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The overall objectives of Phase V of the SPE Fuel Cell 
Technology Development Program were to: 

Establish SPE fuel cell life an,d performance at tempera- 
tures, pressures and current densities significantly 
higher than those previously dentonstrated in sub-scale 
hardware. 

continued operation of single-cell (1.1 ft2) Buildup 
NO. 1 to establish life capabilities of the full-scale 
hardware. 

To design, fabricate and test-evaluate a multi-cell 
full-scale unit (Buildup Ng, 2), laying the gfaundwork 
for the construction of a reactor stack. 

a ~esign, fabricate and test-evaluate a reactor stack to 
demonstrate the readiness of SPE fuel cell technology 
for future space applications. 

During this phase, significant pr~gress was made toward 
the accomplishment of these objectives. In the area of sub-scale 
fuel cell life, for instance, the 0.7 ft2 cell stack demonstrated 
over 11,000 hours of operation at intermediate current densities, 
temperatures, and low pressures. A 0.05 ft2, laboratory-size 
cell demonstrated over 4300 hours of stable life at high pressure 
and high current density. Both of these cells utilized the 
conductive cathode wetproofing, a configuration which provides 
significant performance and weight benefits when scaled to 
size cells. 

~uildup No. 1 accumulated over 3200 hours of invariant 
performance over the current density range between LOO and 500 
ASF. The unit ultimately shut down due to failure of a facility- 
associated oxygen solenoid valve. All testing was performed 
utilizing commercial-grade reactants. A teardown analysis of 
~uildup No. 1 revealed no evidence of materials degradation. 

Buildup No. 2 featured the same basic design as Buildup 
No. 1, only in a 4-cell configuration.   in or modifications were 
incorporated into the Bnd plate, the oxygen flow field, and the 
coolant cartridge frame. The design modifications all resulted 
in an improved condition for Buildup No. 2. During the over 
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1000 hours of Buildug N o ,  2 operation, several  design and 
f a b r i c a t i o n  shortcomings were i d e n t i f i e d  and correc t ive  ac t ions  - 
subsequently implemented. 

The lessons learned and correc t ive  measures taken during 
operat ion of B/U Nos. 1 and 2 were applied t o  the design of t h e  
18-cel l  r eac to r  stack, which was successful ly  fabr ica ted  and 
passed a l l  checkout t e s t s .   his 7 'kW u n i t  designated Buildup No. 
3, i s  displayed i n  ~ i g u r e  1. Operational t e s t i n g  of t h i s  u n i t  
i s  planned under NASA Contract 2TAS 9-15831. Under t h i s  Orbi ta l  
Energy Storage Contract, Buildup No. 3 w i l l  be operated as  a 
primary f u e l  c e l l  f o r  approximately ZOO0 hours, followed by 
i n t e g r a t i o n  and operation with an e l e c t r o l y s i s  u n i t  as  a bread- 
board demonstration of the  regenerative energy s torage system. 

The progress made during t h i s  and previous program 
phases produced s u f f i c i e n t  information f o r  GE/DECP t o  confident ly 
propose an SPE Fuel C e l l  Development Program f o r  a second-genera- 
t i o n  Space Shut t le  power p lant .  Among the  s i g n i f i c a n t  fea tures  
p,zojected f o r  t h i s  14 kW f u e l  c e l l  power p lan t  are:  

Dry weight including accessories  - 135 lbs .  
Average HHV ef f ic iency - 52%. 
Operation on propulsion-grade reac tants .  
~ s t i m n t e d  minimum useful  l i f e  - 10,000 h r s .  
~ s t i m a t e d  production cos t s  - $170K (1979 d o l l a r s ) .  

- 2 
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Figure 1. 7 kW Reactor Stnck (Bufld L'p So. 3)  
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TECHNICAL BI\CKGROUW 

General Backqround 

The so l id  polymer e l e c t r o l y t e  f u e l  c a l l  technology was 
f i r s t  devaloped i n t o  a v iab le  product i n  1960. Over the  p a s t  20 
years ,  improvements i n  both the  s o l i d  polymer e l e c t r o l y t e  and 
e lec t rode  technologies resul ted  i n  an increase i n  the  f i e l d  of 
appl ica t ions  t o  include e1ectrolysi .s  systems, oxygen concentrators 
and regenerat ive f u e l  c e l l s .  A l l  four  elcctrochernical devices 
u t i l i z e  the  sams bas ic  s o l i d  polymsr e l e c t r o l y t e  and e lec t rode  
components. ?%us, t h e  experience gained from one appl icat ion 
can be used i n  the fu r the r  improvement of the other  devices. 

The h e a r t  of these devices is  the  so l id  polymer e l ec t ro -  
l y t e ,  which i s  a p l a s t i c  f i lm e~proximate ly  5 t o  10 m i l s  th ick ,  
fabr ica ted  from ion exchange matar ial .  The mater ial  cur rent ly  
used a s  t h e  so l id  polymer e l ec tzo ly te  has a chemical s t ruc tu re  as  
followt:: 

*- CF2- L 

 his mater ial ,  ca l l ed  Nafion*, i s  e s s e n t i a l l y  a sul-  
fonated analog of Teflon*, with physical  proper t ies  very s imi lar  
t o  those of Teflon, 

The use of the  s o l i d  polymer e l e c t r o l y t e  as  the  s o l e  
e l e c t r o l y t e  i n  an electrochemical system o f f e r s  the following 
advantages : 

~inimum weight. 

Immobile and invar iant  during l i f e .  

Minimum volume. 

Ease of hzndling during assembly. 

Capabi l i ty  of handling high pressure d i f f e r e n t i a l s  
across t h e  membrane. 

NO tendency t o  r e a c t  with C02 t o  form carbonates. 
* @Registered trademarks Of E. I. duPont Company. 
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2.1.1 So l id  Polymer Elac t ro lv tc  Technoloqy 

The Nwfion s o l i d  polymer a l a c t r o l y t e  dascribad above Ls 
a product o f  duPont and has been u t l l i r e d  extsnsively by GE/DECP 
i n  elactrochetniical appl ica t ions  s ince  1968,  his mtsmbrnncar i s  
extremely stab&@ both physical ly  and chemically, while exhib i t ing  
e x c s l l s n t  physical  and elt4ctrochamical proper t ies .  The ~ p a c i f i c a -  
t i o n  of tllese proper t ies  i s  given below: 

Property Value 

Tensi le  Strength > 2500 p s i  (>  17.235 k ~ / m ~ )  

Elongation > 120% 

Burst Strength,  Unsupporteii > lo0  ps ig  ( 3  689 k~/m* gauge) 

Water Content 25-40 Weight % 

~ e o i s t i v i k y  > 15 ohm-cm 

Li fe  i n  Electrochemical >57,000 hours demonstrated t o  da te  
System (hours) i n  f u e l  c e l l s .  

Thermal s t a b i l i t y  > 3 0 0 ~ ~  ( > 14g0c) 

The ~ a f i o n  s o l i d  polymer e l e c t r o l y t e  is  the  l a t e s t  i n  a 
s e r i e s  of GE/DECP membrane systems t h a t  included phenol-formalde- 
hyde su l fonic ,  polyskyrene sulfonic ,  and t r i f luoros ty rene  su l fonic  
ac ids ,  and i s  the only membrane t h a t  offered the excel len t  
combination of physical  and chemical s t a b i l i t y  required i n  the  
electrochemical environments. 

The f i r s t  Nafion s o l i d  polymer e l e c t r o l y t e s  d id  tend t o  
degrade slowly i n  an electrochemical environment a s  evidenced by 
h slow generat ion of HF and C02 from the operating device. 
However, t h i s  problem has been rigorously researched by both 
duPont and GE/DECP and has culminated i n  a stack of 0.38 f t 2  
(354 cm2) c e l l s  t h a t  has  been operating f o r  over 57,000 hours, 

with a projected l i f e  of over 100,000 hours. 

