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Abstract: Purpose: Dimensional tolerances in the flow-channel height of metallic interconnects are unavoidable
during the manufacturing and assembly of solid oxide cell (SOC) stacks. Such tolerances can lead to non-uniform
internal flow distribution and may threaten cell performance and long-term stability. This study aims to evaluate the
effects of flow-channel height tolerance on the coupled electrical, flow, and mass-transfer behavior in single-layer
and three-layer SOC stacks, and to provide a theoretical basis for rational tolerance specification. Methods: A
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coupled thermal-mass—electrical-chemical multiphysics model was developed for SOC stacks. The model
integrates an electrochemical model with momentum, species, and energy conservation equations, allowing analysis
of current density, gas-flow distribution, pressure drop, and temperature. For the single-layer stack, four flow-
channel height profiles were considered: uniform height, random height, height decreasing toward both sides, and
height increasing toward both sides. For the three-layer stack, two comparative cases were further examined:
consistent layer heights (DN1) and inconsistent layer heights (DN2). All simulations were performed under
constant-voltage operation at 0.8 V. Macroscopic and interfacial current-density distributions, gas distribution, fuel-
channel pressure drop, interlayer voltage variation, and the coefficient of variation (Cv) of gas flow were
systematically compared. Results: For the single-layer stack, the difference in macroscopic current density among
the four flow-channel height profiles was less than 0.5%, and the maximum relative deviation of the standard
deviation of the interfacial current density was only 0.18%. This indicates that the current distribution was
insensitive to flow-channel height tolerance within the studied range. However, further analysis of flow and mass
transfer revealed hidden non-uniformity. Under all height-deviation scenarios, the fuel-side channel pressure drop
increased by approximately 28.6% compared with the uniform case, indicating that the flow field was far more
sensitive to height tolerance than the electrical performance. For the three-layer stack, the layer voltages in DN1
were nearly identical, with an interlayer voltage error of only 0.4% and a gas-flow Cy of 1.8%, indicating excellent
gas-distribution uniformity. In contrast, in DN2, complete hydrogen depletion occurred in the rear region of the top-
layer flow channel, concentration polarization intensified, and the voltage decreased continuously; the interlayer
voltage error reached 6.7%, and the gas-flow Cy was 18.7%, indicating a highly non-uniform gas distribution. These
results show that although the current distribution in a single cell is relatively tolerant of flow-channel height
deviations, the flow and mass-transfer fields are strongly affected. In multilayer stacks, interlayer height
inconsistency can lead to severe local fuel starvation and performance degradation. Conclusions: Within the range
studied, the flow-channel height tolerance for single cells can be moderately relaxed to reduce manufacturing costs.
However, interlayer dimensional consistency must be strictly controlled during stack assembly. The proposed
coupled model and findings provide a theoretical basis for formulating reasonable manufacturing tolerances for
SOC stacks.
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Figure 1. Schematic diagrams of the model design, the
single-cell stack structure, and the three-cell stack
structure.
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Table 1. Single-stack model cases
DN b kel AR A VLIE
(mm)
a = x 0.4
b % BEAL 0.35-0.45
c [ I A A0 38 9 0.35-0.45
d 7 IF4) 7 )32 0.35-0.45
2 —EHEEERRRG
Table 2. Multi-stack model cases
DN TEwiER PRERESE  REREEE
B (mm) (mm) (mm)
1 0.4 0.4 0.4
2 0.35 0.4 0.45
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Figure 2. Comparison of numerical simulation results with
experimental data.

EACIER RSN RSN R S e () oI N OV =
B, BEERRHEERIN, B s IR
Fetadh. @i RS S0HaR s RviG Rif. 37
T RS SRS R AL, B PR T, S A
FHRBITHR IR ZE S R
2 RS
21 MESENEN B BB
2.1.1 3 ok b Ao iR B 69 %R

K3 /R T 0.8 VIEEAMT, VUFhRIESE
oA IR ER - R R AR E s E S
fRFRIRE A = Bl 0.8V iafT TR, HHECALTE
s A R B, BRRLRI I Ay, BRI AL S
WA T2, B PUFR S0 (1 5 F 2 8 22 S/ T
0.5%, 3 BH 5Ly HEVE (7] 15 B2 A 22 X0 2 W PR RE 52
MR K. BBt RAEE R, PUFh 22450 ) B R 25
FE A B B B, bR 2 i KA 0 e 22 (X
0.18%. XK, 7E24HTAZETLHE N, FiE &R
L ART 22 6 57 T HL VAL 40 A 35 S MR 77 AR TR 35 R
)

& R I AT IR A — 2, RN
X IR LA . VRVE DT BT s, 5
A 25 S T TR B R HAR BE VR R B R R R AE AR 157 o P
Tl A9 AR 22 S IR B R P R R B % 5o
AFRER, WA ARSI ASER T it
TR TCZE S, AT i B AR 25 0 Sl SR B o A S H
HE 2 )i & 4 B ) s A1 /5 g — 20 B 52

http://rlfd.cbpt.cnki.net

754 5 | ‘ : |
636513 I ‘ | and I
5335 I 5149.86
4306.26 | 4157 .51
3276.82 I ‘ 316516
2247.39 I 217280

16659.48 |} | 111

1685048 \‘ | ‘\‘ I 16065.75 (NI
( 15073.40

14600.61 I 1408104

1357117 13088.69

f et e

il I i

3043 [ I } 9119.28 I

88.52 z
[Am*-2] A "‘13]10 m I .
a b
|

:217.95 1180.45

X
16070.23 [ ‘ T ‘ [ 16064.31 (NI i’ ‘ (A
15077.60 i 15072.10 [
1a084.97 | ||| 14079.88 | [ ‘
1309234 [ 13087.67 I It
12099.71 I 1209546
11107.07 ( 11103.24 il
10114.44 I 10111.03 | I

9118.82 I
; 8126.60 I
7134.39 I
X 614218
5149.96
I 4157.75
316554
2 217332
» "82"(‘)‘
. 188.9

[Am*-2] [Am*-2)

d

107823 |
107528
107233
1069.39
1066.44
1063.49

1057.60
1054.6
105171
1048.76
104581
104287
1039.92
36,9
03426 1034.03 2
1031.08
K] K] .
b X o—I
1078.
el |
10626
i o
1060, 1060.43
1057.49
105454
105160
104874 b o
045.82 104571
1042.77
103983
1036.89
103304
1031.00
K ®

d

& 3 MEHR-BRRX A EBRBEEEULEE A (a
BH%H; b, BEWL; o, BRE; d, #BiE; ).
Figure 3. Contour plots of current density and temperature
at the fuel electrode—electrolyte interface: (a) linear, (b)
random, (c) decreasing, (d) increasing.
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Figure 9. Contour plots of H: mole fraction distribution in
fuel electrode flow channels of DN1 and DN2 (up and
down).
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