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(54) DEVICE FOR A HOT WATER STORAGE TANK

(57) Adevice for installation through anoutlet of a hot
water storage tank, such as a hot water cylinder, the
outlet defining an aperture into the hot water storage
tank. The device includes a first conduit configured to
allow water to be extracted from the hot water storage
tank through the aperture, at a first vertical position
relative to the hot water storage tank, and a second
conduit configured to pass through the aperture and to
return the extracted water to the hot water storage tank,
the second conduit being configured to terminate within
the hot water storage tank at a second vertical position
within the hot water storage tank. The second vertical
position may be lower than the first vertical position (or
may be higher). A pump has an inlet in fluid communica-
tion with the first conduit and an outlet in fluid commu-
nication with the second conduit or vice versa. When
installed through the aperture of a hot water storage tank
and thepump isoperating,water isextractedby thepump
from the hot water storage tank through the first conduit,
and returned by the pump to the hot water storage tank
through the second conduit, or vice versa, thereby to
transfer the water extracted by the pump to a lower
portion of the storage tank where the second conduit
terminatesor toahigherportionof thestorage tankwhere
the first conduit terminates.Thenet effect is that hotwater
is moved from a higher to a lower level within the tank or
cooler water is moved from a lower level to a higher level
within the tank.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a device for
installation onto a hot water storage tank, such as a hot
water cylinder, and to a method of installing such a
device. The invention has been developed with a parti-
cular focus on retrofitting to installed hot water cylinders,
and will largely be described with reference to that ap-
plication. However, it will be appreciated that the inven-
tion can also be implemented as part of any hot water
storage tank, including new hot water cylinder installa-
tions, whether before or after the tank is installed.

BACKGROUND OF THE INVENTION

[0002] Some hot water cylinders include a resistive
heater (sometimes referred to as an "immersion heater")
that is used for heatingwaterwithin thehotwater cylinder.
Hot water is extracted through an outlet at the top of the
cylinder. The outlet can involveBSPconnector, such as a
¾" BSP connector.
[0003] Immersion heaters are normally fitted in such a
way that they heat only a relatively small volume of water
within the cylinder, to avoid heating a large volume when
not required. Fitting the immersion heater at or near the
top of the cylinder also allows it to be removed and
replaced when needed without draining the cylinder.
[0004] For example, an immersion heater can extend
diagonally into the cylinder such that it extends around a
third of the way down. When turned on, the heater heats
the water with which it is in contact. The heated water is
more buoyant that the cooler water around it, and will
move upwards away from the heater. A convection cur-
rent forms, as the upward-moving heated water is re-
placed by cooler water from around the heater.
[0005] To avoid damage to a protruding top fitting dur-
ing transportation of the hot water cylinder, a BSP female
outlet, such as a ¾" BSP outlet in a typical domestic
installation can be used. Other sizes and types of outlet
connectors can be used to suit different applications.
[0006] To reduce convection losses of hot water from
the cylinder, a 90‑ degree bend is often installed close to
the top of the cylinder, followed by a straight length of
horizontal pipe. This can reduce or prevent upward mi-
gration of heat into the plumbing system.
[0007] Theheater’sposition,and the tendencyofwater
to stratify in such an arrangement, means that the heater
cannot heat water that is positioned beneath it in the hot
water cylinder.
[0008] An issue can arisewith the use of such arrange-
ments with excess power diverters. A source of power,
typically a photovoltaic array, is connected to the power
diverter, which in turn is connected to a resistance heater
within the hotwater cylinder.When the photovoltaic array
is generating power in excess of the current electric load,
the excess is sent to theheater rather than returned to the

grid.
[0009] Also, it is common to have overnight energy
rates much lower than peak daytime rates, but the posi-
tion of a typical immersion heater significantly limits the
proportion of the water in the cylinder that can be heated.
[0010] In the arrangement described above where the
heater is positioned relatively high up in the hot water
cylinder, only the water above the heater will be heated
and energy stored. This leaves more than half of the
cylinder at a cooler temperature, unable to accept addi-
tional excess energy in the form of stored hot water. A
typical cylinder may store only enough hot water for one
or two showers.
[0011] It is an object of the invention to address one or
more of the disadvantages of the prior art.

SUMMARY OF THE INVENTION

[0012] In accordance with a first aspect, there is pro-
vided a device for installation through an outlet of a hot
water cylinder, the outlet defining an aperture into the hot
water cylinder, the device comprising:

a first conduit configured to allow water to be ex-
tracted from the hot water cylinder through the aper-
ture, at a first vertical position relative to thehotwater
cylinder;
a second conduit configured to pass through the
aperture and to return the extracted water to the
hot water cylinder, the second conduit being config-
ured to terminate within the hot water cylinder at a
second vertical positionwithin the hot water cylinder,
the second vertical position being lower than the first
vertical position; and
a pump, to be positioned, in use, external to the hot
water cylinder, the pump having an inlet in fluid
communication with the first conduit and an outlet
in fluid communication with the second conduit;
thedevicebeingconfiguredsuch that,when installed
through the aperture of a hot water cylinder and the
pump is operating, water is extracted by the pump
from the hot water cylinder through the first conduit,
and returned by the pump to the hot water cylinder
through the second conduit, thereby to transfer the
water extracted by the pump to a lower portion of the
cylinder where the second conduit terminates.

[0013] Such a devicemay be easily fitted to a hot water
cylinder (including retrofitted to an existing hot water
cylinder) without the need to provide additional inlets
or outlets into and out of the cylinder.
[0014] The second conduitmay be coaxial with the first
conduit over at least a portion of the length of each of the
first and second conduits. Optionally, the second conduit
may extend within the first conduit over at least a portion
of the length of each of the first and second conduits. This
may make the device simpler, more compact and/or
make it easier to maximise flow rates through either or
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both conduits.
[0015] The first conduit may comprise a vertically ex-
tending portion, the second conduit exiting the first con-
duit at an upper end of the vertically extending portion.
[0016] The first conduit may comprise a horizontal
branching portion, the inlet of the pump being fluidly
connected to the horizontal branching portion.
[0017] The second conduit may be configured to ex-
tend at least 0.5 m into the hot water cylinder from the
aperture. Optionally, the second conduit is at least 1 m
long.
[0018] The second conduit may optionally by trim-
mable at the point of installation, such that the second
vertical position is at a desired distance from a bottom
and/or top of the hot water cylinder.
[0019] The second conduit may be formed from a
plastically deformable material, thereby allowing it to
be bent to a desired shape before installation onto a
hot water cylinder.
[0020] The second conduit may at least partly be
formed from annealed copper.
[0021] The outer diameter of the second conduit may
be less than 12 mm, and optionally 10 mm or less.
[0022] The pump may have a capacity of less than 6
litres/minute.
[0023] The device may be configured such that the
pump operates at least partly in response to the tem-
perature of water at a third vertical position being at or
above a first predetermined threshold. The third vertical
position is optionally at or below the first vertical position.
[0024] The device may be configured such that the
pump operates at least partly in response to the tem-
perature of water at a fourth vertical position being below
a second predetermined threshold. Optionally, the fourth
vertical position is at or above the second vertical posi-
tion.
[0025] The devicemay comprise at least one tempera-
ture sensor and/or thermostat for sensing a temperature
of the hotwater cylinder, and/orwaterwithin the hotwater
cylinder, at at least one vertical level of the hot water
cylinder, for use in controlling the pump.
[0026] In accordance with a second aspect, there is
provided a method of retrofitting the device of the pre-
ceding aspect to a hot water cylinder, the method com-
prising:

inserting at least a portion of the second conduit
through the aperture such that a lower end of the
second conduit terminates at the second level; and
attaching the device to the hot water cylinder.