Electrode Technoloqy 

The GE/DECP e lectrode s t ruc tu res  are  t h i n  c a t a l y s t  l aye r s  
pressed onto the so l id  polymer e l e c t r o l y t e  surface.  The c a t a l y s t /  
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so l id  polymer electrolyte eLectrode also contains a thin (3-4 
m i l )  (,0762-.10J6 mm) current: c o l l e c t o r  acreen, In  order  t o  
pravant wntsr masking o f  the f u e l  cell O X ; J ~ $ ~  a lec t rode  where 
product water is formed, a wetproofing f i l m  6 4  plncod on fop of  
tha catalyst/current: col2ector.  Ths pezrfoudancts of t h e m  
~ l e c t r o d ~  structures has  bean invar i an t  f o r  over 57,000 hours 
with performance decay o f < l p v o l t  per  es3L hour* 

Mador Fu@l C e l l  Pro~ramq 

Th@ ~ a m i n i  Spacecraft Program marked che f i r s t  opsra t ional  
use of a s o l i d  polymer a lec t ro lyks  Euol c a l l  u n i t .  The General 
~ l e c t r i c  GE/SPE fue l  cells used during t h e  program succsssfu l ly  
completed a13 seven spacecraf t  missions, accumulating a t o t a l  of 
850 hours (5000 stack-hours) of  f l i g h t  operat ian with  an excetllont 
record of  performance and r e l i a b i l i t y .  Tha spacecraf t  syskern 
included two 1-kW modules, each containing t h ~ e o  32-cell  s tacks.  

A t o t a l  of 250 s tacks of the production configuration 
were b u i l t  during the ~ e r n i n i  Program. Most of these were usad 
f o r  r e l i a b i l i t y ,  endurance, and over-s t ress  t e s t i n g ,  accumulating 
more than 80,000 stack-hour? 02 oparating experience i n  addi t ion 
t o  t h a t  accumulated during Ekighk operation. 

Subsequent t o  t h e  ~ e m i n i  Progrnm, a second-generation 
model of t h i s  f u e l  c e l l  design successful ly  operated i n  o r b i t  
continuously f o r  over 40 days (planned mission of 30 days) on 
~ i o s a t e l l i t e  Spacecraft  501. The u n i t  stopped functioning only 
a f t e r  the r eac tan t s  had been depleted.  An addi t ional  e:pplication, 
t h e  so-called uback-to-backv c e l l  design concept i n  which cathodes 
of adjacent c e l l s  faced each other ,  was i n i t i a l l y  deveioped f o r  
A i r  Force s a t e l l i t e s ,  Development was c ~ n t i n u e d  under NASA' s  
sponsorship, 

During t h e  NASA Spacn Shut t le  Technology Development 
Program, General E l e c t r i c  fabricated and evaluated f l ightweight  
f u e l  c e l l  hardware. Noteworthy i s  the fact t h a t  a 3-cel l  
assembly completed over 6500 hours of l i f e  t e s t i n g ,  a 38-cell 
s tack  operated f o r  5000 hours, and a 32-cell. s tack with a n c i l l a r y  
components i n  a prototype f l i g h t  configuration achieved 2000 
hours of operation. The technology developed during the Space 
Shut t le  Development Program was then repackaged as a 3 kW f u e l  
c e l l  f o r  the  Navy's ~ i g h  Alt i tude Super-pressurized Powered 
Aerostat  (HASPA) a 
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Subssquontl'~~ under sponsorship of NASA1 I Lewis Rasearch 
Center, i n i t i a l  devalopmont of a new s o l i d  polymer a l a c t r o l y t e  
concapt was started. The ;lr)or raatura of  t h i s  concept was fhar 
romoval of product water v i a  a dynmic recycling oxygan syntam, 
as opposed t o  the t r a d i t i o n a l  wick and saparacar approach used 
s ince the ~ o m i n i  Program. The advantagas o f  th i s  concept are 
i n  t h e  areas  of weight, cos t  and eff ic iency.   his NRSA/LRC 
sf fork  lad (Ikracf l y  i n t o  the NASA/JSC Advnncad Fuel Cel l  Tech- 
nology Program. 

~ i g u r s s  2 through 4 display the  various products describad 
above. Figure 5 i s  a graphical  p rwen ta t ion  of the past 3.8 years 
of progress in davelopmant of G solid polymez e l a c t r o l y t o  f u e l  
cell technology. 
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Figure 2. 3.50-\Crntt Fuel Cell Jtoditle for l3losatcllltc Spacecraft 
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TECHNOLOGY ACTIVITIES 

The major e f f o r t s  of the Phase V Program were d i rec ted  
i n  the  following technological areas:  

Task 1.0: Continued Evaluation of Laboratory-Size 
(3'' x 3") Cel l s  

Task 2.0 : Single-Cell Evaltzati cn (Full-Scale Hardware) 

a Task 3.0: Small Stack Evaluation (4  Full-Scale Ce l l s )  

Task 4.0: Reactor Stack Evaluation (18 Full-Scale 
Cel l s )  

Figure 6 shows the  overa l l  Phase V Schedule of Effor t s .  

3.1 Task 1.0 - Continued ~ e s t i n g  of Laboratory-Size (3% 3'') 
and Bench-Scale (. 7 f t 2 )  Cel ls  and Hardware 

During both Phase I11 and Phase' I V  of t h i s  program, a 
s e r i e s  of endurance and performance t e s t s  were begun on labora- 
tory-s ize  cells, t h e  primary purpose of which w a s  t o  confirm the  
l i f e  and performance c h a r a c t e r i s t i c s  of the  SPE f u e l  c e l l  a t  
temperatures, pressures,  and current  d e n s i t i t e s  above those 
previously demonstrated. These t e s t s  were continued i n  Phase V 
under Task 1.0. This task was supplemented by e f f o r t s  under the  
GE/DECP IR&D Program. 

3.1.1 Endurance Evaluation (3 x 3 Hardware) 

In order  t o  charac ter ize  the  performance of any given 
c e l l  and thus  accomplish the  goals of t h i s  evaluat ion t e s t i n g ,  
a basel ine configuration was establ ished during Phase 111 
u t i l i z i n g  the  s t a t e  of the  a r t  as  of 1977. Table I contains a 
summary of t h e  c h a r a c t e r i s t i c s  of the 1977 basel ine c e l l  con- 
f igura t ion .  Figures 7 and 8 contain performance d a t a  as 
demonstrated during t e s t i n g  under t h i s  task  during Phase 111. 

BY t h e  end of Phase 111, the  r e s u l t s  of t h i s  t e s t i n g  
and other  developmental e f f o r t s  led t o  a reassessment of the  
configurat ion being analyzed. It was determined t h a t  fu ture  
performance and endurance analyses under Phase IV would be 
conducted on c e l l s  containing the  then recent ly  developed 
conductive wetproofing configuration. The fac to r s  point ing 

1 2  
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NASA/JSC SOLID POLYMER ELECTROLYTE FUEL CELL TECHNOLOGY PR0GRAh.l 
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TABLE I 

A SUMMARY O F  THE 1977 BASELTNE CELL CONFIGURATION IS AS FOLLOWS: 

S O L I D  P O Z W R  ELECTROLYTE 

DU POJ!E" S NAFION 
I 
i e 5 M I L S  THICK 
, 
b 

35-4074 H z 0  

1 2 0 0  EQUIVALENT WEIGHT 

P L A T I N I Z E D  

ANODE 

FC-5 CATAftYST 

15% T - 4 2  (TEFLON) 

GOLD SCREEN (DISTRIBUTION) ASSEMBLY 

CATHODE 

PLATINUM CATALYST 

1 2 . 5 %  T - 3 0  lOOyb P T  (TEFLON) 

1/4 INCH STAND P I P E  

3 M I L  GOLD SCREEN 

CHEMPLAST WETPROOFING (POROUS TEFLON) 

CURRENT COLLECTION 

BIPOLAR 

OPEN CATHODE GAP 
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toward t h i s  approach included: 

P, c e l l  incorporating t h i s  system had demonstrated 
over 2000 hours of completely s t a b l e  performance on 
scaled-up u n i t  NT-03, d i s p e l l i n g  the  concern t h a t  the  
conductive wetproofing graphi te  s t ruc tu re  might 
oxidize a t  operating voltages.  

