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SUMMARY

The NASA-Redox Energy Storage system uses two fully soluble redox cou-
ples as anode and cathode fluids. Both fluids are pumped through a redox
cell, or stack of cells, where the electrochemical reactions take place at
porous carbon felt electrodes. Pressure-drop losses are therefore asso~
ciated with this system due to the continuous flow of reactant solutions.
The exact pressure drop within a redox flow cell is directly dependent on
the flow rate as well as the various cell dimensions.

Pumping power requirements for a specific set of cell operating condi-
tions can be found for various cell geometries once the flow rate and pres~—
sure drop have been determined. Since these pumping power requirements
contribute to the overall system parasitic energy losses which must be mini-
mized, the choice of cell geometry becomes critical. Pressure-drop data for
six different cell geometries of various flow port, manifold, and cavity
dimensions are presented and disc:ssed.

INTRODUCTION

One of the features of the NASA-Redox Energy Storage System is the re—~
quirement for continuous flow of the reactant solutioms. Acidic iron chlo~
ride and chromium chloride are the reactant species that are circulated
between two individual storage tanks and the power conversion section of
the system, the redox stack (ref. 1). This stack can consist of any number
and size of operational cells, depending on system voltage and current
requirements.

Inherent with any flowing system are pressure-drop losses, both in the
stack itself and in the associated plumbing between the s*ack and storage
tanks. In designing a redox system, it is desirable to k:ep these pressure-
drop losses to a minimum, since pumping power requirements are a direct
parasitic energy loss to the redox system. Pressure-drop losses due to
plumbing are unavoidable; however, significant decreases in pressure drop
can be obtained through improved design of the flow ports, manifolds, and
cavities in the cells composing the stack.

Shunt currents (ref. 3) are another parasitic energy loss to the sys-
tem. Design parameters that decrease the pressure drop and hence the pump=
ing power requirements tend to increase the shunt losses. When designing a
specific system, trade-offs to minimize the sum of these parasitic energy
losses obviously become necessary. This will be the subject of future
reports. It is the purpose of this paper to present and compare pressure~
drop data for cell designs with different combinations of port, manifold,
and cavity dimensions. The effects of both the electrode structure and its
dimensions on the pressure drop are also.discussed. Knowing the pressure
drop and design flow rate, the pumping power contribution to the overall
system parasitic energy loss for a specific cell geometry and stack size can
be calculated. This pumping power contribution is typically only a few per-
cent of the total energy output for an entire system, with the sum of the
pumping and shunt losses normally less than 5 percent.

BACKGROUND

A typical planform of a flow field frame assembly ﬁsed in a redox stack
is shown in figure 1. Reactant solution enters the flow field through an
inlet primary manifold hole common to all ~ells in the stack, then flows



upward through an inlet port before entering the cell cavity. Here a gap is
left between the flow field frame assembly and the electrode to form a sec~
ondary manifold which allows the reactant solution to spread out evenly
before moving upward through the electrode. Flow leaves the cell through an
exit secondary manifold, exit port, and exit primiry manifold. Figure 2
depicts the parallel flow arrangement of single-cell components in a stack
of redox cells. The gaskets and flow plate combine to form the flow-field
frame assembly iu each cell. The flow plate and gasket are identical except
that the flow plate has an inlet and exit port to direct flow from the pri-
mary manifold both into and out of the cell cavity. Figure 3 shows an iso-
metric view of one corner of the flow field frame assembly.

. Under coastant flow conditions, an increase in cross-sectional area or
decrease in length in either or both the inlet or exit ports and manifolds
will decrease the pressure drop. Different combinations of manifold, port,
and cavity dimensions result in different pressure—drop values. The optimum
combination exists when the sum of all parasitic pumping energy losses for a
given combination is a minimum.

EXPERIMENTAL APPARATUS AND PROCEDURE

A single half-cell, mounted between two plastic blocks to simulate an
operational cell cavity with a membrane on one side and terminal plate on
the other side, was used to obtain the pressure-drop data. This half-cell
rested diagonally in a stand so as to eliminate any head pressure difference
between the inlet and outlet of the cell (as in fig. 4). The experiment
working fluid chosen was water. The results were corrected for the viscos~
ity appropriate for actual redox solutions. The water was stored in a glass
reservoir and forced through the cell by nitrogen pressure from a continu-
ous, regulated nitrogen gas supply. The pressure drop across the cell was
measured by a calibrated pressure transducer {(range, 0 to 103425 Pa + 6%0 Pa
(0 to 15 psid * 0.1 psid)) the pressurz from either the inlet or outlet tap
being selected with a three~way valve. Line losses for this setup both to
and from the cell were negligible compared with the magnitude of the actual
cell pressure-drop loss. The measurements from the pressure transducer
passed through a signal conditioner and were read on a digital voltmeter.
Simultaneously, the flow rate from the cell outlet was measured using a
graduated cylinder.

The experimental procedure consisted of first setting the nitrogen
pressure to arrive at a desired flow rate. The inlet and outlet pressure
readings were then taken, the difference being the pressure drop. The
nitrogen pressure was then adjusted to arrive at a new flow rate and a sub-
sequent pressure~-drop value was measured. This procedure was followed for
six different flow-field frame assemblies of various dimensions, both with
and without electrodes.

