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(57) Abstract: A temperature sensing probe (91) for mounting in a tube or pipe (22) through which flows a fluid, the probe includ-
& ing: a body ( 18 ) having coupling means (131,133) thereon to enable fluid tight coupling of the tube or pipe (8 ) to the body (18
B ); a fluid passageway in the body (99) to enable fluid to flow therethrough to or from the tube or pipe (8); a probe tube (93) which
@ is closed at its distal end, the probe tube (93) being connected to the body (18) so the distal end is spaced from the coupling means
(131,133) ; and a temperature sensing element (150) mounted in thermal contact within the probe tube (93), the arrangement being
O guch that when the body (18) is, in use, coupled by the coupling means (131,133) to the tube or pipe (8), the distal end of the probe

tube (93) is located within the tube or pipe (8).
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TEMPERATURE SENSING PROBE AND WATER HEATING APPARATUS
This invention relates to a temperature sensing probe and water heating apparatus.

The principles of the invention are generally applicable to water heaters of the type
disclosed in International Publication No. WO 2004/025188. The content of that
specification is incorporated herein by cross-reference. The principles of the invention are

also applicable to other types of water heaters.

An object of the invention is to provide a temperature sensing probe which is

capable of yielding fast response times.

According to the present invention there is provided a temperature sensing probe
for mounting in a tube or pipe through which flows a fluid, the probe including:

a body having coupling means thereon to enable fluid tight coupling of the tube or
pipe to the body;

a fluid passageway in the body to enable fluid to flow therethrough to or from the
tube or pipe;

a probe tube which is closed at its distal end, the probe tube being connected to the
body so that the distal end is spaced from said coupling means; and

a temperature sensing element mounted in thermal contact within said probe tube,
the arrangement being such that when the body is, in use, coupled by the coupling means

to said tube or pipe, the distal end of said probe tube is located within said tube or pipe. .

It will be appreciated that in this arrangement, the probe tube is located directly in
the fluid flowing in the tube or pipe and therefore this minimises the thermal flow path
between the temperature sensing element and the fluid flowing through the tube or pipe

thus enabling rapid response times.

Preferably, the probe tube has an open end opposite to said distal end and wherein

the temperature sensing element is coupled to a communicating link which passes through
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said open end.

Preferably further, the coupling means is a male or female compression fitting
which cooperates, in use, with a complementary fitting for coupling the tube or pipe to the
body. '

The temperature sensing probe of the invention is advantageously used in
conjunction with a heat exchange coil. Accordingly the invention also provides a heat
exchanger having: '

a heat exchange coil formed from a coil of metallic tube having two ends;

a temperature sensing pr(;be mounted at one of the ends of the tube for sensing the
temperature of fluid flowing in the tube,

said probe including:

a body having coupling means thereon to enable fluid tight couplingv of said one’
end of the tube to the body;

a fluid passageway in the body to enable fluid to flow therethrough to or from the
tube; .

a probe tube which is closed at its distal end, the probe tube being connected to the
body so that the distal end is spaced from said coupling means; and

a temperature sensing element mounted in thermal contact within said probe tube,
the arrangement being such that the distal end of said probe tube is located within said
tube.

- The invention also provides a water heating apparatus including:
a storage tank for storing heated water;
water heating means for heating water in the storage tank;
a heat exchange coil located within the storage tank;
coupling means for coupling a mains water supply to an inlet end of the heat
exchange coil so that water from the mains supply, in use, passes through the coil and is

heated by extraction of heat from the water in the storage tank so that heated water is

available at an outlet end of the heat exchange coil;
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a temperature sensing probe mounted in the heat exchange coil, the probe
including:

a body having coupling means thereon to enable fluid tight coupling of the body to
the heat exchange coil;

a fluid passageway in the body to enable fluid to flow therethrough to or from the
heat exchange coil;

a probe tube which is closed at its distal end, the probe tube being connected to the
body so that the distal end is spaced from said coupling means; and
a temperature sensing element mounted in thermal contact within said probe tube, the
arrangement being such that the distal end of said probe tube is located within the heat

exchange coil.

Another aspect of the invention is concerned with improving the response time of
the water heating apparatus. It has been found that the location of the temperature sensor
which controls the water heating means can greatly influence the speed of response of the

water heater.

