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1 
This invention relates to improvements in sys 

tems for filling cylinders or like containers with 
predetermined quantities of a gas under pressure, 
and it includes apparatus and methods for ac 
complishing this in a simple and economical man 
ner that does not require the use of gauges, scales 
or other measuring devices in connection with the 
filling operation. More specifically, the invention 
is concerned With'ïiilling cylinders 0r other con 
tainers with carbon dioxide gas, and this iS a0 
complished in accordance with the invention by 
introducing a fixed and automatically controlled 
amount of liquefied carbon dioxide into the con 
tainer, whereupon absorption of heat from the 
atmosphere serves to vaporize the liquid to pro 
vide the desired amount of carbon dioxide gas in 
the container under the required Working pres 
sure. 

It is common knowledge that the pressure ex 
erted by a given quantity of gas conñned in a con- « 
tainer varies directly with the temperature of the 
gas. Accordingly, it has been yfound necessary in 
connection with containers for gases to take steps 
to limit the quantity of gas in a given container 
in order that unsafe pressures will not be de 
veloped under the temperature conditions that 
may be encountered in the handling and use of 
the gas so confined. To this end, the Bureau of 
Explosives of the Interstate Commerce Commis 
sion has provided speciñcations for various gas 
containers, including the usual gas cylinders, and 
has speciñed »the iilling densities for these in 
terms of the weight of the maximum quantities 
of various gases that may be safely stored in them 
without danger of cylinder or container failure 
with increase in temperature. For example, a 
common type of standard “ñity pound” cylinder 
for carbon dioxide gas may saiely containy up to a 
maximum of 51 pounds of the gas, but no more. 
Because carbon dioxide has the characteristic of 
existing in liquid state in equilibrium v"with its 
gaseous state under relatively low pressures, it is 
possible by simple calculation to determine the 
safe iilling density for a standard carbon dioxide 
cylinder in terms of a depth of liquefied gas in 
the cylinder at a given temperature of the liquid. 
Two general methods havev been used here 

tofore for introducing carbon dioxide into con 
tainers for its storage and subsequent use. One 
of these, usually designated as the high pres 
sure system, comprises pumping the gas at 
normal temperatures and under the required high 
pressure into the cylinder or container until 
there is compressedy therein the required or 
permissible weight of the carbon dioxide gas 
in ,compressed form. The ether method, usually 
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called the low pressure system, comprises re 
frigerating both the bulk supply of gas and the 
container into which it is to be transferred to a 
temperature at which the gas may be handled in 
liquid state at relatively low pressure. There 
upon, the required amount of liquid is transferred 
by pumping or gravity into the container to be 
filled. The iirst method, or high pressure system, 
requires the use of a gas pump or compressor cap 
able of attaining the required degree of compres 
sion, and involves other equipment for withstand 
ing high pressure, including special pipes and 
fittings. The low pressure system requires refrig 
eration to maintain the temperature ofthe con 
tainers sufficiently low to maintain lthe low pres 
sure under which the liquelied gas may be safely 
handled and stored. With both methods, it is 
necessary to measure the quantity of gas trans 
ferred, usually by weighing the individual receiv 
ingïcontainers (or the bulk source of supply), 
both' before and after the iilling operation, to in 
sure that the proper amount of gas has been 
transferred in whatever state it is supplied.A It 
will be readily appreciated that measuring theV 

f) gas or weighing the containers requires special 
equipment and is a time-consuming operation, 
and therefore costly, particularly when a number 
of ~relatively small cylinders or containers are 
being ñlled. ~ 

` Neither of the systems just discussed lends it 
self well to the filling of containers which are 
permanently installed, for example, in establish 
ments removed from facilities for producing. the 
gas. Low pressure permanently installed bulk 
containers have beenv developed and are used 
which may be iilled by the 10W pressure method 
from a refrigerated mobile supply tank. But such 
containers must be equipped with refrigeration 
means as above mentioned, and it has been found 
necessary in nearly all cases to provide for heat 
ing the containers after the iilling operation has 

f been completed, in order to bring the pressure of 
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carbon dioxide >gas above the liquid up to the de 
sired pressure for its use in gaseous form. The 
use of the high pressure method for filling 
permanently installed containers would involve 
the transportation of both a bulk supply of gas 
and a high pressure gas pump or compressor to 
the location of the containers, and this method 
has, so far as Wer are aware, never been found to 
be practical. , ` » 

