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yskim@kimm.re.kr Abstract >> This study presents a novel way to enhance uniformity of the gas flow

_ inside the solid oxide fuel cell (SOFC), which is critically important to fuel cell per-
Egszzzd i;;ﬁ?;;fgﬁil formance, by using dimples. A pattern of dimple, which works as a flow distrib-
Accepted 20 October, 2021 utor/collector, is designed at the inlet and outlet section of a straight channel

gas separator. Size of the dimples and the gap between them were changed to
optimize the flow uniformity, and any change in size or gap is considered as one
design. The results show that some dimple patterns significantly enhance the
uniformity compared to baseline, about 4%, while the others slightly reduce it,
about 1%. Besides, the dimple pattern also affects to the pressure drop in the
flow channel, however the pressure drop in all cases are negligible (less than
26.4 Pa).
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1. Introduction synthesis gas, and bio gas. Owing to operate at high
temperature (above 700°C), SOFCs can be easily in-

Planar solid oxide fuel cell (SOFC) is of great in- tegrated with other systems, e.g., hybrid power gen-
terest because of its high energy transformation effi- eration system, combined heat and power system,
ciency, versatility, and fuel flexibility. SOFCs di- and energy storage system, to obtain a high overall
rectly convert chemical energy to electricity by using efficiency up to 90%’. However, the cost of the
a variety of hydrocarbon fuels, such as natural gas, stack, which is mostly restricted by performance and
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lifetime of the stack, is remaining challenge2’3). The
performance and lifetime of the stack are strongly af-
fected by temperature gradient, current density dis-
tribution, and flow uniformity in the channel of the
stack. Increase of the flow uniformity not only can
increase the stack performance” but also can reduce
impact of these two others. The flow channel, nor-
mally, is governed by interconnector, therefore de-
sign the interconnector is one of the key points of
the SOFC stack development.

There are innumerable channel types designed and
published in the literature, however, parallel channel,
single serpentine channel, and multi-serpentine chan-
nel are the most popular designs since they are easy
to manufacture leading to a lower manufacturing
cost. Among them, multi-serpentine interconnector
showed highest performance. Saied et al.” calculated
stack performance with difference interconnector de-
signs by using a 3D mathematical model. His results
showed that the multi-serpentine interconnector ach-
ieves a higher current, about 5.18%, compared to
single serpentine and parallel type. Jiang et al.? re-
ported that multi-serpentine channel not only en-
hanced stack performance, but also reduced thermal
stress inside the stack by flattening the temperature
distribution, especially at high current density (above
6,330 A/mz). Nevertheless, these researches did not
use current collector in their designs, as shown in the

left side of Fig. 1. If the current collector layer was

used, which is normally high porosity, the advantage
of serpentine channel might be collapsed since fuel/air
could primarily flow through this porous layer in-
stead of the channel. Therefore, in the case of using
current collector, simple parallel channel that is less
affected by porous media, is preferable.

Regarding to the current collectors, they can be
metal woven mesh or metal foam. The use of current
collectors takes a variety of advantages. The current
collector layer can not only reduce the ohmic loss
between layers of the fuel cell, but also bring a reli-
able compressibility for the stack which is beneficial
to engineering point of view™. In addition, a prop-
erly use of current collector layers can significantly
improve performance of the stack. Canavar et al>"”
reported that SOFC stack using a proper porous flow
field, which works as current collector, can obtain
higher voltage compared with the case merely using
channel because of the reduction in the ohmic loss.
Furthermore, by combining metal mesh/foam and the
gas channel, the stack performance can further be
improved. As a result, stack designs with both chan-
nel and the porous current collector are favorable
nowadays. These above types design are presented
the Fig. 1 in sequence of the stack performance.

