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(54) Method and apparatus for filling a container

(57) In an apparatus for filling a container (10) with
a liquid, there is a supply line (22) for the liquid and a
return line (26) for gas displaced from the container (10).
A relief valve (50) is positioned to selectively prevent
flow in the return line (26), and the pressure at which the
relief valve (50) opens can be varied by a control means

(40). This allows the back pressure in the container (10)
to be varied, and is of particular use when filling a con-
tainer with a liquid containing dissolved gas, to avoid
breakout of the gas. The invention also extends to a
method of filling a container, in which a characteristic of
the liquid is monitored and the back pressure varied in
accordance with this characteristic.
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Description

[0001] The present invention relates to a method and
apparatus for filling containers with liquids, more partic-
ularly liquids containing dissolved gas.
[0002] Many liquids for human consumption, such as
beers or soft drinks, contain dissolved gas to provide
effervescence or conditioning. Carbon dioxide is com-
monly used for this purpose, although other gases such
as nitrogen can also be used.
[0003] When filling containers such as barrels with
such liquids, it is very important to control the filling proc-
ess so as to minimize the amounts of froth or foam gen-
erated by breakout of the gas (which occurs when the
gas comes out of solution and bubbles up to the surface
of the liquid). This froth or foam is commonly referred to
as "fob" when it is formed from beer.
[0004] Barrels are normally filled with beer (or
"racked") by means of a racking head. The head is
mounted on the end of a racking tube, which can be
moved to insert the head into a barrel. The racking tube
includes a main beer supply line and a return line for
displaced gas, fob and excess beer.
[0005] Unpasteurized beer is normally filled into
casks. After filling, these are not pressurized; however,
internal pressure is generated as the beer continues to
ferment inside the cask. In contrast, pasteurized beers
and lagers are normally supplied in kegs. These are in-
ternally pressurized after being filled, normally with car-
bon dioxide, by pressurized gas which is pumped
through the keg valve. The pressure is held in the keg
when the valve closes. Casks and kegs are generally
well-known, and will not be described further here.
[0006] There are two common methods of controlling
the flow of liquid. Firstly, the flow can be controlled by
means of valves in the supply line, which can be partially
opened. However, this method can be unsuitable for
beer and some soft drinks, as the throttling effect pro-
duced by the partly open valve can in itself lead to the
formation of fob.
[0007] Secondly, the container can be pressurized
before filling takes place, to provide a back pressure.
This requires that the racking tube also includes a line
for the supply of pressurized gas. Pressurized gas is
supplied into the barrel to provide a back pressure, and
the container is then filled with liquid against this back
pressure. The back pressure reduces the tendency of
fob to form.
[0008] This method has found application in brewer-
ies, as it avoids the throttling problem which arises with
beer. Traditionally, a spring-operated valve or a fixed-
pressure pneumatic valve is placed in the return line.
The valve opens at a set pressure to allow gas to be
forced from the barrel by the beer.
[0009] While this method can reduce the amount of
fob forming during filling, it is relatively crude. It only al-
lows gas to be vented from the barrel above a certain
pressure. If it desired to change the pressure at which

