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To all wlwmit ma:y concern: . measuring vessel-and which, at a pressure 
Be it known that I. PAUL HEYLANDT, a of 150 atmospheres and with a measuring 

citizen of the German Republic, residing at vessel whose contents. are about 10 litres, 
Siidende, near Berlin, Germany, have in- amounts to·1 to 5 cubic metres-is lost. 60 

5 vented certain new and useful Improvements To render this process practicable it was 
in Processes for Filling High-Pressure Ves- proposed that the high pressure vessel 
sels with Liquefiable Gases, (for which I should be put into a bath of liquid air so 
have filed an application in Germany under as to cause the liquid oxygen to evaporate 
date of l\1ay 8, 1919, No. H 48,252,) of which only very slowly in flowing into the vessel. 65 

10 the .following is a specification. .. . But in the first place this requires large 
The present invention relates to a process quantities of liquid air, 20 to 25 litres being 

for filling vessels capable of resisting' high lost ,for every steel cylinder charged. Be­
pressures with oxygen, nitrogen, hydrogen, sides, a process like this is extremely dan­
air or other Jiquefiable gases by introducing gerous, because the steel of which the high 70 

15 the gas, such as oxygen, in a liquid state into pressure vessels are made, when cooled 
steel cylinders and by then allowing the oxy- down to -190° Celsius loses all ductility 
gen which evaporates from the liquid to and becomes as brittle as glass, so that a 
gradually and automatically raise the pres- knock of moderate severity, which will he­
sure in the closed vessel until the desired quently occur in practical working, will suf- 75 

20 pressure of say 150 atmospheres is reached. fiee to smash it. To secure safety III working 
A previously proposed method for filling with high pressure vessels a certain lowest 

the high pressure vessels now in vogue con- limit of dl!ctility must be maintained and 
sists in first conducting the liquefied gas, therefore If the. above-described process 
such as oxygen, into a special measuring ves- were adopted serious explosions would be 80 

25 sel separate from the steel cylinder and in inevitable. 
then transferring it by pressure into the high In the novel method proposed by me all 
pressure ves:el (steel cylinder), the idea be- these sources of trouble and danger are 
ing that the liquid oxygen shall first flow of avoided. This method will be explained 
its own weight through the very narrow pas- wit~ reference to the .drawin~ Fig. 1 of 85 

30 sage of the valve of the vessel and shall sub~ WhICh represents a vertIcal sectIon of a steel- . 
sequently be·forc~d in h,y the pressure of the cylinder with an internal, thin-walled aux­
gas evaporating in the measuring vessel. iliary vessel. Fig. 2 is a fragmentary sec­

But practical trials have demonstrated the tion of the lower end of the shell illustrating 
impracticability of this process, for on a modification; and Fig. 3 is a view similar 90 

35 touching the substantial body of the valve, to Fig. 1, but showing the inner vessel 
which is of metal and is a good conductor formed from a tube of expansible material 
of heat, the liquefied gas immediately evap~ inserted through the stopper, the dotted 

. orates in the passage of the valve and the lines indicating the diameter of the tube 
, small quantities that percolate in a liquid after expansion. . 95 

40 state into the high pressure vessel also evap- The principal feature of the invention con-
orate immediately they reach the bottom of sists in filling !1vessel b in the interior of 
the vessel so that the increased pressure of the steel cylinder ··or bottle a with liquefied 
the evaporated gas opposes the further in- . gas, as oxygen. , The wall of the internal ves-
flux of liquefied gas and urges it back into sel, which is clOsed at the bottom, must be 100 

45. the measuring vessel. Hence-'tire liquefied made thin so that it can be cooled quickly. 
gas does not evaporate in the high pressure It must not touch the lateral wall or bottom 
vessel but in the measuring vessel, and that -of the steel shell or cylinder so that it may 
at a very rapid rate, and in the entire ap- be insulated by a layer of quiescent gasfroIn 
paratus consisting of high pressure yessel, the shell's .warm wall. Only a few $IDall i05 

50 valve, pipes, and the mE5asuring vessel, a uni- struts are provided for cen~ring the inner 
form pressure is' produced, which steadily vessel. At the upper end; immediately un­
rises up to a pressure of 150 atmospheres. der the valve head, a row of holesjs made so 

Therefore the measuring vessel must also !is to obtain a balancing of the pressure in' 
be capa~le of resisting a pressure' of at least the spaces inside the inner vessel and 110 

55 150 atmospheres and at eaCli charge the around it. _ 
quan,tit~! of oxygen gas that remainS' in the A thin-walled vessel.of this kind can be 
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filled with liqu~fied gases without difficulty den changes 9f pressure and without any 
because, on account of its small mass, it con- considerable cooling of the steel cylinder. 
sumes only a vety small quantity of the During the charging process and during the 
liquid in being cooled down to the low tem- subsequent evaporation of the liquefied gas, 

5 perature of liquefied gas. The liquefied gas the steel cylinder < is preferably put into a 70 
in this vessel evaporates only slowly because water bath so that the walls of the cylinder 
it is insulated, by the air (between a and b) may cooldbwn as little as possible. Exces­
that surrounds it, from'the heat of the at- sivecooling of the cylinder must be avoided 
lDosphere, and it receives the heat required under all circumstances so as <not to go be-

10 for evaporating it only from < the head of low the lower limit of ductility of the steel.\ 75 
the cylinder and through the thih wall. The Another considerable adva.n:tage of my 
influx of further < liquid gas < will be pre- novel process is that the oxygen, etc., which 
vented only when the inner vessel is filled up compresses itself in the steel cylinder is en-
to the holes, so that liquid flows down onto tirely devoid of moisture and oily vapours. 

15 the bottom of the steel shelL This part of It is well known that in charging the cylin- 80 
< the liquid will then be evaporated and so ders <by means of a compressor, the com­
much vapour will form that a further influx pressed gas, on its way through the com-
of liquid through the, valye will be pre- pressor, gets mixed with large quantities of 
vented. This will also indicate the com- moisture and oily vapour, which cannot be 

20 pletion of the charge. completely extracted by the oil separator, 85 
The capacity of t4e thin-walled vessel whose action is purely mechanical. Hence in 

from its bottom to its holes must be cor- the course of several charges dirty water or 
rectly adapted to the size of the s,teel Cylill- oil collects in the steel cylinders, the quantity 
del' in order that the quantity of the liquid of this water or oil amounting in some cases 

25 poured in may ;correspond to the c()ntents of . to several litres. When the liquid oxygen, 90 
the entire steel cylinder when said contents' which as we know, is perfectly dry, is con­
are subsequently converted into. a gaseous ducted into a steel cylinder in accordance 
state and c01!lpressed. < . with my process, the gas also remains per-

The charging of the thin-walled vessel is fectly dry in the cylinder and no moist air 
30 c(l,rried out in the usual way by meansofa can enter into it during subsequent charging 95 

siphon or a funnel. The inlet £o;r filling the operations because a small current of evapo­
vessel is opened by unscrewing the small rating gas issues from the cylinder whilst it 
valve head, or the filling is done through a is ~eing c~arged, tpis current keeping the 
special valve with a bore of a corresponding mOIst aIr III the neIghbourhood away from 

35 width. < the contentsoi the cylinder. 100 
The internal vessel may be inserted into I claim: . < 

the cylinder in various ways: the large 1. The process of filling compr,essed gas 
conical stopper (d) may 00 screwed out of containers, which consists in placing a given 
the cylinder and then screwed in again after quantity of liquefied gas in a vessel of low 

40 the vessel has been attached to it, or a coni- specific heat capacity suspended within the 105 
cal screw stopper may be' arranged in the container, closing the container, and main­
thiclrened ~ottom 9f thes~el cylinder, this taining the walls of the container ata tem­
stopper beIllg taken out and ~rewed in perature' above 00 C. until the enclosed suh­
again after the inner vessel has been inserted stance has been converted into gaseous form. 

45 through the bottom. As in either of these 2. The process of filling compressed gas 110 
two cases the manipulation of screwing the contai.ners, w~ich consists in placing a given 
stopper out and in needs only to be carried qua~tlty of hquefied gas in a vessel of low 
out once, the stopper can be screwed in again specIfic heat capacity suspended within the 
perfectly tight and ,soldered in place. container and spaced therefrom, closing the 

50 Finally, the upper"conical screw stopper may conta~ner, and maintaining the walls of the 115 
be left in its place in the neck of the cylin- contl;).Iller at a temperature above 0° C. until 
der.and a pipe of soft expansible m~tal may the enclosed substance has been converted 
be lUserted through the hole I?roVlded for into gaseous- form. 
the cylinder valve, 'which p~pe is then' 3. The process of filling comp'ressed gas 

55 widened by inflating it by air or hydraulic containers, which consists in placing a given 120 
pressure to such an extent that a long vessel quantity of liquefied gas, in a vessel of low 
.(0) of the desired capacity is obtained. The specific heat capacity suspended within the 
lUner vessel can be made of such size that its c~ntainer, ,closing the container, and' sub- ' 
liquid contents will suffice to fill several steel' jecting the container to the action of a water 

60 cylinders ~ith compressed gas in one opera- bath thereby to maintain the' walls of the 12& 
tlOn, but It must not be so large that it container at a sufficient temperatule to con­
t:oucl,les the inner wall of the steel shell. v:ert the enclosed substance iritogasoous 
Wben the yjllve of the steel cylinder is closed, form. . .'. .• " 
theevapo.r~tion of its Uquid contents (oxy- 4. The proceSs of filling compressila gas 

65 gen etc.) proceeds slowly without any sud.:. containers, which cOl\Sis~ in placing a given 130 



quantity of liquefied gas in a vessel of low 
specific heat capacity suspended within the 
container and spaced therefrom, closing the 
container, and subjecting the container to 

5 the action of a water bath thereby to main­
. tain the walls of the container at a tempera­

ture above 0°. C. until the enclosed substance 
has been converted into gaseous form. 

5. A container for compressed gases, com-
10 prising a. necked shell capable of resisting 

high pressure, a stoppel" in the neck of the 
. said shell, and an inner thin-walled vessel 

within said shell, the inner vessel being 
spaced from the walls and bottom of the said 

15 shell. . 
6. A container for compressed gases, com­

prising a necked shell capable of resisting 
high presPlre, a conical stopper in the neck 
of the said shell, and an inner thin-walled 

20 vessel provided with perforations adjacent 
to its upper end,said vessel being inserted 
into the shell spaced from the walls and bot­
tom of the said shell. 

Q' 

. . 
7. A container for compressed gases, com­

prising, a shell capable of resisting high 25 
pressure and provided with conical .open­
ings at its opposite ends, a removable 
stopper in each of said openings, and an 
inner thin-walled vessel inserted III the shell 
through one of said openings, said vessel 30 
being spaced from the wall and bottom of 
the shell. 

S. A container for compressed gases, com­
prising a necked shell capable of resisting 
high pressure,a conical stopper in the neck 35 
of the said shell, and an inner tube of soft 
expansible metal capable of inflation after 
insertion of the vessel into the shell to a pre­
determined diameter. 

In testimony whereof I have signed this 40 
specification in the presence of two wit­
nesses. 

PAUL HEYLANDT. 
Witnesses: 

KATHE SEEOK, 
MAx J ABLOUS;KI. 
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To allwlwmitmay concern: 
Be it known· that I, PAUL HEYLANDT, a 

citizen of the German Republic, residing at 
Sudende, near Berlin, Germany, have in-

5 vented certain new and usetul Improve­
ments in Devices for Supplying Oxygen, tor 
which applications for patent have been 
filed in Germany, December 1, 1916, and 
November 2, 1917; Sweden, on June 26, 

10 1919; Norway, on June 28, 1919; and Great 
Britain, on July 12, 1920, and of which the 
following is a specification. 

It is well known that when an aircraft 
rises higher than 4000 metres the physical 

15 efficiency of the crew is greately diminished 
by the want of oxygen. Similarly the 
power of the motor is also reduced by the 
scarceness of oxygen in the rarefied air, the 
mechanical output being diminished accord-

20 ing to the altitude, and sinking' to as much 
as one haH of the power obtained on the 
ground, The fact that the deficiency of 
oxygen affects both the crew and the motors 
is in itself a suggestion that means should 

2/P be provided for enabling aircraft to take 
along with them a sufficient quantity of 
oxygen for both purposes. 

An outfit for enabling the aircraft to 
take along oxygen gas that is.compressed in 

20 steel receptacles to a pressure of 150 
atmospheres is quite out of the question, be­
cause a steel bottle whose own weight is 
75 to 80 kgs. only contains 6 cubic metres or 
8.4 kgs. of oxygen. Therefore, if the 

DB quantity of oxygen gas required on the air 
craft were 25 to 100 cubic metres the dead 
weight of the bottles amounting to 300 to 
1200 kgs. would have to be taken along and 
this would be impossible not only for an 

<i1D aeroplane, but also for a large airship. 
Hence the oxygen has to be conveyed in 

a liquid state and the net weight of the 
vessel· used for carrying the liquid oxygen 
must be very small. But in addition to 

M this, a process lor giving off oxygen must 
be appbed which is extremely economical 
in operation and which only gives out a 
little oxygen at small heights but which 
gives out the more oxygen the more the ail' 

5@ pressure drops at greater altitudes. This 
giving out of varying quantities of oxygen 
must take place automatically without con~. 
iilinually readjusting or regulating the appa-

ratus. ° An excellent solution of this prob­
lem is presented by the present invention: <!i!i\ 

The process employed in accordance with 
~he inve~ti~n consists. in continually keep­
mg the hqUId oxygen In the carrying vessel 
under a certain uniform superpressure and 
thus giving rise to a difference between the (ilCi 
pressure ~pon the liquid oxygen and the 
atmospherIc pressure,; The means used for 
obtaining thIS difference of pressures con­
sists in a specially adapted valve, or more 
specifically, a kind of safety valve. The @6 
said difference of pressure grows larger 
when the aircraft rises to greater altitudes 
and becomes smaller when it sinks to smaller 
heights. Hence the difference of pressure 
changes automaticaJly,and in accordance '10 
with the invention, the reduced pressure of 
the atmosphere in the higher regions and its 
increased pressure in lower regions is uti­
lized for automatically regulating the 
amount of oxygen given off. 'lli 

The liquid oxygen is cut off from the 
outer air by a throttling valve so as to pre~ 
vertt the acceleration and retardation of the 
boiling of the oxygen when the aeroplane 
ascends and decends respectively, because if &jill 

the surface .of liquid oxygen were in direct 
contact with the atmosphere, or in indirect 
communication with it through coiled pipes 
or other interposed apparatus, the decrease 
of the atmospheric pressure during an as- €I5 
cent would immediately cause a great 
acceleration of the boiling of the oxygen, 
and the result would be that in ascending 
more liquid oxygen would evaporate, i. t". 

more oxygen gas would be developed, than ®@ 

is required. At the same time the liquid 
oxygen would cool down to the lower boil· 
ing point which corresponds to the lower 
pressure. Inversely, during a descent, or, 
III other words, when the atmospheric pres- en 
sure increases, a retardation in the boiling 
of the oxygen takes place, which is so 
considerable that not only does the gi,ving 
off of oxygen cease, but the air of the 
atmosphere is even drawn into the appa- lltlb1) 
ratus and condensed in the undercooled 
liquid. This drawback of the boiling of 
the oxygen being retarded or accelerated 
is removed by the throttling valv~. 

In addition to the said valve the rece1?ta~ 1l@8 
cIe Tor liquid oxygen is equipped. with COIled 
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pipes and other devices in which the liquid 
oxygen evaporates and is brought up to the 
temperature of the surrounding air. The 
throttling valve is preferably placedadja-

5 cent to the outlet of the warmed oxygen gas 
so that the throttled gas occupies the whole 
length of the passages of the apparatus up 
to the throttling valve that cuts it off from 
the atmosphere. In addition to the warm-

10 ing effect of the said passages the oxygen for 
the motor may be preheated in a coiled pipe 
wound round the motor exhaust. 

It is thus seen that the afore-mentioned 
process is designed to automatically and 

15 completely adapt itself to the shortage of 
oxygen that varies as the altitudes, so that 
it is very economical in operation. Hence 
this process renders it possible to supply 
just the amount of oxygen in which the air 

'20" of the .atmosphere is deficient. 
The quantity of liquid oxygen required 

for the respiration of the crew of the air­
craft per man and hour amounts to as much 
as!f of a litre. To increase the power'of the 

25 aircraft motors by supplying them with 
oxygen, experiments were carried out airel' 
previous calculations. By thef;e experiments 
it has been found that with the aid of the 
process according to this invention the me-

30 chanical output of the motor can be in­
creased to almost its normal figure, and that 
the weight or the liquid oxygen required 
can be carried by the aircraft. without any 
overloading: 

35 A Mercedes motor that develops 160 horse 
power at ground level only gives SD.5 horse 
powe:r at an altitude or 6000 metres aboye 
the earth's surface on account of the defi­
ciency of oxygen at this height. If 33 per 

40 cent of the lacking quant.ity of oxygen is 
supplied to the motor in accordance with 
the process of this invention the output of 
the motor is increased to 116 horsepower and 
if 50% of the deficient oxygen is supplied 

45 the motor output rises to i30 h. p. Hence 
by supplying additional oxygen 26 or 40 h. 
p.is gained, and to accomplish this 24.7 or 
33.3 kgs. respectively of oxygen is required 
per hour. But the total amount consnmed 

50 during the whole flight is still smaller, be­
cause the aircraft is not continually at a 
height of 6000 metres and an initial' period 
of 20 to 30 minutes for the ascent and about 
15 minutes for the gliding period have to be 

56 deducted. ' 
If the vessels used. for carrying the oxy­

gen are'the extremely light and well insu­
lated vessels of the Hrylandt type, it is pos­
sible to convey 37 kgs. of liquid oxygen in 

eo a vessel 'weighing 12 kgs. This quantity 
of 37 kgs. of oxygen is sufficient to supply 
a deficiency of 5U% of oxygen for almost 2 
hours of working. Hence at the start the 
aeroplane wonId have to carry a surplus 

6G load of 37 plus 12 kgs. =49 kg-s., and as oxy-

gen is consumed during the flight the aver­
age surplus load will only amount to 

37 '2 + 12 = 30.5 kgs. 

The'increase of output of the motor at an 
70 

altitude of 6000 metres, and when 50% of 
the deficient oxygen is replenished, then 
amounts to 130-89.5=40.5 h. p. The ex­
tra power required for the carriage of the 75 
extra average weight of 30.5 kgs. is 

30.5 =61 h 5 . .p. 

so that the actual increase of output is 34.4 80 
h. p. ThiS! increase of output may be uti­
lized for putting- the aeroplane up to a 
greater height or for inSl'easing its speed. 

The process according to the invention 
may be u8ed in all cases where it is neces- 85 
sary for the amount of the oxygen gas pro­
duced to be varied automatically as the 
'working pressure changes. Hence this proc-
ess is not only adapted for use in aircraft, 
but also for fire brigades and hospitals. 90 

For the practical application of the in­
vention light vessels are required which are 
capable of holding comparatively large 
quantities of liquid oxygen. In the present 
state of the art, the most suitable vessels 06 
for this purpose are the well known double­
walled, evacuated, metal vessels of the Hey­
landt type whose vacuum is maintained by 
an air-absorbing substance, and which are 
described in the United States Patent No. 100 
1.033,398. For the purposes of this inven­
tion tllese vessels are provided with a siphon 
pipe that extends almost to the bottom of 
the vessel. When the vessel has been filled 
with liquid oxygen it is closed, and the 105 
oxygen gas that then gradually evaporates 
and exerts a pressure on the enclosed liquid 
oxygen presses this latter np andoi.lt of the 
siphon pipe. This ejected liquid. oxygen is 
then evaporated by the warmth of the sur- 110 
rounding atmosphere and either inhaled in 
a gaseous state or conducted into a' motor. 
The novel feature of the present invention is 
the following: The liquid oxygen pressed 
out of the vessel is first vaporized in a llli 
system of small evaporating vessels and 
coiled tubes, and warmed up to the tempera­
ture of the surrounding air. During this 
action a constnnt superpressure is maintained 
both in the vessel and in the coiled pipes 120 
and evaporating vessels, because the safety 
valv(1 of the vessel is regulated for! a cer­
tain' superpressure. This super-pressure 
urges the oxygen gas through a throttling 
valve arranged at the end of a tortuoes exit 125 
passage, the throttling valve allowing more 
gas to pass out as the difference between 
the super-pressure in the vessel and atmos­
pheric pressnre decreases. If, for example, 
the superpressure in the vessel is 0.2 at- 130 



mosphere so that the total pressure is 1.2 
atmospheres, the throttling valve will keep 
the said superpressure the same, even when 
the aeroplane ascends to high altitudes. At 

.w an altitude of· 7500 to 8000 metres the air 
preSsure is only about 0.3 atm.ospheres,at 
6000 ms. it is about 0.5 and at the level of 
the ground the external atm.ospheric pres­
sure is generally 1 atm.osphere. Thus the 

110 differences between the pressure in the ves­
sel and the external atm.ospheric pressure 
in the said three examples is 1.2-0.3=0.9, 
and 1.2-'0.5=0.7, and 1.2-1.0=0.2 atm.os­
pheres respectively. This variatiQn .of the 

lll.il difference .of pressure will, if the valve is 
, c.onstantly kept opened t.o the same. extent, 

cause different quantities .of gas tQ pass .out 
thr.ough the valve, and the arrangement 
according to the inventiQn is such that these 

00 quantities are prQPortiQnal tQ the lack Dr 
.oxygen at the variQus altitudes; Thus at 
whatever height the airman might happen 
t.o be, he will always receive the quantity 
of .oxygen he requires. Theref.ore the valve 

25 is only set .once, befo.re the aerial trip is 
commenced, f.or the quantity .of .oxygen 
required f.or respirati.on and f.or the bDoSt­
ing .of the motor .output at an average alti. 
tude of abDut 5000 metres. When this has 

30 been done the. valve will let a larger amQUIit 
.of gas pass .out at greater heights where 
there is less .oxygen and a smaller amQunt 
at lesser altitudes where there is m.ore 
.oxygen. 

