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the second chamber (22) to be circulated in a central
heating system. A header region (29) is provided within
the second chamber (22) for storing air surmounting the
heating water, wherein the first chamber (12) is in fluid
communication with the header region (29) by means of
a fluid transmitting passageway (34) such that said head-
er region (29) accommodates thermal expansion of the
water stored in the first chamber (12) and the heating
water within the second chamber (22).
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an enclosed
fluid-containment vessel for use with a hot water and cen-
tral heating system, and in particular to a fluid-contain-
ment vessel incorporating means for accommodating flu-
id expansion.

BACKGROUND TO THE INVENTION

[0002] Numerous hot water and central heating sys-
tems currently exist. One common form comprises a boil-
er for heating water to be used in a space heating circuit
including one or more radiators, conventionally termed
the primary heating circuit or system, and an indirect hot
water storage vessel within which water for domestic use
may be stored, wherein the hot water system is conven-
tionally termed the secondary heating system. The sec-
ondary water within the storage vessel may be indirectly
heated from the primary central heating water which has
been heated in the boiler and which flows through a coil
within the vessel. Alternatively, or additionally, the sec-
ondary water may be heated by electrical heating means
such as an immersion heater extending into the vessel.
[0003] Regulationsexistwhich call for heating systems
to incorporate measures for accommodating expansion
of both the primary and secondary water during heating.
Known measures include the use of individual expansion
vessels integrated into the primary and secondary sys-
tems, or the use of individual atmospheric venting ar-
rangements. Both arrangements, however, generally re-
quire the provision of additional components and pipe-
work which require dedicated space which in convention-
al domestic environments may be limited.

[0004] Systems exists which seek to combine hot wa-
ter storage and expansion arrangements into a single
vessel. A known form of such a vessel is disclosed in EP-
A-260989 and comprises an arrangement of chambers
forming an indirect secondary hot water cylinder and ex-
pansion tank and a further chamber forming a primary
heating system expansion tank, the further chamber be-
ing formed by the provision of two spaced disc-like par-
tition walls welded to the interior of the vessel in an upper
region thereof. When the primary and secondary systems
are initially commissioned and filled with water, an air
bubble becomes trapped in an upper portion of the cham-
bers which accommodates for expansion of both the pri-
mary and secondary water.

[0005] A similar vessel arrangement is disclosed in In-
ternational patent publication no. WO 91/08423, with the
exception thatthe vessel comprises a single disc-like par-
tition wall welded to the interior of the vessel to form two
separate chambers, a first chamber defining an indirect
secondary hot water cylinder and expansion tank, and a
second chamber defining a primary heating system ex-
pansion tank. As in the vessel of EP-A-260989, expan-
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sion is accommodated by an air bubble trapped in an
upper portion of the chambers.

[0006] As noted above, it is known to establish an air
bubble within a cylinder to accommodate the expansion
of water contained therein. Such cylinders may conven-
tionally be termed "bubble top" hot water cylinders. In
such bubble top cylinders it is essential that a sufficient
air bubble is achieved and preserved for correct and safe
operation such that adequate capability is maintained to
accommodate expansion of the primary and secondary
water when heated. However, the air bubble may be de-
pleted by, for example, entrainment of air into the water
outlet or by being dissolved in the water contained within
the cylinder. The air bubble is also affected by tempera-
ture and pressure, as discussed in detail below. Many
systems therefore require periodic manual rejuvenation
of the air bubble which may involve drawing air into the
vessel from atmosphere. This procedure, however, is
time consuming and in many cases may be inadvertently
overlooked such that the cylinder may be operating in a
faulty or inadequate condition. In view of this, many bub-
ble top cylinders are still supplied with a separate con-
ventional expansion vessel or vessels.

[0007] In many cases, a bubble formed within a water
cylinder will be pressurised by the water, whcrcin the
pressure achieved will at least be equal to the static pres-
sure of the water feeding the cylinder, which may be from
a mains or a cistern supply. A pressurised air bubble will
therefore actin combination with the inlet pressure of the
water feeding the cylinder to force water stored therein
towards a fluid outlet when a demand for the water is
created, for example by turning on a hot water tap. It has
therefore been assumed that increasing the pressure of
the bubble and water inlet pressure results in a corre-
sponding and directionally proportional increase in the
pressure and thus flow rate of water flowing out of the
cylinder, and in view of this bubble top cylinders exist
which seek to create and maintain an air bubble at largely
elevated pressures. This, however, has been shown to
be an incorrect assumption as can be demonstrated by
the results of tests performed by the British Board of Agré-
ment (BBA). In this regard reference is made to Figure
1 of the drawings in which there is shown a graph, rep-
resenting results of tests carried out by the BBA, of the
flow rate of water out of a system cylinder against flow
rate of water into the system cylinder, at various static
supply pressures. In the case of a supply pressure of 1.5
bar with an entry flow rate of 25 litres/min, an outlet flow
rate of 20 litres/min is achieved. If the supply pressure is
doubled to 3.0 bar with the same entry flow rate, the outlet
flow rate achieved is 22.5 litres/min. This therefore dem-
onstrates that, in this case, a 100% increase in supply
pressure results in only a slightincrease in the outlet flow
rate of 12.5%. In view of this, extensive efforts to achieve
and preserve relatively high pressures within a water
storage vessel may only provide a disproportionate and
relatively smallimprovementin the flow rate of water from
the vessel.
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[0008] As previously noted, the air bubble within a wa-
ter storage vessel will be affected by temperature and
pressure. Specifically, it is common general knowledge
that oxygen and nitrogen (principal constituents of air)
are soluble in water and it is known that public water
generally caries a specific quantity of air. It is common
for a public water supply to have approximately 2.27 litres
of air for every 113.65 litres of water (0.5 gallons of air
for every 25 gallons of water). It is also common general
knowledge that the level of solubility of air in water is
dependent on temperature and pressure. That is, the
concentration of air increases with rising pressure and
falling temperature. Accordingly, in a bubble top cylinder,
itis to be expected that an increase in the water temper-
ature will result in air being released from the water which
will then form part of the air bubble. However, as noted
above, many bubble top cylinders seek to achieve and
maintain relatively large pressures, such as 3.0 bar and
above. These high pressures therefore act to cause air
from the air bubble to become dissolved in the water. In
view of this, seeking to maintain an air bubble at an ele-
vated pressure may actually resultin the air bubble being
depleted, particularly when the water is in an unheated
state. This may therefore require periodic manual reju-
venation of the air bubble, or the provision of conventional
expansion vessels located outside the water storage ves-
sel.

