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4 study of the preparation and properties of the parent mater-

ial Salcomine is continuing in order to improve the capacity, rate

of reaction and stability. In addition research is being continued

for new materials having improved properties over the parent mater-

iale.

P

’J*W‘ Research for new materials has included preparation of inter-

é mediate materials and the combining of thesc ' materials into chelate
compounds. Substitutes for salicyaldehydc, the preparation of
cyclopentandione~1,2, and its dioxime have been completed. Pro-
gress is being made towards the preparation of salicylaldehydes
carrying carboxylic acid groups to confer water-solubility on the

‘ complex. One of these, salicyaldehyde-5-carboxylic acid, has been

R - prepared. Work is being started on tho preparation of 6-substituted

SRR salicylaldehydes and 3-alkyl salicylaldehyde. Further work on the

A -diketones, represented by those of the cyclopentanone and cyclo-

TR - hexanone series already prepared, has bcen suspended in view of

G ~ the lack of encouraging behavior of theso substances when converted

into complexes. In addition to the above a number of other

‘aldehydes have becn prepared and incorporated into the chelate

compounds.

Substitutes for the amine radical, incorporating properties
.of comploxes containing bis-trimethylene triamine has leoad to —
concantrated ‘efforts on the preparation of further  emines ‘of the
goneral- type NHQ-X-NHé wherc X is.a basio atom or group.
” 1ling ome. of, the’coordin ting;positlonsfof the. motalk;
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A number of the naw chelate compounds have been prepared,
both at the University of California and at Iowa State College,
some of which having an oxygen capacity of 4 to &%. However in
most cascs considerable work needs to be done to increase the speed
of sbsorption or lower the pressure of absorption. In general
this will involve a morc precise, detailed knowledge of the
structural factors influencing both capacity and speed, and a
study should be made of the physical and chemical methods avail-
able; for example; in addition to the ones being pursued at present
the oxidation~-reduction potentials might be measurcd, the chelatc-
oxygen equilibrium in solution, the absorption spectra, and =
number of other chemical studios might be made in an attempt to
discover some parallelism between the desired propertics whose
origins are still obscure in the 2lready more or less well under-
stood propertics of these substances.

. Some studies were continued on di-(2-hydroxy-3-methoxybenzal)-
ethylenediimine cobalt (Co-0x- M). & new and much botter acti-
vating machine was designed, constructed, and placed in operation.
This machine is essentially a rotating drum; vacuum dricr ond
differs from the earlier models in having o large gas exit tube
which does not become plugged by the tar which distills from
Co-oX M during the activation process. Sbtudy has been made of the
rate of absorption of water as comparcd to the rate of absorption
of oxygen on this material and the conditions under which water
and oxygen sre absorbed. It was found that water is absorbed
about half as fast as oxygen under the conditions of operation.
However, it will be remembered that with the methcxy cormpound water is
removed, and the material thereby activated onlj at a temperature
of 170°C. or higher. Furthermore there is somé indication of
acceleration of oxygen absorption by the prescnce of tracces of
water vapor, tut these are largely masked or overcome by the
detrimentel effects of any great quuntity of water vapor.

A study of the preparation of 2,3-dihydroxybenzaldehyde was
continued. An entirely satisfactory method of prepsring the

material was not obtained. -Seven attempts were made to cthylate
2,3-di-hydroxybenzaldehyde without success; it appears to be im-
possible to obtain the homologues of 2—hydroxyb3-methoxy~benzalde-
hyde from 2, 3—d1hydroxybenza1dehyde. For this reason work has been
continued on the synthesis of 2-hydroxy-3-ethoxybenzaldehyde from
,\vpyrocatechollthrough its mono-ethyl ether and the hexamethylene-
“tetramine-boric ncideplycerol (Duff) synthesis. Although the
“yields are almost microscopic, sufficicnt ethoxy compound has been
prepared so that-the study of its properties, begun last month,
con be carried out. properly. '

) . The 3-othoxy derlvatlve of Salcomine has been shovm to
oxygenate sbout as- rapldly as the methoxy derivative and to be

convenlcntly deoxygenated at a temperaturc of approximately 85°¢.

Dehydrati , ; al also takes place at 85°C. so that it is
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deoxygenaticn; this last feature has not yet been demonstrated,
but should it prove feasible, then the advantages of the methoky
compound for speed of absorption without the attendant disadvon-
tages of sensitivity to moieture may be realized.

