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1.0 SUMMARY

This final technical report reviews work performed under Army
Mobility Equipment Research and Development Command (MERADCOM) Contract
DAAK-70-77-C-0128 during the period May 23, 1977 through April 23, 1978.

The advantages of electrochemical power generation derived from an
easily transportable fuel such as methano!l have long been recognized. Military
and commercial concerns alike could make considerable use of such a development.

The objective of this effort has been to design, fabricate and test
evaluate Solid Polymer Electrolyte (SPE) fuel cell configurations suitable for
operation on reformed methanol and air. A major thrust of this program was the
development of a configuration that internally humidified the reactive air. In this
regard the expertise gained through development of a Solid Polymer reactant
humidifier for NASA/JSC (Contract NAS 9-12332) was of considerable benefit. In
order to simulate the fuel and excess water delivered from a methanol reformer, a
water injection mechanism was employed at the fuel inlet to the fuel cell. This
injected water was utilized for air humidification. During the course of this contract,
laboratory-sized cells were developed and successfully operated on simulated
methanol reformate and air with internal humidification. Environmental and over-
stress testing was also successfully completed. Figure 1 reflects the various tasks
performed during the course of the contract.
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2.0 ANALYSIS (Task 1.0)

The overall purpose of the analysis task was to determine area ratios
of humidification SPE to electrochemically active SPE at various operating
conditions. Establishment of the anode side water introduction technique to
simulate excess reformer water was also to be accomplished.

Previous computer subroutines involving mass transport, current
densities, partial pressures, SPE thickness, IEC (Ion Exchange Capacity), etc.,
were use to obtain a mathematical model of a self-humidifying configuration.

Operational conditions utilized in the NASA/JSC Program were
factored into the computer program for a comparison with humidifier area-to-active
area ratios as established for the near-ambient pressure cell.

These analyses produced a humidifier area of 1.02 lnz for the 165°F
case. Using a fixed area ratio (i.e., 14% area for humidification) the required
operating pressures were determined for proper humidification at higher tempera-
tures. Table I reflects the range investigated.

A more aggressive set of conditions were then evaluated based on high
pressure Ho/air performance obtained on NASA cells. These input conditions
were:

Cathode pressure - 115 psia
Cell temperature - 220°0F
Cell area 7.2 in? (1/20 Ft?)
Current density - 1000 ASF
Cathode gap - .125 inches
Air stoich - 4.0

For the above configuration and operational conditions it was
determined that 1.34 in2 of the total 7.2 in® of cell area would have to be devoted
to humidification of the incoming air using excess H, side water. The analysis
assumed that the exit air had to be saturated to 100% RH at 220°F, and that product
water of the cell would supplement the humidification water to produce this con-
dition. The actual relative humidity of the air entering the electrochemical active
area of the cell, having passed through the humidification area, was determined
to be approximately 39%. Table II, Appendix A, displays the computer analysis
that sized the humidifier at 1.34 in2., Tables III through VI show analyses at lower
temperatures and pressures.
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Computer Evaluation Results

|
| TaBLE 1
[
L

Case Case Case Case
I II I IV
I' Cathode Pressure Psia 16 22 30 43
Cell Temperature 0F 165 180 200 220
L Cell Area In® 7.2 7.2 7.2 7.2

t ‘ Humidifier Area  In 1.02 1.02 1.02 1.02
; : Current Density ASF 300 300 300 300
: L Cathode Gap Inches 1/8 1/8 1/8 1/8
Air Flow Stoich 2.5 2.5 2.5 2.5
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The Appendix Tables reflect the rather complex relationships that are
at work which influence the ability of the membrane to humidify the incoming air
stream. In general terms the following relationships exist:

) Pressure - Increased pressure reduces required humidification
® Temperature - Increase temperature increases required
humidification
® Air Flow - Increased air flow increases required humidification
® Current Density - Increased current density increases required
humidification
O, Gas Gap - Increased gap requires increased humidifying area
8 Membrane Thickness - Increased thickness requires increased

humidifying area

A "see though" acrylic model was sized from the high pressure high
current density analysis. Figures 2 and 3 represent simplified drawings of the
transport system subsequently employed.