[0009] Itis preferred in the art that primary water within
a central heating system be circulated around the system
by a pump. In view of this, it is favourable that the level
of dissolved air within the primary water is minimised in
order to assist smooth and quiet operation of the pump
and also to minimise the possibility and occurrence of
pump cavitation. Additionally, reducing the level of dis-
solved air within the primary water will assist to prevent
or minimise the occurrence of airlocks within the central
heating system which would adversely affect system ef-
ficiency and space heating capacity. It is known in the
artto incorporate air eliminators or de-aerators into heat-
ing systems but this generally requires additional equip-
ment necessitating the availability of dedicated space
and increasing the overall cost of the system. In fact, in
some territories, regulations are in place which require
air eliminators to be provided.

[0010] Where primary heating systems are intended
to be directly filled from a mains water supply, regulations
are in place which call for the use of a temporary con-
nection between the mains water supply and the primary
system. This temporary connection therefore requires
manual initial commissioning and filling of the primary
system and further requires continual manual mainte-
nance to ensure that the primary system contains an ad-
equate volume of primary water for safe operation. This
is time consuming and requires additional components
and connections which will increase the overall cost.
[0011] An alternative to heating systems which oper-
ate on the principle of storing heated water is the com-
bination or "combi" heating system. Such systems oper-
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ate by heating water for space heating or domestic use
on demand. All components for the system are generally
contained within a single housing, including the boiler,
central heating pump, valves, controller and the like. The
single combi unit is installed in the desired location and
coupled to a mains water source, central heating circuit
and domestic hat water. However, as all components are
contained within a single housing, the unit tends to be
very large and heavy, especially when operating within
a large heating circuit, which thus requires considerable
dedicated accessible space, which in a domestic envi-
ronment may be problematic.

[0012] Itisan object of the present invention to obviate
or at least mitigate the aforementioned and other prob-
lems by providing an improved fluid-containment vessel
for use with a hot water and central heating system.

SUMMARY OF THE INVENTION

[0013] According to a first aspect of the present inven-
tion, there is provided a fluid-containment vessel for use
with a hot water and central heating system, said vessel
comprising:

a first chamber with associated heater means for
heating water stored therein, said first chamber de-
fining a fluid inlet for permitting water to be stored to
be received within the chamber from a water source,
and a separate fluid outlet for permitting stored water
to be delivered from the first chamber;

a second chamber adjacent said first chamber and
defining a fluid inlet for receiving heating water into
the second chamber and a separate fluid outlet for
delivering heating water from the second chamber
to be circulated in a central heating system; and

a header region within the second chamber for stor-
ing air surmounting the heating water, wherein the
firstchamber is in fluid communication with the head-
er region by means of a fluid transmitting passage-
way such that said header region accommodates
thermal expansion of the water stored in the first
chamber and the heating water within the second
chamber.

[0014] Advantageously, in use, the action of the heat-
ing water flowing through the second chamber between
the fluid inlet and the fluid outlet releases dissolved air
from the heating water and into the header region.
[0015] Conveniently, the header region has a volumet-
ric capacity which is greater than that required to accom-
modate thermal expansion of the stored water in the first
chamber and the heating water within the second cham-
ber. Accordingly, this particular arrangement accommo-
dates thermal expansion of the water in both chambers
which may eliminate the requirement for separate expan-
sion means such as expansion vessels or chambers.
[0016] For the avoidance of doubt, it should be under-
stood that the header region in accommodating for ther-



5 EP 1684 019 Al 6

mal expansion of the heating water within the second
chamber inherently accommodates thermal expansion
ofthe heating water being circulatedin the central heating
system.

[0017] Advantageously,the firstand second chambers
are formed by the walls of the vessel on opposite sides
of a disc-like partition secured to the vessel walls. Pref-
erably, the disc-like partition is welded to the vessel walls,
for example by laser welding. Advantageously, the par-
tition may be corrugated to accommodate thermal ex-
pansion and contraction and to minimise stress imposed
between the partition and the vessel.

[0018] Advantageously, the disc-like partition provides
an additional heat transfer path between the heating wa-
ter within the second chamber and stored water within
the first chamber. This additional heat transfer capability
supplements the heating of the stored water within the
first chamber providing improved system efficiency.
[0019] Preferably, the fluid transmitting passageway
extends between the first and second chambers through
the disc-like partition. Alternatively, the fluid transmitting
passageway may extend along the exterior of the vessel.
More preferably, the first chamber is in fluid communica-
tion with the header region via a tube mounted on and
projecting from the partition.

[0020] Preferably, the fluid transmitting passageway
opens into the header region at a level which is above
that attained by thermal expansion of the heating water.
This arrangement therefore prevents heating water with-
in the second chamber from flowing into the first chamber
via the fluid transmitting passageway, while permitting
water from the first chamber to flow into the second cham-
ber via the fluid transmitting passageway. Accordingly,
water received by the first chamber through the associ-
ated fluid inlet may flow into the second chamber and
thus into the central heating system. This arrangement
advantageously enables the central heating system to
be filled and initially commissioned without the require-
ment for a separate filling source such as a cistern supply
or a temporary connection with a mains supply.

[0021] Inapreferred embodiment of the presentinven-
tion, the second chamber comprises auto air vent means
arranged to enable venting of both the first and second
chambers to the exterior of the vessel when the level of
the heating water within the second chamber is less than
a preset level. Accordingly, when in use, water from the
fluid source enters the first chamber via the associated
fluid inlet, fills the first chamber, flows into the second
chamber via the fluid transmitting passageway to fill the
central heating system with heating water, wherein the
auto air vent means permits air within the firstand second
chambers to be displaced therefrom to atmosphere. Up-
on the level of water within the second chamber reaching
the preset level, the auto air vent means is closed pre-
venting further air from being vented from the vessel such
that residual air becomes trapped within the header re-
gion. Continued filling of the second chamber will there-
fore compress the trapped air within the header region
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until a pressure is achieved which is substantially equal
to the pressure of the fluid entering the first chamber
through the associated inlet, at which stage entry of water
into the vessel will be terminated. Advantageously, the
air within the header region, when pressurised, acts in
combination with the pressure of water entering the first
chamber through the associated fluid inlet to force stored
water from the first chamber through the associated fluid
outlet when a demand for the stored water from outside
of the vessel is created. The demand may be created by,
for example, turning on a water tap or the like.

