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Abstract

T'he use of fiessilifiuel hias hecome a major problem that hasinational security implications.
T'helemission of green hiouse gasses and themneed for clean renewable energy has led to the research
Inte alternative energy sourrces. One of the major eptions being considered for this criical situation
IS a hydregen fuellcell; also calledl proton exchange membrane fuel cell. It has oeeniestablisihed that
a proton exchangeimembrane fuel cell (PEMIEC) shiows optimum! periiormance at an Idealloperating
temperature ofi about 80°C. Tthe PEMEC produces heat energy: as a byproduct ofi the chemical
reaction needed to produce electricalienergy. The production of heat by thefuel cellfis closely,
related to the current density. Tihe removallof the excess heat produced has to be performed at a
rate that keeps the internal temperature constant at aboui 80°C. Monitoring and controlling| the
external temperature of the active area of the flow field plate or end plate can l5e an ecenomic way.
torkeep the fuel cell within aniideall temperature range. Tworfansiwith variale an-fow will e used
to Introduce a stream ofi regulatedi air to coolithe external surface ofi the fuel cell stack. Fifteen
thermocouples will be equally: dispersed across three bipolar plates of a fuel cell tormenitor the
internal temperature and the rate of heat production. An infirared heat sensing camera willibe used
to display: the external surface temperature of an operating fuel cell. The sixteenisensors will be
connected to a computer withi temperature data collecting software. Real-time temperature
monitoeringlis automatically’dene at predetermined time intervals. Twoiother: sensoers will e Used to
measure the upstreamiand doewnstream temperatures ol ther fuel cell cooling air flow. Data was
collected with the fuel cellistack operating at diifferent power output, whiletrying to establish the
required air flow to keep the temperature constant at a safe level. It can be inferred from the
resulis that an economicallair cooling system can be designed for any. fiuel celll power: stack set to
runiat 1ts maximum capacity. I'he current work has established a relationship between the active
area, the heat produced, and the air flow required to remove the excess heat, can supply the
parameters needed to recreate a cooling system for any size fuel cell.
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The objective of this
experiment IS, to study the
iInternal’ temperature off a fuel
cell” im relation’ to the power
outpuL.

e find a  relationship
petween the; cooling lead and
the pewer produced.

v . A T T I A T
R I W TR el TR T B Nl T
R P gl L A ':‘Jﬁf T om Y GV o B U '
e B i \.';.'{“". :J-. o o ‘-._1_\\“"‘%'_’ 5‘;;'_ A e

|"|;'_;_|'-_

EINTVERS

.l'
‘x"\'\

\'t_: FE N "-'::_\.lv 3
-t H{_ o

Ob ye\euv*e\

NATIONAL LABORATORY




NATIONAL LABORATORY

= Farmingdale
. I .Sial_c'.q”'??'ﬁi[)f




i 3 =

BROOKHRAEN

NATIONAL LABORATORY

2 Data cards
with 8 terminal
as an
attachment to
any ordinary
PC
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+»2 cooling fans
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pplied by

PSC Inc. provides real time temperature
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= 7' Special in-house bipolar
) plates were designed
» 11 Plate 3 ) and manufactured to

allow for the insertion of
thermocouples.

Blue sensors on plate 1
ppresent the areas
howing the least heat.
Red sensors on plate 2
represents the hottest
areas

The yellow on plate 3
shows it is hotter than
platel but cooler than
plate 2. This is
significant and
consistent in all tests
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controlled Dyna

load was used to
simulate
controlled load
to the fuel cell
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At sea level, the density remains) fiairly. ks :
constant and \we calculate the; CFV Mren (Al ) R rieres

Iusirgjg a heat transfer eguation: Cooling GFM = Gubic Feet per Minute
oadi= _

A mass flow! rate was calculated using Q = Cooling load (Btu)

CEM* i (density? of air. The total active Cp = Specific Heat: of Air

drea off the fiue

celll'was used to find L4 :
: : I = Density:
the cooling required’ per area .

o p DT = Change in Tlemperature

I the; specific heat of
dir and the density
are heldl constant (eg.
sea level), the
eguation then
becomes simplified:
Q = CFM*r *DT
RATE OF RATE OF COOLING

2 3 COOLING PERSQFT

BTU/HR BTU/HR/SQFT
38.53 34.28 2.5 0

38.86 35.99 2.6 147.0368765 367.5921912
40 35.46 . 2.9 180.9684634 452.4211584

39.14 35.25 . 31 211.5848952 528.962238

39.99 36.21 ! 234.010944 585.02736
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— THRVL IMAG CAM
= BIPOLAR PLATE 1
BIPOLAR PLATE 2
BIPOLAR PLATE 3
—POWER
—DELTAT
—CFM

COOLING LOAD =

M*cp(AIR)AT

. THRWL BIPOLAR BIPOLAR BPOLAR PONER DELTAT CFM
IMAG PLATE1 PLATE2 PLATE3
CAM

THRW  BPOAR BPOAR BPOAR POWER  DELTAT CFMm
IMAGCAM PLATE1  PLATE2  PLATE3
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CEM VS POWER & BTU per sg fit

RATEOF QOOLINGPERSQFT B
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CONCLUSION

Tihis research wasiable ter moniter the internalltemperature

change of a hydrogen fuel cell pewer stack with externall air
cooling.

Iihe eutside surface ofi the; fiuel cell pewer stack Was monitored
Py infirared camera during external airr cooling process.

Iihe coolinglload per unit of the active area hasi been
determined in relation| tor pewer output.

This fiurnishesi a viable; design tooll for fuel cell cooling| systems.
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