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(54) PRESSURE FILL DEVICE

(57) A pressure fill device (1) comprising an inlet pipe
(2), arranged to be connected, in use, to a fluid supply
(3), a system outlet pipe (4) and a flow control arrange-
ment (6), arranged to selectively enable supply of fluid
from the fluid supply (3) to the system outlet pipe (4). The
device (1) further comprising at least one of an inlet fluid
flow sensor (8), arranged to detect flow through the inlet
pipe (2) and an outlet fluid flow sensor (10), arranged to
detect flow through the system outlet pipe (4).
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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to a pressure fill device.
[0002] It is known to provide closed-loop fluid circula-
tion systems in both domestic and non-domestic proper-
ties, for example in order to provide heating or cooling to
a property or to a heating or cooling system. It is further-
more known that such systems suffer losses over time,
for example due to evaporation or even due to a leak,
which cause the pressure in such systems to drop, and
eventually cause the pressure in the system to need to
be topped up.
[0003] It is known to provide pressure fill devices to
supply additional fluid into closed-loop fluid circulation
systems in order to increase the pressure and compen-
sate for losses that have occurred over time. Some such
devices are arranged to "top up" pressure in a closed-
loop fluid circulation system without the need for a pump,
by selectively connecting the closed-loop fluid circulation
system to a pressurised fluid supply, such as a mains
water supply. The pressure from the connected system
allows the fluid in the closed-loop fluid circulation system
to be "topped up" without the use of a pump.
[0004] The present invention seeks to provide an im-
proved pressure fill device.

SUMMARY OF THE INVENTION

[0005] From a first aspect, the invention provides a
pressure fill device, comprising:

an inlet pipe, arranged to be connected, in use, to a
fluid supply;
a system outlet pipe;
a flow control arrangement, arranged to selectively
enable supply of fluid from the fluid supply to the
system outlet pipe;
the device further comprising at least one of:

an inlet fluid flow sensor, arranged to detect flow
through the inlet pipe; and
an outlet fluid flow sensor, arranged to detect
flow through the system outlet pipe.

[0006] From a second aspect, the invention provides
a method of operating a pressure fill device, the method
comprising at least one of:

detecting flow of fluid through an inlet pipe using an
inlet fluid flow sensor, the inlet pipe arranged to be
connected, in use, to a fluid supply; and
detecting flow of fluid through a system outlet pipe
using an outlet fluid flow sensor, the system outlet
pipe arranged to be connected, in use, to a closed-
loop fluid circulation system.

[0007] The pressure fill device may further comprise a
flow control arrangement, and the method may further
comprise:

during a fill operation, enabling supply of fluid from
the fluid supply into the closed-loop fluid circulation
system using the flow control arrangement; and/or
not during a fill operation, disabling supply of fluid
from the fluid supply into the closed-loop fluid circu-
lation system using the flow control arrangement.