To overcome the disadvantages inherent in 
these prior methods, we have devised the present 
apparatus and method which is more flexible, 
economical and simple than other systems for the 
provision of a permanently installed storage sup 
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ply for the use of carbon dioxide in gaseous form. 
It is a principal object of our invention to provide 
means for quickly filling containers with liquefied 
carbon dioxide under low pressures, for example, 
about 275 to 325 pounds per square inch, to a 
predetermined and automatically controlled 
liquid level that will correspond to the proper 
quantity of gaseous carbon dioxide`in the con- ' 
tainer. 
provide a simple and inexpensive method for fill 
ing unrefrigerated high pressure cylinders or 
containers with carbon dioxide gas in controlled 
amounts. A further object is to provide an ap 
paratus and method for efficiently and economi 
cally filling permanently installed containers for 

Another object of our invention is to' 

15 
carbon dioxide gas from a mobile bulk supply of , , 
liquefied carbon dioxide. Still another object is 
to provide a means for rapidly and sequentially 
filling a plurality of containers for carbon dioxide 
under pressure with predetermined` amounts of 
the gas, using a single conduit for directing a 
flowing stream of liquefied carbon dioxide into 
the containers. Y 

Other objects and advantages of the invention 
will be apparent from the following description 
of a preferred embodiment thereof, taken with 
the accompanying drawing, in which: 

Fig. 1 is a schematic view of apparatus illus 
trating the adaptation of the invention to the 
simultaneous filling of a plurality of permanently 
installed standard gas cylinders; 

Fig. 2 is an enlargement of a portion of Fig. 1 
showing in greater detail the arrangement of a 
manifold for carrying out the invention; 

Fig, 2A is a view similar to the showing of Fig. 
2 modified to illustrate an equal or larger number 
of cylinders and a manner in which such a group 
of cylinders may be ñlled. 

Fig. 3 is a sectional view of one of the cylinders 
illustrating in detail the construction of the parts 
for conducting liquefied carbon dioxide into the 
cylinder and for limiting the amount thereof to 
a predetermined depth of liquid in the cylinder; 
and 

Fig. 4 is a sectional view taken on the line 4-4 
of Fig. 3. 
As thus illustrated, the apparatus comprises a 

refrigerated tank II having insulated walls, 
shown partially in section at I2 and I3, suitable 
for confining a bulk supply of liquefied carbon 
dioxide at a moderately low pressure. . It will be 
obvious that the liquefied gas in container I I will 
be at its boiling point and under a pressure cor 
responding to its vapor pressure at the tempera 
ture of the body of liquid. In other words, the 
liquid gaseous states are in equilibrium within 
the container. If desired, the tank II may be 
mounted on a truck indicated generally at I4, and 
may be provided with a low pressure centrifugal 
or gear pump I5 mounted on a suitable platform 
|16 at the rear of the truck. A pipe I1 extends 
from the interior IB of the tank I I below the level 
of liquid therein to the intake side of the pump 
I5. At the top of the tank II, there is provided 
an inspection port I9 closed by cover 20, through 
which a pipe 2| extends into the interior I8 of 
the tank II above the liquid level. The tank II 
may be filled with liquefied carbon dioxide either 
through pipe I1 or pipe 2|, and may be equipped 
with a safety valve (not shown) for the relief of 
gas pressure above a safe limit, for example, 325 
pounds per square inch. 
A fiexible conduit 22 such, for example, as a 

wire reinforced rubber hose, may be used to con 
nect a nipple 23 provided at the discharge Side Qf_ 

4 
pump I 5 to a manifold assembly indicated gener 
ally at 24. A union 25 or other detachable fitting 
may effect the connection of conduit 22 _to mani 
fold 24. The manifold 24 may be constructed of 
any suitable arrangement of pipe or tubing with 
appropriate elbows and other fittings, including 
a plurality of T’s 26, and valves 21 and 28 pro 
Vvided at its opposite ends, together with an outlet 
valve 23 and a pressure relief valve (not shown) 
located at suitable points in the manifold 24 be 
tween the valves 21 and 2B. A fiexible conduit 
30, for example, a hose or the like, and similar to 
the conduit 22, may be used to connect elbow 3| 
on pipe 2| to a union or detachable fitting 32 on 
the manifold. 
Each of the Tfs 26 is connected to a standard 

cylinder for containing carbon dioxide gas under 
,~ pressure> by means shown in the drawing as bush 
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ings 33, nipples 34, unions 35 and pipes 36. The 
pipes 36 extend downwardly into the cylinders to 
a point which corresponds to the desired prede 
termined level of liquefied carbon dioxide to be 
introduced therein. As shown in Fig. l, the cyl 
inders 31 are mounted on a suitable platform or 
frame 38. As shown in detail at Fig. 3, the pipes 
36 are threaded into the cylinders at 38 to form a 
gas-tight lconnection, in which case the pipes 36 
are selected to correspond to the size of the neck 
opening of a standard cylinder. 
In each of the pipes 36, there is provided a tube 

