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I. INTRODUCTION

This report is for the second Phase of a six Phase program t»p
develop commercially viable on-site integrated energy systems (0S/IES)
using phewphoric acid fuel cell (PAFC) modules ko convert fuel to elec-
tricity, Phase II is a planned two year effort to develop appropriate
fuel cell module and fuel conditioner conceptual designs. The fuel cell
module development effort comprises three coordinated tasks:

Task l: Design of Large Cell Stacks
Task 2: Stack Fabrication
Task 3: Stack Tesating

The "Fuel Conditioner Subsystem Development" task is the fourth technical
task of this effort. Provision for 'Management, Reporting and Documepn-
tation'" is included as a fifth task.

The work accomplished during this reporting pariod is described
at the subtask level in the following section.
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IT. TECHNICAL PRNGRESS SUMMARY

IASK 1t DESIGN OF LARGE CFELI. STACKS

1.2 Stack Design
A review of the designs of Stacks 560, 361, 562 and 563 was

held as part of the November progress review meeting. The major conclu~
siong were:

1. The bipolar and hipolar/evoler plates for Stack 561
will he heat treated,

2. Acid fi11 Scheme 2, as originally conceived, will be
used In all four stacks,

The decision to heat treat 561 was based largely on the
excellent progress made in the heat treating experiments and was made
pwussible by delays related ro a disappointing [low of wakeup acid
through Stack 559. This decision involved heat treating assembled
covlers since they were assembled prior to the desipgn review., Based on
ERC's sucvessful experience on other programs, a very conservative cvele
wias selected, approved by the NASA Projeet Manager and was apparently

suecessful,

The reduced flow of acid through the makeup system of Stack 559
wag apparently due to details of construction of the stack and these
were associated with design modifications to the original conception of
Scheme 2. As part of the November progress review meeting, two plexi-
glass models of the acid makeup system were displayed. A glycerine
solution that had room temperature viscosity and surface tension nearly
equal to those of the acid at the stack operating temperature was fed to
the models. The observed flow patterns indicated that the design modi-
fications were not nccessary to insure contact of the acid with the
matrix. Since elimination of these modifications simplifies stack
assembly and permits operation of the stack with the acid channels above
or below the cells, a decision was made to return to the original

voncept.
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Other design features of the next four stacks (560 through
563) are:

1. An improved acid feed tube which eliminates the
possibility of leakage into the space between the
end plate and the compression plate.

2, The use of crossed compression bars¥ on the 23 cell
stacks (561, 562 and 563).

*

A document deseribing these features in more detail and the
fabrication and assembly procedures and the test plans for these stacks
was preparved and submitted to the NASA Project Manager.

1.3 Full Scale Module Designs

1,3.1 Material Characterization of Repeating Components

The following s.immarizes and rationalizes the work done to
determine the thermal and mechanical properties of the cell materials,
This informatlon is neceded to evaluate new ideas, calculate contact
forces between components, calculate the differential motion between
stack and manifold and the resulting shear forces applied to the stack-
to~manifold seal. Helght change measurements, such as those of an 80
cell stack reported in the 4th Quarterly Report, pertain to a unique
total system and they cannot be generalized.

The benefit derived from knowing the basic properties of these
materials is illustrated in the following example. A cross-section
through a hypothetical cell before and after compression is shown in
Figure 1. The shims shown in this design seal the edges of the fuel
cell to prevent intermixiu,: of the reactant gases, act as a mechanical
stop to limit the contact force on the anode-matrix-cathode composite

and its protrusion into the gas flow channels, and electrically insulate

e s A W W D

Described in the 4th Quarterly Report.
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Fig. 1 —Cross section through a hypothetical phosphoric acid fuel cell before and after
applying a compressive load
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adjacent cells. If the thermal and mechanical properties of the
repeating components are not known, the correct thickness of these shims
must be determined by trial and error on full size cells in multi-cell
stacks.

During the development phase of a project, it is good
engineering practice to design components so they can be readily changed.
This permits the evaluation of different configurations, before committing
to costly and long-lead time tooling (for example, the purchase of a mold
for the bipolar plates). Once the development has been completed, it is
equally good engineering practice to review and simplify the design.
Often, the functions of several components are combined into one compo-
nent or parts are eliminated and product cost is reduced. Thus, the
developmental design in Figure 1 can be simplified by eliminating at
least one of the shims and incorporating the shim's mechanical stop
function into the design of the bipolar plate. This can be accomplished
by increasing the thickness of the bipolar plate in the region occupied
by the upper shim, which incorporates a long and narrow opening, con-
forming to the acid channei. Moreover, the thickness of the lower shim
may be reduced by increasing the thickness of the bipolar plate (as in
the case of the upper shim) or it may be replaced by a cost of insulating
material (such as a liquid fluoroelastomer) cn the raised portion of the
bipolar plate. Obviously, such a final design would simplify the
assembly of the fuel cells and reduce the cost of the stack. The avall-
ability of the basic thermal and mechanical properties will permit
calculating and analyzing the dimensions of the revised bipolar plates
and minimize experimentation required t¢ evaluate new ideas,

Other design calculations which require knowledge of mechanical
properties are: a) the protrusion of the anode-matrix-cathode composite
into the bipolar plate flow channels and b) the deformation of the stack
for given applied loads.
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Cyclic Tests

The flrst tests measured "e ¢ffects of repeated cycles on
sandwlches of the soft components (anode-matrix-cathode) of the cell.
The sandwiches were compressed in a fixture with flat faces as shown in
Figure 2. The conditions and results of the tests are summarized in
Table I. Figure 3 depicts the sixth through the ninth cycles of a
typical test article. The results are of sufficient uniformity to
permilt their use as mechanical property data over the applied-force
range. The graph of the first test cycle of a similar article (Figure 4)
{1lustrates a gquite different material behavior., The distance betweeu
the graph's start and end points (hysteresis loop) is much larger than
in subsequent test eyeles, The congruence of the load vs. deformation
plots shown in Figure 3 indicates thet the mechanical property changes
essentially have taken place by the sixth cyecle for the applied-force
range over which these tests were performed. For the tenth compression
cycle of another similar article, the applisd force range was increased
from 360 Lo 890 Newtons (80 to 200 1bs.)* and the load vs. deformation
plot with a kink depicted in Figure 5 was obtained. While the plot over
the initial range (0 to 360 Newtons (80 1lbs.)) is curvilsnear, it is
almost a straight line for loads exceeding 450 Newtons (100 1bs.).

The 450 N load corresponds to a stress of 620 kPa (90 psi) on
the 7.26 umz specimen. Thus it appears that for stresses over 620 kPa
(90 psi), the composite was sufficlently compacted to behave like a
solid. As approximated by the tangent to the linear portion of the
curve, the modulus of elasticity is 29 MPa (4,100 psi) at room tempera-
ture (line 5 in Table I).