The rate of oxygenation of di-(3-chlorosalicylzldehyde)
dipropylenetriamine ccbalt at 5,11, and 32° at 25 pounds pressure
and at 5° at 113 pounds oxygen pressurc was determined using the
differential manometric apparatus. This material was fcound to be
unusual in that it absorbed oxygen rapidly at temperatures much
lower than any previously known compcund. At room temperature at
atmosphoric pressure it releassd its oxygen rapidly. The omount
of oxygen carried by the material varicd markedly with the temper-
ature being abecut 0.7 of a percent at 32° and 35 pounis pressure,
3475 per cent at 11° an? 35 pounds, 5. zS per cent at 5° and 35
pounds pressure, and 6.3 por cent at 5 aud 113 pounds oxygen
pressure. '

Further werk has been done on the preparation and study of
transanmmular peroxides, particularly the 9,10-diphenylanthracenc.
Further studies of the effect of solvents on the photooxidation
of the hydrocarbon has substantiated previcus reports that carbon
disulfide is not necessary ns o sclvent, and it appears from ro-
cent. experiments that it is not the bect. The highest rate of
oxidation sc far observed has beon with mixtures of acetonitrilc

[ E it

. and benzene as solvents. The photo-oxide may be decomposed with

the liberation 90% of the theorectical amount of oxygen by boil-’
ing in nitrob enzene for 5 minutes; a clean, clear solution of
the parent hydrocarbon is left. Other sclutions, such as glacial
acetic acid, pyridine, etc., are alsc being studied inzsmuch as
the ratc of photo-oxidation in nitrobenzene is slowe

It has been suggested on the purt of the Rumford Company in
the past that 2% ¢f vanadium pentoxide mixed with Salcomine would
incrense the rate of absorption by as much as 25%. In an attempt
to check this at the Uhlversity of California no such increase in
rote was observed in air at atmospheric pressure and 25° C., al-
though possibly the original work was done at much higher pressures
and may be. obtained under the conditions of higher pressures. It
would seem, hnwever, that the effect. is largely ome of heat
transfer ra - than a chemical catalytic effect.

R Lo T

le oxidation of the molecule, and an effert
apafﬁ the deteriorated material and study
Hydroly31s of active Salcomine with
the-recovery of 96 to 97% of the calculated
e+. In o sories of runs on the deteriorated j
.of sallcylaldehyue was 22725%. In the de-
“‘aterlal only an insignificant amount
The r951uue remaining after the decom-
-29%+ There is
teériorated .

R Y
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complex is still in combination with the diamine.

The deterioration appears to be a deep-seated oxidation in
which a large part of the organic material of the complex has been
converted into polymeric material of & higher state of oxidation.
Some of the nitrogen has been oxidized to the level of ECN, and
some of the carbon is probably lost as CO (known) and €O,

Life Tests

A major protion of the experimental work has been directed
to a study of the deterioration of the Salcomine material in the
1/2 inch tube units. A large number of tests have been carried out
and in a qualitative way they confirm previous indications, al-
though there are some notable differences. However, it has been
noted that the experimentel results have not been very duplicatable.
In other words, runs made in the past month do not check the runs
carried out about two months ago. A similar lack of reproduci-
bility had been noted in the single tube unit several months ago.
Therefore any comparisons or conclusions are very questionable.
The present tests indicate considerably higher rdtes of deteriora-
tion than had previously been obtained. The tests are being care-
fully checked and further comparisons are being deferred until
check results can be obtained in a given test cycles

A number of runs have been carried out using the methoxy
¢ompound supplied by Profs Diehl and the Rumford Chemical Co.
These runs Were carried out in the cold room and various types of
tubes were employed. These results indicated that with a 1"

o.d. tube it was possible to obtain sathrations 6f mbout 2:0%

in 15 minutes with atmospheric pressure air when employing a cold
air blast on the tubes at O to -20°C.  The compound was found to

be very sensitive to water as had been previously reported by

Prof. Diehl and careful - drylng of the inlet air was necessary to
prevent loss of activity. A larger unit employing a multiplicity
of the 1" gluminum tubes is being constructed by Arthur D. Little,
Inc. and will be tested in the cold room. as soon as it is avajlable.

