environment and the fuel cell stack tempera
ture may also be measured. Typically, the fuel cell stack

US 7,534,511 B2
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temperature is measured at a location Within the fuel cell stack
that is representative of the entire stack (e.g., at or near the
center of the stack), and is referred to herein as the “core”
temperature of the fuel cell stack. If the core temperature of

ture. Once such a temperature is reached, the pump may be

stopped and the optional valve(s) closed in order to stop
circulation of the heating ?uid. By this technique, the insu
lated fuel cell stack can be freeze-started from a more benign
temperature, or may even result in thaWing of the insulated

the fuel cell stack is higher than the ambient temperature, the
insulated fuel cell stack remains isolated from the remainder

fuel cell stack such that freeze-start may be avoided. Thus, by
insulating the fuel cell stack, the number of start ups from
subZero temperatures may be reduced (since the insulated

of the heating ?uid (e.g., the optional valve(s) remains
closed). On the other hand, if the ambient temperature is
higher than the core temperature of the fuel cell stack, ambi

fuel cell stack remains at an elevated temperature for a longer

ent heat from the environment may be utiliZed to increase the

period folloWing shut doWn), and the conditions associated

temperature of the insulated fuel cell stack.
As the difference betWeen the ambient temperature of the
environment and the insulated fuel cell stack increases, the
ability to transfer thermal energy to the insulated fuel cell
stack generally becomes more ef?cient. For example, a gra

With start up, particular freeZe-start, may be rendered more

advantageous.

dient of 10° C. alloWs more effective thermal transfer than a

gradient of 1° C. Thus, in a more speci?c embodiment, a

minimum temperature gradient or “offset” is required before
transfer of thermal energy proceeds. This offset may be deter
mined based on the speci?c energy requirements of the sys
tem at hand, and should Weight the bene?ts of increasing the
temperature of the insulated fuel cell against the poWer
required of the fuel cell system to achieve such an increase.
For example, a suitable temperature offset (To?set) may be in
the range of 1 ° C. to 15° C., or in the range offrom 2° C. to 5°
C.

20

25

In addition to determining the temperature of the ambient
environment and the insulated fuel cell stack, the state of

charge (SOC) of the battery associated With the fuel cell
system should also be evaluated. Any load on the battery

30

associated With the practice of this invention should not
deplete the battery to a level that Would be insu?icient to
poWer a subsequent start-up of the fuel cell. In other Words, a
reserve SOC (SOCmeWe) should be maintained.
Provided that the appropriate temperature offset and
reserve SOC are satis?ed, the optional valve(s) isolating the
insulated fuel cell stack from the heating loop are opened and
the pump turned on, resulting in the circulation of the heating
?uid Within the heating loop. It should be understood that

35

reference herein to the heating ?uid and the heating loop is, in

40

process can be repeated. In other Words, the process can be
repeated Whenever the ambient temperature Warms to a level
suf?cient to make the thermal transfer of energy to the insu
lated fuel cell stack Worth the energy cost of running the
pump.
In the practice of this process, it should be understood that

additional components may be associated With the heating
loop disclosed herein, particularly in the context of automo
tive applications. Such additional components include those
typically associated With, for example, an automotive coolant
system, and are Well known to one skilled in this ?eld.

In another embodiment, the heating ?uid may be air. As
noted above, the heating ?uid serves to transfer thermal
energy from the ambient environment to the insulated fuel
cell stack When a suitable temperature offset has been
reached. While a liquid heating ?uid generally has a greater
heat capacity than air, air may also be used as the heating ?uid
(either alone or in combination With a liquid heating ?uid). In

this embodiment, air is circulated through the heating loop in
the manner noted above. Alternatively, air (at ambient tem
perature) may be bloWn into the insulated fuel cell stack, and
exit after having transferred some portion of its thermal
energy to the insulated fuel cell stack. In this embodiment, the

one embodiment, synonymous With reference to the coolant
?uid and the coolant loop typically used to cool a fuel cell

stack. HoWever, in this embodiment the coolant system is
operating as a heating systemithat is, the coolant is operat
ing as a heating ?uid, and the coolant loop is operating as a

The energy cost for this process is very loW, and quite
manageable for a storage battery to accommodate. Other than
minimal poWer to open valve(s) and monitor temperatures,
the only load during operation is that of the pump. The pump,
hoWever, does not draW a signi?cant load, and need only be
operated for relatively short period of time. Once the tem
perature of the insulated fuel cell stack has reached a desired
temperature in relation to the ambient temperature, the pump
is stopped. If a further temperature offset is satis?ed, the

45

pump may be a bloWer or compressor, and the heat exchanger

heating loop. Thus, to clarify that thermal transport is from

may be omitted, and the heating loop may be closed or open

the ambient environment to the insulated fuel cell stack (as
opposed to from the fuel cell stack to the ambient environ
ment), these elements are referred to herein as the heating

(With the air, after having passed through the insulated fuel
cell stack, returning to the ambient environment).

?uid and the heating loop.