40 which extends from the open extremity of pipe 
36 within the cylinder to the upper interior of the 
manifold 24, for example, as shown within the 
T 26 of Fig. 3. The upper end of the tube 46 is 
preferably terminated at an angle of about 45° 
facing in the direction of the flow of liquid in the 
manifold. The tubes 40 may be secured in the 
interior of the pipes 36 in any suitable manner, 
for example, by welding or brazing as indicated 
at 4I and 42 of Fig, 3. 
When the apparatus of our invention is used 

for filling gas cylinders or containers located 
remotely from a source of supply of carbon di 
oxide, the bulk supply tank II mounted on a 
mobile device or truck (as indicated in Fig. l) is 
used to transport a supply of liquefied carbon 
dioxide to the location of the containers to be 
filled. The manifold assembly may be, and pref 
erably is, permanently mounted on the contain 
ers. When the tank II has been brought into 
the proper position, the hoses or flexible con 
duits 22 and 30 may be readily attached to the 
manifold 24 by means of fittings 25 and 32, and 
the valves 21 and 26 are opened so that any 
residual pressure of carbon dioxide gas in cylin 
ders 31 is equalized with the pressure of the 
gaseous phase above the liquid in tank II. A 
power source (not shown) may then be started 
to operate pump I5 to draw liquefied carbon 
dioxide through the pipe I1 from the interior I8 
of the delivery tank II. From the pump I5, the 
liquefied carbon dioxide will flow through the 
hose 22, valve 21, and into the manifold 24, from 
which the liquid moving in the direction indi 
cated by arrows 43 will fiow through T’s 26 in 
succession, and by gravity into nipples 34, pipes 
36 and into the corresponding cylinder 31, as 
indicated by arrow 44 in Fig. 3. Gas displaced 
in the cylinder by the liquid carbon dioxide will 
escape by means of tube 40 into the upper part 
of the manifold 24, and thence through the mani 
fold in the direction indicated by arrows 45 from 
which it is returned to the gas space in tank I I 
by way of the conduit 30. It will be apparent 
that the _gas pressure in the manifold 24 and 
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cylinders 31 will therefore be equal to that above 
the liquid in tank Il at all times during> the 
filling of the containers, and that no ̀ greater 
pressure need be supplied by pump I5 than is 
necessary to move the liquefied carbon dioxide 
from the delivery tank i i to the manifold. . 
When the level of liqueñed carbon dioxide in 

they first cylinder 3l reaches the extremities of 
pipe 36 and tube 4B, it will not be possible to dis-v 
place an additional quantity of gas from that 
cylinder, and no more liquid will enter it. Thus 
the amount of liquefied carbon dioxide in the 
cylinder Will be limited to a Ipredetermined level 
which, as stated above, may be calculated to 
correspond to the permissible filling density for 
the cylinder in question.v For purposes of illus 
tration, the cylinder 31 in Fig. 3 is shown to be 
filled with liquid to the level of the ends of pipe 
36 and tube 40; 
When this condition is reached in the first 

cylinder, liquefied carbon dioxide will iiow from 
the manifold into the next cylinder which is 
provided with a pipe 36, and the process will be 
repeated until each of the cylinders thusly pro 
vided with a liquid ñlling pipe 35 in succession 
has received its predetermined quantity of 
liquefied carbon dioxide, and all of them have 
thus been sequentially filled to their respective 
predetermined levels. At this point, the pump 
may be stopped, ~valves >21 and 28 closed, and 
conduits 22 «and 30 detached from the manifold. 
If the pump is not stopped promptly upon the 
filling olf the last of cylinders 3l', no harm will 
result, since any additional liquefied carbon di 
oxide-will merely be circulated through the mani 
fold and back to tank l I. 