. The methoxy derivative of Salcomlne was pub through the life
cycle test and found to have a life extremely short of the order
“of” 150 ' 250 cycles. However, the material after testing was

~contain large. amounts of water and on reactivation to have

xygen-oarrying capacity of :3.9%. A second study em-
- rotating drum spparatus at the Iowa State College indi-
he activity-of the compound decreased from 3.9% to
the first 1130 cycles of. the rul.

tructed by duPont for
. It operated.between 20°
At stated intervals
om the oil by cen-
' The dried Sslco-
and activity. 1In
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the first test the capacity* after 333 cycles had dropped about

9% and the activity** somewhat more. These figures are preliminary.
Improvements in design are being incorporated in two new units now
under construction. These units will be operated in parellel at
atmospheric pressurc, one with dry oxygen, the other with oxygen
saturated with water at room tempereture. Thus simultaneously
information will be obtzined as to sbgorbent life and the effect

of water vapor on absorbent life and activity.

A somcwhat different test made at the University of California
by sheking a 10% suspension of Salcomine in white oil in one atmos-
pherec of oxygen at 100° ¢ indicated that after 7 hours a residusl
activity of 94% romsained; after 15 hours, 87% with no further loss
in activity at the end of 30 hours.

Megnetic and X-Ray Measuroments

The study of magnetic susceptibilities is going forward, s=nd
while the results are not definitive, the observations sco far may
be interpreted in the following manner. In the solid the cobalst
‘atoms are so arronged that an oxygen molecule cannot be shared
betwcen a pair of them. Since, however, they cach have throe un-
paired elcectrons each one is capable of holding an oxygen mclecule
elbeith not very strongly, hence the relatively high oxygen
pressures required. In solution, however, the nolecules are free
to move about and hence two cobalt atoms can come to share an
oxygen atom between them znd hold it much more strongly, hence the
lower pressures. An attempt to establish this suggestion as fact
is being made by all the means at our disposal. Further--a
- definite knowledge of the effect of substituents and changes in
structure on the strength of the cobalt-oxygen bond should mske
it possible to design o compound in which the oxygen partial pres-
sure over the one-to-one compound in the solid state is not too
high.

The X-ray work at the California Institute of Technology con-
tinues and it is hoped that a detailed analysis of both the inac-
tive and active forms of the parent compound will aid materially
in determining some of the factors- which.influence the capacity
and especially the speed of the ahsorptlon, thus ‘enabling a more.
intelligent design of new compound to be agcomplished. In addi-
tion, a study of the lattice ‘as’ a‘function of the sbsorbed oxygen -
- will throw much light on the mechanism of the process. Further,

the examination of at least powﬁc raphs of the large group

the period to half satuﬁ 167
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of compounds now available having varying capacities and speeds
should aid very considerably in the recognition of the important
structural factors required to produce the desired propertiess

Toxicity Tests

The Mine Safety Applionce standard CO analyzer was used in
the determination of carbon menoxide in oxygen produced from
Salcomine in white oil suspension. The instrument is sensitive
to 10 pxrts/hllllon of CO and probsbly precise %o 2 parts/ﬁll-
lion. It was found that the CO content from the semi-works oil
suspension unit of duPont was less than 40 parts/hillion, when
the absorption temperature 1s around 20° C. If the absorption
temperature be raised to 45°, the CO content of the oxygen rises
to 260 parts/bllllon. These are preliminary analyscs and the
significance of the values is still open to conjecture.

0il Suspension

Two sets of cxperiments on the preduction of oxygen by the
use of 2il suspensions of Salcomine are in progress, one at duPont
and the other at the University of California.

duPont has started work on the design and assembly of o unit
larger than heretofore used (about 70 cu.ft. of oxygen per hour)
for operstion with 30% Salcomine oil suspension. To guide the
work on this unit s number of experiments were completed aimed at
determining the properties and feasibility of handling 30% Sal-
comine suspensions. Stirred autoclave tests, although difficult
to carry out on a small scale, indicuted that the 30% suspensions
of Salcomine were not tco viscous to be handled in a stirred auto-
clave, due to higher back pressures of thc 30% suspensions in the
lines originally designed for handling more dilute material, mode
measurement of efficiency factors umreliable and made comparison
with 20% suspensions on this scale 1mposs1ble.

