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Comparative Study on Flow Uniformity in SOFC Channels with
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Abstract: To address the problems of insufficient reactant supply, local oxygen depletion, and
reduced operating stability caused by uneven gas distribution in solid oxide fuel cell (SOFC)
channels, a three-dimensional multiphysics coupled model of an SOFC unit cell was
established. By setting a non-reaction pure-flow condition and an electrochemical-reaction
coupled condition, the differences in pressure loss and flow uniformity in the anode and
cathode channels under the two conditions were compared. Combined with different fuel
utilization conditions, the cathode oxygen concentration distribution and reaction region
variation were analyzed, and an anode pressure drop error prediction model was established.
The results show that increasing fuel utilization shifts the reaction center toward the inlet side,
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moves the cathode oxygen consumption region upstream, and intensifies the nonuniformity of
oxygen mole fraction distribution. Compared with the non-reaction pure-flow condition, the
anode and cathode pressure drops under the electrochemical-reaction coupled condition
decrease by 15.7% and 22.6%, respectively, indicating that reactant consumption, product
generation, and local property variations modify the original pressure distribution. The anode
pressure drop error prediction model established based on 5% - 70% fuel utilization
conditions has a goodness of fit of 0.99698, and the prediction deviation at 80% fuel utilization
is 0.228%, which can provide a reference for anode pressure drop correction under the same
structure and operating conditions. Flow uniformity analysis shows that reaction coupling
causes redistribution of the velocity field, leading to decreases in flow uniformity in both
longitudinal sections and transverse parallel channels, with a maximum decrease of 1.3%.
The results indicate that electrochemical-reaction coupling simultaneously affects gas
concentration, pressure drop, and flow uniformity inside the SOFC, providing a theoretical

basis for SOFC flow field structure design and operating parameter optimization.

Keywords: solid oxide fuel cell; electrochemical reaction;

uniformity; fuel utilization

TERFRAEIRA M IRIR . AR ME ST,
il 44 8 4k ¥ % k) B i (Solid Oxide Fuel Cell,
SOFC) EA—Fhae AR 5 e B Ak Hi e
PR s, TS SR SRR E ST SR
O, e oA UK AR Ui Re SR A R B B
KIS T

SR, SOFC i % 12 17 £ 600-1000°C [ & it
WY, KE SRS AT 2 5200 F b ) & HL 1 e
A AR E TR, X AT A i 29 32 B B R O i
i, {E0 SOFC ZiA MRS IR F A2 K 3=
L, R S SR A BC Sl R R E ., A UIE
WIS ISR BEAL, Fenlk—RY)™HE
BN . BAR S, JREah =5l kM “SARIL
W =R REE SN EM; BN, SRS
HISSHUH, Gl RN JJEE ST, A A T RS
eIk Rk, $E SRS B8 51 2 R ik SOFC
REaI . K T3 i R OB

B BRI 3 45 K VLT R R AR R NS AR Y AT gy
Bi. #27+ SOFC LR G MEmet CHE . IR, RE%H
FETEE D R AR R DL I IE L
RS EEJEAT 1T 2 A Bt SR, H Al
RTINSV S04k, A #SIAETS
W52 IR B A AR ) s b, XA TR A
NHIBEE R T AR L, T2 T SR PRis AT
LA AR SR R B A I AERT . i, Zhao

multiphysics coupling; flow

S NIAER R AR SR K i T AT TR G B
WRTTL. FEHRIMBE T, H AR TR A
AR CII72 700 Ko - 2 ) R A R E S/
PR AMORE TER BT HEMHRE RN,
AR BUE W ERICE 1 — s LA B AR A LA T
ARSI EC RIS FE o Yin 8 NULKE 0F 5 A0 A
PREBN T 2 A it AR B SR T, R = 4R
AR ITVEHEAT T IR ART . Zhang &8 A%
SOFC XU & 22 i fis a5 M Z M0tk AT 1 2 H A il
A, FEDRR IS FEHE R T RR DL R IR AR I (RIS J 25
FETE T IR 7 BC ) 5P . Chen 55 AR
T — R AR A R SR E SOFC HLHELS Hy
AL GNP G i Jls S S5 R BT, PR T
HLME N R S A 50 BE . Zhang 55 N 9434 17 85
EIREE . B DERSES AN 20 fr i SOFC H
HEFR RO, i Beith 2 LI AR AR Zh 7E B
0 s 2 1) RN S 2 4R T 17 P R A BB AR Bl 48 29 1