[0027] Optionally, the method may comprise:
prior to inserting theportionof thesecondconduit through
the aperture, bending, shaping, and/or trimming at least
part of the second conduit along its length so as to adapt
the device to the hot water cylinder to which it is to be
installed.
[0028] Optionally, the method may comprise:

prior to inserting the portion of the second conduit
through the aperture, bending and/or shaping the
second conduit to enable it to be inserted through the
aperture while avoiding any obstacles;
after inserting at least some of the portion of the
secondconduit through theaperture, bendingand/or
shaping the second conduit again, so as to adapt the
device to the hot water cylinder to which it is to be
installed.

[0029] In a third aspect, there is provided a device for
installation through an outlet of a hot water storage tank,
the outlet defining an aperture into the hot water storage
tank, the device comprising:

a first conduit configured to allow water to be ex-
tracted from the hot water tank through the aperture,
at a first vertical position relative to thehotwater tank;
a second conduit configured to pass through the
aperture and to return the extracted water to the
hot water tank, the second conduit being configured
to terminate within the hot water tank at a second
vertical positionwithin the hotwater tank, the second
vertical position being lower than the first vertical
position or, in the alternative, higher than the first
vertical position; and
a pump, to be positioned, in use, external to the hot
water storage tank, the pump having an inlet in fluid
communication with the first conduit and an outlet in
fluid communication with the second conduit or vice
versa,
thedevicebeingconfiguredsuch that,when installed
through the aperture of a hot water storage tank and
the pump is operating, water is extracted by the
pump from the hot water storage tank through the
first conduit, and returned by the pump to the hot
water storage tank through the second conduit, or
vice versa, thereby to transfer thewater extracted by
the pump to a lower portion of the tank where the
second conduit terminates or, in the alternative, to a
higher portion of the tank where the first conduit
terminates.

[0030] The device according to this aspect may incor-
porate the preferred features defined above (and here-
inafter) in relation to the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Aspects and implementations will now be de-
scribed, without limitation and by way of example only,
with reference to the accompanying drawings, in which:

Figure 1 is a schematic vertical section through a hot
water cylinder;
Figures 2 to 4 are simplified vertical sections through
the hot water cylinder of figure 1;
Figure 5 is a schematic vertical section through a hot
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water cylinder comprising a device according to an
embodiment of the invention;
Figure 6 is a schematic of the device of Figure 5;
Figures 7 to 11 are schematic vertical sections
through the hot water cylinder of figure 5, with the
device in various stages of operation;
Figures 12 and 13 are schematic vertical sections
through a hot water cylinder comprising a device
according to a further embodiment of the invention;
Figures 14 and 15 are schematic vertical sections
through a hot water cylinder comprising a device
according to a further embodiment of the invention;
Figures 16 to 19 are schematic vertical sections
through a hot water cylinder comprising a device
according to a further embodiment of the invention;
Figure20 isaschematic of a furtherdeviceaccording
to a further embodiment of the invention; and
Figure 21 is a flowchart showing a method of instal-
ling a device, according to further embodiment of the
invention.

[0032] It will be appreciated at all drawings are sche-
matic and do not represent all details of the components
that they illustrate. Drawings are not to scale unless the
contrary is clear from context.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Thepresent disclosure relates to a device and a
method for installing such a device. In the examples
described, the device is being retrofitted to an existing
hot water cylinder and is intended for use with an energy
diversion device, such as an immersion diverter as can
be used with solar photovoltaic panels. In other imple-
mentations, thedevice canbe installedonanewcylinder,
and/or canbeusedwith anordinary timer, switch, or other
controller for controlling a resistive heater.
[0034] For convenience, plumbing components will
generally define smooth curves, but are sometimes illu-
strated with sharp edges and corners for convenience
and clarity. Similarly, plumbing components such as BSP
and compression joints are shown in a highly schematic
fashion. Some elements of such components, such as
olives, internal stops, screw threads, tapered surfaces,
seals, etc., are omitted for clarity.
[0035] Figure 1 shows a domestic hot water cylinder
100. In Figure 1, cylinder 100 can be any vented or
unvented hot water cylinder. Cylinder 100 can be formed
from, for example, stainless steel, copper, enameled
steel, or any other suitable material or combination of
materials. Typically, regulations require such hot water
cylinders to be insulated, but for clarity, such insulation is
not shown in the accompanying drawings.
[0036] Cylinder 100 is generally cylindrical, with a
domed upper portion such that the highest point of the
hot water cylinder is central to the cylinder in plan.
[0037] In use, cylinder 100 is completely filled with
water 102. A cold inlet 104 supplies cold water into the

hot water cylinder 100 near its base, typically from a
mains water supply.
[0038] A hot outlet 106 is positioned at the top of
cylinder 100. Hot outlet 106 comprises a¾" BSP female
connector, towhich is connected90° elbow108.Oneend
of elbow 108 is screwed into the ¾" BSP female outlet.
Alternatively, an intermediate 22mm compression to
¾" BSP male screw thread screws into the female ¾
BSPthreadat the topof thecylinder towhich is connected
elbow 108. Elbow 108 bends horizontally to join existing
hot water plumbing circuits (not shown).
[0039] Cylinder 100 includes a heating circuit compris-
ing, in theexample of Figure1, aheating coil 112.Heating
coil 112 includes an inlet 114 that receives heated water
from a remote boiler (not shown), and an outlet 116 that
returns water to the boiler.
[0040] The heating circuit can include a heat source of
any suitable type, including gas, oil, and woodchip boi-
lers, log burners, and air-source and ground-source heat
pumps, for example. In other implementations, the pri-
mary heating circuit directly heats the water in the cylin-
der by extracting it, heating it, and returning the heated
water to the cylinder. This avoids the need for a heating
coil.
[0041] Cylinder 100 includes a resistive electric heat-
ing element (sometimes called an immersion heater) 118
that is mounted through an aperture formed in the top
dome of cylinder 100. In other implementations, the im-
mersion heater can be installed lower down the cylinder,
such that it enters the cylinder at a more oblique angle or
horizontally.
[0042] Heating element 118 is screwed to a corre-
sponding boss (not shown) surrounding the aperture.
The immersion heater is temperature controlled using
its own thermostat. Electrical connections of heating
element 118 are omitted for clarity.
[0043] In the implementation of Figure 1, the heating
element 118 is positioned off-centre near the top of
cylinder 100, and extends about a third of the way down
from the top of cylinder 100 towards the bottom, as
indicated by dashed line 124.
[0044] An example of the operation of heating element
118will nowbedescribedwith reference toFigures 1 to 4,
which show a sequence of simplified diagrams showing
the temperature of water within cylinder 100 as heating
element 118 operates. For clarity, heating coil 112, inlets
104 and 114, and outlets 106 and 116, are omitted from
Figures 2 to 4.
[0045] In Figure 1, the water 102 within cylinder 100 is
initially cold.Heatingelement 118 is turnedon inFigure 2,
and the water immediately around it is heated up. The
heated water is less dense than the cooler water around
it, and rises due to buoyancy, as shown by arrows 120.
The rising heated water continues upwards until it
reaches the upper section of the cylinder.
[0046] The hot water within cylinder 100 will tend to
stratify to an extent, such that there is a line 122 above
which the water temperature significantly increases.
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Although line 122 is shown as a thin dashed line, it will be
appreciated that line 122 represents the middle of a
transition zone of water at different water temperatures.
This transition zonemay beof varying thickness, and can
be dependent upon factors such as turbulence, local
thermal conduction within the water, and heat migrating
down the cylinder walls, for example.
[0047] Hotwater generatedbyheatingelement118will
accumulate in the upper section of the cylinder, as shown
by the lower position of line 122 in Figure 3. The process
continues while heating element 118 is turned on, until
the accumulated hot water reaches line 124 (the lowest
point of heating element 118), as shown in Figure 4. At
this point, the water heated by the heating element 118 is
the same temperature as the water around it, and hence
has the same density. The buoyancy that drove move-
ment of water heated by the heating element 118 in
Figures 2 and 3 stops. Eventually, the rising temperature
around the heating element 118 will cause a thermostat
(not shown) within heating element 118 to cut off, which
turns off heating element 118.
[0048] Unfortunately, when heating element 118 is in-
stalled in cylinder 100 at a relatively high vertical position,
such as is shown in Figure 1, for example, stratification
within cylinder 100 limits the volume of water that can be
heated by heating element 100.
[0049] Turning to Figure 5, there is shown a cylinder
200. Cylinder 200 has several features that are similar to
those described in relation to cylinder 100, and such
features are indicated with the same reference signs
as were used in relation to cylinder 100.
[0050] Cylinder 200 comprises a device 202 in accor-
dance with an embodiment, which has been installed
through the existing top outlet of cylinder 200. The outlet
defines an aperture into cylinder 200 through which hot
water can be extracted as described below.
[0051] As best shown in Figure 6, device 202 com-
prises a first conduit 204, which is attached to cylinder
200bywayof aBSPfitting110.The interior of first conduit
204 is in fluid communication with an interior of cylinder
200, and is configured to allowwater to be extracted from
inside cylinder 200 through the aperture, at a first vertical
position (indicatedbydashed line400) relative to cylinder
200.
[0052] In this implementation, the first vertical position
400 is at the top of the interior of cylinder 200 where the
BSP fitting terminates, but in other implementations the
first vertical position can be different. Also, in this imple-
mentation, thefirst conduit doesnot, itself, extend into the
cylinder. In other examples, the first conduit 204 itself can
extend somedistance into cylinder 200, such that it takes
water from a position below where bubbles might exist
(for example).
[0053] First conduit 204 comprises a first T-connector
216 and a second copper T-connector 218. First T-con-
nector 216 takes the form of a 22 mm x 15 mm x 22 mm
copper fitting, comprising a first crossbar 222 that ex-
tends vertically as installed in Figure 6, and a first branch