According to this aspect of the present invention there is provided a water heating
apparatus including: , |

a storage tank for storing heated water;

water heating means for heating water in the storage tank;

a heat exchange coil located within the storage tank;

coupling means for coupling a mains water supply to an inlet end of the heat
exchange coil so that water from the mains supply, in use, passes through the coil and is
heated by extraction of heat from the water in the storage tank so that heated water is
available at an outlet end of the heat exchange coil; and

a temperature sensor for controlling said water heating means characterised in that
the temperature sensor is located so as to sense water in the coil at or near said outlet end

of the heat exchange coil.
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By positioning the probe at or near the end of the heat exchange coil can
significantly shorten the response time for activation of the water heating means. This is
because when mains water flows through the coil, corresponding to when a hot tap is
turned on, the outgoing water causes an almost immediate decrease in the temperature
sensor. When, however, the tap is turned off and flow of water in the coil ceases, the dead
water in the storage tank quickly heats the mains water in the coil, and thus the temperature
of mains water in the coil and the dead water stored in the storage tank, are substantially
the same. This gives a quick response and permits quick shut-off of the water heatihg

means, thereby preventing overheating.

The quick response of the thermostat enables the water heating apparatus to turn on

the water heéting means more quickly and so provide hot water at high flow rates.

It will be appreciated that by locating the temperature sensor in, at or near the outlet
of the coil, it has a dual function in that it effectively monitors the tank temperature when
water is not flowing through the coil but it effectively monitors the temperature flowing

within the coil when water is flowing in the coil.

Advantageously, in this aspect of the invention, the temperature sensor can include

the temperature sensing probe defined above.

A further aspect of the invention is concerned with improving the overall thermal
efficiency of the heating apparatus. In accordance with the invention this can be done by

coupling a further heat exchanger to extract heat from the flue gases from the gas burner.

In accordance with this aspect of the invention there is provided water heating
apparatus including:

a storage tank for storing heated water;

a gas burner for heating water in the storage tank;

a flue for passage of flue products from the gas burner;
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a first heat exchanger located within the storage tank;

first coupling means for coupling a mains water supply to the first heat exchanger
coil so that water from the mains supply, in use, passes through the first heat exchanger
and is heated by extraction of heat from the water in thé storage tank; and

second coupling means for coupling a second heat exchanger to said storage tank
so that water therefrom can, in ﬁse, circulate through the second heat exchanger, the
éecond heat exchanger including a flue gas flow passage to. which said flue can be
connected Whereby heat from the flue gases heats the water circulating in said second heat

exchanger.

Water heaters of the type disclosed in the aforementioned International publication
can be used for supplying water to a domestic hot water service as well as to supply heated
water for circulating in a heating system. If excessive demand is placed on the water
heater; usually consumers wish to maintain the femperature of the domestic water supply
reasonably hot. In accordance with this aspect of the invention, a priority sensor is
provided so as to selectively cut off the supply of heated water to the heating system when
the temperature of the domestic hot water or the water stored in the tank falls below a
predetermined level. This can therefore maintain the domestic hot water temperature at an
acceptable level and supply of heated water to the heating system is temporarily

suspended.

In accordance with a second aspect of the invention there is provided water heating
apparatus including:

a storage tank for storing heated water;

water heating means for heating water in the storage tank;

a beat exchange coil located within the storage tank;

first coupling means for coupling a mains water supply to an inlet end of the heat
exchange coil so that water from the mains supply, in use, passes through the coil and is
heated by extraction of heat from the water in the storage tank so that heated water is
available at an outlet end of the heat exchange coil; and

a first temperature sensor for controlling said water heating means;



WO 2006/026833 PCT/AU2005/001381

10

15

20

25

30

-6-

second coupling means to enable connection to a heating system which includes
water circulating means for circulating the heated water from the storage tank
therethrough; and

a second temperature sensor for shutting off said circulating means when the
second temperature sensor senses a temperature in the heated mains water in the‘heat
exchange coil below a predetermined temperature whereby priority is given to supply of

heated water from said mains supply.

Water heaters of the type disclosed in the aforementioned International publication
can be constructed so as to have flue assemblies connected at the side thereof. In some
installaﬁons, it would be desirable or even necessary that the flue assembly should be
located on a particular side of the heater having regard to spatial considerations and/or
ventilation or the like. In accordance with a further aspect of the invention, a water heater
is prbvided which can have a flue assembly connected at either side thereof, thereby
enabling the installer to selectively choose the side to which the flue assembly is

connected.

In accordance with this aspect of the invention there is provided water heating
apparatus including: |

a housing;

a storage tank wnhm the housing for storing heated water;

a gas burner for heating water in the storage tank;

a flue pipe for passage of flue products from the gas burner;

a flue manifold coupled to the flue pipe to receive flue products therefrom, the flue
manifold having first and second outlets located on generally opposite sides of the housing

respectively whereby a flue assembly can be selectively connected to either the first outlet

or the second outlet.

