MONTHLY R=™ORT

TR

N.D.R.C., Divisien B, Nevember 5,154

Physical-Chemical and Chemical Engineering Problems
Summary of Progress September 15 to Oectober 15, 194Z2,

Subsection B=7~b:

Problem NL-B-42:
Problem AC-12:

Problem NA-111:

Problem N3-~-116:

Problem N3-117:

Problem CE-29:

Progress Report:

CLASSIFICATION CANCELLED OR

CHANGED TO

Popan, de el
oy Al 7 2

Oxygen Problems - E, P, Stevensen,
Chairman

SALCOMINE

Development of Chemicals and Ap-
paratus for Regenerative Pro-
duction of Oxygen.

Manufacture of Oxygen while 1n
Flight for Use of the Combat
Crew,

Portable Tnlt for Supplylng Oxygen,

Portable Unit for Prcducing g
Oxygen for Welding and Cutting,

and for Breathlng Oxygen Aboard

Alrcraft,

Oxygen Producing Apparatus for
Repair Ship Installation.

Field Generation of Oxygen Gas

Serial No, 365, September 17,
1942, "Report on Chelate Oxygen
Compounds and Equipment for
thelr Use", by Melvin Calvin,

The following reports are belng

prepared for formal release:

"Chelate Oxygen Compounds and

the Mechanlsm of Absorption Re-~

actions" covering the perioed

August 1 to September 1, by

Melvin Calvin: "Development of

Oxygen Carrylng Chemicals", v
Anril 15 to September 1, by

Harvey Diehl.

Preparation and Equlvalents

Conslderable effort has been dlrected towards

the preparation of 3~ethyl salicylaldehyde., 1In
view of encouraging reports of prelimlnary tests

on Co-4-hydroxy-6-methyl sallcylpropylenetriamine,
some samples of which show an activity of 7,3%, it
has become a matter of interest to consider%
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salicylaldehydes of thls general structur%%%%ﬁ?%
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Of a number of new chelate compounds which have
been prepared recently only two show sufflclent ab-
sorptlon of oxygen to be interesting. These are
Co-3-methyl-6-chloro-sallcyl-propylenetriamine, a
red crystaline matter which loses one molecule of
water on heating and absorption about 3% by welght of
oxygen at an oxygen pressure of 150 p,s.l.; Cobalt
Co-3-ethoxy-salicyl-propylenetrismine, brown-yellow
crvstals, absorption about 2% by weight of oxygen
at”an oxygen pressure of 150 p.s,1.

General methods for the synthesls of metal
chelates have been studied wilth a view not only to
produce a chemical species but also to preclpltate
the material in the correct crystal structure to
give a maximum of activity towards oxygen. The
following trial methods of preparation have been
used experimentally: (1) The reagents and 1lnter-
mediates are reacted in a water solution and a
study 1s made of the order of addlng the reagents,
(2) certain of the chelates, in particular the
parent compound, form pyridine solvates whlch can
be desolvated to highly active compounds, (3) the
simple prevaration may be carried out in aleohol
or water-alcohol mixtures, After the new molecular
specles has been obtalned, the problem then becomes
one of testing various crystal forms, including an
activation treatment consisting of heating the com-
pound to temperatures ranging from 100-170°C, If
the compound treated 1is not actlve at thils stage
of treatment, it 1s crystelized from a variety of
solvents and desolvated at a variety of temperatures.
A further test for actlvity would be a study of
the oxygen ebsorption of solutlons of the metal
chelates; so far very llttle attentlion has been
peld to'this last method,

The density of the parent compound has been
determined by both gas and 1liquid displacement
methods, and while there 1s not exact agreement
slnce the two methods actually measure different
things, 1t would seem that there 1s at least a
small deerease in density during oxygenation in-
dicating '‘an expansion of the crystal lattice, The
inactive form 1s consldersbly more dense than elther
the actlve or the peroxide.

A schedule 1s now 1in operation whereby three
men are producing about 575 1lbs, of Salcomine gran- Lo
ules in a 40~hour week. This production is probably '
ample for our present experimental program and gives

some 1lndicatlion as to what might be done o
scale production, m
12b35b8
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A careful study was made of the raw materlials used
in the preparation of Selcomlne to find the reason
for some non-uniformity in the oxygen capaclty of the
material produced cn e large scsle, Thils was traced
to non-uniformity and impurities in the dlamine, the
cther components belng stendsrd,

A sample of Salcomine was tested for 1ts dust
explosion hazard and found to be equlvalent or a
little worse then corn starch which 1s consldered =
serious hazard In industry.