36 .t\ c.onstructiDnal form .of a . device f.or 
carrying .out the invention is diagram­
matICally shDwn in the drawing. 

In this a double-walled, ball-shaped metal 
vessel of the Heylandt type, with a vacuum 

40 between the two walls, and oxygen a in the 
interior vessel, is illustrated. After the 
oxygen has been fined intQ the vessel b it 
is cl.osed with a cap e. In consequence .of 
the pressure exerted by the evaporated 

45 oxygen the liquid oxygen is pressed up .out 
of the flask through the ascensi.onpipe d. 
The ascension pipe is first wound in the 
form of a helix in the evacuated space 
arDund the neck of the inner flask and is 

50 then c.onnected by Ii pipe e to an evapQrat­
ing vessel f which is e~uipped with a num­
ber .of pipes 1', f", r ' that serves to en­
large the surface .of the evap.orating vessel 
and to accelerate evapQration. During its 

55 passage thr.ough the evap.orating vessel 
most of the .oxygen is evaporated and. it 
then passes thr.ough the pipe g into a sec­
ond evaporating vessel 71" which alsD has 
several pipes h'~ 71,", 71,'" attached to it. 

60 After the liquid oxygen is completely evapo­
rated in this way the cold .oxygen gas 
eVDlved from it is conducted thr.ough a IDng 
cDil i the first part of which is located in­
side the apparatus and wh.ose remainder 

1115 passes rQund the exterior protective en-. 

velQPe and ultimately leads up to the valve 
k;, which is a throttling valve. The entire 
Uingth of the described passages is such 
thlat the .oxygen is warmed up t.o the tem­
perature of the atmosphere. The arrange- '60 
ment .of the valve k is such that it can be 
set s.o as to deliver various quantities of 
oxygen gas. It is detained in its positi.on 
by a spring that engages with the notches 
.of a t.o.otlied wheel. The vari.ous quantities '15 
.of .oxygen are indicated by figures .on the 
wheel. After passing the valve k, the 
.oxygen flows thr.ough a pipe l into a bag m 
made .of a gummed fabric and thencet.o the 
discharge pipe r to which the pipes are con- 80 
nected that lead to the points of consump-

. ti.on. The bag m evens out inequalities in 
the quantities or .oxygen consumed. 

In addition t.o the system of pipes thr.ouO'h 
which the oxygen passes, first in a liqlfirl 8111 
and then in a gaseous state, to the supply 
pipe l, a separate pipe n is pr.ovided which 
leads to the safety valve 0 and the pres­
sure gauge p. The pipe n is also coiled for 
the purp.ose of warming the oxygen and its iJ(!I 

sole functi.on is tQ cause the superpressure 
tD be indicated by the pressure gauge and 
t.o allow the surplus .oxygen to escape when 
the pressure becomes toD great. 

If the apparatus is merely to supply g!\l 
oxygen for breathing purposes its CQntents 
on an aerDplane will amQunt 1.5 t.o 6 litres 
R0C.ording tD the length .of the trip. On an 
airship the corresp.onding quantities will be 
10 t.o 50 litres. But if the m.otor is als.o to 100 
be supplied with .oxygen, in .order to rest.ore 
its power at high altitudes, several vessels 
of a capacity .of 25 to 100 litres will be re­
quired. 

If, in the case of It breathing appa.ratus 105 
fQr aeroplane airmen, the pointer of the reg­
ulating valve k is turned t.o the gas dis­
charge figure 5, the apparatus will deliver 
5 litres .of oxygen per minute at an altitude 
of about 6000 metres.. Jf the aer.oplane rises 110 
tQ a height of 8000 metres, the delivery will 
be increased automatically to about 10 litres 
per minute. Similarly, when the aeroplane 
descends tQ lower altitudes such as 3000 
metres, the quantity automatically deliver- llllo 
ed will be only that which is required at 
this height, viz 3 litres per minute. Thus 
the great advantage of the a:pparatus is 
chiefly that the areoplane or aIrship pilot 120 
needs .only t.o set the valve k once befQre 
starting . .out .on. his trip and that. he will 
then receive the correct- amount required at 
any height without paying any further at­
tention t.o the valve. 

I claim: 125 

1. A device for supplying .oxygen, CQm­
prising a double walled flask with the space 
between the walls evacuated and a pipe for 
c.onducting the liquid out of the inner ves- 130 
sel and around the neck there.of through a 
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coil situated in the evacuated space around 
said neck. 

2. ,In a device as claimed in claim 1" a 
passage joined to the said pipe and adapted 

IS to deliver the liquefied gas of the flask in 
a gaseous state. 

3. In -a device as ,claimed in claim 1, a 
passage joined to the said pipe and leading 
through evaporation vessels to a point of 

10 discharge where the liquefied gas is deliver­
ed at a temperature suitable for respiration 
or for enhancing the efficiency of a motor. 

4. In a device a,s claimed in claim 1, an 
adjustable valve adjacent to the point of dis­

HI charge of the vaporized liquid. 
5. A device for supplying' oxygen com­

prising an insulated flask for holding liquid 
oxygen, an adjustable throttling valve, evap­
orating passages for conducting oxygen in 

21l a liquid state out of the flask and in a gase­
ous state through the said throttling valve, a 
safety valve, and an evaporating passage 

leading from the flask to the said safety 
valve. 

6: A device for supplying oxygen com- 25 
prising a double-walled liquid oxygen flask 
with the space<between the walls evacuated, 
an evaporating vessel, a tortuous pipe for 
conducting liquid 'oxygen from the flask to 
the evaporating vessel, an adjustable throt- 30 
tling valve, a tortuous pipe for conducting 
the oxygen from the evaporating vessel to 
the saId throttling valve and adapted to 
warm the oxygen gas up to the temperature 
of the atmosphere, a safety valve, and a 35 
tortuous pipe for conducting oxygen from 
the said flask to the safety valve. 

In testimony whereof I have signed this 
specification in the presence of two wit­
Iiesses. 

PAUL HEYLANDT. 
'Witnesses: 

KATHE OESCH, 
MAX JABLONSKI. 
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To all whorn it may concern: valves d and a have to be kept open. The 
Be it known that I, PAUL HEYLANDT, a internal vessel h is fixed in the middle of 

citizen, of the German Republic, residing at tlW enveloping vessel 7. The space between 
Berlin-Sudende, Germany,have invented hand 7 is filled with a non-oxidizable sub- 60 

5 certain new and useful Improvements in stance such as slag-wool. By usin'o' slaO'­
Devices for Developing Gas Under Pressure wool as an insulating material the e~apor~­
from Liquefied Gases, of which the follow- tionof the liquid. oxygen etc. is su~ciently 
ing is a specification. reduced for practIcal purposes. a IS a dis-

This invention relates to a device for sup- charge valve through which liquefied O'as 65 
10 plying industrial establishments with large may be taken from the reser·voir h. vVl~eli 

quantities of oxygen or other liquefiable liquefied, gas is to be extracted, the discharge 
gases without involving the carriage 'of steel valve a IS opened and the valves b, 0, d and 
cylinders or bottles, and for developing gas e are kept closed. To take non-compressed 
under pressure from. liquefied gases, the gas from the vessel, the valves a and dare 70 

15 principal object of the invention being to both opened, while the valves b, 0 and e are 
provide an apparatus in which the liquefied closed. Finally, gas at a pressure up to sey­
gas may be stored and transported for long eral atmospheres can be discharged by open­
distances and the gas delivered under pres- ing 0 ande while keeping a, b, and d closed. 
sure automatically generated within the ap- In the instance last mentioned the liquefied 75 

20 paratus. ' gas rises through the ascension pipe in the 
It has heretofore been considered im-· vessel h to the, valve c and flows through, 

possible to make vessels capable of containc and evaporates in, the the evaporating coil i 
ing several, thousand litres of liquids, the which consists of one or two spirals and lies 
temperatures of which are as low as those adjacent to the inner or outer purIace of the 80 

25 of liquid oxygen, nitrogen etc., sufficiently enveloping vessel 7. The liquefied gas can 
proof against the reception of warmth be taken in a gaseous state in any desired 
from without and against the evaporation quantitites at the required working pres­
losses entailed thereby, and at the same time sure (2 to 15 atmospheres) from the valve 
to make their resistance to pressure' such e. By providing two valves c and e through. SIS 

30 that they would withstand, a pressure as which the fhlid flows one after the other in 
hIgh as that required for autogenous cut- the same direction,c being passed chiefly by 
ting, i. e. a pressure of 8 atmospheres or liquid and e only by gas, the working pres­
more. One of the objects, therefore, of the sure can easily be regulated. 
present invention is to provide a compara- The cold liberated during evaporation is 90 

35 ,tively simple device which is suffiyiently transferred by the coil i, to the envelope l 
protected against loss of cold and is strong and the insulating substance 7c in the space 
enough to hold three hundred to se'veral between the outer and inner vessels and is 
thousand kilograms of liquefied gas and to thus stored in the non-oxidizable insulation 
resist an. internal pressure of, over fifteen during the time in which the pressure is 05 

40 atmospheres, whereby industrial establish- produced. By this storage of cold in the 
ments may be supplied with large quanti- slag-wool the eyaporation of oxygen that 
ties of liquefied gases 'which can be taken in subsequently takes place when the opera­
gaseous form, and at the required operating tions are stopped is considerably reduced. 
pressure, d,il'ectly from the vessel in which A pressure gauge f and a safety valye g 100 

45 it ,was transported, without the aid of dis- are connected to the gas space above the 
charging compressors. liquid. 

The drawings accompanying and forming The whole equipment is adapted to be 
part of this specification illustrate diagram- used both as a stationary storage vessel and 
matically a vertical section of an apparatus as a carrying vessel for large quantities of 105 

50 constructed in accordance with the present liquid oxygen etc., and especially as a sup-
>invention. ' ply vessel for delivering gas at any desired 

The vessel consists of an internal vessel h oprating pressure up to 15 and more at­
of metal into which the liquid oxygen is in- mospheres'. 
troduced through the inlet valve b from an If the vessels constructed according to the no 

55 air-liquefying apparatus (not shown). present invention are used as stationary stor­
During the inflow of the liquid oxygen the age vessels, the equipment will be an effec-



tive substituw (permitting-of -divers uses) when passing through valve cit is still al­
ior the largegas storage vessels or co-called most entirely in liquid form. However, as 

. gasometers now generally used for oxygen, "it begins to ascend through the coil it will 
nitrogen, hydrogen because, while taking up become, more and more gaseous until it 

5 much less space, the equipment has a capac~ reaches the warmest Zone wherein the valve e' 70 
ity which, in conformity with the respec- is located, at 'which time the fluid is entirely 
tive volumes of the gases in their liquefied gaseous.' The continued evaporation main­
a~d gaseous states, is about 8.00 times as tains the liquid in the vessel h at a uniform 
great; for one litre of liquid oxygen when pressure as long as the valves c and e are 

10 ev.aporated to a gas of atmospheric pressure adjusted for that pressure, provided that .71i 
will make at 0° or 14° or 27° about 790, 830 the operation is not started until the desired 
or 870 litres respectively of oxygen gas. The pressure is reached within the vessel h. Any 
corresponding figures for a litre of liquid tendency to undue increase in pressure is 
nitrogen are 640, 670 or 700 litres of nitro- offset by the continually enlarging space 

15 gen gas. . 'above the liquid in the vessel h due to the 80 
Fqr the same reason the apparatus will, escape of gas through the valve e, and to 

when used as a carrying vessel, save ,the the fact above stated, that as the pressure 
'greatest part of the freight charges incurred increases evaporation decreases, and inas­
by sending comprE.)ssed gas in steel bottles. much as the pressure is prodttced by evap-

20 Again, if the new process is employed for oration, :with any material increase III pres- 85 

the production of gas under pressure the, sure there must cornea time when there is 
same vessel which was first used at the gas practically. no evaporation, and therefore 
producing factory for glLthering the lique- the pressure ceases to rise. Furthermore, Itt.­
fied gas, as for example the liquid oxygen, the_ close of operations sufficient cold has 

25 and then served as a carrying vessel, will been transferred to the insulating material 00 
also'serve as an automatic ,gas producing. by the expansion of the gas in the coils i 
plant at the point of consumption.. to prevent any substantial evaporation in 

When used for this purpose the vessel, ' the v~sse~ h, thereby preventing any danger­
after its arrival at the place of consumption, ous nse III pressure when the apparatus ;s 

30 is first connected to the gas cOIfsuming ap- not in use. , 95 
paratus, say, to the autogenous welding and ' The novelty of the process and its tech­
cutting apparatus. The valve e is opened nical advantages for industrial purposes 
.only when, by the automatic eVlLPoration may be epitomized as follows: 
of the liquid oxygen, the pressure in the in- In the gas-producing factory, as in the 

35 terior vessel has risen to the pressure re'- oxygen factory, the oxygen is no longer pro- 100 
quired for operation. The excess of pres- duced in a gaseous form but in a liquid form 
sure is reduced and maintained at the proper and sent in this state over long distances to 
operating pressure by corresponding_lldjust:; the consumer where it is converted into gas 
ments of the valves 0 and e. If gas IS to of a sufficient operating pressure and con-

40 be supplied at several points of operation at sumed. By this means the high cost of the 105 
different pressures a corresponding numbes large gas vessels, gas meters, filling COffi- ' 

of reduction valves are provided in the pressors, and steel bottles, in addition to the 
supply pipe behind the valve e. By this operating cost, are saved, and on account of 
arrangement the carrying about of steel bot- the great reduction of space and, weight the 

45 ties containing highly compressed gas is ren- current cost of freight amounts to less than 110 
dered unnecessary in the establishment one half of the cost of the carriage of the 
-Where the gas is used. steel bottles employed hitherto. 

Another advantage offered by the present I claim: ' 
construction is that the ~vaporation of the 1. A portable ,device. for sto~ing .and 

50 liquid oxygen, nitrogen, air etc. diminishes transporting liquefied gas, comprising all w, 
when a greater pressu're is exerted upon it, internal metal vessel adapted to hold II. 

because as the pressure increases the boiling liquefied gas, an envelope of insulating 
point of the liquefied gas rises and hence material adapted to prevent the radiation 
the difference between the raised boiling of cold from, and the absorption of warmth 

55 point and the external temperature is de- by, the said vessel, an inlet for introducing 120 
creased. This fact, together with the fact liquefied gas into the vessel, a charging 
that the outlet valve Ci is located in the valve controlling the said inlet, a discharge. 

,warmest zone, cause's the flow of gas to be 'pipe leading from the said vessel to the 
uniform and at a' uniform pressure.' In exterior, a discharge valve controlling the 

60 other words, as soon as the pressure within discharge pipe, ,a passage leading from the 125 
the vesselh has, owing to the natural eva1)- vessel into the discharge pipe, and a valve 
oration of the liquefied gas, risen to the de- controlling the said passage. 

, sired operating pressure, the valves 0 and e ,2. A portable, device for storing and 
are opened sufficiently to deliver the gas at transporting liquefied gas, comprising an 

65 the same pressure, it being understood ~hat internal metal vessel adapted to hold a 180 
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liquefied gas, an envelope of insulating matically generating gas at a predetermined 55 
material adapted to prevent the radiation operating pressure comprising an internal 
of cold from, and the absorption of metal vessel 'adapted to hold a liquefied gas, 
warmth by, the said vessel, an inlet for in- a charging inlet for introducing the liquid 

5 troducing liquefied gas into the vessel, a gas into the said vessel, an envelope of in­
charging valve controlling the said inlet, sulating material adapted ·to· prevent the 60 
and means for discharging the liquefied gas radiation of cold from, and the absorption 
ih a gaseous state at a high pressure con- of warmth by the said vessel, and means 
sisting of 'a passage leading from the in- :l'or discharging the gas in a gaseous state 

, 10 terior of the vessel and lying adjacent to at the required operating pressure after the 
the 'said envelope, a valve at the beginning pressure in the vessel, has risen to s~d 65 
of the, said passage ,and ~ valve at the end operating pressure by evaporation of the 
of the said passage., liquefied gas, said means comprising a dis-

3. A portable device for st<,>ring and charge pa.&Sage leading from the interior of 
15 transporting liquefied gas, comprising an the' vessel and winding round the said en­

internal metal vessel adapted to, hold a velope, valves at· the begim;ling and end 70 
liquefied' gas, 'an envelope' of insulating of tIm said passage for regulating the 
material adapted to prevent the radiation pressure of the, gas at the poin" of dis-
of colli from, and the absorption of r-harge, a by-pass for leading thet.'asfrom 

20 warmth by, the said vessel, an inlet for. 1:J.e vessel into the said discharge J.oassage, 
, introducing liquefied gas into the vessel, a and a valve controlling the said by-pass. 11 

charging valve controlling the said inlet, a 6. A device for supplying and auto­
discharge pipe leading from the said vessel matically generating gas at a predetermined 

, to the exterior, adischargevalve controlling operAting pressure comprising an internal 
25 the discharge pipe, a passage leading from metal vessel adapted to hold a liquefied gas, 

the vessel into the discharge pipe, a valve a chargin~ inlet, for introducing the' lique- 80 
controlling the said passage, and means for fied gas rnto said vessel,an envelope of 
diE!charging the liquefied gas in·.a, gaseous insulating material adapted to prevent the 
state ata high pressure consisting of a radiation of cold from, and the absorption 

30 passage leading from the interior of, the of warmth by the said, vessel, 'and means 
vessel and lying adjacent to, the said en- for discharging the gas in a gaseous state 85 
velope, a valve at the beginning of the said at the required operating pressure after the 
,passage and a valve at the end of the said pressure mthe vessel has risen to said 
passage. operating pressure by evaporation of the 

35 ' 4. A devic~ for supplying and auto- lique£i~ gas, and for transferring the cold 
matically generating gas at a predetermined of the liquid and evaporating gas to the 90 
operating pressure comprising an internal envelop. of insul!l'ting .materia~, said me~ns 
metal vessel adapted to hold a liquefied gas, comprlSlng a J3plral pIpe leadrng from the . 
a oharging inlet.for introducing the lique- said vessel and passing adjacent to the said 

40 fied gas into the said vessel, an envelope of envelope, substantially as described. 
insulating material adapted to 'prevent the 1. In combination with a device of the 95 
radiation of cold from, and the absorption kind described in claim 2, a distributing 
of warmth by, the said vessel, and means for pipe connected to the disohar~e passage, and 
discharging the gas in' iii gaseous state at the reduction valves for supplyJ.il.g gas simul-

4.5 required operating , pressure. after t~etaneously at various pressures from the said 
pressure in the vessel has rIsen to saId distributing pipe. , ..' ' 100 
operating pressure by' evaporation of the In testimony whereof I h~ve signed this 
liquefied gas, said means comprising a dis- specifiC81tion in-the presence of two wit­
charge passage leading from the interior of nesses. 

50 the vessel and winding round the said en­
velope, and valves at the beginning and end 
of the said passage for regulating the 
pressure of the gas at the point of discharge. 

5. A device for supplying and auto-

PAUL HEYLANDT. 
Witnesses: 

KITHE SEECK, 
MAx JABWW-SKI. 
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(GRANTED UNDER THE PROVISIONS OF THE ACT OF MARCH; 3, 1921, 41 STAT. L., 1313.) 

To aU wlwmit may concern: But as far as the bulk or mass of the said 55 
Be it known that I, PAUL HEYLANDT, a hollow supports is concerned they are very 

citizen of the German Republic, residing at disadvantageous in comparison WIth the fine 
Berlin-Sudende, Germany, have invented wires used in. accordance with this invention, 

.5 certain new and useful Improvements in and which are subjected to tensile stresses 
l\~etal Vessels for Stori;ng and Conveying only. By using wires of this kind the 60 
LIquefied Gases (for whIch I have filed ap- amount of gas lost is reduced to a minimum. 
plications in Austria under date of March Some constructional forms of vessels de-
23, 1915, and Luxemburg under date of signed in accordance with the invention are 

:w March 28, 1915), of which the following is a shown in the drawing in which 
specification. Fig. 1 is a vertical section of a vessel or 65 

The invention relates in general to means flask in which· the inner chamber or globe 
for storing and conveying liquefied gases of is suspended by a thin wiI:e, 
all kinds, particularly liquid air. The Fig. 2 shows a flask in which radial fine 

15 object of the invention is to isolate the wire ties are used for holding 'the, inner 
vessels used for this purpose from the ef- vess~l in addition to the suspension memb~l', 70 
fects of their surroundings to such an extent FIg. 3 shows a flask in which the inner 
that the least possible loss of gadakes place. vessel is susp'ended by two fine, lateral, per-

The vessel according to the invention dif- pendicular tubes, 
20 fers from the known metal vessels for stor- Fig. 4 shows a vertical section and li'ig. 4" 

ing and conveying liquefied gases (which a cross section of a flask somewhat similar 75 
consist of an inner vessel suspended freely to that of Fig. 3, but with the lateral tubes 
by a long outflow pipe in a similarly shaped lengthened in order to decrease the thermal 
outer vessel) in that the exchanging of heat leaks that they produce, 

25 or thermal leak is considerably reduced by Fig. 5 illustrates a flask in which the long 
the neck that was used for suspending the lateral tubes are brought into a small com- 80 
inner vessel being replaced bya long fine pass by making them spiral-shaped, and 
wire, or by a long fine tube whose cross sec- Fig. 6 is a sectional view of a modified 
tion is too small to enable it to be used for form of the flask shown in ]'ig. 2. 