Water heating apparatus of the type disclosed in the aforementioned International
publication can be coupled to a secondary heat exchanger, as described above, and/or to a

heating system. The secondary heat exchanger have the heated water from the storage tank
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circulated therethrough. Normally, the couplings for connecting the secondary heat
exchanger and/or heating system are located on one side of the apparatus. This can cause
problems during installation and in accordance with this aspect of the invention provision
is made for selectively coupling the secondary heat exchanger and/or heating system at

opposite sides of the heating apparatus.

According to this aspect of the invention there is provided water heating apparatus

including:
~ a housing;

a storage tank for storing heated water;

a gas burner for heating water in the storage tank;

a flue for passage of flue products from the gas burner;

a first heat exchanger located within the storage tank;

first coupling means for coupling a mains water supply to the first heat exchanger
coil so that water from the mains supply, in use, passes through the first heat exchanger
and is heated be extraction of heat from the water in the storage tank; and

 second and third coupling means for coupling a second heat exchanger or heating

system to said storage tank so that water therefrom can, in use, circulate through the
second heat exchanger, or heating system, and wherein the secbnd and third coupling
means are located on generally opposite sides of the housing respectively whereby the A
second heat exchanger and/or heating can be. selectively coupled to opposite sides of the

housing.

A further aspect of the invention is concerned with ensuring that the gas burner
does not cause localised overheating. In the aforementioned International publication, the
water heater includes a gas burner located within a gas burner assembly which is
submerged in the water within the storage tank. Owing to spatial constraints, the gas
burner is located close to the gas burner housing. In accordance with the invention, the gas
burner is shie~lded from the adjacent parts of the housing so as to minimise heating of those
adjacent parts. Alternatively, the burner does not include burner ports adjacent to said

parts.
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The invention also provides a water heating apparatus including;

a storage tank for storing heated water;

water heating means for heating water in the storage tank;

a heat exchange coil located within the storage tank;

coupling means for coupling a mains water supply to an inlet end of the heat
exchange coil so that water from the mains supply, in use, pasées through the coil and is
heated by extraction of heat from the water in the storage tank so that heated water is
available at an outlet end of the heat exchange coil; and

wherein the water heating means includes a gas burner assembly having a flue
characterised in that the flue is coupled to a muffler for absorbing sound from the burner

assembly.

The invention also provides a water heating apparatus including:

a storage tank for storing heated water;

water heating means for heating water in the storage tank;

a heat exchénge coil located within the storage tank;

coupling means for coupling a mains water supply to an inlet end of the heat
exchange coil so that water from the mains supply, in use, passes through the coil and is
heated by extraction of heat from the water in the storage tank so that heated v&;ater is
available at an outlet end of the heat exchange coil;

wherein the water heating means includes a gas burner assembly having a flue; and

‘ a flue terminal coupled to the flue, the flue terminal including upper and lower -

portions, the lower portion having an opening which is coupled to receive flue products
from the flue, a downwardly inclined surface and an upstanding outer flange and the upper
portion is dished downwardly so as to overlie said opening and part of said inclined surface
so as to define flue product flow path which is generally radial relative to the flue and the

upstanding flange then deflects, in use, the flue products upwardly.

Preferably, the downwardly inclined surface is frustoconical and including an inner

cylindrical flange the interior of which constitutes said opening.
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Preferably the downwardly inclined surface includes drainage holes adjacent to the

outer flange.

Preferably the upper portion includes supporting legs which are connected to the

downwardly inclined surface.

Preferably further the outer flange is provided with drainage openings which are
radially aligned with the supporting legs Whereby the legs prevent flue products flowing
radially through the drainage operings in the outer flange.

The invention also provides a water heating apparatus including:

a storage tank for storing heated water;

water heating means for heating water in the storage tank;

a heat exchange coil ldéated within the storage tank;

coupling means for coupling a mains water supply to an inlet end of the heat
exchange coil so that water from the mains supply, in use, passes .through the coil and is
heated by extraction of heat from the water in the storage tank so that heated water is
available at an outlet end of the heat exchange coil;

wherein the water heating means includes a gas burner assembly which is supplied,
in use, with a gas-air mixture via a supply duct characterised in that a flow restricting
device can be selectively inserted in said supply duct in order to selectively control the rate

of flow of gas-air mixture through the supply duct.

The invention also provides a water heating apparatus including:

a housing;

a storage tank for storing heated water;

water heating means for heating water in the storage tank;

a heat exchange coil located within the storage tank;

coupling means for coupling a mains water supply to an inlet end of the heat

exchange coil so that water from the mains supply, in use, passes through the coil and is
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heated by extraction of heat from the water in the storage tank so that heated water is
available at an outlet end of the heat exchange coil;

a flue pipe which, during storage or transport terminates at or near said housing;

a flue terminal assembly; and

mounting means for cbupling the flue terminal assembly to said flue pipe, the flue

terminal assembly b'eing.mounted in an operative position on the exterior of the housing.