A condcctive wetproofing was des i rab le  foz scaled-up 
hardware t o  minimize XR losses .  

The conductive wetproofing configuration provided f u i l  
support  t o  the  e l e c t r o l y t e  polymer on both s ides ,  and 
thus  f a c i l i t y  f a i l u r e s  of the  type involving oxygen 
l o s s  would not damage t h e  c e l l s .  

Extrapolated performance from Cell  NT-03 and from the  
10-mil-thick c e l l s  i n  the  TRGrD Program with conductive 
wetproofing demonstrated an equi-ralent performance 
between the non-air ac t iva ted  basel ines  and the  non-air 
ac t iva ted  conductive wetproofing configuration. 

Because the  conductive wetproofing configuration 
eliminated the cathode current  co l l ec t ion  screen and 
i t s  2-3 m i l  penetrat ion i n t o  the  polymer, g rea te r  
s t r u c t u r a l  s t rength  of the polymer resul ted  by 
increasing the  minimum cross  sect ion from approximately 
2 m i l s  t o  4 m i l s .  

For the  above reasons, it was decided t o  acce lera te  the  
conductive wetproofing e f f o r t  a s  it continued i n t o  phase IV, and i 

t o  !me c e l l s  so configured i n  the  t e s t i n g  under Task 1.0.  Figure 1 
9  compares the  configuration of the  1977 basel ine 3 "  x 3" c e l l  
and hardware t o  the  configuration of the 3 "  x 3" c e l l  with 
conductive wetproofing, both as  i n i t i a l l y  developed and as the  I 

configurat ion exis ted  a t  the  end of Phase I V .  The i n i t i a l  and 
f i n a l  Phase I V  conductive wetproofing configurations a re  
p i c t o r i a l l y  represented i n  Figures 10 and 11, respect ively.  

The introduct ion of the  conductive wetproofing configura- 
t i o n  i n t o  the  3 "  x 3 "  endurance t e s t  program eliminated t h e  
problem of reversed pressure f a i l u r e s  r e su l t ing  from any one of 
several ,  f ac i l i ty - type  malfunctions. However, the endurance 
t e s t i n g  of the  conductive wetproofing c e l l s  did exh ib i t  severa l  
modes of performance l o s s  and f a i l u r e  not observed i n  the 

i 1 7  
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02 

b~el~~brane/Electrodos (Rf and E) 

Catllodo Gap (Qpen) 

Feed Plnte 

Configurntior. of Initid Conductive Wetproofing Configuration of Final Phase IV Conductive 
Wetproofing 

El2 0 2  1-1 0 
I 

Y Q O  C1 

Feed Rnte 

Anode Gap 
(Tigl1 t)  

Gaslcet 

Feed Plate 

Cathode Gap 
(Tight) 

Feed Plate 

Cathode Gap 
(Tight) 

Figure 9. Comparison of Configurations : Baseline vs. Initial Types ~ ~ ~ & l $ ~ ~ ~ ~ ,  l)tig ii: ls 
Q3& 'Fp: i? - . 

L 

I DIRECT ENERGY CONVERSION PROGRAMS 



19 

DIRECT ENERGY CONVERSION PROGRAMS 



2 0 

DIRECT ENERGY CONVERSION PROGRAMS 



non-conduckiva watproofing conZiguration. The timing of khaoa 
events  was forbunate, howf~vatr, i n  t h a t  it wailr o s e l b l ~  t o  apply 5 cor rac t ivo  ac t ions  t o  tha deoign of the  1-1 f t  c e l l ,  Tha major 
dcaficicsncicrrs fidentli!flled and corrstctiver action8 taken were na 
dFollowa t 

Tha s o l i d  polymax etltsctrolyta tended t o  creep with 
t i n o  through the anode expanded-metal Plow f i e l d  scrsm, 
eventual ly  resulting i n  cu t s  i n  t h e  membrane. The high 
compression pressure needed t o  obtain a perimeter s e a l  
and *ha low c a l l  res i s tance  accelerated t h i s  craap 
process,  Corr@ctive ac t ions  incldded incorporation of 
an independent san l  and ac t ive  area compression configura- 
t i o n ,  and the  introduct ion oE an anode support p lu ta  
of  wetproofed graphi te  (ST-4) . 
Product water Elooding of the c e i l  r e su l t ed  i n  lower 
performance, Xn tha previous non-conductive wetproofing 
configurat ions,  water had braen r@moved by wicks ox by 
gravi ty .  Correcti,ve act ion included increasing through- 
c e l l  Elow r a t e s  of oxygen reac tant  and redesign of the  
flow f i e l d s .  

The culmination of t h i s  task under Phase I V  was the  t e s t  
of Cel l  N ~ ( f V ) l . l - 1 3 ,  which successful ly  ran f o r  3,926 hours a t  
t h e  operat ional  conditions planned f o r  the 1.1 f t ?  c e l l s .  The 
c e l l  developed a c ross-e lec t ro ly te  leak a t  t h i s  point  i n  the  
t e s t  and was shut  down f o r  a teardown analys is  conducted a t  the  
s t a r t  of Phase V, The analysis  revealed t h a t  the  cross-electron 
l y t e  leakage was due t o  a pinhole i n  the  c e n t r a l  a rea  of the  
membrane ( i . e . ,  not near any reac tant  por t ing . )  

Removal of the c a t a l y s t  e lec t rodes  revealed: 

Membrane f low around the  anode 5/0 Zr support 
screen, 

General eviaence of c e n t r a l  area (not por t s )  
degradation oE the  membrane. 

The postulated cause of f a i l u r e  was the  combined e f f e c t  
of p a r t i a l l y  degraded membrane and membrane flow around the 5/0 
screen support ,  The membrane flow condition was subsequently 
mitigated by the  use of a porous graphi te  flow f i e l d  support, 
l a t e r  incorporated i n t o  the  1.1 f t 2  design. The presence of 
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genera l  degradation ra ised  soma concern, i n  t h a t  this  conditfcn 
had previously been obsarvad only a t  reactant i n l e t s  whore 
subsaturated reac tan t s  ware u f i l i zud ,  

Ths c e n t r a l  a rea  ddgradafion suggestad t h a t  some h a a t  
and roam deviat ion had O C C U ~ E ~ ~  i n  the  dual  compr@nri.on hardware. 
A thermal analys is  of tha hardware indicated t h a t  5 t o  10 times 
as much waste h e a t  produced war removed from t h s  cathoda side a s  
from the  anods r ide .  Ths major reason f o r  t h i s  condition arose 
from the  ni t rogen gap i n  the anods pressure pad which was locatad 
bstwoan the  c e l l  and the  anodo s i d e  coolant.  The cathode hea t  
removal was i n  the opposite d i rec t ion  from t h a t  desired,  and 
produced a drying gradient  within the  call. z t  was well  estab- 
lisrhsd from p r ~ v l o u s  studies t h a t  the  r a t e  of rnambrane degradation 
i s  influancad i n  a major way by the d e g r @ ~  of men~brana drying. 

The process of cathode hea t  removal, which causes drying 
of  the rnambrane was prevented i n  the  acalmd-up 1.1 f t 2  design 
by having a s l i g h t l y  higher thermal impedance from the c a l l  t o  
t h e  cathode s i d e  coolant than from the  c e l l  t.o the  anode s ide  
coolant.  