30 the filling in and pouring Qut of the liquefied In Fig. 1 the inner vessel or globe a is 
gas and is l&rge enough to all<?w only ~he provided at c with a chamber or some suit- 85 
gases to escape that are formed by unavOld-' able accommodation for 11 gas-absorbing 
able evaporation. Another distinguishing substance, preferably carbonate of magne­
feature of the novel vessel is that the inner sium, which serves to maintain.a high vac-

35 Tessel or g'lobe is held in place by stays or a mun in the space between the outer vessel 
plurality ~of snspension members consisting' or shell 'h and the inner vessel a. The shell 90 
of fine wires which prevent the inner globe b is bulged outwardly or dome-shaped at t.he 
from coming in :contact with the outer globe top, the dome-shaped space being adapted to 
and thus obviate the warming of the C0I1- receive a spiral-shaped inflow pipe il for the 

40 tents of the inner globe that would thus liquefied gas to be stored in a,- whilst the 
arise, and effect a considerable decrease of inner vessel has a long downwardly extend- 95 
the amount of gas that is unavoidably lost. ing cavity e which serves to lengthen the 

The lateral holding members used in the distance from the bottom end of a fine metal 
double-walled glass vessels of the "\tV einhold suspension wire f of great tensile strength to 

45 and Dewar type also involve the disadvan- the outer vessel from which the inner vessel 
tage of it too considerable thermal leak. with its liquid contents depends. It will be 100 

In other known metal vessels of the gen- obvious that the great length of the sup­
eral type contemplated herein the hollow porting' wire t and that of the still longer 
sllPports arranged between the inner and pipe d considerably impede the lineal con-

50 outer vessels serve as exits for the gases duction of heat. 
formed and are cooled by them so that the In Fig. 2 a flask is shown in which the 105 

result obt.ained is similar to the object of inner vessel a is held in the shell b by suit-
the present invention, viz a reduction of the able ties il, 1', r so that, contrary to the al'­
thermal leak. rangements shown in Figs. 1 and 3, the in-' 
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ner vessel. is always kept in the position one, or both, -of the flask forming _ members, 
illustrated in the drawing, even while liquid is provided with a hollow J?ortion forming 
is being poured out. The inner ends of the a recess in communication wIth the space be- '-, 
wires f', r that serve as ties, and which are -tween said members and that the connecting 

5 long a~d thin, and the inner end of the tube member is attached at one end to the inner 10 
d, are attached for the purposes of the in- end wall of the recess so formed and at its -
vention to'the inner ends of long radial -other end to the other member, or to the re­
cavities in the inner vessel, and the outer cess formed iIi said other member, whereby 
end of each of the wires and of the tube is the suspending or connecting member will 

10 attached to the outer ,end of the dome- be of considerably greater length than was 'lIS 
shaped protuberances of the outer shell b. heretofore possible. ' 
In the modified form shown in Fig. 6, the I claim: 
same result is accomplished by means of the 1. A metal flask for stOJ;ing and convey-
centering or stay members r attached to the ing liquefied gases, comprising a pair of 

1;; _ inner wall of the shell b at diametrically op- hollow members one enclosed within and 80 
posit~ point~ and extending into recess spaced from the other, one of said members 
formmg portIOns of the vessel a. - b.aving a hollow portion forming -a recess 

The number of wires or ties used may be in communication with the space between 
increased or decreased at will. said members, the inner end of said recess 

20 In the flask shown in Fig. 3 the outer ves- be~ng at a point remote from the peri:ph- 81 
sel b is provided with two lateral extensions erles of both of said members, a connectmg 
h', b2 into which the evacuated space pro- wire attached at one end to one of said 
jects. so ~s to surround th~ p'ipe d for the flask-forming members and at its o!,posite 
pourmg ill and out of the liqUId and -the fine end to the mner end wall- of said recess, 

23 tube d' for discharging the evaporated gas. and an inlet tube passing through the wall 00 
In order to increase to the greatest possi- of the outer member and communicating 

ble extent the length of the thermal conduc- with the inner member. 
tors formed by the tubes or wires between -2; A metal flask for storing and convey~ 
the inner and outer vessels, the flasks can ing liquefied gases, comprising a pair of 

:;() be made cylindrical in shape as shown in hollow members one enclosed witliIn and 91 
Fig. 5. The inner "'essel a that contains the spaced from the other, one of said members 
liquid g is held in a central position by a' having a plurality of hollow radially ex­
wire f that is attached to the bottom of a tending portions forming recesses in com­
deep cavity e, and the two tubes d, d' are munication with the space between said 

35 for the pUrpose of pouring the liquid in or - members, the inner ends ,of said recesses be- 101 
out and for the exit of the evaporated gases. ing 'at points remote from the peripheries of 

In the constructional form shown in Fig, both of said members, a connecting _ element 
5 the exigencies of limited space are consid- in each of said reQesses attached at one end 
ered, the vessel being made to contain as to the inner end wall of the recess-and at its 

40 much liquid as possible while taking up the opposite end to the other flask-forming 101 
smallest possible space. To this end -the member, and an inlet tube passing through 
tubes d, d' between the inner and outer ves- the wall of the outer member and commu-
sel are made spiral-shaped or helical. The nicating with the inner member. 
inner vessel is held up by the wire f only . 3. A metal flask fot storing and convey-

45 and the long pipes are for pouring the liquid mg liquefied gases,/comprising a pair of 110 
in and out. Of course the space between hollow members one enclosed within and 
the inner and outer vessel could be made spaced from the other, each' of said members 
much wider, especially if this space is not having a radially extending hollow portion, 
evacuated but merely filled with a poor con-, the hollow portion of one member extendinO' 

59 ductor of he~t such as sheeps' wool, eider inwll;rdly from its periphery and the hollo~ 11. 
down or the like. _ portIOn of the other member extending out-

In the case of flasks provided with a vac- w!!,rdly, and said hollow portions being in 
uum for the purposes of insulation~ the alignment, and a connecting member at­
vacuum need not be produced by a vacuum tached at its opposite ends to the inner end 

55 pump, but so large a quantity of the afore- walls of said hollow portions. 1_ 
said gas-absorbing substance indicated in' 4. A metal flask for storing and convey-
the drawing can be jnserted that on the ing liquefied gases, com~)rising an inner ves­
liquefied gas being poured in, an adequate sel, a shell enclosing saId vessel and spaced 
vacuum is formed automatically. - It is al- therefrbm, a wire connecting the vessel and 

~o ready known that vessels in which the in- shell, said wire being connected to the vessell. 
sulation is formed by a vacuum must con- at a point within its periphery and to the 
tain a gas-absorbing substance on account shell at a point without its periphery, and 
of the porosity of the metal. _ 'an inlet tube. passing through'the wall of the 
F~om the foregoing it will be observed shell and communicating with the interior 

65 that in all forms of the flask herein shown, of the vessel. ' 1. 
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5. A metal flask for storing and convey­
ing 1iqnefied gases, com:pril3ing an inner ves­
sel, It shell enclosing saId vessel and spaced 
therefrom, the vessel being provided with a 

5 1lollow member extending toward its axial 
center and the shell having a hollow mem­
ber protruding therefrom away from its 
axial center, said h6lJow members being in ' 
alignment, and a connecting member at-

tached at its opposite ends to the inner end 10 
walls of said hollow members. '. 

In testimon'y whereof I 11avesigned this 
specification III the presenco of two wit­
lesses. 

PAUL HEYLANDT. 
Witnesses: 

KABBE J.JESCH F. MARTRISCHESTRASSE, 
MAX J ABLQWSKI. 
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In transferring liquefied gases of low-boil- again assumes the temperature of the boiling ing. point from one vessel to another, and point. 
particularly when large quantities of such In order to carry out the process, it is ad­gases were involved, it has been the practice vis able to transfer a small quantity of the 5 heretofore to permit pressure to develop au- liquid gas into an evaporator coil, the evap- 55 tomatically from the natural evaporation of oration products of which, with increased the gas in a closed vessel, in order to effect· pressure, are led to the vapor or steam cham-a" sufficiently quick transfer of the liquefied ber of the receJ?tacle which contains the liq­gas. Under that method, however, consid- uid to be emptIed. 

iO erable losses by evaporation occurred dur- The drawing accompanying this specifi- 60 ing the transfer of the gas into the second cation illustrates diagrammatically an ap­container. I have found that such losses can paratus suitable for carrying out the present be reduced to one fourth' if the gas is continu- process. 
ously maintained during storing and trans- In said dra"wing, 1 designates the inner 15 portation at practically ordinary boiling container of a liquid tank having a filling 61i temperature, and at the time of making the pipe 3,' said tank being mounted on a truck transfer, an artificial pressure gas is intro- for transportation. At 2 this pipe 3 i,s tapped duced into the first container for a definite so that, as required, a small quantity of the length of time. This can be effected from liquid contents can be drawn off into a coil 20 an outside source, for instance by the use of 4, where it will evaporate. The coil dis- 70 compressed gas, or by the rapid evaporation charges into the space above the liquid level, of a part of the gas to be transferred or of in the container 1, and the pressure gas devel­another liquid gas, and conducting the pres- oping from the drawn,-off quantity of liquid sure' vapors to the liquid. The liquid will is sufficient for the expulsion of the deSIred 25 then run out of the containers to 00 emptied liquid to be transferred. The transfer neck 75 at increased speed, without any substantial of the tank communicates in the well known evaporation losses taking place. manner by means of a flexible tube with the Tests have shown that especially'during transfer vessel 5, which receives the liquid the transfer of pressureless liquefied gases to be brought to pressure gasification by way 30 into pressure-developing containers, the of self-compression. The tapping tube, of· 80 losses which heretofore have amounted.to course, is provided with a suitable valve for from 2 to 4 per cent can be reduced by the controlling the flow of liquefied gas to the present method to 0.5 to 1 per cent. coil 4. However, a~so in other respects does the' Having thus described and 'ascertained the 35 ·present method offer' advantages, inasmuch ~ature of my said invention, what I claim 85 as the transportation containers for liquefied IS: 

gases now in use, the discharge openings of 1. The process of. transferring liquef!.ed which containers, for practical reasons, are gase~ fro.m on~ co~t~mer to a!lother, whICh usually higher than the lowest liquid level, consIs~s m .mamtaI~~ng the lIquefied .gases 40 can be maintained in use, without pressure, at theIr or?mary bOlh!l~ ~emperatu.res III the 90 and then, during the periods of rest, the pres- f!.rst contamer, and utIlIzmg a por~lOn of the sure difference for the O'as stored within the lIquefied ~ase.s fro~ the first contamer to up-• ., b d' ply an artIfiCIally mcreased momentary pres-c?ntamer IS mcreased so that, urmg rest J>e~'sureto the liquefied gases thereby to caUse 45 nods,. no gas i~ lost from such.transporta~lOn the same to flow at increased speed into an- 95 contamers, whIle, when operatmg the vehIcle, other container . 
the. increased gas p~~s~ure is immed,iately 2. The proce~s of transferring liquefied' agam reduced by utIhzmg the same m the gases from one container to another which motor so that the liquid to be transferred in consists in maintaining the gases at their 01'-50 accordance with the above-mentioned method dinary boilmg temperatures in the first con- leo 
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tainer, extracting a small quantity of said 
liquefied gases from said container and evap­
orating the same, and returning the vapors 
to said first container thereby to exert pres-

G sure on the liquefied gases and cause the same 
to flow at increased speed into another con­
tainer. 

3. An apparatus for transferring liquefied 
gases from one container to another, compris.-

10 ing a vessel having a filler tube, a coil dis­
posed outside of said vessel and adapted to 
communicate at one end with said tube, the 
oPl?osite end of said coil being in communi­
cahon with said vessel above the liquid 

l5 level, thereby to produce an excess pressure 
for discharging the liquid from said vessel. 

4. An apparatus for transferring liquefied 
gases from one container to another, compris­
ing a vessel having a filler tube, a coil dis-

?,) posed outside of said vessel and adapted to 
communicate at one end with said tube, the 
opposite end of said coil being in communi­
cation with said vessel above the liquid level, 
thereby to produce an excess pressure for dis-

25 charging the liquid from said vessel, and de­
tachable means for placing said vessel in 
communication with a second vessel. 

In testimony whereof I have signed my 
name to this specification. . 

30 CHRISTIAN WILHELM PAUL HEYLANDT. 
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This invention relates to a method of pl'C- be made for the supply of additional heat, 

paring compressed gas of high preS!;Ul'e :frolll . flS the superheating of the saturated cold gas 

a body of liquid enclosed in an insllilltell pres- in the pressure vessel would otherwise not 

sure vessel, the principal object of the inven- proceed rapidly enough. 

5 tion being to provide a method by n1<',mH of The object of the present invention is to ~J) 

which umform and adequate generation of overcome the disadvantages above pointed 

~.as at a pressure ~gher. than the critical out and to provide a method by means of 

pressure of the gas IS obtamed. whir·h the :!l'llPration of the gas at the de-

A further obJect of the invention is to sired pressure can be maintained· uniform 

10 provide a method whereby the gases given and adequate.· 60 

off 15y a body of liquid WIthin fln insulated In the drawing accompanying this speci"-

pressure container may be heated and then fication, . . 

brought into heat-interchanging relation to Fig. 1 is a central vertical section through 

said body of liquid thereby to raise t1.e pres- an apparatus suitable for carrying out the 

15 sure in the container and accelerate evapo- improved method; . 6G 

ration of the liquid. Fig. 2 is a similar view of a modified form 

The ·pressure vessel usually employed in of apparatus; and 

preparing compressed gases operates satis- Fig. 3 is a fragmentary sectional view il­

factorily up to the critical pressure of the lustrating on an enlarged scale the control-

20 particular liquefied gas which is to be evap- ling valve. 70 

orated and converted into compressed gas, so Ref('rring to the drawing, 1 designates the 

that any desired quantity of compressed gas pressure vessel, which is provided with a 

can be withdrawn at constant pressure either thin-walled inner receptacle g for the recep­

continuously or intermittently. Such pres- tion of the liquefied gas. This receptacle, 

25 sure vessels, however, are built and used to owing to its thin wall is cooled off compara- I.) 

withstand a working pressure which lies be- tively quickly by the liquefi('d ~as so that the 

low the critical pressure of the particular evaporation during th(' filling is small. The 

liquefied gas to be evaporated. The rell;son· pressure vess('l 1 is disposed within and 

for thiS is, that below the critical pressure spaced from an outer container 2, the space 

30 there is in the inner container, during th~ between the container and pressure vessel be- 80 

· whole period of evaporation, liquid such as ing filled with a suitable insulating material 

· is required for preparing ~he compressed 4. The pressure vessel is provided at one 

· gas point with a filling opening normally closed 

The conditions change, however, immedi- by a suitable screw plug 9, said opening be-

, 35 ately it is decided to produce highly com- ing enclosed by a neck or pipe 8 extending 80 

pressed gas at about 150 to 200 atmospheres; frolIl the pressure yessel and communicating 

. since it then becomes necessary to exceed. the with the atmosphere outside of the container 

limit of critical pressure (52 atmospheres 2, whereby the insulating material is pre­

for oxygen) having regard to the dimensions vented from covering the closing plug. 

(0 of the vessel for the compressed gas necessi- When the vessel is to .be filled, the plug 9 110 

taied· by the pressure. In this case a con- may be remo"ed by means of a socket wrench 

stant working pressure cannot be maintained, or other suitable tool inserted through the 

as the 'pressure chamber is not filled with neck 8. Within the inner receptacle g is dis­

liquid, and only very cold vapours having a posed a vertical pipe 7, the lower end of said 

45 high saturation point pass into the evaporat- pipe being in close proximity to the bottolr. IJG 

ing coil. In such case no more liquid is of the receptacle while its upper.end passes 

· evaporated in the heating coil, but only cold through the walls of said receptacle and the 

gas will still continue to be superheated. If, pressure vessel 1 and communicates with a 

therefore, the pressure is not to fall, notwith- pi~ which is bent to form coils 5, Il, disposed· 

. 50 standing the_ coitsumption, provision must WIthin the insulation .material, a. portion of 100 
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said pipe extending through the wall of the understood as a limitation, as I am well a ware 
container 2 to the outside thereof, while the that the method can be applied to all lique-
inner end of the pipe is in communication fiable gases. . 
by way of a needle valve 3 with the Uppel' I claim: 

15 portion of the receptacle fl. The outer e.x- 1. The method of preparing compressed 70 
posed portion 10 of this coiled pipe communi- gases of high pressu~ from a body of liquid 
cates with a conduit e adapted to communi- enclosed in an insulated pressure container 
cate with a gas receiver (not s.hown)~ a valve which consists in heating gases given o1f by 
11 being disp()S(>d betwet'n said conduit and said liquid, then bringing said heated gases 

10 the pipe 10. into heat interchanging relation to said body 76 
In Fig. 1 a heating coil b is shown dis- of liquid, whereby the pressure in the con­

posed within the insulating material in en- tainer is raised and the evaporation of the 
circling relation to the pressure vessell, said liquid is accelerated, and then further heat­
cOil at one end cominunicating with" pipe ding said gases and conducting them under 

1., which in turn commuuicates with the conduit the high pressure to the point of use. 80 
e at one side of the valve 11, the opposite 2. The method of preparing comfressed 
end of the coil communicating with the ex- gases of high pressure from a body 0 liquid 
posed portion pipe 10 at the op~ite side' enclosed in an insulated l)ressure conbuner 
of said valve the latter commUlllclltion hc>- which consists in SUbjecting gases given off by 

~u iog controll~ by a valve a. It will thus be said liquid to the temperature of the sur- 86 
seen that the coil b communicates with the rounding atmoSphere thereby to heat the 
conduit e at both sides of valve 11. gases, then conducting said heated gases into 

In Fig. 2, the coil b is disposro within "the heat interchanging relation to said body of 
thin walled receptacle II im;tead of encircling liquid thereby to raise the pressure in ~he 

:!a the outer pressure vessel 1. Otherwise the container and accelerate evaporation of the II 
construction and connections are the same as liquid, and then further heatin~ said-gases 

. clt>SCribed in connection with Fig. 1. In both and conducting them under the high pressure 
forms the conduit e may be provided with a to the point of ·use. 
reheating coil, as indicated dIagrammatically In testiI~ony ,!he~f I have signed my 

ao at f. .' . name to this speclfication. . 86 
tn operation, with the valve 11 closed and DB. P.A.UL HEYLANDT. 

the valves a and 3 open, the gas above the 
level of the liquid in the receptacle g will 
flow into the ~il pipe 0, 6. and, after being 

• heated by passIDtt tlirough the exposed por­
tion 10 of said pIpe, pIUIIeS through valve a 
into the coil b thereby heating the pressure 
vessel 1, or the contents of the receptacle fI 
directly, depending on whether the coil b 18 

to disposed as shown in Fi¥.. 1 or Fig. 2.. The 
gas, after thus giving up its heat, passes from 
the coil b through pipe tl to the conduit ~, 
whence it maT tie paSsed directly to its de­
sired destination, alter rehea~ by passage 

a through the coil f. . On the other hand, with 
the v&lves 11 and 3 closed and the valve a 
open, vaporization will occur within the re-
ceptacle o~ to the leaking of heat through 
the insulation. The vapor thus produced 

iii will create pressure within the receptacle, 
whereby the liquid will be forced outthrough 
pipe '1, coils 6, 6 "here it is converted into 
vapor, which paIIIl!S into expoeed pipe 10, 
wliere it is superheated by the heat of the 

.. atmosphere, and puses th~ valve a, coil 
b, pipe tl and conduit ~ as abOve set forth. 

Should it become necessary to c!iscontinue. 
the operation of the .ppa.-atus. it is neces­
sary oll1y to e1ca the valve a and open valves 

.. 3 and- 11, whereu~ only • very _8maU Ilor­
mal evaporation of the liqueJied gas will 
occur. -
. The method herein dMcribed is particu­
larly well adapted for the handling of .oxy-

• gen. This atatenwnt, however, is DOt to be 

100 
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The present invention relates to a process apparatus adapted to carry out the process 
and appar~tus for the liquefaction of gases, herein d,escribed i . 
the principal object of the invention being to Figs. 2 and 3 al'e similar views illustrating 
provide a process for the re-liquefaction of modified forms of apparatus. 