Preferably the housing has a removable top and the arrangement is such that the
flue terminal assembly can be stored within the housing and above said storage tank,

during storage or transport. -

The invention also provides a water heating apparatus including:

a housing;

a storage tank for storing heated water;

water heating means for heating water in the storage tank;

a heat exchange coil located within the storage tank;

coupling means for coupling a mains water supply to an inlet end of the heat
exchange coil so that water from the mains supply, in uée, passes through the coil and is
heated by extraction of heat from the water in the storage tank so that heated water is
available at an outlet end of the heat exchange coil; and

an expansion tank coupled to said storage tank to permit expansion and contraction
of said heated water and wherein the expansion tank is located above said storage tank and

within said housing.

The invention will now be further described with reference to the accompanying
drawings, in which:
Figure 1 is a schematic view of water heating apparatus of the invention;
Figure 2 is a side view of a thermostat probe of the invention;
Figure 3 is a plan view of the thermostat probe;
Figure 4 is a cross-sectional view along the line 4-4; and

Figure 5 is a cross-sectional view showing the temperature sensor mounted in the
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probe;

Figure 1 is a schematic view of a water heating apparatus 2 constructed in

* accordance with the invention. As mentioned above, the water heating apparatus can be of

the type disclosed in International Publication No. WO 2004/025188 although the
principles of the invention are applicable to other types of water heater. The water heating
apparatus includes a mainAtank 4 located within a sheet metal housing 6. Located within
the main tank 4 is a gas burner assembly 100 which is supplied with a combustible mixture
of gas and air. - Located within the main tank 4 is a coil assembly 8 which in the preferred
form of the invention is in the form of two helical coils of .copper tubing which are
connected in parallel so as to reduce resistance to water flow therethrough. The coil
assembly 8 includes inlet and outlet couplings (not shown) which are connected to a cold
water inlet line 14. The inlet line 14 is connected to a cold water inlet coupling which is. -
accessible from the exterior of the housing 6. The coil assembly 8 includes outlet
couplings 18 which are connected to a high fe'mperature outlet line 22. The outlet line 22
includes a T-coupling 24 which is connected to a high temperature outlet line 26 which is
provided so as to utilise high temperature water which might be required in some
circumstances such as. supply to a kitchen or laﬁndry. As will be described in more detail
below, the water within the main tank 4 is under pressure and can be heated to above
100°C, typically the operating temperature being in the range 80°C to 90°C but
temperatures of 110°C c’ould be selected in some circumstances. High temperature water
at about this temperature is thus available from the coil'in the high temperature outlet line
26, assuming that water flowing in the coil assembly has sufﬁcient time to reach or
substantially reach the same temperature as the water within the main tank 4. The water in
the main tank 4 does not boil because it is under pressure, say 15 psi to 50 psi (above
atmospheric pressure), and therefore 110°C is well below the boiling point for water at this

pressure.

The apparatus includes a mixing valve 34 which receives high temperature water
on the outlet line 22. It also receives cold water via inlet line 14. The mixing valve

includes an outlet line 40 which extends to the housing 6 and terminates in a hot water
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outlet coupling (not shown). The mixing valve 34 is arranged to mix cold water from the
mains supply with the high temperature water from the coil asselhbly 8 50 as to produce
water at a temperature which is suitable for use in b‘athrooms. Typically this water is in the
range 40°C to 60°C and preferably 45°C. ‘

As the main tank 4 is normally operated at above atfnospheric pressure, say at 50

psi, it needs to be of relatively robust construction. The main tank 4 can be of welded steel

" construction and having a cylindrical sidewall 46, an inclined top wall 48 and a bottom

wall 50. Because the main tank 4 is made of steel, it would be susceptible of rusting or

corrosion if significant amounts of oxygen or air were dissolved in the water within the

‘main tank or otherwise admitted to the main tank. Normally, however, the water within

the main tank 4 is a fixed volume of water and any oxygen therein would cause very
limited corrosion before it were exhausted. This applies even where the water within the
main tank 4 is circulated in an hydronic heating system because essentially the same
volume of water is maintained in the system. Nevertheless, fresh water may be
occasionally introduced into the main tank 4 to compensate for any water which may be
lost due to leakage or the like. The top wall 48 of the main tank 4 includes an air bleed
valve 53 located near the highest point of the top wall 48 so that any gas bubbles in the

main tank 4 will migrate towards the valve 53 and be vented.

The main tank 4 includes a temperature pressure relief valve 66 which has an outlet
external to the housing 6. The valve 66 is set to open when either the temperature exceeds

say 90°C or the pressure exceeds 50 psi.

