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The U-type parallel channels for large size planar solid oxide fuel cell (pSOFC) are systematically optimized
with the computational fluid dynamics (CFD) method. The CFD calculations are based on realistic 3D gas
channel models and typical pSOFC working parameters. The optimized geometric parameters include the
height of interconnect ribs, aspect ratios of the inlet-header and outlet-header cross-sections, the sum
of inlet- and outlet-header widths and the ratio of the outlet-header width to the inlet-header width («).

Detailed CFD calculations show that a suitable « and a relatively large header width are necessary for
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distribution is analyzed.

the flow uniformity of both air and fuel in large size pSOFCs. In particular, « is demonstrated to be a key
parameter for the flow uniformity of large size pSOFCs with U-type parallel channel designs and a proper
choice of « is of critical engineering importance. The physical origin for the importance of « on the flow

Crown Copyright © 2009 Published by Elsevier B.V. All rights reserved.

1. Introduction

An unavoidable development direction of planar solid oxide fuel
cells (pSOFCs) is to increase the sizes of active cells in order to effi-
ciently improve the volumetric power densities of working pSOFC
stacks. For example, Versa Power Systems and Delphi are report-
ing manufacturing pSOFCs with active area up to 33 cm x 33 cm
[1]. Uniform flow distribution over the active cell area is important
for more uniform current generation and reaping the full benefit
of a large cell and the stable cell operation. Like the case for high
PSOFC stacks [2-5], however, it is nontrivial to achieve flow uni-
formity for large pSOFC cells. Moreover, in comparison with the
flow in a conventional size cell, two new features of the flow in a
large size cell may emerge and require additional care. Firstly, the
flow in a large size cell may be in the turbulent flow region due to
the relatively high flow velocity, while the flow in a conventional
size cell is usually laminar [5]. As to be discussed later, this is par-
ticularly the case for the air flow and may not be easily treated
by simple analytical approximation. Secondly, due to higher flow
velocity and longer pathway, the pressure drop for the flow in a
large size cell is much larger than that in a conventional size cell.
It becomes an important consideration that the overall net pres-
sure drop should be as low as possible to reduce parasitic power
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needed to drive pump or compressor. Consequently, the flow uni-
formity for large size pSOFC cells is an important research subject
of its own. As the experimental test is expensive, time-consuming
and difficult to explore combinations of various design parameters,
theoretical approaches are valuable tools for assisting the engi-
neering designs of the gas-flow configurations of large size pSOFC
cells.

There have been numerous studies in recent years on the flow
distributions inside fuel cell [6-17]. The U-type and Z-type parallel
channel designs are the most widely studied flow configurations
and the U-type design is favored by many researchers. In most
studies, the flow channel system is simplified as a two-dimensional
(2D) flow resistance network. Based on the 2D mass and momen-
tum conservation relationships and assuming constant energy loss
coefficients for the dividing and combining sections and bends, sim-
ple analytical or numerical solutions may be obtained for the flow
distributions [6-8]. For example, Maharudrayya et al. [6] obtained
an analytical expression for the flow distribution based on 2D
mass and momentum equations and the discretization method pro-
posed by Bassiouny and Martin [11] for turbulence flow. Wang [7]
introduced the frictional and inertial effects in his 2D model to pre-
dict the pressure drop and flow distribution in U-type fuel cells.
Although some useful information may be deduced from these 2D
models, however, the simplification processes involve numerous
approximations that may or may not be valid. Consequently, the 2D
results are of limited accuracy at the best and may be misleading
sometime.
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Nomenclature

Afel flow cross-sectional area of fuel inlet

Aqir flow cross-sectional area of air inlet

D hydraulic diameter

F Faraday’s constant (F=96,485Cmol-1)