The magnetic susceptibility of Co-3-methylsallcyl-
propylenetriamine has been meessured as a function of
oxygen uptake et roem temperature, and the velue ob-
served to correspond to three unpsired electrons be-
fore oxygenation and two unpalired electrons at a ususal
one to one sbsorption. The exacet values of suscep-
tibilities at intermediate polnts of oxygenation are
somewhat uncertzain, e

The heat of oxygenatlon of Co~3wmmethoxy~salcomine ;aji@
has recently been determined at 20,8 Calorles per "
mole, thls value agreelng gulte well with the value
20.4 Cals. per mole previously obtained. Other
heats of oxygenetion are: Salcomine, 19,600 Cals.
3 ethoxy Salcomine, 18,900 Cals,; 3 nitro Selcomine,
17,300 Cals,

Measurements of thermal conductlivity and rates
of oxygen absorption and desorption were made on
-cakes and grenules of Salcomlne containing up to
10% of eluminum flskes, bronze flakes and copper
powder; very little, I1f any, effect of the metsals
was observed,

RSt

¥

Recent efforts on behalf of the preparstion of
di(2-hydroxy-3~ethoxybenzal Jethylenediimine cobsalt
~~(C0~-0xBT) — have centered around the preparation
of 2-hydroxy-3~-ethoxybenzaldehyde, the intermediate,
8 suitable commercial source for which has not yet
been found. The Relmer-~Tiemann reaction on O-ethoxy- &
phenol 1is belng studlied with a view to preparing
this intermediate on a large scale. The maximum E
yleld of sldehyde obtalned so fer is ebout 10%, the
amount of unreected phenol recovered being about 50%
under the most fsvorable laboratory conditions.

gy

This ethoxy derivative of Salcomine having a
capacity of 3,6-3,7% oxygen has been prepared in
yields of better than 90% from the commercial source
of the aldehyde referred to above,

N
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Ho wctive crystals huve teen disccvered in the
meterial obtusinsd oy subliming this puarent compound,

The X-roy s

-
gressing ot presec
r

udy-of the perent compound is pro-
rt along two lines based upon two

series of photographs. One has to do with the pos-
sible ucppearwince of additional lines upon 0j011UJ.
The scecond is ¢ series of swmplos of dirfervnt OXy-

gen content to determine ot whut criticol composition
trensition takes nlake [rown the oxygen-fres type of
structure to the oxygencsed typsz. Nelther of these
sets hus progressed for enough to warrant detoiled de-
scription.

Additionul studies on the decomposition of the
photo-oxide of 9,19,diphinylinthrucine in various
solvents have beern carrisd out wnd the results show
that smooth and rcpid deoxygenction can be obtalned
by heuting et tempuruburcs «s low wus 1509C., The
noture of the solvent ws well ws its boiling point
affect the extent of deoiygenction os wwell ¢s the de-
toerioration of the hydrocerbon formed. IDxperiments
so fuar hove been designed to show reletive rutes of
photooxidation ¢nd give no information wg to whether
g pructical cyclic svstenm may be operated,

Rotes of Reuetion snd Lire Toests

It is belicved thuat very consideruable progress
is now being mude towards detormining the cause wnd
deterioration in oxygen cupaclty of the pirent com-
pound. It has been obscrved thut the rate of deter-
icration is definitely o« function of dogree of sctur-
ation of the compound. This his been obscrved both
with a dry bud of the auterial subjected to cycling
tests and in oil suspenzsions of the puarent compound
«lso subjected to cycling opur: .tions. It is belicved
that when the sbszorption phuse of the cyele intro-
duces sufficient oxygon inte the molccule to repre-
sent u high degree of scturation that the ratce of
deterioration is mitericlly grector then when thoe
amount of oxygcn introduced is only w« smell freaction
of the saturction value. Although no wccurute duta
arc cvaillaeble ot present, there 1s some indicution
thot operations based upon 60% szturction por cycle
results in & detoriorztion of 10 - 20% of the cupi-
city per 100 cycles, whercas SutUPatlon to }0% re-
sults In &« deterioration rote of 2% or less per 100
cycles, This is further bornc out by a rupld decrcase
In capacity g the cyeling opesrutions are continued
which would indiccte that the defect is based upon
the existing saturation ut any point and thut ws the
process procedes the degree of saturation determined
by the method of operating becomes an increasing
proportion of the total scturation which decreases

as deteriorution procedes. As an cxumple 1t hes been
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observed that a unit operated at e high rate of
absorption will give a falr yleld of oxygen over
100-150 cycles, and then deteriorate so rapidly
thet production practically ceases 1n a few more
cycles, :

