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' OXPGkN UNITS UNDER DEVElLlPUENT BY'= 
NATIONAL DEFENSE PBEAfEk C!Ol.!l@l!l'~ 
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* I 
Baakground, O f  The Problm. 

8 
edi8te  p r o g r h  bf Sect ion B-7dB i s  concerried With suphlylng 

t 
t h e  Services With tjxygen fob t h e  foll&ng,pwposes) (1) breathing oxygen 
fa r  the use of a i r c r a f t  C&WS a t  -high a l t i t t l deb j  - (2) fat. medical therapy; 
(3) f o r  mt%ing,$lld wefd5l;tigf 
puls ion df  submkUe$& bkher conceivable uses f o r  oxygen, not  now a c t i v e  

propulsion of a i rplanes,  etc.  
s iderable  importance i n  the  inder te rn ina te  future.  

(4) 88  8 seq0nd427 fW1 i n  underwater pro- 

These subjects  might w e l l  becone of con- 
. on our prbgfafn, concern bur s t s  of power f o r  a i rp lane  engines, rocket  

A t  present, mili tary and naval sources of'owgen are dependent f o r  t h e  
most p a r t  oh t ranspor t  of high pressure cyliiiders. 
ders  may be supplied f o r  a i r c r a f t ,  f o r  therapeut ic  purposes and f o r  cu t t i ng  
and welding i n  t h e  f i e l d ,  t h e  weight of the  cyl inders  i s  a very g rea t  draw- 
back i n  view of present  t ranspor ta t ion  problems, and furthermore there  i s  
such a shortage of t h e  cyl inders  themselves t h a t  t he  present  demands can by 
no means be net. Not only a r e  s u f f i c i e n t  number of cyl inders  today lacking, 
but the  p rac t i ca l  imposs ib i l i ty  of retiirning enpty eyl inders  makes' it 
inpossible  t o  keep up w i t h  tho demand for oxygen i n  t h e  Zield. 
no o the r  reason than the  shortagc 02 cyl inders  the present  program..-& 
units f o r  producing oxygen i n  thc  f i c l d  ~sould  bc warranted, 

Although oxygen i n  cy l in-  

I f ' fo r  

The inadequacy of commercial suppl ies  of oxygen f o r  operating i n  - 
various p a r t s  of the  world has been an t ic ipa ted  by the  armed forces .  
Consequently, orders have bcen placed and arc  being f i l l e d  f o r  some 250 
mobile oxygen producing u n i t s  mounted on t rucks fer'the Army A i r  Corp. 
The Engineer Board a l s o  has about tmnty- f ive  on order. 
havc bcen cielivered t o  date  operatc s a t i s f a c t o r i l y  but  have thc.drawback 
of being exce,sively heavy and bulky, and hence of l i m i t e d ' u t i l i t y  i n  many 
remote areas of operation. The 1I.D.R.C. oxygcn program i s  focussed on 
making improvements ori t he  typ t  of nobile units now i n  commercial pro- 
duction, as yrell..as devcloping ent i rc ly  new types for spec ia l  uses *der 
t h e  many spec ia l  condi t ions now confronting the  armed forces,  

The units which 

The incrcasing use of oxygen by .av ia tors  is necess i ta ted  by changing 
air combat t a c t i c s  which dr ive  planes t o  highor and higher a l t i t udes .  
second f a c t o r  i s  a contenplated lncrease i n  the  length  of f l i g h t s  necess i ta t ing  
an inprovcment i n  thc present  cuqbersone system of cylinders. 
i s  most i n s i s t e n t  upon the immediats development of new f a c i l i t i e s ,  and hence 
the  urgency and importance of t h i s  phase of the program i s  emphasized. 

The 

The A i r  Corps 

O f  equal ly  g rea t  importance, if not  greater,  i s  t h e  use of oxygen 
f o r  therapeutic treatment of battle casua l t ies ,  espec ia l ly  those r e su l t i ng  
from use of poison gas. 
owgen w i l l  be required a t  and near  the  b a t t l e  f r o n t  f o r  such a purpose 
and today f a c i l i t i e s  f o r  supplyin,a such oxygen are unavailable. 

It i s  contemplated t h a t  tremendous quan t i t i e s  of 

Furthermore, 
- -I 
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but 3s t h e  very means of such supply itself, 
i "  * * . . .  ~ 

I n  a similar mmer la rge  number of f i e l d  operations f o r  t he  repair 
.f .. --. -I ' . .rak-"#. and mamtehKie of equipment require  oxygen f o r  cu t t ing  and welding. Here 

again present  f a c i l i t i e s  are inadequate both as t o  quantity and kind. 
r* 

U n i t s  Under Development -- 
With the  above remarks on j u s t i f i c a t i o n  of the program the  following 

spec i f ic  descr ipt ion and use of the  u n i t s  contemplated a t  present will be 
given. 