H, channel height

Hip height of the inlet header

Hout height of the outlet header

h{” total energy loss due to the friction and local energy
loss effects along the inlet header

hout total energy loss due to the friction and local energy

loss effects along the outlet header

j current density

Lin length of the flow cross-sectional area

M; molar weight of species i (i=H;, O3)

m; mass flow rate of the ith channel

m; normalized mass flow rate of the ith channel

mo minimal value of the normalized mass flow rates

m the average of the channel mass flow rate

Pgrop net pressure drop between the flow inlet and outlet

P; pressure at the locationi (i=A, B, C, D)

Quir air inlet mass flow rate

Qfer fuel inlet mass flow rate

Re Reynolds number

Regir Reynolds numbers for air at the inlet

Refyel Reynolds numbers for fuel at the inlet

S effective reaction area

u velocity vector

U; velocity at the locationi (i=A, B, C, D)

U flow uniformity

4 gas volumetric flow rate

Win inlet-header width

Wout outlet-header width

o ratio of the outlet-header width to the inlet-header
width

¢ inlet-header and outlet-header aspect ratio

P density

Ofuel fuel density

Lair air density

Xi mass fraction of species i in the gas flow (i=H>, O5)

ni utilization rate of species i (i=H;, 0;)

npump  efficiency of the gas pump

T stress tensor

n fluid viscosity

A more reliable approach to predict the flow distribution is
through the computational fluid dynamics (CFD) simulations with
realistic 3D flow channel models and reasonable boundary con-
ditions [5,10]. In this work, U-type parallel channel models for
large size pSOFCs with realistic geometric parameters were built
for both air and fuel flows and full CFD calculations were performed
to obtain the details of the flow distributions and pressure drops.
Main geometric parameters influencing the channel flow distribu-
tions were systematically varied in order to obtain the optimal flow
uniformities. The optimized geometric parameters included the
height of interconnect ribs, aspect ratios of the inlet-header and
outlet-header cross-sections, the sum of inlet- and outlet-header
widths and the ratio of the outlet-header width to the inlet-header
width. The last parameter is found to be a controlling factor for
the flow uniformity and the corresponding physical origin is ana-
lyzed.

2. Model description
2.1. U-type gas channels in pSOFC

Fig. 1 shows a U-type flow channel arrangement in a pSOFC
cell (the air and fuel channel arrangements are similar and only
air channels are explicitly shown). The top component shown is an
interconnect plate with parallel channels dug in both sides to dis-
tribute the air (fuel) flow across the cell. The corresponding U-type
flow model is shown in Fig. 2 and the middle part is the channel
group on electrode. The dividing and combining parts of the U-
type channel configuration form the inlet header and outlet header,
respectively. Without loss of generality, the channel group consists
of 50 channels in this study. For naming convenience, the chan-
nels are numbered sequentially from the inlet/outlet to the top
along the headers. That is, the channel closest to the inlet/outlet
is the 1st channel (the bottom channel) and the channel that is fur-
thest away from the inlet/outlet is the 50th cell (the top channel).
Fig. 3 shows a 2D cross-section of the U-type flow channel with
the corresponding geometrical parameters indicated. The geomet-
ric parameters for a standard U-type flow model in this study are
shown in Table 1. Unless specified otherwise, the parameters in
Table 1 are assumed.

Each geometric variable shown in Table 1 may influence the
flow uniformity and pressure drop in some way. Here we limit
our discussion to the representative cells with an active area of
200 mm x 200 mm. The width of the channel or rib will also be
fixed as their optimization is determined by very different con-
siderations and the used value is reasonable for practical purpose
[18-20]. Moreover, based on the results of SOFC stack flow uni-
formity optimizations, we focus the discussion on the following
parameters: the height of the channel on electrode (H¢), the inlet-
header and outlet-header aspect ratio (¢ = Wy, /Hj;, = Wout/Hout ), and
the ratio of the outlet-header width to the inlet-header width
(a=Wout/Wiy).