The above observetions and explanation would
indicate that further consideratlion of the chemlcsal
system might tend very definitely towerds lower
degrees of saturation, which 1n turn would be re-
flected in larger ecuipment. Inasmuch as some of
the observations mede in the past, for example, a
higher rate of deterioration at high absorption pres~
sures, may be traced directly to degrees of satura-
tion, and should now be re-exemined for modificetions
which may retain some of the advantages orlginally
sttributed to the propnosed systems, and so adjusted
to avold the difflculty of high rates of deterioration,
Among these might be considered the so-called adie-e
batic cycle in which absorption and desorption were
controlled through variations in pressure end con-
sistent temperature, such a system belng dependent -
upon high absorption pressures.

An anslytical study 1s being made of white oll
suspensions of the parent Salcomine with samples
representing the original compound, a compound
ground in a ball mill, and the compound ground 1in the
ball mill and subjected to cyclic oxygen absorption
and desorptions: the capacity has fallen to approxi-
mately 1/4 of 1ts original vaelue. The last named
sample would seem to represent another sempole of
material whose deterioration (in capacity) is not
matched by loss cf recoverable aldehyde. The de~
terlorated compound was found to be slightly rejuv=-
enated upon heating for a number of hours at 170°C.
The extent of reaction was so small, however, that
the treatment does not seem to be practlical for re-
covery of spent material,

When molst air 1s used to oxygenate Co-Ox~BT-~
((d1(2-hydroxy-3-ethoxybenzal )ethylenediimine cobalt))=
end the materlal cycled continueusly 1In the manner in
which 1t would be used employing oxygenation tempera-
tures of 20° and deoxygenation temperatures of 1200,

a more or less consistent amount of water is absorbed
for a glven alr humidity, snd the oxygen carrying
capacilty of the materlial is appreclably decreased in
the higher humldity, but in each case assumes a defi-
nlte value which is a function of the humidity. Thils
1s using air having a humidity of 47% where 3% of
water 1s mainteined In the compound by the material

- continuously and carrying reversibly sbout 2% of oxygen,
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A considerable emount of wobk has been done on
reaction rates and .equilibrium pressure on those
compounds which sbsorb oxygen at high pressures
only: in particular the compound Co-3~methylsalicyl-~
propylenetriemine has been studied in some detall,
Individual preparations seem to vary 1n sctivity end
absorption rate, and considerable deterioration tekes
place upon cycling, The equilibrium pressures both
at 0°C. and 20°C, 4re still uncertsln, although there
1s evidence that at 0°C, the rate of oxygenation in-
creases wlth pressure,

A serles of tests have been made of the effect
of water both cold and hot on the rate of deterlora-
tion of Salcomine, Salcomlne soaked 1In cold water
for a period of 15 days hed 1ts capacity for oxygen
absorption reduced from 4.,53% to 4,18%., Hot water
causes the oxidized, or rather the materiasl which
has been deoxidlzed In the presence of water, to de=-
terlorate much morg rapidly. Treatment with steam
1s also much more destructive to the oxidized form
than to the unoxidized form., Apparently the pre~
sence of hot water or steam has a serious effect on
the oxygen carrylng capacity of Salcomine. Further
work 1s under way to Investigate the effect of oxy-
genatlon of slurries of Salcomine st different temp-
eratures and slso to test the effect of hydrogen
peroxide and formaldehyde on agqueous suspensions of
Salcomine,