220 that extends horizontally from first crossbar 22 as
installed in Figure 6. First branch 220 terminates in a 15
mm compression joint, and the upper and lower ends of
first crossbar 222 each terminates in a 22 mm compres-
sion joint.
[0054] Second T-connector 218 takes the form of a 22
mmx22mmx15mmcopper fitting, comprising a second
crossbar 226 that extends vertically as installed in Figure
6, and a second branch 224 that extends horizontally
from second crossbar 226 as installed in Figure 6. Sec-
ond branch 224 and the lower end of second crossbar
226 each terminates in a 22 mm compression joint, and
the upper end of second crossbar 226 terminates in a 15
mm compression joint.
[0055] The22mmcompression joint at the lowerendof
first crossbar 222 is compression fitted to a short piece of
22 mm copper pipe 221 extending from BSP fitting 110
(which comprises amale¾" BSP to 22mm compression
joint connector attached to a female¾" BSP connector at
the top of cylinder 200). The 22 mm compression joint at
the upper end of first crossbar 222 is connected to the 22
mm compression joint at the lower end of second cross-
bar 226 by way of a further piece of 22 mm copper pipe
227. In this way, at least some of the interior of first T-
connector 216 and second T-connector 218 define first
conduit 204, as will be described in more detail below.
[0056] Device 202 also comprises a second conduit
206configured topass through theaperture, allowing it to
return the extractedwater to the hotwater cylinder 200as
described in more detail below. Second conduit 206 is
configured to terminate within the hot water cylinder 200
at a second vertical position (indicated by dashed line
402) within cylinder 200, the second vertical position 402
being lower than the first vertical position.
[0057] Second conduit 206 takes the form of a 10 mm
annealed copper tube, which extends upwards from the
second vertical position 402 through cylinder 200,
through the interior of first crossbar 222 and second
crossbar 226, before being sealed to the 15 mm com-
pression joint at the upper end of second crossbar 226 (a
15‑10 mm reducer is used for this purpose, but for clarity
is not illustrated). A short section of second conduit 206
extends upwards from the 15mmcompression joint (and
reducer).
[0058] In this implementation, second conduit 206 is
coaxial with first conduit 204 over at least a portion of the
length of each of the first and second conduits. While
second conduit 206 is centred coaxially within the first
conduit 204, it will be appreciated that this need not
necessarily be the case in other implementations.
[0059] In this implementation, the second vertical posi-
tion 402 is near the base of the interior of cylinder 200,
which offers a large increase in the amount of water that
can be heated by heating element 118, without being so
low in cylinder 200 as to potentially stir up debris thatmay
settle on the bottom of cylinder 200 over time.
[0060] In other implementations the second vertical
position 402 can be different. For example, the second
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conduit 206can terminateabouta thirdof thewayup from
the bottom of cylinder 200, or at any other position
considered suitable for the particular implementation.
[0061] In other implementations, the second conduit
may be configured to extend at least 0.5 m into the hot
water cylinder from the aperture. In yet other implemen-
tations, the second conduit is at least 1m long, but can be
longer. For example, the second conduit can be suffi-
ciently long that it canextendat least 50%,andpreferably
at least 75%of the distance from the aperture to a base of
the cylinder.
[0062] Optionally, the second conduit is designed to be
trimmableat the point of installation, such that the second
vertical position 402 is at a desired distance from a
bottom and/or top of the particular hot water cylinder to
which the device is being installed. Trimming of the
second conduit during installation is described in more
detail below. Alternatively, the second conduit can be
supplied at a shorter length, and an additional length of
tube of suitable length joined on during the installation
process.
[0063] Optionally, the second conduit is formed from a
plastically deformable material (such as annealed cop-
per), thereby allowing it to be bent to a desired shape
before or during installation onto a hot water cylinder.
[0064] Avertical distance between the first and second
vertical positions, as indicated by arrow 208 in Figure 5,
represents (approximately) anadditional volumeofwater
that can potentially be heated by heating element 118,
relative to the volume that can be heated by the arrange-
ment shown in Figure 1. This can, for example, increase
the amount of available hot water by two, three, or even
more times, depending upon the vertical installation po-
sition and length of the heating element, the length of
second conduit, and other factors that will be apparent to
the skilled person.
[0065] Device 202 comprises a pump 230 positioned
external to cylinder 200. Pump 230 has an inlet 232 and
an outlet 234. Inlet 232 is connected to the 15 mm
compression joint at the end of first branch 220 by way
of a piece of 15 mm copper pipe 236. Outlet 234 is
connected to the upper end of second conduit 206 by
way of a piece of 10mmpipe 238 and a 10mm90° elbow
compression joint connector 240.
[0066] In other implementations (see Figure 20 for
example), second conduit 206 continues in one piece
through a path similar to that of elbow 240 and pipe 238.
[0067] Pump230 is a 12Vcentrifugal type pump that is
poweredbywayof a12Vpower supply (not shown)anda
power cord 210. The type, capacity and/or rated power of
pump230canbeselected to suit implementation require-
ments. It is desirable that the pump characteristics be
selected such that it does not cause excessive de-stra-
tification so as not to disturb the hot water banding in the
topof the cylinder or stir up sediment. Similarly, the power
supply can optionally be adjustable to allow fine-tuning of
the operating characteristics of the device. For example,
the power supply can be configured to initially operate at