In the working model the Ho gas and humidifying water enter the bubble
cavity. The 82 becomes humidified and passes through the overflow tube into the
base of the active area, where it is separated from any excess water that may have been
carried with the H,. The hydrogen is distributed across the active area by means
of a gold distribution screen; inerts are removed with a bleed at the top of the active
area. The excess HoO is also removed with a bleed at the base of the active area.

A porous titanium plate in the water filled bubble cavity transmits the
H20 to the water transport portion of the membrane. This membrane carries
the water to the cathode to humidify the incoming air that passes over the wet
membrane.

A nitrogen-pressurized, forced liquid flow system was developed in
the "see through' fixture. This system was found to be highly successful and was
subsequently adopted in the test hardware. After fabrication and testing of this
module based on computer analysi., the results were applied to the fabrication of
actual test hardware.

5

DIRECT ENERGY CONVERSION PROGRAMS @




e otusii i ki S R A o' -

Sa Sl o K .y,
o i M 0l e Sl bl et et it i

Over flow tube
Possible
Two-phase Flow

Bubble
Cavity

‘: : o

o E— )

" Bleed
B

| g 1 *

{
=
E |

\

1 H,0 Separation
k| Cavity
; ! e DR P

- O s A

: Ho Porous Ti Plate

1 Section B - B

1

L | Overflow .
' Bubble Tube ) | ' .
Chan ber SPE g Upper Bleed
\ g Manifold
s\
N
k p
& Gold
R, Distribution
! Screen

ANODE COMPONENT DIAGRAM

AP LGAT S LA LIS 4L 2LA,

Section
A-A
Figure 2
H20 Separation
5 Cavity with
| ;__/ Wick
11
K
¥ am ebd
6 U




s el s B TR S e o i v O e T Ty

Inert

Alr — \ ( — (-' — ] B'eed

H,0
Transpor Active
Area Area

\s =

Product
H,0

L Humidified
Air

] CATHODE AIR FLOW DIAGRAM

Figure 3




.
-

3.0 PARAMETRIC TESTS (Task 2.0) g

Following hardware and test stand fabrication and checkout, cell M-1
was put on test. Figure 4 displays the individual cell components and Figure 5 shows 4
the hardware integration with the test facility. M-1 was fabricated on 5 mil plat-
inized SPE, incorporating the 4mg/cm2 standard cathode and 4 mg/cm? special
CO-tolerant anode catalyst (64 wt % Pt, 21 wt % Ru, 15 wt % W Ox) developed under
contract to NASA/JSC (Contract NAS 9-14345). Shortly after introducing H20 into
the bubble chamber of the cell, M-1 showed signs that water was entering the anode
active area, partially masking off the cell. Despite several shutdown and restart
cycles this situation continued.

At this point the previously utilized ''see through' fixture was set-up
again to study this phenomenon. A simulation of all systems flows and pressures i
was imposed on this fixture and the probable cause of flooding was rapidly observed. ’
In this hardware the water/gas mixture which spilled over the top of the anode ver- :
tical trap created a wave as the mixture flowed through the lower trap area. This
wave was able to reach the gas feed parts to the active cell area. Figure 6 shows
the observed two phase flow condition, as opposed to the desired condition.

With further development it was found that a woven glass wick placed
in the bottom of the water seperation cavity produced the desired condition. The
woven glass wick effectively inter rupted the slugs so that they could be removed
through the drain bleed without interfering with the active area.

[Ap—

Uecause initial testing of M-1 showed it to have less than optimum |
performance and higher than normal resistance, M-1 was replaced by cell M-2, i 4
which had the same configuration. The resistance of cell M-2 was also consider- ]
. ably higher than normal. However, the cell was activated to determine whether
the water masking modifications were effective. Following activation, the reformate
simulated excess water flow was set at 15 cc/hour; stable performance was main-
tained for two days of operation, indicating proper water distribution.