. mine) uld the  other  ir. which the  +paration i s  made by l iquefac t ion  and 
r e c t i f i c a t i o n  of a i r  ( thc so-called nechanical. system). 
l i s t  t h c  chemical u n i t s  are grouped togethcr  a t  thc  f i r s t .  
followed by the mechanical units. 
ind ica t ing  the  character,  capacity, and dest inat ion of t he  uni t .  

Two main types of oxygen-producing units are represented, one i n  
.which oxygen i s  separated from %he atmosphere by a chemical reagent (Salco- 

I n  t h e  following 
These are 

I n  e x h  case a code symbol i s  given 

In t h i s  code t h e  i n i t b l  l?ttoers have the folloPring significance.  

A = A i r  as hea t  exchange medium 
C Chemical 
E =System &ith expansion engine 

I = Intermediate pressure 
L I Low pressure 
M - Mechanical 
R = Refrigerant  as hea t  exchange ned lm 
S -Suspension of Salcomine i n  a l i q u i d  
17 z Water as hea% exchange medium 
X 3 System requir ing f a c i l i t i e s  o ther  than atmospheric a i r  and 

H -High 

fue l  f o r  operation', , 

The numeral represents  the  capac iv j  of the  unit  i n  cubic feet  of oxygen 
produced per-  hour, or,- i f  followed by the letters lb: the  pounds of l i q u i d  
produced per hour. 
of the  Services- most in te res ted ,  which m e  as follows. 

The concluding -11 letters ind ica te  the department 

AC - Army A i r  Carps. I 

Ipu A- Naval Bureau of Aeronautics 
Bu S- Maval Bureau of Ships 
132 - Army Medical Corps 
IJRL- Naval Research Labora'vory 
EIj - Engineers Board 

I 

-The t ab le  on the  following ?age swnmarizes the  infomat ion  upon these u n i t s  
' .with,more precise  descr ip t ion  of t h e  individual  un i t s  succeeding. 
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(1) CM-300- lJm Naval Research LaboratGry Unit; . -  
# 4  

This un i t  occupies a space 02 approximately 8 f t .  by 5 f t ,  on the 
f l o o r  by 6 f t .  hich an3 weighs about 2,000 lSsc, including 290 Ibs. of 
Salcorline. 
t inuous fLbtv,of  oxyeen of 9% pur i ty  o r  b e t t e r  with a capaci ty  of 30C cu. 
ft. of gas a t  NTP del iyered a t  20-30 lbs./sq.in. pmge, This u n i t  was 
origina-lly designed to operate a t  an air Yressure of 250 lbs , /sq. in .  a t  

‘ 

which pressure the production r a t ewou ld  Se i n  thF ‘neiphborhood of 500 
cu.ft./hour. But inasmuch ag t h i s  pressure was dc:leterioiis t o  the  l i f e  Qf 
t he  5’alcorr;ine i;t is contemplated t h a t  the unit w i l l  1 ) ~  operated exclusively * 

a t  80 lbs./sq.in.*-A redesign i n  the  bas i s  of 130 Bbs./sq,in. w i l l  mater ia l ly  
reduce the  weight OP the  u n i t ,  For i t s  opt ra t ion  it w i l l  require  i t s  supply 
from ex te rn i l  sources o f  50 cu.ft./min. a i r  (NTP) supplitc! a t  80 lbs./sq. 
in .  and twenty p-allons water pe r  minute a t  7@%., besides  c , lec t r ic i ty  t o  
operate controls  c tc .  an(? sone a w i l i a r y  a j  r supply t o  GpeiYltC automatic 
valves. 
shipboard, $There i t  i s  ’cc?tcrnplatcd t h a t  the u n i t  w i l l  be used as ,an emcr- 
gency supply of oxy-gcn f c r  cu t t i ng  and welding. 
i n  the i n i t i a l  tests h m  n r o v d  h ighbj  s a t i s f a c t o r y  f o r t h i s  purpose. 

It wil! operate e n t i r e l y  automatically t o  produce a con- 

It i s  be,iievcd +,hat a l l  the noccssar:. f a c i l i t i e s  are avai lab le  upon 

Thc production obtained 

. 
The u n i t  i s  i n  procec;s of  t e s t ing  a t  thL Naval Engineering Experkent  

If accepted by the  Serv’ces  it i s  e x p c t e d  t h a t  t he  S t a t i o n  a t  Annapolis. 
u n i t  may be put  i n  production within three  months, The chief 6ott leneck 
t o  production w i l l  be the supply of s t e e l  and copper f o r  construct ion and 
c o b a l t - s a l t s  f o r  salcomine as w e l l  a5 some pressure and flow instruments 
and gas valves involved ir, +,he operation of the  uni t .  