full power for a period, which may help mitigate potential
airlocks by pushing air through the device, and then
reduce the power in order to reduce the rate at which
water is pumped through the second conduit.
[0068] By way of non-limiting example, the pump may
have a capacity of less than 6 litres per minute. For
example, the pump can be configured to deliver 5 litres
per minute. Optionally, the pump can have a pressure
rating of 1 metre head at zero flow.
[0069] In some implementations, device 202 can be
operated by way of a switch (not shown) and/or a timer
that controls supply of power to pump 230 by way of
power cord 210.
[0070] Operation of this implementation of device 202
will now be describedwith reference to Figures 5 and 7 to
9, which show a sequence of simplified diagrams show-
ing the temperature of water within cylinder 200 as heat-
ing element 118 operates. For clarity, heating coil 112 is
omitted from Figures 7 to 9.
[0071] In Figure 5, the water 102 within cylinder 200 is
initially cold. Heating element 118 is turned on in Figure 7
(manually, by way of a timer, or due to operation of an
excess power diverter from a solar photovoltaic array or
other source of power, for example) and the water im-
mediately around it is heated up. Theheatedwater is less
dense than the cooler water around it, and rises due to
buoyancy, as shown by arrows 120. The rising heated
water continues upwards until it reaches the upper sec-
tion of the cylinder. Hot water generated by heating
element 118 will accumulate in the upper section of the
cylinder, as shown by line 122 in Figure 7.
[0072] The process continues while heating element
118 is turned on, until the accumulated hot water reaches
the level heating element 118, as shown in Figure 8. At
this point, the water heated by the heating element 118 is
the same temperature as the water around it, and hence
has the same density. The buoyancy that drove move-
ment of water heated by the heating element 118 in
Figure 7 stops. Eventually, the rising temperature around
theheatingelement118causesa thermostat (not shown)
within heating element 118 to cut off, turning off the
heating element 118.
[0073] At any time up to and beyond the point which
heating element 118 is cut off due to operation of its
thermostat, device 202 can be turned on by manual
operation of the switch (not shown) and/or by operation
of the timer (not shown). (Thermostat-controlled opera-
tion is described below with reference to a different im-
plementation).
[0074] Figures 9 to 11 show what happens within cy-
linder 200 when device 202 is switched on, for example
after heating element 118 has cut off.
[0075] In Figure 9, pump 230 is turned on. Pump 230
sucks water from cylinder 200 through first conduit 204,
as shown by arrows 410. Because first conduit 204
extracts water from the top of cylinder 200, the extracted
water is relatively hot compared to most of the rest of the
hottestwaterwithin cylinder 200. As best shown inFigure
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6, the extracted water is drawn by pump 230 through first
crossbar 222, second crossbar 226, second branch 224,
and pipe 236 to inlet 232 of pump 230. Pump 230 pumps
the water through outlet 234, pipe 238, elbow 240, and
down through second conduit 206, until it exits at the
bottom end of second conduit 206 as shown by arrows
404.
[0076] The net result of this operation is that water
extracted by pump 230 from the first vertical position is
moved to the second vertical position 402 at a lower
portion of cylinder 200 where second conduit 206 termi-
nates.
[0077] The hot water exiting the lower end of second
conduit 206 will generally tend to rise upwards, as shown
generally by arrows 406 (although the actual path may
not be exactly as illustrated). As the water approaches
line 122, it joins the mass of hot water in the top of the
cylinder as shown by arrows 408.
[0078] Extracting hot water from cylinder 200 above
heating element 118 causes cooler water from lower in
cylinder 200 to move upwards such that heating element
118 is no longer surrounded by hot water. Eventually, the
thermostat within heating element 118 will reach a tem-
perature that causes it to turn heating element 118 on
again. Since heating element 118 is now surrounded by
cooler water, it is able to heat that water without imme-
diately causing its thermostat to reach cut-off tempera-
ture.
[0079] Depending upon factors such as the rate at
which hot water is extracted from the top of cylinder
200, the amount of power being output by heating ele-
ment 118, and the amount of mixing of the hot water
outputting the lower end of second conduit 206, device
202 can be operated either continuously, or intermittently
as the thermostat of heating element 118 turns power to
heating element 118 on and off.
[0080] Manual or timed operation of the devicemay be
sufficient in some circumstances. However, in other im-
plementations, the pump can be configured to operate at
least partly in response to the temperature of water at
various vertical positions being at, above, or below cer-
tain temperature thresholds.
[0081] Forexample, thedevice canbeconfigured such
that the pump operates at least partly in response to the
temperature ofwater at a third vertical position being at or
above a first predetermined threshold. The third vertical
position can be at any suitable vertical height within the
cylinder.
[0082] For example, the third vertical position can be at
or below the first vertical position. In this configuration,
the pump canbe configured to only operatewhen there is
water above a certain temperature available at the first
level (i.e., allowing it to be extracted via the first conduit).
The temperature threshold can be selected to suit the
implementation and/or to take into account any neces-
sary regulations. For example, it may be desirable to set
the temperature threshold at the third vertical level near,
but below, a temperature at which the heating element

will cut out. For example, if the heating element thermo-
stat causes it to cut out at 65° C, the temperature thresh-
old at the third vertical level can be set at 60° C. This
approach ensures that hot water from the top of the
cylinder will bemoved lower in the cylinder by the device,
ideally in time to ensure continued operation of the heat-
ing element.
[0083] Alternatively, or in addition, the device can be
configured such that the pump operates at least partly in
response to the temperature of water at a fourth vertical
position being below a second predetermined threshold.
The fourth vertical position can be any suitable vertical
height within the cylinder.
[0084] For example, the fourth vertical position can be
at or above the second vertical position 402. In this
configuration, the pump can be configured to only oper-
ate when the water is below a certain temperature at
(and/or above) the second vertical position 402 (i.e., at or
above the outlet of the second conduit). The temperature
threshold can be selected to suit the implementation
and/or to take into account any necessary regulations.
For example, it may be desirable to set the temperature
threshold at the fourth vertical level near, but somewhat
below the temperature at which the heating element will
cut out. For example, if the heating element thermostat
causes it to cut out at 65° C, the temperature threshold at
the third vertical level can be set at 40° C.
[0085] Additional advantages may flow from using the
temperatures at both the third and fourth vertical levels.
For example, the pumpcan be configured to only operate
when there is water above a certain temperature avail-
ableat the first level (i.e., allowing it to beextractedvia the
first conduit) and thewater is belowa certain temperature
at (and/or above) the second vertical position 402 (i.e., at
or above the outlet of the second conduit). The tempera-
ture thresholds for the third and fourth vertical levels can
be the same as described above.
[0086] For example, if the heating element thermostat
is set to 65° C, it may be desirable to set the threshold at
the third vertical level to 60° C, and the threshold at the
fourth vertical level to 50° C.
[0087] The temperatures at one or more levels of the
cylinder can be sensed in any suitable way. For example,
one or more temperature sensors may be installed at or
near each vertical level of interest. The temperature
sensors can take the form of bimetallic or other relays
that are designed to open/close at a particular threshold
temperature. In that case, the temperature sensors can
be connected in electrical series with the pump as de-
scribed above.
[0088] Alternatively, the temperature sensors can take
the formof thermal sensors designed to output a signal to
a controller that can control whether the pump is turned
on or off. For example, the or each temperature sensor
canoutput a temperature signal to a controller bywayof a
wiredorwireless connection. The temperature signal can
take the formof adigital or analogue value representative
of a temperature, or a binary signal indicatingwhether the
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sensed temperature is above or below a particular
threshold. Either way, the controller is configured to
determine from the temperature signal(s) whether the
pump should be turned on or off.
[0089] In alternative implementations, one or more of
the temperature sensors can be installed for sensing the
temperature at one or more levels within a hot water
cylinder, for the purposes of, for example, controlling a
remote primary heating source (such as a boiler, air
source heat pump, etc.) and/or providing inputs to a
controller associated with, for example, a home automa-
tion system, heating/cooling control system, an excess
energy diverter such as that described above, and/or any
other device and/or system other than the device. Any
one or more of those systems can be used to control
operation of the device without the need for the device to
include its own temperature sensor(s).
[0090] Optionally, any or all of the thresholds can be
modified to suit the implementation and/or to take into
account any necessary regulations. The thresholds can
be set by the installer, and/or changed by the user or
operator, in order to optimize operation for the implemen-
tation and/or to adjust operation to suit the user’s needs.
[0091] Figure 12 shows an example of an implementa-
tion inwhich device 202 comprises a first thermostat 242.
First thermostat 242 can be installed against the wall of
cylinder 200 (underneath any insulation, to improve
speed and accuracy of temperature sensing). Alterna-
tively, first thermostat 242 canbe installedwithin a sealed
pocket that extends into the interior of cylinder 200. This
can increase speed and accuracy of temperature sen-
sing, although thisapproach isonly suitablewheresucha
pocket already exists, or where it is cost effective to add
one.
[0092] First thermostat 242 is closed (i.e., conducts
current)when it senses a temperature abovea threshold,
and is open when it senses a temperature below that
threshold. In some cases, first thermostat 242may oper-
ate with some hysteresis.
[0093] First thermostat 242 is installed in aposition that
allows it to sense a temperature of water at a particular
level of cylinder 200. For example, first thermostat 242
can be installed above a vertical position of heating
element 118 within cylinder 200. This allows first thermo-
stat 242 to determine when there is sufficient hot water
within cylinder 200 to justify operation of device 202.
[0094] Electrically, first thermostat 242 is connected in
series with power cord 210 connected to pump 230. This
means that, when the temperature of cylinder 200 ad-
jacent to first thermostat 242 reaches the threshold tem-
perature, it closes, causing pump 230 to operate. Simi-
larly, when the temperature of cylinder 200 adjacent to
first thermostat 242 falls and reaches the threshold tem-
perature again, it opens, causing pump 230 to stop.
Optionally, a switch, timer, or other controller (not shown)
canbeconnected in series or parallel with first thermostat
242.
[0095] Theoperation of first thermostat 242will nowbe