Pumping tests through a tower filled with 51ass Raschig .
rings (ca. 3/8" 0.D.) indigcated that the 30% suspension could N
probably be used in a tower type ebsorber without running into g B
scrious difficulty. Suspen51ons of the 30% material did not
settle measurably on the bottom of o drum on stonding several . s
dws. , : : f - Con

Heat transfer data'was obtaiﬂed whlch 1ndlcated that the“f”
effective viscosity for heat transfer was much lower than the: ap- .
parent viscosity based on measurements with a Parlin cupe Pres-:,
sure drop data for the 30% 0il suspension was also obtaine

In order to obtain xy G ‘qfﬁa purl

g

to strip out the nitrogen diésd” od n,ﬁﬁl
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the nitrogen was stripped from the oil at low temperatures under
vacuum. Tests showed that 80% of the dissolved nitrogen could
be removed in 3 minutes at 80 mm. pressure to produce 99.5%
oxygen. If the nitrogen were stripped at 1 mm. pressure for 8
minutes 99.8% oxygen night be produced.

Typical dispersion agents were tested to increase the rate
of oxygen sbsorption in the oil-Salc¢omine suspension, but no
detectible effects on the oxygen absorption rate were observed,
Some of the dispersing agents caused the precipitation or settling
of Salcomine from its oil suspension.

Preliminary tests at the University of California with a 9%
suspension of Salcomine in white oil have shown little difference
in absorption rates for air pressures of 83 and 117 psi. With an
8 minute absorption time yields of about 4.5 cu.ft. of oxygeh per
hour per cu.ft. of absorption columh were obtained. This may be
compared with a figure of approximately 10-12 cu.ft. of oxygen
per hour per cu.ft. of column obtained in the duPont apparatus.
Very likely an increase from 9 to 30% in the suspension used at
the University of California would introduce a considerable in-
crease in the yield of oxygen per cu.ft. of absorption column.
The apparatus in use at the University of California differs con- P
siderably from the duPont apparatus in the type of absorption
equipment used. In the former case a plate column is used, whereas
in the latter a stirred autoclave or simple column is employed.

Oxygen Producing Units

Tests upon the 300 cu.ft /%our unit at the Engineering Experi-
ment Station at Annapolis are continuing satisfactorily. The oxygen
produced by this unit has been used for the cutting of steel plates
of considerable thickness with entire satisfaction. The oxygen
used in these cutting tests was at a gauge pressure of 20 psi.
and thickness of plate cut was suitable for this pressure; in order
to go to greater thicknesses an oxygen pump will have to be sup-
plied and this is not yet available.

Due to some difficulty in manufacture it appears that the
first reactor for the 1000 cu.fte/hour shipboard unit will not , :
be ready on schedule so that the unit as a whole will not be ready ' :
for preliminary testing before September lst.

The 1000 cu.ft /hour truck unit employing pancake-type . i
reactors and in which ebsorption-desorption heat is supplied through ’ }
a water system will, it is now estimated, be ready for testing :
around November 15th instead of October 15th as originallygﬁhgught.

The second portsble truck-mounted chemical unit employin
tubular reactors will be ready for testing around December
Because of inherent difficulties in the contamination o
with 1ubr10at1ng oil 1t is now believed that the syste
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namely water for heating and cooling. There is some possibility
that & modification of the Frcon system might be werked out,

but the elimination of contaminating oil with any such system
will nullify the saving in power originally contemplated for the
use of Freon.,

A small unit for producing oxygen on bhoard bombers, utilizing
the methoxy derivative of Salcomine, low temperature air at high
altitudes for cooling, and engine exhaust gases for heating has
been constructed and is on the way out to Wright Field for testing.

Some further estimates have been made on the characteristics
of the unit for producing oxygen by the use of oil suspensions of
Salcomine which have lead to a guess of 25,000 to 30,000 lbs.
for the weight of a unit producing 1000 cu.ft./hour, exclusive
of the trailer mount, the required trailer being approximately
3C ft. long and 7 ft. in height above thc trailer frome. However,
the estimated size and woight are based on the use of readily
avallable, standard egquipment and msy be reduced somewhat by
specially engineered, light-weight equipment. The design and
construction of any of the portable units employing oil suspension
will be postponed for the moment pending calculation of further
engineering data from the pilot plant tests now underway.