(2 ) CIV-70- fl RL Naval Medi zal Unit  . 
’. . _  

A completely self-containe$ u n i t  approximately 2 ft. by 5 f t .  by 5 ft., 
weighing 600 pounds, including 100 pounds of Salcmine,  i s  being constructecf 
capable of t ranspor ta t ion  i n t o  the f i e l d  i n  small sect ions,  easily handled 
by one man, for use by the Navy (&ring Corps) on l.anaing par t ies ,  e tc .  
t o  supply oxygen for therapeut ic  pul-poses, 
ft. of 95% uxygen per hour. 
p le ted  upon t h i s  unit i n  one month B n d t h a t  approximately one month la te r  
the u n i t  will be delivered t o  the Services.  It i s  believed that‘ t h e  unit 
w i l l  s a t i s f a c t o r i l y  f u l f i l l  the  requirements of  nroducing therapeut ic  
oxygen f o r  landing pa r t i e s ,  which oxygen i s  urgent ly  needed.,,Production 
problems are the same as in.  (1)* 

(3) CA-15-113 Eel; Medical Unit. 

requested by t h e  Medical Gorps t o  supply oxygen f o r  therapeut ic  purposes 
i n  place of cy l inder  gas. 

The u n i t  w i l l  produce 50-70 au. 
It is, expected t h a t  the  research w i l l  be com- 

*. 1 

I .  ... . ’, : 

A s s m a l l  u n i t  producing 15-25 cu.ft .  of oxygen p e r  hour has just been 

The size of the  u n i t  i s  determined by the  

. .  . .~ .  . .. . -  :. _. _. . .. . . . .. 
. .  



-4- 

requirements of the f i e l d  group on a u n i t  operatinp a t  the  b a t t l e  f ront .  
No data  i s  ye t  avai lable  upon such a un i t ,  but presumably i t  rkll be a 
scaled-down model of (2). Torking models can be produced i n  four  months, 

( 4 )  CAX-100-ac Bomber Unit. 

A chemical u n i t  t o  produce 100 cu.ft.  of 95% owgen per  hour on board 
bombers. 
approximately 1 ft. by 2 ft, by 2$ ft. , t he  t o t a l  weight of the  two sections 
being 300 lbs . ,  each sect ion t o  be mountec! iri one of the engine nacelles,  
These u n i t s  a re  very simple, comprising aluminum tube reactors  f i l l e d  with 
150 lbs .  of the methoxy der ivat ive of Salcomine which ebsorbs oxygen from 
the  a i r  r ead i ly  a t  approximately atmospheric pressure,  
will take place from a i r  supplied from thc enginesf supercharger with 
cooling by the upper atmosphere. 
a mixture of a i r  and exhaust gas. It is .es t i rnated t h a t  t he  u n i t  wi l l  
operate s a t i s f a c t o r i l y  on absorption only a t  temperatures below 5OC s o  t h a t  
i n  general thc operation v r i l l  be confined t o  higher a l t i t u d o s  i n  w a r m  
weather. 
demand by the A i r  Corps. 
t e s t e d  and i n  the  hands of the A i r  Corps i n  th ree  meekst t ine .  Although 
the u n i t  i t s e l f  might be produced commercially i n  two months' time, it will 
probably take four  t o  six months t o  adapt i t  completely t o  t h e  airplane 
construction and opcration. 
s a l t s  

It will ba constructed i n  two sect ions,  each sec t ion  occupying 

Absorption of oxygen 

Desorption w i l l .  be induced by heating with 

, 

Any light-weight u n i t  producing oxygen f o r  planes i s  i n  g rea t  
It i s  believed t h a t  t he  present  model can be 

Bottleneck rnaterials a r e  aluminum and cobal t  

( 5 )  CA-500-AC Air-bomc Chemical U n i t .  

