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Adapter for a Manifold Gauge Assembly, a Manifold Gauge Assembly, and a Method
of Adapting a Manifold Gauge Assembly

[0001] This invention relates to an adapter for a manifold gauge assembly having a
manifold and a pressure gauge, for example a manifold gauge assembly for use in HVAC-
R maintenance or commissioning. The present invention also relates to a manifold gauge

assembly, and a method of adapting a manifold gauge assembly.
BACKGROUND

[0002] Heating, ventilation, air conditioning and refrigeration (HVAC-R) systems typically
use a refrigerant fluid to transfer heat from one area to another in order to cool and/or heat

specific areas.

[0003] During HVAC-R system maintenance and commissioning tools are used for
detecting pressure and other factors of the refrigerant within an HVAC-R system.
Traditionally, a manifold is connected to high pressure and low pressure service ports of
an HVAC-R system, and the manifold includes an output pipe. The manifold can be used
to select which of the high pressure and low pressure service ports is open to the output
pipe. Analog pressure gauges are provided on the manifold to measure the pressure of

refrigerant on the high pressure and low pressure service ports.

[0004] Itis known to replace the analog gauges with digital gauges that display the
pressure reading digitally. Such digital gauges may be provided with Bluetooth for

communication with an application on a mobile phone or tablet.
BRIEF SUMMARY OF THE DISCLOSURE

[0005] In accordance with the present disclosure there is provided an adapter for a
manifold gauge assembly for use on a fluid system, for example an HVAC-R system, the
manifold gauge assembly comprising a manifold for connection to the fluid system, and a
pressure gauge arranged to detect a fluid pressure in the manifold, and wherein the

adapter comprises:

a tube having connectors for fluidly connecting the adapter between the pressure

gauge and the manifold,
an electronic pressure sensor arranged to detect a fluid pressure in the tube, and

a communications unit configured to receive data from the electronic pressure

sensor and to communicate with a remote device.

[0006] The communications unit preferably comprises a Bluetooth communications unit.
In other examples, the communications unit comprises alternative a radio-frequency

communications unit, for example Wi-Fi or Zighee.
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[0007] The tube preferably comprises an opening, and the electronic pressure sensor is

preferably mounted in the opening.

[0008] In examples, the tube comprises a first connector for connection to the pressure
gauge and a second connector for connection to the manifold such that the pressure

gauge is connectable to the manifold by the tube.

[0009] The first connector may comprise a female threaded connector, and the second
connector comprises a male threaded connector. Preferably, the threaded connector
comprises a 1/8 inch NPT thread. However, in other examples this arrangement may be
reversed, or the connectors may comprise other connectors without a thread, for example

a push-fit connector, a barbed connector, a sleeve connector, or a nipple connector.

[0010] In preferred examples, the adapter further comprises a power source, for example

a battery or a connection for an external power source such as a mains supply.

[0011] In preferred examples, the manifold gauge assembly comprises a first pressure
gauge and a second pressure gauge. In these examples, the adapter may further

comprise:

a second tube having connectors for fluidly connecting the adapter to the manifold

and to the second pressure gauge, and

a second electronic pressure sensor arranged to detect a fluid pressure in the

second tube.

[0012] The adapter may further comprise a second tube comprising the second
connectors. In this example, the second electronic pressure sensor is preferably arranged
to detect a fluid pressure in the second tube. The second tube may comprise an opening,
and the second electronic pressure sensor may be mounted in the opening. The second
tube preferably comprises a first connector for connection to the second pressure gauge
and a second connector for connection to the manifold such that the second pressure

gauge is connectable to the manifold by the second tube.

[0013] In some examples, the first connector of the second tube preferably comprises a
female threaded connector, and the second connector of the second tube preferably
comprises a male threaded connector. Preferably, the threaded connector comprises a 1/8
inch NPT thread. However, in other examples this arrangement may be reversed, or the
connectors may comprise other connectors without a thread, for example a push-fit

connector, a barbed connector, a sleeve connector, or a nipple connector.
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[0014] In one example, the communications unit is arranged to receive data from the
electronic pressure sensor and from the second electronic pressure sensor, and to

communicate with a remote device.

[0015] In an alternative example, the adapter further comprises a second
communications unit configured to receive data from the second electronic pressure

sensor, and to communicate with a remote device.

[0016] In accordance with the present disclosure there is also provided a manifold gauge
assembly for use on a fluid system, for example an HVAC-R system, the manifold gauge

assembly comprising:
a manifold for connection to the fluid system,

a pressure gauge arranged to detect a fluid pressure in the manifold, the pressure

gauge comprising a display to display a detected pressure,

an electronic pressure sensor arranged to detect a pressure between the manifold

and the pressure gauge, and

a communications unit arranged to receive data from the electronic pressure

sensor and to communicate with a remote device.

[0017] Preferably, the electronic pressure sensor is disposed between the manifold and

the pressure gauge.

[0018] In examples, the manifold gauge assembly comprises a connecting tube disposed
between the manifold and the pressure gauge. The connecting tube preferably comprises
a connector for removably connecting the pressure gauge to the connecting tube, and the

electronic pressure sensor is preferably disposed in the connecting tube.

[0019] In examples, the connecting tube may further comprise a connector for removably
connecting the connecting tube to the manifold. In further examples, the connecting tube
may be joined to the manifold, or may be a part of the manifold. The connecting tube may

be permanently attached to the manifold.

[0020] In preferred examples, the connecting tube comprises an opening, and the

electronic pressure sensor may be disposed in the opening.