*NOTE: The tust data was originally obtained in English units and then
converted to the metric system. The conversion was rounded off
to prevent implication of greater precision.
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TEST FIXTURE FOR DETERMINING LOAD/DEFORMATION DATA
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Applied Load, Newtons

Preload
45 Newtons

]

Curve 7:6069-8

Fi

.3 4 .5 6 N .8
Deformation, mm

. 4 —Load versus deformation plot 1st compression cycle, anode-Mat-1 matrix -

ca%hode composite, Temperature; 200°C, Height of Test Article: 18,54 mm
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Applied Load, Newtons

Curve )26068~-A

Preload
} 45 Newtons

1 .2 .3 .4 .5 .6 . .8
Deformation, millimeter

Fig. 5 —Load versus deformation, test #3
Test article height 18, 58 mm
Test performed at room temperature 25°C
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Ribbed Tests
Compresgsion tests of anode-matrix~cathode composite positioned

between two bipolar plates with the flow channels perpendicular to each

other were also made. In these tests the applied force was 900 Newtons

(200 1bs.), but, because of the bipolar plate's flow channels, the
contacy area was 16% of the nominal area. Consequently, the maximum
stress to which the soft composite was subjected was 8.5 MPa (1,250 psi).

The modulus of clasticity 4s 28 MPa (4,000 psi).
Additlonal tests of this configuration performed at 200°C (the

stack's operating temperature) had results comparable with these obtained

at room temperature.

Comparison of "Sandwich'" Test Results

The mechanical properties measured by the two sets of tests of

"sandwiches" are summarized in Table I. As indicated in the figures,

straight lines were fitted to the data points of the load versus deforma-

tion graph for given load ranges. Usually the line is a tangent.

However, in some cases where only the end points are known, the straight
line is a chord connecting the maximum and minimum applied-load point.

The chord approximation gilves a linear function over the entire load

range at a sacrifice In accuracy. The tangent gives a linear function

over a more limited load range, but tends to be more representative for

the given load range. Figure 5 illustrates the different methods. The

summary of the data in Table I indicates which method has been used for

calculating the modulus of elasticity.

As indicated previously, many compression cycles must be
performed before reproducible plots are obtained at low loads. For the
sake of completeness, the modulus of elasticity "E" for the first

compression cycles are shown on lines 1 and 2 for flat surfaces and

ribbed bipolar plites, respectively. The ribs were oriented at right

angles to each other so that the contacting surface was approximately

167 of the nominal surface. A stack of 14 sandwiches was used for the

12
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flat contact surface listed while ona sandwich was used for the vibbed
contact surface. The moduld, 18 and 12 MPa (2600 and 1700 psi), show
reasonable agreement, considering the differences in test articles,
that the tests were carried out at low loads and that the slopes used
were the chords between beginning and end points. As shown in lines 5,
6 and 7, when the applied load was increased to 890 Newtons (200 1bs.)
and the data points were fitted by a tangent, the agreement among the
test data was much better (i.e., 29, 25 and 28 MPa (4100, 3700 and 4000

psi)).
We, therefore, conclude that for the anode-matrix-cathode

composite, a modulus of elasticity of approximately 26 MPa (3750 psi)

is applicable over a wide range of pressures and temperatures. Moreover,

the modulus is not too sensitive to differences of the contact surfaces.
This is a very desirable result, since new flow channel dimensions or
configuratiens can be readlly incorporated without fear of effecting the

mechanical properties of the anode-matrix-cathode composite.

Matrix

The mechanical properties of the Mat~I matrix by itself were
measured since the matrix extends over the inactive areas bhoxes
of the bipolar plates, see Figure 1, While the modulus
of elasticity for the Mat-I matrix does not exhibit a great sensitivity
to temperature changes ranging from room temperature to 200°C, it
reduces to approximately one half of its value when the pressure is
increased from 490 Kilo pascals (70 psi) to 1230 Kilo pascals (180 psi)
(Table I). Since the inactive area of the bipolar plate is only about
10% of the total nominal area (1300 cm2 or 204 inz) and the nominal
pressure over the total area is 400 Kilo pascals (60 psi), there is a
great likelihood that the local pressure in the inactive area exceeds
500 Kilo pascals (80 psi). Thus the lower modulus, applicable over the

upper load range, should be used.

13
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Bipolar Plates

The non~heat-treated bipolar plates have a modulus of 1 GPa
(150,000 psij. After heat treatment, the modulus increased to 21 GPa
(3 million psl) at room temperatuvee, This reduced to approximately one
half of Lts value at 200°C (1lnes i+ and 1/ of Table I)., The large
difference between the heat treated and non-heat-treated material can
probably be attributed to the reduced resin content of the heat treated

material,

Conclusilons

Based on these tests, the stack contraction (and, therefore,
the shear forces to which the stack-to-manifold scals are subjected) is
primarily a function of the applied load rapge. The modulus of elasticity
ranges from 18 MPa (2600 psi) to 28 MPa (4100 psi) for an applied stress
ranging from 350 vo 8500 kPa (50 to 1250 psi) and & temperature ranging
from 25 to 200°C. The only caveat is that allowance must be made for
the initial deformation which occurs during the first few compression
eycles at the lower applied load range. One way to aceonmodate this is
to assemble the stack without manifolds. Then subject the stack to,
say, 15 compression eyeles and 200°C and only thercafter attach the
manifold-to~-stack scals and manifolds. Most of the deformation will
have taken place, the vepeating components will have mechanically
stabilized and the shear stresses on the manifold-to-stack seals will

have been greatly reduced.

Due to the very high moduli of the bipolar plate materials
(particularly the heat treated version), the fuel cell stack contraction
results from the deformation of the matrix-shim and anode-matrix-cathode
composites. In addition we find that at effective pressures in excess
of 700 Kilo pascals (100 psi), the matrix as well as the anode-matrix-
cathode composite appear to deforrs permanently. These materials behave
structurally, similar to corrugated cardboard, although nmot as extreme.

When a flat plece of corrugated cardboard is compressed between two

14
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flat blocks, it will return to its original thickness as long as the
corrugations are not permanently deformed. This is the behavior of the
anode-matrix-cathode composite, observed at effective pressures from

400 to 600 kPa (60 to 80 psi). However, if the pressure the corrugated
cardboard I3 subjected to is sufficient to crush the corrugations and
the air space between the face sheets is eliminated or greatly rveduced,
the crushed corrugated board is permanently defurmed and then behaves
like solid cardboard. That is, it still has elastic properties, but its
behavior has changed from a soft to a stiff spring. Since the effective
contact area of the bipolar plate is much smaller than its nominal area,
it is very likely that at least the matrix in the inactive avea is
crushed when a nominal load of 400 kPa (60 psi) is applied to the stack.

This concludes the task for evaluating the thermal and mechan-
ical propertics of the vepeating components, Mathematical models have
been and will continue to be developed to calculate the pressure distri-
bution over the fuel cell surface and the expected height changes,
resulting from this pressure distribution. Depending on the contact area,
different gas flow channel configurations are expected to result in
greater or smaller height changes, which must be accommodated by stack-
to-manifold seals. We now have the tools to calculate thesc changes.