FEVHAE R B I I PE 5, K2 Bk e (U 5 )
BBl 77 e B3 510, AEAE 208 1 I 22 18] A
B ZER. Hltn, Lio 5 AR H T AR E AR
IR E5 K%t SOFC A B ReIE 2, A B 465
FEVAH ELTAT AT R5OR I B8 25 4R T SRR B N 34 2
PEIF PR F b Y AR 22, AT A 280 o 1 LA
R AT B S BB 45 A AL R e .
Dong %5 A" 4 8 SOFC HiL HE ) It 20 45 4 A 2



FEMIMAE: A i 2 [N SOF C it i i 8 35 5 1%t LU AT 7t 3

IV REREAT 1 HUEARAN, W52 3R it Y FRLR B
FE oA U BB B0 7 A2 4K . Su &8 NS EE 1 4R
T IR AL A AZ 48 B AL = Fb i A G5 K905 10 A re
{th SOFC HUHERL o3 A M, R IS (B A 1
ZERIAEARTH AR 7 B STPE R R, e B A ROt 22
AR “FER” LGOFFRIRBEN AR IR 22, M
MHET 7 AL BE . Shao 58 NP T —Flogh
Ry BT T, 2S5 K RE 2 52 T SOFC A i
SRS AR I BN 2 ST I AR B 20 A o

BT BRSNS N SOFC N
R AN (AR FIALA A SOR L BUE T 55
HEIL T SFAT B IE SOFC 1 =4k 2 W FL i & 1
M, HSEAPHTME, ASGHEE E T R4S
UL S S R 00, A T SR T X
Wik, DR R R NYTEAE S P R SR
o BRI AT R B ERT . WEFCE Se b 1
YORL I Y 2 68 B AN S R BE 20 A BRI 52, 1] B B
i A% 5 R A A XB L AR s B e X L
I M B 55 B AR AEIE (1 IS B Rr A, g S B AR T
Fe B iR ZE TN A 2, ST S AR & 51 He e i 22
HIE B VFAL: Ba SIS S EPRAG 4R %, L
[ 488 55 808 I IR T P A4 P AR S A 51
TR AL IR LI AN . AR TS R AT
N SOFC it 45t A i v it S5 is AT S B AL s {1t
SN £ SEBR B KA

1 BRI

1.1 JUAIEMigHEE

A3 1T SolidWorks %4 X6t 5 o0 B it i3 1T =
e, RAPAR IS 3 A SOFC ot Hth 45
M, B S RIS, BIERERSE. SRR
E. ARSI, ISR, BRI, AR EE RS
MK, HeEmmEA R, He, By EE
2, MERANIYSZ, EERMEREMLH . BT
fEFRAA AP BRI EMEERH YSZ, H
T FEE T HEE RS EAH; FIREMEER
FLSM, 3= ZEARHH = S AL . oL A% 5 A48 T
SN

BTG LI B0 1 X8R SE O 100 mmx100
mm, 1% X 3CN AR 2 OB X BH AR K5
118 mm, B N 106 mm, il KM FA7AmE
M EEIE BT, FIE SN 0.4 mm, AHSRIE T

bE L 2%

AU BIBESE RIBSE SRR

El1 BITEMmEEH
Fig.1 The Single Cell Structure

O ANEE AN 2 mm; RS E N 103 mm, EE L
PEAR PR FE— 20, BIARRIE RIFE A AT BB, i
N 0.74 mm, IE R PE S PHARAR R . HAREE
W1 iR

#=1 RESY
Table 1 Model Parameters

JIREE="3 il
L FH % 18
SR Imm - 103
56 FE/mm i 106
3L 106
TEHEX IR ST /mmxmm 100%100
I () EE/mm 2
I AR S0 = E fmm 0.47
2 IE B fmm 0.74
[ 4% 4 i BE fmm 0.67
B AR 4 i B2 fmm 0.67
PR = % /mm 0.4
FH AR LI = /mm 0.47

ANTHRR

QRN

El2 RITEBMIEERE
Fig. 2 The Single Cell Mesh Model

NAEHERH SOFC Bt it N 2 W) B AR S 17
N, AHET STAR CCM+EAF#EAT MR 73, £
XA LT DX 3 R i 31 5 4% R R 1 AN [ A
RO E . BT AR A LA X sk, R



