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New Structure Design and Performance Optimization
of Solid Oxide Fuel Cell Connector
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(Research &. Design Institute of Fluid and Power Engineering, School of Chemical Machinery and
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Abstract ; Solid oxide fuel cell (SOFC) is a power generation device that converts chemical energy of fu-
el directly into electricity. Its flow field uniformity has a significant influence on battery performance.
The internal structure of the connectome was one of the most important factors to determine the flow
field uniformity. A new connectome structure was designed and a simulation was established for opti-
mization design. The results showed that the flow field uniformity was increased by more than 15%
after the addition of Ni foam. By combining foam Ni with different porosity, the flow field uniformity
index can reach more than 95%, and the maximum power density is increased by 11.4%.

Key words: solid oxide fuel cell (SOFC); connectome; flow fields uniformity; structural design

Y75 B #3:2019-03-26,

ESTEH:HXABARFESEIIH (21676049,

EHEB N AT 2HRA98—) B INRBL A LA, BEKARAXEZEA969—) ,E-mail; liuzj@dlut.edu.cn

SR AR AT 22 B NI RGEE S5 [ R AL W 08 T i R R B 25 M BT SRR R AR LT . 3 M K=k (B AR R
2#07),2019,31(5) :1-8.



© 2 FMRFFRCARAF RO 2019

ULAFR i TR BT A AT RE WAL Y H A5 ™ F L RS AT 5T IR AR AE T A BE w8 O T R BE IR EOR L.
[ A S A PR RE L it (SOF O J&— Rl 7E HR il (600~ 1 000 °CH R+ B H A it A7 70 4 A 4016 570 w19 4k
7 BB R K L PRI A AT M AR R RE Y B A AR B A B S A e R R R B . SOFC BRLAE AR oA o
£ B PR AR AR TR o P SR R AR I 5 P00 A5 2 4 T 110 e SO AR Al S A D e el A 2
SRR SR TT . HAT % SOFC 8B 2 3R 15 2 WF 58 . 76 5L 80 % 454 T SOFC 344
MR A R s 2 W/em® o (EDRF 52 560 5 ROS Wit i R - Lk BB S i R e ™ BRI TR Ak
Yakabe %15 K BUE N 43 A3 1A AS £ 50 M OK 5 F v M BB S R i DG SRR . TR U 5 e et
SOFC HE () & He (R 2544 LA SOFC i3 4 01 - X 4 v ria P RE Ll itk L ol A o e R A HE 32 5 3

SR AR = SOFC J2 e BH AR - 88 J- [ A% CPEND 1 FH AR 0 K B AR A0 17 3% S R b 1. 3 3R 1
SOFC {1 F BEALSHER A » FUR S BT B 43 e v 1t 3 9 1% ST B g o JHG 4 TS ) 5% 28 39 Wit 1t ) i o 7
ARG RE M U 3 IO o P it S S 16 o 32k 80 e /1 » ) Sy L A 2 O Fi8 B DA AL 30 39 i A% 2 ThT 49 2]
O3 AT B BB S AE R T R R RS TAE R Z

h
FE A A 4 0 92 T 57 T TR 5 52 20 30 A A it AR

PR VRS 19 6 P2 0 R 06 AT A )2 50 4 okl W‘E
PR — PRI LAl 3 A8 i 1 s . _—

W 2 iR . Yakabe %5 X6 0 187 FF £L A A< 3% 68 48 A 47
HOWE S T SRR (E 2(a)), Huang 2P 78 A O
BIXEE T 10 A% B S B (E 2(b)) . Jackson %
¥ Z R BREE AT TR BEAR T A AT HOE A R AR
WM S (E 2(e)) . Dey S5 HE AT FLHE 1B XA
TR 1.5 mm 5 T AR 38 S 5 0 AR A Bh B = i
¥ 53k (B 2(d)) . Duhn 885 53 T —Fog B0 S o Ai
2% ORI AT A L AT B IE R (R 2¢e)) . | HEBERGEHE

()" (e)®
B2 {25 SOFC SEuE s

TR AR AE VL b R BT H d DL A U A TR S A AT ELE G A5 S U R BRI £
Fay o TR A5 R ) I A0 58 S R 1) I 00 I A T R AR SR A R (E 2 5 AR 1Y T e L
I RAS S o AEPAT I A BT A5 H b E R R/ (R P A A T R A 2 S BORI AR W IE O