Toxliclty Tests

Nothlng to report,

Experimental Oxygen Producing Units

(1) 011 Suspensions

Two runs were made during the past month each
with a fresh charge of Salcomlne 01l suspension., One
run was made at absorption pressure of 150 p.s,1.
gauge 1n stirred autoclave, The other run was made
at a pressure of 450 p.s,1. gauge in a 10" I.D. by
7' high tower absorbent of 20 gallons capaclty em-
ploying co-current up-flow of air and suspension,
Initlally the tower was operated without baffles,
but later, because of the poor results obtalneqd, °
the tower was packed with 140 horizontal baffles
spaced vertically 2" apart, The desorber cools
pump and compressor alr, the seme as used in pre-
vious tests, -
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Operation of the stirred autoclave at 150 p.s.1.
pressure and at severzl inlet air rates and suspen-
sion rates confirmed the correlation obtalned last
month, viz, that the oxygen production per pound of
Salcomine circul ted 1s a unlque function of the in-
let air rate to ligquid circulstion rate, Tests of
the co=-current tower show that the baffle tower is
only about half as efficlent as the stirred auto-
clave at the same pressure at 450 p.s.l. gauge, how-
ever, the tower has approximastely the same efficlency
as the autoclave at 150 p,s.i. Also the time of gas
contact in an open unbaffled tower 1s too short to
obtain a reasonable production period. The baffles
Increase the length of the gas path through the sus-
pension from 6 feet tc sbout 115 feet, and more than
double the productlion. The addition of the coll of
115 feet of 2" pipe preceding and in serles with the
tower results in an additional increment of production.
These observations indicate that with ebsorptlon at
high pressure a slngle co~current tubulsr absorber
operating at high veloclty and in turbulent flow would
be practical,

Unfortunately all of the runs on ©il suspension
were made at high degrees of saturation of the Salco=-
mine so thet the rate of deterioratlon in capaclty
was high., As 13 now reallzed, the degree of satura-
tion must be kept in some reduced value 1n order to
extend the 1l1ife of the Salcomlne to a practlcal polnt.

(2) Circulating Solid

The N.D.R.C. has now assumed the responsibllity of
further development of oxygen producing equipment
which was orlginally designed and bullt for the Naval
Research Laboratory, This unit differs somewhat
from those previously described In having a mass of
the powered absorbent moved by means of screw con-
veyors through stages of absorntlon snd desorption,
The aebsorbent chemical in this case 1s the methoxy
derivative of Salcomine. The sbsorption and desorp- .
tlon chambers are large diameter plpes tilted some-
what from the horlzontal and the powered material
which f11ls sbout 1/3 of the pipe 1s moved constantly
up hill by means of screw conveyors, The absorption
chamber 1s cooled, but the desorption chamber 1s
heated. A back pressure of oxygen 1s maintsined on
the cells between the two chambers to prevent contam-
Ination of the oroduct with alr, There has been a
considerable problem in heat transfer to the agbsor-
bent materlal, and as this 1s being solved the rate
of oxygen production has increased from about 12 cu,
ft, per hour in the 1nitilal tests to over 90 CFH,

This type of unit has some adventages over the station-
ary bed type principally relating to continued opera-
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tion rather then by the batch process, end it 1s felt
that valueble c: -ntribitions to the problems of oxygen
production mey Te made slong these lines. It 1s also
proposed scme siements of thls system may be combined
with the "fluic zed" system described below,

(3) Fluidized System

An examine:zion of the so-called "fluidized"
system 1s being again teken up. It will be remembered
that some work was done about a year ago on this
method, and thet the vrogram was abandoned because of
the then-known characteristics of the masterisl Ssalco-
mine. The propsrtlies of the newer derivatives of Sal-
comine, especlelly the methoxy compound, make the
fluidized system seem attractive. In this system the
absorbent material in finely nurified form 1s suspend-
ed in the current of gas and caused to circulate 1n
this gaseous stream from one stage of operation to
the next in the cycle., This has the double advantage
of giving continuous cperation and alsc heat transfer
thrcugh the ges medium. Preliminary experiments on a
larger scsle heve involved absorption and desorption
studies cn anvroximaetely 20 gms. samples of the methoxy
compound in a tube 22 mm., in diameter and 50 cm. long, -
jecketed with & heat transfer fluld that can be elther
heated or cooled, The Initlal tests were made with no
net flow of the so0lld such as would teke place in a
continuous unit, and, therefore, the data approximates
that which would be obtained in the statlonary bed
reactors, The dusting of the compound anpeared to be
greatest in the iInitisl operatlon and to beccme pro-
gressively low, whilch would Indicete that it was due
to the dusting in the originsl materlal and probably
not to attrition during the fluidlzed operation, The