5 evaporation' products resulting from the In each of the forms here shown there is 55 
withdrawal of gases from and refilling of con-provided an air liquefying . and separating 
tainers in the operation of air-liquefying column 10 which is shown in one form in de­
plants. tail in Figure 1, the operating parts being en-

In the operation of air-liquefying plants, as cased in Figures 2 and 3 and therefore ngt 
10 for instance for obtaining pure liquid oxygen, shown. However, this column, as shown in 60 

it has been customary heretofore to draw the Figure 1, is provided with a condenser 11 and 
liquid from the air-liquefying apparatus into an evaporator 12. Also in each of these forms 
large storage receptacles and then to take the there is provided a storage receptacle having 
liquid from the latter and fill it into other a,n outer shell 13 within which is mounted a 

15 containers to be used as desired. However, flask 14, spaced from the she1113 so that the 611 
in order to prevent as far as possible the es- flask is surrounded' by an inSUlating space 15 
cape of the gases,. the liqu~fied gas was kept preferably of the ordinary vacuum type. In 
in low-pressure gasollleters and were later Figure lthereis shown apipe 16 provided with 
compressed by means of compressors into a valve 11 which leads to the flask 14, this flask 

20' suitable containers. The present invention. not being shown in Figure 1 but being within '10 
has for its object the elimination of this in- the housing or casing 13. In' Figures 2 and 3 
convenient, undesirable and expensive man- there is a supply pipe 18 which leads from 
ner of handling the gases, by providing a the liquefying column 10 and is provided with 
process whereby aJl escaping gases are carried a branch 19 which communicates with a coil 

25 back at a suitable place to the liquefying 20 surrounding the casing 13, branch +9 con- 'Iii 
apparatus to be reliquefied, the refrigerating necting with the upper end of this coil while 
capacity of the apparatus being brought to from the lower end of the coil leads a pipe 21 
such a point that the gas on being s,o returned' which enters the casing 13 anQ. connects to the 
will be liquefied. 'This can be effected by in- lower end of a coil 22. This coil 22 surrounds 

30 creasing the pressure,-for instance, from the the flask 14 in spaced relation thereto and 80 
usual 200 atmospheres to 250 atmospheres, . leads up to the top of the flask where it is 
which causes the refrigerating capacity,es- connected to an inner coil 23 wound closely 
pecially of an expansion machine, to be very around the flask and having its lower end 
much increased, so that the final temperatur~ communicating by a pipe 24 with the top of 

35 is decreased from -1300 C. to -1700 C. In the flask 14. Also a draw off pipe 25 connects 85 
this manner the complete're-liquefaction of the top of the flask with the pipe 18. A valve . 
all additional waste gases retu'rned to the col- branch extends from the pipe 16 at 26 to some 
umn condenser is effected and it becomes un- form of vaporizer, of which one type is shown 
necessary to store such gases at the produc- in Figures 1 and 3 and another type in Figure 

40 ing plant. Moreover, the' process is carried 2, the former being indicated as having a cas- 90 . 
out in such manner that the refrigeration is 
brought to a point where, for instance in air ing 27 while the latter is provided with a cas-
liquefaction plants, there is a surplus of cold ing 28. It will be noted that a corresponding 
over and above tlw refrigeration .potential valved pipe 29 affords communication be-

46 which is normally required for liquefying tween the pipe 18 and this vaporizer in the 95 
the entire oxygen content of the air being form shown in Figures 2 and 3. Also in these 
treated. . last forms: a valved pipe 30 leads fro~ the 

In the drawings accompanying and form- apparatus 10 to a coil 31 in Figure 3 which 
ingpart of this specification, surrounds the casin~ a,nd coinmunicates 

60 FIg. 1 iii! a diagrammatic side view of ail with a double coi132 surr~ding a ftask33 100 
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of the same general construction as the flask 
14 and its cOlI. 

In the form shown in Figure 2 the pipe 30 
communicates with a coil 34 surrounding the 

3 upper part of the casing and in this casing 
is a flask 35. Leading from the pipe 30 in Fig: 
ures 2 and 3 is a valved pipe 36 which com­
municates with an injector 37 having an in­
take 38 leading to the pipe 18. In Figure 1 

10 there is shown a pipe 39 having certain func­
tions in common with the pipe 18 and com­
municating with the flasks through the pipes 
40 and 41respectively. In Figures 2 and 3 
there are provided pipes 42 affording com-

15 munication from the flasks of the vaporizers 
to the respective pipes 18, these pipes 42 be­
ing valved as shown. In Figure 1 is disclosed 
a portable container 43 wherewith the pipes 
16 and 39 communicate while in Figures 2 

20 and 3 there is shown a primary container 44 
communicating by a valved pipe 45 .with the 
pipe 18. In these figures there are also shown 
secondary containers 46 communicating by 
a valved pipe 47 with the pipe 36. Thus in 

25 each of the forms shown there is essentially 
the liquefying column, a large storage flask, 
a vaporizer, and other means for final storage 
either portable as shown in Figure 1 or sta­
tionary as shown in Figures 2 and 3. 

30 In the apparatus as shown in Figure 1 any 
evaporation which takes place in the tank 43 
or in the storage flask in the casing 13 is re­
turned to the column 10 where such evapo­
rated gases are again liquefied. In Figures 

35 2 and 3 any gases produced by evaporation in 
the flasks 14 passes to the tanks 44 and then 
according to the particular requirements of 
the case, by means of the injector 38 and the 
high pressure. gases developed in the vapo-

.0 rizer as at 27 or 28, together with the gases 
from the column 10, are caused to flow into 
the tanks 46, being thus stored under high 
pressure in ,these tanks so that a gas of high 
pressure may be obtained froin the pipe 47. 

45 It is to be understood that liquefiedgas-r..ec­
essary for producing high pressure gas in the 
evaporator can be takenfroin the flask 14 
through the pipe 18 and the valved pipe 42. 
Any undesired vaporization arising during 

10 this process passes through the pipe 29, pipe 
18 and piJ?e 45 into the receptacle or tank 44. 
EvaporatIOn from the flask 14 passes through 
the several coils into the· pipe 19 and thus 
again to the tank 44 where storage takes 

~ place. The vaporizer in Figure 2 is what is 
commonly termed a warm vaporizer and is 
filled from the flask 14 through the usual 
pipes, any undesirable vaporization pass­
ing to the tank 44 through the pipe 29, or 

80 if the valve in this pipe be closed, into the 
column 10. It will be noted that in Figure 3 
the vaporizer is what is commonly known as 
a cold vaporizer and the action is similar to 
that prevIOusly described. 

65 The device 28 consists substantially of a 

steel bottle or jacket with an inner thin­
walled vessel 35. This inner vessel receives 
the. liquid, which is immediately evaporated 
so that in the vessel there may be produced a 
pressure of no. less than 150 atmospheres. 70 
The high evaporating pressure which.is au­
tomatically produced in the device 28 is util­
ized for operating the injector 37 (Fig. 2) 
which is. connected with the distributing sys­
tem or main for the purpose of drawiI:lg oli 75 
the contents of the container 44 and so that a 
compressed gas can be produced in the sec­
ondary containers 46 that is compressed to at 
least 40 atmospheres, whereas on the other 
hand the primary container 44 is almost com- 80 
pletely emptied by suction and is employed 
for the reception of further products of evap­
oration from the vessel 15. . 

From the foregoing it will be apparent 
that the provision of a withdrawal flask,a 85 
reservoir for liquefied gases and a transport­
able storage tank for liquefied gases,' all of 
which are con'nected with the liquefying and 
separating column by means of return pipes 
is an essential characteristic of an apparatus 110 
for carrying out the process described. It 
will also be apparent that by this process the 
necessity for storing the waste gases in gas­
ometers and later to compress them into pres­
sure gases by the use of compressors is entire- illS 
ly eliminated. 

I claim as my invention; 
1. The process of liquefying evaporation 

products resulting from the operation of liq­
uefied-gas containers, which consists in re­
turning said products into a separating and 
liquefying· apparatus, and increasing the 
pressure and refrigerating capacity of said 
apparatus. 

2. The process of liquefying gases evaJ?o­
rated within closed pressure tanks, wInch 
consists in introducing said gases into a dis­
tributing system operating under different 
degrees of pressure, and utilizing the in­
creased pressure resulting from the transi­
tion from the liquid to the gaseous state for 
r~ising the tension of l~w-pressure gases and 
VIce versa. 

o 3. An apparatus for liquefying evapora­
tion products resulting from. the operation 
of liquefied-gas containers, comprising a gas­
supplying system adapted to operate under 
different pressures, gassifiers, pipe lines com,~ 
municating with said system .and gassifiers, 
injectors disposed in said pipe lines, pressure 
tanks connected with the high and low pres­
sure sides of said gassiners, and means for 
causing the high-pressure gases· from the 
gassifiers to actuate said injectors thereby to 
reduce the pressure in the low-pressure tanks 
and increase t1w pressure' in the high-pressure 
tanks. 
. 4. An apparatus for liquefying evapora­

tion products resulting from the operation of 
liquefied-gas containers, comprising a gas-

100 
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supplying system adapted to operate under 
different pressures, gassifiers, pipe lines com­
municating with saId system and gassifiers, 
injectors disposed in said pipe lines, pressure 

r, tanks connected with the high and low pres­
sure sides of said gassifiers, means for caus­
ing the high-pressure gases from the gassi­
fiers to actuate said inJectors thereby to re­
duce the pressure in the low-pressure tanks 

10 and increase the pressure in the high-pres­
sure tanks, and means for storing up in said 
low-pressure tanks the gases generated in the 
gassifiers by natural evaporation. 

5. An apparatus of the character described, 
n comprising a gas-liquefying apparatus, a 

filling flask communicating therewith, a' 
storage tank for liquefied gas in communica­
tion with said filling flask and apparatus, 
and a movable storage tank for liquefied gas 

20 also in communication with said filling flask 
and apparatus. 

6. An apparatus of the character described, 
comprising a gas-liquefying apparatus, a 
liquefied-gas container and a re-fill device in 

23 communication with said apparatus, pres­
sure tanks connected with said container, 
means for utilizing the automatic evapora­
tion of the liquid contents of said container 
for generating high pressure in said re-fiiU 

30 device, and means for utilizing said high 
pressure for increasing the gas pressure in 
some of said pressure tanks and reducing the 
pressure in the remainder of the tanks. 

7. An apparatus of the character described, 
35 comprising a gas-liquefying apparatus, a low­

pressure tank and a high-pressure tank in 
communication with said apparatus, pressure 
tanks connected with said low-pressure tank, 
the communications bein~ such that the evap-

40 oration products from saId low-pressure tank 
are operative to generate high-pressure in 
said high-pressure tank, and injectors dis­
posed between said pressure tanks and said 
high-pressure tank and adapted to be oper-

45 ated by the high-pressure generated in the 
latter to produce increased pressure in some 
of said pressure tanks and reduced pressure 
in the remainder of said tanks. 

In testimony whereof I have signed my 
",0 name to this specification. 

CHRISTIAN ~WILHELM PAUL HEiLANDT. 
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The present invention relates to a process are compressed at the place of use in suitable 
and apparatus for the utilization of the gases devices, by self-compression, to the desired 
ordinarily ·lost and remaining during the pressure, I. e. under given circumstances up 
e1l1ptying, filling and transferring of lique- to 150 atm. and more. . 

5 fThd gases of a low boiling point, said process· In this connection difficulties however, 55 
having the distinctive feature that the lique- are encountered inasmuch as in the, convey­
fied industrial gases are transported to the ing of the liquefied gas from the vessel in 
place of 'consumption and there brought to which it is transported into the high pressure 
the desired pressure by mechanical compres- gasifier there are always certain unavoidable 

10 sion in order to avoid losses caused during losses due to the transfer. Furthermore, the 60 
. transferring, while fully utilizing the inher- present high pressure gasifiers togetl},er with 

ent advantages of the transportation of the low temperatures occurring in the evap­
liquefied gases. oration process and in particular in connec­

The process has furthermore the charac- tion with the production of very high pres-
Iii teristic feature that the residual gases which sures, do not meet the necessary require- 65 

are not brought by self compression to the ments. Ihavefound that these difficulties can 
desired working pressure at the place of con- be eliminated by bringing the gases, after 
sumption, are brought to high pressure by transportation in liquid condition to the de­
means of mechanical compression, for in- sired pressure at the place of consumption, 

20 stance by compressors in order to avoid by mechanical compression agents, whereby 70 
losses.· Finally, the subject matter of the in- the advantages of transportation in liquefied 
vention is characterized by the fact that condition are fully utilized while losses oc­
gases developing in the liquid containers curring during the transfer are almost en-
during the gas consumption intervals and tirely avoided. . 

25 causing excess pressures, in said liquid con- The process in accordance with the inven- 75 
tainers, are brought to high pressures in the tion therefore consists of the combination of 
high pressure gas storage containers, by proces~s partly already known. The tech­
means of mechanical compression agents, as nical effects, however, bring about a reduc­
distinguished from self compression. tion in costs which is approximately equiva-

30 Liquefied gases of low boiling point such lent to one half of the present production 80 
as, oxygen, nitrogen, hydrogen, methane, price. On account of the fact that gases, for 
and the like; used for industrial purposes, are instance the constituents of the coke furnace 
usually compressed into steel cylinders at gases difficult to bring to a boiling point, or 
the place of production and from there oxygen and nitrogen, are used in liquiq, con-

35 shipped'to the places of consumption located ditiori,-one can figure on a much greater 85 
at a distance, or they may be conducted there shipping radius or zone with the same in-
in pipe lines. Both of these methods of sup- vestment of capital as compared with the use 
ply are costly, because the average weight of pipe lines or shipment in steel cylinders. 
of steel cylinders capable of taking only 0.5 The producer factories can ~herefore b~ 

40 kgs. of hydrogen or 8 kgs. of oxygen is 75 maintained as large plants. TJie proven sav- DO 
kgs., and of course the laying of pipe lines ing on account of this me~ is about 50 per 
is expensive. The same conditions f· revail cent of the present roanufaeturirig costs. .As 
in connection with the shipping 0 other a further advantage theremuSt be taken into 
,imilar gases.. account the considerJ).ble reduction of the 

41 More favorable results are obtained, if the costs:in connection with· shipments also for D3 
gases are first of all liquefied and then trans- la~ distances. In the 'practice of th~ pres­
ported in liquid condition. ent i,nvention, the shipp~ costs are OIuy 15 

The purpose of economy will be still fur- per cent of the costs reSulting from shipment 
ther served if the gases, conveyed to ths of the gases :in steel cylinders. A fu"ib.er ad-

50 place of consumption in liquefied condition, vant~ge is the delivery o~ the liquefied pses 100 



2 1,786,159 

to the consumer with absolutely IlO loss, for 
the reason that all evaporation losses during 
the emptying un'd transfer period and during 
operation are completely avoided by provid-

,- ing for the mechanical compression of such 
i.l evaporation products. In this connection it 

is very important that the mechanical com­
pression be carried out not at the place of 
produdion but at the place of eonsumption. 

10 Finally the pl'02eSS can be cal'I'ied out in 
:-iuch a manuel' that a part of the liquefied gas 
is carried directly from a low pressure tank 
to the place of consulliPtion, by transferring 
into a high pressure tank for automatic gasi-

1.3 fication and high pressure compression, while 
the other part, i. e. the arising so-called waste 
gases, by means of mechanical compression 
work, are brought to such a high pressure as 
can only be obtained with great difficulty by 

20 self-compression for practical reasons. 
In this manner, liquefied gases can be 

stored for qnite long periods of time without 
any losses so that in a time of non-consump-­
ticn the resulting evaporation products are 

~;; brought continuously, by mechanical com­
pression means, into suitable pressure con­
tainers at the place of consumption, in this 
·way avoiding a loss of gas to the outside. 

The expenditure of work for such a com-
30 pressor which in such event has to compress 

gas of about 75 at3. to 150 ats. is very small. 
In connection with about 100 cubic meters per 
hour, it is only about 2 H. P. In the latter 
case, the revolving comtJressor is arranged at 

:1) the place of consumption. 
In the drawings accompanying this speci­

fication, 
Fig. 1 is a partly sectional diagrammatic 

side view of an apparatus adapted to carry 
40 out the process herein described; and 

Fig. 2 is a similar side view illustrating a 
modified form of the apparatus. 

In Fig. 1 of the drawing, 1 designates a 
vessel adapted to containliq~efied gases, said 

45 vessel being mounted on a motor truck 1a. 
On the truck is also mounted a compressor 2, 
which may be operated by the truck motor. 
Communicatin~ with said compressor are a 
pair of pipe hnes 3 and 7, which may be 

50 formed of pressure hose and provided with 
connections 4 and 8 respectively. At the 
place of consumption is constructed a cham­
ber 11 in which is disposed a gasifier 20, hav­
ing a filling tube 21 communicating with a 

5:; liquid conveyor line 22 which communicates 
with the outlet from the transporting vessel 
1. The gasifier 20 is also provided with a gas 
outlet pipe line 12 havinO' a valve 6 for con­
trolling the flow of gas therefrom, said pipe 

60 line having a branch 12a which communicates 
with the main pipe f2 at a point between the 
valve 6 and the vessel 20, said branch being 
provided with a valve 5 and having a connec­
tion at its free end adapted to be coupled with 

65 the connection 4 of the pipe 3. Also disposed 

at the place of consumption are a plurality 
of steel cylinders 10, each in communication 
with a pipe line 23 provided with a valve 9 
and having at its free end a connection adapt-
ed to be coupled with the connection 8 of the 7U 
pipe line 7. . 

With the apparatus above described, the 
storage and supply cylinders 10 may be 
charged with gas at a given high pressure by 
transferring the substance in the liquid con- 75 
dition from transport vessell to the vessel 20 
in chamber 11. After transfer to the Jatt{,l" 
vessel, the liquid is allowed to warm up amI 
vaporize, thus producing a high pressure, and 
upon opening the valve 6 the gas flo',vs into gO 
and charges the cylinders to the required 
pressure. After. all the pressure gas has 
passed from the vessel 20, the valve 6 is closed 
and valves 5 and f) opened, whereupon the 
residile of gas remaining in the vessel 20 8) 

which is at a pressure below that of cylinders 
10, may be drawn off by the pump 2 and 
forced into the cylinders at the required pres­
sure. This operation takes place prior to 
the introduction of a fresh charge of liquid 90 
into the vessel 20. In this manner, the gas 
remaining in vessel 20 after each operation, 
instead of being lost as heretofore, is com­
pressed mechanically and may be forced into 
one of the steel cylinders 10 or into a low- 95 
pressure receptacle ready for consumption 
when required. 

In the modification illustrated in Fig. 2, 
the liquefied gas contalllerl"is shown mount-
ed on the truck la, together with the com- 100 
pressor 2 and a plurality of pressure vessels 
16. The compressor in this instance is placed 
in commun,ication with the upper portion of 
the liquefied gas container and with the pipe 
3 by means of a pipe 13 provided with a valve 105 
17, in addition to the pipe lines 3 and 7 here­
inbefore described for communication with 
the vaporizer and the stationary pressure 
tanks 10. The valves 5a and 9a, as well as the 
pipe connections 4a and 8a carried by the pipes 110 
3 and 7 are in this instance disposed at the 
outer ends of said pipes, the tanks 16 com­
municating with the pipe line 7 by way of a 
pipe 15 provided with a valve 14. By reason 
of this construction, the compressed gas can 115 
be supplied d~rectly from the truck to the 
consumer. 

Having thus described and ascertained the 
nature of my said invention, what I claim is: 

1. The process of supplying gases at a pre- 120 
determined pressure, which consists in c~arg-
ing a closed vessel with liquefied gas,vapor­
izing the liguid in said vessel and causing the 
major portIon of the gas to flow therefrom 
at the desired pressure, and· mechanically 125 
drawing off the residue from said vessel and 
compressing it to the required pressure. 

2. The process of supplying gases at a pre­
determined pressure, which consists in charg-
ing a closed vessel with liquefied gas, vapor- 1:) 
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izing the liquid in said vessel and causing the 
major portion of the gas to be self-compressed 
and to flow from said vessel at the required 
pressure, and pumping the residue from said 

5 vessel and forcing it at the desired pressure 
into a pressure container. . 

3. Apparatus for supplying gases at pre­
d.etermined pressures, comprising in combi­
nation, a portable liquefied-gas container, a 

10 portable compressor, a vaporizing vessel, 
means for establishing communication be­
tween said container and vessel for delivering 
liquefied gas to the latter thereby to vaporize 
saId gas, means for automatically delivering 

'!o5 the major portion of said vaporized 'gas at the 
desired pressure, and communicating means 
between said compressor and vaporizing ves­
sel for withdrawing the. residue. from said 
vessel and compressing said residue. 

20 In testimony whereof 1 h:tve signed my 
. llame to this specification. 
. CHRISTIAN WIUlELM PAUL HEYLAMDT. 
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Application :filed February 16, 1928, Serial No. 254,S12, and in Germany February 24, 1927. 

This invention relates to a gas supplying 
method, the characteristic feature of which 
is, that oxygen or similar industrially useful 
gases having a low boiling point and which 

.5 are produced otherwise than by mechanical 
air separation, as for instance the waste gases 
from chemical processes, are liquefied in a 
manner known in the low-temperature cool­
ing technics and are delivered to the con-

lD sumers in liquid state in receptacles for the 
purpose of being industrially utilized at any 
desired plaoo. 

In large gas producing plants, in which 
larger quantities of gas must be stored, al-

15 though the gas consumption is small or where 
gases must be permitted to escape uselessly 
into the atmosphere, the impossibility of 
utilizing such gases has an important bear­
ing on the economy of the total procedure. 

20 The same is true of such chemical processes, 
in which ,certain gases are produced for 
chemical synthesis (ammonia-synthesis, elec­
trolytic-decomposition of water and the 
like), but where only the one or the other 

25 component of the gases can be industrially 
utilized, whereas the rest must be allowed 
to escape uselessly. It is chiefly the oxygen 
and the nitrogen which are liberated in cer­
tain manufacturing processes. 