The operational temperature was increased to 165°F and a performance
run on air/hydrogen was made. As shown in Figure 7, the performance demon-
strated in this instance was considerably below that obtained from the NASA/JSC
baseline cell. However, since the lower performance level was also obtained
while operating on Og/H,, it appeared that the subnormal performance was not
related to an inability to humidify the dry incoming air with the internal humidifier.

The higher-than-normal internal cell resistance suggested several
factors that could have contributed to the low performance, including contact re-
sistance, due to oxides on current collectors, etc., or contamination and/or
oxidation of the special CO-tolerant catalyst developed for NASA/JSC.

i 8
DIRECT ENERGY CONVERSION PROGRAMS @




gjuauodwo)) [[2) Ily/3jeUlIO)dy ‘§ sandig

- o PPEIR sjuauoduro) poy 31l
p—— L]

\

u3315g uolINgLIISIg N:

-

auwel J I10399[[0)D 3poYyled Alquiassy

. 2po13123[3q
M 9L auUBIqUIA
s /aqny
M~ uor3oalug
H/0%H

ae|d snoxod —

3je[d 13400 P[OFIUE] —>

afeld 1030

9[[0D 3poyle) < 193889

<— 10je[NSU]

ajeld 10399[[0D
apouy

awex

aeld.
JUB[00) ——»
apouy

<«— 103B[NSU[

9




]
\l" 4

9

4

|

|

1

{

i Figure 5. Cell Assembly/Facility Integration

10
DIRECT ENERGY CONVERSION PROGRAMS @

O wmting
'




b ey, S Kb S S R 5 S, i r " q (st gis * acnid e S AE. 5
3 A, 8 R g i ob e g i ’ - o o g .. .

3
| 1
|
l
l Fuel
; Distribution
I Plate
\ Fuel
: I Ry Bleed
: ~ Fuel
: and Excess Hy0
. > 2
Excess Hq0O Bleed

Pussiians
-

Fuel Side

!

-

Desired Two Phase Flow

Fuel
§ = Distribution
< Plate
Gravity 3 - ;\ll:el d
. Fuel
and » Excess HoO
Excess HoO Bleed

Fuel Side

Observed Two Phase Flow

Figure 6

11




Rivy 4 Gt

o R Sah s S g0 v e il

00¥ 0ce

L 2and1 g
IDUBULIOLIA []3)) 2]18uIg

ASY -~ 3ua1an)
052 002 ¢t 001 0%

1

¥ T T 1 e |

(VISd 9D(36290%1/%0 - x

(HOIOLS

(HOI0LS

~ IV XS 2)VISd 91)(doS9D%H/HIV ~ O
(apouy umuneid) z-w 1140 WOOAVHAN

HIV X< °2)(VISd 12) (408D /a1y ~ 7

(HOIOLS UIV XS 2)(VISd 9D ,e90%n /v~ O

(VIsd 904,891 °n/%0- O
(apouy Wb e Iy

1 ! 1 1 . |

VSVN [e122dg) TT14D ANI'T ASVH JSF/VSVN

000°

00r-

00z "

00g"

(111} 2

009°

0oL

008°

006°

001°1

AN IODVILTOA TTID

12




CaBRPR IS o D 1 e o e A b I R T o VN N v Aot S S A e I i i o -y
e - < - e O SRS SHOSR S R A . i T S

The CO-tolerant catalyst used in cells M-1 and M-2 had been prepared
in 1974, and subsequently not used since 1975. In view of the less than adequate
performance of M-1 and M-2, it seemed possible that the batch of catalyst had
undergone a negative change since it was manufactured. Preparations began for
the manufacture of a new batch of the CO-tolerant catalyst. While this catalyst
was being made, cells using all-platinum anodes were produced to allow further
development in the interim. All cell contacts were platinum-plated to help eliminate
the high internal resistance seen earlier.