gas is vented (for example, because the barrels are to
be filled with a different beer), then the valve must be
adjusted.
[0010] Further, the back pressure in the barrel deter-
mines the speed at which the barrel can be filled, with
a higher pressure leading to a lower speed. In a system
with a constant back pressure, there is no allowance for
short-term fluctuations in the supply pressure, or for the
fact that it is usually preferable to start and finish the
filling cycle with a relatively slow fill.
[0011] According to a first aspect of the invention,
there is provided apparatus for filling a container with a
liquid, comprising a supply line for the liquid, a return
line for gas displaced from the container, a relief valve
positioned to selectively prevent flow in the return line,
and a control means for varying the pressure at which
the relief valve opens.
[0012] The relief valve is designed to open when the
pressure in the return line (the back pressure) reaches
a certain amount. Providing a control means for varying
this pressure allows the back pressure, and thus the rate
at which liquid is supplied into the container, to be ac-
curately controlled, thus reducing the risk of fob forma-
tion.
[0013] The valve can take any suitable form. Howev-
er, it is preferred for the relief valve to be a diaphragm
valve. It is further preferred for the pressure at which the
relief valve opens to be varied by varying the pressure
of fluid supplied to the diaphragm valve. Preferably, the
fluid is supplied to the relief valve by a variable pressure
regulator.
[0014] The control means can also take any suitable
form. In a preferred form, the control means is a pro-
grammable logic controller unit.
[0015] In a preferred embodiment, a signal from a
pressure sensor in the supply line is sent to the control
means, the control means varying the pressure at which
the relief valve opens in accordance with this signal.
This allows the back pressure to "track" the pressure in
the supply line, so that any fluctuations in the supply line
pressure are mirrored by the back pressure. This keeps
the rate of supply of liquid into the container substantial-
ly constant.
[0016] In another preferred embodiment, a signal
from a temperature sensor in the supply line is sent to
the control means, the control means varying the pres-
sure at which the relief valve opens in accordance with
this signal. The temperature of a liquid containing dis-
solved carbon dioxide gas can affect the gas breakout
characteristics of the liquid, and sensing the tempera-
ture allows the back pressure to be varied to compen-
sate for this.
[0017] In another preferred embodiment, a signal re-
lating to the amount of dissolved gas in the liquid is sent
to the control means, the control means varying the
pressure at which the relief valve opens in accordance
with this signal. If the liquid contains relatively little dis-
solved gas, then it can be supplied at a faster rate than
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a liquid with a relatively high dissolved gas content with-
out the risk of gas breakout. This feature allows the back
pressure (and so the rate of supply) to be varied accord-
ingly.
[0018] In a further preferred embodiment, a signal re-
lating to the amount of liquid in the container is sent to
the control means, the control means varying the pres-
sure at which the relief valve opens in accordance with
this signal. This is of particular use when filling barrels
with beer, where it is desirable for the start and end of
the filling process to be carried out a low fill speed, to
avoid fob formation, but for the remainder of the process
to be carried out at as high a fill speed as possible, to
reduce the time it takes to fill a barrel. This feature allows
the back pressure to be varied during the filling process,
depending on the amount of liquid supplied.
[0019] It is also preferred for the apparatus to com-
prise a pressurized gas supply line, for supplying pres-
surized gas to the container. This can be used to provide
an initial back pressure, and also allows the container
to be checked for leaks before the filling process com-
mences.
[0020] According to a second preferred aspect of the
invention, there is provided a method of filling a contain-
er with a liquid containing dissolved gas, including the
steps of establishing a back pressure in the container,
supplying liquid into the container, monitoring at least
one characteristic of the liquid, and varying the back
pressure in accordance with the characteristic of the liq-
uid to reduce breakout of the gas.
[0021] As has been described above, various charac-
teristics of the liquid affect its propensity for gas break-
out. By monitoring these characteristics and varying the
back pressure in accordance with them, the chance of
gas breakout is reduced.
[0022] In a preferred embodiment, the back pressure
is varied by varying the pressure at which a relief valve,
positioned to selectively prevent flow in a return line for
gas displaced from the container, operates.
[0023] In one preferred form, the pressure of the liquid
being supplied is monitored, and the back pressure is
varied in accordance with the pressure of the liquid be-
ing supplied.
[0024] In another preferred form, the temperature of
the liquid being supplied is monitored, and the back
pressure is varied in accordance with the temperature
of the liquid being supplied.
[0025] In a further preferred form, the amount of gas
dissolved in the liquid being supplied is monitored, and
the back pressure is varied in accordance with the
amount of gas dissolved in the liquid being supplied.
[0026] In a further preferred form, the amount of liquid
supplied is monitored, and the back pressure is varied
in accordance with the amount of liquid supplied.
[0027] These preferred forms have the advantages
discussed above.
[0028] A preferred embodiment of the invention will
now be described by way of example only and with ref-