[0008] Thus it will be seen that, in accordance with the
invention, by providing a fluid flow sensor on the inlet
pipe and/or the outlet pipe, useful information can be ob-
tained about the operation of the pressure fill device.
[0009] For example, the provision of an inlet fluid flow
sensor, arranged to detect flow through the inlet pipe,
can detect a malfunction during a time when the device
is not performing a fill sequence - if flow is detected
through the inlet pipe at a time when the device is not
performing a fill sequence then there must have been a
malfunction of the device since no flow is expected during
this state of operation.
[0010] In some embodiments, the method comprises
initiating a fault action responsive to detecting flow of fluid
through the inlet pipe during a time when the pressure
fill device is not carrying out a fill operation. The fault
action may comprise outputting an alert signal. The alert
signal may be an audible or visual signal. The audible or
visual signal may be simple, e.g. a siren sound or flashing
light, or it may have informational content, e.g. a spoken
or written message containing information about the fault.
Alternatively, or in addition, the alert signal may comprise
a wireless signal transmitted to an external device, such
as a user’s mobile device.
[0011] In some embodiments, the flow control arrange-
ment further comprises an inlet pipe valve moveable be-
tween an open position in which fluid is able to flow
through the inlet pipe valve, and a closed position, in
which fluid is prevented from flowing through the inlet
pipe valve. The inlet pipe valve may be arranged within
the inlet pipe, on the inlet pipe, or adjacent to an end of
the inlet pipe.
[0012] In some embodiments, the inlet pipe valve may
be a solenoid valve. Solenoid valves may be biased into
either a normally open position or a normally closed po-
sition depending on the system design. Certain solenoid
valves may comprise a diaphragm and a valve seat. The
diaphragm may be moved (directly or indirectly) by the
solenoid to close the valve by the diaphragm engaging
with the valve seat or to open the valve by the diaphragm
disengaging from the valve seat.
[0013] In some embodiments, the inlet pipe valve is
biased into a closed position. By this it will be understood
that when not actuated or moved by an external force,
the inlet pipe valve is by default in the closed position
(i.e., the position in which the valve prevents flow). The
inlet pipe valve must therefore be controlled or actuated
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to move to the open position, enabling flow. Thus the
presence of the inlet fluid flow sensor makes it possible
to detect when the biasing of the inlet pipe valve has
failed, since this will mean that the valve enables flow
when it shouldn’t (i.e., at a time when the pressure fill
device is not carrying out a fill operation), as described
above.
[0014] The inlet fluid flow sensor may also allow a fault
or malfunction to be detected during a flow operation. In
this case, if no flow is detected through the inlet fluid flow
sensor during a flow operation then it can be detected
that the actuation of the inlet pipe valve to the open po-
sition has failed since it has not opened to allow flow
through the inlet pipe.
[0015] Thus, in some embodiments, the method com-
prises initiating a fault action responsive to detecting that
fluid is not flowing through the inlet pipe, during a time
when the pressure fill device is carrying out a fill opera-
tion. The fault action may comprise the pressure fill de-
vice ceasing the fill operation. In addition, or alternatively,
the fault action may comprise outputting an alert signal.
The alert signal may be an audible or visual signal. The
audible or visual signal may be simple, e.g. a siren sound
or flashing light, or it may have informational content, e.g.
a spoken or written message containing information
about the fault. Alternatively, or in addition, the alert signal
may comprise a wireless signal transmitted to an external
device, such as a user’s mobile device.
[0016] The provision of an outlet fluid flow sensor, ar-
ranged to detect flow through the outlet pipe, allows de-
tection of a fault or malfunction during a time when the
device is performing a fill sequence - if flow is not detected
through the outlet pipe at a time when the device is per-
forming a fill sequence then there must have been a mal-
function of the device since flow is expected through the
outlet pipe.
[0017] In some embodiments, the flow control arrange-
ment further comprises a drain (e.g., a drain pipe), ar-
ranged to drain fluid out of the pressure fill device (i.e.,
other than to the system outlet pipe. Thus it will be un-
derstood that the drain is arranged to drain fluid out of
the pressure fill device, such that said fluid does not pass
to (and then out of) the system outlet pipe. The drain may
be arranged to drain fluid out of the flow control arrange-
ment, for example out of the manifold.
[0018] In some embodiments, the pressure fill device
further comprises a drain flow sensor, arranged to detect
flow through the drain. Data from this drain flow sensor
may be used to give an indication of a fault with the de-
vice.
[0019] The drain flow sensor may be arranged to
measure the fluid flowing out of the drain. For example,
the drain flow sensor may be arranged to measure the
rate of flow and/or the volume of fluid flowing out of the
drain. This is advantageous since it can be used to give
an indication of how much fluid is wasted by the device.
[0020] This is considered to be novel and inventive in
its own right, therefore, according to a third aspect of the

present invention, there is provided a pressure fill device,
comprising:

an inlet pipe, arranged to be connected, in use, to a
fluid supply;
a system outlet pipe;
a flow control arrangement, arranged to selectively
enable supply of fluid from the fluid supply to the
system outlet pipe, the flow control arrangement
comprising a drain, arranged to drain fluid out of the
pressure fill device, such that said fluid does not pass
to the system outlet pipe;
the device further comprising a drain flow sensor,
arranged to detect flow through the drain.

[0021] This has the advantage that it is possible to
monitor for faults using this flow sensor. For example, if
a fill operation is in progress, such that no flow out of the
drain is expected, and flow is detected, then this may be
indicative of a fault with the device (e.g., with a drain
valve, as discussed below). Furthermore, if flow is de-
tected outside of a fill operation this may be indicative of
a fault condition with the device, and this information may
be useful even if the data from the drain flow sensor does
not allow determination of the exact cause of the fault.
[0022] The drain flow sensor may be arranged to
measure the fluid flowing out of the drain (e.g., the rate
of flow and/or the volume of fluid). This is advantageous
since the drain flow sensor allows the quantity of fluid
wasted by the device (i.e., drained out of the drain) to be
monitored.
[0023] It will be appreciated that the inlet flow sensor
and/or the outlet flow sensor described above (and all
optional features described in relation to these flow sen-
sors) may optionally also be present in a pressure fill
device according to the third aspect.
[0024] In accordance with a fourth aspect of the
present invention, there is provided a pressure fill device,
comprising:

an inlet pipe, arranged to be connected, in use, to a
fluid supply;
a system outlet pipe;
a flow control arrangement, arranged to selectively
enable supply of fluid from the fluid supply to the
system outlet pipe, the flow control arrangement
comprising a drain, arranged to drain fluid out of the
pressure fill device, such that said fluid does not pass
to the system outlet pipe;
the device further comprising at least one of:

an inlet fluid flow sensor, arranged to detect flow
through the inlet pipe;
an outlet fluid flow sensor, arranged to detect
flow through the system outlet pipe; and
a drain flow sensor, arranged to detect flow
through the drain.
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[0025] Similarly, according to a fifth aspect, the inven-
tion further provides a method of operating a pressure
fill device, the method comprising at least one of:

detecting flow of fluid through an inlet pipe using an
inlet fluid flow sensor, the inlet pipe arranged to be
connected, in use, to a fluid supply;
detecting flow of fluid through a system outlet pipe
using an outlet fluid flow sensor, the system outlet
pipe arranged to be connected, in use, to a closed-
loop fluid circulation system; and
detecting flow of fluid through a drain using a drain
flow sensor, the drain arranged to drain fluid out of
the pressure fill device.