described with reference to Figure 12. In Figure 12, the
hotwaterwithin cylinder 200hasnot yet reached the level
of first thermostat 242. First thermostat 242 remains
open, and pump 230 therefore remains off. Heating ele-
ment 118 continues to heat water within cylinder 200,
optionally as a result of excess power being devoted to it
via a diverter as described above. Eventually, the hot
water within cylinder 200 reaches the level of first ther-
mostat 242, as shown by the position of line 122 in Figure
13. The temperature sensed by first thermostat 242 rises
until it reaches the threshold, at which point first thermo-
stat 242 closes, turning pump 230 on. Pump 230 oper-
ates in the manner described above, drawing hot water
from the top of cylinder 200, and delivering it lower in the
cylinder at the lower end of second conduit 206.
[0096] Pump 230 continues operating until the water
within cylinder 200 adjacent first thermostat 242 drops in
temperature sufficiently to cause first thermostat 242
reach the threshold temperature again. At that point, first
thermostat 242 opens, causing pump 230 to stop oper-
ating. Cylinder 200 is now back at the state shown in
Figure 12, and the process repeats for as long as heating
element 118 continues to operate.
[0097] Eventually, all of the water within cylinder 200
may reach a sufficiently high temperature that first ther-
mostat 242 no longer operates to turn pump 230. The
temperature of thewater around heating element 118will
continue to rise, until the thermostat of heating element
118 cuts in, stopping further heating of the water.
[0098] Since pump 230 in the implementation of Fig-
ures 12and13 is controlled solely by first thermostat 242,
pump230will not turnoffonce there is no longer sufficient
cold water within cylinder 200 to cause thermostat 242 to
open. This may be acceptable in certain implementa-
tions. For example, where device 202 is designed to
operate with an excess power diverter, pump 230 can
be powered by the diverter such that it is only on while
there is excess power being produced.
[0099] Alternatively, one or more additional controls
may be put in place to reduce unnecessary running of
pump 230. For example, some excess power diverters
offer the option to control a relay for a destratification
pump. Alternatively, or in addition, pump 230 can be
partly controlled by a timer. For example, a timer (not
shown) placed in series with power cord pump 230 may
allow pump 230 to run for a predetermined time before
switching off.
[0100] Figure 14 shows an alternative implementation
of device 202. Device 202 has several features that are
similar to those described in relation to the previously
described implementations, and such features are indi-
cated with like reference signs.
[0101] Device 202 includes a second thermostat 244.
Second thermostat 244 can be installed against the wall
of cylinder 200 (underneath any insulation, to improve
speed and accuracy of temperature sensing). Alterna-
tively, second thermostat 244 can be installed within a
sealed pocket that extends into the interior of cylinder
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200. This can increase speed and accuracy of tempera-
ture sensing, although this approach is only suitable
where such a pocket already exists, or where it is cost
effective to add one.
[0102] Second thermostat 244 is closed (i.e., conducts
current) when it senses a temperature below a threshold,
and is open when it senses a temperature above that
threshold. As such, second thermostat 244 operates in
theopposite sense tofirst thermostat 242. In somecases,
second thermostat 244 may operate with some hyster-
esis.
[0103] Second thermostat 244 is installed in a position
that allows it to sense a temperature of water at a parti-
cular level of cylinder 200. For example, second thermo-
stat 244 can be installed above the vertical position of the
lower end of the second conduit within cylinder 200. This
allows second thermostat 244 to determine when device
202 can be turned off.
[0104] Electrically, second thermostat 244 is con-
nected in series with the power cord 210 connected to
pump 230. This means that pump 230 will only operate
when the temperature of cylinder 200 adjacent to second
thermostat 244 is below its threshold temperature. Op-
tionally, a switch, timer, or other controller (not shown)
can be connected in series or parallel with second ther-
mostat 244.
[0105] The operation of second thermostat 244 will
now be described with reference to Figure 14. In Figure
14, there is hotwater in the upper endof cylinder 200, and
the device 202 is operating due to having been switched
on, for example manually, by way of a timer, or under the
control of another control system. Hot water is being
pumped from the first level 400 down to the second level
402, as described above in relation to other implementa-
tions.
[0106] Second thermostat 244 remains closed as a
result of the adjacent water in cylinder 200 being below
its threshold temperature.
[0107] Eventually, the hot water reaches the level of
second thermostat 244, as shown in Figure 15. The rising
temperature causes second thermostat to reach its
threshold temperature, causing it to change to the open
state. This turns pump 230 off, preventing it from con-
tinuing to operate. Second thermostat 244 will remain
open until the temperature of the adjacent water within
cylinder 200 falls sufficiently. The temperaturemay fall as
a result of, for example, hot water being drawn off from
cylinder 200 for use, and/or standing heat losses.
[0108] Figures 16 to 19 show an implementation of
device 202 that uses both the first thermostat 242 and
the second thermostat 244. In this implementation, the
first thermostat 242and second thermostat 244 arewired
in series with each other and the power cord 210. This
means that pump 230will only operatewhile both the first
thermostat 242 and the second thermostat 244 are in the
closed state. This only happens when first thermostat
242 is above its temperature threshold and second ther-
mostat 244 is below its temperature threshold.

