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(57) ABSTRACT 
A system for continuously preparing a carbonated 
product and filling containers. Carbon dioxide is ap 
plied to a liquid under carbonating pressure and the 
carbonated liquid is passed to a stabilizing tank main 
tained at a pressure at least equal to carbonating pres 
sure. Thereafter, the liquid is directed to a pressure 
reduction tank in which the pressure is lowered to a 
level just sufficient to produce the desired flow rate to 
the filler. By reducing the pressure prior to filling, a 
filler of the gravity or vacuum type may be employed 
without excessive foaming. Or, if a counter pressure 
filler is employed, operating pressure is considerably 
lowered. 

2 Claims, 1 Drawing Figure 
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CARBONATED BEVERAGE SYSTEM 

BACKGROUND OF THE INVENTION 
For the production of high quality carbonated bever 

ages and filling containers (e.g., bottles or cans) there 
with, it is important to maintain a constant reproduc 
ible level of carbonation for a particular beverage. One 
known continuous carbonation system which accom 
plishes this object is fully described in U.S. Pat. No. 
3,256,802. In accordance with that patent, an inline 
carbonator is employed in which carbon dioxide in the 
aqueous liquid state is injected into a stream of liquid 
to be carbonated in a conduit through an injection 
valve therein. Thereafter the carbonated beverage is 
directed to a stabilizing tank maintained at a pressure 
in excess of the theoretical carbon dioxide saturation 
pressure (known as the "carbonating pressure') which 
is the pressure necessary for stabilizing the carbon di 
oxide in the beverage. Reference may be made to a 
standard gas volume test chart to illustrate the carbon 
ating pressure to dissolve a given volume of carbon di 
oxide dissolved by one volume of water as a function 
of temperature. After stabilization, which may increase 
to relatively high levels as the desired degree of carbon 
ation increases, the beverage is directed to the bowl of 
a counter pressure filler. Cans or bottles are filled by 
first applying a counter pressure to the container inte 
rior less than the product pressure by an amount se 
lected to provide the desired flow rate. For example, 
for a product flow rate of 15 to 20 G.P.M., the pressure 
drop in the filler bowl is on the order of 2 to 3.p.s. i.g. 
below the pressure in the stabilizing tank. 
Counter pressure fillers are employed in the above 

system for moderately to highly carbonated beverage 
to counterbalance the excessively high filling flow rates 
which would otherwise result from director gravity fill 
ing under the back pressure necessary in the stabilizing 
tank resulting in excessive foaming and control prob 
lems. Such filler equipment requires considerable capi 
tal outlay and is expensive to install. It is desirable to 
employ the lowest feasible operating pressure in the 
counter pressure filler to reduce the wear on the pres 
surized cylinders and to reduce general maintenance 
costs. Also, low pressures reduce container damage 
due to high pressure. 
OBJECTS AND SUMMARY OF THE INVENTION 
It is a general object of the invention to provide an 

improved carbonation system with controlled prefiller 
pressure reduction without excessive decarbonation of 
the product. 

It is a particular object of the invention to either elim 
inate counter pressure fillers or reduce the operating 
pressure of the same following the production of a car 
bonated beverage under a closely controlled degree of 
carbonation. 

It is a further object of the invention to provide a sys 
tem of the aforementioned type with accurate control 
mechanisms to carbonate a beverage in a predictable 
repeatable manner. 
Other and further objects of the invention will be ap 

parent from the following description taken in conjunc 
tion with the accompanying drawings. 

In accordance with the above objects, a system for 
continuously preparing a carbonated product and fill 
ing containers with the same is provided which in 

2 
cludes, in series, a carbonater, a stabilizing tank, a pres 
sure reduction tank, and a filler. After a carbonated 
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product is formed by applying carbon dioxide to flow 
ing liquid in the carbonator, it is passed to a stabilizing 
tank which includes a valve assembly connected to a 
source of carbon dioxide under pressure for regulating 
the head pressure of carbon dioxide over carbonated 
product at least equal to the carbonating pressure. 
Thereafter, the carbonated product is passed to the 
pressure reduction tank which includes a second valve 
assembly for regulating the head pressure of carbon di 
oxide over carbonated product at a predetermined 
level below carbonating pressure. Then the carbonated 
product is passed directly to a filler in which it is dis 
pensed into containers. The difference in pressure be 
tween the stabilizing tank and the containers is deter 
mined by the desired container flow rate. For example, 
for 15 to 20 G.P.M. of product flow to the filler, this 
differential is on the order of 2 to 3 p.s.i.g. 
The advantage of the foregoing system is predicated 

