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The present invention relates to a cylinder ?lling sys 
tem which includes a method and apparatus for charging 
a re?llable portable container with a material which is 
a gas at normal terrestrial atmospheric pressure and tem 

‘ perature, but which may be converted to liquid form any 
may be stored in a liquid condition at a normal atmos— 
pheric temperature, provided that it be kept in a sealed 
container under a pressure higher than the normal ambient 
atmospheric pressure. 

Various features of the system may be usable for the 
charging or storing of containers with different kinds of 
materials which are normally in a gaseous form under 
normal atmospheric temperatures and pressures, for ex 
ample, CO2, Freon, ammonia, propane, chlorine, etc. 
The invention is of particular value in connection with 
carbon dioxide (CO2) manufactured for sale and distribu 
tion in re?llable containers, usually in cylindrical form, 
adapted to be charged with liquid CO2 at a central loca 
tion and then distributed by truck, usually without the 
bene?t of refrigeration, to the point where the CO2 is to 
be sold or used. Re?llable containers used for this type 
of service are normally required to safely stand an in 
ternal pressure of about 900 lbs. per square inch, which 
is the pressure of CO2 at a normal room temperature of 
22° C. These cylinders are equipped with a valve ar 
rangement which normally is closed to retain the gas or 
liquid within the cylinder, except when the CO2 is to be 
dispensed or withdrawn from the cylinder for use. 

Heretofore, it has been the general practice to provide 
a central point where large amounts of such gases are 
manufactured or available in bulk and where the gas is 
to be stored in a large reservoir or tank, the temperature 
of which is maintained at a very low point, for example 
in the case of CO2, below —20° C., so that the vapor pres 
sure need not exceed 20 atmospheres and a reservoir of 
relatively large capacity can be safely provided at a 
reasonable cost. However, in ?lling the relatively small 
distribution cylinders or other containers from the large 
reservoir, it has heretofore been necessary to use a. high 
pressure design pump for forcing the liquid CO2 into the 
containers at a much higher pressure than the pressure 
in the reservoir. 
One object of the present invention is to provide a sys 

tem (including process and apparatus) which is usable 
with a low pressure design pump of much less initial cost 
than that of the pump customarily used. 
A further object is to provide a system which may be 

automatic and is more ef?cient and less expensive to op 
erate than systems heretofore used. 

Other features, objects and advantages will be set forth 
as the description proceeds. 

In the disclosed embodiment, one of the objects of 
the invention is attained by the use of a relatively small 
pump, which forces liquid CO2 into the dispensing cylinder 
at relatively low pressure, for example, only a few atmos 
pheres, in successive spaced increments, and by venting or 
purging gas during the interval between said increments 
of charge, thereby periodically relieving the cylinder pres 
sure. Said venting operation preferably is effected auto 
matically through the use of a valve mechanism con 
trolled by the changes in the gas pressure in the dispens 
ing cylinder during the charging and venting cycle. 
The drawing accompanying this description and at 
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tached hereto as a part of the speci?cation, isla diagram or 
?ow sheet of an embodiment of the invention in connec 
tion with the charging or distributing cylinders with CO2 
in a liquid condition. 

Referring to the drawing or flow diagram, the numeral 
10 indicates a typical dispensing cylinder in which the 
CO2 is distributed to the point of use or sale. The large 
tank or reservoir 11 contains liquid CO2 12, which is kept 
at a very low temperature, for example, about —20° C. 
and at a pressure of about 20 atmospheres, by means of 
refrigerator coils 13 through which there is circulated a 
supply of brine or other suitable coolant supplied by the 
refrigerating apparatus 14, which is usually continuously 
operated by .an electric motor 15. The tank 11 is kept 
cool by an insulating jacket 16. 
The liquid CO2 contained in the tank 11 is held at a 

level below the ceiling of the tank 11,,so that a gas space 
18 is provided for the refrigerating coils 13. 
At the bottom of the tank 11 there is a discharge outlet 

19 connected to a relatively small electrically driven pump 
20. Said pump 20 is connected to the cylinder 10 through 
a pipe 21, a valve 22, and a pipe 23. To the pipe 23 there 
is connected a by-pass line 24 for returning gaseous or 
liquid CO2 back to the reservoir 11. This by~pass line 24 
is closed by a valve 25 when liquid is being supplied‘ to 
the cylinder through the pump 20 and is opened when the 
supply of liquid to the cylinder is suspended by the op 
eration of valve 22. The by-pass valve 25, as in the case 
of valve 22, is pressure-controlled and automatically-actu 
ated by control mechanism later described. Said two 
valves 22 and 25 are electrically or mechanically linked 
together and arranged so that when one of the valves is 
opened, the other is closed, and vice-versa. This actua 
tion of the valves occurs by reason of the change 'of pres 
sure in the cylinder 10 so that when the cylinder pressure 
differential rises above a predetermined amount, say a 
few atmospheres or about 50 to 100 lbs. per square inch, 
for example, about 75 lbs. above the normal reservoir 
pressure of about 300 lbs, per square inch, the valve 22 
will close and the valve 25 will open. 
The valve control mechanism which automatically ac 

tuates the valves 22 and 25 is arranged so that when 
the charging part of the whole cycle has continued for a 
length of time su?icient to raise the pressure in the cyl 
inder to about 75 lbs. per square inch higher than the 
pressure in the main reservoir, the charging valve 22 will 
clos'e and the venting valve 25 will open so that the pres 

. sure in the cylinder will be relieved. 