[0022] When heating water passing through the sec-
ond chamber is heated within the central heating system,
thermal expansion will be accommodated by the header
region resulting in further compression of the air con-
tained therein. Additionally, when stored water within the
first chamber is heated by the heater means, thermal
expansion will cause a portion of the stored water to spill
into the second chamber via the fluid transmitting pas-
sageway, increasing the level of water within the second
chamber resulting in further compression of the air within
the header region.

[0023] Preferably, the second chamber comprises
pressure relief means adapted to permit water within the
header region to be released from the vessel when the
pressure of the air exceeds a pre-selected limit. Conven-
iently, the pressure relief means may permit expansion
water to escape to waste in the event of malfunction by
loss of air within the header region. The pressure relief
means may comprise a pressure relief valve or the like.
In one embodiment the pressure relief means may be
adaptedto provide relief when a pressure of, for example,
3.0 bar is achieved. Advantageously, the first chamber
may comprise pressure relief means. Advantageously
also, the first chamber may comprise temperature relief
means such as a pressure/temperature relief valve. Con-
veniently, where both the first and second chambers
comprise pressure relief means, a single tundish may be
provided.

[0024] Conveniently, heating of the heating water and
the stored water causes dissolved air from the water to
be released into the header region. Accordingly, the ac-
tion of heating the water within the vessel may assist to
rejuvenate and preserve a sufficient level of air within the
header region.

[0025] Advantageously, heating water entering the
second chamber via the associated fluid inlet s circulated
within the chamber prior to exiting the chamber via the
associated fluid outlet. The action of the circulating heat-
ing fluid causes air dissolved therein to be released into
the header region. This, in combination with air released
from the heating water by heating, assists to maintain
the air within the header region. This arrangement ad-
vantageously eliminates the requirement for periodic
manual rejuvenation of the volume of air within the header
region.

[0026] Conveniently, circulation of the heating fluid
may be caused by the action of the heating fluid entering
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and exiting the second chamber via the associated re-
spective fluid inlet and outlet. Alternatively, or addition-
ally, the heating water may be circulated within the sec-
ond chamber by circulating means such as turbulation,
an agitator or stirrer or the like.

[0027] Beneficially, permitting heating water to flow
through the second chamber prevents stagnation of wa-
ter such that the possibility of bacterial growth within the
chamber is minimised.

[0028] Inapreferred embodiment of the presentinven-
tion, the air within the header region is adapted to be
maintained at a pressure of around 1.5 bar. At this pres-
sure the header region will occupy approximately 40%
of the volume of the vessel with the remaining volume
accordingly being occupied by water. It has been discov-
ered by experiment by the British Board of Agrément
(BBA) that at a pressure of 1.5 bar and a temperature of
50°C, a state of equilibrium is achieved between air which
can be released from water and air which can be held in
solution. Beneficially, the vessel of the present invention
may be adapted to contain water at a temperature of
approximately 50/60°C with an air pressure within the
header region of approximately 1.5 bar. Consequently,
continual release of air from heated water within the ves-
sel will be achieved which will assist to maintain an ap-
propriate volume of air within the header region.

[0029] Advantageously, the water source may be a
mains water supply or alternatively may be a cistern sup-
ply. Where a cistern supply is provided, the first chamber
may comprise an atmospheric vent to further accommo-
date thermal expansion of the stored water within the first
chamber.

[0030] Preferably, water is permitted to flow from the
water source into the first chamber via the associated
fluid inlet at a pre-selected pressure. The pre-selected
pressure may be achieved by use of pressure regulating
means such as a pressure regulating valve or the like.
Alternatively, or additionally, the pre-selected pressure
may be achieved by locating the water source at an el-
evated location relative to the vessel in order to create a
static head. Such an arrangement may be utilised where
the water source is a cistern supply. Advantageously, the
pre-selected pressure of the fluid inlet of the first chamber
assists to establish the pressure level of air within the
header region when both the stored water and heating
water in the chambers arc in an unexpanded or unheated
state.

[0031] Advantageously, the fluid inlet of the first cham-
ber may comprise means for preventing the backflow of
fluid from the first chamber therethrough towards the wa-
ter source, which may occur in situations where the pres-
sure of the air within the header region exceeds the pre-
selected fluid inlet pressure of the first chamber and of
the water supply. Such means may be a valve such as
a non-return valve or the like.

[0032] Preferably, the heater means associated with
the first chamber comprises a coil through which heating
water may flow. The coil may spiral around an axis which
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is substantially parallel to a central longitudinal axis of
the vessel. Alternatively, the coil may spiral around an
axis which is substantially perpendicular to a central lon-
gitudinal axis of the vessel. The stored water within the
first chamber may be indirectly heated by heating water
which itself has been heated by the central healing sys-
tem. Advantageously, the heater means may additional-
ly, or alternatively, comprise electrical heater means such
as an immersion heater or the like.

[0033] The heater means associated with the first
chamber is preferably located within the first chamber.
Alternatively, the heater means may be positioned sep-
arately of the first chamber, with water stored within the
first chamber being circulated from the first chamber to-
wards the heater means.

[0034] Beneficially, the central heating system com-
prises a heating unit adapted to heat the heating water,
and at least one space heating means such as a radiator
for receiving heating water which has been heated by
the heating unit. In a preferred embodiment of the present
invention, the heating unitis located upstream of the ves-
sel so as to heat the heating water prior to entering the
second chamber through the associated fluid inlet. The
heating unit may comprise a boiler, such as a condenser
type boiler commonly used in the art. Advantageously,
the boiler is adapted to deliver heating water to be circu-
lated around the central heating system at a flow tem-
perature of approximately 60°C, and receive heating wa-
ter which has been circulated around the central heating
at a return temperature of around 40°C. This arrange-
ment advantageously provides a mean operating tem-
perature of 50°C which assists to allow the boiler to op-
erate in a consistent condensing mode, providing effi-
ciency benefits. Furthermore, by maintaining the heating
water within this temperature range, the stored water is
ultimately heated to a suitable temperature for domestic
applications and which minimises the risk of scalding,
which is known to occur at around 43°C.

[0035] In an alternative embodiment the heating unit
may comprise a heat pump. Heat pumps operate essen-
tially in a reverse refrigeration cycle to produce a heat
output from a lower temperature heat source. In the
present invention the heat source may be air, orinamore
preferred arrangement a ground heat source may be
used.