2.2. Governing equations and flow models for air and fuel

Although the flows in working pSOFC cells are chemical react-
ing flows and the flow densities and properties change along the
channel paths, most flow uniformity studies assume no chemi-
cal reactions and the flow is isothermal and incompressible [2-9].
These assumptions are acceptable since chemical reactions and
flow property variations occur in all channels on the electrode and a
more uniform flow distribution obtained under such assumptions
should correspond to a more uniform distribution in practice. To
validate the above assertion, some tests were performed using sim-
plified distributions of temperature gradients and electrochemical
reactions. For example, the temperature difference between the
inlet header and the outlet header was set at 200K and the tem-
perature gradients and the chemical reactions were assumed to
be uniform across the channels. The results for the channel flow
rate distributions with the above reacting and non-isothermal flow
model were different from the isothermal and non-reacting flow
calculations by less than 1%. The differences were insignificant for

Table 1
Geometric parameters for a standard U-type flow model (the reference model) in
this study.

Component Value (mm)
Header’s height (H, = Hou) 3.0

Header’s width (Wi, = Wout) g9

Area of active zone (mm?) 200.0 x 200.0
Width of channel or rib (W, =W,y,) 2.0

Height of fuel channel (H, = Hy) 1.0

Height of air channel (H, = Hy;p) 1.5
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Fig. 1. Planar solid oxide fuel cell with a U-type flow channel design.

the designs of the channel flow distributions. Therefore, this study
also adopted the isothermal, non-reacting and incompressible flow
assumptions.

The flow governing equations are the continuity equation:

dp
or

where 1 is the velocity vector and p is the density, and the momen-
tum equation

+Ve(pi)=0 (1)

ag;tu+V.(pa><ﬁ)=—Vp+Vor (2)
where t is the stress tensor.
According to the fluid dynamics, the flow state is characterized

by Reynolds number (Re)
(3)

where u is the average flow velocity, D the hydraulic diameter and
W is the fluid viscosity. For the inlet header with a rectangular

Inlet header

cross-sectional area, D =2L;, Wj,/(Li, + Wj,), where L;;, and Wj, are
respectively the length and width of the flow cross-sectional area.
If Re is less than 2100, the flow is laminar. Otherwise, the flow is
turbulent.

The mass flow rate at the cell gas channel inlet may be deter-
mined by the average current density (j), the effective reaction area
(S), the fuel/oxidant utilization rate (1) and the mass fraction of the
effective component in the gas flow (x).

Considering a representative fuel consisting of 65% hydrogen
and 35% water by mass fraction, the inlet fuel mass flow rate may
be written as

JSM,

PYVH, 4
2Filey X “)

quel = :OfuelAfuelufuel =

where My, is the molar weight of hydrogen (M, =2.0gmol~1), F
the Faraday constant (F=96,485Cmol~1), nh, (=0.85)the overall
hydrogen utilization rate, yp, (= 0.65) the mass fraction of hydro-
gen in the inlet fuel flow. In this study, the average current density,
j,is setat 0.7 Acm2, and the effective reaction area, S, is 400 cm?2.

Fig. 2. A U-type flow model with 50 channels in the channel group and a grid subset for the model.
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Fig. 3. A 2D cross-sectional view of a U-type flow channel.

Similarly, the inlet air mass flow rate may be expressed as

JSMo,

—_ 5
4F7702 XOZ ( )

Qair = pairAairuair =
where 70, (=0.15), X0, (=0.21) and Mo, (=32 gmol-1) are the oxy-
gen usage rate, oxygen mass fraction in air and the molar weight of
oxygen, respectively.

Based on Egs. (3)-(5), the Reynolds numbers for fuel and air at
the inlets may be written as

Re | = jSMH2 (6)
fue Fnu, xn, Mfuel(Lin + Win)
JSMo
Rem-r = 2 (7)

2Fno, o, Kair(Lin + Wig)

The flow viscosity may vary with the temperature and com-
ponents and was evaluated with the Sutherland’s law [21]. At the
working temperature of 1073 K, the fuel and air viscosities are
3.01 x 107> and 4.16 x 10> kgm~' s~1, respectively.