After the filling operation has been completed, 
the containers iand their contents will absorb 
heat from the atmosphere, and the liquid carbon 
dioxide will be thereby converted to the gaseous 
state, and hence available for use through valve 
29 at the desired working pressure, which is 
usually initially around 1000 pounds per square 
inch. 
In the construction and operation rof the sys 

tem of this invention, certain details should be 
observed to insure its correct functioning. For 
example, each of the gas return tubes 40 should 
be secured in the filler pipes 3E so as to be located 
.at the downstream side of the connection be 
tween the manifold and the filler pipe leading 
into the cylinder as shown in Figs. 3 and 4. The 
reason Ifor the necessity of this par'ticular yar» 
rangement is not clear, but it has been found by 
trial that the flow of liquefied gas downwardly 
from the manifold into the cylinders is severely 
retarded if the gas return tube ¿lil is located at 
the upstream side of the connection between the 
manifold and branch pipe, and this effect has 
been noted to a lesser extent when the tube is 
located at one side of the opening. Also, in 
operating~ the filling method of this invention, 
the filling should be carried out continuously ‘and 
at a fairly rapid rate once started, in order to 
minimize heat losses and to arrive at accurate 
filling densities by proper control of liquid levels 
in the cylinders, since it will be apparent that 
changes in the desired liquid levels could occur 
with material changes in the pressure on the 
system due to absorption of heat from the 
atmosphere during the operation. During'the 
filling operation, the rate at which liquefied gas 
is introduced into manifold 24 preferably should 
be approximately equal tothe rate at which the 
liquid fiows downwardly froin‘the manifold into 
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the cylinders through nipples’34 and pipes36. 
The manifold 24 will thus be incompletely filled 
with the liquefied carbon dioxide during the iill 
ing process, and a gas phase will exist in the 
manifold a't all times, and will thus facilitate the 
maintenance of equal pressures in all lparts of 
the system and the displacement of gas from 
the'cylinders through the tubesM) into the mani 
fold and thence to the gas space above the liquid 
in tank Il. It is not essential tofrestrict the 
fiow of liquefied gas in the manifold to any par 
ticular rate, and the system will function as de 
scribed even if liquid is pumped y,to the manifold 
`so rapidly that part of it is recirculate'd back to 
tank Il through conduit 30, although this is not 
a desirable condition. . 

It will be apparent that many modifications of 
the specific apparatus described are possible, and 
will occur to thoseskilled in ̀ this art. Forex 
ample, it is not necessary to employ the arrange 
ment of T’s, bushings, nipples and unions, as 
shown in detail in the drawings, and the mani 
fold and its branch connections to the cylinders 
may be otherwise formed, for example, of stream 
lined fittings or by welding or both. . 
In the case of a large number of' cylinders 

manifolded into a single permanently installed 
bank, it is not necessary that all of the cylinders 
be provided with the liquid :filling pipes 38 and 
gas return tubes 40, since provision may be made 
for initially introducing an yexcess of liquid into 
the cylinders that are provided with the liquid 
filling lines 3B and gas return tubes ¿l0 to ñll 
these to a slightly greater depth than is required 
for those particular cylinders. Thereupon, after 
the filling operation is completed, and when the 
liquefied gas is converted to the gaseous'state, 
the cylinders not so equipped will, by equalization 
of gas pressure in the system, receive the proper 
quantity of gas under the desired working pres 
sure. It has been determined bytest that cylin~ 
ders in the storage bank connected with the mani-> 
fold but not provided with liquid filling pipes 
and gas return tubes will not receive' any signifi 
cant amount of liquefied gas during the yfilling 
operation, and in large installations it may be 
found to be advantageous to provide only a- por 
tion, say, 60%, ofthe total number of cylinders 
in the bank with the liquid filling-lines and gas 
return tubes as shown at 36 and 40 in the draw 
ings, and to charge the total quantity ‘of gas in 
liquid form into these cylinders. f ’f 
The use of our improved apparatus and the 

filling method described is extremely simple and 
rapid. It requires no gauges, scales, high pres 
sure moving parts or special manipulation, and 
is virtually fool-proof in its functioning. 
Example 1.-As onefexample ofthespeed and 

simplicity, ithas been found that with liquefied 
carbon ‘dioxide in the tank Il under pressure -of 
approximately 290 pounds per square inchA and 
at a temperature of zero Fahrenheit, a bank of 
eight standard cylinders can be filled to contain 
fifty pounds each of carbon dioxide in approxi 
matelytwo minutes. In this case, the manifold 
was made'up of standard'll/g"ì steelgpipe with 
corresponding fittings, » as illustrated in the 
drawings. . », ~ f' f y 

