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Control-oriented one-dimensional model for non-isothermal
two-phase transport in fuel cells
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Abstract: The empirical model fails to capture the complex physical and chemical coupling processes occurring
within the battery and the resulting response hysteresis, posing challenges for the development of precise control
strategies for fuel cell systems. To address this issue, a control-oriented one-dimensional non-isothermal two-
phase flow model was developed, with the transient effects of gas in the flow channel and the phase transition of
water in the battery taken into account. The effects of current density on gas concentration and water-heat
distribution characteristics were investigated. The impacts of operating conditions and model parameters on the
output voltage of the battery were studied, and the advantages of the proposed model compared to the lumped

parameter model in terms of output performance under current steps were analyzed. The results show that the
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model exhibits better applicability, providing a reliable foundation for model optimization and the design of
control strategies at the fuel cell system level.
Keywords: proton exchange membrane fuel cell (PEMFC); non-isothermal; two-phase transport; one-dimensional

model; Simulink
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Fig.1 Geometric structure of PEMFC and transport
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Table 2 Physical properties and electrochemical parameters

28 55 B B A ZH 5 B TAE
SARY BZ WA KBER K, ,/um’ 10.00 AR R AL € 0.539
MALZ WS KB 3R K, /um’ 1.00 AL 2 LB R En 0.400
AL Z TS KB B R K /um’ 0.10 AN &, 0.300
IR KB 5 % K, /am’ 0.02 SARYHUR R R J,4/mm 109.6
it IE 2 42 fih £ 0./(°) 130 L2 S S, /nm 40.0
SRY U il A 0,,/(°) 120 Ak 2 5 5, /um 10.0
L2 2 fioh £ 0,/ 110 g JE B J_/um 36.9
iR 0.,/(°) 95 A h R AL Sh 4.86
A HY MR D, /(mm’s") 105.50 ARSHY MR D, ,/(mm’s") 26.52




114 T RKRKFFR %47 &
gR2
S 55 K pir HE S 745 S i HUE
ARBSHRE C,/(mol-m™) 41 AASBHRE Cyo/(mol-m™) 41
H A 1% % 72 2 a, 0.4 FI A % i F 8 a, 0.3
AR AR K,/ (W-m"k™") 20.00 FH AR K/(W-m'-k") 1.00
HL fige O PR R KJ(W-m"' k") 0.95 JI5E 214 i E, 1.1
F A P fie I A R 43 4L o, 0.3 91 4% Fi, e T R R 43 4 o, 0.3
PR R e K, /(W-m™" k") 0.170 [H AR SRR K, J(W-m"'-k") 0.024
TN p,/(kg-m™) 1980 SARY )R A C, /(T kg k™) 568
PALJZ A Cpop/ (kg k) 568 T2 R c J(Jkg' k") 3300
JE A c /(I-kg'k) 833 R o,,/(S'm™) 5000
BE P o/(S m™) 20 000 SN I AR AS,/(J-mol™-k™") 1633
FFUAR, S5z o 4 A1 AS/(J-mol" k™) 130.68 I3 48 S5 o A 4% AS/(J-mol k™) 32.55
Ry B AT M S I AE B A 0L B R T R 11
X E AR A s T B R 0 KO o ke
B 1 5 A8 A PR A R A e R AR . AR S “’.,
B £ P B0 A8 N L A LS TR 3 O 4 209_\.\\
SRR L 38 AT A% 1 B T B0 S A P 6 R 4 =1
JRBT, fay R TR A0 P 24 4H X R 22 (mean relative go.s i \-\'\‘\
error, MAE) ¥l 5 A % 35 2% 4% 3 0 1.61% Fi e
4.50% , 32 W] — 4450060 AT B 1 R S O . B 07t e
T LE T P 1A fE VR s T 2 Bl T
TR A o e B L e R /DS H DA %0 04 08 12 16
SR AT A T AT A AR R A B R 2% 5 T T R (s
L S A A 2 JE AL IO HE AL , L 3 O B4 R SR
{0 2 25 16 07 A M R T SR 0 b 2 ) R O 4 1 B2 Fig. 4 Experimental verification of
polarization curves
M 5 99 AR 7K S 5 A 2 wp B0 4 1) B P R, AR
AR 220 W TR R O R K B B S A AR TE R TE
oI R A TR B B K IR
09 712 3631 10.30
0.8+ 409 ~ 53¢ 1027
Hzﬂ E 343 f 8
207} {0.6 < =
g % §333—
ES
0.6 s {03 F
— AR 323¢
— B
0.5 . L L 0.0 313 L . - z
0 40 80 120 160 0 40 80 120 160
i} E]e/s s} [E]¢/s
Bs5s fAfERSHHBEE E6 HBEETEHEHILNETWL

Fig.5 The load current and the output voltage

Fig. 6 Variation of stack operating conditions with operating

conditions



%3 ) AR A, 4 - @ ey 4 ) 69 — 4 AF SR 9 AR R B b B R B R 115

2 (mESH
2.1 HRAE E X RE R R 00

A T) R B BT R DN PR A B Y 0 A R I AL T TR o AEAH R LS SRR IR K gy
A A H 5 SCHR (123 A — 2, IR W] 1 2088 0 AL o S e Py 35 49 e 0 Al R PR IO BE D -

H 7 Ca) TR, RV 8 B2 A, vt A S S B2 A g 5 A A ) R O BT R A [ DXl EE AN [ 5 el T
DR A 408 2 B R HL 3 B e A A o A e B P PEMLJZ 3R 3 8 0k fe v ol P 7 (o) AT, el T L TR A )R TR 1 S
BOAFAE 25 5, WAS /KA R RE 9 728 Al R 349 A J B0 1 5 B 3 v 30 %5 T2 9 4 R, L 38 44 FH 80 0 1 i, B 22 B S
IR A% i B B AR, B AR R A K A AR 3G DR i BT 7 () () RT R B L L 80 100 8 R v it P O MR I B /)
F T A T B AL TS AR AR 2 [8] 1 22 (0 K % TR R B W

359 0.11
—— HLFLHEE0.7 Alcm?
—— HFBEF1.0 Alcm?
358 0ol % PMEEL3 Alem?
x 357 i
Q ﬁz 0.07
B 356 g
—o— HLFIHBE0.7 Alcm?
—a— HLFIHEE1.0 Alem? 0.05}
355 —a— HFHEE1.3 Alem?
B4l 0.03 ' : ' :
CCH CGDL CMPL CCL MEM ACL AMPL AGDL ACH CCH CGDL CMPL CCL
(a) B A0 (b) WAIKMAE 43
16.3 - 2.4
—o— HHLHL0.7 Alem? . o —o— HIPBH0.7 Alem?
—A— HLHEEE1.0 Alem? —a— HIRIBHF1.0 Alom?
611 —m— L3 Alom? p—— —a— HPEHH 13 Aem?
—'E ® ./. é )
g 159+ £ i
< S 1.6
:cd
2 157 2 A\A—\A
Jl]-’
W ® L0
15.5 k2 \
/ — .
—n
15.3 : : : ] 038 : : : ]
ACL AMPL AGDL ACH CCH CGDL CMPL CCL
(c) &R (d) BRI

7 FEBRREETRBSERERKISHEGE

Fig.7 Gas concentration and hydrothermal distribution characteristics of battery under different current densities
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