1.3.2 Manifold Design and Concepts

The manifold's major function is to distribute the gas flow
eveénly over the height of the fuel cell stack. At first glance, it
appears that this is not very difficult. There are, however, several
factors to be consldered. First, the manifold must withstand a 200°C
temperature continually. Second, it has to be corrosion resistant
because of its exposure to a phosphoric acld envivonment, Third, it
should reasonably match the thermal expansion characteristics of the
fuel cell stack, in order to minimize the shear forces on the stack-to-
manlfold seal once the cell material properties have stabilized. Finally,

its surface must be an electric¢c insulator to prevent electric arcing or

15
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shorting of the ntack, For short stacks, consisting of a small numboer
of fuel ecells, the electric arcing problem is minor because of the low
voltages. As the number of cells per stack inereases, however, and the
voltage increases proportionally, arcing or electrie shorting can become
a major problem. Thus, various manifold design concepts, materials and

their costs to satisfy all of these vequirements are being evaluated.

One of the current design concepts interposes a frame-shaped
fusulator between a metal manifold and the stack to prevent electrieal
shorting. This concept is shown in Figure 6. Examinatlion of this deslgn
approach leads to the question: Provided a material eoxists From which
the frame=-shaped Insulator can be fabricated, why not use this same
material for fabricating the manifold and eliminate the frame and the
second set of gasket seals,  Two such manifold designs arve being exploved;

ope made of an insulating materiail, the other made of sheet metal coated

with insulation.

Non=-Metal Manifolds

The selection of candidate materials [rom a Westinghouse
miterial data base was completed and the thermal aging properties of the
selected candidate materials were examined. In-use operation over long
tfmes provides the most desirable aging data. However, this approach is
much teo time-consuming to be practical. Hence, the thermal=-aging
properties of insulating materials have been estimated from Arrhenius

plots. The aging properties are based on the length of time a material

can continually tolerate a given temperature and retain 50% of its
mechanical strength. A typical Arrhenius Plot for Bakelite Polysulfone

is shown in Figure 7.

Only two of the ecight original candidate materials are still
under consideration. These are Ryton (Polyphenylene Sulfide, Phillips
Petroleum Co.) and Epoxy. Teflon has been eliminated because of its

very high cost and lack of sufficient mechanical strength., Silicone is ]

too difficult to mold in large sizes. The rest of the materials were
ruled out because their average life at 190°C was less than one year.

16
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FIGURE ©
MANTFOLD DESIGN CONCEPT WITH A

FRAME-SHAPED INSULATOR INTERPOSED
BETWEEN METAL MANIFOLDS AND STACK
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Fig. 7— Arrhenius plots at 50% retention of properties for

Bakelite Polysulfone P-1700
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Metal Manifolos with Protective Coatings

The thermal aging properties of protective coatings are similar
to those of the solid molded material but the mechanical strength require-
ments of the protective coatings are less severe. Figure 8 illustrates
the relative material costs for several 0.8 mm (0.032 inch) thick sheet
metals with protective coatings. For reference purposes, bare, uncoated
316 stainless steel ($1.50/pound), nickel, and 0.32 mm (0.125 inch)
thick Ryton (Polyphenylznesulfide) have been shown. Only FEP (Tetra-
fluoroethylene~hexafluoropropylene) coated carbon steel has a reasonable
cost of approximately three dollars per Kilowatt. This is for a 0.25 mm
(0.010 inch) thick coat on 0.8 mm (0.032 inch) thick carbon steel. One
problem with all the Teflon coatings is theilr lack of long term adherence
to metals. DBecause of their hiph cost, PFA and PIFE coated steels have
been eliminated.

Since conventional 316 stalnless steel, commonly used for
fabricating chemical processing equipment, corrodes 9 mm per year on
exposure to 70% phosphoric at 140°C, we contacted Jessop Steel Company
(stainless steel manufacturer)., They make a special stainless steel
(JS 700) which, under the same conditions, corrodes only 0.3 mm per year.
The cost, however, is $3.72/pound versus $1.50 for 316.

The evaluation and cost tradeoffs of alternate manifold
materials will be continued during the next quarter,
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TASK 23 STACK FABRICATION
2.1 Methods and Approach

Heat-Treatment

Fxperiments were performed to establish heat-treatment cycles
for the MK-2 design bipolar plates and for thick bipolar/cooling plates
with the dinnovative cooling channel configuration, The incorrectly
machined plates discussed in previous reports were used for these
experiments. The cycle was used for heat-treatment of plates for stacks
560 (5~cell, MK-~2) and 561 (23~cell, MK~1).

Cooling Plate Assembly

To evaluate the integrity of assembled coolers, compression
and thermal cycling experiments were performed on one nonheat-treated
straight through cooler.* After ten decompression-compression cycles
(“1 to 414 kPa) and three heating-cooling cycles (w177 to 25°C), the
plates remained glued together, the edge seal remained intact and cooler
resistance** ghowed no signiflcant change, as detailed in Table 11,

Tests were also made to determine any poisoning effect the
bonding material used for cooling plate assembly might have on the cells.

2.2 Simulated Stack Fabrication

2.2.1 Stack 560 (5-cell, MK-2 design)

As reported in the ith Quarterly Report, a number of blank
bipolar plates were molded, leak tested and sent to the vendor for
machining. Fabrication of the electrochemical cell components (matrices

o et oz e a—.

*
Assembled according to the procedure in the 4th Quarterly Report.
Kk
Measured as described in the 4th Quarterly Report.
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TABLE 11

THE EPFECT OF THERMAL AND COMPRESSION LOAD CYCLING
ON COOLING PLATE ASSEMBLY RESISTANCE®

CIEE e WS LA EE D TREYCU M wem Lo Gn SR TTTET vaM oA

e ok TR SR L R S RTRRROR T TR e s M 2 o

STAGE OF

RESISTANCE, mQ, at Voltage Lead Position

ASSEMBLY

1 2 3 4 5 6 7 B

1. Sanded and
clcaned faces
of cooling
halves

=

0.85 0,96 | 1.03]0.77 {1.04) 0,98] 1,08 0.80

2. Plates assembled
and cemented
{414 kpra)

0,12 0,15 | 0.4210.28 | 0.59] 0.33] 2.09{ 0.0f

B i e R

3, Afteor assembled
plates under-
went 10 decom-

pression-compres-
sion cycles
(414 kPa)

0.13 0.17 | 0.37 ]10.30]0.27 0.34{ 0.20] 0,21

4. After * heating
(l77°C) & cooling
(25°C) cycles.

0.12 0.23 | 0.5810.38} 0.33] 0.38} 0.22} 0.20

* 1= 10 amps

B AR
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and electrodes) was also Initiated during the 4th quarter and completed
at the beginning of this quarter. The machined bipolar/end plates were
received in November and they were examined, heat-treated and leak
tested again to insure Integrity of the plates. 'The cell subassemblies
were completed at the beginning of December., Stack assembly will be
started early in the next quarter,

2,3 Short Stack Fabrication

2.3.1 Stack 561 (23 cell, MK-1 design)

Fabrication of all cell components and coolers was completed
during the previous quarter.* Stack assembly was postponed to make
maximum use of the informatlon gathered on Stack 559 which was also a
23 cell, MK~1 stack.

As described under Task 1, a decision was made to use heat-

treated plates in Stack 561,  The bipolar plates and previously assembled

cooling plates were heat~treated along with the plates for Stack 560.
The required stack auxiliary hardware (compression plates, Haysite
insulator, manifolds, ete.) were fabricated and cell subassemblies
completed, The stack will be assembled in January.