30 Now, according to this invention, such 
gasiform by-products are subjected to sub­
sequent liquefication, so that they not only 
can be stored in liquid state and with a small 
requirement or space, but can, in view. of 

35 their 'lower weight and in contradistinction 
. to compressed gases, be conveyed in steel­
bottles to great distances to be utilized where­
ever required. 

It has already been proposed to transport 
fLO liquefied gases having a low boiling point, 

Ior instance oxygen, in large quantities and 
in special vessels and to convert them into 
pressure gas at the place of consumption. 
The gases, however, were filled in liquid con-

45 dition at the place of consumption from the. 
transporting vessel into so-called cold or 
warm vaporizers, in which the conversion 
into pressure gas took.place, in cold. vapor­
izers the resulting pressure being approxi-

50 IDBtely 30 atmospheres and in the W2,rm VB-

porizer 150 atmospheres. This method or 
converting the liguefied gas into pressure gas 
necessitates, however, for small consumers, 
which represent the majority of the custom­
ers, an investment of a large amount or cap- mD 
ital, as vaporizers were required at the place 
of consumption. . 

It has also been proposed to vaporize the 
liquefied gas within the transporting vessel 
at the place of consumption and to use it as @[j) 

gas of the desired working pressure. This 
is possible in cases where at the place of con­
sumption only low working pressures (15 
atmospheres and the like) are required, since 
in case of higher pressures the vessels must @Iii 
necessarily be of exceedingly strong and 
heavy construction, whereby the economy of 
transporting the gas in the liquid state would 
be offset. 

The aforementioned disadvantages are '10 
overcome by the present invention, which 
consists in providing on rolling stock an in­
stallation for the production of liquid oxy­
gen, together with a transporting vessel for 
the liquid- oxygen and a pressure gas pro- '15 
ducer, or only the transporting vessel to­
gether with the pressure gas producer may 
be mounted on said rolling stock, for instance 
on a motor truck. For this purpose an instal­
lation for producing liquefied gas, which may 80 
be known per se, is disposed on rolling stock, 
together with a storage vessel and a pressure 
gas producing device, into which the liquid 
is br9ughtj or only a transporting vessel to­
gether with a pressure gas producer may be 85 
mounted on said rolling stock. 

For conveying the liquefied gas into the 
vaporizer, a pump may be provided, which 
forces the liquid into the vaporizer, or the 
conveying means may be omitted and the 90 
transporting vessel connected directly to a 
warm or cold vaporizer. 

In the accompanying drawing the figure 
shows an outline side elevation of an embodi­
ment of the invention using a motor driven 95 
truck for the transporting vehicle. 

In this embodiment an ordinary motor 
driven truck 10 is used and on this is mounted 
a thin walled container 11 for holding a large 
quantity of gD,S in liquefied form. To the )W(D 
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rear of this container is shown a heavy walled 
vaporizing apparatus 120£ any desired Iorm, 
means for supplying the necessary heat to 
this apparatus being typically indicated by a 

5 pipe coil 13. Piping 14 connects the con­
tainer and vaporizer so that liquefied gas may 
be delivered to. the vaporizer and suitable 
means are employed to effect such deliverYj 
the means being here indicated by a small 

10 pump 15 interposed in the piping 14. A 
delivery pipe 16 leads from the vaporizer 
and is arranged for connection, to anyone 
of a plurality of storage bottles 1'1 loc",ted 
at the point or points to which d.elivery is 

15 co be made. 
In operation the liquefied gas under sub­

stantially no pressure passes from' the con­
tainer to the vaporizer and'is 'chere trans-' 
formed to gasiform gas under such pressure 

20 (say 2500 to 3000 pounds pel' square inch) 
as may be desil'ecl and, in that condition, is 
fed into the storage botHes. 

The principal advcmtage of the present 
process consis~s ~n the fact that th~ c?ns~?1er 

25 can be supphect much mOl'e qmclny01ul.il 
hel'etofOl'e Yvith jJI'eSSlll'e gas at any desired 
pressure without the necessity 0:': every con­
sumer being provided with a specirJ vaporiz­
ing apparatus, Ivhich requires the laying 

20 out of considerable capitul. L fmther ad­
vantage is thrrt suell gases as nro ob·~ai:ned us 
by-products in the manufacture oi:;litrogen 
and hydrogen, can by this method :J8 used, 

28 instead of permitting them to esca,pe into the 
atmosphere as heretofore. 

I claim: 
1. A process of handling high j.J"ressure 

gases which consists in passing at intervals 
liquefied gas :from a low pressur,C7 sto,rage 

40 ,container into 11 high pl'eSSUl'G vapol'izerj 
applying heat to said vaporiz81' ,mel thereby 
converting said liquid into gas of high pres­
sure and storing said high pressure gas in 
sl1itable containers. ~ 

45 2. A portable apparatus for lumdling 
gases including a wheel snpported vehicle, 
a thin walled low pressure container mounted 
on said vehicle and adapted to. hold a large 

50 quantity of liquefied gas andl'etain the same 
in liquid statej a high pressure vaporizer 
mounted on said vehicle and arranged to re-' 
ceive liquefied gas frQm the container, and 
plpll1g leading from the vaporizer and 

55 adapted to be connected to 11 storage tank, 
for gas under high pressure. 

3. A portable apparatus for handElw 
gases incl~ding a :n:otor vehicle, a low pre:' 
sure con tamer earned by said motor vehicle 

60 n:nc1 adapted to con~ain s large qnantity of 
hquefied gas, 11 111gh pressure vaporizer 
mounted o.n said vehicle, piping connecting 
the .vaporIzer and containerj other piping 
leadmg from the vaporizer -and adapted to 
connect the same to £t stol'age tlmk fo!' high 

pressure gas, and means to supply heat to 
the vaporizer. 

In testimony whereof I have signed my 
name to this specification. 

CHRISTIAN WILHELM PAUL HEYLANDT. 'iJ 
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UNITED STATES PATENT OFFICE 

CHRISTIAN WILHELM PAUL HEYLANDT, OF LANXWITZ, GERMANY, ASSIGNOR TO 
FLU'GA AXTIEN-GESELLSCHAFT, OF ST. MORITZ, SWITZERLAND . 

][ETHOD AND APPARATUS FOR USE IN STORING AND TRANSPORTING LIQUEFIED GASES _ 

Application 1Ued November 12, 1927, Serial No. 232,~22, and in Germany November 13, 1926. 

This invention relates'to a method and ap­
paratus for use in storing and transporting 
liquefied gases and has for its object general­
ly the provision of an improved procedure 

• and sUItable means for carrying the same 
into effect, whereby liquefied gases may be 
retained in their containers substantially 
without losses.due to evaporation during de­
sired periods of time. 

II Heretofore, liquefied gases which have low 
boiling points, for example, liquefied air, 
oxygen, nitrogen and the like, were cus­
tomarily stored and transported only in con­
tainers which were in free communication 

16 with the atmosphere, which permitted the 
gases evolved by evaporation to escape. 
If it was desired to conserve the gases aris­

ing by evaporation, the containers were con­
nected to gasometers which generally had 

20 water seals. The gas products so collected, 
however, could not readily be utilized with­
out recompression, since the pressure in such 
gasometers is very low. No appreciable 
change in the rate of evaporation in such 

26 containers, however, is effected by the use of 
gasometers. 
. In the practice of the present invention, 

the containers used for storing and transport­
ing the liquefied gases are connected to gas 

30 receivers of fixed size which are so dimen­
sioned that they will hold all the gas evolved 
within a desired period of time from the con­
tainer. The pressure which thm; builds up 
to a certain maximum in the receiver has the 

35 beneficial result of reacting on the liquid in 
the container to reduce the rate of evapora­
tion. This reduction in the rate of evapora­
tion is of a relatively high order; for exam­
ple, it has been ascertained from ample ex-

40 perimental observations that the rate of 
evaporation from liquefied gas containers 
open to the atmosphere is 80% higher than 
the rate in certain apparatus constructed in 
accordance with the invention. In our ap-

45 paratus the rate at which pressure builds up 

is, of course, a very slow one. There are 
other advantages incident to our apparatus, 
especially when designed to employ relatively 
high pressures, for example, where pressures 
of more than 30 atmospheres are employed. 10 
This permits the use of relatively small gas 
receivers. Such receivers may be used in con­
junction with containers which are either of 
the vacuum variety or of the variety having 
an insulated inner vessel, though the former, 55 
~s a rule, are not able to withstand as high 
mternal pressures as the latter, and hence in 
g-eneral are made smaller and are employed 
for the lower pressures. . 

Other objects of the invention will in part eo 
be obvious and will in part appear herein­
after. 

The invention accordingly comprises the 
several steps and the relation of one or more 
of such steps with respect to each of the 66 
others, and the apparatus embodying features 
of construction, combinations of elements and 
arrangement of parts which are adapted to 
effect such steps, all as exemplified in the fol­
lowing detailed disclosure, and the scope of 70 
the application of which will be indicated 
in the claims . 

For a fuller understanding of the nature 
and objects of the invention reference should 
be had to the following detailed description 75 
taken in connection with the accompanying 
drawing~ in which: 

Figure lis a diagrammatic view showing 
one form of apparatus suitable for carrying 
out this invention. 80 

Figure 2 is a similar view of a second form .. 
Figure 3 is an evaporation diagram show­

ing a comparison between free air evapora-
tion in a vacuum walled container and the 
evaporation as in the form of device shown 85 
in Figure 1. 

Figure 4 is an evaporation diagram illus­
trating and comparing evaporation in a heat 
insulated vessel open to the air and in the 
form of apparatus shown in Figure 2. DO 
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In ~he apparatus disclosed in Figu~e 1 
there IS provIded a vacuum walled contamer 
1 having an elongated neck 1a which is con­
nected by a coupling 1b with a pi:pe 3 lead-

5 ing into a gas receIver 2, said pIpe being 
provided with a valve 3a.' In Figure 2 there 
is shown a liquefied gas container 4 which is 
supported within an insulating casing 4a and 
has a closed neck 40 from which extends a 

10 pipe 40 which is wound spirally around the 
container 4 and within the casing 4a and then 
passes out through connection with a pipe 7 
to a pipe 8 which is connected to a pair of 
receivers 5 and 6 and is provided with valves 

111 9 and 10 to cut off communication between the 
pipe 7 and the respective receivers 5 and 6. 
Now, it will be observed that under these con­
ditions there is produced in the :form shown 
in Figure 1 a closed system which consists 

20 o:f a liquefied gas container, a gas receiving 
means and an elongated and valved tube af­

contemplated for storage or transportation 
or both; it being a simple matter to calculate 
the dimensions of the receiver desired to 
achieve this effect under the conditiohs speci­
fied. For example, assume that it is ascer- 'I 
tained that for a certain container of 50 litres 0 
capacity the rate of evaporation when open 
to the atmosphere is 65 grams per hour, while 
if the evaporation be made to take place under 
a continually increasing pressure, as here pro- 76 
posed, the rate is reduced to from 35 to 40 

. grams per hour, which represents about 30 
litres of gas at atmospheric pressure evolved 
per hour; then when it is specified that the 
period of storage or transport shall be 2 x 24 80 

hours, and the maximum pressure permitted 
is 10 atmospheres, the required volume of the 
receiver is calculated as follows: 

2X24X30 =144 lit 
10 res. 115 

fording communication between the liquefied 1£ any o:f the gas generated by evaporation 

gas container and the gas receiving means. during this period is to be used during the 

Moreover, the greater part of the connecting period, the volume o:f the receiver m;ay be 

25 tube is preferably vacuum walled. correspondingly reduced. 

Substantially the same arrangement is em- Since certam changes in carrying out the 
80 

ployed in Figure 2 except that the pipe con- above process and in the constructions set 

necting the container 4 and the receivers 5 forth, which embody the invention may be 

and 6 is relatively much longer but is also made without departing:from its scope, it is 

30 well insulated from external heat, being held intended that all matter contained in the Oil 

in the insulating casing 4a. Under these above description or shown in the accom­

conditions a long :pressure column will exist panying drawing shall be interpreted as il-

in the communicatmg pipe and pressure will lustrative and not in a limiting sense. 

311 be produced in the liquefied gas container Having thus described the invention, what 

which will in consequence decrease the rate is claimed as new is: 

of evaporation. Furthermore, this pressure 1. The method of conserving liquefied,gases 

maybe, regulated by the valve or valves when being stored or transported, which 

shown. . comprises providing a gas receiver o:f fixed 

'0 As a result of the provision o:f ahead of capacity to receive all the gas normally va­

pressure in the column connecting the con- porized during a desiredjeriod o:f time and 

tainer with receivers 5 and 6, they may be dinIensioned so as to hoI the same without 

made smaller than in the arrangement shown exceeding a predetermined maximum pres-

100 

105 

in Fig. 1 when providing storage for equiva- sure, and passing the gas normally vaporized 

lent amounts of gasified liquid. Also it is in a contaIner into said receiver while under a. 

,1:1 seen that if the container were enlarged along constantly increasing pressur~. , " 110 

its vertical dimension, it would be necessary 2. In apparatus for use In - stormg and 

to have the internal volume correspondingly tran!;lporting liquefied gases, the com,bina­

enlarged in order that the final pressure be tion with a liquefied gas container, of a gas 

lIO not increased, since the receiver connected to receiver connected therewith of fixed size hav­

the container has from the start a retarding ing dimensions such that it is capable of 

influence which checks evaporation. holding all o:f the gas normally vaporized 

This is well seen by re:ference to Figures 3 in said container in a desired period of time 

ahd 4 in, which the upper curve indicates nor- and at a pressure not in excess of a prede­

mal evaporation in the particular type of ves- termined maximum. 

!i5 sel with free communication to the air while 3. In apparatus for use in storing and 

the lower curve indicates evaporation under tr!l'nspor~ing liquefiedgase~, the combination 

retarded conditions produced by the long wIth a liquefied gas contamer, of a gas re­

~ressure cohoon i:r; the tube connecting ~he ceiver connected therewith of constant volume 

00 lIquefied gas contaIner andthe gas receIvrng so dimensioned that it is capable of holding 

means. the maximum: amount of gas normally vapor-

From the data thus depicted it is possible ized :from said container, and insulated com­

to provide gas receivers for use in connection municating means connecting said container 

with containers of any desired size which and said receiver whereby the vaporization is 

6S' will conserve aU of the gas that may be maintained at a low rate. 

evolved by evaporatitonduting any'period '4. In apparatus for use in storing ana 

115 

120 

125 

I:;) 
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transporting liquefied gases, the combination 
with a liquefied gas container, of a gas re­
ceiver of constant volume so dimensioned that 
it is capable of holding the maximum amount 

5 of gas normally vaporized from said con­
tainer, an elongated conduit of small diam­
eter connecting said container and receiver, 
and an insulating jacket encasing said con­
tainer and the major portion of said conduit. 

10 In testimony whereof I have signed my 
name to this specification. 

CHRISTIAN WILHELM PAUL HEYLANDT. 
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No Drawing. AppliO!ltlon 1l1ed luly 17,1919, Serial .0.879,0711, and in Germany August " 1918. 
This invention relates to a method of con- date the heat leakage by absor~tion as sensi­serving liquefied gases while in storage or ble heat within the body of lIquid without transport, particularly liql},efied gases of low substantial evolution of gas. during the de­boiling point, for example liquid oxygen, sired period of storage or transport. 15 nitrogen, ammonia, methane, and the like. ,The following is an exainple of a specific ' The invention has for its object generally manner in which the method of the present an improved procedure for charging and . invention may be carried out: operating containers fof liquefied gases, that The liquefied gas is placed in a vessel, hav­are relatively highly insulated, in such man- ing heat insulatIng walls, while under nor-10 ner that the heat leakage which it is not prac- mal atmospheric pressure and at its normal '; tical to avoid is absorbed without loss of gas boiling POInt under such pressure. In the material. - case of oxygen the temperature will be sub­More specifically, it is an object to provide stantialJ;y -182.5° C.: for nitrogen it will be a procedure for charging. and operating con- substantially -195.8° C., for ammonia gas 111 tainers of the character indicated, in which -38.5° C., and formethane -164.7° C. For the relatively cold body of liquefied gas with- other gases the boiling points will, of course, in the same is arranged to absurb the heat be different but the foregoing show example~ leakage in such a manner as to increase the' of the temperatures at which the liquefied heat absorbing capacity of such body of liq- gas must be placed in the container. The 20 uid to an extent sufficient to accommodate all vessel is then closed whereupon sufficient of I the heat leakage ,that normally takes place in the liquefied gas evaporates to raise the pres­a predetermined interval of time without sure on the lIquefied gas approximately one increased evolution' of gas. atmosphere. This has the effect referred to Heretofore, it was customary to store and above of raising the boiling point. In the 211 transport liquefied gases when handled in case of oxygen the boiling point under this • large quantities by providing insulated con- additional pressure becomes approximately tainers which were open to the atmosphere, -170° C. With other gases the boiling i. e., such containers were shIpped and trans- points are raised in like manner, the points ported with' the . valve open, since it was attained varying with the particular gas. 30 found that the losses by evaporation ensuing )Vhile th~ boiling point, of the liquefied gas from this practice were less than when the IS thus raIsed, the temperature of the body of containers were shipped closed and the lique- gas within thr container is not, at· the time fled gas transferred to- another container at the pressure has increased one atmosphere, . the place of consumption. appreciably raised but it is still the same as . " In the practice of the present inven~ion,.a it. wa~ when the.liqu~fi~dgas:wasoat ,its n?r­transport vessel of· the Insulated varIety IS mal atmospherIc. bOIlIng POInt; LIquefied provided which when filled·with. the desired gases. are well known to abSorb heat very quantity of the. liquefied gas is closed to the slowly so that it will take much time for the atmosphere. The heat. leakage which it is liquefied gas in the container to be heated 40 not practical to avoid is permitted to become sufficiently to reach the new boiling point I absorbeq by the body of liquefied gas in the which has been indicated by the increase of container which, in consequence, becomeE! pressure in the container. Thus, practical­partially vaporized and pressure thereupon ly all of the small quantity of heat leaking begins to build in the container above the into the container will be absorbed by the 45 body o~liquid .. This pressure reacts in a liquefied gas. l'here will, therefore be such f well known manner to increase the boiling a slow increase of pressure and such slow point of the liquefied gas which in turn op- vaporization of the liquefied gas that no ex­erates to increase the heat absorbing capacity cessive pressure is produced in the container of the liquid in the vessel. The increased hnd cons~uently th~ gas may be transportea 10 capacity so imparted is such as to accommo- for long distances WIthout loss . 

• 
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After the containing .. vessel is closed, the 
pressure builds up at a continually decreas­
ing rate. This is in part due to the decrease 
in specific heat of the liquid which ac-

o companies the elevation of the boiling point 
with increase in pressure. For example, 
where the pressure increases by about 1 at­
mosphere, 'the boiling point is raised from 
about -182.5° C. to about -170° C. with 

D the result that the quantity of heat that· is 
absorbed to increase the pressure thereafter 
does not so readily occur as at the beginning. 

The present method is particUlarly ap­
plicable to the storage and transport of liq-

15 uefied gases such as ammonia and methane, 
whose latent heat~ of vaporization have rela­
tively high values. When liquid oxygen or 
'nitrogen are stored or transported in accord­
ance with the present method, they may be 

20 retained in ordinary transport vessels for 
periods of several days without encounter­
mg substantial losses from- evaporation and 
without recourse to any special heavy con­
struction for the transport vessels. 

25 Having described my invention, what I 
claim as new and desire to secure by Letters 
Patent, is : . 

1. The method of conserving liquefied 
gases, while in storage or transport, which 

30 comprises charging an insulated liquefied gas 
container with a desired body of liquefied gas, 
raising the boiling point of said body of 
liquefied gas by increasing the pressure there­
on, and thereafter absorbing the heat leakage 

85 which permeates the insulation as sensible 
heat within said body of liquefied gas. 

2. The method of conserving liquefied 
gases, while in storage or transport,. which 
comprises charging an insulated liquefied gas 

(0 container with a desired body of liquefied gas, 
causing the gas evolved within said container 
to increase the pressure on said body of liq­
uid whereby its boiling point is raised, and 
thereafter absorbing the heat leakage as sen-

(IS sible heat within said body of liquid where­
by the gas evolved within said container is 
made relatively small during a desired period. 

3. The method of conserving liquefied 
gases, while in storage or transport, which 

110 comprises charging an insulated liquefied gas 
container with a desired body of liquefied gas, 
reducing the rate of latent heat absorption 
by said body of liquefied gas by reducing the 

fi5 temperature difference between said body and 
that of the external source, and absorbing 
the heat leakage which permeates the insula­
tion as sensible heat within said body. 

4. The method of conserving liquefied 
gases, while in storage or transport,· which 

GO comprises charging an insulated liquefied gas 
container with a desired l;JOdy of liquefied gas, 
closing the communication of the container 
to the,outer atmosphere for substantially the 
period of time that s3id container is to be in 

65 storage or transport whereby the pressure 

builds up therein at a continually decreas­
ing rate, and absorbing the heat leakage 
which permeates the insulation as sensible 
heat within said body. 

