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Abstract: An effective temperature control is the key issue to the safe and efficient operation of the PEMFC’s(proton-

exchange-membrane fuel cell). The relation between the electrical power and thermal energy dynamic characteristics of a

PEMFC are analyzed based on the mass-and-energy balance principle; from which a physical dynamic temperature model

for a PEMFC is developed. Based on this model together with the control experience, a 2-dimensional(2D) incremental

fuzzy controller with integrator is designed for controlling the PEMFC temperature. The developed temperature model

and the fuzzy controller are simulated and analyzed; the result shows that the model represents the PEMFC dynamic

characteristics appropriately, and the 2D incremental fuzzy controller with integrator maintains the PEMFC temperature

within the desired operation range with excellent robust ability in the real-time temperature control for PEMFC.
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2 PEMFC (PEMFC tempera-

ture dynamic modeling)
PEMFC ,

: ,

.

.

2.1 (Electrical power dynamic

model)
PEMFC ,

.

E ηact

ηohm
[5]:

Vcell = E + ηact + ηohm. (1)

Tst

/ PH2/O2 ,

E = 1.229 − 8.5 × 10−4(Tst − 298.15) +

(RTst/2F ) × ln[PH2(PO2)
0.5]. (2)

: R , F .

i Ist A:

i = Ist/A. (3)

,

, Psat(kpa)
T [6]:

lg Psat(T ) =−1.69 × 10−10T 4 + 3.85 × 10−7T 3 −
3.39 × 10−4T 2 + 0.143T − 20.92. (4)

/ /

Pan/ca Tst i :

PH2 = {Pan/[Psat(Tst) × exp(1.635i/T 1.334
st )] −

1} × Psat(Tst), (5)

PO2 =
Pca − Psat(Tst)

[1 + 3.762 exp(0.291i/T 0.832
st )]

. (6)

,

CH2 = 9.174 × 10−7 × PH2 × exp(−77/Tst), (7)

CO2 = 1.97 × 10−7 × PO2 × exp(498/Tst). (8)

Tafel :

ηact = ξTst + 7.6 × 10−5Tst[ln CO2 ] −
1.93 × 10−4Tst[ln Ist] − 0.948, (9)

ξ = 2.86 × 10−3 + 2 × 10−4 ln A +

4.3 × 10−5 ln CH2 . (10)

:

ηohm = −iRint. (11)

Rint tm
λm Tst

[7]:

Rint = tm/[(0.005139λm − 0.00326) ×
exp(1.155 − 350/Tst)]. (12)

N ,

Pst = NIstVcell. (13)

2.2 (Temperature dynamic model)
,

Q̇reacted / Q̇in/Q̇out

Pst Q̇amb

Q̇cw .

mstcp,st

dTst

dt
=

Q̇react+Q̇in−Q̇out−Pst−Q̇cw−Q̇amb. (14)

N react
an,H2

=N gen
ca,H2O

=2N react
ca,O2

=NIst/(2F ). (15)

:

Q̇react = N react
an,H2

× ΔH. (16)

N in
an,H2

N in
ca,air λH2 λO2 :

N in
an,H2

= λH2N
react
an,H2

, (17)

N in
ca,air = λO2N

react
ca,O2

/21%. (18)

( c ):

Q̇in =

(N in
an,H2

cp,H2 + N in
an,H2Ocg

p,H2O
)(T in

an − T0) +

(N in
ca,aircp,air+N in

ca,H2O
cg
p,H2O

)(T in
ca−T0), (19)

,

N in
an,H2O =

Psat(T in
an)N

in
an,H2

Pan − Psat(T in
an)

, (20)

N in
ca,H2O

=
Psat(T in

ca)N
in
ca,air

Pca − Psat(T in
ca)

. (21)
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Q̇out =

(N out
an,H2

cp,H2 +N out
an,H2O

cg
p,H2O

+N out
ca,O2

cp,O2 +

N out
ca,N2

cp,N2 + N out
ca,H2O,gc

g
p,H2O

+

N gen
ca,H2O

cl
p,H2O

)(Tst − T0). (22)

N out
an,H2

= N in
an,H2

− N react
an,H2

, (23)

N out
an,H2O

= N in
an,H2O

− Psat(Tst)N react
an,H2

Pan − Psat(Tst)
. (24)

N out
ca,O2

= N in
ca,O2

− N react
ca,O2

, (25)

N out
ca,N2

= 0.79N in
ca,air, (26)

N out
ca,H2O,g = N in

ca,H2O
− Psat(Tst)N react

ca,O2

Pca − Psat(Tst)
. (27)

,

, PEMFC ,

, ,

Q̇cw = Wclcp,H2O(Tst − T in
cw). (28)

:

Q̇amb = (Tst − Tamb)/Rt. (29)

PEMFC ,

.