2,3,2_ Stack 562 (23 cell, MK-2 design)

The electrodes and matrices for Stack 562 were completed in
early October, along with the components for Stacks 560, 561 and 563,
A partial shipment of machined plates for Stack 362 (bipolar plates and
cooling half plates) was received in November. These plates were
inspected and leak-tested. When the balance of the machined plates are
received, they will be inspected and the complete set will be heat

treatoed,

AN a5 g

*
As discussed in the 4th Quarterly Report.
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2,03 stack 563 (24 cell, MK-1 design)

The fabrication of all electrochemical components and bipolar
plates was completed during this quarter, The blank cooling haly plates
were molded and sent to the machine shop on Novemher 24, The cooling channel
design for this stack will be finalized after analysis of the Stack 3561
temperature distribution data,

24
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TASK 3. STACK TESTING

3.3 Shor* Stack Testing

Stack 559 (23-cell, MK-1 design)

fretesting

The stack was compressed to 340 kPa and acld addition started.
Some acid was weeping from the edges of matrices and the acid feed rate
was disappointingly low. To determine the reason for the slow acid feed,
holes were drilled into the acid channels and gas tests were conducted.
These tests indicated no singular b’ockage but rather generally restricted
flow throughout the acld path. However, since the matrices appeared
adequately filled, the stack compression was increased to 410 kPa and
testing continued. This increase effectively reduced the acid weepage
to a negligible level.

The stack was pretested at 100 mA/cm2 for 62 hours at ERC
before shipment to Westlinghouse. Its pretest history is shown in
Figure 9. The time averaged performance was ~0.57 V/cell which is
reasonable for this kind of build. Approximately one cc/cell of acid
was added to the stack just before its shipment to Westinghouse.

0S/I1ES Loop Testing

Stack 559 was delivercd to Westinghouse the last week in
October and the first test was made on October 28. A representative
from ERC was present to witness our startup and test procedures to
insure that they conformed to those used at ERC. The test conditions
were adjusted to agree with an ERC test made five days earlier. The
measured data agreed very closely for this duplicate test. Thuy we are
confident that the Westinghouse test procedure does duplicate ERC

results and that the stack was not damaged during shipment.

Following the duplicate test, a series of tests were made to

study the following:
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a) Temperature uniformity of the stack to assess the
effectiveness of the cooling plate design.
b) Stack performance at current densities of 50, 100
| and 150 mA/cm?.
c) The effect of makeup air flow on stack performance.
| d) The influence of mean plate temperature on stack
performance.
e) 'The effect of total stack flow on temperature
uniformity and stack performance,
£) The effect on temperature distribution of blocking
two cooling channels per cooling plate, near the
hydrogen exit edge of the stack,

Table IIT summarizes the ERC test and 12 steady state tests conducted

at Westinghouse. The tabulated data includes fuel composition, fuel

utilization, fuel inlet temperature, makeup alr flow, air inlet tempera-
' ture, alr temperature, and temperature uniformity. These results are

discussed in the following subsections. For all tests, the remaining

dry fuel mole Iraction was 002. The dry Fuel mixture was humidified at
room temperature for all tests except 5 and 6. Tests 1 and 2 were

1
|
conducted without external thermal insulation. The stack was insulated
, with 5 em (2 dn.) fiberglass for all other tests.

Temperature Distrvlbution

|

i Stack 559 1s a 23 cell digas cooled stack using 30.5 cm

(12 in.) by 43.2 e¢m (17 in.) bipolar plates with an active area of
approximately 1160 cmz (180 in2). Process and cooling air flow in the
. 30.5 cm direction and fuel flows at right angles in the 43.2 cm
direction. Bipolar/cooling plates are located after cells 4, 9, 14

and 19. Cell 12 is the middle cell of the stack and is located midway

between the middle two cooling plates. The stack contained four rows

of six thermocouples. The six thermocouples in each row were equally

spaced in the air flow direction with the first and last thermocouples

27
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of each row located respectively at the inlet and exit edge of the active
area, The rows in cells 12 and 17 were at the center of the stack. The
row in cell 11 was 5.1 em (2 in.) from the fuel inlet odge and the row
in cell 13 was 5.1 em from the fuel exit edge. The three rows in cells
11, 12, and 13 cffectively measvred the temperature distribution at the
center cell of the stack, The row in cell 17 duplicated the row in

cell 12 between the adjacent pair of cooling plates, The average
temperature of each row was obtained using the trapezoidal rule. The
average stack temperature was found from the simple average of the

row averages in cells 11, 12 and 13. The peak to average temperature
gradient was defined as the maximum measured temperature minus the
average stack temperature. This is the most meaniangful gradient since
material life 1s limited by the maximum temperature and cell performance

iy determined by average temperature.

The data in Table TIT show that excellent temperature uniformity
was obtained. All tests of the insulated stack with current density
between 90 and 100 mA/c.m2 produced a peak to average temperature
difference less than 10°C except test 12 which bad lower total air flow.

A plot of the temperature distribution for a typical test is shown in
Flgure 10. The average temperatures in rows 11 and 12 are virtually

ecqual and ave approximately 10°C higher than in row 13.

The theoretically predicted temperature distribution for the
stack Is shown in Figure 10 as a dashed curve. The high slope at the
ailr inlet was caused by localized cooling due to t° process air and by
conduction to the inactive area. This slope is sensitive to plate
thermal conductivity and alv flow split. Test results indicated a
higher air flow through the process channels or a lower thermal conduc-
tivity than used In the theory. The cooling plates were designed for
an air flow split of 16 percent process and 84% cooling flow. No
measurements were made to obtain the actual split., The overall tempera-
ture uniformity can be broken into two components: 1) the peak to

average AT along a row in the coolant (air) [flow direection and 2) the
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Stack Current 108.8 A (93.8 mA/cm’)
- Total Air Flow 31 g/ sec( . 0685 Ib/ sec)  _
Air Temp, Rise 50°C
Makeup Air 2 Stoichs
- Fuel Utilization . 671 -~
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- Fuel Inlet -== Theoretical _
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Fig. 10 — Typical temperature distribution for Stack 559
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difference between the average temperature of a given row and the average

of all rows (fuel flow direction), The peak to average differences ( A%'s)
for the rows are given in Table 1V. The theoretical AT was 3°C for 100 mA/cm2
and 7°C for 150 mA/cmz. The average temperatures of the rows are given in
Table V. The spacing of cooling channels was designed to produce equal
average temperatures in each row and throughout the stack, This required
more closely spaced channels near the hydrogen inlet edge of the stack

than at the exit edge. The test results showed a strong tendency for

the hydrogen inlet edge (row 11) to overheat as fuel utilization was

increased. This was initially interpreted as a stability problem,
However, it was finally discovered that the closer spaced cooling
channels were actually located at the hydrogen exit. Before the error
was discovered, an expeviment (Test 13) with reduced cooling at the
fuel exit was conducted in which two cooling channels per cooling plate
near the fuel eoxit edge were plugged. This produced an oxcellent
balance between the tliree rows 11, 12 and 13 (Table V, test 13), but
stack performance had deteriorated ton much from initial tests to
permit accurate evaluation., It is now recognized that this test only
changed the cooling distribution back to the intended ratio but at a
reduced ameunt of cooling. Row 11 was undercooled and row 13 was over-

cooled relative to the intended design in all other tests.