In testimony whereof I have signed my 70 

name to this specification. 
CHRISTIAN WILHELM PAUL HEYLANDT. 
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TRANSPORTATION OR PRESSURE VESSEL FOR GASES 

Applioation lIed lanuary 11, 1980, Serial lio. 420,043, and in Germany November 13, 1928. 
The present invention relates to containers a liquid container, which is suspended by for transporting liquefied gases particularly means of chains 2 in a mechanically rigid those whICh can be liquefied only with difli-. manner from the outer jacket or shell 3 of a culty. The invention has for its object to pro- . pressure vessel, in spaced relation to said 6 vide a container for liquefied gases in which jacket, the space, oetween the container and li5 the inner vessel for the liquid is suspendeu jacket being filled with a suita~e heat-in­and insulated from the outer jacket of the ves- sulating material 4. The container is shown sel in such manner as to reduce the transfer in the present in:;tance provided at its upper. of heat ,from external sources into the liquid port.ion with suitaLle inlet and outlet t.ubes 5 10 to a minimum. and 6, which am embedded in insulating ma- 80 More particularly it is an object to pro-' terial within an extended portion 7 of the top vide a container comprising inner and outer of the jacket. This arrangement serves the vessels separated by heat insulating material double purpose of protecting the tubes and provided with suspension means for the against the influence of out,;ide temperatures 15 inner vessel which support the latter in a and providing a convenient terminus for the 65 mechanically rigid manner with relatively pipes that is advantageous in transportution. little conduction of heat. The chains 2 are composed of u plurality of A more specific object of the invention is engaging links so connected to each other as to provide a means for sus;pending the liquid- to minimize the transmission of heat from 20 container in heat insulatmg relation to the one link to another. In order to minimize the 70 outer jacket of the pressure vessel, compris- rate of conduction of heat albng the chain ing a chain so constructed that the transfer of from the exterior, means are associated with heat from one link to another is substan- the engaging portions of the connected links tially restricted. which offer greater resistance to the normal 15 15 The present application is a continuation heat conduction. In the formshowninFig.2, in part of my' copending application, Serial a heat-insulating member of ring form is in-No. 232,924t filed November 12, 1927. terposed between the engaging surfaces of the· Other obJects of the invention will in part successive links, so that the links do not make be obvious and will in part '-appear herein- direct contact with each other at any. point. 110 after. In Fig. 3 the interposed insulating lUember 80 The invent.ion accordingly com;prises the is omitted but an arrangement is used that features of construction, combination of ele- reduces the amount of surface in contact be­ments, and arrangement of parts, which will tween links. II! this form a recess 9 is formed be exemplified in the construction herein- in the surface of one link, the i'adius of arc 85 SIS after set forth and the scope of the applica- of said recess being less than the radius of the tion of which will be indicated in the claims.· intersecting surface of the contacting link, For a fuller understanding of the nature iIO that the links contact with each other only and objects of the invention reference should at two points, one at each side of the recess 9. be had to the followin~ detailed description In the modification shown in I;~ig. 4 the links 110 40 taken in connection WIth the accompanying are in direct contact with each other, but in drawing, in which: this case one link is formed with asharpedged Fig. 1 isa partly sectional view through ridge 10 which engages the companion link a container constructed in accordance with only at a single point. If desired, both links the invention; . may be provided at their intersecting portions III 45 Fig. 2 isa fragmentary sectional view il- with rIdges so that the ridg.es cross each lustrating one form of the links of the chain other and insure point contact. . shown in Fig. 1; and ., Since certain changes may be made in the Figs. 3 and 4 are views similar to' Ifig. 2, above construction and different embodi-illustrating modifications of the links. ments of the invention could be made without 100 10 Referring now to the drawing, Idesigna.tesdeparting from the scope thereof, it is in-
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tended that all matter contained in the above serving liquefied gases, comprising an inner 
description or shown in the accompanying vessel for holding li9,uefied gas and an outer 
drawing shall be interpreted as illustrative supporting jacket dI8~osed in spaced heat 
and not in a limiting sense. . insulating relation wIthout direct contact 

Having described my invention, what I with said inner vessel, metallic chains an- 10 
[j claim as new and desire to secure by Letters chored in the wall of said outer jacket and 

Patent, is: secured to the wall of said inner vessel where-
1. Apparatus for transporting liquefied by the space between said inner vessel and 

gases! comprising, an outer.jacl~et.' ~ossessi!lg outer jack~t is mai~tained in ope~ative fOl"l!l, 
a deSIred degree of' operatIve rIgIdIty, a lIq- the engagmg portIon of one lInk of saId 11 

10 uid-container within said jacket completely chain having an edged ridge adapted to con­
encompassed in spaced relation thereto, insu- tact with the engaging portion of the connect­
lating material dIsposed between said liquid- ed link whereby the heat conduction to said 
contaIner and jacket, and metallic chains sus- inner vessel is minimized. 

15 pending said container from the walls of said 6. A container for transporting and con- 80 
jacket, said chains being. embedded in said serving liquefied gases comprising, an outer 
insulating material, and comprising links jacket having a desired degree of operative 
having only point contacts with each other rigidity, a container disposed within said 
whereby transmission of heat through said jacket and spaced therefrom to provide an in-

20 chains is minimized.. tervening space between the walls of said 85 
2. A container for transporting and con- container and jacket which substantially com­

serving liquefied gases, comprising inner and pletelyencompasses said inner container, me­
outer vessels having the intervening. space tallic chains for suspending said container 
filled ·with hea~ insulating material, said from the. ,!alls <;>f said jacket i';1 a. relatively 

25 outer vessel havmg a wall of desired opera- . fixed pOSItIon wIth respect to saId Jacket, and 110 
tive rigidity formed· with outwardly ex- means for obstructing the transmission of 
tended portions, metallic chains having con- heat betw~n consecutive links of said chains .. 
nected . links traversing said inSUlating ma- In testlI~ony ,,:here<;>f I have signed my 
rerial anchored in the outwardly extended name to thIS speCIficatIon. . 

at. portions of said outer vessel disposed to CHRISTIAN WILHELII PAUL HEYLANDT. 91 
maintain said space in its operative form and 
secured to the wall of said inner vessel, and 
means associated with the engaging portions 
of connected links for reducing. the normal 

III heat conduction between said links. 100 
. 3. A container for transporting and con-
serving liquefied gases, comprising an inner 
vessel for holding liquefied gas and an outer 
supporting jacket disposed in spaced heat in-

(~ sulating relation without direct contact with 101 
said inner vessel, metallic chains anchored 
in the wall of said outer jacket and secured 
to the wall of said inner vessel whereby the 
space between said inner vessel and outer 

~ jacket is maintained in operative form,and 110 
means associated with one or more of said 
chains for obstructing the conduction of heat 
between any two consecutive links of said 
chains. 

!So 4. A container for transporting and con- 11. 
serving liquefied gases, comprising an inner 
vessel for holding liquefied gas arid an outer 
supporting jacket disposed in spaced heat in-
sulating relation Without direct contact with 

!S5 said inner vessel, metallic chains ancho~d 12t 
in the wall of said outer jacket and secUl'ad 
to the wall of said inner vessel whereby the 
space between said inner vessel and outer 
jacket is maintained in operative form, and 

60 engaging means on one link of said chain 121 
which is formed to obstruct the flow of heat 
and sha.ped to ha.ve substantially point con-
tact with the adjacent link whereby the heat 
conduction to the inner vesseI.is minimjzed. 

I'~ 5. A container for transporting and con- 1. 
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Application filed November 12, 1927, Serial No. 232,924, and in Germany November 13, 1926. 

This invention relates to a method and ap­
paratus for transferrin~ and storing liquefied 
gases and has for its obJect generally the pro­
vision of s'uitable steps ,together with appa-

, ratus for carrying out the same whereby 
containers for liquefied gases may be readily 
and economically charged so as to a~oid the 
waste of gas due to natural evap~ration 
heretofore incident to a charging operation. 

10 As is well known, whenever it is desired 
to transfer liquefied gases, such for instance 
as liquefied air, oxygen, nitrogen and the 
like, from one vessel into another, under the 
methods heretofore in use there is always con-

IG siderable loss of gas by reason of the fact that 
the liquid must necessarily come into contact 
with a considerable area of the surface of the 
new vessel and is thereby heated and becomes 
vaporized, the vapors arising from the liquid 

20 being lost unless they are collected in a gasom­
eter as these gases have little or no pressure, 
and before they can be utilized for us.eful 
work they must first be compressed in a suita­
ble compressor, blowing machine or injector. 

25 This operation renders the utilization of the 
gases so expensive that they are usually per­
mitted to escape ~nto the atmosphere. The 
present invention, therefore, is designed to 
overcome the difficulties heretofore encoun-

30 tered in the handling of such gases in such 
manner that they can be stored, transported 
and transferred from one vessel to another 
practically without loss and to provide for 
the utilization of the waste gases produced by 
natural evaporation without the necessity of 
subjecting them to the a~tion. of a compressor. 

For a fuller understaning of the nature and 
objects of the invention reference should be 
had to the following detailed description 

I taken in connection with the accompanying 
drawings, in which: 

Fig. 1 is a fragmentary view partly in sec­
tion and partly in elevation illustrating the 
operation of filling a container for liquefied 
gases in accoruance with the invention; 

Figs. 2 and 3 are fragmentary detail views 
illustrating modified forms of automatically 
acting valves or closures for the filling means; 

Fig. 4 is a fragmentary sectional view 

showing the container closed &.iter being 
filled; 

Fig. 5 is a view similar to Fig. 1, but. show­
ing the manner of filling the container from 
a liquid containing vessel of greater capacityti5 
than that of Fig. 1; 

Fig. 6 is a vertical sectional view showing a 
measuring vessel provided with a modified 
form of closure; and . 

. Fig. 7 is a view similar to Fig. 6,' showing 60 
the closure removed· from the vessel. . 

Referring to the drawings, and particu­
larly to Fig. 1, a filling means, for eXaIllple 
a double-walled vessel or measuring bottle 1 
is shown mounted on the upper end of a thin­
walled tube 4 which is separate from the fill­
ing means and is arranged for sliding move­
ment in the wall 2 of a suitable container for 
liquefied gas, for example a vessel adapted 
to hold gas in a state of compression; only a 70 
portion of its top-wall being shown. The 
tube 4 is maintained in vertical position by 
means of a plate 4" through which the tube 
passes, said plate being secured to the wall 
2 in spaced .relation thereto by suitable means, 75 
for example screws having wing nuts 3. A 
gravity controlled valve 5 in the form of a 
ball is provided for the measuring bottle, and 
meansis provided for opening said valve as 
soon as the bottle is placed in inverted posi- 80 
tion with its symmetrical axis parallel to the 
direction in which gravity acts. The said 
valve-opening means comprises a rod 6 hav­
ing a foot 7 supported within the tube 4 and 
arranged for longitudinal inovement therein. 85 

The opening in the wall 2, which receives 
the tube 4, has a cooperating valve 11 which 
automatically closes the same. This is here 
accomplished by providing the valve in the 
form of a flap-valve hinged to the under side 90 
of the wall 2 at 9, a spring 10 being coiled 
about the pintle of the hinge in order to bias 
the valve in closed position. By this ar­
rangement it is seen that when the tube 4 is 
pushed through the opening in wall 2 under 95 
the influence of the filling means, the valve 11 
is pushed back into the position indicated iIi 
dotted lines in Fig. 1. 

A stop for limiting the descent of the tube 
4 is also provided within the container below 100 
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the opening in wall 2, which may be in the 
form of a frame that carries an upwardly 
projecting pin 8, arranged for cooperating 
with the foot 7 on rod 6. When the tube 4 

5 had descended sufficiently low, the pin 8 en­
gages the foot 7 of the rod 6 and upon further 
descent of the tube the rod moves upward 
arid thus pushes the ball 5 from its seat thus 
permitting free passage of liquid from the 

10 vessell to the container. 
For preventing leakage of gas or liquid 

at the point where the tube 4 enters the con· 
tainer, a stuffing box is provided which' com· 
prises a flanged box 13 packed with a suitable 

15 packing material 12, which is compressed by 
a metal ring or follower 14. The box 13 is 
seated in an opening in the wall 2, a packing 
ring 15 of elastic material being interposetl 
between the box and its seat. The packing 

20 material 12 should preferably be renewed 
before each filling operation, in order' to 
guard against the hardening of the material 
due to freezing. For closing the opening in 
the wall 2 after removal of the stuffing box 

25 therefrom, the wall of the opening is threaded 
for the reception of a threaded plug 20, as 
shown in Fig. 4. 

In Fig. 2 the gravity valve is shown con-' 
-nected with the tube 4 by means of a ball 

30 joint 17 of well known construction. In this 
form of the device, when a measuring bottle 
is raised from the position shown in dotted 
lines to the vertical filling position, the ball 
5 will fall into the tubular portion below the 

35 pocket 5a until it rests on the upper end of the 
rod 6, which is omitted from this figure for 
the sake of clearness. When the tube 4 moves 
dow:p.ward into the compression tank 2, how­
ever; the valve 11 is first opened against the 

40 tension of its spring 10, but as soon as the 
lower end of the rod 6 contacts with the pin 
8 further descent of the rod is prevented while 
the tube 4 continues its downward movement 
until the ball rolls off the upper end of rod 6 

45 and falls into the packet 5a and thus leaves a 
free passageway for the passage of liquid 
from the measurinp; bottle 1 to the container. 

In Fig. 3, an automatically operative but­
terfly valve is shown in the tube 4 which may 

50 take theplaee of either of the valves shown 
in Figs. 1 and 2. In this fotm the valve is 
provided with a crank lever 18 which, when 
the tube f moves downward, strikes the end 
of a lug 19, thereby tilting the valve into open 

55 position. , 
In Fig. 5 there is shown a f01'111 of the 

~evi.ce, ada~ted for transferring .fluid from a 
lIqUId co:p.tamer, of greater capaCIty than that 
shown in Figs. 1 and 2. In this apparatus 

(I the vessel 22 communicates with the tube 4 by 
way of a siphon pipe 24, the exposed portion 
of which is provided with an inSUlating jacket 
23. The tube 4 in this case is mounted in the 
same manner as describecl in connection with 

" Fig. 1 and is providod with a, vlllve simihlr 

to that shown in Fig. 3. 'In place of the valve 
11 and the springs shown in Fig. 1, a valve 
member 25 of the poppet variety is provided 
and arranged to seat on the under side of the 
opening in the container wall 2. A spring 'i0 
36 is disposed to bear against this valve mem­
ber in order to bias it in closed position. The 
tube 4 bears downwardly on this valve mem­
ber when it slides into the opening in con­
tainer wall compressing the spring 36; the 75 
tube being provided with one or more open­
ings 26 in its side, which are uncovered when 
the tube has reached its downward limit of 
motion, The butterfly valve in this tube is 
also so positioned that when the tube has 80 
reached this lowermost position, the trip 
mechanism throws the butterfly valve also 
into the' open position, so that a free passagA­
way for liquid from the vessel 22 is estab-
lished. 85 

In Figs. 6 and 7 there is shown a further 
modification which is adapted to accomplish 
a filling operation in a quick and simple man­
ner. In this form of device a measuring bot-
tle 28 is indicatpd inverted and provided with 90 
a Il('ck an extt'nding into a filling opening in 
a top-wall 29 of a container of the pressUl'e 
variety. The neck 33 is normally closed by 
a stopper 30 secured to one end of Ii. chain 31, 
the opposite end of which is secured to the 95 
free end of a spring 32 which is soldered or 
otherwise secured to the neck of the measur-
ing bottle. A funnel 35 is seated in the open-
ing in the wall 29 and serves to guide the 
spring 32 when the neck 33 is placed therein. 100 
By means of said funnel, the spring 32 is 
compressed so that it can spring out radially 
from the neck only to a predetermined ex­
tent. AppFcant has observed during, nu­
merous tests that rubber when exposed to low 105 
temp~ratures, such for instance as that of 
liqUid oxygen, contracts considerably. For 
this reason, the'stopper 30 is made of-rubber, 
and applicant has proven beyond question 
that the freezing action of the liquid above llO 
the inverted stopper will cause the same to 
contract, ~hereupon the downward pressure 
of the liquid will expel the stopper, as shown 
in Fig. 7, such expulsion being probably as­
sisted by the contact of the liquid with the ll5 
warm stopper. The action of the spring 32 
is such as to carry the stopper to one side 
and out of the path of the descending liquid 
so as to avoid spraying said liquid. 

In all these forms of device, it will be seen 120 

that the arrangement, by whieh the filling 
~ube 01' neck of the charge containing vessel 
IS guided and introduced into the filling ori­
fice, is sucp. as not only to reduce the escape 
of compressed gas from the. orifice when a 12& 

filling operation is about to take place, but 
also to insure against the conduction of sub­
stantial amounts of heat to the charO'e of 
liquefied gas; since th(' operative engag~ment 
betweell thp wall of t lie container and the l:j'J 
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neck is reduced to a very small area or per­
mitted only at a very few points. ThIs is 
particularly true of the forms shown in Figs. 
1 and 5, where the tube 4 engages with a pack-

Ii ing 12 that is of insulating material and then 
traverses a hollow chamber in the wall 2 
before further engagement, which displaces 
the biased valve guarding the orifice of the 
container. 

10 These arrangements, however, are merely 
illustrative of suitable means for carrying out 
an important step of the method of the pres­
ent invention. By such means, the step of 
insuring. against losses, which may be due 

15 in part to the escape of compressed gas from 
the orifice at the commencement of or during 
the filling operation and in part due to heat 
conduction from the wall of the container to 
the charge of liquefied gas being discharged 

20 into the container, is accomplished. Thus 
after the neck of the charge containing ves­
sel has been introduced, the practice of this 
step enables one thereafter to effect the re­
lease of the charge from its vessel into the 

.25 container in a manner which is substantially 
without loss of gas material. 

Since certain changes in carrying out the 
above method and in the constructions set 
forth, which embody the invention, may be 

30 made without departing from its· scope, it 
is intended that all matter contained in the 
above description or shown in the accompany­
ing drawings shall be interpreted as illustra­
tive and not in a limiting sense. 

35 Having described my invention, what 1; 
claim as new and desire to secure by Letters 
Patent, is: 

1. In apparatus for transferring and stor­
ing liquefied gas, the combination with a con-

40 tainer for liquefied gas of the pressure type 
having a wall provided with a filling orifice 
and means for maintaining the same normal­
ly closed, of a filling vessel for holding &. 
charge of liquefied gas provided with &. neck 

45 adapted to extend through said filling ori­
fice, means in said orifice for guiding s&.id 
neck to operative position arranged to have 
thermal contact with the same over a rela­
tively small area, and means in said neck for 

50 releasing said charge from said filling vessel 
when moved to operative position. 

2. In apparatus for transferring and stor­
ing liquefied gas, the combination with a con­
tainer for liquefied gas of the pressure type 

55 having a wall provided with a filling orifice 
and means for maintaining the same normal­
ly closed, of &. filling vessel for holding a 
charge of liquefied gas provided with a neck 
adapted to extend through said filling orifice, 

60 means for limiting the entrance of said neck 
into said orifice, additional means in said 
orifice for guiding said neck to operative po­
sition arranged to mak~ thermal contact 
therewith over a relatively small area, means 

e5 in fjaid neck for releasing said charge from 

said filling vessel, and means associated with 
said neck ·for automatically operating said 
releasing means when said neck has moved 
to the limiting position. 

3. In apparatus for transferring and stor- 70 
ing liquefied gas, the combination with a con­
tainer for liquefied gas of the pressure type 
having a wall provided with a filling orifice 
and means for maintaining the. same normal-
ly closed, of a filling vessel for holding a 75 
charge of liquefied gas provided with a neck 
adapted to extend through said filling ori­
fice, means in said orifice for making gas­
tight engagement with SBid neck, valved 
means associated with said neck controlling 80 
the release of fluid from said vessel and 
means associated with the closure of said ori­
fice whereby when said neck is introduced to 
operative position said valved means is 
opened. b~ 

4. In apparatus for transferring and stor-
ing liquefied gases, the combinatIOn· with a 
container for liquefied gases having a wall 
provided with a filling opening and a valv~ 
associated therewith and biased to maintain !it! 
normally a: closed pOsition, of a filling means 
having an orifice and valve controlling the 
same whereby a quantity of liquefied gas may 
be supplied to said container, a tubular con­
nection cooperating with said filling means 95 
and adapted to slide into said filling open-
ing and move said biased valve to valve-open 
position, valve opening means arranged to 
operate the valve controlling said filling 
meaQ,s, and slide-limiting means associated 100 
with said. filling opening for arresting said 
connection in a predetermined position when 
said biased valve is open; said slide-limiting 
means having an associated part for actuat-
ing said valve opening means when said con- 105 
nection has attained the limiting position. 

5. In apparatus for transferrin¥ and stor-
ing liquefied gases, the combinatIOn .with a 
contl!iner f?r lique~ed gase~ having a wall 
prOVIded WIth a fillmg openmg and a valve 110 
associated therewith and biased to maintain 
normally a closed position, of a filling means 
having an orifice and valve controlling the 
same whereby a quantity of liquefied gas may 
be supplied to said container, a removable 115 
packing disposed in said filling opening, a 
tubular connection adapted to slide through 
said packing into said opening and move said 
biased valve to valve-open position, an actu­
ating member associated with said connec- 120 
tion for operating the valve controlling said 
filling means, slide-limiting means associated 
with said filling opening for ~rresting said 
connection in a position where said biased 
valve is opened and where communication 12.5 
between said container and said filling means 
may be established, and a tripping member: 
associated with said filling opening for oper­
ating said valve actuating member when said 
t.ubular connection has attained the limiting 130 
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position, whereby the valve controlling said 
filling means is also opened andcommunica­
tion established. 