[0036] Alternatively further, the heating unit may com-
prise electrical heating means, or may comprise a renew-
able heating source such as solar or geothermal heat
sources.

[0037] Advantageously, the central heating system
further comprises pump means for circulating heating
water. Preferably, the pump means comprises a pump
located downstream of the second chamber so as to act
to pull heating fluid from the second chamber through
the associated fluid outlet and subsequently circulate the
heating fluid around the central heating system.

[0038] Conveniently, the central heating system fur-
ther comprises valve means adapted to selectively de-
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liver heating fluid to specified portions or zones of the
central heating system. Advantageously, the valve
means may comprise a first zone valve for selectively
permitting heating water to be circulated through at least
one radiator positioned within a first zone of the central
heating system, and at least one further zone valve for
selectively permitting heating water to be circulated
through at least one radiator positioned within at least
one further zone of the central heating system. This ar-
rangement assists to maximise the efficiency of the cen-
tral heating system by permitting only selected zones to
become heated by the heating water in accordance with
the preference of a user. Preferably, the central heating
system further comprises valve means for selectively
permitting heating fluid to be delivered to the heater
means within the first chamber.

[0039] The central heating valve means may be elec-
tronically controlled motorised valves or the like. Con-
veniently, the valve means may be located on or within
close proximity to the vessel.

[0040] Preferably also, the central heating system fur-
ther comprises by-pass valve means for use in permitting
the heating water to be returned to the heating unit while
by-passing the space heating means of the central heat-
ing system and the heater means within the first chamber.
Preferably, the by-pass means comprises an automatic
by-pass valve which opens automatically, to permit free
circulation of the heating water while the central heating
valves are closed.

[0041] Conveniently, the heating water to be circulated
within a central heating system and through the second
chamber may be termed the primary water. Additionally,
the stored water within the first chamber may be termed
the secondary water, wherein the secondary water is ad-
vantageously for use as a domestic hot water supply.
[0042] Preferably, the fluid inlet of the first chamber is
located in a lower portion of the chamber, and the fluid
outlet is located within an upper portion of the first cham-
ber. Advantageously, the fluid outlet comprises a tubular
member in the form of a dip-pipe of predetermined length,
directed downwardly towards the bottom of the first
chamber. This arrangement advantageously prevents air
from the header region escaping through the fluid outlet
of the first chamber when stored water is initially drawn
through the associated fluid outlet and before the fluid
inlet to the first chamber can react to once again fill the
chamber. This arrangement of the fluid outlet of the first
chamber assists to meet the dynamic effect of severe
down-feed discharge at the fluid outlet of the first cham-
ber. For example, down-feed discharge may occur if the
vessel is positioned in an elevated location, such as a
roof space, and the outlet such as a tap is situated sub-
stantially below the first chamber.

[0043] Advantageously, the various fluid inlets and
outlets and other required ports which extend through
the walls of the vessel are positioned within a common
segment area of the vessel such that access for instal-
lation, commissioning and maintenance is readily
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achieved.

[0044] Preferably, all electrical connections and com-
ponents associated with the vessel and the hot water and
central heating system are positioned at a location on
the vessel removed from the various fluid ports in order
to prevent or minimise exposure of the electrical compo-
nents to water which may leak from the vessel and as-
sociated pipework and the like. The electrical compo-
nents may comprise a central heating system controller,
thermostats, immersion heaters and the like. In one em-
bodiment, a heating controller may be located remotely
from the vessel and in communication with a central con-
trol unit mounted on or adjacent the vessel. The heating
controller may be in communication via wires, or alter-
natively my be in communication via radio frequency or
other suitable wireless connection.

[0045] Inapreferred embodiment of the presentinven-
tion, the vessel is manufactured from stainless steel. Al-
ternatively, the vessel may be manufactured from copper
or other metal or metal alloy. Alternatively further, the
vessel may be manufactured from a plastic or a compos-
ite material or the like. Advantageously, the vessel may
comprise an inner body and an outer body with a suitable
insulating material provided therebetween.

[0046] According to a second aspect of the present
invention thereis provided a central heating and hot water
system comprising:

a heating unit for heating central heating water;

at least one space heating means for receiving cen-
tral heating water from the boiler; and

a fluid containment vessel comprising:

a first chamber with associated heater means
for heating water stored therein to provide do-
mestic hot water, said first chamber defining a
fluid inlet for permitting water to be stored to be
received within the chamber from a water
source, and a separate fluid outlet for permitting
stored water to be delivered from the first cham-
ber;

a second chamber adjacent said first chamber
and defining a fluid inlet for receiving the central
heating water into the second chamber and a
separate fluid outlet for delivering the central
heating water from the second chamber to be
circulated in the at least one space heating
means; and

a header region within the second chamber for
storing air surmounting the central heating wa-
ter, wherein the first chamber is in fluid commu-
nication with the header region by means of a
fluid transmitting passageway such that said
header region accommodates thermal expan-
sion of the water stored in the first chamber and
the heating water within the second chamber.

[0047] Advantageously, inuse, the action of the central
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heating water flowing through the second chamber be-
tween the fluid inlet and the fluid outlet releases dissolved
air from the heating water and into the header region.
[0048] The heating unit may comprise a boiler, such
as a condensing boiler. In an alternative embodiment the
heating unit may comprise a heat pump. Heat pumps
operate essentially in a reverse refrigeration cycle to pro-
duce a heat output from a lower temperature heat source.
In the present invention the heat source may be air, or
in a more preferred arrangement a ground heat source
may be used.

[0049] Alternatively further, the heating unit may com-
prise electrical heating means, or may comprise a renew-
able heating source such as solar or geothermal heat
sources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] These and other aspects of the present inven-
tion will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Figure 1is a graph, representing results of tests car-
ried out by the BBA, of the flow rate of water out of
a system cylinder against flow rate of water into the
system cylinder, at various static supply pressures;
Figure 2 is a part cut-away view of a fluid-contain-
ment vessel in accordance with an embodiment of
the present invention;

Figure 3 is a part cut-away view of an upper portion
of the fluid-containment vessel of Figure 2;

Figure 4 is a part cut-away view of the fluid-contain-
ment vessel of Figure 2 shown being fed from a cis-
tern supply;

Figure 5 is a part cut-away view of the fluid-contain-
ment vessel of Figure 2 shown being fed from a
mains supply;

Figures 6A to 6F are diagrammatic cross-sectional
views of an upper portion of the fluid-containment
vessel of Figure 2, shown in various stages of oper-
ation;

Figure 7 is a diagrammatic representation of a fluid
containment vessel in accordance with an alterna-
tive embodiment of the present invention;

Figure 8 is a diagrammatic representation of a hot
water and central heating system in accordance with
an embodiment of an aspect of the present invention,
incorporating the fluid-containment vessel shown in
Figure 7; and

Figure 9 is a diagrammatic representation of a hot
water and central heating system shown located
within a house.