upon the principle that by maintaining a stabilizing 
tank at a pressure at least equal to the carbonating 
pressure, the carbon dioxide bubbles introduced in the 
carbonator are collapsed into solution in a relatively 
stable state. Thereafter, the pressure of the thus 
stabilized carbonated product may be reduced substan 
tially, to a level which will provide a proper rate of fill 
ing. It has been discovered that by utilizing such a pres 
sure reduction tank, a counter pressure filler. may be 
replaced by a gravity filler or, if desired, a relatively low 
vacuum filler. If the system is used for relatively highly 
carbonated products, the counterpressure filler may be 
employed with the advantage that the operating pres 
sure is lowered resulting in less wear on the cylinders, 
lower operating costs, and a lower incidence of con 
tainer breakage. 

BRIEF DESCRIPTION OF THE DRAWING 
The drawing is a schematic diagram in accordance 

with one embodiment of the present invention with an 
enlarged view of the container to be filled. 
DETALED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
Referring to the drawing, a system in accordance 

with one embodiment of the invention is shown, 
wherein a source of warm liquid to be carbonated is 
connected through a line 11 to a stabilizing tank 12. 
Gaseous carbon dioxide from a pressurized source 13 
is directed into carbonator 14 in line 11 through a suit 
able two-way valve 16. 
Gaseous carbon dioxide may be introduced into car 

bonator 14 suitably of the type described in U.S. Pat. 
No. 3,256,802, incorporated herein by reference. 
Briefly, carbonator 14 comprises a liquid-tight inner 
housing 17 disposed within an enlarged outer housing 
18. Housing 17 includes a cylindrical tube with conical 
front and rear ends formed of a porous or sintered ma 
terial with sufficient porosity (e.g., about 2-5 micron 
openings) to permit the passage of carbon dioxide bub 
bles of a desired small size without requiring undue 
pressure applied from carbon dioxide source 13 for 
such emission. The gas is emitted into the liquid by use 
of high pressure carbon dioxide. 
Carbonation may also be performed with liquid car 

bon dioxide, if desired, by means of a liquid carbon di 
oxide injection valve 15 connected to a suitable source 
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of liquid carbon dioxide from a conventional precision 
high pressure metering pump. As illustrated, valve 15 
projects from line 11 in a T-shaped configuration and 
includes a spring loaded plunger 15a seated to block 
carbon dioxide flow until release under a predeter 
mined pressure (e.g., 1,000p.s. i.). 

In a typical instance, liquid carbon dioxide is main 
tained in a storage tank at approximately OF with a 
head pressure of approximately 300 pounds per square 
inch. The liquid carbon dioxide expands or explodes 
into a gaseous state in the carbonator forming bubbles 
of a size comparable to gaseous injection in carbonator 
14. The refrigeration or cooling effect generated by the 
liquid carbon dioxide expanding into the product liquid 
may be increased by increasing the injection pressure. 
This reduction of temperature renders the carbonated 
liquid susceptible to increased amounts of carbon diox 
ide. Also, the pressure in stabilizing tank 12 for forming 
a stable product is reduced with lower temperatures. Of 
course, the amount of refrigeration supplied for the fin 
ished product, as through auxiliary coolers, is reduced 
by the amount of refrigeration generated by liquid car 
bon dioxide being transformed into a gaseous state. 
A flow switch 19 operatively connected to a pump 

for liquid to be carbonated is synchronously associated 
with either valve 16 which controls the supply of gase 
ous carbon dioxide to carbonator 14 or injection valve 
15 for liquid carbon dioxide, or both, if a combination 
is employed as described above. In this manner, liquid 
supplied to line 11 and carbon dioxide to the carbona 
tor 14 are applied or stopped simultaneously in re 
sponse to further control mechanism described herein 
after. This serves to prevent overcarbonation or under 
carbonation in the carbonator 14. 
Gaseous carbon dioxide carbonator 14 and liquid 

carbon dioxide injector valve 15 may be both installed 
in line 11 with the former utilized as a back-up mecha 
nism for carbonating if the liquid system fails. 