At 2 stoich makeup, the peak to average AT's for the stack
were 6.6, 9.8 and 15.4°C for respective curvent densities of 53, 94
and 146 mA/cm2. The peak to average AT's for row 12 were 3.4, 5.1 and
8.0 for the respective tests. Predicted values of these latter AT's
for 50, 100 and 150 mA/cm® are 5, 3 and 7°C, respectively.

Effect of Total Stcack Alr Flow

Nearly all insulated stack tests were run with an air flow
which gave a temperature rise of 50 to 55°C. One test at 26.7°C air

rise (approximately double the normal flow) reduced the peak to average
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TABLE 1V
PEAK TQ AVERAGE TEMPERATURE
DIFFERENCGE WITHIN EACH ROW FOR TESTS OF TARLE I

Test Row 11 Row 12 Row 13 Row 17
1 8.0 7.2 6.1 6.1
- - Ao -
7.6 6, 5.8 6.5
4 8.8 6.2 5.4 6.0
5 7.9 5.5 4.5 5.8
6 7.0 5.1 4.9 6.1
7 5.3 3.4 2.5 3.8
8 11.5 8.0 4.7 7.9
9 13,1 7.6 5.1 8.0
10 5.9 7.5 14.8 6.7
11 5.4 4.2 10.6 5.8
iz 8.9 12,0 2.9 8.2
13 9,4 6.3 6.1 6.8
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TABLE V

AVERAGE TEMPERATURE OF FEACH
ROW FOR TESTS TN TABLE I

Test Row 11 Row 12 Row 13 Row 17
1 155 167.8 161.9 168.9
2 - - 164 .4 -
3 168.1 174.7 175.2 177.9
4 173.7 175.9 169,7 178.4
5 171.2 175.2 168.6 177.2
0 173.8 176.3 166.1 177.9

175.2 181.3 177.7 182.8
178.8 179.0 167.0 181.0
178.5 178.0 167.2 180.6
10 162.6 163.5 155.6 161.7
11 160,1 163.0 157.7 162.0
12 182.8 183.4 168.3 181.0
13 172.6 177.0 177.8 179.4

3 T T T ———
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AT from 10,4 to 8.0°C. The porformance improved 7 mV/cell due to the
increased process flow at the same iInlet oxygen concentriation., Doubling
alr [low theoretically increases performance by 5 nV/cell with the 2
stoleh makeup used in this test. The increased flow was not expected

to make a signlficant change in temperature uniformity.

The Effect of Current Density and Makeup Air

Polarization curves from steady state tests at 2 and 4,3 stolch
makeup air are shown in Figure 11 by cireles and squares, respectively.
The data shown by open edireles are for mean temperatures between 171 and
178°C. The difference due to the different oxygen concentration for 2
and 4.3 stolch makeup i8 very close to the expected 25 mV/eell, The
darkened eireles ave for two Lests at 2 stolich makeup with mean stock
temperatures of 160°C. The difference of 3 mV/°C is higher than the
expected effent of 1.2 mV/°C but the tests at low temperature were
performed later in the test sequence. Thus, part of the temperature
sensitivity observed Is due to the decay in performance which occurred
during the test period. The extent of the decay in performance is
11lustrated by the hexagonal polnts in Figure 11 which were the second
and twelfth tests (Table IIT) and were run at 10 stoichs wmaxeup air.
Although not at identical conditions, corrections for fuel composition
and utilization and temperature level should approximavely balance, The
rosults Indteate a net decay of about 50 mV/cell aver the test period,

Post Test Analysis

On December 9, Stack 559 was disassembled at ERC. On the
whole, the stack electrochemical components appeared dry while the bipolar
plates, on both the anode and cathode sides, had varylng degrees of
wetness. The wettest plates were at the ends of the stack (Cells 1, 2,
22 and 23). The modifications made to scheme 2 to ensure contact of the
acid with the matrices had reduced the area availlable for acid flow
gseverely in all cells. In addition, the Viton gasket material around
Cell 1 (the bottom-most cell) had extruded slightly into the acid fill
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tube, partially bloecking It. Thix Information will be utilized for
future stack fabrication.

When o question concerning the orievntation of cooling
plates surfaced, the plates were recovered and it was found that the
inserted plugs were in the elosely spiaced channels confirming that
hydrogen flow was in the wrong direction,

3.4 Test Stand Construction

During this quarter, a detailed component checkout and several
dry runs were made on the 2 kW Test Faellity., During this period,
pressure transducers were recalibrated, afr leaks were sealed, and
additional insulation was added to the air loop where needed, The load
bank and secondary voltage readout were tested with Stack 559 and found
to perforn satisgfactorily,  Also manifold adaptors were designed and
fabricated,

Stack 425, built under the DOE Technology Program, was also
used to debug the operation of the 2 kW Teat Facility., These tests
indivated that {t was in good working veondition and exposed some minor

: problems (wire connectlons, prounding, callbratfon) whieh rere subse-
quently correeted.  The test facility {8 readv to recelve Stack 561,

About 807% of the 8 kW test facility construetion work was

l completed during this quarter. Figure 12 {8 a schematic diagram of the
air loop showing the location of the sensor ports. The anode fuel line,
most of the air loop, and the safety system are completed and installa-

; tion of the 220 VAC line and hood are underway., Tt is anticipated that

r the construetion work will be completed in February 1981,

} All the components for the automatic data acquisition system
have been received, and programming work was initiated in late December.
A trial run of the program {s planned for mid-Junuary and the stack

testing program on the 2 kW loop is expected to begin in March.
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TASK =:  FUEL GUNDITIONER DEVELOPMENT

4.1 Fuel and Water Definitions

ek 2

The required boiler blowdown was established for uge in the
Operational Requirements Delfinition of Task 4.2, The following dis-
cussion {ndfcates that adequate catalyst and boller protection can be
provided with a blowdown of less than 1 llter/hr,

Boiler blowdown is a funetion of fecdwater solids content and
permiasible boller solids content, The spevilicd feedwater rolids
content (Table VIT of the 1st Quirterly Repoart) fs lesas than 1 ppm by
welght for water. Chapter 34, Table 2, of "Steam/Tts Generation and
Use,” Buheoek and Wilcog Co., 1972, indieates maximum solids content of
350l ppm for bollers under 300 palg and recommends that the boiler be
operated "well below these Hmita," From Figure 10 of the B&W reference,
a 200 ppm concentration of wolids in the boiler was estimated to produce
about 50 grams of selids carrvover in the steam for 14,000 hours of full
load operation. If the reformer ecatalyst bed removes all of the
entrained solids, about 0,2% of the bed vold space will be accupied by
golids for an average solid density of 1 gramfee, 50% voids In the
catalyst, and a catalyst volume 46 Iiters. ‘The 200 ppm conecentration
of solids in the boller can be malntained with less than 1 liter per
hour of boiler blowdown and as much as 2 ppm of sollds in the fecdwater
(equal to resistivity of 0.5 megohm/cm).