[0021] In preferred examples, the manifold gauge assembly comprises a first pressure
gauge arranged to detect a first fluid pressure in the manifold, and a second pressure
gauge arranged to detect a second fluid pressure in the manifold. Each of the first
pressure gauge and the second pressure gauge may comprise a display to display a
detected pressure. In this example, the manifold gauge assembly may further comprise a

first electronic pressure sensor arranged to detect pressure between the manifold and the
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first pressure gauge, and a second electronic pressure sensor arranged to detect pressure

between the manifold and the second pressure gauge.

[0022] In one example, the communications unit may be configured to receive data from

the first electronic pressure sensor and from the second electronic pressure sensor.

[0023] In an alternative example, the manifold gauge assembly may comprise a first
communications unit configured to receive data from the first electronic pressure sensor,
and a second communications unit configured to received data from the second electronic

pressure sensor.

[0024] In some examples, the pressure gauge may comprise an analog pressure gauge,
and the display may comprise a dial. In other examples, the pressure gauge may comprise
an electronic pressure gauge having an electronic pressure sensor, and the display may

comprise a digital display.

[0025] In preferred examples, the remote device comprises a mobile phone, tablet
computer, laptop computer, or other portable computing device. The remote device
preferably comprises a communications unit having at least a receiver for receiving
pressure data from the one or more electronic pressure sensors of the adapter or manifold
gauge assembly. The remote device preferably also comprises a display configured to
display the received pressure data. The remote device may additionally include a
processor configured to process the pressure data, and/or a memory to store the pressure

data and/or processed pressure data.

[0026] The remote device may be configured to log the detected pressure, for example
for monitoring a maintenance or commissioning procedure, for quality assurance, or for
regulatory compliance. In further examples, the remote device may be configured to
control the air conditioning system or maintenance apparatus used with the air conditioning
system. In one example, the remote device is configured to control operation of a
refrigerant recovery unit. In this way, the refrigerant recovery unit may be operated in
dependence on the pressure detected by the electronic pressure sensor or sensors of the
adapter or manifold gauge assembly. For example, the remote device may be configured
to operate the recovery unit until the detected refrigerant pressure is zero, indicating that
the refrigerant has been fully recovered from the air conditioning system. In some
examples, the remote device may be configured to control an electronic actuator arranged
to control a valve of the manifold gauge assembly. The valves may be controlled in

dependence on the detected pressure.

[0027] In some examples, the adapter, or the manifold gauge assembly, comprises the

remote device. In one example, an adapter kit comprises one or more adapters and a
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remote device. In other examples, an adapter kit comprises or one or more adapters and
instructions and/or authorisation to download and/or install computing software, for
example an application, to a device to be operated as the remote device. For example,
one or more of the adapters may be sold together with authorisation for installing an
application on a tablet computer, the tablet computer being the remote device after

installation of the application.

[0028] In accordance with the present disclosure there is also provided a gauge manifold
assembly for use on a fluid system, for example an HVAC-R system, the gauge manifold

assembly comprising:
a manifold for connection to the fluid system,

a pressure gauge arranged to detect a fluid pressure in the manifold, the pressure

gauge comprising a display to display a detected pressure, and
an adapter tube comprising:
a first connector for connection to the manifold
a second connector for connection to the pressure gauge, and
a third connector for connection to an electronic pressure detector device,

wherein the manifold is connected to the first connector of the adapter tube and the
pressure gauge is connected to second connector of the adapter tube such that the

adapter tube is connected between the pressure gauge and the manifold.

[0029] In preferred examples, the gauge manifold assembly also comprises an electronic
pressure detector device connected to the third connector of the adapter tube. In
particular, the gauge manifold assembly may further comprise an electronic pressure
detector device connected to the third connector of the adapter tube, and the electronic
pressure detector device may comprise an electronic pressure sensor. The electronic
pressure detector device may further comprise a communications unit arranged to receive

data from the electronic pressure sensor and communicate with a remote device.

[0030] Preferably, the first connector comprises a male threaded connector, for example
a 1/8 inch threaded connector. Similarly, the second connector may comprise a female
threaded connector, for example a 1/8 inch threaded connector, and the third connector
may comprise a male threaded connector, for example a 1/8 inch threaded connector. One
or more of the first, second and third connectors may be an industry standard connector so
that the connectors can be used with various apparatus. Preferably, each of the first,

second and third connectors each comprises a 1/8 inch NPT thread.
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[0031] In accordance with the present disclosure there is also provided an adapter kit for
a gauge manifold assembly having a manifold and a pressure gauge, the adapter kit

comprising:

an electronic pressure detector device comprising an electronic pressure sensor

and a connector, and
an adapter tube comprising:
a first connector for connection to the manifold,
a second connector for connection to the pressure gauge, and
a third connector for connection to the electronic pressure detector device,

wherein the first, second and third connectors are in fluid communication within the
adapter tube such that during use the pressure gauge and the electronic pressure

sensor both detect a fluid pressure in the manifold.

[0032] The electronic pressure detector device preferably further comprises a
communications unit arranged to receive data from the electronic pressure sensor and to

communicate with a remote device.

[0033] Preferably, the first connector comprises a male threaded connector, for example
a 1/8 inch threaded connector. Similarly, the second connector may comprise a female
threaded connector, for example a 1/8 inch threaded connector, and the third connector
may comprise a male threaded connector, for example a 1/8 inch threaded connector. One
or more of the first, second and third connectors may be an industry standard connector so
that the connectors can be used with various apparatus. Preferably, each of the first,

second and third connectors comprises a 1/8 inch NPT thread

[0034] In accordance with the present disclosure there is also provided an adapter tube

configured for in the adapter kit.