erence to the accompanying drawing, which shows
schematically a container 10, a racking tube 20 and a
control system.
[0029] As can be seen from the Figure, the racking
tube 20 has a supply line 22 for a liquid such as beer, a
pressurized gas inlet 24, and an outlet or return line 26
for gas, froth and excess liquid. Although not shown, the
racking tube 20 is provided with a seal to allow it to seal
against an opening in the container 10, with the head of
the racking tube projecting into the container.
[0030] Provided in the supply line 22 are a pressure
transducer 28, for measuring the instantaneous pres-
sure in the liquid being filled, and a temperature probe
30, for measuring its temperature. Signals from these
are sent to a programmable logic controller unit (or PLC)
40. The PLC 40 is also supplied with a signal 32 regard-
ing the content of dissolved gas in the liquid being filled.
[0031] The pressurized gas inlet 24 is provided to al-
low the container 10 to be internally pressurized. When
barrels are being filled, the first stage in the filling proc-
ess is to pressurize the barrel, to check for leaks. This
is particularly important for casks, as the washing proc-
ess routinely carried out before filling requires the re-
moval of a stopper (known as a keystone) from one of
the faces of the cask. The pressurization allows an au-
tomatic check that the keystone has been replaced. Any
suitable pressurized gas can be used.
[0032] The return line 26 fulfills the same purpose as
the return line of the known filling apparatus, in that it
allows gas, froth and any excess liquid to be transported
from the container 10. However, flow in the return line
26 is regulated by a diaphragm valve 50, rather than a
spring-operated valve or similar as in the prior art.
[0033] The diaphragm valve 50 includes a part 52
which can be moved to block flow in the return line 26.
This part is connected to one side of a diaphragm 54,
and a pressure source 56 is connected to the other side
of the diaphragm. When the pressure in the return line
26 is less than the pressure supplied by the source 56,
the part 52 blocks flow in the return line 26. When the
pressure in the return line 26 is greater than the pressure
supplied by the source 56, then the part 52 moves to
allow flow in the return line 26.
[0034] The pressure source is, in the preferred em-
bodiment, a variable pressure regulator 56. The pres-
sure supplied by the variable pressure regulator 56 can
be varied, and is controlled by the PLC 40 by means of
a signal, schematically indicated at 58. This allows the
pressure below which flow in the return line 26 (the back
pressure) is prevented to be controlled, depending on
the data received by the PLC 40.
[0035] In addition, a conductivity probe (not shown)
or a similar sensor can be provided in the return line.
The probe is activated by the presence of liquid in the
return line, but is not activated by gas or froth. Activation
of the probe signals that the container is full. Other
means of determining that the container is full, such as
monitoring of the amount of liquid supplied to the con-
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tainer, can also be used.
[0036] A normal process for filling a cask with beer will
now be described by way of example only.
[0037] Firstly, as mentioned above, pressurized gas
is supplied into the cask, to check it for leaks and to en-
sure that the keystone has been replaced. A pressure
of around 15 psi (103 kPa) is normally used for this, and
so the pressure supplied to the diaphragm valve by the
variable pressure regulator is set by the PLC to be at
least this great.
[0038] As mentioned above, the rate at which beer
can be filled into the cask is determined by the back
pressure. Since it is normally desirable for the initial part
of the filling cycle (at least until the level of beer is above
the racking head) to be carried out at a low fill rate, the
back pressure should at first be reasonably high, at
around 10 psi (69 kPa). However, it does not need to be
as high as the pressure used in the initial pressurization
step, and so it is necessary to reduce the back pressure.
[0039] This reduction is achieved by reducing the
pressure supplied to the diaphragm valve by the varia-
ble pressure regulator. As the pressure supplied to the
diaphragm falls below the pressure inside the cask
(which was initially pressurized to around 15 psi (103
kPa)), the diaphragm is moved by the pressure in the
return pipe, allowing gas to flow from the cask. When
the outflow of gas from the cask brings the pressure in
the cask below the pressure supplied by the variable
pressure regulator, the diaphragm moves back to block
flow in the return line, and provide a back pressure in
the cask.
[0040] Beer is then supplied into the cask against the
back pressure, until the level of beer is above the racking
head. This can be measured by a sensor on the racking
head, or the amount of beer supplied into the cask can
be measured. Once the level of beer is above the rack-
ing head, the rate at which beer is supplied can be in-
creased without increasing the chance of formation of
fob.
[0041] Accordingly, the pressure supplied to the dia-
phragm valve by the variable pressure regulator is again
reduced, to allow gas to flow from the cask and thus re-
duce the back pressure. With the back pressure re-
duced, the rate at which beer is supplied increases, and
the cask is filled relatively quickly.
[0042] It is also preferable for the last part of the filling
cycle to be carried out relatively slowly. Thus, the pres-
sure supplied to the pressure regulator is increased
once the beer level in the cask has reached the appro-
priate level (which can again be detected by a sensor
on the racking head or by monitoring the volume of beer
supplied). The supply of beer into the cask will tend to
compress the gas in the cask, and so increase the back
pressure until the desired level is reached; alternatively,
pressurized gas can be supplied through the line in the
racking head.
[0043] Once the cask is sensed as being full, the sup-
ply of beer is stopped. The racking head can then be