" rate of gbsorption Is very high for the first five
minutes and then tspers off asymptctlically. The par-
ticular material used in these tests did not have a
high saturation value and 1t 1is belleved thst more
favorable results might be obtained with more reac-
tive materiels, The rate of absorption at 0°C. was
very close to trat at -12°C. but there was consider-
able decrease in rate of absorption at +7°C,

Fleld Oxygen Producing "Inits

The tests upon the 300 CFH unit at the Engineer-
Ing Experimental Stetion at Annapolls are continuing
satlisfactorily, The rate of oxygen productlon has
now been increased to somethling over the rated capa-
clty of the unit., A maximum production of 325 CFH
hes been obtsined and production standardized at asbout
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305 CFH, ZEarlier tests on this unit did not approach
thils prcducticn,

Prcgress ¢on the 600 CFH shipboard unlt has been
hempered by leck of shep facllitles and poor workman-
ship. Improved inspectlon facilitles are now avall-
able and 1t 13 hoped that the ouallty of the work will
be satisfactory., The first two reactors of four have
been completed, although theg have not yet been satis-
fectorily pressure tested, ome reworking will be
necessary but 1t is hoped thst these two reactors will
be ready for filling in & week or two. Not all of the
supplies heve been obtalned for the lest two reactors,
and fabrication of these units 1s, therefore, held up,
Other equipment including drying equipment is now avall-
able.,

The two portable chemical units it 1s now belleved
will be ready sometime in December. Both the reactor
and compressor trailer layouts asre helng worked on, and
the piping layout for the reactor trailer 1s practic-
ally complete, However, difficulty 1s belng experlenced g3
in securing the necessary trailers for mounting these
units,

Caiculations and flowsheets have been completed
on a package reactor Salcomine unit to be transported
on a plane, The thought behind this deslgn was to
minimize the smcunt of fileld erection required. The
package unit would contain two reactors, two blowers,
and a refrigeration heating and coollng system and
timer. A number of reactor packages would be hooked
up In parallel to the air and oxygen dryers and alr
and oxygen compressors to form a single unit of any
desired cavacity. Although the package 1tself, as
now lald cut, meets the space requlirement for an alre
transported package with standard avalleble equipment,
it 1s a great desl heavier than the minimum weight
specified for such a package, By the use of specilal
light-weight eguipment which might be found or devel-
oped, 1t might be nossible to cut dcwn the excesslve
welght. The system utillzes gas recirculation for
both heating and cooling., Thils results In decreasing
the slze of the equipment, &l though 1t increases the
power consumption., However, 1t was thought that the
unit slze was of greeter importance, No further work
1s being done along these lines, as we are awalting
engineering deta on the 3-methoxy compound which
anppears to be a great desl more promislng,

The oxygen producing unit utilizing the methoxy
derivative of Salcomine at low temperatures for mount-
ing on board bombers has now been del ivered to Wright
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Field and 1s being tested there in a speclally con-
structed low tempersature laboratory,

OXYGEN PRODIJCTION BY MaCHANICAL METHODS

Problem No. AC-12: The Manufacture of Oxygen while
in Flight for Use of a Combat

Crew,

Problem NA-111: Portable Tnit for Supolylng
Oxygen.

Problem NS-115: The Development of Equipment for

the Production of Ligquid Oxygen
aboard a Submarine.

Problem NS=-116: Portable "'nilt for Producing Oxy-
gen for Welding and Cutting, and
for RBRreathing Oxygen Aboard Alr-

craft,
Problem CE~29: Field Generation of Oxygen Gas.
Progress Repocrt: ""peliminary Results of Tests on

Regenerators™, by B. F. Dodge,
August 1, 1942, being prepared
for formal relesase,

Progress Report: "Rectification of Alr in & 2-inch
Packed Column", by B. F. Dodge,
being prepared for formal release,

Apparatus Study

The tests on the 7" regenerators with aluminum
packing have been completed, The results have been
analyzed snd it was found as expected that in highly
saturated alr, temperature has a very great deleter-
ious effect on regenerative performance. The equlp-
ment has now been dismantled and the regenerators
filled with smaller crimp, more compact steel packlng.
It i1s hoped that some additionsal essential data may be
soon avallable for the proper design of regenerators
for some of the large scale units