OXYGEN‘PRODﬁCTION BY MECHaNICAL METHODS

Problem No. Ac-12: The Manufacture of Oxygen while in Flight
for use of a2 Combat Crew.

Problem NA~111: Portable Unit for Supplyving Oxygen.
’ Problem MS-115: The Development of Equipment for the Production
N of Liquid Oxygen Aboard a Submarine.
Problem NS-116: Portable Unit for Producing Oxygzen for Welding
~ and Cutting, snd for Breathing Oxygen Aboard
Aircraft.

Progress Report: Final Report, Serial No. 315, OSRD Ho. 780
on "Analysis of Liquid Air Rectification
Cycles"™ by The Linde Air Products Company.

. . N S
Rectification Studies. e ' *

The differential heats of vaporization from oxygen-nitrogen
mixtures from 20% to 80% oxygen to yield vapor of an equilibrium
composition have been measured.

An integral heat of vaporization corresponding to the process:-
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1 gm. air (1liq., 20.9% 0,s 7847°K., 1 atme) + q = 1 gme
air (gos, 20.9% 02, 7¢.7%K., 1 atm.)

was measured. The value obtained in this manner was 48,96 cal,/ Tie
as compared to 49.03 cal./gm. obtained by Dana.

Two heat capacities of liquid air (20.9% O,) were measured at

75.70°K. and 77.42°K. Thc values obtained were“0.4331 cal./gme
end 0.4284 cal./gm. respectively.

Apparatus Study

Small laboratory tests have continued on packed columns for
the liquification of air, which indicate that Haydite packings are
equivalent to Stedman packings and that they are not as good as
Berl saddles. In scme of the tests a short column of l/ﬁ inch
saddles was used above the Haydite packings to give a distribution
of liquid, which distribution is a serious problem in all of these

packings.
5
Two short preliminary runs of 5 hrs. and 12 hrs. respectively - ’T
have been made upon the 8 inch column packed with 1/4 inch Berl I%g
saddle, having vapor velocities of about 0.3 ft. per sec. under gl
total reflux, These data gave a H.T.P. of 10 inches. : e

One Mond-Ricardo liguifier wnit has been regeived from England
end after study and setting up is being tested in Cambridgs.

Specimens of the Collins type heat interchangers are in the
process of being completed. :

Exhaustive tests on regenerative heat exchanges are under way.
Many mechenical difficulties have arisen in the operation of the
regenerators, such as the breaking of thermocouples, excessive

¥ heat lesk, plugging of lines with carbon dioxide, scoring of valves,
etc. Runs have been made with the entering air saturated at
temperatures as high as 100°F. These runs definitely establish
the fact that water vapor is removed in a very satisfactory manner
and without causing sy appreciable increase in pressure drope.
There is also evidence, although not conclusive, that carbon : Vg
dioxide is removed when the temperature is low enoughe

S

EERR 2

Much work still remains to be done on the testing of air
drying equipment especially that employing dessicants such as -
activated alumina; but this program has been held up pending the o
‘tests on regenerators. - '

% g

Oxygen Producing Units

Tﬁe?ﬁéfghble low pressure mechanical unit to produce 1600»ou.ft.b'
of oxygen per hour is going along on schedule with a completion .
Qgte somewhere in the middle of October. Practically all the
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material has been ordered for this unit. Likewise, a corresponding
high pressure unit will, it is hoped, be ready for testing by
November lst. Some modifications have been made in the cooling

and refrigerating equipment, but most of the materisl has becn
ordered.,

Work is still in progress on the 380 C.F.H. portsble mechan~
ical unit with all major pieces of equipment on order except the
oXygen compressor. It is expected that the oxygen compressor
will be completed about October lst when the sir compressor be-
comes available.

Work is under way in the construction of a small lightweight
unit for production of oxygen aboard bombers. The main item in
the schedule of this program is the construction of the engine-
compressor by the Clerk Bros. as noted below.

Work is still in progress on the design and construction
on the trailer unit to produce 85 1lbs. of liquid oxygen per houre.
This is the only small pertsbie unit on our 1list for the production
of 1iquid oxygen, although other mechanical units may be converted
for this production should the necessary extra power be installed.