4,2 Operational Requirements

Figure 13 is the current version of the Process and Tnstrumen-
tation Diagram for the fuel conditioning subsystem. The state point
data are tabulated for full load and part (1/3) load operation in
Tables VI and VII. As explained below, the stream compositions are
nearly the same for both conditions and are tabulated in Table VIII,

The operating scenaric used for calculating the statepoints
and stream compositlons assumed a fixed utilization of hydrogen in the
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fuel cells and a fixed composition of spent fuel. This implies that the

reformer temperature will be reduced at part load to hold methane con-
version efficiency down which should contribute to more reliable, longer
lived reformer operation. This also permits the reformer heat require-
ments to be met by spent fuel so no supplementary methane is required
for steady part load operation. This scenario is n reasonable one and
we will continue to use it in our definition of operational requirements
until adequate information is developed on overall system operation to

define a more appropriate scenario.

4.3 Catalyst Dais Base

4.3.1 shife Converter Catalyst Test

Jarbon monoxide shift experiments using United Catalyst C-18HC
in crushed (0.5 mm) and pelleted (2.34 x 2,39 mm) forms and Catalyst 201
in crushed (0.5 mm) and pelleted (2.39 x 2,39 mm) forms were completed
this quarter,

The catalysts are shipped in the oxidized form and were
vreduced before testing following the manufacturer's recommendations
This Involved carefully controlling the hydrogen concentration to main-
tain the temperature of the catalyst bed under 260°C for a period of
8 hours and maintaining the space velocity of the reducing gas (inert
gas and hydrogen) between 200 and 1500 hr'l.

Figures 14 and 15 show the results for UC C-18HC and Catalyst
201, respectively. A comparison of the data is shown in Table TX. The
results can be swamarized as follows:

L. The rate of reaction for UC C~18HC is fivst order in CO
and is independent of H20 concentration., However, the rate of reaction
for Catalyst 201 is first order in both CO and H,0. This dissimilarity
may be due to diffevence in the catalyst supports which are zinc and
aluminum oxides for UC C~18HC and zinc and chromium oxides for Catalyst

201'
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~griol/y~atm-sec

k = r/?co,

0%

9= United Catalyst C-)BHC

8- Dilution Ration = 12,5

[ Total SV = 52,000 hx" !

6= o E, = 11 5 keal/gnol

5 o (erushed, 16-20 mesh)
AE = 12,0 keal/gmol

4= 3 (pellet, 2.34 x 2.39mm)

3-

2?5% 2l50°c 2g5°c %OO°C I'l/5°c I?O"b o I§7°c
| 1 1 WA
1.8 1.9 20 2. 2.2 23 2.4 25

1000/71,K

FIGURE 14. ARRHENIUS PLOT FOR SHIFT CATALYST UC C-18HC,
CRUSHED
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(ezushed, 16~20 mesh)
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1000/7,K

FIGURE 15. ARRHENIUS PLOT FOR SHIFT CATALYST 201
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TABLE 1IX

COMPARISON OF CO SHIFT CONVERTER CATALYSTS

AT 204°C (400°F)

ACTIVATION -
" ENERGY, AP, )

) s - radial, ¥ ACTIVITY
CATALYST TYPE kcal/gmol oc HemoL /g ~a tn-sec
Uuc c-18HC Crushed 11.5 -2 55
uCc C-18HC Pelleted 12.6 -1 13

201 Crushed 12.0 -2 48T

201 Pelleted 11.0 -2 28t

YT il Tyall Thea, ©c
T Catalyst activity measured at Py g © 0.26 atm
2
$ UC C~18HC: r = k . Pco
Catalyst 20l: r = %k . P . P
b co H,0
48
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2. The catalyats have activation energies, from 11.0 to 12.0
keal/gmol.

3. The activity of Catalyst 201 depends on the water partial
pregsure but, at Puzo = 0,26 atm., UC C~18HC has only a alightly higher
activity than Catalyst 201 (55 vs 48 ugmol/g-atm-sec at 204°C).

4. TFor UG C-18HC, the ecrushed catalyst has much higher
activity than the pelleted catalyst (55 vs 13 ugmol/g~atm-mec at 204°C).
When the experiments were repeated, the same results were obtained.
Since the activation energy Is similar for both crushed and pelleted
catalysts, it Is assumed that diffusion will have little effect on the
catalyst activity. The pelleted activity, to be used for design, must
be lower due to loss of available actlive catalyst sites due to the
pellet forming process,

5. For Catalyst 201, the crushed catalyst has slightly higher
activity than the pelleted catalyst (48 vs 28 ugmol/g-atm-sec at 204°C)
but a similar activation encrgy (12,0 vs 11.0 kcal/gmol). There ls no
evidence to indicate a diffusion effect in the testing temperature range
(150°C to 275°C).

The choice of whieh catalyst to use in the shift reactor design
will be made on the basis of the most active catalyst for the actual gas
composition (H20 partial pressure) used for design.

4.3.2 Reforming Aging Test

The methane reforming aging test was dnitiated in October and
completed in December with a total test time of 1630 hours. A total
mass of 22.7 g (volume = 19.3 cc) of catalyst 100 was used in pellet
form (1.25 x 1.25 mm). The experimental results are shown in Figure 16.

Table X compares the fresh catalyst conversion and that cal-
culated for equillbrium conditions at 585°C and a SV of 1500 hr L. At
1500 hr"l, the methane conversion decreased from a fresh catalyst con-

version of 69% to a steady value of 647% in a period of 35 hours.
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TABLE X
STEAM REFORMING AGING TEST
(Presh Catalyst)

@ Catalyst - Catalyst 100

Catalyst Wedght
CHy Space Velocity
Inlet Fead:

22.7q (catalyst volume = 19,3 cc)
1500 hr !}

i

CH,, - 28.962 {/hr
Ha0 86.886 [/hr
H, - 2.896 ¢/hr

‘ Reactor Tomperature, °C:

Wall Bed
Exit (in Catalyst) 611 559
Middle of Bed 619 549
Inlet (Prior to Catalyst) 635 604
r
Results:
| Tost Equilibrium_(585°C)
CHy Conversion,%: 67.6 70
Dry Gas,%: CHy 0.118 0.082
s 0.635 0.727
Cco 0.073 0.067
CO» 0.174 0.124
51

- - o .. e e . et . . MR il Ahon M e . St St e e < o e Rk o e e e e e e a



Extending the cperating time to 350 hours showed no further decay. 8inge
the methans conversion of 64X is closs to the equilibrium conversion
(70%) at 600°C (and such cpsration reduces the monsitivity of aging
tests), the space velocity was increassd to 2300 hr™ L. At 2300 hr!,

the mathans corvsrsion was constant at a valus of 49% for 440 hours.

In preparation for increasing the temperature to 700°C, the
space velocity was incrsased to 3000 hr“l. ¥o decay occurred during the
subsequent 140 hrs of opsrstion at 600°C and the temperature was increased
to 700°C. The methans conversion was constant at 62% for a period of
490 hours, When the temperature was decreased to 600°C, the methane
conversion was the same as (or slightly better than) before for this
condition,

After the initial breab-in period, catalyst 100 suffered no
decrease In activity during 1630 hours of testing on research-grade
ncthane. Operation a8t a temperature as high as 700°C caused no deacti-
vation of the catalyst, Indicating that sintering and loss of surface

area did not occur.