[0026] In some embodiments, the method comprises
initiating a fault action responsive to detecting flow of fluid
through the drain during a time when the pressure fill
device is carrying out a fill operation. The fault action may
comprise outputting an alert signal. The alert signal may
be an audible or visual signal. The audible or visual signal
may be simple, e.g. a siren sound or flashing light, or it
may have informational content, e.g. a spoken or written
message containing information about the fault. Alterna-
tively, or in addition, the alert signal may comprise a wire-
less signal transmitted to an external device, such as a
user’s mobile device.
[0027] In some embodiments, the method comprises
initiating a fault action responsive to detecting flow of fluid
through the drain during a time when the pressure fill
device is not carrying out a fill operation. The fault action
may comprise outputting an alert signal. The alert signal
may be an audible or visual signal. The audible or visual
signal may be simple, e.g. a siren sound or flashing light,
or it may have informational content, e.g. a spoken or
written message containing information about the fault.
Alternatively, or in addition, the alert signal may comprise
a wireless signal transmitted to an external device, such
as a user’s mobile device. The fault action may be differ-
ent to fault action carried out when flow is detected during
a fill operation.
[0028] The method may comprise measuring flow us-
ing one, more than one, or all of these flow sensors. It
will be understood that measuring the flow involves de-
termining quantitative information about the flow, rather
than simply the presence or absence of flow.
[0029] In some embodiments, the flow control arrange-
ment further comprises a drain valve, the drain valve ar-
ranged between the system outlet pipe and the drain, the
drain valve moveable between an open position in which
fluid is able to flow through the drain valve, and a closed
position, in which fluid is prevented from flowing through
the drain valve. By providing this drain valve, it is possible
to selectively control when the drain is closed and when
it is open, and to close the drain such that fluid supplied
through the inlet pipe cannot exit through the drain and
must therefore flow elsewhere, i.e., out of the system
outlet pipe.

[0030] It will be understood that by the drain valve being
arranged between the system outlet pipe and the drain
there is a path from the system outlet pipe to the drain
and the drain valve is located along that path. Said path
does not have to define a direction of flow of the fluid
through the pressure fill device. It also does not need to
be a direct path, i.e. other intervening components could
be connected between the system outlet pipe and the
drain. For example, the system outlet pipe and the drain
valve may each be connected to a manifold, such that
there is a path from the system outlet pipe to the drain
that passes through both the manifold and the drain
valve.
[0031] In some embodiments, the drain valve is a so-
lenoid valve.
[0032] In some embodiments, the drain valve is biased
into an open position. By this it will be understood that
when not actuated or moved by an external force, the
drain valve is by default in the open position (i.e., the
position in which the valve allows flow out of the drain).
The drain valve must therefore be controlled or actuated
to move to the closed position, preventing flow.
[0033] If only the outlet fluid flow sensor is present it
may not be possible to fully determine that a fault is due
to failure of the drain valve (as opposed to failure of the
inlet valve to open), but nonetheless the outlet fluid flow
sensor usefully indicates that a pressure fill operation is
not being carried out successfully, and allows the pres-
sure fill operation to be ceased so that the fault can be
investigated.
[0034] Thus, in some embodiments, the method com-
prises initiating a fault action responsive to detecting that
fluid is not flowing through the system outlet pipe, during
a time when the pressure fill device is carrying out a fill
operation. The fault action may comprise the pressure
fill device ceasing the fill operation. In addition, or alter-
natively, the fault action may comprise outputting an alert
signal. The alert signal may be an audible or visual signal.
The audible or visual signal may be simple, e.g. a siren
sound or flashing light, or it may have informational con-
tent, e.g. a spoken or written message containing infor-
mation about the fault. Alternatively, the alert signal may
be a wireless signal transmitted to an external device,
such as a user’s mobile device.
[0035] In some embodiments, the pressure fill device
comprises both the inlet fluid flow sensor and the outlet
fluid flow sensor. Providing both the inlet fluid flow sensor
and the outlet fluid flow sensor allows further useful in-
formation to be derived from the combination of data out-
put by both sensors. For example, by comparing the flow
of fluid detected through the inlet pipe with the flow of
fluid detected through the system outlet pipe, a measure
of fluid wastage can be determined.
[0036] Thus, in some embodiments, the method com-
prises detecting fluid wastage by comparing the flow of
fluid detected through the inlet pipe and the flow of fluid
detected through the system outlet pipe. This would allow
a user of the pressure fill device to track the amount of
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fluid wasted by the pressure fill device.
[0037] The flow sensors may measure flow, i.e. deter-
mine quantitative information about the flow, e.g. the rate
of flow. Where the diameter of the inlet pipe and the sys-
tem outlet pipe, respectively, are known, the flow rate
determined by each sensor can be converted to give a
flow rate in units of volume per second, e.g. cm3/s. From
this, a total volume of fluid lost in a selected time period
may be calculated (e.g., by integration) The volume of
fluid lost can then be calculated by subtracting the volume
of fluid that has passed out through the system outlet
pipe, from the volume of fluid that has passed through
the system inlet pipe, since the fluid that has not flowed
out through the system outlet pipe must have passed out
through the drain (and therefore been wasted). Thus, in
some embodiments, the method comprises detecting flu-
id wastage by subtracting the flow of fluid (e.g. a volume
of fluid flowing in a defined time period) detected through
the system outlet pipe from the flow of fluid (e.g. a volume
of fluid flowing in a defined time period) detected through
the inlet pipe.
[0038] The presence of both the inlet fluid flow sensor
and the outlet fluid flow sensor is furthermore useful since
it allows the pressure fill device to identify whether a fault
has occurred with the inlet valve, or the drain valve, in
the event that a fill operation fails. If no flow is detected
through the outlet fluid flow sensor during a flow operation
this could be indicative of a failure of either the inlet valve
or the drain valve. If no flow is detected through the inlet
fluid flow sensor then the fault must be (at least) with the
inlet valve, but if no flow is detected through the outlet
fluid flow sensor and the inlet fluid flow sensor indicates
flow through the inlet pipe then it can be determined that
the actuation of the drain valve to the closed position has
failed since it has not closed to prevent flow through the
drain and therefore enable flow through the system outlet
pipe. Thus, the method may further comprise:

