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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to control systems for heat transfer systems. In
particular, but without limitation, this disclosure relates to control systems for heating or cooling
systems.

BACKGROUND

[0002] There Is an increasing desire to minimise energy consumption in domestic as well as
office and industrial environments. A large proportion of energy usage arises out of the use of
heating systems and the supply of heated water. Accordingly, the ability to be able to control
the underlying system that provides these Iin order to optimise energy usage I1s an important
area of ongoing activity.

[0003] Typically, for example, a central heating system can be used to provide heating and
these systems, particularly in the domestic environment, broadly consist of either wet systems
that utilise a boiler/heat exchanger and radiators, warm air systems in which, as the name
implies, warm air 1s circulated, or storage heaters that release stored heat over a prolonged
period of time.

[0004] In a wet central heating system for example, hot water circulates through a system of
pipes that connect to radiators that heat the environment in which they are placed by warm air
convection. In order to provide the hot water for the radiators, a boiler burns a fuel, which is
typically natural gas. Generally, such boilers use condensing technology in which heat from
exhaust gases that would normally be released into the atmosphere through a flue i1s used in a
heat exchanger. This cools and condenses the gases back to liquid form. That is, to use this
latent heat, the water vapour from the exhaust gas is turned into liquid condensate.

[0005] In order to make the most of the latent heat within the condensate, condensing boilers
use a relatively large heat exchanger, or sometimes a secondary heat exchanger in which
return water from the heating system, which is at a lower temperature than the heated water
leaving the system, I1s warmed using the condensate.

[0006] Due to this process, a condensing boiler i1s able to extract more heat from the fuel it
uses than a standard efficiency boiler. It also means that less heat is lost through the flue
gases. However, typically, gas boilers can only condense latent heat at a return temperature of

around 55°C or less.

[0007] Accordingly, in addition to the general aim of reducing fuel consumption using smart
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technology, it I1s also desirable to be able to maximise boiler efficiency by regulating certain
parameters of the return fluid.

[0008] US 2015/0122475 A1 discloses a regulating method for a heating and/or cooling
system that uses at least one load circuit, through which a fluid as a heat transfer medium
flows and switches the at least one load circuit on and off in dependence on a room
temperature iIn a room to be thermally regulated by the at least one load circuit. A feed
temperature of the fluid fed to the at least one load circuit is set iIn dependence on the relative
switch-on duration of the at least one load circuit. A manifold device Is also provided for a
heating and/or cooling system with a control device for carrying out such a regulating method.

[0009] WO 2008/039065 A1 discloses a control device comprising a heat meter of the
Invoicing type and a control unit connected to the heat meter and the control unit is connected
to the heat meter and adapted to control a fluid flow adjusting unit subject to the power
determined by the heat meter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Arrangements of the present invention will be understood and appreciated more fully
from the following detailed description, made by way of example only and taken in conjunction
with drawings in which:

Fig. 1 shows a heating system according to an embodiment;

Fig. 2 shows how gas boller efficiency changes with return temperature for a typical boiler in a
domestic environment;

Fig. 3 shows a control system for controlling the heat transfer system according to an
embodiment;

Fig. 4 shows a weather compensation curve according to an embodiment; and

Fig. 5 shows a flow rate control method for a heating system according to an embodiment.

SUMMARY OF INVENTION

[0011] According to a first aspect of the invention there Is provided a control system for a heat
transfer system. The control system comprises: an input for receiving one or more signals
Indicating a flow rate of heat transfer fluid within the heat transfer system and an amount of
heat transferred between the heat transfer fluid and a medium being heated or cooled; an
output for issuing control signals to change the flow rate within the heat transfer system; and a
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controller. The one or more signals comprise signals indicating an input temperature of the
heat transfer fluid into the heat transfer system, an output temperature of the heat transfer fluid
out of the heat transfer system and a temperature of the medium. The controller is configured
to: determine a target output temperature for the heat transfer fluid for achieving a predefined
amount of usable heat transferred between the heat transfer system and the medium based
on the one or more received signals; determine a target flow rate for achieving the target
output temperature; and issue a control signal via the output terminal to adjust the flow rate
within the heat transfer system to achieve the target output temperature. Determining a target
flow rate for achieving the target output temperature comprises: determining the power
transferred between the heat transfer system and the medium based on the flow rate, the input
temperature, the output temperature and a specific heat capacity of the heat transfer fluid;
determining a temperature difference between the fluid and the medium; determining the
thermal resistance of the medium based on the temperature difference and the power; and
determining the target flow rate based on the power and the thermal resistance.