It seems that the combination of parallel channel
and current collector layer in the SOFC stack is one
of the reasonable choices for both performance and

manufacturing points of view. However, researchers
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Fig. 1. Comparison of stack designs in term of cell voltage
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Fig. 2. Interconnector designs considered in the study. (a) Base design, (b) design 1, (c) design 2, (d) design 3, (e) design 4, (f) de-
sign 5, (g) design 6
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are continuing to enhance performance of these kind
of designs. To improve flow uniformity of the paral-
lel channel, Huang et al.” conducted a set of guide
vanes in the entrance and the outlet section of the in-
terconnector, resulting in an increase of the uni-
formity of approximately 10% and pick power den-
sity of 11%. Ashraf et al.') designed a pattern of
dimples (or circular guiding vanes) and compared
with the typical rectangular rib design. Unfortunately,
his results revealed that the uniformity (between
cells) of the dimple pattern design is 0.88 while that
of the rectangular design is approximately 0.98.
However, the design using dimple demonstrated
more uniform temperature and current density dis-
tribution as well as higher cell efficiency than rec-
tangular interconnector. Whether, as a combination
of the two above researches, by using dimple pattern
in the entrance and outlet area of the interconnector
with rectangular channel, the flow uniformity can be
increase or not. In addition, so far there is no attempt
to try other shapes of dimple in those areas.

In this study new designs of the interconnector
with rectangular-shape dimple patterns in the inlet
and outlet sections are proposed. By conducting a
simple computational fluid dynamics (CFD) calcu-
lation of the interconnector at typical working con-
ditions of the SOFC stack, the uniformity and pres-
sure drop are calculated. Sizes of the dimple are
changed to find out the optimal design based on flow
uniformity in the channel. Results show that an ap-
propriate dimple pattern design can significantly in-
crease the flow uniformity of the SOFC stack while
keep the pressure drop over the channel in an accept-

able range.

2. Design descriptions

There are seven designs considered in this study,
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one is based design which has no dimple pattern for
comparison, and the others are proposed designs with
dimple pattern, as presented in Fig. 2. The inter-
connector is 160x160 mm’ that will be used for the
cell with active area of 100x100 mm’. The gas
comes in from two holes, goes through parallel chan-
nels, and then goes out of the interconnector by two
other holes. The channel high is 0.4 mm. A metal
porous mesh that is 110x110x0.36 mm’ is used as a
current collector layer. The porosity of the metal
mesh varies from 0.6 to 0.9 depending on the struc-
ture of the mesh. In this study, we assume the poros-
ity of the mesh of 0.8. Note that all designs in the
study are cross-flow type gas separator, and only
anode side is considered since the study focuses on
gas flow uniformity only. There are no chemical or
electrochemical effects are taken into account, there-
fore the result should be similar for both sides in
term of flow uniformity.

In the proposed designs, design 1 to design 6, the
dimple patterns are located at the inlet and outlet
area of the gas separator. As illustrated in Fig. 2
(b)-(g), not only the dimple sizes but also the dimple
patterns are changed from designs to optimize flow
uniformity. Design 1, 3, and 5 are using patterns
which cover all channels while the others are con-
ducting partial dimple pattern. Categorization of dim-

ple pattern in those designs are summarized in Table 1.

Table 1. Categorization of dimple patterns

Pattern type | Mixed size | Sizes (mm X mm)
Design 1 Full No 1.5x1.5
Design 2 Partial No 1.5x1.5
Design 3 Full No 1.0x3.5
Design 4 Partial No 1.0x3.5
Design 5 Full Yes 1.0x3.5; 1.0x7.0
Design 6 Partial Yes 1.0x3.5; 1.0x7.0
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The other dimensions of the gas separator and the

mesh sizes are identical to the based case.

3. CFD calculation

Interconnector designs were simulated in Fluent
software (ANSYS, Canonsburg, Pennsylvania, The
United States of America) in which the typical con-
tinuity equation, momentum equation, and energy
equation of the gas flow are solved. All hexahedral
meshes were created using nonconforming mesh
technique. Approximately two million mesh elements
are generated for the entire calculation domain (fluid
domain and porous mesh).

The main assumptions in the simulation are as fol-
low: 1) the gas is assumed as an ideal gas, 2) the
flow is considered as laminar, 3) the simulations are
performed under steady-state conditions, and 4) the
gauge pressure is set to 0 Pa for both anode and
cathode outlets.