Fid ey eam o 0

Cell M~3 was the first of these all-platinum catalyst cells to go on .
test. Figure 8 shows performance runs on Hz/Og and Hp/air at 165°F and 180°F with {
> simulated reformate excess moisture. These curves suggest significant improvement ’
over the performance of cell M-2. At 123 hours of operation, M-3 was removed
from test for analysis due to an Og-to-Hg leak. The analysis showed extensive
blistering in the HoO transport area.

o A L SRR, b 58S

Normally the platinization treatment of the SPE acts to prolong the life
of the cell. In the HyO transport area, however, it was believed that this treatment
acted as the catalyst to produce the corrosive Hp Og. To minimize the HyO trans-
port area degradation in the future, the platinization step was removed from the cell
manufacturing procedure for this program. |

B

Cell M-4 went on test shortly after the analysis of M-3; it had the same
configuration as M-3 with the exception unplatinized membrane was used. Figure 9
plots the performance of M-4 at 220°F on Hy/Og2 and Ha/air at 29 psig and 100 psig.

While M-4 was being tested, the new batch of CO-tolerant catalyst was
completed. Three cells were fabricated and evaluated. Although the CO-tolerant
anode catalyst in these cells had been prepared by carefully following the procedure
developed for NASA/JSC Houston, all three cells failed to achieve minimum per-
formance expectations and were removed from test. Judging this new batch of
catalyst to be defective, a second batch was manufactured by modifying some stock
catalyst. The result effectively achieved the correct CO-tolerant mixture as de-
veloped under contract to NASA/JSC Houston. Cell M-9 was fabricated with this
catalyst on unplatinized SPE with a standard platinum cathode. Figure 10 shows the
Og/Ha, Air/Hg performance of M-9, which is significantly better than M-4, the
latest previous all-platinum cell. This difference can be at least partially attributed
to the cell resistances: .0052 ohms for M-9 as compared to an average resistance
of .0063 ohms for M-4. Figure 11 gives performance on simulated reformate
(75% Hg, 24.6% COg, .3% CO, .1% CHy) /Alr as a function of operating pressure.
Sensitivity to fuel flow variations on simulated reformate/air is shown in Figures
12 and 13. When the performance on 10 PPM CO is compared to the performance
with the .3% CO mix, the .3% CO mix showed slightly better performance at
1.25 x and 1.5 x stoichiometric flow.

13
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The nature of this observation is not completely clear, however,
these results suggest that there is a limited effect of the CO in the mix.
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4.0 LIFE AND DURABILITY (Task 3.0)

4.1 Endurance Running

Cell M-9 began endurance on reformate (.3% CO , Air) after the com-
pletion of Task 2.0 of this program. At 296 hours of operation, M-9 experienced
a cathode-to-anode leak, necessitating its removal from test. Overall visual
examination of the cell showed a rust-colored stain of approximately 2 em2 in the
Hy0 transport area. A sample of this discolored area was removed and sent out
for chemical analysis. Also visible was an area of membrane degradation
between the HoO transport area and the active area, A sample of the nctive area
was also taken for chomnical analysis.,

The cell then underwent overall micrvzcopic examination which
detected an area of goy mixing at the base of the active aren, This is believed (o
aave hoen caused by Ha entering the winode cavity during the depressurization that
followed the shutdown. The membrane was finally chemically stvipped of all
catalvst =0 that the integrity of the JPE could be analysed. Microscopic
examination of the stripped SPE showed degradation hetween the H20 transpoxt
area and active area only.

4.2 Load Cycle Evaluation

Cell M-11 went on test soon after the shutdown of M-9, and nefore the
analvsts ot M-9 was completed. At 130 hours of load cycle operation, M-11
experienced the same fate as M-9. Cell M-11 exhibited a stain in the transport
area nearly identical to that in cell M-9; however, the active area demonstrated
more advanced degradation, including blistering. At this time the lab results from
M-9 were returned, confirming the suspicion that the humidifying H20 system,
which is entirely of 316-SS, had contaminated the water, in turn contaminating the
SPE. The chemical analysis of the stained area showed significant amounts of Ni,
Fe, Al and Ti with smaller amounts of Mg. To eliminate this contamination
problem, deionizers were added into the H90O injection system of each facility and
titanium tubing was installed between the deionizers and the cells, This
configuration was then successfully utilized in subsequent overstress testing.