A s  a r e s u l t  of the  adverse tkermrl gradients i den t i f i ed ,  
a revis ion  of the  3 "  x 3 "  t e s t  hardware was conducted. The 
major f ea tu res  of tho revis ion included: 

Nearly equal hea t  removal from the  anode and cathoda 
s ides .  

Use of d i s t i l l e d  water a s  a coolant ins tead  of o i l ,  
which had been u t i l i z e d  f o r  a l l  previous 3", x 3" t e s t s .  

a Use of an anode support sheet  of porous ST-4 graphi te  
ins tead  of expanded-metal screens.  

The above correc t ive  act ions i n  the laboratory-scale 
3 "  x 3 "  hardware ac tua l ly  produced a design with a c lose  
resemblance t o  the  scaled-up 1.1 f t 2  hardware design. 

A 3" x 3 "  c e l l  designated N T ( V ) l - 1  was c u t  from a 1.1 
ft2 c e l l  f o r  a performance analysis  of a sect ion of t h a t  f u l l -  
s c a l e  c e l l .  Activation and operation of Cel l  NT ( V ) 1 - 1  revealed 
a performance l e v e l  approximately 0.010 v o l t  higher  than t h a t  of 

I 
sui ldup No. 1 (see Figure 1 2 ) .  ~ i f e  endurance t e s t i n g  of Cel l  
N T ( V ) l - 1  a t  1 8 0 ~ ~  and 115 p s i a  remains in-process a s  of t h i s  
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wri t ing ,  the  c e l l  having accumulated over 4300 hours of v i r t u a l l y  
inva r i en t  performance t o  da te  (see Figure 13) .  Continued 
endurance t e s t i n g  of t h i s  c e l l  i s  being conducted as  p a r t  of the  
GE/TR&D Program. 

3 .1 .2  NT-03 ( . 7  f t 2  Development Ce l l )  Performance 

The purpose of t h i s  subtask was t o  demonstrate t h a t  the  
advances made i n  3 x 3 laboratory-sized c e l l s  and hardware could 
be scaled up and applied t o  l a r g e r  c e l l s .  The s i z e  of . 7  f t 2  
was es tabl i shed  e a r l y  i n  the program (phase I) a s  a l i k e l y  i n t e r -  
mediary between t h e  3 x 3 c e l l s  and f u l l  operat ional  s i ze .  

NT-03 began load operation on October 4, 1977, during 
e f f o r t  under Phase 111. This c e l l  incorporated new design fea tu res  
generated as a r e s u l t  of t h e  GE/DECP IR&D e f f o r t  on conductive 
wetproofing. These modifications t o  the  e a r l i e r  NT-02 design 
included : 

Corrugated t i tanium coolant system t russes  t o  replace 
the  polypropylene screens. 

Conductive wetproofing t o  replace the  interrupted 
Teflon wetproofing. 

Frame port ing t o  replace por t  t russes  f o r  improved 
s tack up. 

Reduction i n  thickness of Nafion e l e c t r o l y t e  from 
10 m i l s  t o  5 m i l s .  

Fi.gure 14 shows a cross-sect ion of t h i s  stack,. 

By the  end of Phase 111, Cel l  NT-03 had accumulated 
3,388 hours of extremely s t a b l e  pr?rformance a t  16 ps ia  and 1 6 5 ~ ~ .  
Testing of t h i s  c e l l  continued i n t o  Phase I V ,  t he  c e l l  operating 
f o r  a t o t a l  of 5,819 hours before a f a c i l i t y  power l o s s  resul ted  
i n  a shutdown and normal oxygen takeover. Figure 15 displays 
c e l l  NT-03 performance l eve l s  during the  t e s t .  The HF re lease  
r a t e  had remained i n  the  50 - 150 PPB range throughout. 

During checkout p r i o r  t o  reac t iva t ion ,  both excessive 
cross-e lec t ro ly te  and overboard oxygen leakage were observed. 
Teardown analys is  revealed two fac to r s  which were re la ted  t o  t h e  
leakage conditions:  
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The Teflon double-sided adhesive frames had undergone 
some creep with operat ional  time, and t h e  stack 
compression load i n  the perimeter s e a l  a rea  was 
considerably reduced, 

a An o r i g i n a l  time-zero screen puncture, which had been 
successfu l ly  patched with Teflon and s i l i c o n e  adhesive 
before i n i t i a l  ac t iva t ion ,  was found t o  leak a t  t ea r -  
down. This o r i g i n a l  screen puncture resul ted  from 
misalignment of t h e  oxygen flow d i s t r i b u t i o n  screen 
package. 

The o~~rerboard leakage was undoubtedly the  r e s u l t  of the  
l o s s  of s e a l  area compression, whereas the  cross-e lec t ro ly te  
leakage could have ar i sen  from e i t h e r  of two probable causes: 

With decreased s e a l  area compression, cross-manifold 
02-to-HZ leakage could have occurred, 

Fhe o r i g i n a l  puncture could have opened during the  
f lex ing  of the e l e c t r o l y t e  as  the automatic oxygen 
takeover shutdown proceeded. 

The e l e c t r o l y t e  damage which occurred as  a r e s u l t  of 
t h e  f a c i l i t y  power f a i l u r e  was repaired with Teflon and s i l i c o n e  
adhesive, and the u n i t  was reassembled with t i e  rod springs.  
~ o l l o w i n g  i n s t a l l a t i o n  of the  u n i t  i n t o  the  t e s t  f a c i l i t y ,  a 
s e r i e s  of leakage, flow and e l e c t r i c a l  checkout t e s t e s  indicated 
t h a t  a l l  was normal. 

The u n i t  was act ivated,  and performance appeared normal 
a t  room temperature. As the  operat ional  temperature of the  u n i t  
was increased, the  normal performance improvement was noted. 
After  approximately nine hours of operation i n  an unattended mode, 
a slow performance decrease developed.  his decay continued over 
a two-hour period u n t i l  a low-voltage shutdown resul ted .  

t An analys is  of t h e  NT-03 shutclown was conducted a t  the  
beginning of  Phase V. A coolant system leakage check showed a 
s u b s t a n t i a l  leakage from the  coolant t o  the  hydrogen chamber. 
Small cracks were i d e n t i f i e d  as  the leakage source i n  the 3-mil 
niobium anode flow f i e l d .  

Samples of the leaking 3-mil niobium hydrogen/coolant 
separa tor  shee t  were subjected t o  t e n s i l e - t e s t  evaluation. 

DIRECT ENERGY CONVERSION PROGRAFAS 



Samples of unused 3-mil niobium from the  same l o t ,  and from the  
3-mil niobium oxygen/coolant separator  sheet,  were a l s o  t e n s i l e -  
t e s t ed .  The unused mater ial  and the oxygen separator  mater ia l  
demonstrated approximately the  same t e n s i l e  s t rength ,  However, 
t h e  hydrogen separator  sheet  demonstrated only 50% of the  t e n s i l e  
s t rength  of the oxygen and unused samples. Hydrogen embri t t le-  
ment was therefore  considered a p o t e n t i a l  f a i l u r e  mode to be 
addressed i n  the desired l i f e  range over 5000 hours. previous 
experience of embossed 3-mil niobium up t o  the  5000-6000 hour 
range had been qood ( i . e . .  no metal shee t  f a i l u r e s  i d e n t i f i e d ) .  
The NASA 1.1 f t  design incorporated a 5-mil separator  f o r  
hydrogen and coolant i n  an e f f o r t  t o  mi t iga te  the  ernbrittlement 
t o  the extent  t h a t  design l i f e  of >10,000 hours may be achieved. 