RESULTS AND DISCUSSION

Two different cavity thicknesses were studied, namely, 0.125 and
0.250 cm. The three flow-field frame assemblies with cavities of 0.125 cm
had inlet and exit flow-port depths of 0.075 cm, while the 0.250-cm cavity
assemblies had flow-port depths of 0.200 cm. The three different flow—port
widths for each cavity depth were 0.2, 0.4, and 0.7 cm. Flow rate and
pressure~drop data were taken for these six different flow-field frame
assemblies both with and without electrodes. The data are presented in
figures 5 to 9.



The results follow a general pattern. For all three flow-port widths
in figures 5 to 7, the pressure drop decreases as both the cavity and flow-
port dimensions are increased. It also becomes evident that the porous
carbon felt electrode causes roughly half the total cell pressure drop.

This structure is 80 to 90 percent porous under normal conditions, but is
compressed by 10 to 25 percent of its original thickness when placed in a
cell cavity. The same electrode was used in each of the three 0.125-cm cell
cavities, and the same pair of electrodes, which formed a double thickness,
was used in each of the three 0.250-cm cell cavities. The same percentage
of compression was used throughout. Figures 8 and 9 compare all the data
without electrodes and all the data with electrodes, respectively. Both
figures depict a pressure—-drop increase as the port width decreases.

Table I shows the ideal pumping power of different size stacks for each
flow-field frame assembly, assuming 100 percent efficient pumps. Since the
pressure drop across a cell within a stack is independent of the number of
cells per stack due to parallel cell flow, the pumping power is simply the
product of the flow rate per cell, number of cells per stack, and the pres—
sure drop. For the case of 0.125-cm cavity depth and both inlet and exit
flow port dimensions of 0.7 by 0.075 cm, the appropriate curve in figure 7
shows a pressure drop of 4.8 psid at a flow rate of 300 ml/min. Correcting
for the average actual solution viscosity of 1.55 centistokes, the ideal
pumping power for a single cell becomes 0.26 W. Taking into account both
redox solutions and a stack consisting of 40 cells, the system ideal pumping
power as seen in table I becomes 21 W. Data in the upper right-band corner
of this table were unattainable for the flow~field frame assemblies under
test because of the liwmit on available nitrogen pressure. These pumping
power requirements contribute 5 percent or less to the overall parasitic’
energy loss for a particular cell geometry and stack size.

CONCLUDING REMARKS

The pressure drop for a particular cell geometry is composed of two
contributing factors. The first is the actual dimensions of the flow port,
manifold, and cavity. An increase in cross-sectional area or decrease in
length in any or all of the above causes a decrease in pressure drop. The
seconl factor is compression of the electrode. This carbon felt structure
is 80 to 90 percent porous, and when compressed in a cell cavity it gen-
erally comprises half the total cell pressure drop. Depending on specific
system requirements and shunt current trade-offs, the flow port, manifold,
and cavity dimensions can all be adjusted to arrive at almost any cell geo—
metry. The pumping power contribution to the overall system parasitic
energy loss can be found simply by knowing the design flow rate and sub-
sequent pressure drop. The most desirable cell geometry is the one that
generates the minimum sum of both pumping power and shunt current parasitic
energy losses.
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TABLE 1. - PUMPING POWER PER STACK AS CALCULATED FROHM <LOW STUDIES

[Average solution viscosity, 1.55 cS; 929 cm? (1 £t2) cell]

Cavity Flow port dimen- ldeal pumping power, W
thickness, sions, cm
cm Flow rate per cell to each electrode, ml/mm
- a150 b300

Cells/stack Cells/stack Cells/stack
20 40 80 40 20 80
0.125 0.2+%0.075 5.2 110 21 —— —— -
.4x0.075 3.0 6.0 |12 27 — -
.7x0.075 2.5 4,91 9.8 21 24 96
0.250 0.2x0.200 1.8 3.6 7.3 17 22 90
«4x0.200 1.3 2.71 5.3 11 12 49
«7x0,200 .9 1.9 ] 3.8 7.7 9.0 36

3Typical discharge stoichiometric flow rate at ~80% DOD, 50 wA/cm?,
ypical discharge stoichiometric flow rate at ~80% DOD, 100 mA/cmZ.
°Typical discharge stoichiometric flow rate at ~90% DOD, 75 ma/cmZ.
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Figure 5. - Pressure drop versus flow rate for 929-cm? cell with 0. 2-cm flow-port width.

10+
" 0, 675-cm flow-port depth
with electrode
8+ / 0. 075-cm flow-port depth,
without electrode
6 0. 200-cm flow-port depth,
with electrode
44
0. 200-cm flow-port depth,
2< —— = without electrode
>
7 —_—
L ¥ T L] 1 L 1§ ¥ v v Y 1
0 100 200 300 400 500 600 100

Flow rate, mi/min
figure 6. ~ Pressure drop versus fiow rate for 929-cm? cell with 0, 4-cm flow-port widgth,



Pressure drdp, psid

104

0. 075-cm flow-port depth,
with electrode

0. 075-cm How-port depth,
/ without electrode

/ 0. 200-cm flow-port depih,
with electrode

0. 200-cm flow-port depth,

— T without electroge

¥ v 2 T T ¥ T T ¥ T 1

200 300 400 500 600- 700
Flow rate, mi/min '
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Figure 8. - Pressure drop versus flow rate for cell without electrodes.
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