%5 AT 45K 5F  BUAR BAC AT B ol 3% B AR T 28 A 30 RO AR R AL <3

8 BRI 3 A 3 MR IR BE AN B o T RUDR A 3 S A R AR T L AR A TR A A SR (L el T R R A Ak A
SCAR A BRI 0T BRLHL L 0 1R RE RN B EOR B . JNIAT 3 R R A A sl SOFC AU 3 7 7 14 - Ashok
SEOURWIT R P AT EORIE S5 R X 2 H AT SR R Y 58 3B 25 4 (18] 3(a)) . Nguyen AL V4T B W IE
b A (DA T TR L O 3 R 454l Gl P R B9 3l (B 3(b)) . Dong ™ il Sut* 45 i TS 3% 25 ) Xt
PR B A A8 2 T R 3 38 (] 3 (o) (BT 3(d)) . Chen ZFM B3 T — Flogh B XUZ 1 B R 254, 0] LA &2
FAE 2 AL A R B (] 3Ce)) . Yan U BT — iR E 45 F e Uk L AT R i A 2 L
W AR B 4R OB R T AR (B 3(D)

(a) "

Section ¢ Sectionb  Section a

1
t
1
{
1
1
{
1
‘f:
t
1
!
1
1
1
{
I

SHi e Bi-layer
| Fuel interconnector

()" ()™

3 R SOFC Sk i3

Jiang SV RSE T M R IR 5 F AR B fik T B BH AR S B SOFC MERERY S e . 25 R B 7E 800 C 4%
T Yl N 4. 6 2038 3 27. 200 B AR il HLBHL AN 1. 43 Q/cm® FREF] 0. 19 Q/cm®, T R LR
ik 80% ., Tanner I Virkar ™ 45 H 7 L fift 5 32 4% SOFC A6 5 81 70 1 181 B EG L B A5l RST8] #1456 7 26 3R
2 FF 3 2 G Z8 508 1 Pl S i) 38 T 3 B A o b 1 B 1R MR BB JEAT T EE A0 AT . Zha I Kee ' F5E T BH K
SCPEAE X SOFC il 4 A 1) 7 1 A kT HL it 1k R A0 52 ) o R 300 34 42 44 ol Bl 1 P90 J8ROH L 4 IR B2 20 A L FRL
Vi VAT SR AN AR R . Liu 6000 20 % B S 48 SOFC B0 58 & B o [l R <H 3eF BE AR A0 1) i 3 52 il
A L2200 T ZE B A B T — 4 0. 46 mm (5 pitch $5RF R 23 %) SERI T A X . TR I, BT
We 3P SOFC ¥ Fz (A, O 17 R AR B A 5 3% 2 (% 18] F) 422 fok FbL BEL 388 5 B A ) R o R, Klee 451 ST
T —FH TR A X SOFC AHE A3 3 43 A 1 500 108D L 3 g 485 400 08 R~ /4% o [n] J88E ok SK A Jo 2t 1 )
7 R X B Y R R I B 2 AT AT TN e S A5 B 2 0 R AR s X N AR T 1R
HWEA —EMiEFE X . Kornely S5 HF 58 1 FHAR M RS A0 B AR Ml R ~HX6F e st it 8 114 52 1 L &5 21
8 7% BH AR RSk ek b P B R T D2 R T Lin U4 T — oS R g M 2 ak 2Ok AR T
il RUE X B AR S #3 SOFC HE ) ¥k 2 W b LA K BRI AR AE 9 52 0. Chen S50 48 11—l 37 28 X2 3% 4
LN B O N (B A W 1= s SR W N £ ) e SN TS R 8 B = e R W N7 o) R U 2 { WA el
LR T — E e A G T e B BUAE . Andreassi 2500 5t 7K SF AR 3 SOFC (54 28 i sh 47 T
BB FT AL 43 HT . Shi S5 X A B E e A 20 T O B2 A 1 BUAL A% S 4 SOFC JE AT T A C B
T AR B TR T AS L B A% A 255t i ek O ek A A AR A B T L R e 1 45 A o B