A request has been madc f o r  un i t s  t o  be operated i n  the  f i e l d  b u t  

been produced for such a unit, it i s  believed t h a t  t h e  cha rac t e r i s t i c s  
of such a u n i t  may be obtained by sca l ing  down t o  any desired production, 
f o r  example 500 cu.ft./hour suggested, t he  c h a r a c t e r i s t i c s  of e i t h e r  un i t  
(7) or. (8) following. It w i l l  be possible t o  so  design the  u n i t  t h a t  it 
can be taken apar t  i n t o  sections,  no sec t ion  weighing more than 500 lbs., 
t h e  l a r g e s t  sections being t h e  engines required t o  dr ive  the  air and re- 
f r i g e r a t i o n  compressors. A s  originally.conceived, t he  prd'blem was t o  pro- 
vide such a unit f o r  t ransportat ion by a bomber. 
transporZ,s are avai lable  f o r  handling bulky and heavy a r t i c l e s ,  it may be- 
come e n t i r e l y  feas ib le  t o  t ransport  one of t h e  nobi le  truck u n i t s  described 
below as a Single item. 

capable of t ransportat ion by a i r .  Althouph no d e f i n i t e  designs have as yet - ,  

If i r i  f a c t  l a rge  a i r  

* 

(6) CWX-600-Bu S Shipboard Welding Unit. 

high, weighing 13,000 pounds, including 800 l b s .  Salconine i s  designed 
t o  operate on the  f a c i l i t i e s  found on shipboard, namely compressed air, 
cooling water, e l e c t r i c i t y ,  steam, etc. 
because of the lack of corrosion r e s i s t a n t  metals has been b u i l t  of steel 
f o r  operation with f r e sh  water as the hea t  exchange medium. 

A u n i t  occupying approximately 10 ft. by 20 ft. f l o o r  space by 7 ft .  
5 ,  

The present model under construction, . 

I n  order t o  

i 
&:;i ..._-. :: 

._,_.. . . .  .. .. . 
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t e s t  v i t h  sea water, a heat exchanper we igh ing  2,400 l b s .  i s  suppl ied.  
Naturally, t h i s  can be omfitted .rsi_t!i a consequent saving i l l  rreieht i f  the 
aqparatiis as a whole i s  constructed of corrosion r e s i s t z n t  m t e r i a l s .  
The following f a c i l i t i e s  ava i lab lc  on shipboard mill. be required f o r  operz- 
t i o n  of thc  uni t :  
hour; steam a t  150 lbs./s-.in. f o r  operatinp purging e jec tor ,  100 lbs./hr.; 
sea w - t e r  f o r  cooling, 160 gals./hinute; e l e c t r i c i t y ,  25 kwh/hour. 
dimensions given above are  f o r  the present t e s t  u n i t  and i t  i s  t o  be under- 
stood t h a t  the elements of t h i s  u n i t  can be rearranged i n  a f l e x i b l e  manncr 
t o  use the  space upon shipboard t o  good ac&mtsge. Under normal conditions ' 

of operation, f o r  example, 290 cu.ft.  of f r e k  a i r  compressed t o  80 lbs./sq.in., 
cooling water a t  75OF, the unit w i l l  produce 600 cu.ft .  of 9% oxygen per 
hour. If lower water temperaturcs i n  the neighborhood of. 650F and higher 
a i r  
cu.ft./hour. 
250 lbs. a i r  pressure f o r  which it i s  desisnad, d though  z t  t h i s  pressure 
thc  r z t s  of' de te r iora t ion  of t he  Sdcominc i s  excessive, 

stearn a t  10 lbs./sq.'in. f o r  heating r e x t o r s ,  450 1bs.l 

The 

f l o w  are used, the oxygen .yield may be made to approach-1000 
Higher y ie lds  are a l s o  obtained i f  the systcn i s  pper??ted a t  

This u n i t  will be rcady f o r  t e s t i n g  by September 1st and f o r  del ivery 

The uni t  
t o  t he  Navy by October 1st. 
extensive tests on,operation and lifc of the, Salcomine m a t e r i d .  
i s  di,signed t o  produce cu t t ing  and vrclding oxygen f n r  use i n  t he  machine 
shops of tenders. 
shortage. Manufacturing problems a re  s i m i l a r  t o  those described i n  (1). 

It is contem2lated before October 1st t o  run 

Jt is expected thereby t o  mater ia l ly  relieve the  cyl inder  

( 7 )  CW-lOOO-AC or Ep Water Type Chemical Truck Unit, . .  
A imit  w i l l ,  be made t o  produce approximately 1,000 ,cu.ft.  of f ree  oxygen 