As mentioned above, the water within the main tank 4 can be used for supplying
hot watér to an hydronic heating system 61. Accordingly, the main tank 4 includes a
heating water outlet line A7.O connected to a coﬁpling accessible from the ‘exterior of the
housing 6. The apparatus also includes a heating water return line 74 connected to a
co'uplihg which is also accessible from the exterior of the housing 6. The heating system . -
61 may include radiating panels 63 and/or fan coil units for extracting heat from the water

within the main tank 4. In hydronic heating systems the water which is circulated is
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essentially a fixed volume of water and therefore corrosion of the main tank 4 and the

hydronic heating elements is not normally a significant problem.

The hydronic heating system 61 may include various components located within an
insulating housing 141. The radiating panels 63 receive hot water from the main tank 4 via
line 134 which is connected to the water outlet line 70 (or 71). After circulation through
the radiating panels 63 or the like, the water is pumped via pump 136 to a return line 135
to the water return line 74 (or 73) of the heating apparatus 2. Located within the housing
141 is a make up valve and gauge unit 137 which can be used for topping up water to the
heating system (and main tank 4) from a cold water line 139 which is connected to the cold
water inlet line 14, as shown. The line 139 may include a pressure relief valve 60 which
opens when the pressure within the hydronic system exceeds a predetermined level, say
250 psi. Also located within the housing 141 is an expansion tank 143 which allows for
expansion of the water which is circulated through the heating system 1 and the water
within the main tank 4.

The heating components within the housing 141 could be incorporated in the sheet
metal housing 6 of the heaﬁng apparatus 2. This would be particularly suitable in the case
where the apparatus 2 was not to be used for hydronic heating. In that case, however, it
would still be desirable to include the pressure relief valve 60, make up valve and gauge

unit 137 and expansion tank 143.

In the preferred form of heater of the invention, the outlet line 70 and return line 74
are effectively duplicated on the other side of the unit. Accordingly, the main tank 4
includes a second hot water outlet line 71 and return line 73. This enables the heating
system 61 to be connected to the water heater 2 at the opposite side which may be
desirable in some circumstances having regard to spatial constraints and ventilation or the
like. Alternatively, a secondary heat exchange unit 75 can be vcoupled to the heating
apparatus 2 in order to extract heat from the flue gases from fhe burner assembly 100, as
will be described in more detail below. It will be appreciated that the duplication of the

outlet lines 70 and 71 and return lines 74 and 73 provide substantial flexibility when the
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equipment is installed because the heating system 61 and/or secondary heat exchange unit
can be connected at either side of the Lieater. When the secondary heat exchange unit 75 is

not utilised, a flue terminal can be connected to the flue outlet line, in the usual way.

The apparatus 2 includes a gas inlet coupling 78 which, in use, is connected to a
gas supply line 80. The gas supply line 80 supplies gas for the burner assembly, as will be
described in more detail below. Air for combustion is admitted to the housing 6 through

vents 82.

A layer of insulation 90 is located between the outer surface of the main tank 4 and
the housing 6 so as to avoid heat losses from the main tank. Located within the hbusing
and above the main tank 4 is a fan 92. The fan 92 draws air and gas into its input and its
outlet is connected to a gas air supply duct 94. Admission of gas to the fan 92 is controlled

by a gas control valve 96 which receives gas from the gas supply line 80.

The burner assembly 100 is located in the lower part of the main tank 4 and in use
is completely immersed in the water within the main tank. The burner assembly 100
includes a plurality of water connection passages 152 therethrough. Located within the
burner assembly 100 is a gas burner 102 which is coupled to the duct 94. A flue pipe 104
extends from the burner assembly through the interior of the main tank 4 and extends
through the top wall 48 to the flue manifold 84. The flue manifold 84 extends transVefsely
across the top of the main tank 4 and provides a flue outlet selectively at either side of the
housing 6 of the water heater. This again prdvides flexibility for installation. In the
illustrated arrangement the manifold 84 is held in place by a treaded tie rod 85 and nut 87,
the lower end of the rod 85 being welded to the flue pipe 104. -

As the interior of the main tank 4 is subject to above atmospheric pressures, ‘it is
desirable that the top and bottom walls 48 and 50 be reinforced so as to prevent buckling
thereof under the internal pressure. The tank may include reinforcing rods (not shown),
the ends of which are welded to the top and bottom walls 48 and 50 so as to restrain

outward deformation of these walls. Alternatively, a single larger diameter rod could be
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used.