Tests of packed rectification columns are conti-
nulng and 1t is hoped that further information will
indicate that the columns designed for the mechanical
low pressure truck unit will produce oxygen of the
quantity and purity celculated, although at the moment
the indications are that it will fall somewhat short
of this production. In view of these results, some
attention 1s being glven to the deslgn of a tray col-

12635176




Section B-7 (p.l1l)

umn for this unit, and several types of bubble caps
are being examined., One of the types of columns
considered is that of the Aluminum Plant and Vessel
Company of England, which comprlses a seriles of
bubble plants alternating with perforated plants for
which greater capaclty and conslderably better per-
formance 1s claimed.

Tests were run on & small column backed with brass
shoe eyelets, These gave an H.E.T.P. about 1/3 greater
than glass rings or Berl saddles, but had a consider-
ably lower heat capacity. The adventage in lower
starting time (because of reduced heat capaclty) may
out-weigh the disadvantage of a longer column.

Further tests on the rotating column rectifler
have been conducted snd a new form of rotating col-
umn 1s under test, The preliminary results obtalned
with the new column are promising.

Oxygen Produclng Unlts

The difficulty in securing materlal for the
trailer mounted mechanical units will undoubtedly
delay the comnletlon of these units until some tlime
in November. A great deal of difficulty is met in
trying to obtaln the tubling and return bends for the
high pressure oxygen after-cooler, The fabricatlion
of such tubing seems to be new to the Aerofin Company
handling the job and some development work 1s nec-
essary to perfect the technlque,

A new model of 1000 CFH portable truck mounted
oxygen unit 1s beling designed, It 1s hoped that from
the early work on the first two truck units and addl-
tionel information which has since been obtalned, par-
ticularly in view of the pressure obtained by Profes-
sor Collins on his small unit, described below, it
will be possible to bulld an improved unilt uslng this
capaclty on a single 12' traller, In such a unit 1t
will probably be necessary to eliminste most of the
test instruments and safety factors which will be in-
corporaied in the first unit, In order to keep the
size down to a minimum, 1t may be desirable to cut the
flexibility of the unit somewhat, that is lower the
severe operating ccnditlions under which 1t might have
to work, namely, 1209F, ambient air with the dew point
of 195°F,

Design and testing of a2 traller mounted oxygen
unit producing 99.5% liquid oxygen edquivalent to 100
CFH of gas 1s progressing. Considersble difficulty
1s had in obtaining deliveries on the needed equip-
ment, most of thls equloment belng promlsed for dellv~
erles sometime between now and January lst., So far
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1t has not been possitle to obtaln the promlse of 2
sulteble gasoline engine for powering the unit. Pro-
vided the delivery prcmises on the equipment are made
good, 1t is very likely that the completed unit can

be assembled for testing by March 1, 1943. The best
present estimate of welght 1s that the unit will welgh
less than 10,000 1lbs. asnd the traller about 5,000 lbs.
This unit will operate at approximately 2500 p.s.li.
air with an auxillary ethane and butane refrigeration
cycle. Experiments are under way to develop a liquid
vaperizer for charging cylinders at 2000 p.s.i. and 1t
1s believed thset this equipment will function satls-
factorily in place of the usual oxygen gas compressor,

Design and lay-out drawings for the two submarine
pllot plants 1s proceding satisfactorily. The regen-
erator sizes have not yet been set as 1t 1s still
hoped to obtain informetion from the test work on re-
generators which will vermit = mewhat smaller size for
these units,

Approximate sizes end weights of s8ll the equip-
ment on beth the low pressure and intermediate ores-
sure systems of a full scale submarine nlants are belng
obtalned for submission to the Navy to permit them to
compare the relative merits of an oxygen producing
plant and a large liquid oxygen storage system, On the
low pressure unit the regenersator sizes are belng es-
timated as closely as possible with the informatlon
at hand,

Progress in the construction of the submarine
alr conditioning unit adapted for use with the stand-
ard 3000 p,s.1. compressor is satisfactory, Two auto-
matlc expansion valves are belng prepared for trial
on the unit at the Naval Research Laboratory, and a
design has been draswn in other respects In a way to
permit the carrylng out of comprehensive tests for
securing engineering informstion which does not ap-
pear to be available, The unit 1s designed, of
course, for actual submarine operastion with and with-
ocut precooling of the compressed alr,

All work on the column for the 400 CFH traller
mounted unlt has been completed., The trailer will be
delivered about October 5 and the compressor about
October 25, Practically a2ll the remaining material
ls on hand and 1t is hoped that final assembly will
be completed shortly.