detecting flow of fluid through an inlet pipe using an
inlet fluid flow sensor, the inlet pipe arranged to be
connected, in use, to a fluid supply;
detecting flow of fluid through a system outlet pipe
using an outlet fluid flow sensor, the system outlet
pipe arranged to be connected, in use, to a closed-
loop fluid circulation system; and
determining, based on detecting the flow of fluid
through both the inlet pipe and the system outlet pipe,
whether a fault of the drain valve has occurred.

[0039] In some embodiments, the flow control arrange-
ment is arranged between the inlet pipe and the system
outlet pipe. It will be understood that by this it is meant
that the flow control arrangement is located on (or within)
a path (not necessarily the fluid flow path) which passes
from the inlet pipe to the system outlet pipe.
[0040] In some embodiments, the flow control arrange-
ment further comprises a manifold, wherein the inlet pipe
comprises a first end, connected to the manifold, and

wherein the system outlet pipe comprises a first end, con-
nected to the manifold. The manifold may comprise (e.g.,
at certain times during operation of the pressure fill de-
vice) an air gap. This air gap may help to prevent con-
tamination of the fluid supply by the fluid within the fluid
circulation system. The manifold may be made of any
suitable material. For example, the manifold may be a
brass manifold or a plastic manifold (e.g. a moulded plas-
tic manifold).
[0041] Although various separate components are de-
scribed here, it will be appreciated that one or more of
these components may be integrally formed, e.g. provid-
ed as a single integral component. Such a component
may be more readily moulded, e.g. by injection moulding.
For example, the manifold may be integrally formed with
an inlet pipe and/or an outlet pipe and/or a drain pipe.
The integral manifold may have mounting points into
which the one or more flow control valves can be mount-
ed. In some examples, parts of the flow control valves
such as the inlet and outlet flow paths and the seal seat
may be formed integrally with the manifold and/or with
the inlet pipe and/or outlet pipe and/or drain pipe.
[0042] In some embodiments, the first end of the inlet
pipe is connected to the manifold at a first position, where-
in the first end of the system outlet pipe is connected to
the manifold at a second position, and wherein the first
position is above the second position. It will be under-
stood that by the first position being above the second
position it is meant that when the pressure fill device is
oriented in its normal operating orientation (e.g. in its op-
erating position, mounted on a wall), the first position it
at a higher up position, along a vertical axis, than the
second position. This of course does not require the first
position to be directly vertically above the second posi-
tion. This arrangement helps to reduce the contamination
risk. Provided that the drain valve is open, fluid will never
build up to the level of the inlet pipe. This reduces the
risk of contaminating the fluid supply (which may be a
mains fluid supply) that is connected to the inlet pipe with
the system fluid. This air gap provides a further level of
contamination protection in addition to any check valves
installed in the inlet pipe and the outlet pipe.
[0043] The drain valve may be arranged specifically
between the manifold and the drain. Thus, in some em-
bodiments, the flow control arrangement further compris-
es a drain, and a drain valve, the drain valve arranged
between the manifold and the drain, the drain valve
moveable between an open position in which fluid is able
to flow through the drain valve, and a closed position, in
which fluid is prevented from flowing through the drain
valve.
[0044] In some embodiments, the inlet pipe comprises
a back-flow prevention valve (e.g., a double check valve).
This helps to prevent fluid flowing into the inlet pipe from
downstream parts of the pressure fill device, such as the
manifold, the system outlet pipe, and the drain. This
therefore helps to prevent contamination of a fluid supply
connected to the inlet pipe. This may make it safe for a
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mains water supply to be used as the fluid supply, since
contamination of the mains water supply is prevented.
[0045] In some embodiments, the method comprises
detecting a direction of flow through the inlet fluid flow
sensor, and, responsive to detecting that the direction of
flow is opposite to the expected direction, determining
that a back-flow prevention valve of the inlet pipe has
failed. The method may further comprise initiating a fault
action responsive to detecting that the direction of flow
through the inlet fluid flow sensor is opposite to the ex-
pected direction.
[0046] In some embodiments, the system outlet pipe
comprises a back-flow prevention valve (e.g., a double
check valve). This helps prevent fluid flowing out of the
outlet pipe, back into upstream parts of the pressure fill
device, such as the manifold, the inlet pipe, and the drain.
This therefore helps to prevent loss of fluid from a fluid
circulation system connected to the system outlet pipe
even in the event that the pressure in the fluid circulation
system is higher than the pressure in the pressure fill
device. This furthermore helps to prevent contamination
of a fluid supply connected to the inlet pipe, since no fluid
is able to pass into the manifold from the fluid circulation
system, and therefore no fluid is at risk of then passing
back into the fluid supply. This may make it safe for a
mains water supply to be used as the fluid supply, since
contamination of the mains water supply is prevented.
[0047] In some embodiments, the method comprises
detecting a direction of flow through the outlet fluid flow
sensor, and, responsive to detecting that the direction of
flow is opposite to the expected direction, determining
that a back-flow prevention valve of the system outlet
pipe has failed. The method may further comprise initi-
ating a fault action responsive to detecting that the direc-
tion of flow through the outlet fluid flow sensor is opposite
to the expected direction.
[0048] In some embodiments, the pressure fill device
comprises a pressure sensor connected to the inlet pipe.
In some embodiments, the pressure fill device comprises
a pressure sensor connected to the system outlet pipe.
[0049] The method may comprise controlling the fill op-
eration (e.g., when to initiate a fill operation and/or when
to cease a fill operation) based at least in part (optionally
exclusively) on data from a pressure sensor connected
to the inlet pipe and/or a pressure sensor connected to
the system outlet pipe.
[0050] Additionally, or alternatively, the method may
comprise controlling the fill operation (e.g., when to initi-
ate a fill operation and/or when to cease a fill operation)
based at least in part (optionally exclusively) on data from
the inlet fluid flow sensor and/or the outlet fluid flow sen-
sor.
[0051] In some embodiments, the pressure fill device
is arranged to selectively produce a supply of fluid from
the fluid supply to the system outlet pipe without the use
of a pump (i.e. using only the pressure present in the fluid
supply). In other embodiments, the pressure fill device
further comprises a pump, and optionally also comprises