According to the parameters in Table 1 and those given above,
Rejye is found to be around 300, and Reg;- is about 6000, indict-
ing that the fuel flow is well in the laminar flow region, while the
air flow as a whole is in the turbulent region. Therefore, the CFD
calculations for the air flow in large size pSOFC must adopt the
turbulence models, a situation very different from that for a con-
ventional size pSOFC (S~ 100 cm?, Rey; ~1500) where a laminar
flow model may be appropriate.

2.3. Measure of flow uniformity (U)

There are different definitions of flow uniformity in literatures.
Similar to the definition proposed for the stack flow uniformity
in a previous study [5], the flow uniformity, U, is defined here as

the minimal value of the normalized mass flow rates (m/_, ) of all
channels in the channel group:
U=y, ®)
Here the normalized mass flow rate is defined as
,omp .
%:ﬁ(bLZmﬁm (9)

where m; is the mass flow rate of the ith channel and m is the aver-
age of m;. Clearly, 0 < U < 1 and a higher value of U indicates a more
uniform flow distribution with U=1 corresponds to the perfectly
uniform flow where all channels receive the same amount of flow.
Notice that the flow uniformity requirement for the cell channels is
less stringent than that for the stack flow. The cells in a pSOFC stack
are connected in series to produce the current and the possible stack
power output is limited by the cell receiving the least flow, while
the channels in a cell are connected in parallel and the effect of non-
uniform flow is less severe. However, flow non-uniformity does
mean that some channels are less effective and reduce the benefit
of a large cell. Moreover, flow non-uniformity may also have other
undesirable consequences such as inducing local hot/cold spots and
high thermal stress.

2.4. Pressure drop and the electric power loss

Denoting the net pressure drop between the flow inlet and out-
let as Pyr,p, the electrical power required to drive the gas pump
or compressor may be estimated as Py V'/Npump, Where V' is
the gas volumetric flow rate and npump is the efficiency of the
gas pump. V' may be calculated as the mass flow rate (Eq. (4) or
(5)) divided by the gas density at the working condition. For the
reference model working at 1073K and 1atm and assuming the
cell output voltage of 0.7V and npump = 0.85, it is easy to know
that for every Py, of 1000Pa, about 1.2% and 0.1% of the elec-
tric power produced by the pSOFC cell will be consumed by the
air and fuel pumps, respectively. Clearly, even though a uniform
flow distribution may be obtained by ensuring that the pressure-
change in inlet/outlet headers is much lower than that in the gas
channels, excessively large Py, should be avoided in order for
the pSOFC technology to be competitive in overall system effi-
ciency. The role of Py, for the air flow is particularly important
for the system efficiency. Therefore, high flow uniformity with rel-
atively low net pressure drop for air should be a goal of engineering
design.

2.5. CFD settings and solutions

2.5.1. Grid generation

Commercial software ANSYS® ICEM CFD 11.0 was used in the
grid generation. The reference model was divided into a fine grid
of approximately 420,000 hexahedral elements. For both the air
and fuel flow models, the average grid dimensions for the inlet and
outlet headers were 0.60 mm x 0.20 mm x 0.40 mm in X, Y and Z
directions (see Fig. 2 for the definition of the coordinate axes). The
size of the mesh cells was kept unchanged as far as possible for
models other than the reference one and the number of the grid
cells changed proportionally with the model geometry dimension.
Each of the flow channels was simulated by five cells across each
dimension (Y and Z directions) regardless of the geometry dimen-
sion variation of the flow channels. The average grid dimension
in the X direction was 2.50 mm for the flow channels in all mod-
els. The mesh resolution for a subset of the model is illustrated in
Fig. 2. The flow fields around headers and channel junctions are por-
trayed with grids finer than the above average in order to describe
the flow field better. To test the model grid independence, several
calculations have been carried out and the grid model is verified to
be sufficiently fine. For example, the maximum deviation for the
standard model is found to be only 0.5% (2%) for the air (fuel) flow
uniformity between the results using the above grid and a simi-
lar but coarser grid composed of approximately 97,000 hexahedral
elements.