The heating water outlet line 70 or 71 may include a valve or tap (not shown).
When the main tank 4 is being initially filled, a mains supply can be connected to the valve
or tap in order to fill the main tank 4 from a mains supply. After initial filling, the valve or
tap can then be closed. If, however, hydronic heating is to be utilised the valve or tap can
be opened after connection to the hydronic heating components. In the illustrated
arrangemen;[, the line 134 indicates a supply line to the hydronic components and a

circulating pump 136 may be provided in this line.

The apparatus may also include an electric heating element 140 located within a
tube which extends lateraily into the main tank 4 a short distance above the bottom wall
50. The purpose of the electric element 140 is to enable heating of the water within the
main tank 4 in emergency circumstances in the event that the gas supply becomes

interrupted. Typically the heating capacity of the element 140 is 2.4kw.

The apparatus includes a temperatufe sensing element 150 which is arranged to
provide input signals to the gas control valve 96 which controls opefation of the fan 92
which, in turn, controls flow of gas to the fan 92. Basically, when the temperature sensing
element 150 senses a temperature below its set operating temperature, say 80° to 90°C, it
has contacts which close and this causes the gas control \;alve to operate the fan 92 and to
supply gas thereto. This causes flow of a combustible gas air mixture through the duct 94
to the burner 102. The control valve 96 also causes ignition of the mixture so that heating

will occur,

The gas burner assembly 100 includes a plurality of water passages 152
therethrough. When heating occurs within the burner assembly 100, convection currents
will be established causing rising heated convection currents to flow upwardly through the
coil assembly 8 where heat transfer will take place to the water within the coil assembly 8.
This causes consequential cooling of the water within the main tank 4, thereby causing

cooler, downwardly flowing convection currents to occur near the sidewalls of the main
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tank 4. This cooler water will then be drawn into-the lower ends of the passages 152
through the burner assembly 100 and reheated. These convection flow paths within the
water in the main tank 4 provide for good heat transfer. Some heat transfer also takes

place from flue gases flowing in the flue pipe 104.

It has been found that the location of the temperature sensing element 150
significantly affects the performance of the water heater. Generally speaking, a quick
response time is required to quickly activate the burner assembly 100 when substantial
flow rétes of cold water péss through the coil assembly 8. This ensures that the hot water
delivered by the heater does not significantly fall or fall to unacceptable levels. Aiso, once
hot water ceases to be drawn from the unit, the burner assembly 100 needs to be shut down
so as to avoid overheating and/or waste of energy. It has been found that exceptionally
good results can be obtained if the temperature sensing element 150 is located so as to
sense the temperature of the water in the coil assembly 8 at or near the outlet coupling 18

(or one of them in the case where two coils are connected in parallel).

In the illustrated arrangement, the temperature sensing element 150 is located

. within a probe assembly 91 constructed in accordance with the invention. Figures 2 to 5

illustrate in more detail the temperature sensing probe assembly 91. The assembly
includes the coupling 18 which is in this instance, in the form of a compression elbow
having threads 131 and 133 which in use cooperate with compression nuts (not shown) for
connecting ends of the coil assembly 8 and high temperature outlet line 22 thereto, as
diagrammatically showing in Figure 5. The end of the copper tube forming the coil
assembly 8 is formed with a flare 153. Simultaneously a flare 155 is formed on the end of -
the outlet line 22. In this way the flares 153 and 155 can cooperate with compression nuts
to form water tight connections in the usual way. The probe assembly 91 includes a probe
tube 93 which passes through a bore 135 formed in the body of the elbow 18. The inner
end 95 of the probe tube 93 is closed but the outer end 97 is open. The probe tube 93 is
soldered or braised to the body of the coupling '18 adjacent to the end 97 so as to form. a
water tight joint therewith. The temperature sensing element 150 is located within the

interior of the tube 93, preferably near its inner end 95. The element 150 may be in the
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form of a temperature sensitive bulb or thermistor. In either case, the element 150 is
connected to a line 135 which passes from the open outer end 97 of the tube to enable the
element 150 to be appropriately coupled to control circuitry. During fabrication of the
probe assembly 91, after mounting of the probe tube 93 in the coupling 18, the interior of
the probe tube 93 is ﬁlled with a thermally conductive paste. This may be in the form of a
silicon based heat composmon such as UNICK. The element 150 is then inserted into the

paste so that it is located as close as practicable to the inner end 95 of the tube 93. An

annular gap 99 is maintained between the probe tube 93 and the internal bore 19 of the