Submorine Units

The detailing and contracting for the two submarine pilot
plants has been put in the hands of the J. F. Pritchard Co., who
will work in close cooperation with the Kellogg Company, snd at
present, heat exchanges are being designed for the medium pressure

~unit, It is contemplated that a delay of about two months will
occur in the delivery of the air compressor for this unit, and

. certain changes in the plans for the air compressor as descrlbpd

. below will hold up the design of some of the heat exchange equipment.

. As a preliminary to the testing pilot plants, =a study is
. being made of the removal of carbon dioxide snow by filters of the
Cuno type which comprises plates spaced sbout 0.008 inches aport.
Preliminary results indicate that such a filter might be satisfac-
tory although the present spacing of plates is not sufflclently
e to remove all carbon dioxide cnow formed. In a large scale
ratiis with proper design there is a good possibility of opera-
with no filter except on the final product and no chemical re~
“‘oﬂ carbon dioxide.

; 1th respect to the unit for condltlonlng air on submarines,
; ‘was originally contemplated to use the Mond-Ricardo equipment [
o Junctlon with the compressor already available upon the - :
ines, but it is now believed that this liquifying equipment

small and.unsu1+ed for the production of lquld OXygen.

xwgen per hour with no forecoollng. If a compact Freon refriger-
. b-is used to provide air precooling:at ~40° oy, oxygen

/e
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production can be raised tc about 32 1lbs. per hour. Such a small
refrigerating unit is readily available from the Servel Company,
‘and it is only a question as to whether the Navy wishes to use
space for this unit plus any added inconveniences of operation,

ENGINES AND COMPRESSORS

Problem Nos.: NL-B-42; AC-12; NA-111; Ns-115; NS-116; NS-117.

Material is being assembled for the three 20C CFM, O to
100 PST compressors, and these should be assembled and ready for
testing early in September.

The detailed drawings on the O to 3000 PSI, 100 CFM air
compresscrs for the high pressure truck units (both liquid and ges)
have been completed and construction is underway. A tentative
delivery date of about the 1lst of November appears possible.

The design and construction of two compressors of about 40
_CFM ¢apacity and 100 PSI output is underway. These compressors
will be adaptations of a four cylinder air cooled airplane engine.
One is destined for the oxygen producing bomber unit and the other
~ for the o0il suspension salcomine unit. A second low pressure
compressor unit for airplane use 1s now under construction in
" Cambridge.

The final layout on the 200 CFM turbo compressor has been
., checked and parts, toocls and materials ordered. The exact delivery
date has not yet been ascertuined.

_ Present plons with respect to the low pressure submarine pilot
c “ plent air compressor is for the use of a first stage 10,000 CFM tur-
[ S TN " bine supplying air at 2 pressure of 40 PSI end a second stage

= % " . geparately driven rotary compressor handling 2,000 CFM of free air
taking a portion of the output of the first stage compressor and
~ delivering this at 105 PSI. This arrongement is proposed to speed
~ the tests at Annapolis of the pilot plant by utilizing a first

" stege compressor in construction for the Navy without impairing
roduction schedule at the Elliott Company. It is further con-
templated that by the time:the initial tests of the oxygen pro-
lcing unit are completed . at Annapolis, the first stage compressor
2,000 CFM will have been completed by the Elliott Company and
%1ned with the second stage now under  construction. ‘

A preliminary outline draw1ng and tentative layouts have been
“made on the 0 to 600 PSI, 1000 CFM.vertical compressor for use

th the high pressure submarine pilot plant. This compressor

wi 1 be a double acting vertical unit having four low stage, one
termediate and one high- :8tage compressor cylinders. The unit
‘a2 inch stroke and w111 operate at 600 RPM.
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Experimental tests on carbon liners for the last two stages
of oxygen compressors are underweay. The most recent liner is
fabricated from an extremely dense carbon ad impregnated with
silver; to date the results on this arrangement are not yet
available.

The first of three reciprocating expansion engines should be
assembled and ready for testing by the end of August.

The two expansion engines for the high pressure submarine
pilot plant are still in the calculation stage.

Preliminary calculations on a double acting high speed ex=
pansion engine unit using air lubricated pistons and piston valves
has been completed and the possibilities appear attractive. No
immediate steps are being taken toward the actual design and con-
struction of such an engine pending the completion of the low pres-
sure engine compressor now in construculon in Cambridge.