c 4 FMRFFRCARAF RO 2019 4

& . Llff“”%stHT — P B GR35 N, THT AR 4 i R A B v A P A R 4 v L RS T

MIE A S BE TS 2l 25 7t X i e AR B I A BF 5 AR A 1 /D ok 22 A 5 IR AR A 9 5 1) A
KA 53 3 VR R VAT HOE B B —J7 1A A SOFC () 32 £, 55— 5 T A] DUGRTIE B 47 09 o 322 ik, A
AT Hr o BARFAT B T8 AL 27 150 B 09 1 A IR 3 DR L HE XS B i 9t 1% 5 152 R P B SR X B A1
N Tk — AP AR AT T3 L 1 S LA % B w8 B O3 A B 8 SO BT T — TR Y 3 R AR A
IXF I IR IEAT T34

1 EBERIA

1.1 JLf#RE

1A B A o A BN 2 hLi‘ﬁﬁiwfrjﬂ 2 A HERAL LA AAL . R 4 IR B R AR Y DX K
LAY T4 I SR GUE R PR REREAT 1 HE R . 2B R It 13 AR 18 L X 1 Xk 1 3 i 35 oA
[l FLBR A ) 9L K B Ni R34 3l » ﬁm/\iﬁﬁ 2 BN IE A EE I A) . L A
4 Ca) g 3 T e A L 1T A Cb) SR R0 S 1) Al 19 3 2 R 8T 4 Cod ~ AT 4 (D g el (9 % 0 AS [] £L B 3R O L3
R4 Jm Ni IR,

(a) wHEREA (b) SFmEEA i (¢c) =06 (d) &=0.6-09 (e) €=0.5-0.7-098 (f) ¢=0.5-0.9-0.98
B4 6MAFEITHRESHBRTRERE

1.2 Wiz FHE

1) JoT 5~ 8 4 11 7 2
Ve (V) =Qu, (D
2) 4 53 33 45 O AR
Ve (ow,V) + V- ], =R, 2
Ko BIBAGTAEE kg/m*;V 2HE R . m/s; Q&P FEI . kg/(m® « s) 0, &R FHGR, 2
AR kg/(m® « s), FIH Faraday & HE8f2, WX (3) 5 T 29 80E & . kg/(m” « s), F) ™ HORBE R A
S =),

R, :LSuM, (3)

K RERERHABREE A/ m’ ;S ZEH LRI, m®/m’; F j& Faraday % 8:n 2N %%
HLfr 0, B 25 M, 2 BT ¢ Y BE R BT i L kg/ mol,

J.=—0D, . Vo, 4
KH D, HERY BRI -m*/s. /] X G,

D,-,C“— (7+ o €))

K

e BALBUR s o RMIPTIE s Dya i 4 Knudsen T}”ﬁﬁl%é&,mz/sﬁfﬂaiﬁ(@ﬁﬁ;Dmix.,%ﬂﬁ%% SRk




%54 At A%, F B KR AL o & b i R BT 48 MR RO AR AR AL ¢ 5 .

HAEE . m* /s, i (DITHE,

d, 8RO, .
D.  —2F 0.5 6
Kni = 3 (nM,»> (6)
X ed, LR .m0 BRI FAHRE K.
1—=x;
Dyi = D
Exj/D,-j
j#i

Afex, Mo, BUG ) YR ESHG D, Stefan-Maxwell 89 HURE . m* /s, 7] 120 (8)
.
3,16 X100 (1/M, +1/M;)"*
! pLCoD + ()P ]
Ao Mo, E410 0 Fj BT HUAR . cm® /mol.,
3) gl i 1L 1 s 1 Oy
SOFC w5 Je 1) i 3l B G2 32 B0 AT 8 T8 o A9 300 3 A0 A7 22 LA A DX I i 3l Tl it A7
I Y I S B4 R LAy N-S J7 Rk il i
p(V e VIV=Ve[—pd + pn(VV+(VV)1)] (9
AV Z2EE R m/s; p ZIRGAREIE  Paséd NN o HIREG RS R kg/(m + 5),
A Z AL R XS 3 B R T 2 AL A BB I » Darey @ HUZ B IR I 2 A E HE o Darey & A1 N-
S T REAS & I AR 2 AL B 3 ) Brinkman J5 7%