Example 2.-In another specific instance, li8 
standard cylinders were manifolded together in 
accordance with the invention, using seamless 
steel tubing 1%" O. D. X 3%” wall thickness with 
all Welded streamlined fittings in the construc 
tion of the manifold. `Thirty of the cylinders in 
this rbank were provided with liquid filling lines 
vand gas return tubes as shown at "36 and 40 of 
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the drawings, and the remaining IB cylinders 
were connected to the manifold by open pipes 
terminated in their neck openings. With the 
bulk supply of liquid carbon dioxide again under 
a pressure of about 290 pounds per square inch 
at about zero Fahrenheit, and with an atmos 
pheric temperature of 70° F., the entire bank 
was fully charged with the required amount of 
carbon dioxide in 15 minutes, all of the gas being 
received in liquid form by the 30 cylinders pro 
vided with liquid filling lines and gas return tubes. 
In neither of the two instances just described, 

did there occur any significant increase in gas 
pressure in the system due to absorption of heat 
during the filling operation, and the rapidity 
with which this operation can be conducted pre 
cludes this in all cases. The rather extreme cold 
produced in the cylinders during their filling 
with liquefied carbon dioxide incidentally pro 
vides a convenient and simple means of informing 
the operator when the last cylinder to be filled has 
received its charge of liquefied gas, since each 
cylinder in turn as it is filled displays a frost 
coating of moisture condensed and frozen out of 
the surrounding atmosphere, and the extent of 
this plainly visible white coating of frost on the 
cylinders accurately follows the level of liquid 
within the cylinders. 
The system and apparatus described herein is 

far more flexible than low pressure bulk storage 
systems heretofore employed. For example, the 
initial cost of installing a system as described 
above is only about one-half the cost of install 
ing a low pressure storage system of the same 
capacity. In addition, the present system allows 
the storage containers or cylinders to be mani 
folded to occupy a minimum of space which may 
follow almost any available form, whereas the 
installation of a low pressure storage tank re 
quires a greaterarea that is fixed as to both its 
extent and shape. The present system relies ex 
clusively upon atmospheric heat to vaporize the 
liquid and raise the gas in the containers to the 
desired working pressure as well as to offset the 
cooling effect encountered upon withdrawal of 
gas for use. Low pressure storage tanks neces 
sarily must be insulated to prevent absorption of 
atmospheric heat that would otherwise cause ex 
cessive pressure increase, and thus they require 
heat to ofi'set the cooling effect produced when 
the gas is withdrawn for use. Finally, the low 
pressure storage system requires a continuous 
source of power for its refrigeration and heating 
cycles, whereas the system of this invention re 
quires only a modest power source to operate the 
pump which is used but for a short time to in 
troduce liquefied gas into the manifold when the 
system is being replenished, and since the pump 
properly should be considered part of the bulk 
delivery system to service many storage installa 
tions, the power requirement of the storage bank 
is nil. Thus, the cost of operating our system is 
negligible as compared to that of the low pressure 
system. 

It will be apparent that the apparatus and 
method disclosed above completely obviates the 
necessity for either weighing of the gas at any 
point in its handling, or measuring the level of a 
liquid in a closed container. In the low pres 
sure system, the delivery bulk supply tank must 
be weighed to determine the amount of gas 
transferred to the storage system, or alternative 
ly, the quantity of gas must be measured by a 
liquid level indicator, which in the case of the 
liquefied gas at its boiling point as it exists in 
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the system is inherently an unreliable measure 
ment. ` 

It will be understood that the apparatus and 
method of our invention may be used to fill any 
number of cylinders or like containers sequen 
tially and more or less simultaneously to any de 
sired level of liquefied gas therein, and that the 
bulk supply tank need not be mobile if the sys 
tem is employed to fill portable containers. 
The invention has been described with'particu 

lar reference to carbon dioxide, and it has spe 
cial value when applied to the handling of this 
gas. It may, of course, be equally well applied 
to other gaseous substances which exist in liquid 
state at readily attainable pressures and tem 
peratures, and which are capable of being con 
verted from liquid to the gaseous state by atmos 
pheric heat or by other readily available heat. 
In any case, the system of this invention is ap 
plicable only to liquefied gases at their boiling 
points and at the vapor pressure of the liquid 
involved. 
This application is a continuation-in-part of 

our copending application Serial No. 753,198, 
filed June ’7, 1947, now abandoned. 
We claim: 
1. Method of filling a closed container to a 

predetermined level with a liquefied gas from 
a bulk supply thereof in equilibrium with its 
gaseous phase, which method includes establish 
ing a single confined stream of said gas flowing 
from the liquid of said bulk supply above said 
container and comprising both a liquefied gas 
and a gaseous phase, connecting the interior of 
said closed container at said predetermined level 
with the liquid of said stream and separately 
with the geasous phase of said stream, connect 
ing said stream beyond said container with the 
gaseous phase above the liquid of said bulk sup 
ply, and maintaining a flow of liquefied gas in 
said stream for a period at least sufficient to 
fill said container with liquid to said predeter 
mined level. 