Stabilizing tank 12 is provided with a level control 
electrode assembly 20 which includes upper and lower 
level electrode pairs 21 and 22, respectively. Electrode 
pair 21 is operatively associated with normally open 
valve 16 and liquid flow switch 19 and serves to simul 
taneously shut off flow of liquid and gas upon the liquid 
level in stabilizing tank 12 rising to contact the elec 
trode pair. Electrode pair 22 is also operatively associ 
ated with valve 16 and flow switch 19 and serves to 
open the same in response to a lowering of the liquid 
level in stabilizing tank 12 below the electrode contact 
point. Thus, level control assembly 20 serves to main 
tain the liquid level in stabilizing tank 12 between two 
predetermined limits. 
A valve assembly for regulating the head pressure of 

carbon dioxide over carbonated product is provided for 
stabilizing tank 12 and includes a solenoid relief valve 
23 and a pressure regulating valve 24 connected to a 
source of carbon dioxide 26. With the system in opera 
tion, and valves 23 and 24 closed, carbon dioxide gas 
escaping from the product would maintain a pressure 
in the head space of the stabilizing tank 12 approxi 
mately equal to the carbonating pressure in carbonator 
14. Regulating valve 24 may be set to pass carbon diox 
ide into tank 12 at a carbonating pressure for increased 
product stability without carbon dioxide vaporization 
from the product. Certain products (e.g., grapefruit 
juice) require pressure in the stabilizing tank 12 in ex 
cess of carbonating pressure. This would not raise the 
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4. 
degree of carbonation which is determined by the inde 
pendent flow rate of carbon dioxide gas through valve 
16 into carbonator 14. The product is held in stabilizing 
tank 12 for sufficient time to stabilize the product at 
the tank operating pressure. 
Product flows from stabilizing tank 12 to a pressure 

reduction tank 27 along line 28 provided with a prod 
uct flow sensor 29 which serves to detect the stoppage 
of flow to the filler assembly. Relief valve 23 is con 
trolled to open in response to detection of the following 
system flow indications: (a) liquid flow switch 19-o- 
pen, (b) flow sensor 29 indicating a stoppage of prod 
uct flow to the filler assembly, and (c) electrode assem 
bly 20 indicating the product level in tank 27 between 
electrode pairs 21 and 22. When a combination of (a), 
(b) and (c) exists, the product level in stabilizing tank 
12 would be rising at a sufficiently fast rate to cause 
compression of the head space gas with a consequent 
undesirable rise of pressure in the tank. Automatic 
opening of relief valve 23 serves to prevent this. When 
product flow to the filler assembly recommences, the 
product flow sensor 29 automatically closes relief valve 
23 since the danger of rapid compression is eliminated. 
If the product level in stabilizer tank 12 continues to 
rise without recommencing of filling, the liquid level 
will eventually contact upper electrode pair 21. As pre 
viously discussed, this contact automatically actuates 
closing of the liquid flow switch 19 and so the product 
pump. Relief valve 23 is also actuated to close by such 
contact. Thus, valve 23 is only open when liquid is 
being pumped through flow switch 19 into tank 23 and 
there is a stoppage of product flow to the filler. 

Pressure reducing tank 27 includes a level control as 
sembly 30 with a normally open two-way valve 31 in 
line 28 operable to close when the liquid level in the 
rank rises above a predetermined level and to open 
when the liquid level is below that level. In the illus 
trated embodiment, level control assembly 30 is capa 
ble of causing the system to seek a throttling position 
in which an essentially constant product flow rate and 
level in the tank are achieved. - 
Valve 31 is operated by a float 32 connected through 

an arm 33 to a pivot base 34. Float 32 actuates a piston 
assembly 36 which serves to open or close product liq 
uid flow through valve 31. Assembly 36 includes a 
valve housing 37 in which a slidable piston or mem 
brane 38 is spring loaded to move downwardly to close 
valve 31 in response to gas pressure exerted on its 
upper side and to move upwardly and open valve 31 in 
response to release of the gas pressure. 
A gas flow assembly is provided to exert and release 