New niobium separator sheets  were fashioned f o r  NT-03 
u t i l i z i n g  t h e  th icke r  5-mil mater ial .  Re-assembly of NT-03 
u t i l i z i n g  these new sheets  was completed and t h e  u n i t  was re- 
ac t iva ted .  Life t e s t i n g  was continued a t  the previous tempera- 
t u r e  and pressure conditions of 165% and 16 ps ia .  A s  of t h i s  
wr i t ing ,  over 11,000 hours have been accumulated on t h e  u n i t ,  
approximately 5000 hours of which involve the new 5-mil flow 
f i e l d  co l l ec to r s .  The endurance t e s t i n g  of NT-03 i s  continuing 
under the G E / I R ~  Program. 

Task 2.0 - Sinqle-Cell Evaluation 

The objec t ives  of the design and development t e s t i n g  of 
Buildup No. 1 were t o  incorporate recent  laboratory advances 
i n t o  a f u l l - s i z e  c e l l  and t o  dupl icate  the  performance obtained 
i n  laboratory-sized c e l l s ,  B/U No. 1, fea tur ing  e l e c t r i c a l l y  
conductive wetproofing and 5-mil th ick  Nafion e l e c t r o l y t e ,  
performed s l i g h t l y  b e t t e r  than the  performance goal based on 
laboratory c e l l  t e s t s .  Figure 16 d isp lays  the  goal and the  
ac tua l  perforrnance of B/U No. 1. 

The ac t ive  area of the  B/U No. 1 c e l l  design was se lec t -  
ed a t  1.1 ft2 by computer optimization which considered the  
po ten t i a l  near-term space appl icat ions.  A 14 kW module would 
requi re  36 c e l l s  of t h i s  s i z e ,  and it is  estimated t h a t  such a 
module w i l l  have a t o t a l  weight of approximately 150 pounds 
(10.7 l b / k ~ ) ,  including the  weight of end p l a t e s  and a n c i l l a r i e s  
as  well  a s  the  weight of the  coolant. 

Buildup No. 1 accumulated over 3200 hours of invar iant  
performance over the  current  densi ty  range between 100 and 500 
ASF. The u n i t  u l t imate ly  shut down as a r e s u l t  of a f a i l u r e  of 
a f ac i l i ty -assoc ia ted  oxygen solenoid valve. A l l  t e s t i n g  was 
performed u t i l i z i n g  commercial-grade reac tants .  

29 

DIRECT ENERGY CONVERSION PROGRAMS 
- 



f 

+. 30 

DIRECT ENERGY CONVERSION PROGRAMS 

r 



The following are the highlights of the experience 
gained on the 1.1 ft2 ceil test in B/U No. 1: 

The performance level of B/U No. 1, having duplicated 
and slightly exceeded the goal set by lab-size cells, 
verified the scalability of the solid polymer electro- 
lyte technology. 

The stable performance exhibited by B/U No. 1 for over 
3200 hours verified previous evaluations displaying 
<l pvolt decay per cell-hour of operation at high 
current densities (see Figures 17 and 18). 

The low HF release rate in the B/U No. 1 product water 
K50 PPB) is within the sane range exhibited by B/U 
AFC-6, which has a demonstrated life to date in excess 
of 57,000 hours. 

Through independent bench-testing, the higher-than- 
desired oxygen AP observed in B/U No. 1 was discovered 
to be located largely within the internal cell manifolds. 
~epositioning the ports from the corners to the mid-side 
reduces the A P  significantly by cutting the max flow 
path in half, and the max volume flow in each manifold 
in half.  his reconfiguration was introduced into 
B/U NO. 2, and thus it was possible to eliminate the 
cathode expanded-metal screen on this unit. 

e The teardown and destructive analysis performed after 
over 3400 load hours of operation showed no evidence of 
any materials degradation, further confirming long-term 
life capabilities. 

3.3 Task 3.0 - Small Stack Evaluation 
~uildup No. 2 featured the same basic design as Buildup 

No. 1, only in a 4-cell configuration. Minor modifications were 
incorporated into the end plate, the oxygen flow field, and the 
coolant cartridge frame. 

The oxygen flow field and end plate modifications were 
introduced into Buildup No. 2 to reduce this oxygen flow field 
dressure drop and to eliminate end plate leakage, respectively. 
  he coolant cartridge frame modificztions were made to reduce 
cost. 
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Over one thousand hours of test  axperiance wers accumu- 
l a t a d  on ~ u i l d u p  No, 2. The following e re  tha  h igh l igh t s  of the 
small atack evaluation task: 

The double "OIf-ring and p i s t o n  modifications t o  the  
p ressu r i za t ion  end p l a t e  eliminated the lsakags problem 
encountered with the elastomeric-sealed end p l a t s  on 
Buildup No. 1 ,  

The re-posit ioning of tha oxygen manifold had the 
e f f e c t  of approximately halving the  oxygen flow f i e lC  
AP as  compared t o  t h a t  of Buildup No. 1. 

The use of the  low-cost s ing le  piece coolant ca r t r idge  
frame with separate coolant manifold por t s  appeared 
t o  provide normal functions withouk d i f f i c u l t y ,  

It was learned t h a t  component stack-up tolerances must 
be maintained without exception i n  order t o  assure a 
l eak- t igh t  s tack configuration. 

3 . 4  Task 4.0 - Reactor Stack Evaluation 

Buildup No. 3 u t i l i z e d  the  same bas ic  design as ~ u i l d u p  
No. 2 while increasing the  number of c e l l s  from 4 t o  18. I n  
addi t ion,  k3e following rnedFfiratians were introduced as  a r e s u l t  
o f  the s h o r t  s tack evaluation task:  

Closer tolerance on the  coolant ca r t r idge  frame thick-  
ness var ia t ions ,  t o  improve c e l l  seal ing.  

Increased s e a l  area on reac tant  manifold buttons,  t o  
acconmdate minor stack-up variat ionn . 
Improved membrane and electrode processing, t o  assure 
c o n ~ i s t a n t  c e l l  res i s tance  and e l e c t r i c a l  performance. 

In  p a r a l l e l  with the ~ u i l d u p  No. 3 design task,  a 
GE/DE@P 1RC;S e f f o r t  t o  develop a f a i l u r e  i s o l a t i o n  device was 
in-process. The i s o l a t i o n  concept involved i n s t a l l i n g  an ttO1l- 
r i n g  check valve i n  the i n l e t  and o u t l e t  c e l l  manifo1.d buttons.  
In  t h i s  concept, with the  oxygen reac tant  always a t  a higher 
pressure than t h e  hydrogen reactant ,  any f a i l u r e  r e su l t ing  from 
ce l l  leakage would be confined t o  the  f a i l e d  c e l l  and the  
hydrogen o u t l e t  manifold only. Propagaticn of mixed and/or hot  
combust i~n  gases t o  o ther  c e l l s  i s  thus prevented and damage t o  
o ther  c e l l s  avoided. Figure 19 d isp lays  the  configuration of 
t h e  hydrogen manifold buttons,  while Figure 20 exh ib i t s  the 
same buttons with the O-ring check valves. 
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Ths GE/DEcP IRsS t a s t i n g  o f  t h i a  concapt includad elow 
and simulated f a i l u r a  t a o t s .  The results of which verif ied t h a t  
propagation oE a Enifurct could ha prsventod by t h i a  technique. 
Thus, i t  w i l l  only bs  necessary t o  xeplaco the c e l l  t h a t  ac tua l ly  
f a i l e d  i n  the  event of a cxoss-elactrolyte  leakage during opera- 
t i o n ,  