Wbrk is progressing on the two rotary expansion engines for
the low pressure submarine _pilot plant. The efficiency of the
Rateau machine for this service is estimated at 72 1/?%, wherein
all but very minor losses have becen deducted. The efficiency for
the Kapitza wheel is estimated at 87%s This latter figure does
not include seal loss and turbulence loss in thc wheel and minor
losses such as slippage ‘and ‘shock losses; the sum of all these
losses could be less thap 10%. The final design for the Kapitza
wheel indicates .a diameter of 7 inches running at 21,000 RPMe.
The final designs on the Kapitza wheel have been checked, eand it
is estimated that a test machine will be availsble by the end of
September.,

— : UNDERWATER PFROPULSION

Operations of Diesel Engincs. on Recycled

_ Problem No.: ¥NIL~B-6 -
' Fnel and Exhaust Gases.

Tests are still ay on scrubbing carbon dioxide from
“exhaust gases of Dieseljgngines- and recycling of the scrubbed gas.
There appears to e.in indicated horsepower or ..
.specific fuel co g 100% oxygen with or wi thout
water .scrubbing. i sing 95% oxygen and 5% argon with
water scrubbing, P tely 10% in both indicated
‘ cbn umption were obtained. These
” hsoretically be expected and
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Preliminary tests are now underway under the direction of the
Standard 0il Development Company on the operztion on oxygen and
fuel with recirculation of exhaust gases of an engine designed by
the Von Seggern Brothers somewhat related to the Diesel operation
but employing a puddle of fuel in the combustion chamber rather
than continuous injection of fuel.

With respect to the disposal of exhaust gases from submarines,
the study of orifice sizes has been continued. The.total theoretical
horsepower and the water rate required for complete absorption of
3800 1bs. per hour of the 85% C0,-15% O, mixture incresses as the
cutlet area incteases. The increase is small going to an orifice
of L/B inches to 1/4 inches, but an increase to 3/8 inches requires
an increase of 50% in water rate compared with that necessary for
the L/B inch orifice, md horsepower is more than doubled. In
general the bubble size depends on tho diameter of the outlet hole
as well as the mass velocity of gas through the hole, and the volu-
metric ratio of water to gasi Since the bubble size for any fixed
gas mass velocity ond fixed ratio of water to gaos seems to increase
' ds the area of the nozzle outlet incresses, it is indicated that
the scale should be increased by using a multiplicity of small
holes rather than a single large hole. However| where small in-
jector orifices are used, some means of straining the water will
be necessary to prevent clogging. This difficulty of clogging 7
may also be overcome by using onc 3/8 inch diometer water in- S
jector in series with ten orifices, each 1/8 inch diameter. A
full scale unit of this description will comprise 55 injectors and
550 orifices -and will require a water rate of 1150 gal. per minute
for a total theoretical horsepower of 130.

MISCELLANEQUS

Problem NLB-1 (Ttem £) Development of an. Instrument for the
S Measurement of Oxygen Partial Pressures.

-~

Problem NA-106s -~ Development of Oxygen Breathlng Equlpment
and A33001ated Apparatus.

Item 1:- , _~Development of Oxygen BreathlnglApparatus
) . for use with Liquid Oxygen.
Ttem 41 “Development of Means fbr i

Eliminating Nltrogen in
,Equipment

he Puuiing,oxygen meter for f lari
ésearch Laborat ry, ofﬁ%%



Section B-7 (pel4d)

is designed to indicate the oxygen content of the ambient atmos-
phere, and will operate even when tilted steeply. 4 method has
been developed for measuring and classifying strung quartz fibers
for use in these oxygen meters on a basis of their torsion con-
stants rather than on measured diameters. The new method is to be
preferred inasmuch ag it is based directly upon the property of
interest.

Models of two different types of instruments for converting
liquid oxygen to gaseous oxygen ot constant pressure upon demend
are under construction md testing. These instruments give a very
satisfactory supply of oxygen at any rate up to about 300 times the
normal evaporation rate from the insulated container. Both instru-
ments are designed to operate in any position (any degree of in-
version) and are specifically adapted to operation on board air-
planes for supplying oxygen to breathing equipment. Further work
and tests are required to fully ~dapt these instruments to opera-
tion in all positionse

No progress has been made upon the development of means for
automatically eliminating nitrogen in oxygen breathing equipment,