gas pressure upon membrane 38 in response to the liq 
uid level in tank 27 which comprises a gas conduit 39 
communicating at one end with the head space of tank 
27 and at the other end with the upper face of mem 
brane 38. A plug 40 is connected by a rod 41 to a cen 
tral portion of float arm 33 and is seated in an ex 
panded portion of conduit 39. Plug 40 serves to block 
gas flow in conduit 39 with the liquid below a predeter 
mined level so that arm 33 pivots downwardly to seal 
ingly seat plug 40. When the liquid level rises above the 
predetermined level to a sufficient extent, plug 40 is 
unseated and gas from the head space in tank 27 is per 
mitted to flow in line 39. A gas bleed valve such as a 
needle valve 42, partially cracked open, is provided in 
the gas stream between tank 27 and membrane 38, ill 
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lustrated in valve housing 37, and serves to bleed off 
pressure at a predetermined rate. 

In operation of level control assembly 30, when the 
liquid exceeds the predetermined level, plug 40 is un 
seated and gas flows in line 39 at a higher rate than the 
bleed-off through valve 24 to urge membrane 38 to 
move downwardly and close valve 31 to stop the flow 
of product into tank 27. This product flow stoppage 
causes the liquid level in tank 27 to fall below the pre 
determined height to again seat plug 40 and seal gas in 
tank 27 from line 39. Thereafter, the gas slowly bleeds 
from valve 42 to permit the upward movement of 
spring loaded membrane 38 and to again open valve 
31. By a suitable selection of the bleed-off rate through 
valve 42, the level control assembly seeks an essentially 
constant flow rate in tank 28 with a relatively short 
delay time. 

Pressure reducing tank 27 is provided with a valve 
assembly for regulating the head pressure of carbon di 
oxide over the carbonated product in the tank and in 
cludes a pressure relief valve 43 and an optional pres 
sure regulating valve 44 connected to an optional 
source of carbon dioxide 46. Relief valve 43 is set at a 
pressure sufficiently above that in the filler to provide 
the desired rate of filling, as explained hereinafter. 
Since the operating pressure of tank 27 is below that of 
stabilizing tank 12, the beverage will release a certain 
amount of carbon dioxide which, if not released 
through relief valve 43, will cause the head pressure to 
increase until it equals the pressure in the stabilizing 
tank. The product is held at the operating pressure of 
tank 27 for sufficient time to stabilize the product at 
that pressure. In order to maintain the same degree of 
product carbonation with tank 27 maintained at a 
higher pressure than tank 12, the gas flow through 
valve 16 into the carbonator is proportionally increased 
to compensate for the release of carbon dioxide from 
the product during pressure reduction. 
For a product requiring a pressure in tank 12 sub 

stantially in excess of carbonating pressure, after a 
pressure reduction of, for example, 2-10 p.s.i.g., the 
pressure in tank 27 may still be in excess of carbonating 
pressure. Even so, this would be useful to lower the 
pressure in the filler. 
A filler assembly schematically illustrated at 47 is 

connected through a product line 48 to pressure reduc 
ing tank 27. For clarity, the filler assembly is illustrated 
in conjunction with an enlarged bottle 49 resting on a 
platform 50 and includes a centering cup 51 through 
which projects in gas sealing engagement outlet 52 for 
product line 48 and gas vent tube 53. 

In the illustrated embodiment, gas may be drawn 
under a low vacuum through optional vacuum pump 54 
in which case the filler is of the vacuum type. Although 
a vacuum filler is normally employed for non 
carbonated beverages, it may also be employed in a sys 
tem in which the carbonation is at a sufficiently low 
level that substantial amounts of carbon dioxide are not 
lost upon the application of a mild vacuum (e.g., up to 
about 3 p.s. i.g. of pressure). The purpose of applying 
the vacuum is to reduce the pressure head required in 
pressure reducing tank 27 in order to fill bottles 49 at 
a desired flow rate. As previously stated, this pressure 
differential is the determinant of flow rate. 
By elimination of optional vacuum pump 54, the gas 

in bottle 49 exits through vent tube 53 to atmospheric 
pressure as the product liquid fills the container. Such 
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6 
a filler is referred to as a gravity filler. One type of grav 
ity filler employs a filler bowl for distribution into the 
various containers. Another type of gravity filler has a 
central distribution valve with a separate product outlet 
to each filling valve. 
A conventional gravity or low pressure filler of the 