(€))

2

sﬁ«v - V) €X> =V [—pé +i‘—<vv+va> -5 Z—(v- V)8 ] —g—()v (10)
K By WEZAA TR BER,
) FA AL B P T 7R
SOFC N & LA 2 FL A B X80 T A% 52 L3 AR DX IR o 3 o A i A% B 4 ol O /2
pCpV « VO + Ve (— kg VO) =Q, (D
5) H i 4% 3o 47 1 J7
H A2 S S 3I T A 4% 3 o H A S AT DA pl DR R R
Ve (—6"Vg)=—S,i Ve (=06 Vg,) =S.,i (12)
0" =6.0pc(1—e) ol =01 —0rc)(1—¢) 3

K i M o0 7012 L FEL SR RIS 1 3L S/mu 7 SRR . A/ m? 5 0o 2 FEAROMEREH L 7 S 4R
IR 14 (A AR 23 0 AR L IR 23531 08 0. 4,0, 6.
1.3 Kf@g7miE

AR A BRICHEAF COMSOL 5.3 73 B O i a8 HEAT R . — U0 0% B 422 1 (AT MUMPS §

LR SR A v KA 5 A i A2 LA B 3l L 22 AL A0 ot A A% B4 1 il ) PARDISO B 138 4 R i 4 oK i 5
W T A 338 2 10 f P R AR R A R i . AXFER 250 1107,

2 #REBIGSH

21 HEESSH
ST T =4 SOFC U Bea i/, 2 A4 £ W8 SOFC N i) £ 9 Bl g 14 o o 72, o 5. R



© 6 - FMRFFRCARAF RO 2019
LA RE R T RV T AR R S Ak E RO . B S S T A R 2 m/s B ARG E

U S 4 R 3 A1 VL AT 7 S A A v ) 9 ) g A0 O TS S 1 U AR 2 3 A
1A X S Jay 30 3 2 i 88 e e e I, AT X P AT BB A — R . B 5 (o) ~ & 5Dl &
A TR N B0 U 5 S0 4 A i EL 3 a8 AS R L B AR A IR N AT LB S AN [ O
X35 114 38 2 A JEE o AT 6 8 A9 2 S I+ 20

Bl 6 XF 6 Bl He AR S5 R rp 13 AT 3E P BE O A BEAT T R T R B A e 1) i e R
SR G PR IE 1.7 f A BT T G 5 R P Y T GO B EE A T 0. 78~ 1. 365 SN
16 FUI A 4 e A v /e AT 0. 84~ 1. 26 i 3 19 A9 kA T 555 5 1 % O AS [ FLBR 48 AR IR NiJS wws /e B
KAT 0. 89~1. 06 fie/MEA T 0. 93~ 1. 03, Ji 539 SITERF BB M

0.041 0.041 0.041

3.5 6 3.0
3.0 { 5 25
0.03f (¥ 55 0.3 71" 0.03F -
50 4 2.0
0.02F - 1s 0.02F 3 0.02 15
| & 1.0 s 2 2 1.0
0.01 05 0.01 | 0.01 (% 0.5
(0] F—— i 0 [ n n n : , 0 ok n n n n n , 0
—-0.01 0 0.010.020.03 0.04 0.05 -0.01 0 0.01 0.02 0.03 0.04 0.05 -0.01 0 0.01 0.02 0.03 0.04 0.05
(a) HHZEHAK (b) JmIM%EHAA (¢) £=06
0.04r 35 0.04r o 15 0.041 35
3. 7 | : \
0.03’ 22 0.03-1— = ;(5) 0.03 ﬁ g ;(5)
. .
0.021 ( ?(5) 0.02r fg 0.02f ?(5’
0.01F L0 0.01H3 L0 1.0
2 0.5 L 05 001 05
oF 0 0 0 0