The hydrogan manifold buttons i n  Buildup No. 3 were 
fashioned with the  "Oil-ring groovss i n  place; howetver, the ac tua l  
uOu-rings were no t  i n s t a l l e d  as  var iable  nomnl  Elow d i rec t ion  
prsssure  drops would probably r e s u l t .  With the  high-purity euel  
caLl o r  propulsion-grade hydrogan f u e l ,  t h e  minor va r i a t ions  i n  
pressure drop would have no consequence. In the t e s t i n g  a t  GE/ 
PECP, using commercial-grade hydrogen, the  uniformity of flow 
f i e l d  pressure drop i s  of mora zmportnnce i n  the i n a r t  removal 
process ,  ~ d d i t i o n a l  evaluations of pressure-drop v a r i a b i l i t y  
must be cemplated p r i o r  t o  incorporation of the O-rings. ~ h c  
O-ring grooves were added, such t h a t  the hardware can be re t ro-  
f i t t e d  t o  include the  O-rings a t  a l a t e r  time without raplacing 
on reworking the  coolant ca r t r idge  assemblies. 

ijulldurj i;~. 3 was assenbled with the afommentioried 
design modifications i n t o  a 7 kW - 18 c e l l  reac tor  s tack ,  A l l  
e l e c t r i c a l  t e s t s  were performed, with s a t i s f a c t o r y  r e s u l t s .  The 
r e s u l t s  of c ross-e lec t ro ly te  and overboard leakage checks were 
a l s o  as required.  Buildup No. 3 i s  cur ren t ly  avai lab le  f o r  
opera t ional  t e s t i n g  under NASA Contract NAS 9-15831. 
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$ONCLUS I O N S  

The conclusions reached dur ing Phase V of t h i s  Technology 
Program can be summarized a s  follows: 

a The scale-up c a p a b i l i t y  of the  s o l i d  polymer e l e c t r o l y t e  
technology has  been confirmed by t l ~ e  demonstrat ion of 
performance l e v e l s  i n  1.1 f t 2  c e l l  hardware equiva len t  
t o  those  previously  obta ined i n  l abora tory-s ize  hard- 
ware. 

a The s c l i d  polymer e l e c t r o l y t e  f u e l  c e l l  performance 
s t a b i l i t y  has been v e r i f i e d :  l abora tory-s ize  c e l l  NT 
( V )  1-1 and f u l l - s c a l e  u n i t  ~ u i l d x p  No. 1 have demonstra- 
t e d  over 4300 and 3200 hours  oE opera t ion ,  respec t ive ly ,  
wi thout  any de t ec t ab l e  l o s s  i n  performances a t  500 ASF 
Icad.  

a A l l  t e s t  eva lua t ions  a t  GE/DECP were and continue t o  be 
conducted u t i l i z i n g  commercial-grade r e a c t a n t s  ( i . e . ,  
99.95% pure H2 and 99.6% pure 02 ) .  Since such r e a c t a n t s  
can have several ppm of carbon-bearing gases,  t h e  
i n v a r i e n t  performance demonstrated a t t e s t s  t o  t h e  SPE 
f u e l  c e l l ' s  t o l e r ance  t o  CO2, CH4 and CO a t  t he  l e v e l s  
commonly found i n  commercial-grade r e a c t a n t s .  

a A determinat ion of t h e  u se fu l  l i f e  of t h e  SPE f u e l  c e l l  
can be broken down i n t o  e s t ima te s  regarding t h e  l i f e  of 
t h e  e l e c t r o l y t e ,  e l ec t rodes ,  and c e l l  s t r u c t u r e s :  

o The e l e c t r o l y t e  l i f e  i n  t h e  5-mil conf igura t ion  has  been 
demonstrated i n  Buildup No. 1. The lack of any v i s u a l  
polymer degradat ion a f t e r  >3400 hours,  combined with  
t h e  very low HF l o s s  r a t e  (<50 ppb i n  t he  product  H 2 0 )  
over t he  t e s t  per iod,  al lows a p ro jec ted  polymer l i f e  
i n  excess of 40,000 hours.  

o Although t h e  same e l ec t rode  c a t a l y s t  conf igura t ion  has  
been on t e s t  f o r  over 57,000 hours  i n  Buildup AFC #6, 
t h e  e l n c t r i c a l l y  conductive cathode wetproofing has  
been on t e s t  only a po r t i on  of t h a t  time. NT-03, wi th  
a 5-mil polymer e l e c t r o l y t e  and e l e c t r i c a l l y  conductive 
wetproofing, has  demonstrated over 11,000 hours of 
t roub le - f r ee ,  e l ec t r i ca l ly -conduc t ive  cathode wetproof- 
ing .  Since a means of assess ing  t h e  r a t e  of degradat ion 
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cf this material is not available at this time, an 
estimate of total projected life must await the results 
of endurance testing. 

o The sheet metal anode flow sheet (currently niobium) is 
the life-limiting component of the fuel cell stack. 
Demonstrated life is in the range of 5000 to 6000 hours 
using 3-mil stock, after which hydrogen embrittlement 
may result in crack failures. The 5-mil flow sheets of 
the scaled-up 1.1 ft2 design have a projected useful 
life in excess of 10,000 hours. A useful life in excess 
of 10,000 hours will require demonstration and, if 
deemed necsssary, design modification. 
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RECOMMENDATTONS 

Tt is a recommendation of GE/DECP that the solid polymer 
electrolyte fuel cell be further developed in order to meet 
future space electrical power needs. The following paragraphs 
describe such a development program which is a logical extension 
of the work per:?ormed in Phase V. 

5.1 Milestone Schedule 

The following program plan describes the tasks to be 
accomplished in order to establish the readiness of the solid 
polymer electrolyte fuel cell technology for space shuttle power 
plant development qualification. A logical extension of the wurk 
performed under Phase V, the approach will be to design, fabri- 
cate and test-evaluate a 14 kW engineering model which represents, 
as closely as possible, fuel cell power plant (FCP) that could 
interface directly with the Space Shuttle vehicle as it is 
presently configured. 

The characteristics of this FCP would be as described 
in Table 11. 

Completion of twelve tasks is required to demonstrate 
an engineering model, as shown in Figure 21. These tasks are 
costed separately, such that NASA may, if financial conditions 
warrant, fund the program on a task-by-task basis. It is 
expected that the original program can be accsmplished within 
18 months of the actual start of work. 

5.2 Task Descriptions 

Task 1.0 - Continued Devalopment of Phase V Hardware 
Further design refinement and subsequent demonstration 

will be accomplished under this task using the three sets of 
stack hardware and test facilities developed in Phase V of 
Contract NAS 9-15286. Among the objectives of this task will 
be : 

Extended endurance demonstration of multi-cell 
stack hardware. 

Integration and endurance demonstration of internal 
reactant humidification in multi-cell hardware. 

r 
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,'ji,rr,FnaL ~Frck~f,% rating 4.  a; 
*)'r,Xeage at: ZW.~,T:AT cant. ratfrq 23 .C *,aC 

Ef f k c i e c q  at naxLx:q cont . ratFr.5 5 1% 
(incb.  265 91 parasztxc parer*) 
Efficiency st zinL%vu~ rat in7 5 356, 

!ToXtage a t  rninbuq x a t i n c ~  32.2 VDC 

C s l . 1  s i z e  ( a c t i v e  a r e a )  1.1 ~t.* (1022 em2) 

PTur&er asE cells  

Size  

Grj ?7ei&t 135 pounds (61.2 k g )  

P a r a s i t i c  d i f f u s i o n  l o s s  10 ASF (10.8 ma/cm2) 
(incL. i n  e f f i c i e n c y  c a l c u l a t i o n s )  

Znskantaneous pe&. s h o r t  c i r c u i t  
c u r r e n t  f o r  .006 ohm s h o r t  1750 A 

H2 fZoW at, maximum r a t i n g  1 .5  ~ b / H r  (.68 kg/Hr) 

O2 f low a t  maximum r a t i n g  12.3  ~ b / H r  (5.58 kg/Hr) 

Rcnctan.k p r e s s u r e s  85-90 p s i a  

Condensate f low 13.8 Lb/Hr (6.26 kg/Eir) 

CocTant f  Low 9 . 5  GPM 

Coolant  i n l e t  temp. 