of Mgh purity compressed t o  2,000 lbs;//sq.in. f o r  charging cyl inders  etc. 
This un i t  i s  t o  be portable and suit ,able 'for operation i n  t h e  f i e l d ,  
w i l l  have' a . k ~ t a l  weight of approximately 32,000 lbs.  , 20,000 lbs, of which 
is  for the  apparqtus i t s e l f ,  12,000 l b s ,  f o r  two t r a i l e r s  t o  car ry  the  
apparatus i n  two sections.  
by 7 f t .  each: One t r a i l e r  m i l l  house the engine and compressors, the 
second t r a i l e r  the chemsical reac tors ,  kontrols,  etc. The un i t  m i l l  comprise 
three chemical reactors  operating i n  an automatic cycle t o  give a continuous 
supply of oxygen. 
c i r cu la t ing  syFtem; cooling f o r  absomtion w i l l  be supplied through circu- 
l a t i o n  of cool water and a Freon r e f r ige ra t ing  system. 
will be required f o r  operation, requir ing 15 gallons of iaso l inc  f x e l  per 
hour. 
moxygen compressor. 
D i f f i cu l t i e s  of rnanufacture a re  similar t o  those described i n  (l), 
can be mater ia l ly  reduced by the  usc of aluminum, and t h i s  and instruments 
and compressors required a r e  t h e  chief  bottlenecks. 

It 

The trailers are approximately 7 f'c. by 14 f.t. 

Heat will be supplied through a b o i l e r  and h o t  water 

Approximately 150 W 

I n  addi t ion t o  the  air compressor t he  un i t  Ki l l  be supplied with 
This un i t  should be ready f o r  t o s t ing  by November 1st. 

The might 

(8) CR-1000-AC or EB Freon Chemical Truck System, 

This u n i t  is similar t o  t h a t  of (7) except t h a t  the heat exchange 
system supply-ing re f r igera t ion  for  absorption and heat f o r  desorption 
will be a r a t h e r  Bomplicated one involving Freon ins tead  of water. 
ove ra l l  size and weight of t he  u n i t  are the  same a s  (7), but t he  fuel 
consumption i s  somewhat l e s s ,  being 11 gallons/hour. 
ready fo r  t e s t i n g  by December 1st. 
as those of t he  precoding unit, 

The 

The problems of manufacture are the 
This node1 should be 



(9) SWS-150- ? Liquid Suspension System. 

.. 

, .. * \  

A kystem vherein the Salcomine i s  suspended i n  white o i l  and the  
suspension 'circulated thyough a system providing contact with ail. for 
absorption, heat f o r  desorption, separation of opjgen and recycling, 
A system producing approximately 150 cu.ft./hour of o x y e n  of 9% pur i ty  
or, b e t t e r  sui table  f o r  cut t ing and welding o r  f o r  therapeutic purposes i n  
the f i e l d  i s  being designed. No data a r e  ava i lab le  a t  t h e  moment, but i t  
i s  believed t h e  weight and s i z e  of the system will be conparable t o  t h a t  
of the  preceding' systems. This l iqu id  system appears t o  have some advan- 
tages of operation and maintenance not found in t h e  previous systems a l l  
of which a r e  based upon the react ion of dry  Salcomine with air. 
believed t h a t  t h i s  u n i t  w i l l  be ready f o r  t e s t i n g  i n  three months, 

It i s  

9 

With one exception a l l  of the above m i i t s  involve the use of the  
reagent Salcomine (cobalt disalicylalethylenediimine) . 
the methoxy der ivat ive of Salcorline. One big question i n  a l l  of these 
u n i t s  i s  t h e ' l i f e  of the chemical. A t  present i t  is  observed t h a t  t h e  
.capacity fo r  oxygen output decreases about 2% per  day's operation; the 
capaci t ies  given above a r e  the  m a x i m u m  f o r  f r e s h  material .  . I t  i s  
es t iha ted  t h a t  one lb .  of Salcomine will produce approximately 100 lbs. 
of oxygen during i t s  l i fe t ime,  although i n  the later stages  the r a t e  of 
production i s  lowered cunsiderably. Hence there  i s  a r e a l  p;rob$em of supply 
and replacement. of chemical i n  a l l  of these units.  
improving the l i f e  of the chemical has j u s t  s t a r t e d  and it i s  qui te  
re'asonabAe t o  assume t h a t  d e f t n i t s  inprovement i n  the  l i f e  w i l l  be made in 
thc ne& future. 

( 4 )  employed 

Systcmatic work on 

- _. . .. c _  . 
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B L1EcI;AIIJICAL UNITS 
I 

- 
(10) IILE-1000-AC Low Pressure Mechanical Truck Unit. ' 