a break tank upstream of the pump, wherein the pressure
fill device is arranged to selectively produce a supply of
fluid from the fluid supply to the system outlet pipe using
the pump, and optionally also the break tank.
[0052] The system outlet pipe may be arranged to be
connected, in use, to a fluid circulation system, e.g. a
closed-loop fluid circulation system. Thus, according to
a sixth aspect of the present invention, there is provided
a fluid circulation arrangement comprising:

a fluid circulation system; and
a pressure fill device having any of the features de-
scribed above, wherein the system outlet pipe of the
pressure fill device is connected to the fluid circula-
tion system.

[0053] In some embodiments, the fluid circulation sys-
tem is a closed-loop fluid circulation system.
[0054] In some embodiments, the fluid circulation ar-
rangement further comprises a fluid supply, wherein the
inlet pipe of the pressure fill device is connected to the
fluid supply. The fluid supply may be a mains water sup-
ply.
[0055] The fluid circulation system may be for heating
or chilling domestic or non-domestic premises.
[0056] The fluid circulated within such heating or chill-
ing systems may include an additive, to enhance its ability
to provide a heating or chilling effect, or to affect the prop-
erties of the fluid, such as its freezing point. Where ad-
ditional fluid is introduced to the fluid circulation system
it may also be necessary to introduce additional additive,
so that the ratio of additive to total volume of fluid is main-
tained. For this purpose, the fluid circulation arrangement
may further comprise an additive supply system, ar-
ranged to introduce additive into the fluid circulating with-
in the fluid circulation system. The additive supply system
may be arranged to determine an amount of additive to
be introduced to the fluid circulating in the fluid circulation
system based at least in part in data collected from the
outlet fluid flow sensor of the pressure fill device. This
may help an accurate amount of additive to be intro-
duced, since the reading on the outlet fluid flow sensor
of the pressure fill device is indicative of the volume of
fluid added to the fluid circulation system.
[0057] Thus, in some embodiments, the method fur-
ther comprises, calculating an amount of additive to in-
troduce into fluid circulating in a fluid circulation system,
based (at least in part) on data output by the output fluid
flow sensor of the pressure fill device.
[0058] Features of any aspect or embodiment de-
scribed herein may, wherever appropriate, be applied to
any other aspect or embodiment described herein.
Where reference is made to different embodiments or
sets of embodiments, it should be understood that these
are not necessarily distinct but may overlap.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0059] Certain preferred embodiments of the invention
will now be described, by way of example only, with ref-
erence to the accompanying drawings, in which:

Figure 1 is a front view showing components of a
pressure fill device according to an aspect of the
present invention;
Figure 2 is a schematic drawing showing a fluid cir-
culation arrangement including a pressure fill device
as shown in Figure 1;
Figure 3 is a flow diagram illustrating stages of the
operation of the pressure fill device of Figure 1;
Figure 4 is a front view showing components of a
pressure fill device according to another aspect of
the present invention; and
Figure 5 is a front view showing components of a
pressure fill device according to another aspect of
the present invention.