Ghu tdown time 

Starst:  up t i m e  
E s t .  p roduc t ion  u n i t  p r i c e  

180°F 

Ins tan taneous  

30 seconds 

$170 K (1979 D o l l a r s )  

*power r e q u i r e d  f o r  c o o l a n t  pump, c o n t r o l s ,  v a l v e  a c t u a t i o n ,  etc.  
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SPACE SHUTTLE ENGINEERING MODEL 

Demonstrate an Engineering Model 

Suitable for Retrofit into the Current 
Space Shuttle Fuel Cell Interfaces. 

Figure 21. Program Milestone Schedule 

MONTHS ARO 

1.0 Continued Development 
Phase V Hardware 

2.0 Complete Design o f  36 
Cell Stack 

3.0 Generate Component 
Specifications 

4.0 Design Monitoring and 
Control Unit (MCU) 

5.0 Design Integrated 
Engineering Model 

6.0 Procure System Components 
(3 Sets) 

7.0 Fabricate 36 Cell Stack 

8.0 Endurance Test Components 

(1 Set) 

9.0 Fabrica' MCU & Checkout 

10.0 AssemLle Engineering Model 

11.0 Checkout Engineering Model 

12.0 Perform 2000 Hour (E.M.) 
Test 
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~ e s i g n  of a  reeined oxygen flow f i e l d  f o r  product 
water removal a t  lower p a r a s i t i c  power. 

 emo on strati on of higher-temperature operation ( i . e . ,  
220 '~ coolant i n l e t  temperature) . 
Task 2 .0  - Complete Desiqn of 36-Cell Stack (FCS) 

The hardware designs establ ished during Phase V w i l l  be 
modified and upgraded t o  provide a  d e f i n i t i o n  of the 14 kW f u e l  
c e l l  s tack (FCS) . Major among the  design analyses t o  be per- 
formed, w i l l  be a  reevaluation of the preferred loca t ion  of the  
r eac tan t  humidifier f l u i d  p l a t e  ( i . e . ,  c e n t r a l  t o  the stack o r  
a s  p a r t  of one end p l a t e ) .  

Task 3.0 - Generate Component Specif icat ions 

A spec i f i ca t ion  w i l l  be generated f o r  each of the f u e l  
c e l l  power p l a n t  aux i l i a ry  components, f o r  the most p a r t  consis t -  
ing  of rev is ions  t o  the ex i s t ing  spec i f i ca t ions  f o r  aux i l i a ry  
components generated during the NASA,/JCS Space Shut t le  Tech- 
nology Program (NAS 9-12332), taking i n t o  account the  s p e c i f i c  
i n t e r f a c e s  a s  they e x i s t  i n  the Space Shut t le  vehicle .  However, 
changes t h a t  have evolved both i n  the f u e l  c e l l  configuration 
and the SPE f u e l  c e l l  packaging require  t h a t  some new speci f ica-  
t i o n s  be generated. These include: 

High-pressure reac tant  pressure regula tors  must be 
developed. The o r ig ina l  Space Shut t le  technology 
concept was t o  u t i l i z e  propulsion-grade cryogenic 
r eac tan t s  a t  low storage pressure.  The oxygen reac tant  

I was t o  be fed, unregulated, d i r e c t l y  t o  the  FCP while 
t h e  hydrogen reac tant ,  a l s o  a t  low pressure,  was t o  be 
regulated a t  4 p s i  o r  more below the oxygen pressure.  
With the  present  Shut t le  configuration, u t i l i z i n g  
s u p e r c r i t i c a l  cryogenic reactant  storage,  high reac tant  

I 
pressures  must be regulated down t o  FCP operat ional  

I pressures .  

The development of e l e c t r i c a l l y  conductive wetproofing 
has enabled elimination of the  wicking system f o r  
water removal and the pressure container f o r  oxygen 
containment, producing s i g n i f i c a n t  advantages i n  both 
s p e c i f i c  weight and ef f ic iency.  However, two new 
funct ions must now be performed i n  order t o  remove 
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product  water  from the  opera t ing  FCP: F i r s t ,  t h e  
oxygen r e a c t a n t  mus t  be c i r c u l a t e d ,  such t h a t  t h e  
product  water  i s  dynamically c a r r i e d  from the  s tack  i n  
t h e  zero g r a v i t y  condi t ion.  Second, t h e  l i q u i d  phase 
o£ t h e  product  water  must be separated from t h e  oxygen 
d i scharge  stream. 

The c i r c u l a t i o n  and sepa ra t ion  func t ions  may be per- 
formed i n  two independent devices ,  a s  descr ibed i n  t h e  
t e c h n i c a l  approach sec t ion ,  o r  t he re  may be advantage 
t o  combining the  func t ions  i n t o  one device  (i .e. ,  a 
dynamic phase s e p a r a t o r ) .  This w i l l  be evaluated i n  
t h i s  t a s k ,  The t echn ica l  approach a l s o  descr ibes  an 
e l e c t r i c  motor-driven blower a s  t he  means of oxygen 
r e c i r c u l a t i o n ,  Use of t he  energy i n  the  high-pressure 
oxygen t a  d r i v e  t h e  r e c i r c u l a t o r  w i l l  a l s o  be consider-  
ed a s  p a r t  of t h i s  t ask .  

Task 4.0 - ~ e s i q n  Monitoring and Control  Unit (MCU) 

The monitoring and con t ro l  u n i t  w i l l  be designed, 
u t i l i z i n g  t h e  ou tpu t  of Task 3.0 (llComponent ~ p e c i f i c a t i o n s ~ ) .  
This e l e c t r i c  mechanical des ign w i l l  include such items a s  motor 
i n v e r t e r s ,  automatic c o n t r o l  l og i c ,  and a  means of removing 
generated h e a t  i n  t h e  space environment. The output  of  t h i s  
t a s k  w i l l  be a  s e t  of  e l e c t r i c a l  schematics and engineering 
drawings of  t h e  packaged monitoring and c o n t r o l  u n i t .  

Task 5.0 - Design In teqra ted  Engineering Model (EM) 

 his t a s k  w i l l  u t i l i z e  t h e  ou tpu ts  of Tasks 2.0, 3.0 
and 4.0, a s  we l l  a s  a  d e t a i l e d  ana lys i s  of t he  e x i s t i n g  Space 
S h u t t l e  veh ic le / fue l  c e l l  i n s t a l l a t i o n  and ope ra t iona l  i n t e r -  
f aces ,  f o r  t h e  purpose of designing t h e  i n t eg ra t ed  FCP. This 
des ign  w i l l  include t h e  FCS, the  a u x i l i a r y  components and the  
MCU. ~ n t e g r a t i n g  s t r u c t u r e s ,  wir ing harnesses ,  e t c .  w i l l  a l s o  
be p a r t  of t h i s  des ign e f f o r t .  The t a sk  ou tpu t  w i l l  be a s e t  
of engineer ing drawings. 