[0012] By controlling the flow rate to achieve a target output temperature, the control system is
able to guarantee a set level of efficiency and is able to adapt to changing conditions more

quickly with fewer oscillations than control based solely on temperature.

[0013] The control signal for adjusting the flow rate may be issued to a valve within the heat
transfer system for restricting the flow rate, or to a pump for increasing the flow rate.

[0014] The heat transfer system may be a heating system or cooling system. A heating system
IS able to transfer heat to a medium, whilst a cooling system i1s able to transfer heat from a
medium. The medium being heated or cooled could be the air within a room being heated or
cooled, or any other region or material being heated or cooled. The heat transfer fluid may be
a liquid (such as water), a gas (such as tetrafluoroethane) or a combination of both liquid and
gas.

[0015] The signals may be indicative the heat transferred between the heat transfer fluid and
the medium as they can be used to determine the heat transferred, for instance, the heat
transferred may be calculated by the control system based on the input temperature, the
output temperature, the temperature of the medium and the flow rate. Alternatively, the control
system could simply receive information detailling the heat transferred (e.g. information
calculated by separate controller).

[0016] According to a further arrangement, the temperature difference is a difference between
an average temperature of the fluid within the system and the temperature of the medium. The
average temperature may be the mean of the input and output temperatures.

[0017] According to a further arrangement, determining the target flow rate comprises:
determining a target output temperature based on the input temperature, the temperature of
the medium and the predefined amount of usable heat, determining a target temperature
difference between the heat transfer fluid and the medium; and, determining a target amount
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of power to be transferred between the heat transfer fluid and the medium based on the target
temperature difference and the target output temperature. The target flow rate is determined
based on the target amount of power to be transferred, the input temperature, the target
output temperature and the specific heat capacity of the heat transfer fluid.

[0018] According to a further arrangement, the target temperature difference is determined
based on the input temperature, the target output temperature and the temperature of the
medium. The target temperature difference may be the between a target average fluid
temperature and the temperature of the medium. That Is, the target temperature difference
may be equal to the temperature of the medium subtracted from the mean of the input
temperature and the target output temperature.

[0019] According to a further arrangement, the predefined amount i1s a predefined fraction of
usable heat. This may be an intended fraction of the total heat passing through the system that
IS to be transferred to or from the medium.

[0020] According to a further arrangement, the heat transfer system is connected to a fluid
source that provides the heat transfer fluid and controls the input temperature of the heat
transfer fluid. The controller is further configured to: determine whether the input temperature
of the heat transfer fluid needs to be increased or decreased; and, In response to determining
that the input temperature should be increased, issue a request to the fluid source to increase
the Input temperature; or, in response to determining that the input temperature should be
decreased, 1ssue a request to the fluid source to decrease the input temperature. Accordingly,
the control system may be configured to issue requests to increase or decrease the input
temperature.

[0021] According to a further arrangement, the controller is configured to: determine that the
Input temperature needs to be Increased In response to a determination that the input
temperature 1s below a first predetermined target input temperature; or determine that the
Input temperature needs to be decreased In response to a determination that the input
temperature I1s above a second predetermined target input temperature. One or both of the
first and second predetermined target input temperature thresholds may be used. Accordingly,
both the first and second predetermined target input temperatures may be utilised to define a
temperature region within which the input temperature does not be changed.