central distribution valve type delivers product to the 
filler by pumping. This method of product delivery 
could not produce a uniform final carbonated product 
because the pump pressure varies considerably with the 
filler speed which is subject to large variations as if con 
tainers were missing on some of the valves. Such exces 
sive pressure variation would alter the level of carbon 
ation and stability of the final product. With the utiliza 
tion of a pressure reducing tank 27, a uniform carbon 
ated product may be produced with a centrally distrib 
uted gravity or vacuum filler because the flow rate to 
the filler is set by the pressure differential between tank 
27 and the filler regardless of any vacancy of some of 
the filler valves. 
The utilization of the pressure reducing tank enables 

the present system to be employed with the aforemen 
tioned gravity or vacuum type of filler in place of the 
considerably higher investment in a counter pressure 
type of filler. 
A counter pressure filler may be employed advanta 

geously according to the present invention since the 
counter pressure required may be reduced to any de 
sired degree by preliminarily reducing the pressure in 
tank 27 prior to filling. For example, if the filler is oper 
ated at a speed that requires 15 to 20 G.P.M. of prod 
uct flow to the filler, the operating pressure in the 
counter pressure filler is set to be 2 to 3 p.s.i.g. below 
the operating pressure in tank 27. Thus, reduction of 
the tank pressure enables a counterbalancing reduction 
of operating pressure in the filler. The operation of a 
conventional counterpressure filler is fully described in 
the aforementioned U.S. Pat. No. 3,256,802, incorpo 
rated at this point by reference. 

It should be understood that the present system is ap 
plicable to any carbonated beverage including soft 
drinks, artificially carbonated wines, beer, and the like. 
For soft drinks, conventional syrup and water are 
mixed and cooled to form the liquid to be carbonated 
as in the conventional equipment described in the 
aforementioned U.S. Pat. No. 3,256,802. 

In a typical operation of the system of the present in 
vention, the desired rate of filling is first determined 
and the remainder of the system is adjusted accord 
ingly. Assuming a product flow rate of 15 to 20 gallons 
per minute, the pressure drop from tank 27 to the filler 
would be on the order of 2 to 3 pounds. If a higher ca 
pacity filler were employed, say, 50 to 60 gallons per 
minute of product, the same pressure drop would in 
crease to 4 to 5 p.s.i.g. 

EXAMPLE 1. 
Carbonation of a cold soft drink at 3.7 volumes of 

carbon dioxide is illustrated at a flow rate to a counter 
pressure filler of 15 to 20 G.P.M. A mixture of water 
and syrup (herein “liquid') is pumped through line 11. 
Valve 16 is set to deliver carbon dioxide at the required 
flow rate to carbonator 14 in line 11. Alternatively, if 
carbon dioxide is supplied in a liquid state, a liquid car 
bon dioxide metering pump is set for a finished carbon 
ation of 3.7 volumes carbon dioxide. A cooler, not 
shown, is employed to lower the final beverage temper 
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ature to a value on the order of 34°F at which the car 
bon dioxide equilibrium pressure is approximately 20 
p.s.l.g. 

Stabilizing tank 12 is adjusted to operate with a head 
pressure of slightly above carbonation pressure, say, at 
30 p.s. i.g. operating pressure by an appropriate setting 
of regulator 24, to stabilize the collapsed bubbles of 
carbon dioxide in the carbonated product. 

Following stabilization, the carbonated product is di 
rected to pressure reduction tank 27 wherein it is sub 
jected to a lower operating pressure of, say, 15 p.s.i.g. 
by setting relief valve 43. Lowering the pressure to a 
value below the carbonation pressure of 20 p.s. i.g. is 
feasible without a massive loss of carbon dioxide be 
cause the carbon dioxide has been stabilized in the 
product in tank 12. 
The beverage is then directed to the counter pressure 

filler which is operated at a value which is less than the 
15 p.s. i.g. in tank 27 by an amount that will produce the 
desired flow rate. As previously discussed, this pressure 
differential is on the order of 2 to 3 p.s. i.g. for a product 
flow rate of 15 to 20 G.P.M. Thus, the counter pressure 
would be 17 to 18 p.s.i.g. if this pressure differential 
were substantially higher than this level for the prede 
termined flow rate, substantial foaming would occur. 
By utilizing pressure reducing tank 27 in the above 

system, the required counter pressure in the filler as 
sembly was substantially reduced with a consequent re 
duction in wear on the pressurized lift cylinders, less 
maintenance, and a reduction in the risk of container 
damage. 