A un i t  t o  produce 1000 CFH (NTP) 9% oxygen i s  designed t o  occupy 
two t r a i l e r s  approximately 8xU,.x7 ft. each f o r  a t o t a l  weight of 22,000 l b s ,  
of which 11,000 lbs. i s  fo+ equipment and l1,QOO lbs .  f o r  t r a i l e r s  then- 

air. de l iver ing  a t  a pressure 105 PSI, drying equipment f o r  the air, two 
expansion engi-nes, power uni t ,  3 packed r e c t i f i c a t i o n  tower and o ther  nis- 
cellaneous equipment -including an  oxygen compressor f o r  charging cyl inders  
a t  2000.PSI. 
high as 1209 o r  as low a s  60%. 
operation r equ i r ine  6 ga l .  of f u e l  per h cpr. 
required per  day f o r  operation. 
s t a r t i n g  up under most adverse c l imat ic  conditions. 
ready for t e s t i n g  by Novenber 1st  and should be i n  the  hands of t h e  
A i r  Corps In two or  
be  a d e f i n i t e  improvement over the heavier mits now being produced 
for t h e  A i r  Cbrps by the  Inde7endent Engineering Company and t h e  A i r  
Products Company and undoubtedlywil l  meet w i t ?  immediate and en thus ias t ic  
reception, 
but by t h e  Engineer Board 
will be compressors, but a s ide  from t h i s ,  manufacturing should be  
c lose ly  related t o  the  u n i t s  now turning out  on sca l e  of three P 
week f o r  the  A i r  Corps by the above noted companies. 

.. se lves ,  The unit w i l l  be self-contained and comprise a compressor-for 

The u n i t  w i l l  ouerate rrith air cooling i n  atmosphere as 
Approximately 60W i s  required f o r  

About 8 gal .  of water i s  
Approximately 8 hrs .  i s  required f o r  , 

The ,unit  w i & l  be 

th ree  weeks afterwards. This u n i t  i s  believed t o  

These units a r e  i n  urgent demand not  only b y t h c  Air Corps 
a s  w e l l .  The chief b o t t l e  neck,in production 

(11) ~H-lOOO-AC High Pressure YechanicU Truck Unit, 

A portable  unit, of t he  approxinate s i z e  and weight of #11 a l s o  
mounted on two t ra i lers  i s  designed t o  produce 1000 CFH (NTP).of 
oxygen compressed t o  2000 PSI. The unit w i l l  be provided with a 
four  s tage  a i r  compressor and a f o u r  s t age  o q g e n  compressor dr iven 
by an i n t e r n a l  combustion engine consuming 7% gal. fuel per  hour, 
The system will oberate  a t  high p r e s m r c  ( 3 F  PSI f o r  s t a r t i n g ' u p  
and 8m PSI f o r  continuous operation) e fnplom an cxpahsion valve 
f o r  r e f r i g e r a t i o n  wi th  a Freon fore-cooler  sktem. 
i s  8 hrs. under most adverse conditions. 'As i n  system #l1 operation 
i s  poss ib le  i n  the air temperature r a g e  of 40% t o  
oxygen w i l l  be d r i e d  by cooling t o  -UaF by Freon re f r igera tor .  
This uni t  y i l l  be ready f o r  t e s t i n g  by :November 15th,and the kmarks 

x i t h  u n i t 1 1  apply here  as w e l l .  Presuma -% y, a choice w i l l  be made 
i n  regard t o  use by t h e  Services F d  

between units #U and #12 fo r  nanufacm; '  

(12) W-4004C Small Mechanical Truck Unit. 

of oxygen, i s  designed t o  be moumaed upon a single truck o r  trailer of 8 ft. 
by 16 ft, floor space. 

Start-up time 

1209. The 

'etQzLa&'made i n  connection 

-1 ' 

A high pressure unit somewhat smaller than ( l l ) ,  producing 400 cu.ft. 

Operation-will be at high prqasure vith a s t r a i g h t  
.. . .... .. ..__ -.-. 
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Linde system anc! a compressor will be furnished t o  supply oxygen a t  2,000 
lbs./sq.in. The present model i s  designed t o  use avai lable  equipment and 
therefore  will weigh a good dea l  inore than a u n i t  designed f o r  light-weight 
equipment. 
niercury engine. , 
es timated a t  8, OQO t o  9,000 lbs.  , whereas with su i t ab ly  designed compressors 
t he  weight should be approximately 4,000 lbs ,  
t,ai&d by t h e  evaporation of water requir ing approxinately 200 gallons 
f o r  a 24 hours, operation. 3 gal lons of gasoline a re  required f o r  on8 
hour 's  operation as well  as 3 l b .  of KOH f o r  drying of a i r  and removal 
o€ caqbon dioxide, 
t e e  i t s  performance i n  viwr of design before completion of model and 
seek acceptance by the  Services f o r  l a rge  - sca l e  production, thus saving 
approximately two months on construction and test  of model. On t h i s  bas i s  
about four  months w i l l  be required t o  develop camp-essor and place u n i t  in 
production. 