4,4 Ancillary Suhsystem Data Base

Buruer Development

The burner test rig was commissioned and initial tests on
natural gas (specified start-up fuel) and simulated spent fuel were made,
These tests included preheat of the fuel and air to the design tempera-
ture but no humidification of the fuel gas atream since the vaporizer
was not installed. On spent fuel the flame was excessively long and CO
content was high indicating poor mixing of the fuel and air streams and
inefficient combustion, The burner was modified and reinstalled in this
rig and tests will continue in the next quarter,
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Heat Exchangers

During this duarter, heat exchanger pevformance specifications
were prepared for 12 heat exchangers used in the fuel conditioner sub-
gsystem. These specifications were based on heat balance calculations
perforned on the hot and cold sides of the exchangers. Steady state
requirements for both full power and one~third power operation were
included, and were based on data frum Tables VI to VIII in Section 4.2

of this report.

As an example, Table X[ is the specification for the air pre-
heater Iteri E-1 of the P&l diagram (Figure 13)., These specifications
are being sent to the exchanger vendors who responded affirmatively to
the inquiry sent out during Phase T of this program. Complete sets of
the exchanger specifications are being sent to the NASA Project Monitor

and JPL for review and comment.

Controls and Instrumentation

he control functions required to start, change load and hold
a steady load were worked out and an automatic starting sequence had
been worked out and the needed instrumentation and controls were defined
for the fuel processing subsystem. These are shown on the P&l diagram
(Figure 13).

The system control will be programmed to follow the electrical
load during a transient condition. To control the hot water portion,
it may be necessary to cool the water via a cooling tower. It may also
be necessary to waste heat by bypassing some of the heat exchangers of
the fuel conditioning subsystem. Overrides will be provided to protect
the system in the case of conditions such as low water level, over

temperature, and low fuel quality.

Steam Ejcector

Penberthy has assured that the idea of using a steam ejector

to replace the natural gas compressor is feasible. They have tests
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STEADY STAYL HEAT TRANSFER REQU tREMENTS

FULL POWER NORMAL DUTY SPECIFICATION

NAME/NUMBER:  Alr Preheater/E~1

SERVICE: Gas to Air(l)

Maximum Heat Duty, kJ/Hr, (BTU/Hr): 56,150 (53,180)

Hot Side Culd Side
Mans Flow Rate, kg/Hr, (1b/Hr) 290(639.3) 214(471.8)
Inlat Outlet Inlet Hutlet
Composition, wmol fraction
oy
aza 0.204 2.204
B,
Nz 0.574 0.574 Alr Alr
02 0.081 0.081
co
002 0141 0.141
Molecular Wt 28.552 28,970
Fluid Proporties
Density, kg/m3, (1b/ft3)
Therm. Cond., W/m? °C, (BTU/Hr ft? °F)
Sp. Heat, kJ/kg®C, (BTU/1bL°F) 1.1849(0.2830) 1.0241(0,2446)
Viscosity, P&+S, (1b/ft hr) ,
Tenperature, °C, (°F) 393(739.4) 230(446) 60(140) 316 (600.8)
Prassure, kPs, (psia) 106.1(15,39) 103,8(15.06) 17.6(17.05) 115,3(16.72)
AP, kPa, (in Bzo) 2.24(9) 2.24(9)

- Notes: (1) Sulfur free products of combustion/Compressed, filtered air.

Table XI ~ Sample of Heat Exchanger Specification
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STEADY STATE MEAT TRANSFER REQUIREMENTS

ONE-THIRD POWER NORMAL DUTY SPECIFICATION
NAME/NUMBER: Atr Preheater/E-1
SERVICE: Gas to Air
Heat Duty, kJ/Hr, (BTU/Hr): 12,850(12,170)
Mot Side
Magos Flow Rate, kg/Kr, (1b/Br) 65(143.3)

_Inlet _Outlet

Composition, mol frac.ion

oH,

B0 0.204 0.204

N 0.574 0.574
0, 0.081 0.081

Molezular Wt 28.552

Tluid Proper¢ies

Density, kg/m3, (1b/ftd)

Therm. Cond., W/m2 °C, (BTU/Hr ft2 °F) .

( Sp. Heat, k1/kg®C, (BTU/1b°F) 1.1844 (0, 2829)
Viscosity, Pa'S, (1b/ft hr) :
Temperature, °C, (°F) 393(739.4) 227 (440.6)

Pressure, kPa, (psia)
AP, kPa, (in nzo)

! Table XI (continued)
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Cold Side
48(105.8)

Inlet Outlet

Alr Alr

28.970

1.0245(0.2447)

60(140.0) 321(609.8)




and analyses in progress and we should receive the veport during tha
next quarter.

4.6 10 kW Reformer Design

Table XII presents the design data for a 10 kW reformer and
shift converter. The data are based on the 502.2 gmol/hr hydrogen required
for a 10 kW fuel cell at 65X utilization. The catalvats needed for the
reformer and the shift converter are 2.29% (0.0808 fta) and 14.10¢% (0.5% ft3)
respectivaly,

4,7 Prototype Conceptual Design

The reformer and shift converter designs will be started in
January, The reformer design and manufacturing cost estimate will be
based on the concept embodied in Westinghouse Disclosure No. ALSO-22.
The shift converter design will be similar to UTC's 40 kW unit converter/
HDS/Zn0 package system,
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TABLE XII
. W I%1 DATA FOR 10 kW REFORMER AND SHIPT CONVERTLR*

IN __our |
coMPpaLtiL kg/hr MOLL FRACTION kg/hr MOLE FRACTION
REFORMER
CH. 1.9708 0.229 0.1312 0.011
H.o 6.3464 0.656 3.5609 0.257
H. 0.0904 0.084 0.8633 0.561
ccG 0.1175 0.008 2,2198 0.103
ce. 0.5243 0.022 2.2742 0.067 :
TOT ... 9,0494 0.999 9.0494 0.999 ‘§
Total catalyst volume = 2.29¢ ?%
CH. space velocity = 1200 hr ! ]
Steam/carbon mole ratio = 2.865
SHIFT CONVERTER
CE. 0.1312 0.011 0.1353 0.011
H: 3.5609 0.257 2.2696 0.164
H- 0.8633 0.561 1.0049 0.654
cct 2.2198 0.103 0.1937 0.009
CG- 2,2742 0,067 5.4459 0.161
TOTX L 9.0494 0.999 9.0494 0.999
Total catalyst volume = 14.1¢
CO space velocity = 125 hr !
Steam/carbon mole ratio = 1l.51

* Uy regquired for 10 kW fuel cell = 502.2 mol/hr (65% utill zation)

“'Jfl'GINAL PAGE IS
¥ POGR QUALITY |
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TASK 53 MANAGEMENT REPORTING AND DOCUMENTALION
5.1 Supervision and Coordination

A combined progross review and fuel cell stack design review
meeting was held on November % and 6 at the Westinghouse R&D Center.
As a result of open discwssions during this mecting, sceveral decigiong

were made and fmplemented:

1, All futurc stacks for this program will use "heat=treated"
hipolar and cooling/bipolar plates,  This Ineluded the coollag/bipolar
plates for Stack 561 which were already assembled.  As discussed under
"Short Stack Fabrieation," these were successiully heat treated and

included In the stack.