2. Method of sequentially filling a plurality of 
closed containers to a predetermined level in 
each of a liquefied gas from a bulk supply there 
of in equilibrium with its gaseous phase, which 
method includes establishing a single confined 
stream of said gas flowing from the liquid of 
said bulk supply above said containers and corn 
prising both liquefied gas and a gaseous phase, 
connecting the interior of each of said closed 
containers at its predetermined level with the 
liquid of said stream and separately with the 
gaseous phase of said stream, connecting said 
stream beyond all of said containers with the 
gaseous phase above the liquid of said bulk sup 
ply, and maintaining a flow of liquefied gas in 
said stream for a period at least sufficient to fill 
each of said containers with liquid to its said 
predetermined level. 

3. Method of filling a. closed container to a 
predetermined level with liquefied carbon dioxide 
from a bulk supply thereof in equilibrium with 
its gaseous phase, which method includes es 
tablishing a single confined stream of carbon 
dioxide flowing from the liquid of said bulk sup 
ply above said container and comprising both a 
liquid and a gaseous phase, connecting the in 
terior of said closed container at said predeter 
mined level with the liquid of said stream and 
separately with the gaseous phase of said stream, 
connecting said stream beyond said container 
with the gaseous phase above the liquid of said 
bulk supply, and maintaining a flow of liquefied 



carbon dioxide in said stream for a period at 
least> sufficient to fill» said container with liquid 
to ¿said predetermined level. l ` 

4. Method of sequentially filling a plurality of ' 
closed-.containers to a predetermined` level in 
each of liquefied carbon dioxide >from a bulk sup 
ply 'thereof in equilibrium with its gaseous phase, 
which method includes establishing a single con 
fined stream or" vcarbon dioxide iiowing from the 
liquid of said bulli: supply above said containers 
and comprising both a liquid and a gaseous 
phase, connecting the interiorof each of said 
closed containers at its predetermined level with 
the liquid of said stream and separately with the 
gaseous phase of said stream, connecting said 
stream beyond all of said containers with the 
gaseous phase above the liquid of said bulk sup 
ply, and maintaining a flow of liquefied carbon 
dioxide in said stream for a period at least sum 
cient to'fill each'of said containers with liquid 
to its said predetermined level. v ` 

y5. Method of sequentially filling a plurality of 
closed containers to a predetermined level in 
each of liquefied carbon dioxide from a bulk sup 
ply thereof in equilibrium with its gaseous phase, 
which method includes establishing a single con 
fined stream of carbon dioxide nowing from the 
liquid of said bulk supply above said containers 
and comprising both a liquid Vand a gaseous 
phase, connecting the interior of each of said 
closed containers at its predetermined level with 
the liquid of said stream and separately withV 
the gaseous phase of said stream, connecting said 
stream beyond all of said containers with the 
gaseous phase above the liquid of said bulksup 
ply, and maintaining a flow of liquefied car 
bon dioxide in said stream approximately equal 
to the rate of iiow of liquid into said containers 
for a period at least sufficient to fill each of said 
containers with liquid to its said predetermined 
level. 

6. Method of filling a cylinder with a prede 
termined quantity of gas under pressure from a 
bulk supply of said gas in liquid form and in 
equilibrium with its gaseous phase, which method 
includes establishing a single confined stream 
of said gas flowing from the liquid of said bulk 
supply above said cylinder and comprisingboth 
liquefied gas and a gaseous phase, connecting the 
interior of said cylinder at a point corresponding 
to a level of liquefied gas therein equal to said pre 
determined quantity of gas with the liquid of said 
stream and separately connecting the same point 
with the gaseous phase of said stream, connecting 
said stream beyond said cylinder with the gase 
ous phase above the liquid of said bulk supply, 
maintaining a flow of liquefied gasin said stream 
for a period at least sufficient tofill said cylinder 
to said level, and thereafter vaporizing the lique 
fied gas in said cylinder. 