DETAILED DESCRIPTION

[0060] Figure 1 shows a pressure fill device 1. The
pressure fill device 1 includes an inlet pipe 2, arranged
to be connected, in use, to a fluid supply 3. The pressure
fill device 1 also includes a system outlet pipe 4, arranged
to be connected, in use, to a closed-loop fluid circulation
system 5.
[0061] The pressure fill device 1 also includes a flow
control arrangement 6, arranged to selectively enable
supply of fluid from the fluid supply 3 to the system outlet
pipe 4. The pressure fill device 1 is arranged to selectively
produce a supply of fluid from the fluid supply 3 to the
system outlet pipe 4 without the use of a pump, and using
only the pressure of the fluid supply 3.
[0062] The flow control arrangement 6 includes an inlet
pipe valve 12, which in this example is a solenoid valve.
The inlet pipe valve 12 is moveable between an open
position in which fluid is able to flow through the inlet pipe
valve 12, and a closed position, in which fluid is prevented
from flowing through the inlet pipe valve 12. In this ex-
ample the inlet pipe valve 12 is located adjacent to the
end of the inlet pipe 2, as shown in Figure 1. The inlet
pipe valve 12 is biased towards the closed position, such
that by default flow through the inlet pipe valve 12 is pre-
vented and the valve must be actuated to allow flow
through the inlet pipe 2.
[0063] The flow control arrangement 6 further includes
a drain valve 14, connected to the drain 16. The drain 16
allows fluid to flow out of the pressure fill device 1 (without
flowing into the fluid circulation system 5 connected to
the system outlet pipe 4).
[0064] The flow control arrangement 6 further includes
a manifold 18. A first end of the inlet pipe 20 is connected
to the manifold at a first position. A first end of the system
outlet pipe 22 is connected to the manifold at a second
position. The first position is higher than the second po-

sition, as seen in Figure 1. As seen it is the second ends
of the inlet pipe 2 and the system outlet pipe 4 (i.e. the
ends opposite to the first ends) that are connected, re-
spectively, to the fluid supply 3 and the fluid circulation
system 5.
[0065] The drain valve 14 is arranged between the
manifold 18 and the drain 16. The drain valve 14, which
in this example is a solenoid valve, is moveable between
an open position in which fluid is able to flow through the
drain valve 14, and a closed position, in which fluid is
prevented from flowing through the drain valve 14. The
drain valve 14 is biased towards the open position, in
which flow is enabled, such that by default fluid passing
out of the inlet pipe 2 will flow through the manifold 18
and out of the drain 16. When the drain valve 14 is closed,
fluid instead remains in the manifold 18 and then passes
into the system outlet pipe 4, and therefore out into the
fluid circulation system 5.
[0066] The pressure fill device 1 further includes an
inlet fluid flow sensor 8, arranged to detect flow through
the inlet pipe 2, and an outlet fluid flow sensor 10, ar-
ranged to detect flow through the system outlet pipe 4.
[0067] A first back-flow prevention valve 24 is located
upstream of the inlet valve 12. In this example, the first
back-flow prevention valve 24 is a double-check valve.
[0068] A second back-flow prevention valve 26 is lo-
cated at the first end 22 of the system outlet pipe 2. In
this example, the second back-flow prevention valve 26
is a double-check valve.
[0069] A first pressure sensor 28 is connected to the
inlet pipe 2. A second pressure sensor 30 is connected
to the system outlet pipe 4. The parts shown as "pressure
sensors" in Figure 1 may in fact be connections to which
additional circuitry or sensors are fitted to provide pres-
sure sensing functionality.
[0070] Figure 2 is a schematic drawing showing a fluid
circulation arrangement 100 including a pressure fill de-
vice 1 as shown in Figure 1. The inlet pipe 2 is shown,
as is the fluid supply 3 to which it is connected. Similarly,
the closed-loop fluid circulation system 5 is shown, which
is connected to the system outlet pipe 4.
[0071] In this example the closed-loop fluid circulation
system 5 is a system for heating or chilling domestic or
non-domestic premises. In this example an additive is
introduced into the fluid circulating within the closed-loop
fluid circulation system 5. For this purpose, an additive
supply system 102 is provided, connected to the closed-
loop fluid circulation system 5, and arranged to introduce
a quantity of additive into the fluid circulating within the
closed-loop fluid circulation system 5.
[0072] The additive supply system 102 is arranged to
determine an amount of additive to be introduced to the
fluid circulating in the fluid circulation system based at
least in part in data collected from the outlet fluid flow
sensor 10 (and optionally also the inlet fluid flow sensor
8). The additive supply system 102 may be connected
to the fluid flow sensor 10 to receive this information, it
may be connected to a controller of the pressure fill de-
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vice 1 (not shown), or it may be arranged to receive the
sensor data wirelessly. Using data from the outlet fluid
flow sensor 10 helps the additive supply system 102 to
introduce an accurate quantity of additive such that the
ratio of fluid to additive remains within a desired range.
[0073] Figure 3 is a flow diagram illustrating stages of
the operation of the pressure fill device of Figure 1.
[0074] At a first stage 100, it is detected, by pressure
sensor 30, that pressure within the fluid circulation sys-
tem 5 has dropped below a threshold pressure value (op-
tionally for at least a threshold period of time). Respon-
sive to this, a controller (not shown) of the pressure fill
device 1, begins a pressure fill operation by moving to
stage 102.
[0075] At stage 102, the inlet pipe valve 12 is opened,
and the drain valve 14 is closed. As a result, fluid flows
into the inlet pipe 2 from the fluid supply 3, through the
first back-flow prevention valve 24, the inlet valve 12 and
the manifold 18. Then, since the drain valve 14 is closed,
the fluid flows through the second back-flow prevention
valve 26, into the system outlet pipe 4, and out into the
fluid circulation system 5, increasing pressure in the fluid
circulation system 5. This occurs as a result of the pres-
sure in the fluid supply 3 (e.g. a mains water supply) being
higher than the pressure in the fluid circulation system
5. The pressure fill device 1 may check that the pressure
in the fluid supply 3 is above a threshold amount, using
the pressure sensor 28 connected to system inlet pipe
2, before starting the fill operation, to make sure that the
pressure is sufficient to achieve filling as desired.
[0076] During the fill operation stage 102, the pressure
fill device 1 monitors for failures or faults with the device,
as shown at stage 110. This stage is shown in dashed
lines since it does not follow step 102 but is rather carried
out concurrently.
[0077] During monitoring 110, the pressure fill device
1 can detect failure of the drain valve 14 if no flow is
detected in the system outlet pipe 4 (and flow is detected
in the system inlet pipe 2). It can also detect failure of the
inlet valve 12 (i.e., failure to actuate to the open position,
such that it has "failed shut") if no flow is detected through
the inlet pipe 2. If a fault is detected the pressure fill device
(e.g. the controller), initiates a fault action, such as ceas-
ing the fill operation by closing the inlet valve 12 and
opening the drain valve 14.
[0078] At stage 104 it is detected, by pressure sensor
30, that the desired pressure has been achieved.
[0079] Once the required system pressure is achieved,
(and possibly after a set time period has passed following
this pressure being reached, during which filling is con-
tinued) the inlet valve 12 is closed again by the controller
(not shown), stopping fluid from flowing out from the fluid
supply 3 into the inlet pipe 2. This is stage 108 shown in
Figure 3. At the same time, the drain valve 14 is opened.
This allows fluid that is positioned between the inlet valve
12 and the drain valve 14 to flow out to the drain 16,
creating an air gap within the manifold 18.
[0080] While it is at stage 108 (a time when the pres-