T, The NASA Prefect Managoer roquestoed that the documentat fon
ot the stack abrieativn and procedures be revised to refleet recent
changes, A draft of a revised document was propared and submitted for

his review,

3. Vaream resin will be ased in all future moldings of
bipolar, end ond bipolar/eooling plates for this project. The existing
plates, which contain Collofd resing will be used For Stacks 560, 561
amd 562, Blanks for bipolar, cooling/hipular, awd end plates for

Stack 563 were molded with Varcun.

4, An oxplanatfon of the rationale for the strategy of
temperature changes adopted for the reforming catalyst aging tests was

submitted to the NASA Project Mamager as he requested in the meeting.

5. The NASA Project Manager requested that the Westinghouse
and ERC fuel conditioner task leaders select a configuration for the
10 kW retformer and submit a deseription of it and an explanation of the
selection for his approval. As described under the Fuel Conditioning
Task, a desipn was selected and the deseription will seon be submittied

for approval,
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A number of informal meetings and discussions were held among
potential contributors to future work and the personnel developing the
formal plan for future work. The scope of the technical efforts required
to meet the overall objectives of the program were determined and formed
the basis for task descriptions and estimates of effort for the plan.

5.2 Documentation and Reporting

Patent approvals for the Technieal Status Reports for July and
August were recelved and they were distributed in accordance with the
NASA supplied lists.  The Fourth Quarterly Report and the Technleal
Status Reports for Qctober and November were submitted for NASA patoent
approval.  The management veports (533M and 533P) for October and
November were prepared and submitted along with additional cost and
manhour graphs. The Pinaneial plan for the Sixth Quarter (533Q) was
prepared and submitted.

5.3 Planning

A plan for the program (from a conceptul system design through
fivld testing of three (3) OS/1ES systems) was developed.  The plan
covers the period from Qetober 1981 to mid 1988, The plan includes ¢
work Breakdown Structure (WBS), task descriptions, and estimates of
manpowver and costs in complionce with the WBS and Program Schedule.

This plan was submitted to the NASA Project Manager.
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I1T. PROBLEMS

The assembly of Stacks 560 and 561 is halted pending submission
of documents deseribing the revised fabrication procedures to NASA
Project Manager and his approval of them, The ruvised procedures reflect
the decisions to use heat treated plates and the original acid fill
Scheme 2 and other detalls associated with them,  These changes should
inerease the probability of success and improve the stack performance
but will result in Increased costs (per stack) and probably require time

pxtonsions.
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IV, PLANS
TASK 1: DESIGN OF LARGE CELI, STACKS

Based on the temperature data obtained from Stack 561, the
cooling plate design for Stack 563 will be [inalized.

The document describing Stacks 560, 561, 562 and 563 will be
revised as needed and submlitted to the NASA Project Manager.

The data on shrinkage during heat tveatment will bhe reviewed
and a declsion to cement cooling plate halves prior or subsequent to
heat treatment will be made,

The analysis of the distribution of the stack compression
forces between the active eell area and the boundary or shim area using
the recently acquired material data is continuing, Available data on
the effects of stack compression or performance will be reviewed and
correlated with the model.

A plar for evaluating several approaches to modular assembly
of stacks will be developed and implemented,

TASK 2: STACK FABRICATION

All subassemblies for Stacks 560 and 561 are complete and
assembly will take place ecarly in the next quarter.

Heat-treatment of the bipolar and cooling plates for Stack 562
will be scheduled once the remainder of the plates are received from
machining. This is expected to take place in mid-January. Cell sub-
assemblies and final stack assembly are scheduled for completion by
mid-February.

The bipolar/cooling plates for Stack 563 will be machined.
Heat-treatment will be scheduled as soon as the plates are recelved from
the vendor. This will be followed by cell subassembly and stack
assembly, scheduled for completion bv the end of February.
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TASK 3

-

STACK TESTING

Pretesting and testing of Stacks 561 and 560 will be initiated
as soon as fabricatlon is complete, This should occur ecarly in the
firat month of the next quarter,

Tmmed{ately following protesting Stack 561 will be {nstalled
and tested In the 08/7ES simulation loop,  The primary purpose of these
tests will be to obtain temperature profile data with the innovative
vanling plates undey O8/TES oporatiuyg conditfons,  This {nformation will
verify and he used in floe tunfog et the detalled analvtical model and

will provide the design basis for the cooling plates of Stack 563,

Pest runs of the M kW test facility have shown that it is in
powd working condition aml it will be used for testicg Stack 561 and
fauture 2 kKW stacks,

Work will contipue on the sealing and {nzulation of the alr
Toop, and on the jestallation ot the anode gas preheater for the 8 kW
test Tacility,

Dry runs will be conducted to detect any problem associated
with the operatfon of the loop's flow components. Work will be initiated

on the electrical wiring in the early part of next quarter.

Programming of the Data Acquisition System (which fs shared
between the 2 kW and the 8 kW test facilities) is expected to be
completed by mid-March.

The testing of Stack 561 in the 0S/IES lvop will be extended
to 24 hr/day operation as experience with the automatic control features
ig gained. The 2 kW test facility is also designed for unattended

aperation and will be used for 24 hr/day tests when needed.

Construction of the 8 kW test facility will continue,

P Nl SR S W




TASK 43 FUEL CONDITIONER DEVELOPMENT

The analysis of the system performance and control require-
mentg will continue.

The design of the reformer and shift converter test vrig will
continue and construction should be nearly completed during the next
quarter,

The computer model will be extended to be applicable to the
double counterflow confliguration required by our present reformer
concept. A letter is being prepared for submittal to appropriate
reformer design and catalyst sales organizations to solicit their help
in the double counterflow model adaptation and in future system design
and/or fabricatfon efforis, This lotter, based on comments received

from JPL, will be mailed to interested parties in early January.

Installation of the burner rig water vapor generator will be
completed carly nest month and the revised burner will he terted for
combustion eftficiency and to establish fts operating envelopes,  Further

modifications will be made as neceded,

TASK 5: MANAGEMENT AND DOCUMENTATION

Coordination of efforts among the task leaders and between

ERC and Westinghouse will be continued.

Tochnical review meetings will be held at the convenience of
the NASA Project Manager and presentations to and meetings with DOE

personnel will be scheduled as requested.

A meeting to coordinate the parallel ERC technology program
is planned for the next quarter, Several key members of the 08/(ES
project team will attend.

The task leaders' ilnputs to the Technical Status Reports will
be edited and the reports will be submitted to the NASA Projoct Managor
for patent approval, The management reports will also be prepared and
submitted to the NASA Project Manager,
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Thisg report, the 4th Quarterly .uxl the Ocvtober and November
technical narratives, will be distributed when approved by the NASA
Project Manager,

As deseribed in Seetlon 1@, a plan prepared by the Westinghouse
Advanced Energy Systems Division was submitted to the NASA Projeet
Manager and a meceting to review [t {8 planned tor the next quarter,
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