Task 6.0 - Procure Sy,stern Component2 

It is  p re sen t ly  envisioned t h a t  a l l  t h e  a u x i l i a r y  
components w i l l  be purchased items except  f o r  t h e  MCU, which 
w i l l  be assembled in-house from purchased components (Task 9 .0 ) .  
The generated component s p e c i f i c a t i o n s  (Task 3 .0)  w i l l  be 
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submitted t o  es tabl i shed  high-performance vendors f o r  quotation. 
An attempt w i l l  be made t o  obtain a t  l e a s t  th ree  quotat ions f o r  
each component. Cost, de l ivery  and previous performance w i l l  be 
f a c t o r s  ~ t i l i z e d  i n  the  evaluation o f  the quotations.  Orders 
f a r  3 s e t s  of components w i l l  be placed, with the  f i r s t  s e t  due 
in-house within 8 months of program s t a r t ,  

Task 7.0 - ~ a b r i c a t e  36-cell Stack (FCS) 

Raw matdtxial w i l l  be ordered f o r  t h e  engineering model 
of t h e  14 kW FCS. The c e l l s  and o ther  s tack components w i l l  be 
f ab r i ca ted  and assembled, u t i l i z i n g  the  designs generated i n  
Task 2.0. The assembled s tack w i l l  undergo a s e r i e s  of non- 
opera t ional  t e s t s  including leakage (both insternal  and outboard) 
and flow checks and e l e c t r i c a l  res i s tance  and short ing t e s t s .  
Upon successful  completion of these t e s t s  the  FCS w i l l  be ready 
f o r  in teg ra t ion  with the aux i l i a ry  components t o  form the FCP. 

Task 8.0 - Endurance Test, Components - 
Following acceptance t e s t s  of a l l  components, one s e t  

of components w i l l  be selected f o r  endurance t e s t i n g ,  The 
purpose og t h i s  t a sk  w i l l  be t o  uncover any cumponent design 
de f i c i enc ies  before in tegra t ion  of the  components with rhe FCS. 
F a c i l i t i e s  w i l l  be prepared and the  components w i l l  be subjected 
t o  operat ing conditions i n  simulation of: those expected when p a r t  
of the  in tegra ted  FCP. The major emphasis of the endurance 
t e s t i n g  w i l l  be on the  new types of components and those contain- 
ing r o t a t i n g  p a r t s .  A goal of 2000 hours of successful  simula- 
t i o n  t e s t i n g  has been establ ished f o r  each component before 
i n t e g r a t i o n  with t h e  FCS. 

Task 9.0 - Fabricate and Check Out Monitorinq and 
Control Unit (MCU) 

~ i g h - r e l i a b i l i t y  components w i l l  be procured and the  
monitoring and cont ro l  u n i t  subsequently assembled. Following 
t h e  normal cont inui ty  and res is tance  checkout, funct ional  t e s t s  
of the  assembly w i l l  be made. In many cases these t e s t s  may be 
conducted i n  conjunction with the simulated component endurance 
t e s t i n g  (Task 8.0) . Following successful checkout, the  MCU 
w i l l  be ready fo r  integrat iol i  with t h e  FCS. 

Task 10.0 - Assemble ~ n g i n e e r i n g  Model (EM) 

 his task cons is t s  of the ac tua l  in t eg rc t ion  of the  
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var ious  FCP components which were a l l  prsviously checked f o r  
s u i t a b i l i t y :  

r, Fuel Cel l  Stack (Task 7 .0)  . 
r, a u x i l i a r y  Components (Task 8 .0 ) .  

Monitoring and Control U n i t  (Task 9 .0 ) .  

Following the assembly, a confirmation of the  FCP mass 
w i l l  be performed. 

Task 11.0 - Check Out ~ n q i n e e r i n q  Model (EM) 

The completed engineering model w i l l  undergo a s e r i e s  
of checkout t e s t s  t h a t  w i l l  include: 

Leakage Tests.  

r, Flow Tests .  

r, E l e c t r i c a l  Resistance Checks. 

E l e c t r i c a l  Shorting Checks. 

Component   unction Tests.  

A formal checkout procedure and check-l is t  w i l l  be 
generated t o  assure the appropriate sequence of checkout t e s t i n g .  

Task 12.0 - Perform 2000-Hour Enqineering Model (EM) 
Test  - 

The i n i t i a l  e f f o r t s  i n  t h i s  task w i l l  involve preparation 
of the  t e s t  f a c i l i t y  and procedures. The t e s t  f a c i l i t y  w i l l  be 
designed and fabricated with f ea tu res  t h a t  w i l l  allow unattended 
operat ion of the  hardware (i. e . ,  s a fe  shutdown upon malfunction) . 
Formal t e s t  procedures and check- l i s t s  w i l l  be generated t o  
assure smooth operation of the hardware. 

Following f a c i l i t y  checkout, the  14 kW engineering model 
w i l l  be s e t  up i n  the t e s t  f a c i l i t y  and an integrated checkout 
performed . 

I The FCP w i l l  then be ac t iva ted  and operated through 
r- mission load p r o f i l e s  as determined appropriate by N A S ~ J S C .  Test- 
: ing  t o  simulated mission p r o f i l e s  w i l l  continue with a goal of 
t 

I 2000 accun~ulated load hours. , 
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NASA/JSC FUEL CELL TECHXOLOGY PRQGRQI 

gom~lernentarv Research and Davelo~ment Procrams 

There a re  research and development programs c u r r e n t l y  
underway t o  GE/DECP which a re  r e l a t e d  t o  the  f u e l  c e l l  technology 
development e f f o r t  and which represent  s i g n i f i c a n t  p o t e n t i a l  
b e n e f i c i a l  spin-offs  t o  the NASA/JSC Fuel Ce l l  Technology Program. 
Several  of these e f f o r t s  a re  funded through the  XR and D Program 
or i n t e r n a l  Future Benefit  Program, while o thers  a r e  Eunded 
through c o n t r a c t s  with o the r  Government agencies oE i n d u s t r i a l  
corpora t ions .  Sumnrarized below a r e  the most s i g n i f i c a n t  of these 
e f f o r t s  cu r ren t ly  in-process: 

1. Evaluation of l i f e  c a p a b i l i t i e s  of f u e l  c e l l s  opera t ing  on 
OZ/H~ and air/i12 i n  the  40,000 t o  60,000-hour range. (GE I R a )  

2. Evaluation of the  technology needed t o  run e l e c t r o l y s i s  c e l l s  
f o r  l i f e  a t  cu r ren t  d e n s i t i e s  i n  the range of 2,000 t o  6,000 
ASF. (GE IR&D) 

3 .  Evaluation of c e l l  l i f e  c a p a b i l i t i e s  under condi t ions or' 
increased operat ing temperature (240 t o  3 0 0 ~ ~ )  . ( Indus t ry)  

4. Development of a l t e r n a t e  cathode conductivk wetproofing 
configurat ions with impraveci e i e c t r i c a l  and mecllanical 
c h a r a c t e r i s t i c s .  (GE IR&D)  

5 .  Development of lower c a t a l y s t  loadings on both anode and 
cathode t o  reduce mate r i a l  c o s t s  by a  f a c t o r  of 6 t o  8. 
( ~ n d u s t r y  ) 

6. Scale-up of manufacturing c a p a b i l i t i e s  and evalua t ion  of 
process flow and equipment development needed t o  reduce labor  
involved i n  f a b r i c a t i o n  of membrane and e lec t rode  assemblies 
by a  f a c t o r  of 2 t o  3. (GE/DECP) 

7 .  Improve platinum p l a t i n g  procedures em_~loyed on current  
c o l l e c t o r s  t o  reduce high contac t  r e s i s t ances  associated 
with long- l i f e  c a p a b i l i t i e s .  (GE IR69) 

8.  Evaluation of s t a r t i n g  and stopping procedures f o r  fuel 
c e l l s  u t i l i z i n g  gas switching techniques. S tar t -up  i n  a  
few mill i-seconds i s  the  goal .  (GE IRm) 

9.  valuation of a l t e r n a t i v e  h igh-s t ress  frame mate r i a l s  t o  
develop a  more e f f e c t i v e  c e l l  s ea l ing  c a p a b i l i t y .  (GE IR&D) 

1 0 .  Development of a  c e l l  f a i l u r e  i s o l a t i o n  device.  A significant 
c o s t  impact r e s u l t s  when requi r ing  the replacement of only one 
c e l l  of a  mult i  c e l l  s tack i n  t h e  even t  of a c e l l  cross-leak. 
(GE I R t D )  
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