sure fill device is not carrying out a fill operation), the
pressure fill device 1 monitors for failures or faults with
the device. This stage is shown in dashed lines since it
does not follow step 108 but is rather carried out concur-
rently.
[0081] During monitoring 112, the pressure fill device
1 can detect failure of the inlet valve 12 to return (or re-
main in) the closed position if flow is detected through
the inlet pipe 2 using the inlet fluid flow sensor 8, since
there should be no flow into the pressure fill device 1
outside of a time when a fill operation is being carried
out. If a fault is detected the pressure fill device (e.g. the
controller), initiates a fault action, such as outputting an
alert signal. The pressure fill device 1 may further com-
prise a transmission portion (not shown) arranged to
transmit a wireless signal to an external device, such as
a mobile phone, where the wireless signal includes the
alert signal. This may alert a user that a valve within the
pressure fill device 1 has failed.
[0082] The pressure fill device 1 then remains at this
stage 108, until a drop in pressure to below the threshold
is detected, moving the device back to stage 100 in Figure
3, and beginning the cycle again. In other words, the cycle
described above is repeated as and when the fluid cir-
culation system 5 requires its pressure to be topped up.
[0083] Both during a fill operation, and not during a fill
operation (e.g., continually) the pressure fill device mon-
itors fluid wastage by the device, as stage 114. The de-
vice monitors for fluid wastage by comparing the flow of
fluid detected through the inlet pipe and the flow of fluid
detected through the system outlet pipe.
[0084] Figure 4 shows another example of a pressure
fill device 1’. This pressure fill device 1’ contains many
of the same components as the example of Figure 1.
These like components are labelled with the same refer-
ence numerals, but followed by an apostrophe, i.e. a
pressure fill device 1’, rather than a pressure fill device
1 in Figure 1. These like components will not be described
here again.
[0085] However, the pressure fill device 1’ of this ex-
ample does not contain the inlet flow sensor or the outlet
flow sensor that are included in the example of Figure 1,
but does instead contain a drain flow sensor 9’ arranged
between the drain valve 14’ and the drain 16’. It is ar-
ranged to monitor how much fluid is drained out of the
drain 16’, and therefore wasted by the pressure fill device
1’.
[0086] This drain flow sensor 9’ can also be used to
monitor for faults with the pressure fill device 1’. For ex-
ample, if a fill operation is in progress but flow is detected
through the flow sensor 9’, this indicates that the drain
valve 14’ has failed to close as intended, and that there-
fore the fill operation is not achieving filling of the fluid
circulation system, as intended. Alternatively, if no fill op-
eration is in progress but flow is detected through the
drain valve 14’ then this may be indicative of some fault
within the pressure fill device 1’, for example failure of
the inlet valve 12’ (into the open position) or failure of the
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back-flow prevention valve 26’. This may be particularly
advantageous since all of this useful information may be
obtained using only a single flow sensor.
[0087] However, it will be appreciated that this drain
flow sensor 9’ may also be used in combination with the
inlet flow sensor and/or the outlet flow sensor as de-
scribed above in relation to the example of Figure 1. This
is illustrated in the third example of a pressure fill device
1" which is shown in Figure 5. It contains both an inlet
flow sensor 8", an outlet flow sensor 10" and a drain flow
sensor 9". All other components that are the same as the
previous examples have been labelled with the same ref-
erence numerals but followed by two apostrophes, com-
pared to the example of Figure 1.
[0088] It will be appreciated by those skilled in the art
that the invention has been illustrated by describing one
or more specific embodiments thereof, but is not limited
to these embodiments; many variations and modifica-
tions are possible, within the scope of the accompanying
claims.