[0035] In accordance with the present disclosure there is also provided a method of
adapting a manifold gauge assembly having a manifold and a pressure gauge, the method

comprising:
disconnecting the pressure gauge from the manifold, and

attaching the adapter or adapter kit described above to the manifold and to the

pressure gauge.

[0036] It will be understood that any data processing, can be performed by a device
having one or more processors and a memory including instructions to cause the one or

more processors to perform the data processing, such as to process the scan data to
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generate the control data. The memory is typically a non-transient computer-readable

storage medium.
BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Embodiments of the invention are further described hereinafter with reference to

the accompanying drawings, in which:
FIG. 1A shows a manifold gauge assembly for use in HYAC-R maintenance;

FIG. 1B shows the manifold gauge assembly of FIG. 1A connected to an HVAC-R

system and to a refrigerant tank;

FIG. 2 shows an adapter for use with the manifold gauge assembly of FIGS. 1A
and 1B;

FIG. 3 shows the manifold gauge assembly of FIGS. 1A and 1B with two of the
adapters of FIG. 2;

FIG. 4 shows a manifold gauge assembly with digital pressure gauges and two of
the adapters of FIG. 2;

FIG. 5 shows the manifold gauge assembly of FIG. 3 and a remote device in

communication with the adapters;

FIG. 6 shows a manifold gauge assembly with an alternative adapter, and a

remote device in communication with the adapter,;

FIG. 7 shows a manifold gauge assembly with electronic pressure sensor

arranged between the manifold and the pressure gauge;

FIG. 8 shows an adapter tube for adapting a manifold gauge assembly for

connection of a separate electronic pressure detector device; and

FIG. 9 shows a manifold gauge assembly including the adapter tube of FIG. 8.

DETAILED DESCRIPTION

[0038] FIGS. 1A and 1B show a manifold gauge assembly 1 for use with a heating,
ventilation, air conditioning and/or refrigeration (HVAC-R) system, for example an air
conditioning system 2. The manifold gauge assembly 1 has a manifold 3 that is formed of
a body 4 having connections 5a, 5b, 5c¢ for three hoses — a low pressure hose 6a, a high
pressure hose 6¢, and a switching hose 6b. As shown in FIG. 1B, during maintenance of
an air conditioning system 2 the low pressure hose 6a is connected to a low pressure

service port 7a of the air conditioning system 2, the high pressure hose 6c¢ is connected to
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a high pressure service 7b port of the air conditioning system 2, and the switching hose 6b
is connected to maintenance equipment, in this example a refrigerant recovery unit 8.
Specifically, in this example the switching hose 6b is connected to an intake 9 of the
recovery unit 8, and an outlet 10 of the recovery unit 8 is connected to a refrigerant tank
11.

[0039] The recovery unit 8 includes a pump that draws refrigerant from the air
conditioning system 2 and provides it to the refrigerant tank 11. The recovery unit 8 has
two settings, a liquid recovery setting in which refrigerant is drawn from the high pressure
service port 7b of the air conditioning system 2, and a vapour recovery setting in which
refrigerant is drawn from the low pressure service port 7a of the air conditioning system 2.
Depending on the specifications of the air conditioning system 2, one or both of a liquid
recovery procedure and a vapour recovery procedure may be performed to recover all

refrigerant from the air conditioning system 2 and provide it to the refrigerant tank 11.

[0040] The manifold gauge assembly 1 includes valves 12a, 12b, operated by actuators,
in this example knobs 13a, 13b. The valves 12a, 12b control fluid connections within the
manifold 3. Th manifold 3 includes a low side valve 12a controlled by a low side knob 13a,
and a high side valve 12b controlled by a high side knob 13b. The low side valve 12a
controls a fluid connection between the low pressure hose 6a and the switching hose 6b.
The high side valve 12b controls a fluid connection between the high pressure hose 6¢ and
the switching hose 6b. In this way, the low side and high side valves 12a, 12b can be
controlled using the knobs 13a, 13b to fluidly connect the low pressure hose 6a to the
switching hose 6b, or to connect the high pressure hose 6¢ to the switching hose 6b, or to
connect both of the low and high pressure hoses 6a, 6¢ to the switching hose 6b. The low
side and high side valves 12a, 12b are configured according to what maintenance or

commissioning procedure is being performed.

[0041] For example, for vapour recovery using the refrigerant recovery unit 8 shown in
FIG. 1B, the high side valve 12b is closed by turning the high side knob 13b, and the low
side valve 12a is opened by turning the low side knob 13a. This provides a fluid connection
between the intake 9 of the refrigerant recovery unit 8 and the low pressure service port 7a

of the air conditioning system 2, via the manifold 3.

[0042] As illustrated, the manifold gauge assembly 1 also includes two pressure gauges
14a, 14b. A low side pressure gauge 14a is arranged to detect fluid pressure in the
manifold 3 between the low pressure hose 6a and the switching hose 6b, and a high side
pressure gauge 14b is arranged to detect fluid pressure in the manifold 3 between the high
pressure hose 6¢ and the switching hose 6b. Specifically, the low side pressure gauge 14a

is arranged to detect pressure between the low side valve 12a and the switching hose 6b,
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so that the detected pressure is dependent on the position of the low side valve 12a (i.e.
open or closed). Similarly, the high side pressure gauge 14b is arranged to detect pressure
between the high side valve 12b and the switching hose 6b, so that the detected pressure
is dependent on the position of the high side valve 12b (i.e. open or closed). The pressure
gauges 14a, 14b are used to inform the operator of the fluid pressures during maintenance

or commissioning procedures performed on the air conditioning system 2.