EXAMPLE 2 

In this example, the counter pressure filler was com 
pletely eliminated for a moderate to low carbonated 
wine using a gravity filler. The desired final product is 
carbonated to 1.75 volumes carbon dioxide at an ambi 
ent temperature of 65F which is equivalent to a car 
bonation equilibrium pressure of about 13 p.s. i.g. A de 
sirable pressure in stabilizing tank 12 for this degree of 
carbonation would be somewhat in excess of this equi 
librium value, say, on the order of 20 p.s.i.g. Following 
stabilization, the head pressure in tank 27 is considera 
bly reduced to a value of, say, 3 to 5 p.s. i.g., depending 
upon the desired flow rate by an appropriate setting of 
pressure relief valve 43. After pressure reduction, the 
product flows directly through line 48 into the gravity 
filler maintained at atmospheric pressure. For this type 
of product, a counter pressure filler is not required and 
so the capital outlay and operating costs are considera 
bly reduced along with the risk of container damage 
due to applying counter pressure. 
The foregoing system is capable of producing a final 

product with an extremely uniform degree of carbon 
ation regardless of variance in flow rates and the like. 
As previously discussed, the amount of carbon dioxide 
supplied to carbonator 14 is independent of the pres 
sure level in either the stabilizing tank 12 or the pres 
sure reducing tank 27 which adds to the uniformity of 
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8 
the carbonation. Furthermore, the carbon dioxide sup 
plied through valve 16 and the liquid metered through 
flow switch 19 are synchronously operated so that the 
stoppage of liquid and gas occurs simultaneously. Ex 
cessive pressure buildup in stabilizing tank 12 is pre 
vented by the opening of relief valve 23 in the major sit 
uation in which this could occur, namely when stop 
page of flow to filler assembly 47 is detected by sensor 
29 and the liquid flow switch is on with liquid rapidly 
rising in the stabilizing tank. When the liquid level 
reaches the upper electrode pair 21, the liquid flow to 
the stabilizer tank is stopped and pressure relief valve 
23 is closed with carbon dioxide being supplied through 
regulator 24 to achieve the desired head space pres 
Sle. 
A unique level control assembly 30 is provided for 

pressure reducing tank 27 to maintain the liquid 
therein at a relatively constant level. This enables a sin 
gle setting of the relief valve to produce the desired 
pressure for filling rather than constant adjustment as 
the liquid level rises and falls. 

It is apparent from the foregoing that a carbonation 
and filling system is provided in which the carbonated 
product is first stabilized and thereafter the pressure is 
reduced, prior to filling, without substantial losses of 
carbonation. In this manner, filling can be accom 
plished without excessive foaming and with either elim 
ination of the use of a counter pressure filler or a large 
scale reduction of the operating pressures of the same. 

I claim: 
1. In a continuous method for preparing a carbonated 

product and for filling containers with the same, the 
steps of: 

a, injecting carbon dioxide into a liquid in a carbonat 
ing zone to form a carbonated product; 

b. stabilizing the carbonated product by holding the 
same in a stabilizing tank with a head pressure at 
least equal to the carbonating pressure; 

c. passing the carbonated product from the stabiliz 
ing tank into a pressure reduction tank in which the 
head pressure is lowered to a level substantially 
below carbonating pressure, and holding the prod 
uct for sufficient time to stabilize the same at the 
last named pressure; and 

d. passing the carbonated product from the pressure 
reduction tank directly to a filler and dispensing 
the product into containers at a selected pressure 
below carbonating pressure so that the product 
pressure to the filler is determined by the pressure 
in the pressure reduction tank. 

2. A method as in claim 1 in which gaseous head 
pressure of the containers in filling step (d) is at a level 
no greater than atmospheric and the head pressure in 
the pressure reduction tank exceeds said container 
pressure by an amount just sufficient to achieve the de 
sired flow rate into the containers. 
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