DETAILED DESCRIPTION OF THE DRAWINGS
[0051] Reference is first made to Figure 2 of the draw-

ings in which there is shown a part cutaway view of a
fluid-containment vessel, generally indicated with refer-
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ence numeral 10, for use with a hot water and central
heating system. The vessel 10 is manufactured from
stainless steel and comprises a first chamber 12 for stor-
ing and heating domestic hot water, wherein the chamber
12 includes a fluid inlet 14 for supplying water from a fluid
source (not shown) and a fluid outlet 16 for delivering
water from the chamber 12 when a demand is created,
for example by turning on a tap 18. The chamber 12 in-
cludes heater means in the form of a coil 20 through
which heated water from a central heating system flows
to indirectly heat water stored within the first chamber
12. The coil in the embodiment shown spirals or winds
generally in a horizontal plane. However, in alternative
embodiments a coil may be utilised which winds in a gen-
erally vertical plane. The vessel 10 further comprises a
second chamber 22 through which central heating water
24 flows via a fluid inlet 26 and a fluid outlet 28. The
chamber 22 is supplied with the central heating water 24
directly from a heating source (not shown), such as a
boiler, via the fluid inlet 26, and the central heating fluid
24 is drawn from the chamber 22 via the fluid outlet by
action of a central heating pump (not shown), wherein
the central heating water 24 is then circulated around a
central heating circuit comprising radiators, for example.
Furthermore, arrangements are made to permit central
heating water 24 from the second chamber 22 to flow
through the coil 20 to indirectly heat the water stored in
the first chamber 12.

[0052] The first and second chambers are defined by
the walls 30 of the vessel 10 and a disc-like partition 32
which is welded to the walls 30. Secured to the partition
32 is a tube 34 extending upwards therefrom and termi-
nating within a header region 29 provided within the sec-
ond chamber 22, wherein the header region 29 stores
air surmounting the central heating fluid 24. The tube 34
provides a fluid transmitting passageway between the
first chamber 12 and the header region 29. In use, the
air within the header region 29 accommodates for ther-
mal expansion of both the water stored within the first
chamber 12 and the central heating water 24, as will be
described in detail below.

[0053] Reference is now additionally made to Figure
3 in which there is shown a part cut-away view of an
upper portion of the vessel 10 of Figure 2. As central
heating water 24 from the boiler (not shown) passes
through the chamber 22 via the fluid inlet 26 and outlet
28, the water 24 is caused to circulate which results in
air dissolved within the water 24 from being released into
the header region. Removal of dissolved air from the cen-
tral heating water is advantageous in that it assists to
permit the central heating pump (not shown) to operate
smoothly and quietly, and also assists to prevent the cre-
ation of airlocks within the central heating system. It is
known in the art that the process of heating water will
also cause or induce the release of dissolved air. Accord-
ingly, air released from the central heating water 24 by
the circulating motion and by heating, and also air re-
leased from the stored water within the first chamber 12
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upon heating will assist to rejuvenate and maintain the
level of air within the header region 29, and as such en-
sure that the header region 29 will continue to safely ac-
commodate thermal expansion of the water in both cham-
bers 12, 22.

[0054] Referring still to Figure 3 it should be noted that
the disc-like partition 32 provides an additional heat
transfer path between the central heating water 24 and
the water stored within the first chamber 12. This addi-
tional heat transfer capability supplements the heating
of the water within the first chamber 12 by the coil 20 and
thus provides improved efficiency.

[0055] Referenceis now made to Figure 4 in which the
vessel 10 of Figure 2 is shown being supplied by a cistern
36 containing cold water. Water from the cistern 36 is
supplied to the fluid inlet 14 of the first chamber 12 via
supply pipe 38. A non-return valve 40 is provided which
in use prevents the backflow of water from within the
chamber 12 towards the cistern 36. Backflow may be
caused by elevated pressures within the vessel forcing
water back through the fluid inlet 14. A hot water expan-
sion vent 42 is provided which extends between the first
chamber 12 of the vessel and towards the cistern 36.
Accordingly, the vessel 10 may be utilised as a vented
hot water cylinder.

[0056] Referring now to Figure 5, the vessel 10 of Fig-
ure 1 is shown being supplied by a pressurised mains
supply 44. A pressure reducing valve 46 is provided in
order to reduce the pressure of water at the inlet 14 to a
suitable level. A non-return valve 48 is also provided in
order to prevent backflow of water from within the cham-
ber 12 back through the fluid inlet 14 towards the mains
supply 44. Additionally, a verifiable double check valve
(not shown) is also provided and is located on the inlet
side of the pressure reducing valve 46.

[0057] Referring still to Figure 5, the vessel 10 com-
prises a pressure relief valve 50 extending into the sec-
ond chamber 22, wherein the pressure relief valve 50 is
adapted to permit water 24 to be released from the cham-
ber 22 when a preset chamber pressure is reached. The
pressure relief valve 50 is provided as a safety measure
to accommodate expansion of the water in conditions
where the header region 29 may not be capable of ac-
commodating thermal expansion due to a reduction or
loss of air, for example. Water released by the pressure
relief valve 50 is flowed to an external disposal location
via a tundish 52. It should be noted that the pressure
relief valve 50 is not shown in Figures 2. 3 and 4 for the
purposes of clarity.

[0058] Sitill referring to Figure 5, the vessel 10 in the
arrangement shown comprises a pressure and temper-
ature relief valve 54 extending into the first chamber 12,
wherein valve 54 is adapted to permit water stored within
the chamber 12 to be released when a preset chamber
temperature or pressure is reached. Thus, the valve 54
is a safety measure to accommodate expansion and ex-
cessive rise in temperature of the water within the cham-
ber 12 in conditions where the header region 29 may not
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be capable of sufficiently accommodating thermal expan-
sion, or rise in temperature. Water released by valve 54
is flowed to an external location via the tundish 52. It
should be noted that the pressure and temperature relief
valve 54 replaces the hot water expansion vent 42 of
Figure 4. Accordingly, the vessel may be utilised as an
unvented hot water cylinder.

