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Fig. 1. The percentage of heat produced in the Polymer Electrolyte
Membrane Fuel Cell (PEMFC) compared to the total heat output

o iSTy SaslS 51 ki oS oo gl clo (1535 55 gus i 355
gl Sl Bl o ytod ;> YU JLih 35 silan (g nt ,Lid
2 g bl ply Bpas g (peli e 5 andly jls (JyuS @
(B lagl b 398 s 4 3eST g i ST © e
b 3 (o g el Bpae | Gl (o8 o3l 4 (639)9 (o2 (2
9 Hlee S8 prdandlil Js @ Canlior 58T 5 (ke ciunlics]
Ot sl (e (S>3 03 )F 455 gl S e 4
ol & 48 005 (Bsw e 3y Bpas o 5l iy lde 4 (58]
Sl Sl (gl Sty oIS (g ytogeS gisl iy S oo 3Llel b

el S5 5 5L

Sl Pl g Wy =) )

S 3 3l )90 0AIS SIS 5 Lo)S g 390 ) I Cle Ml (gl
S 53 (Whem™ asls L ") csadgs S @)l €55 e oy (Bgmd
295 duwle y5 dolae I oliil b Slol & Xlg o Jobu

q":(Etn _Ecell)xi (\)

Ao oximd L oS (Sl 5Ug b g S pgiges s Wy plgie 4 B

Al ol i (58 b (B S5l sl 350 Jlo) 51y
ol JB 5 5Wg T g Bl ond aiblis (S Ul (551 40 sy
Sl G5l ool 2 ol ) B 4l 4l drgi Al o (Sllas
ol il Gl psll 2 b g cqale S8 5 Jgame o (35 1YL
dbgye )l (hi) 28 dnslme (G5 5B )5 Jpae Ol 35 LT
Uiyl bl p AYOV o YU Syl 55 gelwl o VYAV 2005 3
soblon [Y] ol (yimad! \ g ¥8°C) 3l Lylps 13 iyl 5>
ok IS GalEI L iy )l &5 cwl paseia (V) dal, 1 &S
b Joo 5y & eildoe sohatvan bboo (RIEI (Slles JUy ials
I My Oyl i 3 b R ol JS I
FEeedn 2 e e ol 2pS e i i Ol 5T YL Gl
Gl Wojls Vb gl JSo @ &8 J& g Jo 2p)5 3 (ogae

sl e

Dead-end mode
Flow-through mode

Higher Heating Value (HHV)
Lower Heating Value (LHV)

AW N~

YFA-



VRS B VYR doio YR Jlo & 0yl DY 093 € pusS prol CSilSlo nbies &y yui

Table 1. Thermal conductivity of various components of the fuel cell and their chemical compounds
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Fig. 2. NEC 5102TH thermal camera image used by Wang et al. [13]
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Fig. 4. Liquid crystal thermocouple sensitive to temperature [4]
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Fig. 3. Manual infrared thermometer, with USB connection [14]
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Fig. 5. Thermometer, a) small scale thermocouple, b) thermocouple inserted behind the flow field [18]
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1 Polymer Electrolyte Membrane Fuel Cell (PEMFC)
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Fig. 6. The end plates of the fuel cell clamping system, a) The end plate of the hydrogen side, b) The end plate of the oxygen

side, ¢) The transparent plexiglass plate
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Fig. 7. The current collector plates, a) the hydrogen side and b) the oxygen side

(o

(&

o L g (0 0 Lo eSS S (il ok b b gl oo 55 51 S oles oA IS5

Fig. 8. Overview of single-cell fuel cell designed, a) Total single-cell designed, b) Sample built
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Fig. 9. A view of the stack and single-cell test system for polymer electrolyte membrane fuel cell
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Fig. 10. Fuel cell testing system along with the thermal camera and test control software
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Fig. 11. A view of the thermal image along with the single cell
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Fig. 13. Graph of electric current and voltage versus time test activation
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Fig. 12. Schematic of offline activation of fuel cell with deionized water
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Fig. 14. Temperature distribution of single-cell in the end of activation at current density of 0.54 A/cm2
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Table 2. Thermal conductivity of various components of the fuel cell and their chemical compounds
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Fig. 15. Temperature profiles in activation mode in the top and bottom window diameter (lines A and B)
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Fig. 16. Thermal imaging of the cathodic surface over time in dead end mode at a current density of 0.25
A/em2, in the times a: 0, b: 10, c: 20, d: 30, e: 40, f: 50, g: 60 minutes (P=1barg, StH2=St02=2)