[0109] In Figure 16, the heating element 118 is heating
the water as described above in relation to other imple-
mentations. The hot water within cylinder 200, indicated
by line 122, has not yet reached the level of first thermo-
stat 242. First thermostat 242 is below its temperature
threshold, and is therefore in the open state. The water
adjacent to second thermostat 244 is relatively low in
temperature. Second thermostat 244 is therefore below
its temperature threshold and is therefore in the closed
state. However, since first thermostat 242 is in the open
state, pump 230 remains off.
[0110] Heating element 118 continues to heat water
within cylinder 200, optionally as a result of excess power
being diverted to it via a diverter as described above.
Eventually, the hot water within cylinder 200 reaches the
level of first thermostat 242, as shown in Figure 17. The
temperature sensed by first thermostat 242 rises until it
reaches its threshold, at which point first thermostat 242
closes, turning pump 230 on. Since both thermostats are
now in theclosedstate, pump230operates in themanner
described above, drawing hot water from the top of
cylinder 200 through first conduit 204, and delivering at
the lower end of second conduit 206.
[0111] Pump 230 continues operating until one of two
things happens. A first possibility is that cooler water
replacing the hot water extracted from the cylinder by
the pump may cause the water within cylinder 200 ad-
jacent first thermostat 242 to drop in temperature suffi-
ciently to cause first thermostat 242 reach its threshold
temperature again. Thismay happen as a design choice,
or may be the result of, for example, the amount of power
being delivered to the heating element being insufficient
to keep up with the rate at which the pump is extracting
hot water. If that happens, first thermostat 242 opens
again, causing pump 230 to stop operating. Cylinder 200
is now back at the state shown in Figure 16, and the
process repeats.
[0112] A second possibility is that the hot water within
cylinder 200 reaches the level of second thermostat 244,
as shown inFigure19. In this case, the rising temperature
of water within cylinder 200 adjacent to the second ther-
mostat 244 will eventually cause second thermostat 244
to reach its temperature threshold and open, causing
pump 232 to switch off. Second thermostat 244 will
remain open until the temperature of the adjacent water
within cylinder 200 falls sufficiently. The temperaturemay
fall as a result of, for example, hot water being drawn off
from cylinder 200 for use, and/or standing heat losses.
[0113] Once the temperature of the adjacent water
within cylinder 200 falls such that second thermostat
244 reaches its temperature threshold again, second
thermostat 244 closes. Assuming the temperature of first
thermostat 242 at that time is above its temperature
threshold (and hence it is in the closed state), then pump
230 will start operating again.
[0114] An alternative embodiment of a device 202 is
shown in Figure 20. In device 202, the first and second T-
connectors are replaced by a four-way connector 500,
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having two adjacent 22 mm compression joints, a 15mm
compression joint and a 10 mm compression joint.
[0115] Afirst of the22mmcompression joints connects
to the hot water cylinder 200, for example as described
above. The other of the 22 mm compression joints con-
nects horizontally to a 22mmpipe that leads to the rest of
the hot water plumbing.
[0116] The second conduit 206 passes upwards
through BSP connection 110, through the centre of con-
nector 500, and is joined to the 10 mm compression joint
on the connector 500 opposite cylinder 200. Second
conduit 206 bends in a single piece around to connect
to the outlet of pump 230. Having second conduit 206
connect to pump 230 without joins reduces reduces the
amount of work required for installation, as well as redu-
cing leakage risks (which canbe of greater concernwhen
forming joints with annealed copper pipe). Nevertheless,
in other implementations, any suitable components, in-
cluding connectors such as elbows, can be used to
connect second conduit 206 to pump 230.
[0117] Pipe 236 is connected between the 15 mm
compression joint on connector 500 and inlet 232 of
pump 230, using a 15‑10mm reducer (not shown) at
the 15 mm compression joint.
[0118] In use, device 202 of Figure 20 operates in
substantially the same manner as that of Figure 6. An
advantage of device 202 using a T-connector, such as
connector 500, is that the physical relationship between
the two 22 mm compression joints is similar to the re-
lationship between the compression joints on a standard
22 mm elbow. This means that the four-way connector
500 can directly connect to the existing connection at the
cylinder outlet and to existing horizontal pipework, where
an existing installation uses a 22 mm elbow in this posi-
tion. Similar comments apply to other standard sizes of
connectors and T-pieces that may be used to replace
existing elbows in other installations.
[0119] Another potential advantage of the device
shown in Figure 20 is that it is more compact and has
a smaller number of parts to assemble. It is therefore
cheaper to produce.
[0120] The implementations described above use
some standard copper and/or brass plumbing compo-
nents. In some cases, those components may require
modification. Example, where a reducing connector such
as second T-connector 218 is used, it may be necessary
to remove or modify the connector or a component of the
connector (including, for example, an internal bushing of
the connector) to allow the second conduit to pass
through the connector.
[0121] Where copper or brass plumbing components
are used, any suitable form and combination of connec-
tions, connectors, and fittings can be used to construct
the first and second conduits, and any connections be-
tween the conduits and pump. Different sizes, including
metric, imperial, other standards,andnon-standardsizes
may be used. Reducers, adaptors, and other devices
may be used to ensure compatibility between the device

and the tank and other pipework to which it is to be
connected. For example, since 22 x 22 x 15 x 10 com-
pression joint cross connector is not a commonly avail-
able standard part, a 22 x 22 x 15 x 15 compression joint
cross connector can be used with a 15‑10 reducer on the
15 mm compression joints. Other sizes and type of re-
ducers and adapters will suggest themselves to the
skilled person.
[0122] In addition, all conduits and other elements can
be joined in any suitable manner, including soldering,
compression fittings, threaded fittings, flange fittings,
push-fit, solvent weld, and any other suitable type of
fitting or joint type.
[0123] Whereallowedby local regulations, someof the
conduits and/or other components can be formed from
polymer materials.
[0124] In other implementations, the device can be
formed from non-standard, purpose-manufactured com-
ponents.
[0125] Although the implementations described above
show the second conduit passing coaxially with the first
conduit, this need not be the case. For example, the first
conduit and second conduit can be positioned side-by-
side. In that case, amounting bodymay be provided. The
first and second conduits pass through the body, which
supports them and provides a means for connecting the
conduits to hot water cylinder.
[0126] Alternatively, or in addition, two or more first
conduits, and/or two or more second conduits can be
used. This may be of particular use where the conduits
are circular in cross-section, andpositionedside-by-side,
as it increases the total cross-sectional area of the con-
duits for a given aperture size.
[0127] Although not shown in any of the drawings, one
or more manual or automatic air vents can be installed at
any suitable point in device 202 or the surrounding pipe-
work in order to allow venting of air that may become
trapped during operation.
[0128] Where one or more thermostats are used, the
operating temperature(s) can optionally be variable, so
that, as described above, any or all of the thresholds can
bemodified to suit the implementation and/or to take into
account any necessary regulations. The thresholds can
be set by the installer, and/or changed by the user or
operator, in order to optimize operation for the implemen-
tation and/or to adjust operation to suit the user’s needs
or preferences. Similarly, if the cut-off temperature of the
heating element is adjustable, this can be adjusted in
conjunctionwith the thresholds of the other thermostat(s)
by the user or installer in order to suit the user’s needs or
preferences.
[0129] The implementations described above are con-
figured to maintain stratification within the cylinder. This
can be achieved by any suitable combination of factors
such as pump flow rate, and the speed and direction of
the water exiting the lower end of second conduit 206.
[0130] For example, any of the implementations above
can increase the pump speed to increase the rate at
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which the hot water exits the lower end of second conduit
206. The higher exit speed will tend to increasemixing of
the hot water with the cooler surrounding water around
the bottom of second conduit 206. This reduces buoy-
ancy and hence can reduce or even prevent stratification
due to the water rising within cylinder 200. In some
implementations, it may be necessary to use a higher
power pump to enable sufficient flow speed to reduce or
prevent stratification.
[0131] Optionally, the lower end of conduit 206 can be
shaped or otherwise modified to increase speed and/or
turbulence of water exiting it. For example, the lower end
of conduit 206 can be partly crimped or bent to some
angle other than directly downwards. Alternatively, or in
addition, an outlet attachment can be attached to the
lower end of second conduit 206 to increase the speed
and/or turbulence of the exiting water. For example, an
end piece with one or more features such as holes or
turbulating features, such as horizontally directed holes
and/or vanes that turbulate the exiting water, can be
attached to the lower end of conduit 206. At lower pump
speeds, such arrangements can still cause low enough
mixing that theyareable to generate aconvection current
that allows for themaintenance of stratification. At higher
pump speeds, the increased speed of the water causes
increased mixing, which reduces buoyancy, optionally to
the point where little to no stratification takes place.
[0132] In any particular implementation, a (low-speed)
stratifying or (high-speed) non-stratifying configuration
can be used.Optionally, the pump speed is switchable so
as to enable the user to control which configuration is in
operation at any given time.
[0133] Referring now to Figure 21, there is shown a
method 600 of fitting a device, such as any of the pre-
viously described devices, to a hot water cylinder.
[0134] The cylinder is optionally prepared 602 for in-
stallationof thedeviceby removinganyexistinghotwater
connection from the top of the cylinder. When retrofitting
to an existing cylinder, this preparation may also need to
account for any changes needed to refit the hot water
connection after the device has been fitted. For example,
the existing hot water pipework may need to have its
position adjusted (e.g., lowered or raised). Where the
installation is to a new water cylinder, such preparation
may not be needed. For example, the device may be
factory-fitted, or fitted on-site before connection of the
cylinder to the hot water plumbing.
[0135] The result of the preparation step 602, if
needed, is that the aperture on top of the cylinder is open,
and a suitable connector, such as a BSP to compression
joint connector is installed if needed.
[0136] Optionally, the second conduit is adjusted 606
by bending, shaping, and/or trimming at least part of the
second conduit along its length so as to adapt the device
to the hot water cylinder to which it is to be installed. For
example, the device may be provided with a standard
length of second conduit that can be adapted to suit
cylinders of different heights. This may require trimming