[0059] Stages of operation of the vessel 10 originally
shown in Figure 2 will now be described with reference
to Figures 6A to 6F. Referring initially to Figure 6A the
vessel 10 is shown during initial filling of both chambers
12, 22 and a central heating system 60. The second
chamber 22 comprises an auto air vent 62 which permits
venting of air from both the chambers 12, 22 to the ex-
terior of the vessel 10 when the level of heating water
within the second chamber 22 is less than a preset level
64. It should be noted that the air vent is not shown in
Figures 2 to 5 for the purposes of clarity. Thus, in use,
water enters the first chamber 12 via the associated fluid
inlet 14 (Figure 2), tills the first chamber 12, flows into
the second chamber 22 via tube 34 to fill the central heat-
ing system 60 with heating water, wherein the auto air
vent 62 permits air from the vessel 10 to be released into
the atmosphere. Thus, the central heating system may
be directly filled without the requirement for a separate
water source or temporary mains connection. Upon the
level of water within the second chamber 22 reaching the
preset level 64, as shown in Figure 6A, the auto air vent
62 is closed preventing further air from being vented from
the vessel 10 such that residual air becomes trapped
within the header region 29. At this stage the pressure
ofthe air is equal to atmospheric air pressure at sealevel.
[0060] As shown in Figure 6B, continued filling of the
second chamber 22 by water spilling over the top of the
tube 34 from the first chamber 12 compresses the
trapped air within the header region 29 until a pressure
is achieved which is substantially equal to the pressure
of the water entering the first chamber 12, at which stage
entry of water into the vessel 10 will be terminated. In
view of this, the inlet pressure of the first chamber may
be preset to establish the required air pressure within the
header region 29. In Figure 6B the air is compressed to
40% of the original volume shown in Figure 6A which
provides a pressure of approximately 1.5 bar. It should
be noted that the water contained within the central heat-
ing system 60 and the second chamber 22 is termed the
primary water, and the water contained within the first
chamber 12 is termed the secondary water.

[0061] When the primary water is heated within the
central heating system, thermal expansion will be accom-
modated by the header region 29, as shown in Figure
6C in which the air/water interface level 66 has risen,
thus causing the air within header region 29 to be further
compressed. Additionally, when the secondary water
within the first chamber 12 is heated, thermal expansion
will cause a portion of the secondary water to spill into
the second chamber 22 via tube 34. It should be noted
that the upper end of the tube 34 is positioned so as to
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be located above the level 66 which may be attained by
thermal expansion of the primary water in order to prevent
the relatively impure primary water from mixing with the
relatively pure secondary water. The air within the header
region 29 is compressed until an optimum pressure com-
mensurate with the volume of the system is attained. The
expansion relief valve 50 (Figure 5) in the embodiment
shown is preset to open at 3.0 bar, and the vessel 10 is
designed so that this does not open to discharge water
to waste, except in an emergency. When a pressure of
3.0 bar is achieved, as shown in Figure 6C, the air will
be compressed to 25% of the original volume represent-
ed in Figure 6A.

[0062] Reference is now made to Figure 6D in which
both the primary and secondary water is heated and as
suchis showninan expanded state, wherein the air within
the header region 29 is approximately 30% of the original
air volume (Figure 6A), which provides a pressure of
around 2.5 bar. This situation may occur when the central
heating and hot water system are in operation and sec-
ondary water has not been drawn from the first chamber
12 via the fluid outlet 16 for an extended period of time.
Referring to Figure 6E, when a demand for secondary
fluid is created, for example by turning on a tap, the initial
action of water flowing from the chamber 12 through the
outlet 16 causes a portion of the pressurised air to be
pushed into the first chamber 12 through the tube 34.
This will occur until the pressure is reduced to a level
which would permit fluid to again flow into the first cham-
ber via the associated fluid inlet 14 (Figure 2). In order
to assist to prevent any air from escaping from the vessel
10 the fluid outlet 16 comprises a downwardly facing tu-
bular member 17.

[0063] Once the demand for secondary fluid is termi-
nated, the vessel will again be filled to the required level,
as shown in Figure 6F. It should be noted that the second
chamber 22 is designed to accommodate the initial de-
compression of the air, so that the primary water in the
second chamber 22 does not spill over the top of tube
34 into the secondary stored water. Normal opening of
a tap, throughout the day, optimises the air/water inter-
face.

[0064] Reference is now made to Figure 7 in which
there is shown a diagrammatic representation of a fluid-
containmentvessel 110 in accordance with an alternative
embodiment of the present invention. The vessel 110 is
similar to that shown in Figures 2 to 6 and as such like
features will be identified with like reference numerals,
incremented by 100.

[0065] The vessel 110 comprises a first chamber 112
for storing and heating domestic hot water, wherein the
chamber 112 includes a fluid inlet 114 for supplying water
from a mains water supply 144 via a pressure regulating
valve 146 and a non-return valve 148, and a fluid outlet
116 for delivering water from the chamber 112 when a
demand is created, for example by turning on a tap 118.
A verifiable double check valve (not shown) is also pro-
vided and is located on the inlet side of the pressure
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regulating valve 146. The chamber 112 includes heater
means in the form of a coil (not shown) through which
coil heated water from a central heating system flows to
indirectly heat water stored within the first chamber 112.
Heated water enters the coil at inlet 170 and exits coil at
outlet172. The vessel 110 also comprises electrical heat-
ing means in the form of an immersion heater 171. A
thermostat 173 is provided to ensure that the temperature
of stored water within chamber 112 is maintained at a
set level selected by a hot water and central heating sys-
tem control panel 175 electrically coupled to the compo-
nents of the vessel by way of awiring box 177. The control
panel 175 may be connected to the wiring box via an
electrical conductor such as wire, or alternatively may be
wirelessly connected, for example via radio frequency
communications. It should be understood that in embod-
iments of the present invention the vessel 110 may be
used in a central heating system in which all electrical
components and control devices are in wireless commu-
nication either with each other or with a central control
unit.