4.3 Over-Temperature Study

Facility modifications were performed and subsequently Cell M-12
went on test. Preliminary performance evaluations revealed that Cell M-12 had
good initial performance (Figure 14). Temperature was increased to 266°F, and
curves were made on Hp /02 and reformate O2 (Figure 15). Performance on the
reformate was much higher than previously experienced, and with greater stability.
The sudden dip at the end of the reformate curve, and an increase in resistance,
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indicated excess drying. It is believed that insufficient humidification of the high
flow fuel was the cause of the performance dip and resistance tncrease.

L I

4.4 Ambient Dry-Out Investigation

-

Cell M-11 underwent initial performance evaluations and was then ’
removed from the test facility. The ports were left open to ambient conditions for
one week. The average relative humidity during this time was 30%, with an
average temperature of 68°F. M-11 was then reinstalled into the facility and
activated. Figure 16 gives performance curves before and after, showing
essentially no change on Oo/Hg or Ha/Air at 220°F and 29 psig. i.

=

,
i

[ S —

4.5 Freeze Thaw Investigation

After ambient dryout testing was completed on Cell M-11 it was again
removed from the facility. The ports were capped and the cell was refrigerated to
-T0°F (-56°C) for six hours. M-11 was allowed to thaw overnight in ambient
conditions before re-activation. Performance comparisons are given in Figure 17 |
and reflect an increase in cell resistance. This resistance increase is believed to
be the major cause for the lower performance. The cell was removed from the
facility and disassembled for inspection. Visual analysis showed no obvious
; indications of the resistance increase. It is suspected that a minor amount of
| cathode detachment may have occurred.

e —
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5.0

CONCLUSIONS:

The overall program results of the air/reformate fuel cell have
been very enccuraging. The following conclusions/results were arrived at during
the development program:

il
L

Internal humidification of reactants was found to be success-
fully accomplished.

Water carry-over to the anode active area was a correctable
situation through utilization of a woven glass wick within the
lower Hg manifold.

It was concluded that optimium humidifier performance is
obtained with unplatinized SPE, thus suggesting two
separate SPE's for humidification and electrical operation.

Pre-humidification of the fuel gas (as would be the condition
during use of reformate fuel) is desirable, especially at
temperatures above 220°F.

Metal ions that could contaminate the SPE should not be
introduced via the excess mositure flow.

Ambient dry-out and freezing of the hardware seems to pose
little difficulty.

Reactant flow distribution on both anode and cathode requires
optimization to achieve minimum discharge flow rates.
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6.0 RECOMMENDATIONS

Because the HoO transport area requires an unplatinized SPE, and
the active area has longer life with platinized hardware, configurations in the
future should incorporate two different membranes: One, unplatinized, for Ho,0
transport, and another which is platinized for the active area.

L

Flow distribution studies should be performed for both anode and
cathode. This is probably done best on larger scale hardware.

High temperature operation holds great potential for CO opem tion.
However, more study is needed in this area.

Actual operation on a reformer could give further insight into an
optimum design.

Recently a new SPE fuel cell technology has emerged which is
superior to the open cathode gap configuration. Because this new M&E configuration
uses a conductive cathode wetproofing film, axial current collection can be used
instead of the interrupted wetproofing film and edge current collection used in this
program. This axial current flow capability greatly simplifies multiple cell
stacks and reduces the IR loss associated with edge current collection.

Because the SPE is fully supported structrually on both sides with
the conductive wetproofing cell there is no sensitivity to pressure reversal, ualike
the configuration used in this program. No reverse pressure sensitivity greatly
improves the overall reliability of the system. In addition to these advantages
the conductive wetproofing configuration would be especially applicable to the ob-
jective of this program because a much closer cathode gap is used, thus increasing
the humidifying capability of the configuration tested here. The conductive wet-
proofing concept with its close gap also provides the opportunity for improved flow
distribution within the cathode chamber. Certainly conductive wetproofing fuel cell
technology should be considered in future testing and would be a considerable im-
provement over the cell design tested here. A

An additional area of attention would be in multi-cell configurations.
Presently NASA/JSC Houston is developing a 1.1 Ft2/cell stack design utilizing
conductive cathode wetproofing. This system is presently being suggested for
spacecraft applications; however, terrestrial use of the design would require few 3
modifications.
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TERMINOLOGY OF APPENDIX TABLES