6. In apparatus for transferring and stor-
5 ing liquefied gases, the combination with a: 

container for liquefied gases having a wall 
provided with a filling opening and a valve 
associated. therewith and biased to maintain 
normally a closed position, of a filling means 

10 having a ball valve normally biased by grav­
ity to shut off communication with the out­
side, a tubular connection cooperating with 
said filling means and adapted to slide into 
said filling opening and move the biased 

15 valve in said filling opening to valve-open po­
sition, a rod; disposed in said tubular con­
nection arranged to slide longitudinally 
thereof and to engage with said ball valve 
'and move the same to an open position, and 

20 slide limiting means associated with said fill­
ing opening and provided with a pin adapted 
to be engaged by said rod and move the same 
to dislodge said ball valve when said tubular 
connection has been arrested in its sliding 

25 movement. 
In testin~ony where?f I have signed my 

name to thIS specificatIOn. . 
~HRISTIAN WILHELM PAUL HEYLANDT. 
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Appllcation lIed ,:&'ovember 11, 1927, Seriallio~ 1IS4,91" and In Germany liovember ~ 1928. 

This invention relates to a method of con- tively highly insulated in order to reduce heat 
serving liquefied gas held in containers of the leakage from outside to the liquid within to 
insulated variety, and has for its object gen- a comparatively small value, and may be of . 
erally an improved procedure for collecting any suitable form, for. exam}>le that shown 

IS and storing the gas eVDlved in the container in my co-pending applicatIon Serial No. ISiS 
by normal evaporation during periods of 224,268, filed October 5, 1927. . 
non-consumption of gas material. Charcoal is a well-known material having . 

More specifically, it is an object to store a high adsorbent capacity, but it oxidizes 
the gas evolved from containers of the char:- readily and the!~fore maIi:~s it possible for 

10 acter indicated in a manner which does not dangerous condItIOns to arIse. The adsorb;. 60 
involve high pressures and utilizes the ad- ent capacity of charcoal and like carbona- . 
sorption effect produced by highly chilling ceous materials is low, however, as compared 
a body of finely divided adsorbing material with certain other materials such as silicic 
of a character which is non-combustible. acid gels. 

15 It is a further object to provide a body of It has been ascertained by experiment that 65 . 
adsorbent material such as silica gel in a ves- certain gels at temperatures near the boil-
sel having communication with the gas space ing point of liquefied gases such as liquid, 
of the, container and arranged to utilize the air, oxygen and the like, have in general a 
refrigerating effect of the lIquefied gas with- much higher adsorbent capacity than corre-

20 drawn during periods of consumption to in- sponding amounts of charcoal, and will con- 70 
crease the adsorbent capacity of the body. sequently occupy less space than the latter 

Other objects of the invention will in part when arranged to provide equal amounts of 
be obvious and will in part appear herein- adsorbent capacity. The advanta~e in the 
after. use of such gels, however..] arises mamly from 

25 The invention accordingly comprises the the fact that silicic acid gel is noncombus- '15 
several steps and the relation and order of tible and hence when brought in contact with 
one or m. ore of such steps with respect to each a combustion supporting substance such as 
of the others the·reof, which will be exem- oxygen, whether directly or indirectly, is 
plified in the process hereinafter disclosed, substantially inactive and avoids the dan~rs 

20 and the scope of the application of which and possibility of explosion incident to the 80 
will be indicated in the claims. use of charcoal. 

For a fuller understanding of the nature The silicic acid gel here preferred in the 
and objects of the invention reference should practice of the invention is that which has 
be had to the following detailed description been separated out in gel shape from a water 

35 taken in connection with the accompanying glass solution, for example that obta,ined 85 
drawing, in which: when carbon dioxide is passed through such. 

Fig. 1 is a chart exhibiting the compara- a solution. Such gel when chilled to reIa- . 
tive adsorbent capacities of bodies such as tively low temperatures, for example to a 
charcoal and silica gel at various low temper- t~m:perature of -183° C. the boiling poin~ of 

40 atures; and . hqmd oxygen1 has an· adsorbent power whIch ~D 
Fig. 2 is a view mainly in vertical cross- is more than 50% over that of an e'lual 

section showing an exemplary embodiment amount of charcoal. Moreover, the adsoroont . 
of apparatus arran~d for thepra~tice of the capacit:r grows considerably as the tempera-
invention. . ture is lowered below 0° C. ., 

45 In order to conserve gas material in ac- A body ·of silica gel when connec'ted to the GIS 
cordance with the present invention, a body container for liquefied gaSes, as here pro-
of porous material having a relatively great posed, assumes the action of a pump without 
adsorbent capacity is disposed in a vessel and having moving parts. such as valves and pis-. 
placed in communication with a container tons to draw o,ver and· store the gas evolved. 

50 for the liquefied gas. Such container is rela- . by natural evaporation Jrom the· container. 100 
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during periods of non-consumption. By re- phase through the conduit 18. This liquid 

ferring to the curve for silica gel in Fig. 1 first traverses the space in the vessel 13 chill­

of the drawing, "where the comparative ad- ing the adsorbent material therein and there-

, sorbent capacities of charcoal and silica gel by becomes heated and vaporized, the final 

'5 'are depicted, one can ascertain _ the desired heating being accomplished by means of the 70 

amount of silica gel that is to be provided heating coil 22, the vaporize'dgas material 

according to the invention in communication passing to ,the consuming appa,ratus by way c 
with a container for liquefied gas when the of the connection 23 when the valve 25 is ' 

rate of evaporation during periods of non- opened. ' ','. 

10 consumption is known; The adsorbent material ,in the vessel 13, 75 

According to the method of the present when cooled by the passage of t~e cold-liquid 

invention, the body of silica gel used for pro- being withdrawn from the) container 10 by 

viding adsorpt!on is u~il!zed at -its. highest way of conduit l~,-has its adsorbent capac­

practICal capaCIty. ThIS IS accomph~hed by ity greatly increaSed du:ring periods of con-

15 chilling the gel by means of the refrigerating sumption. The gas which vaporizes in the 80 

effect of the liquefied gas withdrawn and sup- c~mta~ne~ 10 during a period of non-~nsump­

plied to consuming apparatus during periods .tlOn, IS, III consequence, drawn over IotO the 

of gas consumption. An arrangement of ap- vessel 13, where it is adsorbed by the material 

c paratus suitable for accOIpplishing this is therein, ~he valves 24 and 25 being closed 

20 shownin Fig. 2, .where 10 denotes a vessel for during this period, the valve 26 in the con- 85, 

holding liquefied gaS' having a mantle of in- duit 16 being open except when it is desired 

sulating material 11 enclosed in an envelope to cut the vessel 13 out of operation. This 

or casing 12. A vessel 13 having a marttIe of2ad~orption permits the gas evolved during 

insulation 14 and a casing 15 is provided periods of non-consumptIOn to be stored and 

25 having communication by w'ay of the con-' conserved without unduly raising the pres- 90 

duits 16 and 17 with the gas space above sure in the container 10; It is sometimes ad­

the surface of the liquefied gas in the vessel vantageous to keep the valve 26 closed during 

10. A liquid phase withdrawal conduit is the period when liquid is being withdrawn, 

shown at 18 having its inner end 19 depend- ' so that the adsorbept will have a canacity to 

30 ing below the I liquid levelinthevessel10. adsorb a1larger volumeofgas when consump_95 

This, conduit leads through the wall of th~ tion of gas material ceases. When it is de­

container, and is arranged to communicate sired again to supply gas to consuming ap­

with a . chilling coil 20 disposed in the vessel paratus, the gas stored in the vessel 13 is 

13 and arranged to be in thermal contact withdrawn and utilized by heating the. vessel 

35 with the adsorbent material contained there- 13, as indicated above, until substantially all 100 

in. The coil 20 has an outlet connection the stored gas is evolved and passed into the, 

21 leading to It heating coil 22 which may be conduit 17 and supplied to the .consumping' 

supported on the exterior of the container apparatus. After this, the gel or material in 

for liquefied gas in the manner shown. From the ves!*l113 is cooled by the passage of liquid 

40 the far end of the heating coil 22 aconnec- through the conduit 18 until the period of 105 

tion 23 leads to a point in the gas supply con- consumption terminates, when· another {>e­

duit 17 beyond that at which the vessel 13 riod of non-consumption accompanied WIth 

communicates by way of conduit 16. Suit- adsorption and storage of gas from the con-

able flow-controlling, means are provided in tainer 10 will ensue. " 

45 these conduits, for example :valves, as shown Having described my inv~ntion, what I 110 

at 24. 25 and. 26. '. . claim as new and desire to secure by Letters 

The gas stored 'in the vessel 13 by adsorp- Patent, is:. . 

. tion under low temperatures and at slight 1. The method of conserving liquefied gas 

pressures may later be released for consump- held in a container which comprises coolmg 

50 tion by warming the adsorbent material in an adsorbent by passing the liquefied gas in 115 

. the vessel 13. Accordingly, a coil is shown thermal contact with the adsorbent during 

surrounding the vessel 13, through which a periods of consumption, of the liquefied gas, 

~uitable agent may be circulated for warm- and adsorbing the gas evaporated from .:the 

mg the gel beyond the zero point to supply liquefied gas in the adsorbent during periods 

56 gas at a pressure equal to or slightly above . of non-cop-sumption. 120 

that in the conduit 17.. 2. The method of conserving liquefied gas 

In operation during periods of consump- held in a container which comprises passmg 

tion, the gas supply conduit 17 is opened by the liquefied gas in thermal contact with a 

means of the valve 24 to permit the passage body of silica gel adsorbent during periods 

60 of gas material in the gas phasefrom the con- of consumption of the liquefied gas, and ad- 125 

tainer 10 to the consuming apparatus. When sorbing the gas evaporated from the liquefied 

the gas pressure has been sufficiently reduced gas in the said silica gel adsorbent dur~g 

by withdrawal through the conduit 17, the periods of non-consumption . 

. further supply of gas material is obtained by 3. The method of conserving liquefied gas 

"withdrawal of gas material in the liqu:id held in au insulated container which com- 180 



prises cooling a body of silica ~l adsorbent 
with. the liquefied gas during periods of con­
sumption of- the liquefied ~as, adsorbing the 
gas evaporated from the hquefied ~ in the 

6 said silIca gel adsorbent during periods. of 
non-consumption, and thereafter heating 
said adsorbent to evolve, the gas therefrom. 

In testimony whereof I have signed my 
name to this specification. 

10 ClIIISTIAN WIlJlELII PAUL HEYLANDT. 
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The present invention relates to apparatus Fig. 2 is a similar view in vertical central 
, for containing liquefied gases of a character section of a modified form of apparatus. 

which is adapted to supply the same in the Referring now to the drawing and particu­
gas-phase at different desired pressures. The larly to Fig. 1,1 denotes a vessel for holding 

is invention has for its object generally an im- liquefied gas, the outer wall of which, some- 5i" 
proved arrangement for gasifying liquefied times designated a "pressure vessel", is made 
gases in their containers in a quick and expe- ~ufficiently strong to resist relatively high 
ditious manner with relatively small losses l~ternal pressures; the vessel having a rellt­
caused by heat leakage and the like. tIvely long narrow neck 3. Within the ves-

10 More specifically, it is an object of the in- sel 1 is preferably disposed an inner re- 6:) 
venti on to provide a container for liquefied ceptacle or basket 4 which is made of a suit­
gas having draw-off connections which are so a.bleduc~ile metal, for example tin, is rela­
arranged with reference to their environment tlvely thm and is spaced from the inner sur­
and the walls of the container that a rela- face of the vessell to provide a relatively nar-

15 tively small amount of heat is transferred row chamber or gas space about the recep- 65 
from the outside to the liquid in the con- tacle in order to reduce 1!he amount of heat 
tainer. that would otherwise pass thereto. The re-

A further object of the invention is to pro- ceptacle 4 is open at the top so as to commu­
vide a container of the character indicated nicate with the gas space; care being taken 

20 which is provided with inner and outer ves- when filling the receptacle with liquid to 10 
selsconstructed of a material in which the avoid any overflow of liquid into the gas 
expansion does not vary appreciably even at space. By this arrangement'.it is seen that 
the lowest temperatures. the pressures on the two sides of the wall of 

A stilI further object of the invention is to the receptacle are always substantially in 
25 provide a container of the character indi- equilibrium and strain in the thin metal of 15 

cated, with internal means for conserving the the wall of the receptacle avoided. 
refrigerating effect of the gas which may be The vessel 1 is enclosed within and sup­
withdrawn or evaporated within the con- ported in spaced relation to the walls of a 
tainer. casing 8 that has a base] 9 and a cover 14; the 

30 Other objects of the invention will in part latter being shown as frusto-conical in form. so 
be obvious and will in part appear herein- The space between the vessel and the walls of 
after.' casing 8 is substantially' filled with a suit­

This aplication is a division of my copend- able non-combustible insulating material, for 
ing application Serial No. 224,268, filed example slag wool or infusorial earth," in 

35 October 5, 1927, now matured into Patent No. order to provide an insulating envelope for 85 
1,866,514.' the liquid holding vessel. 

The invention accordingly comprises the A filling and withdrawal tube 7 is passed 
features of construction, combination of ele- . through the wall of the vessell and extends to 
ments, and arrangement of parts, which will a point near the bottom of receptacle 4. For 

40 be exemplified in the construction hereinafter filling purposes this tube'has a branch pipe or 90 
set forth and the scope of the application of tube 2, which is preferably passed directly 
which will be indicated in the claims. through the cover 14 and is arranged to be 

For a fuller understanding of the nature connected toa source of liquid supply (not 
and objects of the invention, reference should shown in the interests of clearness). A 

. 45 be had to the following detailed description valve 13 is provided to control the passage of 95 
taken in connection with the accompanying liquid through the pipe 2, which may be 
drawing, in which: coiled about the neck 3 of the vessell in order 

Fig. 1 is a view mainly in vertical central to effect heat exchange between the gas in 
section of an apparatus constructed in ac- neck 3 and the liquid when passing in pipe 

50 cordance with the invention; 'and 2. A controlled by-pass connection 12 is 100 
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also advantageously provided between the paratus above described is as follows: Lique­
pipe 2 and the neck 3 so that any gas that may fied gas is first introduced to the vessel 1 
be evolved by evaporation of the liquid when by the conduit means 2 anli 7. The gas which 
passing through pipe. 2 may be immediate!y is evolved during the filling process is first. 

5 withdrawn and supphe~ to the body of ~as ~n raised by self~compression to a desired pres- '10 
the neck 3 without passmg through the hqUld sure and then led to the gas receiverB by 
in the receptacle 4. . way of conduit 44, in case there is no de-

A second branch pipe or tube for with- mand for compressed gas at the time of the 
drawal purposes is also arranged to comIl!u- filling operation. During this filling opera-

10 '1icate with tube 7. This second branch pIpe tion, the by-pass at 12 may be opened to con- '15 
is here shown as a double coil 5-6 that is ar- vey the gas evolved during the initial cool­
ranged to have a portign leading from the ing of the filling means. The normal with­
top of tube 7 down over the side of vessell to drawal of gas from the container here pro-
a point near the base 19 from which point it vided may be had either through the neck 

15 again is led upwardly in a series of convolu- 3 from the gas space above the liquid in ves- 80 
tions having increasing diameters as the top sell, or from vaporization of lIquid with-
of the casing 8 is approached, the convolu-. drawn through the coil 5-0; 
tions at first being disposed close to the vessel If it is desired to withdraw gas from the 
1. From the top, still within the inSUlating coil, communication between pipe 10 and the 

20 space of casing 8, the coil descends in a sec- gas space above the liquid level is shut off 85 
ond series of convolutions which have increas- so that there is produced an excess pressure 
ing diameters (with the exception of the low- in the vessel, at the end of the coil within the 
ermost turns) until a point near the bottom of vessel 1. In this manner the liquid is driven 
the casing 8 is reached. From this point the into the coil under pressure so that upon 

25 coil is then led through the casing wall and withdrawal of gas from the coil through 90 
thence upwardly in a third series of convolu- pipes 9 and 10 the liquid contents of the ves­
tions secured on the outside of the casing 8. sel are forced into the coil to take the place 
The outer end of this coil communicates at 9 of the gas removed therefrom. The evapora­
with a gas withdrawal conduit U, leading tion of the liquid is not in excess of the quan-

30 from the neck 3 and provided with a dis- tity of gas removed. If it is desired to draw 95 
charge control valve 11; the outside portion off from the space above the liquid level, this 
of neck 3 being preferably arranged to mini- gas space is opened to communication with 
mize the conduction of heat to the vessell as the pipe conduit 10. At this time, although 
far as practical and in consequence is shown the coil enters the consumption conduit at 9, 

35 as hav~ng a separable portion secured in place nevertheless no liquid will evaporate from 100 
by me'ans of a stuffing box 15 on the crown of the coil, for the reason that the pressure on 
cover 14 and provided with a vent valve 20. In the liquid in the vessel is the same as that on 
addition to the stuffing box 15, the casing 8 the liquid in the coil. This pressure equaliza-
has its other joints preferably made airtight tion takes place at 9. 

40 and accordingly is shown with packings 16, In this connection, it may be stated that 105 
17 and 18 inserted at the joints in the manner the coil may be constructed of any desired 
illustrated. length and may also be of any definite diam­

The gas withdrawal conduit is adapted to eter. These constructional dimensions de­
supply gas directly to a consuming device pend upon the character of the liquid to be 

45 at any desired pressure, the pressure had de- gasified. For instance, the evaporation heat 110 
pendmg of ,course on the adjustm~nt of the required for methane is about 2% times as 
valve 11. As the rate of gas WIthdrawal great as that for oxygen. It follows, there­
from the conduit 10 may at times exceed that fore, that it would he necessary to make the 
at which gas is evolved from the vessell, it coil for the gasification of methane longer, 

50 is desirable to have a supply of gas under from point to point, in the vessel, than for 115 
relatively high pressure in reserve. This is oxygen. 
accomplished by providing a gas receiver or It will be seen that the arrangement of the 
cylinder B having a pipe conntlction 44 lead- coil 5-6 in the insulating space about tJle 
ing to the conduit 10 from which it is filled vessell, in which the inner turns are in 

55 when the gas demand is nil or less than the close proximity to the vessel,. while the outer 120 
rate at which gas is evolved in the -<;ontainer turns progressively increase their diameter 
of/the present invention. To permit t~e re- as they approach the casing 8, is such as to 
ceiver B being conveniently filled when the utilize the heating effect of the insnlating en-
gas demand is nil \Ind the valve 11 clo$ed, a velope. It will be perceived that there is a 

60 valved by-pass is preferably provided, as more or less constant floW' of heat in the in- 125 
shown at 43, connecting pipe 44 with conduit sulating envelope from the outside of casing. 
10. The receiver B may also have an in- 8 to the outer wall of the vessell. Such heat 
dependent valved outlet, as shown at 45, at its as the inSUlating envelope contains may, 
lower end. therefore, be absorbed by the liquid with-

65 The operation of the liquid containing ap- drawn through the coil 5-6 as it progressive- 130 
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Iy enters the warmer zones in itl;! advance 
from the inner end of the coil to the outside 
atmosphere, that is, the farther the liquid 
progresses along the turns of the coil toward 

I the outside, the more the liquid will be heated 
from the outside, with consequent greater 
evolution of gas. 

While the withdrawal of cold gas mate­
rial from, the vessell involves heating in or-

. 10 der to supply the same as compressed gas"at 
a predetermined desired pressure, in the ap­
paratus shown in Fig. 1, which involves dis­
sipating the refrigerating effect in:tially ob­
tained by the process of liquefaction, it is 

15 contemplated conserving this effect in certain 
forms of practicing the present invention, the 
containing apparatus for the liquefied gas in 
such instances being modified to conserve the 
refrigerating effect by means of heat ex-

20 changers assoC'iated with the withdrawal con­
duits. An arrangement for carrying out this 
form of the invention is shown in the appa-
ratus illustrated in Fig. 2. -

In Fig. 2, the "apparatus illustrated em-
25 ploys a vessell having a restricted neck 3 

supported and surrounded by a casing 8, 
havmg the intervening space substantially 
filled with insulating material, which con­
struction may be substantially the same as 

30 that disclosed in Fig. 1, with the exception 
that a by-pass 21 is 'shown for providing 
communication between the neck 3 and the 
gas space about the receptacle 4, the by-pass 
being controlled by a valve 22 actuated from 

35 without by the stem 23 and hand wheel 24; 
the filling and withdrawal means compris­
ing conduits 2, 7, and coils 5-6 being also 
the same, but are partially omitted from ilhlS­
tration for the sake of clearness. 

(0 Supplementary gas withdrawal means are 
here provided in the form of a conduit 29 
communicating at its inner end with the 
neck 3, as indicated at 28, this conduit hav­
ing successive portions disposed in the in-

45 sulating material so that the temperature 
rise therealong coincides approximately with 
the temperature increase in the insulating 
material in substantially the same manner as 
described above in connection with coil 5-6, 

50 the outer end of this conduit discharging 
into the conduit 10, and being provided with 
a flow control means here shown as a valve 
at 30. The heat exchanging means asso~iated 
with this supplementary gas withdrawal con-

55 duit comprIses a conduit 34, here shown as 
having a sufficiently small diameter, to be 
disposed within the conduit 29 and to traverse 
the same along the axis thereof until a point 
is reached near the outer end of the conduit 

CJ 29, from which the conduit 34 is led out inde­
pendently and provided with a valve 39 for 
controlling the ingress of compressed air or 
other gas thereto; the conduit 34 preferably 

,. having by-pass communication with the con­
e" duit 40, which is here shown as controlled by 

a valve 36 actuated by a stem 37 and hand 
wheel 38. 