'7. Method of filling a plurality of cylinders with 
a predetermined quantityof ‘gas under pressure 
from a bulk supply of said gas in liquid form and 
in equilibrium with its gaseous phase, which 
method includes establishing a singleïconfined 
stream of said gas flowing from the liquid of said ` 
bulk supply above said cylinders and comprising 
both liquefied gas and a gaseous phase, connect 
ing the top openings only of a first group of said 
cylinders with said confined stream, connecting 
the interior of each of a second group constitut 
ing the balance of said cylinders at a point cor 
responding to a level of liquefied gas therein 
which provides a total quantity of liquefied gas in 
all of the cylinders of said second group which 
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will produce the said predetermined quantity of 
gasvv in the cylinders of bothv groups, separately 
connecting the same point in the interiors of 
each of said second group -of cylinders with the 
gaseous phase ofy said stream, connecting said 
stream> beyond all of said cylinders with the 
gaseous phase above the liquid of said bulk sup 
ply, maintaining allow of liquefied gas in said 
stream after said connections have been made for 
a period at least sufiicient to fill each of said sec 
ond group of cylinders to said level, and there 
after vaporizing thev liquefied gas in the second 
group of cylinders to fill all of said cylinders with 
said ypredetermined quantity of gas. ' 

8. Method of filling a plurality of cylinders with 
a predetermined quantity of carbon dioxide 
under pressure fromV a bulk supply of carbon di 
oxide in liquid form and in equilibrium with its 
gaseous phase, which method includes establish 
ing a single confined stream of carbon dioxide 
flowing from the liquid of said bulk supply above 
said cylinders and comprising both liquefied car 
bon dioxide and a gaseous phase, rconnecting the 
top openings only of av first group of said cylin 
ders with said confined stream, connecting the 
interior of each of a second _group constituting 
the balance of said cylinders at a point corre 
sponding to a level of liquefied carbon dioxide 
therein which provides a total quantity of lique 
fied gas in all of the cylinders of said second group 
which will produce the said predetermined quan 
tity of gaseous carbon dioxide in the cylinders 
of both groups, separately connecting the same 
point in the interiors of each of said second group 
of cylinders with the gaseous phase of said 
stream, connecting said stream beyond all of said 
cylinders with the gaseous phase above the liquid 
of said bulk supply, maintaining a flow of lique 
fied carbon dioxide in said stream after said con 
nections have been made for a period at least 
Asufficient to fill each of said second group of cyl 
inders to said level, and thereafter vaporizing the 
'liquefied carbon dioxide in the second group of 
cylinders to fill all of said cylinders with said pre- » 
'determined quantity of carbon dioxide. 

9. In an apparatus for filling a container toa 
predetermined level with liquefied gas from a bulk 
Asupply thereof in equilibrium with its gaseous 
phase: the combination of a manifold disposed 
above said container and having a single passage 
therein, means to supply liquefied gas from said 
bulk supply to the inlet of said manifold, and 
means connecting the outlet of said manifold 
with the space above the liquid of said bulk sup 
ply; a conduit through which liquefied gas may 
flow extending from a lower portion of said mani 
fold into the interior of saidcontainer, and termi 
nating at said predetermined level; and a sec 
ond conduit disposed within said first-mentioned 
conduit connecting said level with an upper por 
tion of the interior of said manifold to provide 
a passagethrough which gas may pass frOmsaid f ` 

container into said lmanifold and thence to the 
space above the liquid of said bulk supply. 

10. In an ̀apparatus for filling a plurality of con 
tainers to a predetermined level with liquefied 
gas from a bulk supply thereof which is in equilib 
rium with the gaseous phase thereof: the com 
bination of a manifold having a single passage 
therein and having its inlet connected to said 
bulk supply of liquefied gas and its outlet con 
nected to the space above the liquid in said bulk 
supply; pipes in communication with said mani 
fold and said containers through Which said 
liquefied gas may ̀flow from the former into the 
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latter, said pipes extending downwardly into said 
containers to said predetermined level; and tubes 
disposed within said pipes extending from said 
predetermined level within said containers into 
an upper portion of the interior of said manifold, 
said tubes providing passages through which gas 
may pass from said containers into said manifold 
and thence to the space above the liquid in said 
bulk supply. 

11. In an apparatus for filling a plurality of 
containers to a predetermined level with lique 
fled gas from a bulk supply thereof in equilib 
rium with its gaseous phase: the combination of 
a manifold disposed above said containers and 
having a single passage therein, means to supply 
liquefied gas from said bulk supply to the inlet 
0f said manifold, and means connecting the out 
let of said manifold .with the space above the 
liquid of said bulk supply; conduits through 
which liquefied gas may flow from a lower por 
tion of said manifold into the interior of each 
of said containers and terminating at said pre 
determined level; and a separate conduit dis 
posed within each of said first-mentioned con 
duits connecting said level with an upper por 
tion of the interior of said manifold to provide 
passages through which gas may pass from said 
containers into said maninfold and thence to 
the space above the liquid of said bulk supply. 