coupling 18 so as to permit flow of heated water therethrough. In this arrangement, the
element 150 directly senses the teinperature of the water flowing at the outlet of the coil
assembly 8. If the temperature drops below a predetermined level, say 80°C to 90°C, the
gas control valve 96 causes operation of the fan 92 so that the combustible mixture is
supplied to the burner assembly 100. It has been found that the response time can be as
low as say 15 seconds from the time of drawing hot water from the coil assembly 8.
When, however, flow of hot water from the coil assembly 8 ceases, the temperature of the
water within the coil assembly 8 and hence the temperature sensed by the element 150 will
quickly equalise with the temperature of the water within the main tank 4. If this is above
operating temperature then the element 150 will cause the burner assembly 100 to cease
operating. Alternatively, if the temperature is below operating temperature, operation of
the burner assembly 100 will continue until the correct operating temperature is
maintained. It will be appreciated that this particular location of the element 150 produces
exceptional results because when hot Water is being drawn from the unit, it essentially
senses the temperature thereof. When, however, temperature ceases, it effectlvely senses
the temperature of the dead water within the main tank 4 because under static conditions
the temperature within the coil assembly 8 will be essentially the same as the temperature

of the dead water within the upper part of the tank 4.

The secondary heat exchanger 75 includes a cylindrical stainless steel tank 213
which is surrounded by a layer 215 of insulating material within a housing 218. The heat
exchanger 75 includes a centrally located flue gas duct 217, the upper end of which is

connected to a connecting duct 219 which receives flue gas from the flue manifold 84. In
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this arrangement, the free end of the connecting duct 219 simply fits into the opén end of
the exhaust manifold 84 so as to form a snug connection therewith. The other end of the

manifold 84 can be closed by‘means of acap or plﬁg (not shown).

The lower end of the flue gas duct 217 opens into an annular flue gas jacket 221
which permit the flue gases to flow upwardly to a flue outiet 223 fitted with a flue terminal
housing 225. The tank 213 includes an inlet line 227 located near its bottom which can be
connected in use to the water outlet heating line 71 (or 70). Similarly, the top of the tank is
provided with a return line 229 which can be connected to the heating water return line 73
(or 74). In use, the water within the main tank 4 can circulate within the tank 213 in the
spaces between the flue gas duct 217 and the flue gas jacket 221. Relatively cool water
from the bottom of the main tank 4 can flow by convéction to the bottom of the tank 213
where it will come into contact with the hot surfaces of the duct 217 and jacket 221. This
will cause heating of the water which will tend to rise by convection and return to the main

tank 4 via the return line 229. The jacket 221 may include a baffle or baffles 231 to induce

turbulent flow of the flue gases so as to increase heat transfer. The lower end of the tank

213 includes a condensate outlet 233 which is provided with a water trap 235. The
condensate outlet 233 enables removal of any liquid condensate from the flue gases.
Typically, the flue gases in the flue manifold 84 are at about 250°C and a substantial
amount of the energy in the flue gases can be utilised by the secondary heat exchanger 75.
It is envisaged that the provision of the secondary heat exchanger 75 results in an overall
efficiency increase of about 7% to 10%. It is desirable not to operate the heater (excluding
the secondary heat exchanger 75) such that the efficiency is above 80% because this could
cause undesirable condensation within the burner housing 170 and/or flue pipe 104 and or

manifold 86.
It has also been found that the provision of the secondary heat exchanger 75, in the
form shown, acts as a sound attenuator or muffler so as to make the heating apparatus

much quieter in operation.

A prototype of the water heating apparatus has been constructed and has proven to
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be very efficient. The prototype had the following nominal dimensions:

height of main tank 4 914mm
diameter of main tank 4 : 560mm
approximate volume of main tank 4 130 litres
5 number of water convection passages 152 20

volume of expansion tank 143 12.5 litres
diameter of flue pipe 104 ' ' 76.2mm
number of coils in the coil assembly 8 2
number of convolutions of each coil ' 9

10 length of each coil ‘ ‘ 12.19m
external diameter of each coil 12.7mm
gas input 200 MJ/hour
normal water temperature at outlet of coil éssembly 8 80-90°C
normal water temperature at outlet line 40 45°C

15 normal water temperature at outlet lines 70 or 71 80-90°C

approximate time to heat water within the main tank

to operating temperature 10 mins
setting of temperature sensing element 150 80°-90°C
setting of temperature sensing element 211 50°C
20 setting of temperature sensing element 230 112°C

diameter of probe tube 93 8mm
length of probe tube 93 300mm
wall thickness of probe tube 93 - 0.8mm
gap 99 about : 9mm

25
Many modifications will be apparent to those skilled in the art without departing

from the spirit and scope of the invention.
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CLAIMS:

1. A temperature sensing probe for mounting in a tube or pipe through which flows a
fluid, the probe including: _

a body having coupling means thereon to enable fluid tight coupling of the tube or
pipe to the body;

a fluid passageway in the body to enable fluid to flow therethrough to or from the

tube or pipe;

a probe tube which is closed at its distal end, the probe tube being connected to the
body so that the distal end is spaced from said coupling means; and

a temperature sensing element mounted in thermal contact within said probe tube,
the arrangement being such that when the body is, in use, coupled by the coupling means

to said tube or pipe, the distal end of said probe tube is located within said tube or pipe.