In the course of simulation, the gas is pure hydro-
gen (Hy) at 973 K. The mass flow rate is 6.4x107
kg/s, which is similar to previous in-house experi-
ment condition'”. A heat flux of 60 W/m’ is applied
to the current collector layer surface (porous mesh)
to cover the thermal effect of the gas. To investigate

flow uniformity in the channels, a typical formula is

13):
oy 1/2
e

where n=24 represents the total number of rec-

used as follow

r= 100x{1—{711§]1[w

u

tangular rib-channels, u; is the velocity at ith rib-

channel, and wu is the averaged mean velocity,

respectively.
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4. Results and discussion

The most concerning thing in gas separator design
is that the gas flow is well distributed into channels
so that get high flow uniformity. For the based de-
sign, the flow uniformity and pressure drop are
94.8% and 14.0 Pa, respectively. It is clear from Fig. 3
that the flow is distributed more in the side-channels,
resulting in higher velocity in the channel 1-9 and
16-24 than channels in the center of the interconnector.
The non-uniform distribution is attributed to the dif-

ference in pathways of the gas. The side-channels
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Fig. 3. Velocity distribution in the interconnector and velocity at
the middle of the channel of base design
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have shorter pathway while those of center ones are
longer, leading to difference in local pressure drop
between channels. This brings an idea of using dim-
ple pattern to compensate the gas pathway of all
channels.

Fig. 4 displays the velocity distribution of the
dimple pattern designs. By using dimples, the flow is
distributed more to the center area, resulting in more

uniform flow distribution, especially in design 3, 4,
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Fig. 4. Velocity distribution in the gas separator designs with dimple pattern. (a) Design 1, (b) design 2, (c) design 3, (d) design 4, (e)
design 5, (f) design 6
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5, and 6. However, to quantitative evaluate the im-
provement of the flow distribution, velocity profile
in channels and the flow uniformity have to be
considered.

Fig. 5 shows the velocity profile in the channels
and the uniformity of all designs with dimple pattern.
While design 1, 2, 3, and 5 show a similar dis-
tribution to the based case, design 4 and 6 show a

more uniform velocity. Those difference can be seen
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in flow uniformity value, which are 93.4%, 94.5%, velocity profile of design 4 and 6 are almost flat, as
95.9%, 94.9%, 97.4%, and 98.7%, respectively. The presented in Fig. 5(d), (f). The improvement of the
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Fig. 5. Velocity profile at the middle of the channel of the designs with dimple pattern. (a) Design 1, (b) design 2, (c) design 3, (d) de-
sign 4, (e) design 5, (f) design 6
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design 4 and 6 attributes to the increase of gas path-
way of the side-channels, resulting in more gas flow-
ing via center channels. In these two designs, al-
though the velocity in channel number 1 and 24 are
a little bit lower than the other channels, these two
dimple patterns are appropriate for the current inter-
connector design. In addition, also from Fig. 5, the
averaged mean velocity of these designs are similar,
about 0.222 my/s, therefore similar pressure drops in
these designs could be expected.

Regard to pressure drop from input to output of
the interconnector, it varies from 15.5 Pa in design
2 to 26.4 Pa in design 4. The difference in pressure
drop is small, therefore it can be neglected. The com-
parison of pressure drop at all cases are in Fig. 6. It
is obvious that increase in pathway of the gas results
in an increase in the pressure drop. However, design
6 shows not only highest flow uniformity, about 4%
higher than based case, but also a relatively low
pressure drop compared to others. Thus, design 6 is
the best candidate for current interconnector design
and the concept of using dimple can be adapted for

designing gas separator.

5. Conclusions

In this paper, a method to enhance flow uni-
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Fig. 6. Comparison in pressure drop and flow uniformity
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formity in the parallel channel-type interconnector
was introduced. A dimple pattern was design at the
inlet and outlet section of the interconnector to com-
pensate the gas pathway between channels, therefore
the pressure drop at all channels could be similar. A
simple CFD calculation, which takes into account to
heat flux to the interconnector and flow in a porous
media, was done for 3D models of the interconnector.
The uniformity calculated at the middle of the chan-
nels were increased from 94.8% in the based case to
98.7% (design 6) while the pressure drop varied
from 14.0 Pa to 26.4 Pa. The following conclusions
were drawn by summarizing our calculation results
of all dimple pattern designs: 1) by using an appro-
priate dimple pattern at the inlet and outlet section of
the interconnector, the flow uniformity can be sig-
nificantly enhanced. 2) The change of pressure drop
over the interconnector during optimizing the dimple
pattern is negligible. And 3) design 6 shows the best
performance in the current interconnector design.
These above results bring a promising method to
enhance flow uniformity of the gas separator for the
SOFC stack. However, a comprehensive simulation,
which takes into account to electrochemical reaction
and heat transfer with environment as well as be-
tween cells, is necessary to optimize the shape and

size of the dimple pattern.
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