The capaci ty  i s  fixed by t h e  power ava i lab le  from a Ford 
Vith present compressors t he  weight of the  equipment i s  

I n  operation cooling i s  OM 

I 

The A i r  Reduction Cos, designers 'of  t h i s  uni t ,  guaran- 
. 

. s b  * 

(13) MHR-85 1b.-AC Cascade T r a i l e r  Unit, f o r  Liquid Oxygen. I 1  

A trailer-mounted u n i t  i s  being designed and b u i l t  which w i l l  o p r a t e  
on the  cascade pr inc ip le  of step-wise cooling and l iquefac t ion .  of a i r 'by  the  
use o'f auxiliary ref r igcrants .  
a sepamte  compressor w i l l  be required f o r  each refrieerant used.. 
contemplated t h a t  e i t h e r  t w o  o r  th ree  r e f r ige ra t ing  s$temS wo3& be required 
depending upon t h e  cl imat ic  conditions under which t h e  system i s  operated. 
This system i s  designed t o  produce 85 lbs .  of l iquid olryeen peT hour. of 
approximately 95% puri ty .  
upon a s ingle  t ruck o r  t r a i l e r  of r a the r  lar$e s i z e  and weighing 25,000 t o  
30,000 lbs .  
Apr i l  l s t ,  1943. 
be t h e  com~)ressors. 

I n  addi t ion t o  the  main a i r  compres'sol' 
Ittis 

It ail1 be e n t i r e l y  SelfLcontained ahd mounted 

It i s  estimated t h a t  the  u n i t  v i i l l  be ready f o r t e s t i n g  by 
The. c h h f  bottleneck i n  Froduction of such u n i t s  will 

(U) KTEX-400 lb.-Hfu S Medium Pressure Submarine P i fo t .P l an t .  - '  

A propos'ed metho$ of operating a submarine when &&merged on a f u e l  
and oxygen mixture re'quires t h e  production of l a rge  quan t i t i e s  of oxygen 
on board the  submarirle: f o r  which purposes a p l a n t  prodWing from 2,000 td 
4,000 lbs./hour is req\iired. 
perding the  construct ion,and t e s t i n g  of a p i l o t  p lan t  producir$g'400 lbs. . .  of . 
oxygen p e r  hour. The ' 

one described herewith operates on a i r  compressed t o  500. Ibsi/&.?n." :(-the'+ ' 
i n i t i a l  t e s t  . to  be a t  600 Ibs./sq.in.). The equipment comprises reelproL 
ca t ing  air  compressor .handling 4,360 lbs .  of a i r  per hour and two expans1 ofi 
engines operating i n  stages between 600 and 20 1bs.rsq.in. 
engine i s  $0 be supplied t o  operate t h e  compressors o f - t h e  p i lo t ' p l an t ,  altkiougk 
t h e  f u l l  s ize  uni t  will employ t h e  main engines of t he  submarine. 
packed with Berl saddles will be used as su i t ab le  for operation upon a 
r o l l i n g  and pi tching vessel. 
t he  Stamford p lan t  of the A i r  Reduction Company i n  approximately seven 
months, Will be moved t o  the  Naval Engineering e e r i n e n t  S ta t ion  at 
Anriapolis inkanother  twa months and will eventual ly  be i n s t a l l e d  fur 
preliminary t e s t s  on a submarine, 

The design of such a p lan t  is held i n  abeyahe  

Tbo such p i l o t  p lan ts  a r e  being designed and b d l t ,  

A Diesel. .' 

A column 
, 

The p i lo tp l an t  w i l l  be set  up and tested a t  ib 
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(15) . FILEX-400 1b.-Bu S Low Pressure Submarine P i l o t  Plant .  

~ A uni t  similar i n  s i z e  and output t o  (14) i s  being designed and 
b u i l t  employing a rotaryocompressor and expander t o  operate a t  approximately 
105 lbs./sq.in, a i r .  
than the  previously mentioned one and a f t e r  t e s t i n g  a t  Annapolis w i l l  
probably be i n s t a l l e d  a t  some ship o r  law! base f o r  t h e  production of 
l i q u i d  oxyzen, 

This  un i t  will be b u i l t  i n  a sonewhat l a t e r  sbheclule 

(16) MKX-35 1b.-Bu S Submarine A i r  Conditioning Unit. 