Some deslgn calculations have been made on an
alr_transported low pressure mechanlcal unit, This
unit 1s belng figured both with a single sair feed
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system as on the Collins unit as well as with a
double feed system. In both cases consideration

1s given to the use of the Colllns exchangers as

well as regenerators, The most difficult part in the
design of this unit is the column. It 1s hoped that
the use of multiple packed tubes will permit an effi-
clent column of small overall helght,

The reconscructed Mond unit (high pressure unit
to produce 100 CFH oxygen) together with guxiliary
apparatus for operation with the Ricardo compressor
is now on test at Wright Field., The Rlcardo compres-
sor has just been received and will be avallsble for
testing with this unit,

A new high pressure bomber unlt has been designed
and the parts are sbout to be constructed, This unit
1s being designed for actual 1nstallation and trial
on alrcraft using the Ricardo compressor, It will be
provided with automatlc means for preventing disturb-
ance of the rectifylng regime during vsrlatlon in
altitude.

The smell low pressure oxygen unit designed and
built by Professor Collins has performed very satls-
factorily on tests producing approximately 200 CFH
oxygen of 90%% purity, with somewhat lower production
for higher degrees of purlty., Thls unlt, comprising
small expansion engine, rectification column and heat
exchangers, 1s very compact and weighs 320 lbs, It
"1s estimated that a combination alr compressor and
engine can be obtaslined welghing arocund 250 lbs, giving
a8 completely selfcontalned unlt, except for fuel,
welghing between 500 and 600 lbs, Further testlng and
development of this unit 1s being carried on at the
Frigidaire Company with a view to getting into pro-
duction with such units at the earllest possible date,
It i3 expected that the unit will be slightly modifled
to produce around 100 CFH with a consequent saving in
welght and thereby meeting the requirements of oxygen
productlion on bombers, Another modification will lead
to a unit producing around 500 CFH, thus fulfilling
requlrements for an essily transportable field unit,

ENGINES AND COMPRESSORS

Problem Nos,: NL-B=42; AC-12; NA-111l; NS~115; NS~116;
NS-11'7.

. The first of three compressors for the low pres-
sure 1000 CFH oxygen plants has been assembled and run
& number of hours on test, Some changes appear neces-
sary 1in the valve deslign, design of the cross head and
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the o1l scraper rings on the piston-rod packing., It

ts expected that these changes can be made in two or
three weeks end the compressor units made avallable
for use on the low pressure mechanical traller mounted
units and the two chemical traile r mounted units,

The 3000 p.s.i. compressors for the high pressure
tratler mounted mechanical unit and for the liquid
oxygen producing unit are well under way, and 1t is
st11l hoped that the first of these two units will be
completed about November 1lst.

The first of the small 150 p.s.1l. englne com~
pressor combinations will be delivered to Wright Fleld
for testing with the Collins low pressure unit described
above., This machine will be completed with sub~base,
six volt battery, and sterting equipment. The unit will
also have some form of alr intercooling and aftercooling
built into the machine., It 1s hoped that the unit will
be reasdy for testing by November lst,

The compressor for the high pressure submarine
pilot plant (600 p.s.i.) will soon be detalled and con-
struction of the parts will be started, It 1s hoped
that the unit willl be resdy for testing by the middle
of January,

The compressor for the low pressure submarlne
pilot plant has been designed and actual construction
will gc forward in a short time,

The 200 CFM rotary air compressor will be ready
for testing by November 15, it 1s estimated,

Efforts are still being made to assemble all of
the material required for the high pressure oxygen
compressor, The major parts of the flrst twe stages
are already assembled, and hence the low pressure
oxygen comoressor comprising these first two stages
should be ready for testing within ten days,