2.2

-0.01 0 0.01 0.02 0.03 0.04 0.05

(d) £=0.6-0.9

& =0.5-0.7-0.98
& =0.5-0.9-0.98

A B

-0.01 0 0.01 0.02 0.03 0.04 0.05

(e) €=0.5-0.7-0.98

(0] L L L )
-0.01 0 0.01 0.02 0.03 0.04 0.05
(f) &=0.5-0.9-0.98

5 SOFCE#GEHERIFEESHE

®mm,
o
SooOo
[TioN=N

———1\

N
9
¥

——

w/// -
&E/
I

Channels

E6 6FMERGENDT BAIBETRESHE

R IR 2P 05 B (G140 R R AL 9 3 531k 0 — A58 R B 510 i 1 S PR B0 1.
EF IR BOR 0. XHAER AW S8 5 Lo 12 1]



%5 AF AR 3 BUK B A R AT & b 1% B AR 37 25 M 0T Rk Rk R AL <7 -

w, —u .
—) 17 %x100% (14)
u

RLEM T 6 MBI thmin/ s s thin/ w0 R G IS FERREL T B LCELEE R . AT DU 3l i IS
T LI TR 4 Ja NI AT LSS 25 4 85 3 3 4 ) 5 0l R AR L IR NUJE LT B T 1506 1
b JF Bl A A R LB AR A IR NI i 3 5] A B 35 3] 950 L

R1 6 MRITHRFHAERE

g T AR €=0.6 €=0.6-0.9 €=0.5-0.7-0.98 €=0.5-0.9-0.98
Wanin/ W max 0.795 4 0.809 4 0.831 2 0.868 0 0.897 6 0.898 4
Wnin/ Wavg 0.873 1 0.895 8 0.891 5 0.912 8 0.928 4 0.928 9
/% 80.53 86.65 93.58 95.20 96.33 96.33
2.3 HEEXTEE 10 18
0.9
_ 17
W7 FR7R 0 SO IS Y K (e = 0. 6-0. 9) Fl 0.8 ()
W R I R AT T I W B R 07 e
< 06 1 £
Y51 vl 25 WAL T 308 O O O RGO B S E
MWefe. H241<C0.7 Afem?® B dgHE IS 3 B R MEREMS ~ oaf f PO demity oo 14 f
T A Y 1 >0.7 A/em? I, Bt )5 % g‘z' ‘\/E'rgta«;e:O.G—O.‘)SOF(, 3 £
: —a— Conventiolal SOFC
BEOR b JE AR U TR 5 [ < Jeoosore A 2
FE HE VA L K S B RS T 10 4%, T
3 &£ B 7 AREZE#EE SOFC k4t th & B

i%iﬁﬁT—ﬁF%ﬁE’JLﬁﬁiﬂm IR FBE
BERLEAT T ORAL BT, 3 3 VS 0 S [R] L BR 6 ) 0 7K 42 8 N K38 SR i 3 3l L $2 / SOFC i i 145
P, AR

1) 5538 30 3% VR AR L IR IR NI S IR S 4R & T 1520 DA b JE A 41 A R [ L B R A TR
Ni, Ji 3 ¥ 51 BE R AT 3k 8] 95 %0 L |

2) % R S ) B R (e = 0. 6-0. 9) RIS 3% 422 (A () s PR BE IR AT T b AR . 3 3 T 4 A AE I S A
ZEM AL, 1 Bk FL%&FT%EWEE/K%*&% HX 1<0.7 A/em’ i 2 i 5 ?%1$‘f$“bmﬁ%Tﬁﬁﬁ
el 12>0.7 A/em® J5 o U5 ¥ B2 (A i A0 D) 252 285 i I S8 oo 35 00 0 2 5 5 30 0 0 B R A L L B
RIUPEBEERES T 11.4%,

S Z k-

[1]JYAKABE H, OGIWARA T, HISHINUMA M, et al. 3-D model calculation for planar SOFC[J]. Journal of Power
Sources, 2001, 102(1/2): 144-154.

[2JHUANG C M, SHY S S, LI H H, et al. The impact of flow distributors on the performance of planar solid oxide fuel
cell[J]. Journal of Power Sources, 2010, 195(19): 6280-6286.

[3]JJACKSON J M, HUPERT M L, SOPER S A. Discrete geometry optimization for reducing flow non-uniformity, a-
symmetry, and parasitic minor loss pressure drops in Z-type configurations of fuel cells[J]. Journal of Power Sources,
2014, 269. 274-283.