[0043] The pressure gauges 14a, 14b are attached to the manifold 3 by threaded
connection, typically a 1/8 inch (3.175 mm) NPT threaded connection. The pressure
gauges 14a, 14b typically comprise a male threaded connector, and the manifold typically

comprises a compatible female threaded connector.

[0044] As illustrated in FIGS. 1A and 1B, in this example the pressure gauges 14a, 14b
are analog pressure gauges, each having a dial 15, formed by a scale and a pointer, to
display the detected pressure. An analog pressure gauge comprises a mechanical

pressure sensor, for example a bourdon tube or a bellows arrangement.

[0045] In other examples, the pressure gauge may be a digital pressure gauge, and they
may include a digital display to display the detected pressure. The digital pressure gauge
may comprise an electronic pressure sensor, for example a piezoresistive strain gauge,
and the measurement is displayed on the digital display, for example an LCD or LED

screen.

[0046] The adapter 20 illustrated in FIG. 2 is for attachment to the manifold gauge
assembly 1 described with reference to FIGS. 1A and 1B. As shown in FIG. 3, an adapter
20 is attached to the manifold gauge assembly 1 between the manifold 3 and each
pressure gauge 14a, 14b. As explained further hereinafter, the adapter 20 includes an
electronic pressure sensor 21 and a communications unit 22, for example a Bluetooth
communications unit. As explained hereinafter, the adapter 20 can be used to adapt the
manifold gauge assembly 1 of FIGS. 1A and 1B to include data connectivity for providing

pressure data to a remote device.

[0047] As illustrated in FIGS. 2 and 3, the adapter 20 includes a tube 23 that defines a
fluid path 24 through the adapter 20 between a first end 25 and a second end 26. A first
connector 27 is provided at the first end 25, and a second connector 28 is provided at the
second end 26. The first connector 27 is configured for connection to a pressure gauge
14a, 14b, and the second connector 28 is configured for connection to the manifold 3.
Therefore, as shown in FIG. 3, the adapter 20 can be connected between the manifold 3
and a pressure gauge 14a, 14b. In particular, the pressure gauge 14a, 14b is mounted to
the manifold 3 by the adapter 20, in particular the tube 23. The adapter 20 is attached by

disconnecting the pressure gauge 14a, 14b from the manifold 3, and then connecting the
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adapter 20 to the manifold 3 and to the pressure gauge 14a, 14b. As shown in FIG. 3, a
first adapter 20a is connected between the manifold 3 and the low pressure gauge 14a,
and a second adapter 20b is connected between the manifold 3 and the high pressure

gauge 14b.

[0048] The connectors 27, 28 of the adapter 20 are compatible with the connectors on
the manifold 3 and the connectors on the pressure gauges 14a, 14b. Typically, the
connectors 27, 28 are 1/8 inch (3.175mm) NPT threaded connectors. As shown in FIG. 2,
the first connector 27 comprises a female threaded connector, including a locking nut, for
connection to a male threaded connector of the pressure gauge 14a, 14b. The second
connector 28 of the adapter 20 comprises a male threaded connector for connection to a
female threaded connector of the manifold 3. However, it will be appreciated that any type
of connector or arrangement of connectors may alternatively be used to provide a
connection between the adapter 20 and the manifold 3, and between the adapter 20 and
the pressure gauge 14a, 14b. For example, a range of adapters 20 with different size of
type connectors 27, 28 may be provided for compatibility with manifold gauge assemblies

1 having different connectors.

[0049] The adapter 20 also includes an electronic pressure sensor 21. The electronic
pressure sensor 21 is arranged to detect pressure between the first and second
connectors 27, 28. That is, after connection to the manifold gauge assembly 1 as shown in
FIG. 3, the electronic pressure sensor 21 is arranged to detect the pressure within the
manifold 3. Due to the fluid connection between the pressure gauge 14a, 14b and the
adapter 20, the electronic pressure sensor 21 detects the same pressure as the pressure

gauge 14a, 14b.

[0050] The electronic pressure sensor 21 may comprise any electronic pressure sensor,
for example a piezoresistive strain gauge, a capacitive pressure sensor, an
electromagnetic pressure sensor, or a piezoelectric pressure sensor. Preferably, the
electronic pressure sensor 21 comprises a sensing face 29 that is disposed within the tube
23 of the adapter 20, specifically within the fluid path 24. In this example, the tube 23 may
comprise an opening 30 in which the electronic pressure sensor 21 is mounted. For
example, the opening 30 may be a threaded opening in a side wall of the tube 23, and the
electronic pressure sensor 21 may comprise a male thread to connect to the opening 30 of
the adapter 20. The electronic pressure sensor 21 may be removably attached to the tube
23, or the electronic pressure sensor 21 may be integrated with the tube 23 such that it is

not removable.

[0051] As shown in FIG. 4, the pressure gauges 14a, 14b of the manifold gauge
assembly 1 may be digital pressure gauges 14a, 14b that include a digital display 31a,
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31b. In this example, the adapters 20a, 20b can be mounted between the manifold 3 and
each digital pressure gauge 14a, 14b in the same manner as described with reference to
FIGS. 2 and 3.