4 ik Ft

ou
Ae

ave
F

5 & R

SRR KT, RSN ERIES M
T JUART X3, SR 7S TRV PR, 7 3 B T X kR
FARAE Z PRSI BE RO, SR TR BIA S E T
HEREM. BocEbMSE R INE 2 iRk, 2 MK
R 5, AR S A ECN 17T T
TR B RS i K
1.2 BHIE1E

AL T B TE S N Al Bh TS AL 2 8
A T SOFC B m a5 5 1t It 9L . [
Uk, A3 TAER T DU R AR % -

1 RRL S 2 SN EAR SRR A 5

2. s AT b TR

3. o B AL AN T H A 51N B FLAR 2 R B
AR N YIEFE AR TRERT. AU
Tl FELAr YR AN S BRI FRLAK 5 S SRS A T
Wk —5 % B . REREALEE . WAL SRR
W25 il 7, T T IR R SR TG I 37 1) R ot
AR

BT Bk, Asc@dskigrE. shiE. A
gy~ e s S T FE R IR SOFC oy 3 i) 2
R B0 TR B4R B T AN FA S R AR A L
i, HRRAR R SETEE A,
Han T~ ATk
1.21  JRESFE T

H Il P 8 ) S IR B A o SR E A . A
BT AR A B PR 27 SO 5 RS 1D B e Y R S A
ISR T R A -

v (pu)=S, )

X, VARFHE T, p MIREGSMEEE,
kg/m®; U NEERE, mis; S, NEEIET, kg
(m*-s). FERMEE NS TOL R, S, H M
VI FERN =) Az 5 I R SRR A 2 s R TS O,
aimE) THLR, AR RSSO E &A1,
S, N0,
122 ZhESFETRE

i TE ST CIX 3k 1 3 = % 0 ¥ 75 Navier-
Stokes /712, ZARRLEA A T IRARGME ). K
BEEE S FPEN T Bk &R, HRIEAAN:

%w-mﬂ(m
X, p NEIE ), Pa; u NIRESAKEN L%
¥, Pa's; IANMALTKE.

V- (puu)=-vp+V - [p(vﬁ +(vu)" -

12 FLIH AR Y, AR A 5N LB
2 B [ A X IR JUAR] 2 AR R TH BE R BE S o S T HE
M IR X — ¥ # L #2, K H Brinkman 77 f£4& 1E ,
7t Navier-Stokes J5 #2 FEfitll [ 51 N FL B 2 ok 1 B AR
PETURER PRI, 300 7 B985 an(3)FiR,

7 }u
(3)

l iy
£ K
K NE &

va+(va)r-§(v -u)l

1 .
gv -(puu)=-vp+V [

X, e RZALA WAL %
Z, m’%.

1.2.3 WUt s

1E SOFCigATidfE, RS AARFNA: il =y 1E
TRIE N AR F L RAE 22 FL BRI R HOVE B 3
[FERE 1 &4 o R FE 7 A o 5 2H53 1 1) ot 40 4
Y, XT3 O FE R

V- (puY))=V-(pD, V) + S, (4)

b, Y, NH S iR E B D, WA A
RESH AR AL, mis; S AH TR
S G| RS A Ay i i BRI, kgl(m®s). 7 FE 2 ]
FRHRIT, AR R sh A E A R EEE. 7
FEAG N 947 BRCTURD S REJRIT, 43 AR ek FE A6 BE
IXBN A o EoE AN 4 B AR RS R FETE R
REAEREN THL T, AE AL S N - 3 4 7 A
M5 HFE, SN0 fEHMERNEA TH T, JF
Ja AR T, IR 2 o U IR IR SN A R
A= et A%

H T 2 L0 fEE B AR, SR+ 18
kAT AR A Hh 4 BRI AR g o A T FEIE S A
A BT — B T LA AR AIE , 2000 20 T B 2R
D,, #ATEIE:

Deff= D/'m (5)

Kot TMITE, D, J9ULA iR B
HTI MRS RIRERS R, MRS, 1%

~|m

J

Tem, =,

Si=1JMy, i=H,0 (6)
-ﬁm%i=@

KA, FAERLE AL, Clmol; M N5

EEIRIF TR, kg/mols jAJREBIARF L B, A/m®,



FEMIMAE: A i 2 [N SOF C it i i 8 35 5 1%t LU AT 7t 5

1.2.4 fighspiE s
fESOFCizfTidfEr, AEMMLEH R & AN
XA R [ ARTE BT 5 A g 3 DL RS
277 AL PR N AR o R B 3 SRR =) A AT (R st
Kk N
V- (pe,uT) =V - (kVT) + Q, (7)