[0022] According to a further arrangement, the input terminal i1s configured to receive a signal
Indicating an external temperature, the controller is configured to determine the target input
temperature based on the external temperature, and the request to the fluid source comprises
a request to Increase or decrease the Input temperature at least to the target input
temperature. This may be based on a predefined relationship between input temperature and
external temperature based on expected heat loss. The external temperature may be an
outside temperature, or a temperature of any other region that may conduct heat to or from
the medium.
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[0023] According to a further arrangement, the request to the fluid source comprises a request
for a temperature equal to the target input temperature plus an expected temperature loss
during delivery of the heat transfer fluid to the heat transfer system or minus an expected
temperature gain during delivery of the heat transfer fluid to the heat transfer system.
Accordingly, heat loss may be taken into account when heating or heat gain may be taken into
account when cooling.

[0024] According to a further arrangement, the heat transfer system comprises a plurality of
heat transfer subsystems, the control system Is In communicative communication with a
number of downstream control systems, wherein each downstream control system s
configured to control a respective heat transfer subsystem, and the controller is configured to
determine that the input temperature should be increased or decreased In response to the
controller receiving a request to increase or decrease the input temperature from one of the
downstream control systems. Accordingly, additional downstream control systems may be
provided to controller smaller heat transfer subsystems within the overall heat transfer system.
The control system can take into account temperature requests from the downstream control
systems.

[0025] According to a further arrangement, the heat transfer system 1s a heating system and
the controller is configured to: receive from one or more of the downstream control systems,
one or more corresponding requests to increase the Input temperature, each request
comprising a requested temperature; and, in response to receiving one or more requests,
determine a maximum requested temperature from the one or more requests and the target
Input temperature. The request to the fluid source comprises a request for at least the
maximum requested temperature.

[0026] According to a further arrangement, the request to the fluid source comprises a request
for a temperature equal to the maximum requested temperature plus an expected temperature
loss during delivery of the heat transfer fluid to the heat transfer system.

[0027] According to a further arrangement, the heat transfer system is a cooling system and
the controller is configured to: receive from one or more of the downstream control systems,
one or more corresponding requests to decrease the Input temperature, each request
comprising a requested temperature; and, in response to receiving one or more requests,
determine a minimum requested temperature from the one or more requests and the target
Input temperature. The request to the fluid source comprises a request to reduce the input
temperature at least to the minimum requested temperature.

[0028] According to a further arrangement, the request to the fluid source comprises a request
for a temperature equal to the minimum requested temperature minus an expected
temperature gain during delivery of the heat transfer fluid to the heat transfer system.

[0029] According to a further arrangement, there Is provided a heat transfer system
comprising a control system as described herein.
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[0030] According to a second aspect of the invention there Is provided a control method for a
heat transfer system, the control method being performed in a control system comprising a
controller, an input for receiving signals from the heat transfer system and an output for issuing
control signals to change the flow rate within the heat transfer system. The control method
comprises the controller: receiving one or more signals indicating a flow rate of heat transfer
fluid within the heat transfer system and an amount of heat transferred between the heat
transfer fluid and a medium being heated or cooled; determining a target output temperature
for the heat transfer fluid for achieving a predefined amount of usable heat transferred
between the heat transfer system and the medium based on the one or more received signals;
determining a target flow rate for achieving the target output temperature; and issuing a control
signal to adjust the flow rate within the heat transfer system to achieve the target output
temperature. The one or more signals comprise signals indicating an input temperature of the
heat transfer fluid into the heat transfer system, an output temperature of the heat transfer fluid
out of the heat transfer system and a temperature of the medium. Determining a target flow
rate for achieving the target output temperature comprises: determining the power transferred
between the heat transfer system and the medium based on the flow rate, the input
temperature, the output temperature and a specific heat capacity of the heat transfer fluid;
determining a temperature difference between the fluid and the medium; determining the
thermal resistance of the medium based on the temperature difference and the power; and
determining the target flow rate based on the power and the thermal resistance.