[0052] The adapter 20 also includes a communications unit 22, for example a Bluetooth
communications unit. The communications unit 22 is configured to receive a signal from
the electronic pressure sensor 21 of the adapter 20 and communicate with a remote

device.

[0053] As illustrated in FIG. 5, the communications unit 22 receives data from the
electronic pressure sensor 21 of the adapter 20, specifically the detected pressure, and
communicates this to a remote device 32. The remote device 32 comprises a
communications unit 33, preferably a receiver, for example a Bluetooth receiver. In various
examples, the remote device 32 may be a mobile phone or a tablet computer, which may
include an installed application for receiving the pressure data. Alternatively, the remote
device 32 may be a specialised device, for example a controller of the air conditioning

system 2, or air conditioning maintenance equipment.

[0054] As illustrated in FIG. 5, in examples in which the manifold gauge assembly 1
includes two pressure gauges 14a, 14b, an adapter 20a, 20b with an electronic pressure
sensor 21 and a communications unit 22 may be provided for each pressure gauge 14a,
14b. In this case, each of the adapters 20a, 20b communicates with the remote device 32

via the communications unit 22 of each adapter 20a, 20b.

[0055] Alternatively, as illustrated in FIG. 6, a single communications unit 34 may be
provided for two or more adapters 20a, 20b that each have an electronic pressure sensor
21. In this example, the communications unit 34 is separate to the tubes 23 in which the
electronic pressure sensors 21 are located, and the communications unit 34 is connected
to each electronic pressure sensor 21 to receive pressure data from each of the electronic
pressure sensors 21 and communicate to the remote device 32. The separate

communications unit 34 may be attached to manifold 3 for convenience, as illustrated.

[0056] Preferably, the adapter 20 may also include a power source for powering the
electronic pressure sensor 21 and/or the communications unit 22, 34. For example, the
adapter 20 may include a battery or a connection to an external power source, such as
mains electricity. In the example of FIG. 5, each of the adapters 20a, 20b may include a
power source. In the example of FIG. 6, a single power source may be provided to the
communications unit 34, which in turn powers the electronic pressure sensors 21 of each
adapter 20a, 20b, if needed.
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[0057] The adapter 20 described with reference to FIGS. 2 to 6 therefore provides the
detected pressure data to the remote device 32 for use in numerous ways during
maintenance or commissioning of the air conditioning system 2. Meanwhile, the pressure
gauges 14a, 14b on the manifold gauge assembly 1 display the same detected pressure,
and so the technician can perform the maintenance or commissioning procedures in the
manner to which they are accustomed, by relying on the displayed pressures on the
pressure gauges 14a, 14b. Moreover, adapting the manifold gauge assembly 1 in this
manner, by providing an adapter 20 with an electronic pressure sensor 21, is cheaper and
easier than replacing the manifold gauge assembly 1 with a new manifold gauge assembly

with built-in connectivity for a remote device.

[0058] The remote device 32 may comprise a display 34 for displaying the detected
pressure. The remote device may include a memory 35 for storing the pressure data. The
remote device 32 may include a processor 36 for processing the pressure data. The
remote device may be used for logging the detected pressure, for example for monitoring a
maintenance or commissioning procedure, for quality assurance, or for regulatory
compliance. In further examples, the remote device 32 may control some other aspect of
the air conditioning system 2 or maintenance apparatus used with the air conditioning
system 2. In one example, the remote device 32 may control the refrigerant recovery unit 8
illustrated in FIG. 1B. In this way, the refrigerant recovery unit 8 may be operated in
dependence on the pressure detected by the adapters 20a, 20b, for example the recovery
unit 8 may be operated until the detected refrigerant pressure is zero, indicating that the
refrigerant has been fully recovered. The remote device 32 may control an electronic
actuator arranged to control the low side and/or high side valves 12a, 12b of the manifold

3, so that the valves 12a, 12b can be controlled in dependence on the detected pressures.

[0059] In various examples, the shape of the tube 23 of the adapter 20 may vary. For
example, the tube 23 may be a T-junction having three connectors in any spatial
arrangement, the connectors 28, 27 being for: the manifold 3, the pressure gauge 14, and

an electronic pressure sensor 21.

[0060] FIG. 7 illustrates an alternative example manifold gauge assembly 1 in which the
manifold 37 includes low side and high side connecting tubes 38a, 38b, each comprising
an electronic pressure sensor 21 and a connector 39 for a pressure gauge 14a, 14b. The
first and second connecting tubes 38a, 38b are fluidly connected to the low side and high
side of the manifold 37, respectively, and the low side and high side pressure gauges 14a,
14b are attached to the connecting tubes 38a, 38b. Each connecting tube 38a, 38b may
include a communications unit 22 configured to receive pressure data from one or both of

the electronic pressure sensors 21 of the first and second connecting tubes 38a, 38b. In an
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alternative example similar to that illustrated in FIG. 6, a single communications unit may
be provided to receive pressure date from the electronic pressure sensors 21 of both of the
first and second connecting tubes 38a, 38b. The or each communications unit 22 therefore
receives pressure data and communicates with a remote device 32 in the same manner as
described with reference to FIGS. 2 to 6.