In still a further alternative embodiment, the heating ?uid
50

may be a liquid heating ?uid (e.g., coolant), and circulation
through the insulated fuel cell stack is by convection circula
tion (as opposed to pump driven). In this manner, the insu
lated fuel cell stack is arranged in relationship to the heating
loop such that thermal transfer from the heating ?uid to the

55

insulated fuel cell stack is accomplished by natural convec
tion circulation of the heating ?uid When a suitable tempera
ture offset has been reached.
Referring to FIG. 1, a representative thermal control sub
system for an electrochemical fuel cell system having an
insulated electrochemical fuel cell stack is depicted. Insu
lated fuel cell stack 10 is ?uidly connected via conduit 20 to
radiator 30. Within conduit 20 is a heating ?uid (not shoWn),

The heating loop is ?uidly connected to one or more exit

ports of the insulated fuel cell stack such that the heating ?uid,
after passing through the insulated fuel cell stack, travels
through a heat exchanger in communication With the ambient

environment, thereby heating the heating ?uid. The heat
exchanger is, in turn, ?uidly connected to one or more input

ports of the insulated fuel cell stack, such that the heating ?uid
after exiting the heat exchanger (noW heated to a temperature
at or near ambient temperature), passes into the insulated fuel

cell stack. This heated heating ?uid transfers thermal energy

60

to the insulated fuel cell stack, thereby raising the temperature
of the insulated fuel cell stack. The heating ?uid then exits the
insulated fuel cell stack for recirculation through the heat
exchanger and back into the insulated fuel cell stack.
The result of the circulating heating ?uid is that the tem
perature of the insulated fuel cell stack is raised, typically to
a temperature at or near the ambient environmental tempera

such as an antifreeZe solution, that exits fuel cell stack outlet
65

port(s) 12 and enters radiator inlet port(s) 32. Within radiator
30, thermal energy from the ambient environment is trans
ferred to the heating ?uid. Radiator 30 is, in turn, ?uidly
connected via conduit 25 to insulated fuel cell stack 10.

US 7,534,511 B2
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Heating ?uid passing out of radiator 30 via outlet port(s) 34
travels through conduit 25 to fuel cell stack inlet port(s) 14.
Within insulated fuel cell stack 10, thermal energy from the
heating ?uid is transferred to the insulated fuel cell stack.
FloW of heating ?uid from insulated fuel cell stack 10,
through conduit 20 to radiator 30, and then from radiator 30,
through conduit 25 and back to insulated fuel cell stack 10,
constitutes the heating loop. It should be understood that this
heating loop utiliZes heating ?uid to transfer heat to the insu

overnight, in the morning hours the temperature may increase
to, for example, —10° C. Due to insulation of the fuel cell
stack, the increase in ambient temperature Will not be imme
diately transferred to the fuel cell stack due to insulation of the
stack. The present invention thus provides the transfer of
thermal energy from the ambient environment to an insulated

fuel cell stack via the heating ?uid Which is in contact With the
ambient environment, thus permitting the use of an insulated

fuel cell stack Without the existing drawbacks associated With

lated fuel cell stack. Of course, When the insulated fuel cell is

the same.

in normal operation, these same components may serve as a

Referring to FIG. 2, a representative control process is
disclosed. In step 10, the insulated fuel cell stack is shut off
and the coolant valve is closed. In step 20, the ambient tem
perature (Ta) and the temperature of the insulated fuel cell
stack (TS) are measured. If the ambient temperature is above
that of the insulated fuel cell stack plus the desired offset

cooling loop, transferring thermal energy from insulated fuel
cell stack 10 to the environment via radiator 30. HoWever, for
purposes of this invention, the coolant serves the opposite
purposeithat is, it carries heat to the insulated fuel cell.

Circulation of the heating ?uid Within the heating loop is
accomplished With pump 40. When in operation, valve 28 is
opened to permit circulation of the heating ?uid Within the

heating loop. When closed, valve 28 prevents circulation of
heating ?uid Within the heating loop. While valve 28 is
depicted in conduit 20, it should be understood that valve 28
may be at any position along the heating loop, including

temperature (i.e., if Ta>TS+T0?et), the amount of energy
remaining in the battery (“state of charge” or SOC) is mea
sured, as shoWn by step 30. In step 40, if the SOC is greater
20

(i.e., SOCmeWe), then the coolant valve is opened and the
pump run for a period of time (tmn). On the other hand, if the
SOCmeWe is not satis?ed, then in step 50 the pump is not run