of the second conduit so that it does not extend too far
down into the particular cylinder to which the device is to
be installed. Similarly, in certain circumstances it may be
decided to only extend the second conduit part of theway
into the cylinder, such as 50% or 70% of the way down
into the cylinder. This may be done for any suitable
reason, including, for example, adapting the length of
the conduit to an existing thermostat installation point(s).
[0137] Alternatively, or in addition, the second conduit
may be bent or shaped as required. For example, if the
second conduit is only slightly too long, it may be suffi-
cient to work a slight bend into it in order to shorten it so
that it terminates at the correct second vertical position,
thereby avoiding trimming. It may also be desirable to
adjust the shape of the second conduit in order to ensure
it doesnot foul on, forexample, any internal heatingcoil or
heating element.
[0138] Such bending and shaping can be more con-
venient if the second conduit is formed from a plastically
deformable material. For example, standard un-an-
nealed copper piping may be too rigid to easily form by
hand, and due to its stiffness is more likely to kink if bent
by hand. Accordingly, forming the second conduit, or at
least any portion that is likely to need bending or shaping,
from a plastically deformable material, such as annealed
copper, may assist in the bending and shaping process.
[0139] Next, at least a portion of the second conduit is
inserted 608 through the aperture. The second conduit is
fed through the aperture until the lower portion of the first
conduit reaches the connector at the aperture. The lower
portion of the first conduit includes a connector that
matches the connector on the cylinder.
[0140] The device is then attached 610 to the hot water
cylinder. For example, if the connector on the cylinder
terminates in a compression joint, then a short length of
pipe can be used to connect the device to the compres-
sion joint.
[0141] Thepumpcanbe connected to a suitable power
source.Optionally, the connection canbe viaoneormore
temperature sensors or thermostats, as described in
more detail above. Such temperature sensors may al-
ready be installed on the cylinder, or can be installed as
part of the process of installing the device.
[0142] In some cases, access to the aperture is con-
strained. For example, if the cylinder is in a cupboard,
theremaybe limitedvertical accessabove theapertureat
the top of the cylinder. In that case, the second conduit
can be bent into a shape that allows it to be threaded into
the cylinder at an angle. If necessary, the second conduit
can be re-bent into a straighter configuration as it is fed
into the cylinder, and/or adjustedwhen it is nearly entirely
within the cylinder.
[0143] The device may be suitable for any hot water
storage tank (not just hot water cylinders which are ex-
emplified above). As such, where the context allows, any
reference to a hot water cylinder may be considered as
referring to a hot water storage tank (e.g. of any size or
shape). Further, in any such device (in relation to hot
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water cylinders or hot water storage tanks more gener-
ally), the device may be arranged such that the pump is
arranged in reverse or capable of being operated in the
reverse direction, whereby water may be drawn from the
second conduit, which may be have a vertical position
lower than the first conduit, and returned through the first
conduit.
[0144] The device of the third aspect may optionally,
where the context allows, be as further defined by the
preferred implementations described above.
[0145] The device of the first or third aspects, in any
particular implementation described above as may be
appropriate, finds application in central heating systems,
for example foruse inoneormorebuffer tanksofa central
heating system. As such, a conventional central heating
circuit (e.g. in a vented system) feeding one or more
radiators may have a flow pipe from a heating source
(e.g. a boiler or a heat pump arrangement) serving a
radiator arrangement and a return pipe which serves to
return cooled water from the radiator arrangement back
to the heating source. The return pipemay feed into a hot
water storage tank (or cylinder), e.g. through the first or
second conduit, preferably the second conduit which is
preferably configured to deliver return flow water to a
lower portion of the hot water storage tank and a further
return pipe configured to draw water from the hot water
storage tank, e.g. through the other of the first or second
conduit, preferably the first conduit which is preferably
figured to draw return flowwater from an upper portion of
the hot water storage tank. The further return pipe may
optionally then feed into a second hot water storage tank
in the sameway as the first hot water storage tank. There
may be two, three, four or more hot water storage tanks
arranged in series with further return pipes drawing hot
water. From the upper portion of each and feeding the
next and a final return pipe returning the return flowwater
to the heat source. Each hot water storage tank may be
heated by any suitable heat source, but typically a heat-
ing element or emersion heater, optionally in an upper
portion thereof (e.g. to retain stratification) and a device
as defined above configured to maximise the heat sto-
rage capacity of the hot water storage tank. In one
embodiment, the one or series of hot water storage tanks
is the heating source for the central heating system and
the final outlet from the last tank in the series is the flow
pipe.
[0146] Further aspects and/or embodiments of the in-
vention are described in the following clauses:

Clause1.Adevice for installation throughanoutlet of
a hot water cylinder, the outlet defining an aperture
into the hot water cylinder, the device comprising:

a first conduit configured to allow water to be
extracted from thehotwater cylinder through the
aperture, at a first vertical position relative to the
hot water cylinder;
a second conduit configured to pass through the

aperture and to return the extracted water to the
hot water cylinder, the second conduit being
configured to terminate within the hot water
cylinder at a second vertical position within the
hot water cylinder, the second vertical position
being lower than the first vertical position; and
a pump, to be positioned, in use, external to the
hot water cylinder, the pump having an inlet in
fluid communication with the first conduit and an
outlet in fluid communication with the second
conduit,
the device being configured such that, when
installed through the aperture of a hot water
cylinder and the pump is operating, water is
extracted by the pump from the hot water cylin-
der through the first conduit, and returned by the
pump to the hot water cylinder through the sec-
ond conduit, thereby to transfer the water ex-
tracted by the pump to a lower portion of the
cylinder where the second conduit terminates.

Clause2.Thedeviceof clause1,wherein thesecond
conduit is coaxial with the first conduit over at least a
portion of the length of each of the first and second
conduits.