[0066] The vessel 110 further comprises a second
chamber 122 through which central heating water flows
via a fluid inlet 126 and a fluid outlet 128. The chamber
122 is supplied with the central heating water directly
from a heating unit (not shown), such as a boiler, via pipe
174 and the fluid inlet 126, and the central heating fluid
is drawn from the chamber 122 via the fluid outlet 128
by action of acentral heating pump 176. The central heat-
ing water is then circulated around a central heating cir-
cuit and/or through the heater coil via inlet 170 and outlet
172, wherein central heating water from the outlet 172
may be returned to the heating unit via pipe 188. A themi-
ostat 179 is provided to assist to ensure that the temper-
ature of the water within the second chamber 122 is main-
tained at a preferred level determined by control panel
175. The thermostat 179 comprises a non-resetable high
limit thermostat, preset so that in the event of an over-
heat of the water in the second chamber 122, the whole
system, including the boiler, is shut down and requires
to be manually reset. Two motorised valves 178, 180 are
provided for selectively permitting central heating water
driven by the pump 176 to be circulated around a number
of radiators (not shown) located within respective zones
ofthe central heating system, wherein the central heating
water is provided to the radiators via pipes 182, 184 and
returned to be reheated by the boiler via pipes 186, 188.
This arrangement assists to maximise the efficiency of
the central heating system by permitting only selected
zones to become heated by the central heating water in
accordance with the preference of a user. A further mo-
torised valve 190 is provided for selectively permitting
central heating water to be flowed through the heater coil
within the first chamber 112.

[0067] Aby-passvalve 192 is also provided which may
be opened to permit central heating fluid to be returned
to the boiler via pipe 194 and pipe 188 so as to by-pass
the radiators and heater coil within the first chamber 112.
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The by-pass valve 192 is an automatic by-pass valve
which opens automatically, to permit free circulation of
the pumped system, in the event that valves 178, 180
and 190 are in a closed position.

[0068] Anautoairvent 162 is provided which is in com-
munication with the second chamber 122 and in use per-
mits air to be vented from the vessel 110 when the water
within the second chamber 122 is below a set level. The
function of the auto air vent 162 is the same as that shown
and described in Figure 6A and as such no further de-
scription will be given. It should be noted that the auto
air vent 162 also serves as a drain outlet for the mainte-
nance of the second chamber 122.

[0069] Referring still to Figure 7, the vessel 110 com-
prises a pressure relief valve 150 in communication with
the second chamber 122, wherein the valve 150 is adapt-
ed to permit water to be released from the chamber 122
when a preset chamber pressure is reached. Water re-
leased by the pressure relief valve 150 is flowed to an
external disposal location through disposal pipe 196 via
a tundish 152. A pressure and temperature relief valve
154 is also provided and is in communication with the
first chamber 112, wherein the valve 154 is adapted to
permit water stored within the first chamber 112 to be
released when a preset temperature or pressure is
reached. Water released by valve 154 is also disposed
through pipe 196 via the tundish 152.

[0070] It should be noted that the various inlets and
outlets and other ports extending through the walls of the
vessel 110 are positioned within a common segment 200
of the vessel such that access for installation, commis-
sioning and maintenance is readily achieved. Addition-
ally, it should be noted that all electrical components and
connections are positioned at a location removed from
the various fluid ports in order to prevent or minimise
exposure of the electrical components to water which
may leak from the vessel and associated pipework and
the like.

[0071] Referenceisnow made to Figure 8 in which the
vessel 110 of Figure 8 is shown as part of a hot water
and central heating system 202. In use, water heated by
a boiler 204 is circulated by the pump 176 via pipe 206
into the second chamber 122 by way of inlet 126 and
subsequently through outlet 128. Valves 178, 180 and
190 are controlled by the system controller 175 in order
to operate the hot water and central heating system 202
in the required manner. Valve 178 selectively permits the
heated water to be circulated around radiators 208, 210
in afirst central heating zone via feed pipe 182, and valve
180 selectively permits the heated water to circulate
around radiators 212, 214 in a second central heating
zone via feed pipe 184. Valve 190 selectively permits
heated water from the second chamber 122 to flow
through the heating coil (not shown) located within the
first chamber 112 in order to heat water stored therein.
Stored water within the first chamber may alternatively
or additionally be heated by immersion heater 171.
Stored heated water within the first chamber 112 may be
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discharged via outlet 116 towards a domestic hot water
outlet such as a tap 118. Water which has circulated
around the radiators 208, 210, 212, 214 and/or the heat-
ing coil is then returned to the boiler 204 via return pipes
186, 188.

[0072] It should be understood that the vessel 110
shown in Figure 8 may be used in combination with any
suitable heating unit and as such the boiler 204 may be
replaced with, or used in addition to, a heat pump, for
example. The heat pump may utilise ground source heat
as a heat source, or alternatively/additionally may use
ambient air.

[0073] Referenceis now made to Figure 9 in which the
vessel 110, or "system cylinder", is positioned within a
roof-space 250 of a house 252. In this arrangement the
cylinder 110is provided in combination with a condensing
boiler 254 positioned adjacent the cylinder 110, thus
forming a modular roof-space unit 256. As shown, the flu
discharge 258 of the boiler 254 passes directly through
the roof 260 of the house 252. Sitting the cylinder 110 in
this location is advantageous insofar as the operating
pressure of 1.5 bar is supplemented by the vertical head
to a discharge tap positioned below the cylinder 110.
[0074] It should be understood that the embodiments
described are merely exemplary of the present invention
and various modifications may be made thereto without
departing from the scope of the invention.

Claims

1. A fluid-containment vessel for use with a hot water
and central heating system, said vessel comprising:

a first chamber with associated heater means
for heating water stored therein, said first cham-
ber defining a fluid inlet for permitting water to
be stored to be received within the chamber from
a water source, and a separate fluid outlet for
permitting stored water to be delivered from the
first chamber;

a second chamber adjacent said first chamber
and defining a fluid inlet for receiving heating
water into the second chamber and a separate
fluid outlet for delivering heating water from the
second chamber to be circulated in a central
heating system; and

a header region within the second chamber for
storing air surmounting the heating water,
wherein the first chamber is in fluid communica-
tion with the header region by means of a fluid
transmitting passageway such that said header
region accommodates thermal expansion of the
water stored in the first chamber and the heating
water within the second chamber.

2. The vessel of claim 1, wherein the first and second
chambers are formed by the walls of the vessel on
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opposite sides of a disc-like partition secured to the
vessel walls.

The vessel of claim 2, wherein the fluid transmitting
passageway extends between the first and second
chambers through the disc-like partition.