2.5.2. Boundary conditions

Mass flow rate inlet boundary and pressure outlet boundary
conditions were adopted for the flow models. The mass flow rate for
fuel and air are determined by Eqgs. (4) and (5). The reference static
pressure was 1 atm and the outlet pressure profile blend factor was
setat 0.05. Adiabatic, no-slip walls and the scalar wall function were
used to treat the wall boundaries [22].
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Fig. 4. The effect of the channel height (H.) on the flow uniformity of the reference
model: (a) air flow, (b) fuel flow. The air and fuel uniformities increase with the
decrease of H.

2.5.3. Solutions

Commercial software, ANSYS® CFX 11.0, was used in the CFD
calculations. According to the above discussion in Section 2.2, the
standard k-¢ turbulence flow model for the air flow system and
laminar flow model for the fuel flow system were used in the CFD
settings. The standard k-¢ turbulence flow model is widely used, as
it offers good compromise between numerical effort and compu-
tational accuracy. The value of k and ¢ at the inlet were assigned to
a 5% turbulence intensity level. Changing the turbulence intensity
level from 1% to 10% only resulted in a change of the air flow uni-
formity by less than 1% for the reference model. The convergence
target RMS was set at 10>, which was known to provide highly
convergent results.

3. Results and discussions
3.1. The effects of H. on the gas distribution

Fig. 4 shows the effects of the channel height (H.) on the air and
fuel distributions. Air flow uniformity increases from 0.12 to 0.59
when H decreases from 2.0 to 1.0 mm. Meanwhile, Py, increases
from 3118 to 3642 Pa in the process. Similarly, the fuel unifor-
mity increases from 0.39 to 0.91 when H, is decreased from 1.5
to 0.5 mm, while Pg;,, is changed from 1348 to 3434 Pa. The effect
of H; on the flow uniformity is easily understandable. Reducing H,
increases the difficulty of gas flowing through the small channels
and a larger pressure drop is required for passing through the same
amount of flow. Consequently, the pressure drops in inlet header

and outlet header become relatively small in comparison with that
in the channels, resulting in the improved uniformity of the channel
flows. As a note in passing, the pressure drop results may be under-
stood by assuming Py, is approximately proportional to the flow
velocity of the channel receiving the most flow. For example for the
air flow, the maximum flow velocity, which is proportional to the
maximal normalized mass flow rate multiplied by the average flow
velocity (the latter is inversely proportional to the channel height),
remains roughly unchanged for different H., as may be inferred
from Fig. 4a. Consequently, Py, for the air flow is roughly the same
for different H,.

Notice, however, according to the discussion in Section 2.4, the
air pressure drop of over 3000 Pa translates to a significant loss of
about 4% of the electric power produced and is highly undesirable.
Therefore, reducing H, is not a good design option even though it
is helpful for improving the flow uniformity.

3.2. The effects of ¢ on the flow distribution

In this study, the cross-sectional area of either the inlet or out-
let header, Wy, x Hip (=Wour x Hoye), were fixed at 24 mm? and the
header’s aspect ratio ¢ (¢ = W/H) was varied as 12 mm/2 mm = 6.00,
8 mm/3 mm=2.67 and 6 mm/4 mm = 1.50. As shown in Fig. 5, with
¢ decreased from 6.00 to 1.50, the air and fuel uniformities increase
from 0.24 to 0.31 and from 0.55 to 0.79, respectively. Meanwhile,
Pgrop for air and fuel decrease from 3517 to 3180 Pa and from 3080
to 1866 Pa, respectively. It appears that ¢ affects the flow unifor-
mity and the pressure drop more for fuel than for air. This is due to
that the fuel flow is laminar and the energy loss is dominated by the

Normalized mass flow rate (m’)

Channel number

Normalized mass flow rate (m)

1 T

1 L L] L ] 1 T L]
15 20 25 30 35 40 45 50 55
Channel number

1
5 0 5 10

Fig. 5. The effects of ¢ (¢ = W/H) on the gas distribution: (a) air flow, (b) fuel flow.
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friction effect that is sensitive to the aspect ratio. The air flow, how-
ever, is turbulent and the energy loss is dominated by the kinetic
term that is not directly related to the aspect ratio. The frictional
energy loss is only of secondary importance for the air flow. Con-
sequently, the effect of the aspect ratio on the flow uniformity is
more notable for the fuel flow than for the air flow.