50 

55 

60 

65 

70 

Evaporation of a portion of the increment of ‘liquid 
which, during the charging portion of the cycle, has been 
charged into the bottom of the cylinder 10, will then 
take place, and as the gas is vented back into the reser 
voir 11 through the bypass 24, the pressure in the cylinder 
and the pressure in the reservoir will be approximately 
equalized. At the same time, during this venting opera 
tion, the boiling off of the CO2 from the liquid in the 
cylinder 10 will be accompanied by a drop in temperature 
down to the boiling point, about i——20° C., of the CO2 at 
that particular pressure, ‘in this case, about 300 lbs. per 
square inch, which is the normal pressure in the reservoir. 
When this ‘occurs, the mechanism controlling the 

valves 22 and 25 will automatically restore the valves to 
the position of “charge” and the charging step of the 
cycle will be repeated until ?nally the installments sup 
plied to the cylinder by successive charging steps will have 
filled the dispensing cylinder 10 with the required amount 
of CO2 content, such as will be indicated by the line 26 
of liquid CO2 in the cylinder 10. This total amount of 
charge can be regulated by hand or preferably the whole 
charging operation can be automatically terminated when 
the required amount is in the cylinder. 
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It will be understood that the described operation is 
such that it is not necessary to deliver the liquid into the 
dispensing cylinder at a pressure of more than about 375 
lbs. In view of the fact that the pressure in the reservoir 
is constantly maintained at 300 lbs. per square inch, the 
pump 20 is not required to create a pressure differential 
of more than 50 lbs. to 100 lbs., generally about 75 lbs. 
per square inch, as has been indicated. 
Due to the cooling effect of the evaporation of CO2 

from the body of liquid CO2 which has been changed 
into the dispensing cylinder, the temperature has there 
by been automatically reduced so that the pressure in said 
cylinder is not raised to more than about 375 lbs. per 
square inch during the charging cycle. However, when 
the valve 2'7 of the cylinder ll?‘ is closed, the temperature 
of the liquid in the cylinder will ‘gradually rise and when 
the liquid in the cylinder has reached a temperature of 
72° F. (22° C.) the pressure within the cylinder will have 
risen to approximately 900‘ lbs. per square inch. 

The control mechanism 

Any conventional type of electrical or mecahni-cal pres 
sure-controlled mechanism for automatically operating 
valves 22 and 25 simultaneously, may be employed. How 
ever, for purpose of clari?cation a mechanical mecha 
nism is shown in the diagram, and the valves are shown as 
separate structures. In the diagram, the valve 22, as 
shown, has a rotary body or plug 28 having an arcuate 
channel 29 which is always in communication with the 
pipe 23 and which is capable of being rocked on its axis 
so as to expose or close the opening 30 in the end of the 
pipe 21. The valve body 28 is rocked by an arm or 
lever 31 which is normally held in the down position by 
a ?xed permanent magnet 32. 

Similarly, valve 25 is provided with a rotary plug or 
body 36 having an arcuate valve passage 37 which will 
establish communication between the by-pass line 24 and 
valvepassage 38 when the lever 39, is swung into the 
dotted line position 40. Said ‘lever 3-9 is held in the dotted 
line position 40 by a ?xed permanent magnet 41. 

It will be understood that the permanent ‘magnets 32 
and 41 are used to provide a delayed action at each end of 
the opening or closing operation as the case may be, so 
that the charging and venting parts of the cycle will each 
be long enough to effect a pressure change of about 75 
lbs. per square inch in the cylinder pressure. The whole 
cycle may be about 12 seconds, more or less, depending 
upon conditions. 

Describing the motive power means for actuating said 
valve mechanism in the manner indicated, there is shown 
a diagrammatica'l arrangement comprising a stationary 
cylinder 42, the bottom end of which is connected to the 
vent pipe 43 so as to apply gas pressure from the dispens 
intg cylinder 10 to the bottom of the ram or piston 44. 
The piston 44 is connected by means of a link 45 to the 
valve rock-lever 39. The lever 31 which actuates valve 
22 and the lever 39 which actuates valve 25 are caused 
to move in unison by means of a moving vertical link 46, 
the ‘ends of which are pivoted respectively, on said levers 
31 and 39. Since the pressure in the cylinder 42 below 
the piston head 44 is approximately that which is in the 
vent pipe 24 and the dispensing cylinder ll), such pres 
sure may be as high as 300‘ ‘lbs. per square inch. Conse 
quently, the movement of the valve mechanism is limited 
by means of a balancing spring 47 connected between the 
end 4-8 of an extension of the arm 39, and a stationary 
book 49 which preferably is adjustable up or down to sat 
isfy the requirements of the system. 
The motor for charging pump 20 is connected to the 

electric power line 35, which also serves the refrigerating 
apparatus 15. The charging pump can be controlled by 
suitable pressure actuated control mechanism so that it 
need not operate ‘during the purging starge. However, 
because of the shortness of the cycle which may be only 
a few seconds, it is preferred to have the motor run con 
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tinuously and relieve the delivery-pressure when the 
charging valve 22 is closed by the control mechanism. 
This relief may be effected through a safety by-pass 5t) 
and a suitable pressure relief valve 51 adjusted to open 
and close at a pressure differential slightly higher than 
the charging pressure differential, in the present case about 
75 lbs. > 