In carrying out the further conservation 
of the refrigerating effect here desired, the 
inner end of the conduit 34 dependin~ into ,10 
the vessell is shown leading to a distrIbutor 
41 of a rectifying column 25. This latter is 
shown as housed within the vessell and pro­
vided with the usual counter-current contact­
ing means. 26 and an evaporator or kettle 27 11 
in the/lower end, vaporization being effected 
in the kettle by a coiled portion of the con­
duit 84, which is preferably made to pass 
therethrough, the discharge. of fluid from 
the coil 34 through the distributor 41 being 80 
preferably controlled by valve 33, shown as 
actuated by stem 32 and hand wheel 31. The 
non-condensable constituents of the products 
of' rectification within the column 25 are 
withdrawn through a conduit 40, which is 81 
passed through the top of the vessel 1 and 
also arranged in heat exchanging relation 
with the supplemental withdrawal conduit 29. 
The conduit 40 is of relatively large diameter 
and is preferably arranged to envelope the DO 
conduit 29, following the same to a point 
on the outside of the casing 8 where exit of 
the withdrawn products is controlled by a 
valve 42. The rectified product which col­
lects in the bottom of the column 25 may be 01 
passed directly into the vessel 1 through a 
suitable outlet from the column here shown 
at 46. 

The operation of this modified form of 
apparatus is the same as that shown in Fig; 1, 100 
except as the use of the triple conduit system 
29, 34, 40 and the rectifying column 25 are 
involved. When compressed gas is with. 
drawn through the conduit 29, the refrigerat-
ing effect of this gas is conserved by admit- 101 
ting compressed gas to the conduit 34, which 
is accomplished by opening the valve 39. 
The compressed gas being withdrawn in 
order to supply a consuming device, is passed 
in heat exchanging relation with the warm 110 
gas entering through the conduit 34, so that 
the refrigerating effect of the cold gases 
initially passing out through the conduit 29 
has been substantially transferred to the gas 
entering the rectifying column 25. Here, a 111 
further refrigerating effect is practiced in 
the rectifying column, so that a liquefied 
product such as liquid oxygen is supplied to 
the vessel 1. The conduit 40 serves as the 
I!leansfor drawing oU nitrogen and other 120 
uncondensable gases from the column 25, 
and follows the conduit 29, so as to transfer 
its refrigerating effect to the gas material 
entering the rectifying column 25. By open-
ing the by-pass valve at 36 and closing the 121 
valve 33, the rectifying column may be short­
circuited by way of the by-pass, whereupon 
the gas material supplied by the conduit 34 
will pass directly into the conduit 40, thereby 
increasing the rate of evaporation. 130 
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Having described my invention, what I 
claim as new and desire to secure by Letters 
Patent, is: 

1. Apparatus for the production of pres-
s· sure gases of different adjustable pressures 

out of their liquid state of aggregation by 
intermittent evaporation comprising a pres­
sure vessel provided with a thin walled inner 
receptacle for receiving the liquefied gas, said 

10 pressure vessel being surrounded' by a pipe 
entering the liquid, characterized by'the in­
elusion of a rectification column disposed 
within the pressure vessel, and double-walled 
coils about said pressure vessel, in the outer 

15 cbil of which the vaporized gas flows, for pre­
cooling another medium in the inner coil 
thereby to assist in liquefying said medium. 

2. Apparatus for supplying gas material 
in the gas phase converted from liquefied 

20 gas, comprising an insulated container for 
the liquefied gas, a receiver for gas in the gas 
phase, a gas phase withdrawal conduit lead­
ing from said container to a consuming de­
vice, flow controlling means in said conduit, 

25 a liquid pha~e withdrawal conduit leading 
from said container and communicating with 
said first named conduit in advance of said 
flow controlling means, and a connection 
leading from said receiver to said conduit for 

30 supplying gas conserved from said container. 
3. Apparatus for supplying gas material 

in the gas phase converted from liquefied gas, 
comprising an insulated container for the 
liquefied gas, a receiver for gas in the gas 

35 phase, a liquid phase withdrawal conduit 
leading from said container to a consuming 
device. heating means in said conduit, flow 
controlling means in said conduit adjacent 
said heating means, a gas phase withdrawal 

40 conduit connected to said first named conduit 
in advance of said flow controlling means, 
and a connection leading from said receiver 
to said conduit for supplying gas conserved 
from said container. 

45 4. Apparatus for supplying gas material 
in the gas phase converted from liquefied gas, 
compnsing an insulated container for the 
liquefied gas, a receiver for gas in the gas 
phase, a liquid. phase withdrawal conduit 

50 leading from said container to a consuming 
device. heating means in said conduit, flow 
controlling means in said conduit following 
said heating means, a gas phase withdrawal 
conduit including additional flow controlling 

55 means communicating with said first named 
conduit between said heating means and said 
first named flow controlling means, and a 
connection leading from said receiver to said 
conduit for supplying gas conserved from 

60 said container. ~ 

5. Apparatus for supplying gas materi91 
in the gas phase converted from liquefied 
r,as, comprising an insulated container for 
the liquefied gas, a receiver for gas in the fEas 

6b phase, a liquid phase withdrawal conduit 

leading from said container to a consuming 
device, heating means in said conduit, flow 
controlling means in said conduit following 
said heating means, a gas phase withdrawal 
conduit communicating with said first named '10 

conduit at a point in advance of said flow 
controlling means, and a connection leading 
from said receiver to said conduit communi­
cating at a point in advance of said flow con-
trolling means. 'IIi 

6. Apparatus for supplying gas material 
in the gas phase converted from liquefied 
gas) ('omprising an insulated container for 
the liquefied gas, a receiver for gas in the gas 
phase, a liquid phase withdrawal conduit 80 

leading from said container to a consuming 
device, heating means in said conduit, flow 
controlling means in said conduit following 
said heating means, a gas phase withdrawal. 
conduit including additional flow controlling 85 

,neans communicating with said first named 
conduit between said heating means and said 
first named flow controlling means, and a 
connection leading from said receiver to said 
conduit also provided with flow controlling 90 

means and communicating with said first 
named conduit at a point in advance of said 
first named flow controlling means. 

In testimony whereof I affix m]' signature. 
CHRISTIAN WILHELM PAUL REnANDT. 95 
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This invention relates to containers for ties, for example that drawn for slag wool, 
liquefied gases and particularly to containers exhibits a characteristic whereby it starts 
in which liquefied gas maybe stored. witlr a relatively high insulating value, then 

The invention has for its object generally quickly drop~ and thereafter remains quite 
5 the provision of a container of the character . constant. KIeselguhr on the other hand, 16 

indicated, which is efficient, economical, and which has /l. relatiyely high porosity, does not 
readily manufactured.· Hhow this characterj1;tic and maintains a rel­

More specifically, it is an object to provide atively constant value of the insulation for 
a cOntainer of the character iildicatedwhich all thicknesses. . 

10 has an improved construction and disposition In the practice of the present invention, in- eo 
of the insulating material disposed around, sulating envelopes are provided in contain- . 
the liquid containing vessel. ers for liquefied gases and the like, in which 

Other objects of the invention willin part the envelope is constructed of porous insu" 
be obvious and will in part appear herein- lating material that has the desired uniform 

15 after. insulating characteristic. The container in 16 
This application i<; a division of my co- gen(\ral comprises an inner vessel for hold­

pendIng application Serial No. 234,914, filed ing the liquefied gas and an outer casing en­
November 21,1927. closing a space about and supporting the in­

The invention accordingly comprises the ner vessel. The inn~r v('Hscl is preferably 
20 features of construction, conibination of ele- Hpherical in shape, though other shapes may 70 

ments, and arrnngement of parts, which will he employed which provide a relatively high 
be exemplified in the construction hereinafter value of the ratio or cubic content to surface 
set forth and the scope or the applica:tion of employed. The casing will in general be 
which will be indicated in the claims. similar in shape to the inner vessel; as a con- 76 

25 For a fuller understanding of the nature sequence, the enclosed space is bounded by a 
and objects or the invention reference should large amount of surface which is inclined 
be had to the following detailed description (i. e. has its tangent planes making oblique 
taken in connection with the accompanying or acute angles with the vertical). The up­
drawing, in which: . per inclined surface of the inner vessel and 

30 Fig. 1 is a view mainly in vertical cross the lower inclined surface of the casing are 80 
section showing a container constructed in utilized as supports for the. insulatingma­
accordance with the invention; and' terial which is loosely laid-in in the space 

Fig. 2 is a view similar to Fig. 1, but illus- about the inner vessel so as to avoid packing 
trating a modified arrangement of inSUlating and to trap air in the intersti('.es. In this 

3G material. . manner, the original porosity of the insulat- &Ii 
Tests have been made and the data plotted ing material is preserved and the resultant 

in order to ascertain the nature of the tem., imml:tting effect is that had from the low 
perature gradient of V'l.riOllS i~slllating ma- thE'rmal conductivities of both the insulating 

40 terials, to~ether with the rate of evaporation material apd or the air ~etaine? in the' pores 80 
for liquetted gases when insulated with va-and openmgsof the msulatmg envelope. 
rious insulating materials. The plotted The inSUlating material employed may have 
curves when drawn for such insulating ma- any suitable form, for example, it may be 
t. erials as kieselguhr, infusorial earths, slag granular or in small pieces and laid-in in 

46 wool, mineral wool, Rnd the like, if arran~ed layers about the inner vessel. Also, it may 
in the order of their respective insulatmg or may not have the layers separated and sup- II 
values, are found to be in the order of their ported by non-conducting insulating mate­
relative porosities, the material having. the rial of different structural properties, such 
highest porosity corresponding to the ma- as cellophane. The effect of thus building 

60 terial having the highest insulating value. up the insulating material so as to provide I. 
The curves which exhibit the lower porosi- small cloSed spaces in which air is caught, is 
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to cotidense or contract the air by the re­
frigerating effect of the liquid in the inner 
vessel whereby stagnant bodies of chilled air 
in the interstices surround the inner vessel. 

0: When placing the insulating material in t~e 
space about the liquid containing vessel" It 
is preferred that this material be not hud­
in so tightly that the average specific gravity 
of the Sl)IlCe when fille({ is in excess of that 

10 of the r~w unused insulating material. ,The 
insulating material in the lower part of the 
container can sustain its own weight of ma­
terial and the weight '~:f the material in the 
upper part without becoming displaced. 

lIS Referring now to the drawing and particu­
larly to FIg. 1, (J; _ denotes an inner _ vessel 
adapted for holding the liquefiefl gas .• This 

,vessel is di'lposed within an outer shell or 
casinO' b, so that there is an intervening space 

20' 0 whkh is filled with insulating material a. 
This inSUlating material is of the porous in­
organic character ~bove indicated, and ~s 
disposed about the InIler vessel a so that It 
will thus support itself, and forms a plu-

~ .. rality of interstices whereby the refrigerat­
ing effect ot the liq~lid in .ve:;sel a upon t~e 
air caught In these mterstIces causes the au' 
to contract, thereby providing an atmosphere 
of :;trongly condensed stagnant air perineat-

30 ing the sp'ace in and about the inorganic in­
sulating material a. Casing b supports ves­
sel a through chains e. 

In the form of the container shown in Fig. 
2, the inSUlating material is indicated at a'. 

as Here the insulating material instead of be­
ing of-the homogelieous porous character as 
indicated in Fig. 1, comprises built up layers 
of different materials, the bodies of OIle ma­
terial being indicated at 0' and- act as carriers 

40. for supporting the particles of material c, 
which are designed to· have higher insulat­
ing characteristics. Interposed separating 
layers of non-conducting insulating material 
are shown at f. 

45 Since certain changes may be made in the 
above construction and different embodi­
ments of the invention could be made with­
out departing from the scope thereof, it is 
intended that all matter contained in the 

50 

115 

60 

65 

abov~ description or shown in the accom­
panying drawing shall be interpreted as il­
lustrative and not in a limiting sense, 

Having described my invention, what I 
claim as new and desire to secure by Letters 70 
Patent, is: 

1. In a container for liquefied gases, the 
combination comprising an inner vessel Yor 
holding the liquefied gas, an outer casing' en­
closinga space abou.t and supporting said ves- 75 
sel, the enclosing walls of said space being 
curved and having portions inclined at ap­
gles such as to serve as supports for inserted 
material, and porous heat insulating mate­
rial having a relatively constant insulating 80 
characteristic inserted and disposed in said 
space about said vessel; said material being 
mainly supported by the upper wall of said 
ve.ssel and the lower space enclosing walls 
of said. casing and laid-in to form a plural- 85 
ity of interstices in said space which trap 
air providing an atmosphere of relatively 
dense still air whereby the lower portions 
of said material sustain their own weight arid 
that of the portions thereabove without be- 1)0 
coming displaced. . 

2. In a container for liquefied gases, the 
combination comprising an inner veSsel for 
holding the liquefied gas, an outer casing en­
clm;ing a space about and supporting said 1)5 
inner vessel, the -enclosing walls of said space 
being curved and having portions inclined 
at angles such as to serve as supports for 
inserted material, and heat inSUlating mate-
rial inserted and disposed in said space about· 100 
said vessel and consisting of alternate lay-
ers of relatively porous inorganic material 
in granular form alternating with layers of 
non-inflammable non-conducting material; 
said layers being mainly supported by the 
upper wall of said vessel and the lower space 
enclosing walls of said casing and laid-in 
to -enclose a plurality of interstices whereby 
the refrigerating effect of the gas within 
said inner vessel creates an atmosphere of 
relatively dellse ail' which pervades the space 
about said inner vessel. 

CHRISTIAN WILHELM PAUL HEYLANDT. 
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This invention relates to means or devices for 
preventing the overfilling of warm evaporators 
when filling the same with liquefied gases of low 
boiling point, for example, when filling evapora­
tors or converters with liquid oxygen or the like 

5 and has for its object generally the provision of 
a simple and highly efficient device of the char­
acter indicated. 

Heretofore fioats have been used for indicating 
the liquid level of warm evaporators. Such fioats 

10 have however the disadvantage that in conse­
quence of the whirling movements of the liquid 
oxygen during filling they are moved to and fro, 
and consequently they become upset and jammed 

15 so that the indications can no longer be relied 
upon. The liquid container can then be easily 
overfilled and the liquid oxygen will fiow through 
the holes arranged close to and around the upper 
edge of the liquid container into the space be-

20 tween the outer vessel and liquid container and 
accumulate on the bottom of this outer vessel. 
The continuous and uneven cooling of the outer 
vessel caused hereby will effect the setting up of 
strains due to the cold temperatures which have 

25 detrimental effect on the crystal structure of the 
metal. ' 

Specifically it is an object of the present in­
vention to avoid this disadvantage by allowihg 
the filling tube to extend by .a considerable 
amount underneath the circle of holes on the 

30 top part 'of the liquid container instead of stop­
ping tpe filling tube in the filling opening of the 
evaporator cover. 

Other objects of the invention will in part be 
obvious and will in part appear hereinafter. 

35 The invention accordingly comprises the fea­
tures of construction, combination of elements, 
and arrangement of parts, which will be exempli­
fied in the construction 'hereinafter set forth 

40 and the scope of the application of which will 
be indicated in the claims. 

For a fuller understanding of the nature and 
objects of the invention, reference should be had 
to t..'I1e following detailed description taken in 

45 connection with the accompanying drawing, in 
Wllkh: 

Fig. '1 is a fragmentary sectional view showing 
the upper portion of a warm evaporator or con­
verter having a filling device of the present in-

50 vention; and 
Fig. 2 is a similar view showing a warm evap­

orator or converter provided with a modified 
form of filling device of the present invention. 

Referring now to the drawing and particularly 
55 to Fig. 1, 1 denotes a filling opening located in 

the cover of an eva,porator of the character com­
monly . employed in vaporizing liquid oxygen. 
Such evaporator is seen to comprise a relatively 
thick-walled outer vessel commonly referred to 
as a "pressure vessel" and contains a relatively 60 
thin-walled inner vessel or "basket" supported 
in the outer vessel in a manner which provides 
a relatively narrow clearance space between the 
inner and outer vessels. The space within the 
inner vessel preferably communicates with the 65 
clearance space between the ipner am!,. outer ves­
sels by means of a ring of holes dispOsed in the 
wall of the inner vessel below its upper edge. 
The device for preventing overfilling, and con­
sequently the overfiow of liquid into the clear- 70 
ance space, is shown inserted within the filling 
opening 1 and comprises a snugly fitted thin­
walled cylindrical tube 2 in which a filling con-
. duit or pipe 3 is concentrically disposed but out 
of contact with tube 2. The lower end of pipe 75 
3 is made to depend into the .pressure vessel a 
substantial distance below the liquid level in­
tended to be maintained within the pressure ves­
sel. The iILtended liquid level is' indicated in 
the drawing by a line at 4 and the lower open 80 
end of the tube 2 is arranged to terminate a short 
distance above the liquid level 4. On the ex­
terior of the pressure vessel above the cover, the 
filling conduit is connected in the usual manner 
with a. supply of liquid oxygen, while the annular 85 
space about the filling conduit within the tube 2 
is vented to the atmosphere. 

If during the filling of the evaporator the 
intended level has been reached, upon the filling 
being continued liquid will rise· and escape 90 
through the space between the filling .tube and 
th~ smooth cylinder which tells the attendant 
that the normal liquid level has already been 
exceeded. The inflow cf the liquid is then turned 
off whereby any appreciable lOss is avoided. 05 

The modified form of device shown in Fig. 2 
consists of a thin walled cylinder 2 inserted into 
the filling opening 1 of the evaporator. The cylin- . 
der 2 has a pierced part 5 with a. sufticient amount 
of .openings for allowing an escape of the gases 100 
which are developed during filling. The filling 
tube 3 projects into this pierced part of the in­
serted cylinder to such an extent that the out­
flow of the gases takes place without any liquid 
from the entei-iilg jet being forced out by and 105 
along with said gas. If then however the liquid 
begins to rise this free seCtional area of the 
pierced part decreases as the level rises until the 
escaping stream of gas takes liquid from the 
level and forces it out into the atmosphere. The uq 
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normal filling level rises so that it will be in close 
proximity to this point. ' 

In: case perhaps by carelessness of the at­
tendant 'the inflow of the liquid is not stopped 

5 after the normal level has been reached, in­
creased quantities of liquid are forced along by 
the outfiowing gas as the liquid level is rising, 
and in the moment the liquid level reaches the 
blank part of the cylinder, the whole of the fur-

10 ther added liquid is at once thrown out into the 
atmosphere, and it is no longer possible to retain 
additional quantities of liquid in the container 
of the evaporator. When now the further in­
fiow of liquid is stopped, the injection of the 

15 liquid does not cease at once, but the part which 
is now still filled in excess is forced out until the 
gas.above the liquid level has found again suffi­
cient sectional area in the pierced par,t 5 of the 
cylinder so that an excess filling beyond the nor-

20 mal liquid level in the liquid container of the 
evaporator is possible only up to this point. The 
possible overcharge is therefore restricted to quite 
a definite and reliable measure. 

The bottoJ;ll of the piercfld part is also con-
25 stricted and serves the purpose to prevent small 

parts of the installation, such as, nuts, small 
spanners and the like, from falling into the liquid 
container and to prevent it from being damaged 
thereby. ' 

30 I ,claim as my invention: 
1. A device for preventing the overfilling of 

warm converters when filling the same with lique­
fied gases, comprising the combination with an 
outer wall of such converter having a filling open-

35 ing, of a thin-walled tube vented to the atmos­
phere snugly fitted into said opening and depend­
ing into said converter to a point short vi the 
desired liquid level, and a filling condui~ disposed 
within said snugly fitted tube and out of contact 

40 therewith and extending into said cG:.wGrter to a 

'" ~:<:O 
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point below the desired liquid level and adapted 
to communicate exteriorly of said converter with 
means for supplying liquid. 

2. A device for preventing the overfilling of 
warm converters for liquefied gases having a 80 
pressure vessel, comprising the coihbination with 
a wall of said pressure vessel having a filling 
opening, of a thin-walled cylindrical tube vented 
to the atmosphere snugly fitted into said opening 
and depending into said pressure vessel, said tube 85 
being arranged to communicate with the space 
in the warm converter above the intended liquid 
level, and a filling conduit disposed concentrically 
within but out of contact with said snugly fitted 
tube and extending into said pressure vessel to 90 
a point below the intended liquid level and adapt-
ed to be connected with means on the exterior of 
said pressure vessel for supplying liquid. 

3. A device for preventing overflow into the 
space between the basket and pressure vessel of !;I5 
warm converters when filling the same with 
liqUefied gases, comprising the combination with 
a wall of the pressure vessel havin;;:; a filling 
opening, of a thin-walled tube snugly fitted within 
said filling opening depending into said pressure 100 
vessel and formed with a pierced portion at its 
lower end communicating with the interior of said 
pressure vessel at a point above the intended 
liquid level, said snugly fitted tube being provided 
with connections on the exterior of said pressure 105 
vessel for venting the same to the atmosphere, 
and a filling conduit disposed within but out of 
.contact with said snugly fitted tube and spaced 
away from the'walls thereof and depending into 
said pressure vessel to a point below the intended 110 
liquid level, said pierced portion being constricted 
about said filling conduit for preventing the entry 
by way thereof of extraneous objects into said 
pressure vessel. 
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