12. In an apparatus for filling a plurality of 
containers to a predetermined level with lique 
fied carbon dioxide from a bulk supply thereof 
in equilibrium with its gaseous phase: the com 
bination of a manifold disposed above said con 
tainers and having a single passage therein, 
means to supply liquefied carbon dioxide from 
said bulk supply to the inlet of said manifold, 
and means connecting the outlet of said mani 
fold with the space above the liquid of said bulk 
supply; conduits through which liquefied car 
bon dioxide may flow extending from a lower 
portion of said manifold into the interior of each 
of said containers and terminating at said pre 
determined level; and a separate conduit dis 
posed within each of said first-mentioned con 
duits connecting said level with an upper portion 
of the interior of said manifold to provide pas 
sages through which carbon dioxide may pass 
from said containers into said manifold and 
thence to the space above the liquid of said bulk 
supply. 

13. In an apparatus for filling a plurality of 
cylinders with a predetermined quantity of gas 
under pressure from a bulk supply of said gas in 
liquefied form in equilibrium with its gaseous 
phase: the combination of a manifold disposed 
above said cylinders and having a single pas 
sage therein, means to supply liquefied gas from 
said bulk supply to the inlet of said manifold, 
and means connecting the outlet of said mani 
fold with the space above the liquid of said bulk 
supply; conduits connecting the top openings 
only of a first group of said cylinders with said 
manifold; conduits through which liquefied gas 
may flow extending from a lower portion of said 
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manifold into the interior of each of a second 
group of said cylinders and terminating at a 
point in each corresponding to a level of lique 
fied gas therein which provides a total quantity 
of liquefied gas in all of the cylinders of said sec 
ond group which will produce the said predeter 
mined quantity of» gas in the cylinders of both 
groups; a second conduit disposed within each 
of the said first-mentioned conduits in the cylin 
ders of said second group connecting said level 
with an upper portion of the interior of said 
manifold to provide passages through which gas 
may pass from the interior of the cylinders of 
said second group into said manifold and thence 
to the space above the liquid of said bulk sup 
ply; and means to disconnect the inlet and outlet 
of said manifold from said bulk source of sup 
ply whereby all of said cylinders will be in com 
munication with each other through said mani 
fold for the equalization of gas pressure result 
ing from Vaporization of said liquefied gas. 

14. In an apparatus for filling a container to 
a predetermined level with liquefied gas from a 
bulk supply thereof in equilibrium with its gase 
ous phase: the combination of a manifold dis 
posed above said container and having a single 
passage therein, means to supply liquefied gas 
from said bulk supply to the inlet of said mani 
fold, and means connecting the outlet of said 
manifold with the space above the liquid of said 
bull: supply; a conduit through which liquefied 
gas may flow from a lower portion of said mani 
fold into the interior of said container and ter 
minating at said predetermined level; and a sec 
ond conduit disposed within said first-mentioned 
conduit connecting said level with an upper por 
tion of the interior of said manifold in which it 
terminates in an oblique opening facing down 
stream of the flow of liquefied gas in said mani 
fold to provide a passage through which gas may 
pass from said container into said manifold and 
thence to the space above the liquid of said bulk 
supply. 

PAUL F. DROSTE. 
CHARLOTTE R. HILL, 

Administratria: of the estate of Howard J. Hill, 
deceased. 

References Cited in the file of this patent 

UNITED STATES PATENTS 
Number Name Date 

597,024 Schmitz _________ __ Jan. 11, 1898 
1,383,411 Longstreet ________ __ July 5, 1921 
1,415,559 Hickman _________ __ May 9, 1922 
1,572,727 Kerr _____________ __ Feb, 9, 1926 
1,659,384 Thomas _________ __ Feb. 14, 1928 
1,706,942 Smith ___________ __ Mar, 26, 1929 
1,815,348 Cox _____________ __ July 2l, 1931 
2,278,192 Cantacuzene _____ __ Mar. 31, 1942 

FOREIGN PATENTS 
Number Country Date 

13,393 Australia ________________ __ 1933 

704,112 Germany _______ __ Mar. 24, 1941 
704,412 Germany _______ __ Mar. 29, 1941 