Clause3.Thedeviceof clause2,wherein thesecond
conduit extendswithin the first conduit over at least a
portion of the length of each of the first and second
conduits.

Clause4. Thedeviceof clause2or clause3,wherein
the first conduit comprises a vertically extending
portion, the second conduit exiting the first conduit
at an upper end of the vertically extending portion.

Clause 5. The device of any one of clauses 2 to 4,
wherein the first conduit comprises a horizontal
branching portion, the inlet of the pump being fluidly
connected to the horizontal branching portion.

Clause 6. The device of any preceding clause,
wherein the second conduit is configured to extend
at least 0.5 m into the hot water cylinder from the
aperture.

Clause7.Thedeviceof clause6,wherein thesecond
conduit is at least 1 m long.

Clause8.Thedeviceof clause7,wherein thesecond
conduit is trimmable at the point of installation, such
that the second vertical position is at a desired dis-
tance from a bottom and/or top of the hot water
cylinder.

Clause 9. The device of any preceding clause,
wherein the second conduit is formed from a plasti-
cally deformable material, thereby allowing it to be
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bent to a desired shape before installation onto a hot
water cylinder.

Clause 10. The device of clause 9, wherein the
second conduit is at least partly formed from an-
nealed copper.

Clause 11. The device of any preceding clause,
wherein an outer diameter of the second conduit is
less than 12 mm.

Clause 12. Thedevice of clause 11,wherein anouter
diameter of the second conduit is 10 mm or less.

Clause 13. The device of any preceding clause,
wherein the pump has a capacity of 6 litres/minute
or less.

Clause 14. The device of any preceding clause,
configured such that the pump operates at least
partly in response to the temperature of water at a
third vertical position being at or above a first pre-
determined threshold.

Clause 15. Thedevice of clause14,wherein the third
vertical position is at or below the first vertical posi-
tion.

Clause 16. The device of any preceding clause,
configured such that the pump operates at least
partly in response to the temperature of water at a
fourth vertical position being below a second pre-
determined threshold.

Clause 17. The device of clause 16, wherein the
fourth vertical position is at or above the second
vertical position.

Clause 18. The device of any preceding clause,
comprising at least one temperature sensor and/or
thermostat for sensinga temperatureof thehotwater
cylinder, and/orwaterwithin the hotwater cylinder, at
at least one vertical level of the hot water cylinder, for
use in controlling the pump.

Clause 19. A hot water cylinder comprising the de-
vice of any preceding clause.

Clause 20. A method of retrofitting the device of any
one of clauses 1 to 18 to a hot water cylinder, the
method comprising:

inserting at least a portion of the second conduit
through the aperture such that a lower end of the
second conduit terminates at the second level;
and
attaching the device to the hot water cylinder.

Clause 21. The method of clause 20, comprising:
prior to inserting the portion of the second conduit
through the aperture, bending, shaping, and/or trim-
ming at least part of the second conduit along its
length so as to adapt the device to the hot water
cylinder to which it is to be installed.

Clause 22. The method of clause 20 or 21, compris-
ing:

prior to inserting the portion of the second con-
duit through the aperture, bending and/or shap-
ing the second conduit to enable it to be inserted
through the aperture while avoiding any obsta-
cles;
after inserting at least some of the portion of the
second conduit through the aperture, bending
and/or shaping the second conduit again, so as
to adapt the device to the hot water cylinder to
which it is to be installed.

[0147] Although the invention has been described with
reference to a number of aspects, examples and alter-
natives, the skilled person will appreciate that the inven-
tion may be embodied in many other forms.

Claims

1. A device for installation through an outlet of a hot
water storage tank, the outlet defining an aperture
into the hot water storage tank, the device compris-
ing:

a first conduit configured to allow water to be
extracted from the hot water storage tank
through the aperture, at a first vertical position
relative to the hot water storage tank;
a second conduit configured to pass through the
aperture and to return the extracted water to the
hotwater storage tank, thesecondconduit being
configured to terminate within the hot water
storage tank at a second vertical position within
the hot water storage tank, the second vertical
position being lower than the first vertical posi-
tion, or, in the alternative, higher than the first
vertical position; and
a pump, to be positioned, in use, external to the
hot water storage tank, the pump having an inlet
in fluid communication with the first conduit and
an outlet in fluid communication with the second
conduit or vice versa,
the device being configured such that, when
installed through the aperture of a hot water
storage tank and the pump is operating, water
is extracted by the pump from the hot water
storage tank through the first conduit, and re-
turned by the pump to the hot water storage tank
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through the second conduit, or vice versa, there-
by to transfer thewater extracted by the pump to
a lower portion (or higher portion, if so arranged)
of the tank where the second conduit terminates
or, in the alternative, to a higher portion (or lower
portion, if so arranged) of the tankwhere the first
conduit terminates

andwherein thehotwater storage tank is optionally a
hot water cylinder.

2. The device of claim 1, wherein the second conduit is
coaxial with the first conduit over at least a portion of
the length of each of the first and second conduits.

3. The device of claim 2, wherein the second conduit
extends within the first conduit over at least a portion
of the length of each of the first and second conduits.

4. The device of claim 2 or claim 3, wherein the first
conduit comprises a vertically extending portion, the
second conduit exiting the first conduit at an upper
end of the vertically extending portion.

5. The device of any one of claims 2 to 4, wherein the
first conduit comprises a horizontal branching por-
tion, the inlet of the pump being fluidly connected to
the horizontal branching portion.

6. The device of any preceding claim, wherein the
second conduit is configured to extend at least 0.5
m into the hot water storage tank from the aperture
and preferablywherein the second conduit is at least
1 m long.

7. The device of any preceding claim, wherein the
second conduit is formed from a plastically deform-
able material, thereby allowing it to be bent to a
desired shape before installation onto a hot water
storage tank and is preferably at least partly formed
from annealed copper.

8. The device of any preceding claim, wherein an outer
diameter of the second conduit is less than 12 mm,
preferably is 10 mm or less.

9. The device of any preceding claim, wherein the
pump has a capacity of 6 litres/minute or less.

10. The device of any preceding claim, configured such
that the pump operates at least partly in response to
the temperature of water at a third vertical position
beingat or aboveafirst predetermined thresholdand
preferably wherein the third vertical position is at or
below the first vertical position.

11. The device of any preceding claim, configured such
that the pump operates at least partly in response to

the temperature of water at a fourth vertical position
being below a second predetermined threshold, and
preferably wherein the fourth vertical position is at or
above the second vertical position.

12. The device of any preceding claim, comprising at
least one temperature sensor and/or thermostat for
sensing a temperature of the hot water storage tank,
and/or water within the hot water storage tank, at at
least one vertical level of the hot water storage tank,
for use in controlling the pump.

13. A hot water storage tank comprising the device of
any preceding claim.

14. A method of retrofitting the device of any one of
claims1 to12 toa hotwater storage tank, themethod
comprising:

inserting at least a portion of the second conduit
through the aperture such that a lower end of the
second conduit terminates at the second level;
and
attaching the device to the hot water storage
tank and, optionally,
prior to inserting the portion of the second con-
duit through the aperture, bending, shaping,
and/or trimming at least part of the second con-
duit along its length so as to adapt the device to
the hot water storage tank to which it is to be
installed.

15. The method of claim 14, comprising:

prior to inserting the portion of the second con-
duit through the aperture, bending and/or shap-
ing the second conduit to enable it to be inserted
through the aperture while avoiding any obsta-
cles;
after inserting at least some of the portion of the
second conduit through the aperture, bending
and/or shaping the second conduit again, so as
to adapt the device to the hot water storage tank
to which it is to be installed.
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