(Without limitation) immediately adjacent to inlet/outlet ports
12 and/ or 14. Further, multiple valves may be employed.
While the valve may be omitted altogether, closing the valve
(s) provides advantages With regard to retention of heat Within
the insulated fuel cell stack.
Pump 40 and valve 28 are controlled by controller 70. One
skilled in this ?eld Will appreciate that any number of con
trollers may be used for this purpose, and further disclosure
regarding the same is not necessary herein. Controller 70 is
also in communication With insulated fuel cell stack sensor 50
and ambient temperature sensor 60. By monitoring the tem
perature of the insulated fuel cell stack (e.g., the core tem
perature) and the ambient temperature, controller 70 can be
programmed to open valve 28 and start pump 40, such that
thermal energy from the environment is transferred to the

in order to prevent depletion of the remaining battery charge.
25

level of thermal energy to the insulated fuel cell stack.
30

plished by, for example, running the pump for some ?xed
period of time, folloWed by measuring the temperature of the
insulated fuel cell stack and the ambient temperature. Alter
natively, such temperature may be measured While the pump
is running, and the pump shut doWn after a desired level of
thermal energy has been transferred to the insulated fuel cell
stack.
In this manner, thermal energy from the ambient environ
ment serves to heat the heating ?uid, Which may then transfer
such heat to the insulated fuel cell stack, thereby raising the

35

Within the stack folloWing shut doWn for a period of time
longer than Without such insulation, Will also insulate the

stack from rising temperatures. If, for example, the fuel cell
stack Was at a temperature of —25° C. due to outdoor storage

by the appended claims.
What is claimed is:
1. A method for thermally controlling an electrochemical
fuel cell system having an insulated electrochemical fuel cell

stack, the method comprising:
40

45

monitoring the temperature of the insulated electrochemi
cal fuel cell stack;
monitoring the temperature of the ambient environment;
heating a heating ?uid by thermal transfer With the envi
ronment When the temperature of the ambient environ
ment is above the temperature of the insulated fuel cell

stack; and
passing the heated ?uid to the insulated fuel cell stack.
2. The method of claim 1 Wherein the step of heating the

heating ?uid is performed When the temperature of the ambi
50

ent environment is above the temperature of the insulated fuel

cell stack by a predetermined temperature offset.
3. The method of claim 2 Wherein the predetermined tem

55

temperature of the fuel cell stack to a temperature at or near

ambient temperature. This is particularly useful When, for
example, the ambient temperature is signi?cantly beloW
freeZing at night, folloWed by a Warming trend in the morning
hours. An insulated fuel cell stack, While maintaining heat

From the foregoing, it Will be appreciated that, although
speci?c embodiments of the invention have been described
herein for purposes of illustration, various modi?cations may
be made Without deviating from the spirit and scope of the
invention. Accordingly, the invention is not limited except as

battery may provide poWer directly to the pump). To ensure
that poWer to the pump does not overly deplete the battery, the
state of charge (SOC) of the battery is monitored. As long as
the battery has su?icient charge in excess of some reserve
necessary to subsequently restart the insulated fuel cell stack
(SOCmeWe), then the pump can be run for a period of time
suf?cient to transfer the desired level of thermal energy from
the environment to the insulated fuel cell. This may be accom

In step 60, if the ambient temperature is not above that of the
insulated fuel cell stack plus the desired offset, step 20 is
repeated at desired intervals. This entire control process may

be repeated continually or periodically to provide the desired

insulated fuel cell stack by the procedures disclosed above.
PoWer for pump 40 is provided by battery 72, shoWn in
FIG. 1 to be connected to controller 70 (alternatively, the

than the state of charge for a predetermined reserve amount
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perature offset ranges from 1° C. to 15° C.
4. The method of claim 2 Wherein the predetermined tem
perature offset ranges from 20 C. to 50 C.
5. The method of claim 1 Wherein the heating ?uid is a
coolant in ?uid communication With a radiator.
6. The method of claim 5 Wherein the coolant is passed to
the insulated fuel cell stack by a coolant pump.
7. A thermal control subsystem for an electrochemical fuel
cell system having an insulated electrochemical fuel cell

stack, the subsystem comprising:
a heating loop ?uidly connected to the insulated electro
65

chemical fuel cell stack, the heating loop capable of
carrying a heating ?uid;
a heat exchanger ?uidly connected to the heating loop, the
heat exchanger capable of transferring ambient thermal
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energy from the environment to the heating ?uid such
that the temperature of the heating ?uid is at or near

ambient temperature;
a ?rst temperature sensor capable of detecting the tempera
ture of the electrochemical fuel cell stack;
a second temperature sensor capable of detecting the tem

perature of the ambient environment;
a pump for circulating the heating ?uid Within the heating

loop; and
a controller in communication With the ?rst temperature
sensor, the second temperature sensor and the pump, the
controller programmed to activate the pump When the
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temperature of the ambient environment is greater than
the temperature of the electrochemical fuel cell stack.
8. The thermal control system of claim 7 further compris
ing a valve Within the heating loop, the valve in a closed
position When the pump is not activated.
9. The thermal control system of claim 8 Wherein the con

troller is capable of activating the pump When the temperature
of the ambient environment is greater than the temperature of
the electrochemical fuel cell stack plus a predetermined tem
perature offset that ranges from 1° C. to 15° C.
10. The thermal control system of claim 9 Wherein the
predetermined temperature offset ranges from 2° C. to 5° C.
*
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