removed from the cask, which can then be stoppered.
[0044] The filling process for a keg is generally similar.
However, as a last step, pressurized gas is supplied into
the keg through the keg valve, to place the keg under
internal pressure.
[0045] If the back pressure could not be varied, then
it would have to be set at the higher value (correspond-
ing to the low fill rate at the start and end of the filling
cycle), to prevent fob formation. The ability to vary the
back pressure, and thus the rate at which beer can be
supplied into the barrel, allows the barrel to be filled
more quickly.
[0046] Further, the provision of the variable pressure
regulator, controlled by the control means, allows fine
adjustment of the back pressure, and in particular allows
the back pressure to be selected according to the par-
ticular characteristics of the liquid being filled. For ex-
ample, in a beer with a low dissolved gas content, there
is less tendency for the gas to breakout and form fob.
Thus, the back pressure can be reduced, allowing for a
faster fill rate. For a beer with a higher dissolved gas
content, and so a higher tendency for gas breakout, the
back pressure can be increased.
[0047] In addition, the provision of sensors in the sup-
ply line allow the back pressure to be constantly adjust-
ed to provide optimum filling characteristics. The drive
pressure forcing beer into the container is equal to the
available pressure in the supply line minus the back
pressure. If the pressure in the supply line drops, then
the drive pressure will also drop, leading to a reduced
flow. However, if the supply line pressure is monitored,
any slight fluctuations in the supply line pressure can be
matched by variations in the back pressure in order to
keep the drive pressure constant. Thus, the beer can
always be supplied at the optimum drive pressure. Sim-
ilarly, as the temperature of the liquid can affect its gas
breakout characteristics, this is also monitored, and the
back pressure can be varied accordingly.
[0048] Although the above description has been in the
context of filling a barrel with beer, it will be appreciated
that the use of variable back pressure can be applied to
any container being filled with a liquid. Further, although
only certain characteristics of the liquid being filled have
been discussed, the skilled person will appreciate that
other relevant characteristics may also be monitored.

Claims

1. Apparatus for filling a container (10) with a liquid,
comprising:

a supply line (22) for the liquid;
a return line (26) for gas displaced from the con-
tainer (10);
a relief valve (50) positioned to selectively pre-
vent flow in the return line (26); and
a control means (40) for varying the pressure
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at which the relief valve (50) opens.

2. Apparatus as claimed in claim 1, wherein the relief
valve (50) is a diaphragm valve.

3. Apparatus as claimed in claim 2, wherein the pres-
sure at which the valve (50) opens is varied by var-
ying the pressure of fluid supplied to the diaphragm
valve.

4. Apparatus as claimed in claim 3, wherein fluid is
supplied to the relief valve (40) by a variable pres-
sure regulator (56).

5. Apparatus as claimed in any preceding claim,
wherein the control means (40) is a programmable
logic controller unit.

6. Apparatus as claimed in any preceding claim,
wherein a signal from a pressure sensor (28) in the
supply line (22) is sent to the control means (40),
the control means varying the pressure at which the
relief valve (50) opens in accordance with this sig-
nal.

7. Apparatus as claimed in any preceding claim,
wherein a signal from a temperature sensor (30) in
the supply line (22) is sent to the control means (40),
the control means varying the pressure at which the
relief valve (50) opens in accordance with this sig-
nal.

8. Apparatus as claimed in any preceding claim,
wherein a signal relating to the amount of dissolved
gas in the liquid is sent to the control means (40),
the control means varying the pressure at which the
relief valve (50) opens in accordance with this sig-
nal.

9. Apparatus as claimed in any preceding claim,
wherein a signal relating to the amount of liquid in
the container (10) is sent to the control means (40),
the control means varying the pressure at which the
relief valve (50) opens in accordance with this sig-
nal.

10. Apparatus as claimed in any preceding claim, addi-
tionally comprising a pressurized gas supply line
(24), for supplying pressurized gas to the container
(10).

11. A method of filling a container (10) with a liquid con-
taining dissolved gas, including the steps of:

establishing a back pressure in the container
(10);
supplying liquid into the container;
monitoring at least one characteristic of the liq-

uid; and
varying the back pressure in accordance with
the characteristic of the liquid to reduce break-
out of gas.

12. A method as claimed in claim 11, wherein the back
pressure is varied by varying the pressure at which
a relief valve (50), positioned to selectively prevent
flow in a return line (26) for gas displaced from the
container (10), operates.

13. A method as claimed in claim 11 or claim 12, where-
in the pressure of the liquid being supplied is mon-
itored, and the back pressure is varied in accord-
ance with the pressure of the liquid being supplied.

14. A method as claimed in any of claims 11 to 13,
wherein the temperature of the liquid being supplied
is monitored, and the back pressure is varied in ac-
cordance with the temperature of the liquid being
supplied.

15. A method as claimed in any of claims 11 to 14,
wherein the amount of gas dissolved in the liquid
being supplied is monitored, and the back pressure
is varied in accordance with the amount of gas dis-
solved in the liquid being supplied.

16. A method as claimed in any of claims 11 to 15,
wherein the amount of liquid supplied is monitored,
and the back pressure is varied in accordance with
the amount of liquid supplied.
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