Claims

1. A pressure fill device, comprising:

an inlet pipe, arranged to be connected, in use,
to a fluid supply;
a system outlet pipe;
a flow control arrangement, arranged to selec-
tively enable supply of fluid from the fluid supply
to the system outlet pipe;
the device further comprising at least one of:

an inlet fluid flow sensor, arranged to detect
flow through the inlet pipe; and
an outlet fluid flow sensor, arranged to de-
tect flow through the system outlet pipe.

2. The pressure fill device of claim 1, comprising both
the inlet fluid flow sensor and the outlet fluid flow
sensor.

3. The pressure fill device of claim 1 or 2, wherein the
flow control arrangement further comprises an inlet
pipe valve moveable between an open position in
which fluid is able to flow through the inlet pipe valve,
and a closed position, in which fluid is prevented from
flowing through the inlet pipe valve; optionally
wherein the inlet pipe valve is a solenoid valve.

4. The pressure fill device of claim 3, wherein the inlet
pipe valve is biased into a closed position.

5. The pressure fill device of any preceding claim,
wherein the flow control arrangement further com-
prises a drain, and a drain valve, the drain valve ar-
ranged between the system outlet pipe and the drain,

the drain valve moveable between an open position
in which fluid is able to flow through the drain valve,
and a closed position, in which fluid is prevented from
flowing through the drain valve; optionally

wherein the drain valve is a solenoid valve;
and/or
wherein the drain valve is biased into an open
position.

6. The pressure fill device of any preceding claim,
wherein the flow control arrangement further com-
prises a manifold, wherein the inlet pipe comprises
a first end, connected to the manifold, and wherein
the system outlet pipe comprises a first end, con-
nected to the manifold; optionally
wherein the first end of the inlet pipe is connected to
the manifold at a first position, wherein the first end
of the system outlet pipe is connected to the manifold
at a second position, and wherein the first position
is above the second position.

7. The pressure fill device of any preceding claim, fur-
ther comprising a pressure sensor connected to the
inlet pipe and/or further comprising a pressure sen-
sor connected to the system outlet pipe.

8. The pressure fill device of any preceding claim,
wherein the pressure fill device is arranged to selec-
tively produce a supply of fluid from the fluid supply
to the system outlet pipe without the use of a pump.

9. The pressure fill device of any preceding claim,
wherein the flow control arrangement further com-
prises a drain, arranged to drain fluid out of the pres-
sure fill device, wherein the pressure fill device fur-
ther comprises a drain flow sensor, arranged to de-
tect flow through the drain.

10. A fluid circulation arrangement comprising:

a fluid circulation system; and
a pressure fill device having any of the features
described above, wherein the system outlet pipe
of the pressure fill device is connected to the
fluid circulation system; optionally
wherein the fluid circulation system is for heating
or chilling domestic or non-domestic premises.

11. A method of operating a pressure fill device, the
method comprising:

detecting flow of fluid through an inlet pipe using
an inlet fluid flow sensor, the inlet pipe arranged
to be connected, in use, to a fluid supply; and/or
detecting flow of fluid through a system outlet
pipe using an outlet fluid flow sensor, the system
outlet pipe arranged to be connected, in use, to
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a closed-loop fluid circulation system.

12. The method of claim 11, comprising initiating a fault
action responsive to detecting flow of fluid through
the inlet pipe during a time when the pressure fill
device is not carrying out a fill operation; optionally
wherein the fault action comprises outputting an alert
signal.

13. The method of claim 11 or 12, comprising initiating
a fault action responsive to detecting that fluid is not
flowing through the system outlet pipe, during a time
when the pressure fill device is carrying out a fill op-
eration; optionally
wherein the fault action comprises the pressure fill
device ceasing the fill operation.

14. The method of any of claims 11 to 13, comprising
detecting fluid wastage by comparing the flow of fluid
detected through the inlet pipe and the flow of fluid
detected through the system outlet pipe.

15. A pressure fill device, comprising:

an inlet pipe, arranged to be connected, in use,
to a fluid supply;
a system outlet pipe;
a flow control arrangement, arranged to selec-
tively enable supply of fluid from the fluid supply
to the system outlet pipe, the flow control ar-
rangement comprising a drain, arranged to drain
fluid out of the pressure fill device;
the device further comprising a drain flow sen-
sor, arranged to detect flow through the drain;
optionally
wherein the drain flow sensor is arranged to
measure the fluid flowing out of the drain.
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