Table 3. The temperature stability over time
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Fig. 17. Thermal imaging of the cathode surface at a current density of 0.25 A/cm2 and P=1 barg in a) open end mode

and Stoichiometry of hydrogen and oxygen equal to St=4 and b) dead end mode
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Fig. 18. Thermal imaging of the cathode surface of the open end mode at a current density of 0.25 A/cm2, In different
Stoichiometries, a) St=1.3, b) St =2, ¢) St=2.5
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Fig. 19. Thermal imaging of the cathode surface of the open end mode at a current density of 0.25 A/
cm?2, In different Stoichiometries, a) St=1.3, b) St =2, ¢) St=2.5

&) 295 S0P b Ui ) o)lgen (sled dindin W asuis
ool s V8 JSS B yel ol > g s e

2 @D s 8 5Lis LRl BIL lojen s slod (ial33l S
llan ¥ 7 aia ey o g banwgia o pgum 5 15 0133 iy BlaS oo ()
55 Iag LiulEl Ve S

Mged )0 Y gas 50 ond o)Ll s dais YV (gl Joob mls
5o ol 2 el 3 Glaled 4 (oS g0 4 VY 9 VY cla S (labe
slod 31y (sl Jlade 5 dicin g lawgie cineS (slod polde S5
Y Jsis b s o 0,1 s blis 55 ((Y) elad 51 oolitol L) ckans
33 (8 y0sS gianl Sl posss 4 bgs po s bl YV S5 )3 el (o ioles

259 908 3l oal ks gl Al 5 a8 el ioles 4 5L sl el

1 Index of Uniformity Temperature (IUT)

AAY!

el pol (pl 450035 @85 (2955 ) 6yt )l > g 00D il CEpe
ORI L oy D e slos (S5 S (izmen g Lo jike @y
a3 VYA & a9 YA & VYl o bawgio (slod (4 yi0gsS gias]
il JialS Y0 (g oS gl jd ol,S ol
o ) (e sl Mo g 10 (03 Sos L3S 93 slod @i VA JSU5 5
iagsS ol 3 qaye ol 2 yeal <0 5 <YV /YD ol S
US illas ,Lib Laalidl b b el igles 51 5 T (gl ¥/ et
35 Sei (L3l Jdsay el b JBe ) (295 Uy e Y-
2bj g il g Sl g el a3 el il Sasly

il 4 45 b IS 35 s (5lod st 5 baugie don5 53 43



VFAF 1 VPV s AYAA Jlo & oyleud DY 093 S puol SlSin (pusites 4y s

0.8 70
—e--—"" -3 60
- - - -
75 --- --"
0: 4 _ - 50 __
- = - QU
_ ¢ 20 &
2 07 5
> 30 ™
—&—V - P=1.0 barg .
[1]
—e—V-P=0.5 bar. 2
0.65 & 20
- @ -T-P=1.0 barg
10
— & -T-P=0.5barg
0.6 0
0.1 0.2 0.5 0.6

0.3 i (A/cm?) 0.4

P =V/- StOY=StHY =V/- 5 oLy J&s s cas s pdaw (lod iy g 55 loges :¥ o JSS

Fig. 20. Diagram of voltage and maximum surface temperature in terms of variation of current den-
sity at P=1barg, StH2=St02=2
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Fig. 21. Bar chart of the minimum, average, and maximum temperature and Index of Uniformity Temperature (IUT) values
for the test points in the four Stoichiometries 1.3, 2, 2.5, 4 and three current densities I=56.2 (i=0.25 A/cm2), 1=84.4 (i=0.375 A/
cm2), I=112.5 (i=0.5 A/cm2)
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Fig. 22. . Bar chart of the minimum, average, and maximum temperature and Index of Uniformity Temperature (IUT) values

for the 6 pressure test points in P=0.5, 1.0 barg and three dead end test point at current densities i=0.25, 0.375, 0.5 A/cm2
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