Computer Readout Terms

Pressure - PSIA

Temperature -~ °F '
Area - In®

Current Density - ASF

Current - Amps

Air Flow - Lbs/Hr

Cell Dimensions - Inches

H20 Gen - Lbs/Hr

H20 Loss - Lbs/Hr

Gas Gap - Inches

HoO Evap - Lbs/Hr

RH Hum - % x 1072

Limiting SPE Evap - Lbs/Hr - Ft
Limiting Gas Diff - Lbs/Hr - Ft2

Definition of the Column Readouts

Evap Area - Displayed in In2.

RH-Gas - Displayed in % x 10~2. This number provides the relative humidity of
the air as it passes over the humidifier. This is an accumulative
with increased area. When the RH at the end of the available
humidifier area equals the difference between the water loss
and generated water the loop has been closed and cell dry-out
will not occur.

RH-Surf - Displayed in % x 10"2, This provides the relative humidity at the
evaporating surface of the membrane at various points in
the humidifier/evaporator.

H O Flow - Displayed in Lbs/Hr. This number provides the water transport
accumulation as a function of evaporation area.

Evap Rate - Displayed in Lbs/Hr - Ft . This number provides the evaporation
rate at discrete points within the evaporation.
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. PRACTICABLE
gy 1§ BEST QUALITY :
mSPL - :ISHEDTODDG P

FROM COF

TABLE 1 . F
PRIMARY DESIGN DATA 220 F-115 psia

FPRESS, TEMF,AlR STOICH,CURR LCEN?113,222,4,102¢
NQ.STEPS,GAS GAF,EVAF WITTH & EVAP ARZA?10@,.125,.5.,¢
NORMAL PRINT,WS ITERATION OR Ré ITERATIONC(L!,2 OR 3)?1
02 FRESS TEMP VAF PRESS
11S.00¢2e¢ <2¢.c002¢ 17.18800
CELL AREA CUER De&N CURRENT AlR STOICH AIR FLOW

o

$.43707 1020Q@.2002020 37.75745 4. Q0ee2 sh2S4c
CELL WICTH CELL HT NO.FASS PASS WICTH HZO GEN HZ0 LOSS
2.683¢¢@ 2.1205¢ 3.00¢00 s€6517 «22738 « 24448
EVAF AREA GAS GAF EVAF WIDTH HZO0 EVAF REL HUM
1.34152 .125¢@ .5eeee «01650 . 38925
OXYGEN PARTIAL PRESS,PSIA LIMITING EVAF RATES
FC INLET FC OQUTLET SFE EVAF GAS CIFF
22.69087 1€.21814 11.91¢¢c8 2.28779
EVAF AREA BH-GAS RH=- SURF H20 FLOW EVAF RAT:E
« 13415 . 24932 «P64E2 22158 c.129258
«2€83¢0 «29578 96712 . 22388 2.23434
40245 . 13957 «9€939 .225€9 1.96427
. 53660 . 18288 97147 22742 1.85818
« 67275 «21989 97337 .ceoes 1.77€41
.8€49¢ « 25676 «9751¢ <2leEs 1. £€9854
«939@S 29162 «97€72 21217 1.62435
l1.2732¢ «324€2 .9781% .C13€2 1. §53€¢€
1.28735 «35587 « 97945 .e15¢e 1.48€28
i.3415¢ « 38548 .98@72 «216233 1.42199
VEL,FPS CYN PRESS REYNOLLS NO.
« 6148456 1.823¢&1E-@5 4QR2.256¢
PRESS LOSS= 3.0517¢E-@% FSID OR .RQ@e847 IN. HZ20

PRESS, TEMF,AIR STCICH,CURR CEN?STOF
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THIS PAGE IS BEST QUALITY PRACTICARLE
FROM COPY FURNLSHED T0DDG ____— |