The vessel of claim 2 or 3, wherein the first chamber
is in fluid communication with the header region via
a tube mounted on and projecting from the partition.

The vessel of any preceding claim, wherein the fluid
transmitting passageway opens into the header re-
gion atalevelwhich is above that attained by thermal
expansion of the heating water.

The vessel of any preceding claim, wherein water
received by the first chamber through the associated
fluid inlet is adapted to flow into the second chamber
and thus into the central heating system.

The vessel of any preceding claim, wherein the sec-
ond chamber comprises auto air vent means ar-
ranged to enable venting of both the first and second
chambers to the exterior of the vessel when the level
of the heating water within the second chamber is
less than a preset level.

The vessel of claim 7, wherein, in use, water from
the fluid source enters the first chamber via the as-
sociated fluid inlet, fills the first chamber, flows into
the second chamber via the fluid transmitting pas-
sageway to fill the central heating system with heat-
ing water, wherein the auto air vent means permits
air within the first and second chambers to be dis-
placed therefrom to atmosphere.

The vessel of claim 8, wherein, in use, upon the level
of water within the second chamber reaching the pre-
setlevel, the auto airventmeansis closed preventing
further air from being vented from the vessel such
that residual air becomes trapped within the header
region, and continued filling of the second chamber
will compress the trapped air within the header re-
gion.

The vessel of any preceding claim, wherein the sec-
ond chamber comprises pressure relief means
adapted to permit water within the header region to
be released from the vessel when the pressure of
the air exceeds a pre-selected limit.

The vessel of claim 10, wherein the pressure relief
means comprises a pressure relief valve.

The vessel of claim 10 or 11, wherein the pressure
relief means is adapted to provide relief when a pres-
sure of 3.0 bar is achieved.

10

15

20

25

30

35

40

45

50

55

11

EP 1684 019 Al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

20

The vessel of any preceding claim, wherein the first
chamber comprises pressure relief means.

The vessel of any preceding claim, wherein the first
chamber comprises temperature relief means.

The vessel of any preceding claim, wherein heating
water entering the second chamber via the associ-
ated fluid inlet is circulated within the chamber prior
to exiting the chamber via the associated fluid outlet.

The vessel of claim 15, wherein circulation of the
heating fluid is caused by the action of the heating
fluid entering and exiting the second chamber via
the associated respective fluid inlet and outlet.

The vessel of claim 15 or 16, wherein the heating
water is circulated within the second chamber by cir-
culating means.

The vessel of any preceding claim, wherein the air
within the header region is adapted to be maintained
at a pressure of around 1.5 bar.

The vessel of any preceding claim, wherein the water
source is a mains water supply.

The vessel of any one of claims 1 to 18, wherein the
water source is a cistern supply.

The vessel of any preceding claim, wherein water is
permitted to flow from the water source into the first
chamber via the associated fluid inlet at a pre-se-
lected pressure.

The vessel of any preceding claim, wherien the fluid
inlet of the first chamber comprises means for pre-
venting the backflow of fluid from the first chamber
therethrough towards the water source.

The vessel of any preceding claim, wherein the heat-
er means associated with the first chamber compris-
es a coil through which heating water may flow.

The vessel of any preceding claim, wherein the heat-
er means comprises electrical heater means.

The vessel of any preceding claim adapted for use
in a central heating system comprising a heating unit
adapted to heat the heating water, and at least one
space heating means such as a radiator for receiving
heating water which has been heated by the heating
unit.

The vessel of claim 25, wherein the heating unit is
located upstream of the vessel so as to heat the heat-
ing water prior to entering the second chamber
through the associated fluid inlet.
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The vessel of claim 25 or 26, wherein the heating
unit comprises a boiler.

The vessel of claim 25 or 26, wherein the heating
unit comprises a heat pump.

The vessel of any one of claims 25 to 28, wherein
the central heating system further comprises pump
means for circulating heating water.

The vessel of claim 29, wherein the pump means
comprises a pump located downstream of the sec-
ond chamber so as to act to pull heating fluid from
the second chamber through the associated fluid
outlet and subsequently circulate the heating fluid
around the central heating system.

The vessel of any one of claims 25 to 30, wherein
the central heating system further comprises valve
means adapted to selectively deliver heating fluid to
specified portions or zones of the central heating sys-
tem.

The vessel of any one of claims 25 to 31, wherein
the central heating system further comprises by-
pass valve means for use in permitting the heating
water to be returned to the heating unit while by-
passing the space heating means of the central heat-
ing system and the heater means within the first
chamber.

The vessel of any preceding claim, wherein the fluid
inlet of the first chamber is located in a lower portion
of the chamber, and the fluid outlet is located within
an upper portion of the first chamber.

The vessel of any preceding claim, wherein the fluid
outlet of the first chamber comprises a tubular mem-
ber in the form of a dip-pipe of predetermined length,
directed downwardly towards the bottom of the first
chamber.

The vessel of any preceding claim, wherein the fluid
inlets and outlets are positioned within a common
segment area of the vessel.

The vessel of any preceding claim, wherein said ves-
sel is manufactured from stainless steel.

A central heating and hot water system comprising:

a heating unit for heating central heating water;
at least one space heating means for receiving
central heating water from the boiler; and

a fluid containment vessel comprising:

a first chamber with associated heater
means for heating water stored therein to
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provide domestic hot water, said first cham-
ber defining a fluid inlet for permitting water
to be stored to be received within the cham-
ber from a water source, and a separate flu-
id outlet for permitting stored water to be
delivered from the first chamber;

a second chamber adjacent said first cham-
ber and defining a fluid inlet for receiving
the central heating water into the second
chamber and a separate fluid outlet for de-
livering the central heating water from the
second chamber to be circulated in the at
least one space heating means; and

a header region within the second chamber
for storing air surmounting the central heat-
ing water, wherein the first chamber is in
fluid communication with the header region
by means of a fluid transmitting passage-
way such that said header region accom-
modates thermal expansion of the water
stored in the first chamber and the heating
water within the second chamber.

The system of claim 37, wherein the heating unit
comprises a boiler.

The system of claim 38, wherein the boiler is a con-
densing boiler.

The system of claim 37, wherein heating unit com-
prises a heat pump.

The system of claim 40, wherein the heat pump is a
ground source heat pump.

The system of claim 40 or 41, wherein the heat pump
is an air source heat pump.
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