If desired, the relief valve may be opened and closed 
automatically by the control mechanism by means which 
in tlie diagram are shown in dotted lines ‘as a rock arm 52 
connected to link 46. 
A patent is solicited for any and all herein disclosed 

patentable subject matter invented by applicant. 
The embodiment disclosed herein may be changed or 

modi?ed without departing from the scope of the inven 
tion. 

Various features now believed to be new and patent 
able are set forth in the appended claims. 
What is claimed is: 
1. For use in a system for charging a container with a 

desired charge of liquid which at normal atmospheric tem 
perature rapidly becomes a gas unless stored in a sealed 
container under a pressure considerably above that of the 
atmosphere, which liquid charge is obtained from a sup 
ply of said liquid kept at a temperature substantially be 
low that of a normal atmosphere and at a pressure above 
that of the atmosphere and approximating the vapor pres 
sure of the liquid at said storage temperature, the appa 
ratus which comprises, in combination, 

(a) a pressure pump having an inlet for connection to 
said supply and an outlet for connection to said 
container, 

(b) a valve in said pump outlet which is in normally 
open condition for admitting an installment of said 
liquid into said container so as to raise the tempera 
ture and vapor pressure within said container to 
above the temperature and vapor pressure in said 
reservoir, 

(c) a bypass connecting said container with the reser 
voir, 

(d) a normally closed valve in said by-pass, 
(e) means for opening said by-pass valve and closing 

said pump outlet valve after an installment of said 
liquid has been pumped into said container, and thus 
venting gas from said container and into said reser 
voir, 

(f) the combination including means for restoring said 
valves to their normal condition when the tempera 
ture ‘and pressure within the container have been 
materially reduced, so that a subsequent installment 
may be admitted into said container . 

2. A system for charging a re?llable portable shipping 
container with a material which is a gas at normal ter 
restrial atmospheric temperatures and pressures but may 
be stored in a liquid condition at a normal atmospheric 
temperature if kept in a sealed container at a pressure 
higher than the normal ambient atmospheric pressure, 
which system comprises, in combination, 

(a) a holding-tank for storing a supply of said liquid 
under a pressure which is a plurality of times the 
normal atmospheric pressure at sea level, and pro 
vided with an outlet for liquid and an inlet for gas, 

(b) means for maintaining the liquid in said tank at a 
temperature considerably less ‘than room tempera 
ture, 

(c) a pressure pumping means having its inlet con 
nected to said tank outlet and an outlet adapted to 
be connected to a container which is to be charged, 

((1) a valve in the connection between said pump out 
let and said container which valve is normally open 
to deliver liquid into the container, 

(e) a bypass between said ‘tank inlet and said con 
tainer for venting gas from the container back into 
the tank, 
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(f) a valve in said by-pass which is normally closed container under a pressure considerably above that of 
when the container is being charged with liquid, and the atmosphere the process which includes, 

(g) means which are repeatedly responsive to the pres- (a) transferring installments of the desired quantity of 
sure in the container for closing said liquid valve 
and opening said by-pass valve when the container 
pressure rises above a predetermined amount higher 
than the normal pressure in the tank, while permitting 
said valves to resume their normal condition after said 
pressures have been substantially equalized, where 

the liquid from a refrigerated supply of said liquid 
under pressure into a sealed container by pumping 
until there is developed Within the container a pre 
determined gas pressure signi?cantly higher than the 
pressure of the supply, 

(b) ceasing the transfer of the liquid from the supply 
to the container, by separate installments of the full charge of liquid 10 

are successively fed into the container until the 
charging operation is completed. 

3. For use in a system for charging a container with a 
desired quantity of liquid which at normal atmospheric 
temperature rapidly becomes gas unless stored in a sealed l5 
container under a pressure considerably above that of the 
atmosphere, the process which includes, 

(a) a pumping liquid from a refrigerated supply of said 
liquid under pressure into a sealed container until 
there is developed within the container 2. predeteter- 20 
mined gas pressure signi?cantly higher than the pres 
sure of the supply, 

(b) utilizing the pressure differential between the sup 
ply and container to vent the gas from the container 
to the supply to permit evaporation of a portion of 25 

(c) utilizing the pressure differential between the sup 
ply and the container to vent the gas from the con 
tainer to the supply until the container pressure is 
reduced to a predetermined value, thereby permit 
ting evaporation of a portion of the liquid contained 
in the container and reducing the temperature and 
vapor pressure of the liquid in the container sub 
stantially below said predetermined pressure, 

(d) and continuing to alternately introduce liquid and 
vent gas until the charging of the container has been 
completed. 
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