X, THERE, K ¢, BIRG RN E KL
WA, JIkg-K); ke NZ AL RN RT3, W
(m-K): QN ARIIET, Wim?®,

TEL AU B IX I, 445 i 368 3o 3 A 3 AL
BRI S AE 5 BRI, kg, D AUERE 2 RS K,
P K TR, 303 SR AR P E3 i B

Ko = €k, + (1 - €)k, (8)

o, kK RIS A kv [ A
FET R ALGHEN TOL T, ANGIN AL SR B #
U, REIQ, N0, fEHALSENARE TR, A
VR TR B S ARG A L KA R R T 0 A
éﬂﬁi

Q= n+[fw o] 1A ©)

X, noEE Az, Vs i B, 5 o T
B FHMZEERE, Am* o Mo, 705Nt
AEFHSER, Sim; AS NN E/REA, J/(mol
K)s nONSOBEERS LT
1.2.5 HfF P E R

FERAL S B TOLT, BB AT
AR T HIE AT o HLAT A% A0 RE SR 708 A 2
B, BEZAN P REEAREFRNEIE. B
Aif ¥ 1E AT LAE I AR 7 BRI -

V(- Ouu8a) = S, (10)
V(- 0uu80) = S, (11)

K g M @y, 57 B9 LT AR RS T4 38
Vs Oon T O o 73 AN Z ALAT A 0 LT A0S 147
RS, S/m; S, S, 42 A TR ES T AT
R YR IT, A/m?s B ST IE SRR B B A
PR & Lok FETCRMNAEREN TOL N, ASKAE AT
e T i, AR 0. BEA, A K(9) T
TSR A H AR A S HL U R R A, AR IR
G E SO -

iel = -Uel,effv¢elliio = -oio,eﬁv¢io (1 2)

1.2.6  HLEE) 7%

Jed H A% 366 ELIA 5 B R T R WL B 35 5 O
SRR R AL 04 &, HAUA i Butler-Volmer J7
FETHE

j=Av-j0[exp(aa,g¢n)—ex -“7;75’7] (13)

A, A NEMERERIR, mYm® a,fMa, s
531l 219 H AR A0 BRI AW 1D H Ao A% 3 R A o AT FRL
f%, A/m?. Butler-Volmer Hi{t % 5 77 24 45 ALY
TR NG T fETE R M Aimsh T,
ANGIN HLAG S S REJR T . BH AR AN -5 BA B 0] ) A8 462 F
i A (14)(15) 115 -

(P P E aoion
e ol )0

C

Po

jO,cat = Vcat( P i

exp( - Egir”‘ ) (15)

T Vo Y o 70 1) D B BN B AR A8 Hte PR UL 5
FERTIRIN T, AIm? Py o Py o 1 Py =4 FLiH A
RS AARs K, Pas; P, NS%KT], Pas E,,.,
HE oyt 73 01 4 BH BN AT BH AR LAY 22 S BETE A RE, I/
mol; RONIE A E %, 8.314 J/(mol-K); A. B
M C NN E B -

1.3 ®BIESH

N TR R A L) TS EME,
ASCARYE SOFC [ B SLIZ AT T E | & IES
#, BARBESHWER2F0R. BHRREE®EN
750°C, [AE B IE IR SR e R IR S, N
157 S MR A E A B . BHAR S AR T
JE 13 N KA JE (101325 Pa), K JE 71
CIAF NIRRT DS, R AR
AN T B2 0.102 mi/s, B M 25 SN HIE BE
0.236 m/s, FTAREMIA S @ AT B, LE
S RS AE B TE N SRR BN B

FHAR AN VA RE L SOAAZ O S S 57, FLBE R
7y # 0.97,  [5]INFB Bl EE R 73 % 0.03 17K 28
IR D AR N S S 5y, HA s SBE RN
0.21, AR NIIAZ ORI, BABEIR 35
}0.79, TENMEMEH D AR S 5.
WRELFIH 28 20%, 2SR H 28 20%. BHA AL
PR E N 0.5, FIMFLBRZ % e~ 0.6, BIMIEH:
PRCTHI B O L3I T, BHRROZE 12 ) G T 1 H e b
5, #iE SOFC M skbr ik 2= B % s H oo HLI Y