[4]DEY T, SINGDEO D, BASU R N, et al. Improvement in solid oxide fuel cell performance through design modifica-



- 8- FMRFFRCARAF RO 2019 4

tions: an approach based on root cause analysis[J]. International Journal of Hydrogen Energy, 2014, 39 (30):
17258-17266.

[5]JDUHN J D, JENSEN A D, WEDEL S, et al. Optimization of a new flow design for solid oxide cells using computa-
tional fluid dynamics modelling[J]. Journal of Power Sources, 2016, 336;: 261-271.

[6] KHANDKAR A C, ELANGOVAN S. Electrical connector apparatus for planar solid oxide fuel cell stacks:
US5856035[ P1.1999-01-05.

[7JMINH N Q, HORNE C R. Method of fabricating a monolithic solid oxide fuel cell; US5290642[ P].1994-03-01.

[8]JDONG S K, JUNG W N, RASHID K, et al. Design and numerical analysis of a planar anode-supported SOFC stack
[J]. Renewable Energy, 2016, 94 637-650.

[9JSUSC, HE H H, CHEN D F, et al. Flow distribution analyzing for the solid oxide fuel cell short stacks with rectan-
gular and discrete cylindrical rib configurations[ ] ]. International Journal of Hydrogen Energy, 2015, 40(1) . 577-592.

[10JCHEN Q Y, WANG Q W, ZHANG J, et al. Effect of bi-layer interconnector design on mass transfer performance in
porous anode of solid oxide fuel cells[J]. International Journal of Heat and Mass Transfer, 2011, 54 (9/10):
1994-2003.

[11JYAN M, FU P, LI X, et al. Mass transfer enhancement of a spiral-like interconnector for planar solid oxide fuel cells
[J]. Applied Energy, 2015, 160; 954-964.

[12]JTIANG S P. LOVE J G, APATEANU L. Effect of contact between electrode and current collector on the perform-
ance of solid oxide fuel cells[J]. Solid State Ionics, 2003, 160(1/2). 15-26.

[13]JTANNER C W, VIRKAR A V. A simple model for interconnect design of planar solid oxide fuel cells[ J]. Journal of
Power Sources, 2003, 113(1) . 44-56.

[14]ZHU H Y, KEE R J. The influence of current collection on the performance of tubular anode-supported SOFC cells
[J]. Journal of Power Sources, 2007, 169(2). 315-326.

[15]JLIU S X, SONG C, LIN Z J. The effects of the interconnect rib contact resistance on the performance of planar solid
oxide fuel cell stack and the rib design optimization[ J]. Journal of Power Sources, 2008, 183(1): 214-225.

[16 JKEE R J, KORADA P, WALTERS K, et al. A generalized model of the flow distribution in channel networks of
planar fuel cells[J]. Journal of Power Sources, 2002, 109(1). 148-159.

[17JKORNELY M, LEONIDE A, WEBER A, et al. Performance limiting factors in anode-supported cells originating
from metallic interconnectordesign[ J . Journal of Power Sources, 2011, 196(17): 7209-7216.

[18]JLIN Z J, STEVENSON ] W, KHALEEL M A. The effect of interconnect rib size on the fuel cell concentration po-
larization in planar SOFCs[]J]. Journal of Power Sources, 2003, 117(1/2): 92-97.

[19JCHEN Q Y. ZENG M, ZHANG J, et al. Optimal design of bi-layer interconnector for SOFC based on CFD-Taguchi
method[ ] ]. International Journal of Hydrogen Energy, 2010, 35(9): 4292-4300.

[20JANDREASSI L, RUBEO G, UBERTINI S, et al. Experimental and numerical analysis of a radial flow solid oxide
fuel cell[J]. International Journal of Hydrogen Energy, 2007, 32(17): 4559-4574,

[217]SHI J X, XUE X J. CFD analysis of a novel symmetrical planar SOFC design with micro-flow channels[J]. Chemical
Engineering Journal, 2010, 163(1/2): 119-125.

[22]LIP W, CHEN S P, CHYU M K. To achieve the best performance through optimization of gas delivery and current
collection in solid oxide fuel cells[J]. Journal of Fuel Cell Science and Technology, 2006, 3(2): 188.

(FriEp .5 3)