TABLE Il
165°F - 16 psia

PRESS, TEMP,AIR STOICH,CURR DEN?16,165,2.5,392
NO.STEPS,GAS GAP,IVAP WIDTH & EVAP AREA
220,00015,.125,0,1.32

02 PRESS TEMP VAP PRESS
16.90293 165.3Q3932 5.342300
CELL AREA CURR DEN CURRENT AIR STOICH AlIR FLOV
5.76357 300.29222 12.807a3 2.52000 .23535
CELL VIDTH CELL HT NO.PASS PASS WIDTH H20 GEN 420 LOSS
2.68330 2.24033 3.9202@ .708511 . 208902 . 32436
EVAP AREA GAS GAP  EVAP VWIDTH H20 EVAP  REL HUM
1.82200 .12520 .38317 21547 . 67602
OXYGEN PARTIAL PRESSURE,PSIA
FC INLET FC QUTLET
2.59572 1.462%2
VAP AREA RH-GAS RH=-SURF H20 FLOW EVAP RATE
. 26830 «27296 «75%44 .20132 2.30533
.13629 .14638 «72987 .33274 2.98333
«20482 «213aa «75631 .00427 2.32778
.27200 «27365 «77949 .20534 2.67662
«34000 +32831 +32069 .99653 2.53476
NYETT) «37812 «3197a <30767 2.40062
«47600 «42357 «33693 .20874 2.273387
«54402 <46521 .35247 .30976 2.15393
«61220 . 50342 .36642 .21372 2.33972
«68022 .5385S .37929 «31163 1.93172
< 72822 +57092 .390SS .01250 1.32998
«31620 .62982 «93123 «31331 173517
«88420 .62341 .9104a7 .212429 1.63967
«95200 <6539 +91383 .914a82 1.55093 l
1.92020 «67761 « 92667 .21551 1.46757
VEL, FPS DYN PRESS REYNOLDS NO. 1
1.16828 9+.35774E-36 127.74
PRESS LOSS®= 2.74181E=35 PSID OR .200761 IN. H20 ‘
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TABLE I
180°F - 22 psia

g S = =om

b dPo

le2ZECQ « 63732 «$33¢€C «2l&32

VELLFFS CYN PRESS REYNQLLS NO.
«8847981 €.36Q0€E-CE 125.534¢
FRESS LOSS= C.g@98¢€8E-@3 FSIT OR

33
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COFY FURNISHED 70 DD¢ ____—

AlF FLOW
« 8833

H20 GEN
«2e85¢

REL HUM
«€3674

EVAF RATE
J.42782
3. 13663
2.873%96
€. 63818
2.41718
2.21748
2.03420
l.8€3811
172943
1.85€88%

-3 -

r FEESS, TEMF, AIR STOICH,CURF CEN?Z1.684,180,2.5, 320
N L NO+STEFS,GAS GAF, EVAP WICTH 4 IVAF AREA?10,18.185,0,1.¢2
NOFMAL FRINT,WS ITEFATION OR R€ ITERATIONC(1,2Z OF 3)?! -
. 02 PRESS TEMP  VAF PRESS
; 21.68422 18¢.2eeC@  7T.S1Sel
‘- CELL AREA CUFR CEN  CURRENT  AIFR STOICH
$.7€357 30@.20220  12.00743  2.528@Q
CELL WICTH CELL HT  NO.PASS  FASS WICTH
{ 2.e83e0 2.24233 J.20eee <7511
EVAP AREA  GAS GAP  EVAF WICTH H20 EVAF
! t.ezeee . 12528 38217 .e169¢
| OXYCEN FARTIAL FRESS,PSIA LIMITING EVAP RATES
: FC INLET  FC OUTLET  SPE EVAP  GAS CIFF
3.44586  1.94395  6.94226  5.44827
TVAF AREA  RH-GAS  RH-SURF  H20 FLOW
{ . 1020¢ 12619 .72897 .22z43
: .2eaeo . 23237 76729 .204€S
. 32600 +32273 82189 .eeees
.408¢e . 40234 .83123 .2e8ss
510082 46751 -855€9 .e1eze
61220 .sz6e1 87662 21183
7140 57723 39443 21328
.816¢¢ . 62229 30961 .elage
91822 .<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>