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1. INTRODUCTION

3 ) This r:'eport reviews the progregs made on the development of a
;ﬁ regenerative hydrogen/oxygen fuel cell (NAS Contrcact 3-2781) during
,‘.1:

& / the period 30 June through 31 July, 1964, Additional data on

; hydrogen permeability through asbestol wmatrices was obtained an. are
.jé{"{ reported herein. A new multicell design has been completed. Fabrica-
2

;& tion of this new multi-cell, as well as accessory items, has beer

& .

oo initiated. A 6-inch electrode diameter single cell, incorporating
‘;“ separator plate design features used in the multi-cell unit, has been
gi_ designed and fabricated.
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2

r
3
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2. TECHNICAL DISCUSSION
2.1 Asgbestog Studies

fane\of the factors goverming the usage of porous asbesvos
as the separator material in the H2/02 regenerative cell is the degree
to which it must be comprecsed to prevent gas leakagef} This leakage
can occitr both through #nd around the edge of the asbesvos matrix,
Low degrees of compression permit the storage of relatively large
amounts of water, but the resultiag matrix is more susceptible to
gas leakage. The reverse is true for high degrees of comprzssion.
In order to evaluate the optimum degree of compression, a series of
gas leakage tests was conducted. The appsratus uszd was the same as
that reported in 4110-QL-2, dated July 26, 1964, for gas leakage
tests on varjous grades of acbhestos.

The data obtained are shown on Figure 1. Compression ratios,
i.e,, the initial/final asbestos thickness were varied between 7/6
and 7/3. Initial asbestos thickness, i.e., prior to compression was
< 0,07 inches. The type of curve presented on Figure 1 is siwilar
to that presented in 4310 QL-2 for the effuct of clectrolyte/ashestos
weight ratios on leakage vrate. t is intevesting to note that the 7/4
compression ratio appears to be the optimum, Ore might expect the
7/3 ratio to show less leakage, but apparently, at the 7/3 value, an
appreciable quantity of the electrclyte 1s squeezed out of the
ashestos, increasing the permeability somewhat over the 7/4 value.

In addition to compression ratio *est. additional leakage
rate experiments were carried out using clectrolytic gradc Zsbestos.
This material is of a higher purity than the commercial grade asbestos
used during the previous portions of the procgram, It is also .
presumably more rep;oducible in its chemical and physical characteristics.
Results of these tests plotting the average of 3 runs per size are spown
on Figure 2. The lcakage rate is much lowes than that exhibited by

4110-ML-10 2
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commercial aébestos. The reason for the anomalous behavior of the

" 0.030 material is not known. However, it appears that, from a gas

permeability standpoint, the electrolytic grade asbestcs should equal

or better the performance characggr}stics of the commercial materials.
iﬁeasuremcnts have alég{gé;n nane of the breakover pressure

of two combinations of asbestos thickness that wnuld add up to an 0.070

{inch matrix “ickness. This breakover pressure is the differential

pressure reqguired to initiate a measurable H2 leakage through the

asbestns:“}For this test, the electrolyte/asbestos ratio used was

0.6/1, the compression ratic used was 7/4 and the gas used was

hydrogen.
_Matrix Compogition Minimum Breakover Pregsure
(Electrolytic Grade Asbesto (Psid)
1 layer 0.050" + 1 layer 0.020" 12
1 layer 0.030" + 2 lsyers 0.020" 17

Since a differential pressure of less than 1 psi ig maintained in the
multicell system, the use of either of these combinations should be

I

satisfactory.

2.2 Multi-cell Degign
As a result of discussions between technical personnel at

NASA-Lewis and EOS concerned with the development of the H2/O2
regenerative cell, certain design changes of the 75 watt unit were
agresd upon. These changes were reccmmended te improve reiiability and
performance. Design changes recommended and accomplished during this
reporting period include the following?
1. Replacement of the rubber pressure balancing diaphragm
by 3 stainless steel bellows.
2. Incorporation of an improved separator gasket and seal.
3. Incorporation of improved gas distribution and
elimination of separator plate externol drill hnoles.

4110-ML~10 : 3
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4. Elimination of magnesium as an exccrnal structural
matervial,
5. Elimination of thermal storage tanks.

6. Incorporation of unipotential tankage.

Each of chese changes has been made along with other modifica-
tions to simplify f£abrication and assenbly, increase gas.porting area
to the pressure halancing bellews, and to minimize the hazards invoulved
in testing. A set of the new design drawings has been supplied to the
NASA technical monitor,

2.3 Single Cell Dosign

In order to evaluate electrode performance prior to installa-
tion in the 75 ;att multi~cell unit, a single cell, 6-inch electrude
diameter fuel cell, has been designed and fabricated. This cell
contsing features similar to that used on the multi-cell unit, but does
not contain a pressure balancing mechanism, Therefore, the H2 and 02
tank volumes withia the cell must be carefully balanced prior to its
use in the regenerative mode of operation. The cell has been
fabricated using . vnel tankage to eliminate corrosion problems, and has
been desigaed to have a large structucal factor of safety.

In addition :to electrode evaluation, the single cell unit will
be tested for a 48 hour perind using a 65 minute charge and 35 minute
discharge (300 n.m. orbit) cycle.

2.4 Ingtrumertation

Certain instrumentation changes are being made to improve

. the operational characteristics of the test equipment. These include

better date recording features and a capability for complete avtomatic
cycling of the multi-cell unit, Pertinent alectronic instrumentation
will be placed in a suitable cabinct to both consolidate the equipment
and improve its ugefulness.

The design of both the pneunatic and electronic instrumenia-
tion for the single anu multi-cell units has been completed. Fabrica-

tion of both has been started.

61})-ML~10 6
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2.5 Test Cell Congtruction

Due to the possible hazards involved in testing the multi-cell
unit, a new test facility has been designed and will be built with
corporate funds. The facility is essentially a block house containing
the steel test chawber used during the preceding stages ot the program.
Modificatricns co the steei chamber improving its pressure venting
characteristizcs are also being accommlished. The block house will be
attached ic the fuel cell laboratory and all test operatious will be
carried out by remote operation. Suitable ccontrol panels and visusl

monitori.g facilities will be provided.

4110~ML-30 7



3. PLANS FOR NEXT PERIOD

Single cell testing will be started during the next reporting
period. Present plans call for initial check out of the cell aund
instrumentation followed by a short series of cycles in the primary
mode of operatior. This will be followed Ly a short series of cycles
in the éccondary moda during which time gas volumes wilil be adjusted.
Finally, a 48 hour test cycle will be initiated.

It is anticipated that some sections of the nulti-cell unit will
be delivered during the next reporting period. These will be
ingpected upon rece?pt for dimernsional correctness and visually
checked for mechanical faults. Tzurnage will be pressure checked to

500 psig.

4$110-ML-10 8
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4. FIRANCIAL STATEMENT )
Manhours and doiiar expenditure for the period Jume 29 through

July 31, 1964 were as follows: -

; , Direct Labor Hours 777

'-;’":;: Direct Labor Dollars £ 3,:99.4
Purchases and Commitments £ 2,3:2.,99
Total Doilar Expenditure £11,19¢.79

“tat
2

‘
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