[0061] FIG. 8illustrates an adapter tube 40 for attachment between a manifold 3 and a
pressure gauge 14, as shown in FIG. 9. The adapter tube 40 comprises a tube 43 that
defines a fluid path 44 through the adapter tube 40 between a first end 45 and a second
end 46. A first connector 47 is provided at the first end 45, and a second connector 48 is
provided at the second end 46. The first connector 47 is configured for connection to a
pressure gauge 14, and the second connector 48 is configured for connection to the
manifold 3. Therefore, as shown in FIG. 9, the adapter tube 40 can be connected between
the manifold 3 and a pressure gauge 14. In particular, the pressure gauge 14 is mounted
to the manifold 3 by the adapter tube 40, in particular the tube 43. The adapter tube 40 is
attached by disconnecting the pressure gauge 14a, 14b from the manifold 3, and then
connecting the adapter tube 40 to the manifold 3 and to the pressure gauge 14. As shown
in FIG. 9, a first adapter tube 40a is connected between the manifold 3 and the low
pressure gauge 14a, and a second adapter tube 40b is connected between the manifold 3

and the high pressure gauge 14b.

[0062] The adapter tube 40 further comprises a third connector 41 for connection to a
separate electronic pressure detector device (not illustrated). Such an electronic pressure
detector device can be provided separately to the manifold 3 and adapter tube 40 and
attached to the adapter tube 40 at the third connector 41. The third connector 41
comprises a fluid path 42 that joins the fluid path 44 in the tube 43. In this way, a separate
electronic pressure detector device, for example a pressure gauge probe with Bluetooth
connectivity, can be attached to the adapter tube 40 to detect a pressure in the manifold.
Alternatively, the third connector 41 can be blocked or closed, for example capped, and

the manifold 3 and pressure gauges 14a, 14b used as normal.

[0063] The separate electronic pressure detector device preferably has a
communications unit for communicating with a remote device in the same manner as
described with reference to FIGS. 5 and 6. The separate electronic pressure detector
device may further comprise a display. The separate electronic pressure detector device

may be a handheld pressure detector probe.

[0064] The first, second connectors 47, 48 of the adapter tube 40 are compatible with the
connectors on the manifold 3 and the connectors on the pressure gauges 14a, 14b.

Typically, the connectors 47, 48 are 1/8 inch (3.175mm) NPT threaded connectors. As
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shown in FIG. 2, the first connector 47 preferably comprises a female threaded connector,
including a locking nut, for connection to a male threaded connector of the pressure gauge
14a, 14b. The second connector 48 of the adapter tube 40 preferably comprises a male
threaded connector for connection to a female threaded connector of the manifold 3.
However, it will be appreciated that any type of connector or arrangement of connectors
may alternatively be used to provide a connection between the adapter tube 40 and the
manifold 3, and between the adapter tube 40 and the pressure gauge 14a, 14b. For
example, a range of adapter tubes 40 with different size or type first and second
connectors 47, 48 may be provided for compatibility with manifold gauge assemblies 1

having different connectors.

[0065] The third connector 41 of the adapter tube 40 preferably also comprises a
threaded connector, for example a 1/8 inch NPT threaded connector. As illustrated, the
third connector 41 of the adapter tube 40 preferably comprises a male threaded connector.
However, it will be appreciated that the third connector 41 may alternatively comprise a

female threaded connector, and that the size of the connector may vary.

[0066] Preferably, the first, second and third connectors 47, 48, 41 are threaded
connectors having a thread size that is compatible with an industry standard, for example
1/8 inch NPT.

[0067] The adapter tube 40 illustrated in FIG. 8 may be provided, for example sold, for
adapting a manifold gauge assembly 1 as shown in FIG. 9. This allows a separate
electronic pressure detector device, for example a pressure gauge probe with Bluetooth
connectivity, to be connected to the manifold gauge assembly 1 for electronic detection of
the fluid pressure in the manifold 3. Similarly, the manifold gauge assembly 1 shown in
FIG. 9 may be provided, for example sold, and the third connectors 41a, 41b of the
adapter tubes 40a, 40b may be used for connecting a separate electronic pressure
detector device, for example a pressure gauge probe with Bluetooth connectivity, for

electronic detection of the fluid pressure in the manifold 3.

[0068] To adapt the manifold gauge assembly 1 of FIG. 1A to the manifold gauge
assembly of FIG. 9, an adapter kit may be provided. The adapter kit may comprise an
adapter tube 40 described with reference to FIG. 8, for connection between the manifold 3
and a pressure gauge, and an electronic pressure detector device, for example a pressure
gauge probe, for connection to the third connector 41 of the adapter tube 40. In preferred
examples, the adapter kit comprises two adapter tubes 40 and two electronic pressure

detector devices, one for each pressure gauge 14a, 14b.

[0069] It will be appreciated that alternative examples of the manifold gauge assembly 1

comprise a single pressure gauge 14, and in this case only a single adapter 20 or adapter
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tube 40 of FIGS. 2 to 6, and FIG. 9 is attached between the manifold 3 and the single
pressure gauge 14. Alternatively, the manifold 37 may comprise a single connecting tube

38 as described with reference to FIG. 7.

[0070] In summary, there is provided an adapter 20 for a manifold gauge assembly 1 for
use on a fluid system, for example an HVAC-R system. The manifold gauge assembly 1
comprises a manifold 3 for connection to the fluid system, and a pressure gauge 14
arranged to detect a fluid pressure in the manifold 3. The adapter 20 comprises a tube 23
having connectors 27, 28 for fluidly connecting the adapter 20 to the pressure gauge 14
and to the manifold 3. The adapter also includes an electronic pressure sensor 21
arranged to detect a fluid pressure in the tube 23, and a communications unit 22
configured to receive data from the electronic pressure sensor 21 and to communicate with

a remote device 32.