It i s  desired t o  provide a uni t  f o r  producing l i q u i d  oxygen u t i l i s i n g  
the  3,000 Ib.  air atmilable upon a submarine., The l i q i i d  oxygen i s  t o  be 
produced while t h e  submarine i s  or. the  surface,  s to red  i n  insu la ted  con- 
t a ine r s ,  and then slowly evaporated while the  submarine i s  submerged i n  order 
t o  increase the oxygen content of the atmosphere. 'A small and compact 
l iquefac t ion  and r fec t i f ica t ion  uni t ,  t he  Ebnd wit, has been obtained from 
the British and will be tes ted  f o r  t h e  above noted purpose. 
capable of producing about ten  lbs. of l i qu id  oxygen per  hour. 
uni t  i s  being designed and b u i l t  which will produce about 35 l b s .  of l i q u i d  
oxygen per hour4 ,and it i s  expected t h a t  t he  second u n i t  w i l l  bc ready 
f o r  de l ivery  t b  'the Burbhu'8f Ships by October 1st. 
and compressors 'are not required f o r  t he  uni t ,  it w i l l  be simple t o  
f a b r i c a t e  and w i l l  occupy very l i t t l e  space. 

Thh u n i t  i s  
A second 

Inasmuch a s  engines 

(17) BdLE-lOO-AC, Bu A Low Pressure Mechanical A i rc ra f t  U n i t .  

A small u n i t  comparable t o  the  Hicardo-Mond uni t  of t he  B r i t i s h  fo r  
the  production of oxygen f o r  t h e  crew of bombers while i n  f l i g h t  i s k i n g  
constructed.  The l iquefac t ioq  and r e c t i f i c a t i o n  equipment i s  very simple 
and w i l l  be more o r  l e s s  a facsimile  of the B r i t i s h  equipment. 
proposed t o  rebui ld  a Frankl in  air-cooled engine t o  provide Q combination 
of engine and compressor comparable t o  t h e  Ricardo engine-compressor, weigh- 
ing  i n  t h e  neighborhood of 29 lbs.  Thc e n t i r e  self-contained unit should 
therefore  weigh about 3 s  l b s .  This w i l l  produce 100 cu.ft.  of oxygen per  
hour a t  a l t i t u d e s  up t o  20,000 f t . ;  above t h a t  a l t i t u d e  i t  w i l l  be necessary 
t o  use a su$erchargerboth f o r  the engine and the  ampressor. About three 
weeks ' w i l l  be required f o r  the  construction and t e s t ing  of the  r c c t i f i c a t i o n  
equipment, b u t  three months w i l l  be required f o r  the dcvalopnent of t he  
compressor. 
ava i lab le  f o r  t h e  t e s t  unit. 
Services,  it i s  evident that chief bott leneck would be  the  production of 
t he  engine-compressor and the  expansion engine. 
oxygen equipment, it will be nocessary t o  use copper f o r  a major p a r t  of 
t h e  construction. 

It i s  

A small expansion engine i s  required, one of which i s  now 
If this unit should be accepted by the 

A s  i n  a l l  t h e  l i q u i d  

(18) Bw-100-ac, Bu A High Pressure Mechanical A i rc ra f t  Unit. 

The l iquefac t ion  and r e c t i f i c a t i o n  equipment w i l l  be even simpler 
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than t h a t  i n  (17) s ince  no expansion engine will be required. 
it will be necessary t o  have a compressor de l ivery  a i r  up t o  3,000 lbs,/sq.iin. 
A t  present no sa t i s fac tory  compressor or modified compressor i s  ava i lab le  
other  than the Ricardo B r i t i s h  unit .  The Ricardo u n i t  is too complex f o r  
dupl icat ion and the. modification of a Franklin air-cooled engine, while ' 

possible, wotdd lead t o  a r a the r  bulky u n i t  as i t  would involve the  addi t ion 
of.tw0 s teeple  cyl inders  i n  addi t ion t o  the modified construction in-  
dicated i n  (17). No schedule. i s  ava i lab le  a t  present e i t h e r  on the  develop- 
ment o r  manufacture of t h i s .  unit .  

However, 

The mechanical s s tems appear t o  have an advantage over the chemical 
.s.$stems i n  bulk and weight and furthermore they alone are capable of producing 
l i q u i d  oxygep. .There is  a n  increasing i n t e r e s t  i n  t he  production of 
l i q u i d  oxygepj espec ia l ly  at bases a t  which l a r g e r  units nay be operated, 
However, 311 OF: the niechanical systems h a d  rm appreciable s t a r t i n g h p  
time f o r  the  attainment of  low temperatures i n  t h e  equipment and the 
l iquefact ion f o r  suf f ic ien t  nir f o r  the operation of tho r ec t i f i ca t ion  
column; i n  t h e  un i t s  above 
depending upon the excess power avz i lab le  f o r  s t a r t i n g  up. 

t h i s  start ing-up time m r i a s  from 2 t o  8 hours 

. . .  . ' I t  . 

S. S. .Frtentiss 
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