It is clear that a smaller ¢ is beneficial for both air and fuel
flow distributions. This is understandable based on the approxi-
mate laminar flow theory: a smaller { means a lower flow friction
and smaller pressure drop along the headers and consequently the
pressure drop in the headers becomes relatively small in compari-
son with that in the channels, resulting in the improved uniformity
of the channel flows. It is advisable to use a head with small ¢
in order to improve the fuel uniformity. However, it is difficult to
improve the air flow uniformity and reduce the air pressure drop
to the desired level by reducing ¢ and alternative design parameter
should be sought.

3.3. The effects of o on the flow uniformity

« is defined as the ratio of the outlet-header width to the inlet-
header width, Wy,:/Wj,. The effects of « on the flow uniformity
were examined with a constant Wj, + Wy,; so that the cells with
different o« may have the same volumetric power density design.

3.3.1. Air flow distribution

The cases for W, + Wour =12, 16, 20 and 24 mm were examined.
In each case, o was varied between 1.00 and 3.00. Some representa-
tive results are shown in Fig. 6. As may be seen from Fig. 6, suitable
choice of o may significantly improve the air flow uniformity. It is
interesting to note that the four cases of Wj, + W, =12, 16, 20 and
24 mm share the same optimal « (« =2.2) for achieving the high-
est flow uniformity. The highest flow uniformities obtained were
respectively 0.86, 0.94, 0.95 and 0.95 with the corresponding Py,
of 6357, 3687, 2451 and 1774 Pa. Compared to all the results dis-
cussed so far with @ =1, the air flow uniformity is greatly improved
with the optimized « (=2.2) and « is a key design parameter for
the air flow uniformity. In addition, it is clear that a larger value of
Wi + Woue is helpful for achieving higher flow uniformity and lower
overall pressure drop. Even though the effect of using W, + Wout
larger than 16 mm on the optimal flow uniformity is quite limited,
it is still quite helpful for reducing the pressure drop. A value of
Wipn + Woy larger than 24 mm is recommended to further reduce
the air pressure drop.

3.3.2. Fuel flow distribution

The effects of & on the fuel flow uniformity were similarly tested
and the representative results are shown in Fig. 7. The highest flow
uniformities for Wj, + Wy, =12, 16, 20 and 24 mm were found with
the same «, o =1, and were respectively 0.57, 0.71, 0.78 and 0.83
with the corresponding Py, 0f 2580, 2189, 1943 and 1849 Pa. Sim-
ilar to the findings for the air flow, a larger value of Wj, + Wy, is
helpful for achieving higher fuel flow uniformity as well as lower
pressure drop. A value of Wy, + W, larger than 24 mm is also rec-
ommended to further improve the flow uniformity. However, the
effects of « on the fuel flow appear to be characteristically different
from that on the air flow. For all the cases studied, the optimal « for
the fuel flow is =1 and the flow uniformity decreases gradually
with the increase of @. The underlying mechanism will be analyzed
later.

3.4. The mechanism for the role of « on the flow distribution
The above results have shown that the ratio of the outlet-

header width to the inlet-header width, ¢, is a critically important
design parameter for the air flow uniformity with low pressure
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Fig. 6. Dependence of air flow distributions on «: (a) Wi, + Wy =12mm, (b)
Win + Woyur =24 mm.

drop. Analyzing the underlying mechanism is not only helpful for
understanding the modeling results, but also useful for providing a
general guiding principle to the broad pSOFC community.