2. A probe as claimed in claim 1 wherein the probe tube has an open end opposite to
said distal end and wherein the temperature sensing element is coupled to a communicating

link which passes through said open end.

3. A probe as claimed in claim 2 wherein the coupling means is a male or female
compression fitting which cooperates, in use, with a complementary fitting for coupling

the tube or pipe to the body.

4. A probe as claimed in claim 3 wherein the compression fitting includes threads and
a tapered surface on the body and wherein the passageway terminates at a port adjacent to

said tapered surface.
5. A probe as claimed in claim 4 wherein part of the probe tube extends through the
passageway and passes through said port, there being a gap between the probe tube and the

passageway and port so that the fluid, in use, flows in said gap.

6. A probe as claimed in any one of claims 3, 4 or 5 wherein the compression fitting is
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a male compression fitting and part of the passageway is defined by a cylindrical bore

located inwardly of said male compression fitting.

7. A probe as claimed in claim 6 wherein the probe tube is cylindrical and is

concentrically mounted in said cylindrical bore.

8. A probe as claimed in claim 7 wherein the body is in the form of an elbow and
wherein an opening is formed in the body through which said probe tube passes, the probe

tube being coupled to the body at said opening in a fluid tight manner.

9. A probe as claimed in claim 7 wherein said open end of the probe tube is located

adjacent to said body.

10. A probe as claimed in any one of claims 1 to 9 wherein heat conductive packing
material is located between the temperature sensitive element and the interior of the probe

tube.

11. A heat exchanger having:

a heat exchange coil formed from a coil of metallic tube having two ends;

a temperature sensing probe mounted at one of the ends of the tube for sensing the
temperature of fluid flowing in the tube,

said probe including:

a body having coupling means thereon to enable fluid tight coupling of said one
end of the tube to the body; ‘

a fluid passageway in the body to enable fluid to flow therethrough to or from the
tube; ' _ |

a probe tube which is closed at its distal end, the probe tube being connected to the
body so that the distal end is spaced from said coupling means; and ‘

a temperature sensing element mounted in thermal contact within said probe tube,
the .arrangement being such that the distal end of said probe tube is located within said
tube.
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12. A water heating apparatus including:

a storage tank for storing heated water;

water heating means for heating water in the storage tank;

a heat exchange coil located within the storage tank;

coupling means for coupling a mains water supply to an inlet end of the heat
exchange co'il so that water from the mains supply, in use, passes, through the coil and is
heated by extraction of heat from the water in the storage tank so that heated water is
available at an outlet end of the heat exchange coil;.

‘a temperature sensing probe mounted in the heat »exchange‘ coil, the probe

including: ’

a body having coupling means thereon to enable fluid tight coupling of the body to
the heat exchange coil; ‘

a fluid passageway in the body to enable fluid to flow theréthrough to 6r from the
heat exchange éoil;

a probe tube which is closed at its distal end, the probe tube being connected to the
body so that the distal end is spaced from said coupling means; and

a temperature sensing element mounted in thermal contact within said probe tube,
the arrangement being‘such that the distal end of said probe tube is located within the heat

exchange coil.

13. A water heating apparatus including:

a storage tank for storing heated water;

water heating means for heating water in the storage tank;

a heat exchange coil located within the storage tank;

coupling means for coupling a mains water supply to an inlet end of the heat
éxchange coil so that water from the mains supply, in use, passes through the coil and is
heated by extraction of heat from the water in the storage tank so that heated water is
available at an outlet end of the heat exchange coil; and '

a temperature sensor for coﬁtrolling said water heating means characterised in that

the temperature sensor is. located so as to sense water in the coil at or near said outlet end
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of the heat exchange coil.

14.  Water heating apparatus including:
a storage tank for storing heated water;
5 a gas burner for heating water in the storage tank;
a flue for passage of flue ﬁroducts from the gas burner;
a first heat exchanger located within the storage tank;
first coupling means for coupling a mains water supply to the first heat ekchanger
coil so that water from the mains supply, in use, passes through the first heat exchanger
10 - and is heated by extraction of heat from the water in the storage tank; and
second coupling means for coupling a second heat exchanger to said étorage tank
so that water therefrom can, in use, circulate through the second heat exchanger, the
second heat exchanger including a flue gas flow passage to which said flue can be
* connected whereby heat from the flue gases heats the water circulating in said second heat

15  exchanger.
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