The parts of the 1700 CFH low temperature ex-
pander have been finlshed and a prelimlnary test run
on the oll seal and bearing assembly by operating the
shaft with a steel disc instead of the turbine wheel,
The shaft 1s of stainless steel and trouble was encoun-
tered here which was corrected temporarily by placing
a carbon steel jacket over the part not subject to low
temperature., One of the turbine wheels 1s being over-
speeded to destruction. If 1t falls below expecta-
tlons another wheel of stronger alloys is sevaillable,
The expsnder loading mechanism consists of two 5 H.P.

d.c. generators each belted to the expsnder with spe-
cial canvas belts,
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The first of the Collins type expanders has been
set up in Yale laboratories for testing and in connec-
tion wlith the low temperature work there. This expand-
er 1s being tested in connection with the switch ex-
panders for purifying the alr. The éfficiency of this
unit is estimated at about 80% based on enthalpy drop.
A second unit now on test for some reason does not per-
form as well as the first unit, and 1s belng Investl-
gated. A third expander will be completed wi thin a
week,

The high level reciprocating expander for the
high pressure submarine pilot plant has been designed
and detailing 1s under way. It 1s expected that the
machine will be ready at about the same time as the
high pressure compressor, It has been desligned to
utilize a hydraulic brake to absorb the work of the
expansion of this unlt,

The low level expander has been dormant 1in the
past month pending the accumulation of data on the
preliminary tests of the first two Colllns type ex-
panders, It 1s expected that thls expander wlll be
ready for operation in Jenuary.

UNDERWATER PROPULSION

Problem No, NL-B-6:- Operations of Liesel Engines on
Recycled Fuel and Exhaust Gases.

The recent decision of the Bureau of Ships as
ruled out the use of Diesel engines for submerged
propulsion of submarlnes. Upon thls basls the program
on operation of Liesel englines with recycled fuel and
exhaust gases in summarily dropped. Some'thought 1s
belng glven te¢ substitution of a program on operation
of gas turbines and steam turblnes on recycled exhaust
gases and fuel, but details of such a program have
not as yet been worked cut,

The program on dispersion of exhaust gases in
sea water 1s felt to be at least as fully advanced
as the operatlion bf power plants under submerged con-
ditions, and 1t 1s planned to hold in abeyance further
work on disperslon of exhaust gases for the time being,

MISCELLANEQUS

Problem NLB~1 (Item f): Development of an Instrument
for the Messurement of Oxy-
gen Partial Pressures ‘
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Problem NA-106: Development of Oxygen Breath-
ing Equipment snd Assoclated
Apparatus

(Item 1): Development of Oxygen Breath-
ing Apparatus for use with
Liquid Oxygen.

(Item 4): Development of Means for
Automatically Eliminating
Nitrogen in Oxygen Rebreath-
ing Egqulpment,

Problem AC-32: Development of Pipe Thread
Sealing Compounds.

(No reports to be reported)

During the month preliminary work has been car-
ried out on the adaptation of the oxygen meter on
airplanes and lighter then alr craft, In addition
some preliminary work on another device for conven-
tently detecting dangerous concentrations of oxygen
and hydrogen has been under way, Thls device com-
prises a means of measuring a change 1n the density
of the hydrogen upon contamination with oxygen, and
for this purpose a change in the pltch of a whistle
1s suggested,

It is hoped that Instruments for the converslon
of 1liquid oxygen to gaseous oxygen at constant pres-
sure upon demand will be ready for testing within the
next few wesks, This equipment 1s designed to supply
gaseous oxygen upon alrplanes,

A survey 1s being made of the productlon of oxy-
gen from non-regenerative chemicals such as potassium
chlorate, sodium peroxide, potasslum peroxlde, ete.,
and the possitility of developlng generstors fer
handling these materials in the fleld, This study is
directed primarily to supplylng a source of oxygen
for fleld medical use in the absence of a sufficlent
supply of steel cylinders for compressed gas and
pending the development ahd production of sultable
equipment for separating atmospherlc oxygen.

A survey is being made of the electrolytic pro-
duction of oxygen (and hydrogen) from water in port-
able units., A light weight cell welghlng 1n the
neighbarhood of 4000 to 5000 pounds producing 1000
CFH of oxygen has recently come to our attentlon,
and the field of low voltage high amperage electricsal
equipment 1s belng canvassed for equipment for a
field unit,

No progress has been made upon the development
of a means for automatically eliminating nitrogen in
OXygen breathing equlpment, g