The basic physics of the 3D U-type channel flows (Fig. 2) may
be represented by the simplified 2D model shown in Fig. 8. The
energy conservation relationship along the inlet header (A-B) and
the outlet header (C-D) may be written as [23]:

1 1 ;

PA+§pu%:PB+§pu§+h}” (10)
1 1

Pc+ipu%=PD+§pu123+h?“t (11)

where hi" and h9"* are the total energy loss due to the friction and
other local energy loss effects along the inlet header and the outlet
header, respectively. P; (u;) is the pressure (velocity) at the location
i(i=A,B,C, D).

Due to the flow mass conservation, the average velocities in the

inlet header and the outlet header may be expressed as
up = Up, U =CUC (12)

Combining Eqs. (10)-(12) gives
i 1
(Pa—Pp) = (Pg — Pc) = h" + h" — 5 p(a® = 1)(up —ug) ~ (13)

For conventional design with the same width for the inlet header
and outlet header (a = 1), we always have (P4 — Pp)>(Pg — P¢) since
the total energy loss along the headers is always positive. That is,
the pressure difference between A and D is always larger than that
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Fig. 7. Dependence of fuel flow distributions on «: (a) Wi, + Wy,e=12mm, (b)
Win + Woyur =24 mm.

between B and C. As the mass flow rate for a given channel is roughly
proportional to the pressure drop along the channel, the mass flow
rate for the first channel A-D is always larger than for the last chan-
nel B-C. This analysis is fully supported by the numerical results
shown in Figs. 4-7.

If a uniform flow were possible, it would require
(Py —Pp)~(Pg —Pc). According to Eq. (13), this can only be
achieved with «>1 because (u3 —u2) is always positive. Further
increasing the value of « beyond a balancing point may cause
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Fig. 8. A simplified 2D model of the 3D air or fuel flow in a pSOFC cell.

(1/2)p(a? = 1)(ud —u2) > hi" + 4, or (P4—Pp)<(Pg—Pc). In
that case, the last channel may receive more flow than the first
channel. This analysis is also fully supported by the numeri-
cal results shown in Fig. 6. Moreover, the local energy loss is
proportional to the square of the flow velocity [24,25] and the
total energy loss along the headers (hi” and h¢"t) is dominated
by the local energy loss when the flow velocity is high. That is,
both h'” h¢'t and (u2 - u2) are roughly inversely proportional
to the square of the 1nlet header width. Therefore, cells with
different Wj, + Wy,,; are seen to have essentially the same optimal
o that gives (1/2)p(a3 — 1)(ud — u2) ~ hi" + h?U, as illustrated in
Fig. 6.

When the flow velocity is small like the case for the typical
fuel flow, the frictional energy loss can be a major or dominant
component of the total energy loss. In such cases only very large
o may achieve the balance (1/2)p(e? — 1)(u3 — u) ~ hi"* + U,
For practical o, (1/2)p(a? — 1)(u? - u2) may increase slower than
hi" 4+ h94t with the increase of a.. As a result, the difference between
(P4 —Pp) and (Pg— Pc) may increase with the increase of «, as
observed in Fig. 7 for the fuel flow. Fortunately, the fuel flow uni-
formity is already reasonably high for the conventional design of
Win = Wour =12 mm. Adjusting the head aspect ratio may further
increase the flow uniformity (Fig. 5b). Moreover, the fuel flow may
tolerate a relatively high pressure drop (Section 2.4). It is easy to
further improve the flow uniformity by moderately reducing the
fuel channel height.

4. Summary

We have constructed realistic 3D U-type flow field models for
large size pSOFCs. The effects of the channel height, the header
aspect ratio and the header width ratio () on the flow uniformity
and the total pressure drop have been systematically examined
with the CFD method. « is found to be a key parameter for the air
flow uniformity and the underlying mechanism is clearly explained
by a simplified 2D model.
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