6 ik fe A

5 & R

SEAT IR REES90.9 V, A 2 HE S L
=2 #BIESH

Table 2 Operating Parameters

WETREIC 750
[ 101325
e 7/Pa Wi 101325
H, 0.97
P H,0 0.03
UNEY: 3Cx
o, 0.21
Bt N, 0.79
‘ FHA% 0.102
A imis Wi 0.236
o B4R 0.5
bR B4R 0.6
FH AR AR R 20%
I R
A= L& 20%
HE/YicS 0.35
HL R/ 0.9

1.4 RENISEITMNIERR

NEALRITHRIB AU R SIRERE, A
IR IVESR L F AR OV SR bS, At 5
AR (16) 7 :

Rl

X, NAZ SR RRUERITESEG o vHi
AN VRIE B - TE, By mis; a I NN
AT A TE, A mis. B SITEFR L
F, I A 6 Bl 0~100%, 3 408 B #2355 100%,
AR Uit 37 Fh 5 AT PR 900 32 23 A (i 22 B/ L B9 20 1
LY/

AR SC NGRS [ 9 A 5 1 AR S B 2 ST
OISk E BER AR AR E RSN 7 A R BT [A]
PR — Bk, SO AR Az R v
PR R Sk AR AR B B 5 1 1
FFIBCIUE [A) P S ) — S, R TE 2 (R
AR, E S A A AP SOFC it
T8 A AR IS AR E TEAEIE 2 e . ASCrh
ki i 3. K4 Fos, R mAR s U5 1 L
S R A5 ) B B 1 6 AN AR AR BRI AR DA ¥ Bk 5
PR T4, RiE D NP, SRR 3 A
FAOEAI AT W sh 2 SIVESR BT 5. Bhsh, fEER

F,= x 100% (16)

HFahJr [ EXHREREAT RS, RIFEZT R L
s S TEFE AL

Gt
P
\
25

3 [EtRRESE
Fig.3 Cross-section of the anode channel

=5 2
B B

b
% L
L}
1

4 TRRREEE

Fig.4 Cross-section of the cathode flow channel

1.5 JAS7MEIGE

AR A U SRLRAKR SN ) 25 B A Star CCM+
SERUMIAE R 2, B B I8 T S Y X 3 ) LA R
fiE, 43 50l R FHAS BY B 50 XS 5 2 T A4 DX A ) i 4
A . AT BRI RS S FE R A BT, R
BHAR B DX 3853 T3 F J XA S S A B0AE, - DA B
RO BUEFE bR, 45 4 PP R RS A% 2R AT
CFD fij £, M 4% R~ 53 7125 0.75 mm CRH M%),
0.6 mm (FFRIH), 0.45 mm (4HR4%), 0.35 mm
GERAH AR o

WUEgE RN, B MR RS, B, B
R0 He P 25 BROZ T8, Bl 5 s e 4 g RF
M 0.75 mm 404k & 0.45 mm i, FH A% & B A
185.6Pa it 84 & 188.95Pa, [H M & % M 208.07Pa
WSk & 187.39Pa;  i#F — 204 W k% 4 4k 22 0.35mm
B, BB BB B 1 A 6 32 22 43 3l P& 42 0.68%
1.53%-

A i), 5% H Roache@2 42 H i % k& Wie S48 %
(GCO ik, wm=NA7)fiw, 2T EL
CFD 1/ H.H A% B iR 22 (I 2 3077, ROl it
ZESHALMS R ZER, YRGS RN M
R R . AR UL R BN SR AR, B R
G B A% A A AT A IE . e AR “GCl



FEMIMAE: A i 2 [N SOF C it i i 8 35 5 1%t LU AT 7t 7

—o— PEM%

190. 25
188. 95
e

90185. 6
@

g (Pa)

T T T T T T T T T T T
15 20 25 30 35 40 45 50 55 60 65 70 75

PR (X 101)

220

%
210 4208. 07

2007 194. 67

S 190 - 187.39
DN_S 190

-

#1504
]ﬂlSO

1704

184. 56

160

150 T T T T T T T T T T
20 25 30 35 40 45 50 55 60 65 70 75

Rk KB (X 10M)

5 PEIRSRARRER EMiER < B ERER
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Table 3 GCI validation results of mesh combination
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Table 4 GClI validation results of mesh combination
2 for anode and cathode
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Fig.6 Temperature distribution contours of anode
and cathode channels under the electrochemical-
reaction coupled condition
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under the non-reaction pure-flow condition
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Fig.11 Pressure distribution in the anode channel under two operating conditions at different fuel utilization
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