[0071] There is also provided a manifold gauge assembly 1 for use on a fluid system, for
example an HVAC-R system. The manifold gauge assembly 1 comprises a manifold 3, 37
for connection to the fluid system, and a pressure gauge 14 arranged to detect a fluid
pressure in the manifold 3, 37. The pressure gauge 14 has a display to display a detected
pressure. An electronic pressure sensor 21 is arranged to detect a pressure between the
manifold 3, 37 and the pressure gauge 14, and a communications unit 22 is arranged to
receive data from the electronic pressure sensor 21 and to communicate with a remote

device 32.

[0072] There is also provided a gauge manifold assembly 1 for use on a fluid system, for
example an HVAC-R system. The manifold gauge assembly 1 comprises a manifold 3 for
connection to the fluid system, and a pressure gauge 14 arranged to detect a fluid
pressure in the manifold 3. The pressure gauge 14 has a display to display a detected
pressure. The manifold gauge assembly 1 also includes an adapter tube 40 that comprises
a first connector 46 for connection to the manifold 3, a second connector 47 for connection
to the pressure gauge 14, and a third connector 41 for connection to an electronic
pressure sensor. The manifold 3 is connected to the first connector 46 of the adapter tube
40 and the pressure gauge 14 is connected to second connector 47 of the adapter tube 40
such that the adapter tube 40 is connected between the pressure gauge 14 and the

manifold 3.

[0073] Also provided is an adapter kit for a gauge manifold assembly 1 having a manifold
3 and a pressure gauge 14. The adapter kit includes an electronic pressure detector
device that has an electronic pressure sensor and a connector. The adapter kit also has an
adapter tube 40 that comprises a first connector 46 for connection to the manifold 3, a

second connector 47 for connection to the pressure gauge 14, and a third connector 41 for
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connection to the connector of the electronic pressure detector device. The first, second
and third connectors 46, 47, 41 are in fluid communication within the adapter tube 40 such
that during use the pressure gauge 14 and the electronic pressure sensor are both

arranged to detect a fluid pressure in the manifold 3.

[0074] Throughout the description and claims of this specification, the words “comprise”
and “contain” and variations of them mean “including but not limited to”, and they are not
intended to (and do not) exclude other components, integers or steps. Throughout the
description and claims of this specification, the singular encompasses the plural unless the
context otherwise requires. In particular, where the indefinite article is used, the
specification is to be understood as contemplating plurality as well as singularity, unless

the context requires otherwise.

[0075] Features, integers, characteristics or groups described in conjunction with a
particular aspect, embodiment or example of the invention are to be understood to be
applicable to any other aspect, embodiment or example described herein unless
incompatible therewith. All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination, except combinations where at
least some of such features and/or steps are mutually exclusive. The invention is not
restricted to the details of any foregoing embodiments. The invention extends to any novel
one, or any novel combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any novel one, or any novel

combination, of the steps of any method or process so disclosed.
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CLAIMS

1. An adapter for a manifold gauge assembly for use on a fluid system, for example
an HVAC-R system, the manifold gauge assembly comprising a manifold for connection to
the fluid system, and a pressure gauge arranged to detect a fluid pressure in the manifold,

and wherein the adapter comprises:

a tube having connectors for fluidly connecting the adapter between the pressure

gauge and the manifold,
an electronic pressure sensor arranged to detect a fluid pressure in the tube, and

a communications unit configured to receive data from the electronic pressure

sensor and to communicate with a remote device.

2. The adapter of claim 1, wherein the communications unit comprises a Bluetooth

communications unit.

3. The adapter of claim 1 or claim 2, wherein the tube comprises an opening and

wherein the electronic pressure sensor is mounted in the opening.

4. The adapter of claim 3, wherein the tube comprises a first connector for connection
to the pressure gauge and a second connector for connection to the manifold such that the

pressure gauge is connectable to the manifold by the tube.

5. The adapter of claim 4, wherein the first connector comprises a female threaded

connector, and the second connector comprises a male threaded connector.

6. The adapter of any of claims 1 to 5, further comprising a power source, for example
a battery.
7. The adapter of any of claims 1 to 6, wherein the manifold gauge assembly

comprises a first pressure gauge and a second pressure gauge, and wherein the adapter

further comprises:

a second tube having connectors for fluidly connecting the adapter to the manifold

and to the second pressure gauge, and
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a second electronic pressure sensor arranged to detect a fluid pressure in the

second tube.

8. The adapter of claim 7, further comprising a second tube comprising the second
connectors, and wherein the second electronic pressure sensor is arranged to detect a

fluid pressure in the second tube.

9. The adapter of claim 8, wherein the second tube comprises an opening and

wherein the second electronic pressure sensor is mounted in the opening.

10. The adapter of claim 9, wherein the second tube comprises a first connector for
connection to the second pressure gauge and a second connector for connection to the
manifold such that the second pressure gauge is connectable to the manifold by the

second tube.

11. The adapter of claim 10, wherein the first connector of the second tube comprises
a female threaded connector, and the second connector of the second tube comprises a

male threaded connector

12. The adapter of any of claims 7 to 11, wherein the communications unit is arranged
to receive data from the electronic pressure sensor and from the second electronic

pressure sensor, and to communicate with a remote device.

13. The adapter of any of claims 7 to 11, further comprising a second communications
unit configured to receive data from the second electronic pressure sensor, and to

communicate with a remote device.