3 (Temperature

fuzzy logic controller design)
,

,

(PID, PI )

, .

PEMFC [8],

,

. ,

,

. 70 ,

,

,

, .

1 , :

:

e = Tref − T ; : Δe =
de

dt
.

, ,

, ,

. ,

; ,

. 3 : 1

u(kts − ts), 2

ui(kts), 3

Δu(kts), fΛ ,

u(kts) =

u(kts − ts) + ui(kts) + Δu(kts) =

u(kts−ts)+KeKie(kts)+KuFΛ(e(kts)), (30)

FΛ(e(kts)) = fΛ(Kee(kts),KecΔe(kts)), (31)

e(kts) = Tref − T (kts), (32)

Δe(kts)=
de(kts)

dt
=

e(kts)−e(kts−ts)
ts

. (33)

(33) z

u(z)=
1

1−z−1
[KeKie(z)+KuFΛ(e(z))] . (34)

1 , 2

, z , 1/(1 − z−1)
, , e = 0 ,

u , .

1

Fig. 1 A schematic diagram of the 2D incremental fuzzy

controller with integrator

40 ∼100

, Tref 70 , e

[–30, 30] , Ke

[– 6, 6] , Ke =6/30=0.2.

Δe(t) =
de(t)
dt

=−dT (t)
dt

,

, .

,

. ,

0.107 /s, Δe

[−0.107, 0.107 /s, Kec = 6/0.107 = 56.1.

[– 6, 6] ,

Ku

[0, 1] l/s ,

Δu(kts),
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u(kts − ts) ui(kts)
. 1 l/s,

, Ku =
1 × 1.2%= 0.012. ,

, ,

. , Ki , , ,

; Ki , ,

, Ki = 0.001.

7 , : NB(

), NM( ), NS( ), ZO( ), PS( ), PM(

), PB( ), i = e,Δe, fΛ.

, : μ =
exp(−(z − c)2/δ2), e,Δe, u

2 .

, .

,

,

. ,

if-then ,

49 , 1 .

, ( ) ,

z0df =
n∑

i=1

ziμ(zi)/
n∑

i=1

μ(zi).

2 e, Δe, u

Fig. 2 e, Δe, u membership degree definition

1

Table 1 Fuzzy inference rules

e
Δe

NB NM NS ZO PS PM PB

NB PB PB PM PM PM ZO ZO

NM PB PB PM PS PS ZO NS

NS PM PM PS PS ZO NS NS

ZO PM PM PS ZO NS NM NM

PS PS PS ZO NS NS NM NM

PM PS ZO NS NS NM NB NB

PB ZO ZO NM NM NM NB NB

4 (Simulation test)
PEMFC ,

,

. MATLAB/Simulink R2009b

PEMFC ; , PEMFC

,

.

PEMFC 112 ,

N = 112, 225 cm2, A =
225 cm2, Nafion117, tm =
0.0178 cm[9], U 360 cm2, Pt

0.6 mg/cm2, .

, 80%

, λH2 = 1.25, 40%

, λO2 = 2.5, Pan = 2.9 atm,

Pca = 3 atm,

T in
an = 323K,

T in
ca = 323 K,

T in
cw = 333 K,

Tamb = 298K. ,

, λm = 14[10], ΔH =
285.5 kJ/mol[11], Rt = 0.145[12],

mstcp,st = 70 kJ/K[13].

PEMFC

, ; ,

.

PEMFC

, 3 PEMFC

,

.

,

, 4 . 4(a)

, 4(b)

,

, ,

PEMFC .

3

Fig. 3 Modeling test signal
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(a)

(b)

4

Fig. 4 Model validation

PEMFC ,

70 ,

, .

PEMFC ( 5 ),

.

6 , 7 ,

343 K,

2 K, 700 s,

.

, PI

7 ,

PI . ,

.

5

Fig. 5 Control test signal

PEMFC

, 130 A ,

: 1000 s λm 8 14, 2000 s

Tamb 298 K 308 K, 3000 s

T in
cw 333 K 335 K, 4000 s

Rt 0.145 kW 0.072 kW,

PI ,

PEMFC ,

8 . ,

PI , ,

PI

.

6

Fig. 6 Cooling water flux under the fuzzy controller

7

Fig. 7 Controlled temperature dynamic process

8

Fig. 8 Controlled temperature dynamic process
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5 (Conclusion)
PEMFC ,

,

PEMFC ,

, ,

.

PEMFC ,

,

, , PEMFC

.
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