14. A manifold gauge assembly for use on a fluid system, for example an HVAC-R

system, the manifold gauge assembly comprising:
a manifold for connection to the fluid system,

a pressure gauge arranged to detect a fluid pressure in the manifold, the pressure

gauge comprising a display to display a detected pressure,



10

15

20

25

30

WO 2020/201750 PCT/GB2020/050870

19

an electronic pressure sensor arranged to detect a pressure between the manifold

and the pressure gauge, and

a communications unit arranged to receive data from the electronic pressure

sensor and to communicate with a remote device.

15. The manifold gauge assembly of claim 14, wherein the electronic pressure sensor

is disposed between the manifold and the pressure gauge.

16. The manifold gauge assembly of claim 15, wherein the manifold gauge assembly
comprises a connecting tube disposed between the manifold and the pressure gauge, the
connecting tube comprising a connector for removably connecting the pressure gauge to
the connecting tube, and wherein the electronic pressure sensor is disposed in the

connecting tube.

17. The manifold gauge assembly of claim 16, wherein the connecting tube further

comprises a connector for removably connecting the connecting tube to the manifold.

18. The manifold gauge assembly of claim 16 or claim 17, wherein the connecting tube
further comprises an opening, and wherein the electronic pressure sensor is disposed in

the opening.

19. The manifold gauge assembly of any of claims 14 to 18, comprising:

a first pressure gauge arranged to detect a first fluid pressure in the manifold, and a
second pressure gauge arranged to detect a second fluid pressure in the manifold,
wherein each of the first pressure gauge and the second pressure gauge comprises a

display to display a detected pressure,

and wherein the manifold gauge assembly further comprises a first electronic
pressure sensor arranged to detect pressure between the manifold and the first pressure
gauge, and a second electronic pressure sensor arranged to detect pressure between the

manifold and the second pressure gauge.
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20. The manifold gauge assembly of claim 19, wherein the communications unit is
configured to receive data from the first electronic pressure sensor and from the second

electronic pressure sensor.

21. The manifold gauge assembly of claim 19, comprising a first communications unit
configured to receive data from the first electronic pressure sensor, and a second
communications unit configured to received data from the second electronic pressure

Sensor.

22. The manifold gauge assembly of any of claims 14 to 21, wherein the pressure

gauge comprises an analog pressure gauge, and wherein the display comprises a dial.

23. The manifold gauge assembly of any of claims 14 to 22, wherein the pressure
gauge comprises an electronic pressure gauge having an electronic pressure sensor, and

wherein the display comprises a digital display.

24. A gauge manifold assembly for use on a fluid system, for example an HVAC-R

system, the manifold gauge assembly comprising:
a manifold for connection to the fluid system,

a pressure gauge arranged to detect a fluid pressure in the manifold, the pressure

gauge comprising a display to display a detected pressure, and
an adapter tube comprising:
a first connector for connection to the manifold
a second connector for connection to the pressure gauge, and
a third connector for connection to an electronic pressure detector device,

wherein the manifold is connected to the first connector of the adapter tube and the
pressure gauge is connected to second connector of the adapter tube such that the

adapter tube is connected between the pressure gauge and the manifold.

25. The gauge manifold assembly of claim 24, further comprising an electronic

pressure detector device connected to the third connector of the adapter tube.
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26. The gauge manifold assembly of claim 25, wherein the electronic pressure detector
device comprises an electronic pressure sensor and a communications unit arranged to
receive data from the electronic pressure sensor and to communicate with a remote

device.

27. The gauge manifold assembly of any of claims 24 to 26, wherein the first connector

comprises a male threaded connector, for example a 1/8 inch NPT threaded connector.

28. The gauge manifold assembly of any of claims 24 to 27, wherein the second
connector comprises a female threaded connector, for example a 1/8 inch NPT threaded

connector.

29. The gauge manifold assembly of any of claims 24 to 28, wherein the third
connector comprises a male threaded connector, for example a 1/8 inch NPT threaded

connector.

30. An adapter kit for a gauge manifold assembly having a manifold and a pressure

gauge, the adapter kit comprising:

an electronic pressure detector device comprising an electronic pressure sensor

and a connector, and
an adapter tube comprising:
a first connector for connection to the manifold,
a second connector for connection to the pressure gauge, and

a third connector for connection to the connector of the electronic pressure

detector device,

wherein the first, second and third connectors are in fluid communication within the
adapter tube such that during use the pressure gauge and the electronic pressure sensor

are both arranged to detect a fluid pressure in the manifold.
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31. The adapter kit of claim 30, wherein the electronic pressure detector device further
comprises a communications unit arranged to receive data from the electronic pressure

sensor and to communicate with a remote device.

32. The adapter kit of claim 30 or claim 31, wherein the first connector comprises a

male threaded connector, for example a 1/8 inch NPT threaded connector.

33. The adapter kit of any of claims 30 to 32, wherein the second connector comprises

a female threaded connector, for example a 1/8 inch NPT threaded connector.

34. The adapter kit of any of claims 30 to 33, wherein the third connector comprises a

male threaded connector, for example a 1/8 inch NPT threaded connector.

35. An adapter tube configured for use in the adapter kit of any of claims 30 to 34.

36. A method of adapting a manifold gauge assembly having a manifold and a

pressure gauge, the method comprising:
disconnecting the pressure gauge from the manifold, and

attaching the adapter of any of claims 1 to 13, or the adapter kit of any of claims 30

to 34, between the manifold and the pressure gauge.
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