[0031] According to a further arrangement, there 1s provided a computer readable medium
comprising Instructions that, when executed by a computer, cause the computer to enact a
method as described herein. The computer readable medium may be a non-transitory
computer readable medium.

DETAILED DESCRIPTION

[0032] Fig. 1 shows a heating system according to an embodiment. The heating system 100
comprises a boiler 110, a heat transfer system 120 and a control system 140. The heat
transfer system 120 comprises a series of conduits connected to the boiler for conveying a
heat transfer fluid from the boiler, through the system, and back to the boiler in order to
transfer heat to a building. In the present embodiment, the heat transfer fluid is water, although
alternative heat transfer fluids may be used.

[0033] The heat transfer system 120 comprises a heat transfer section 122 configured to
transfer heat from the heat transfer fluid to a medium being heated, in this case, the air within
the building. In the present embodiment, the heat transfer section 122 comprises a radiator.

[0034] Heat transfer fluid is conveyed from the boiler 110 to the radiator 122 via a supply line.
A pump 124 Is connected to the supply line to pump fluid through the system. A first
temperature sensor 126 is connected to the supply line to measure the temperature of the fluid
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iInput into the heat transfer system (the flow temperature).

[0035] Heat transfer fluid 1s returned to the boiler 110 from the radiator 122 by a return line. A
second temperature sensor 130 is connected to the return line to measure the temperature of
the heat transfer fluid before it returns to the boiler (the return temperature).

[0036] A flow rate sensor 128 I1s connected to heat transfer system to measure the flow rate
within the system. In the present case, the flow rate sensor 128 Is connected to the return line;
however, the flow rate sensor 128 may equally be connected to the supply line.

[0037] In the present embodiment, a three-way mixing valve 132 connects the supply and
return lines to each other before they connect to the boiler 110. This allows the flow
temperature to be controlled by controlling the amount of return fluid that is mixed into the
supply line. This also allows the supply of heat transfer fluid to be controlled so that the flow
rate can be varied, and so that it can be cut off at times when heating i1s not required.

[0038] In alternative embodiments, direct control of the flow temperature may not be required.
Accordingly, the three-way mixing valve may be replaced with a normal valve for controlling the
flow rate and the supply of heat transfer fluid (without any ability to mix the supply with the
return fluid).

[0039] The control system 140 1s communicatively connected to the first 126 and second 130
temperature sensors, the pump 124, the mixing valve 132 and an external temperature sensor
134. The external temperature sensor 134 Is located outside of the area being heated (e.qg.
outside of the building) and measures the external temperature. This allows the control system
140 to determine a target flow temperature for the heat transfer system based on the expected
heat loss for area being heated.

[0040] The control system 140 i1s also communicatively connected to a third temperature
sensor 136. The third temperature sensor 136 measures the temperature of the region being
heated or cooled. The control system 140 may store a desired temperature for the region.
When the temperature of the region differs from the desired temperature by more than a
predefined amount, then the control system may engage the heat transfer system to heat or
cool the system (depending on the type of heat transfer system and change in temperature
that is required) to reach the desired temperature.

[0041] For instance, If the heat transfer system Is a heating system and the temperature iIs less
than a predetermined value, then the control system 140 may engage the heat transfer system
to heat the region. Alternatively, If the heat transfer system i1s a cooling system and the
temperature 1s more than a predetermined value, then the control system 140 may engage the
heat transfer system to cool the region. The heat transfer system may therefore be either a
heating system, a cooling system or may have both heating and cooling capabillities.

[0042] A cooling system works In much the same way as a heating system, but cool fluid is
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Input into the system to absorb heat from the region being cooled. The fluid is therefore heated
within the system and warmer fluid is output.

[0043] The control system 140 receives flow rate information from the flow rate sensor 128
and temperature information from the first 126 and second 130 temperature sensors and the
external temperature sensor 134. The control system 140 uses this information to control the
pump 124 and three way mixing valve 132 to adjust the flow rate within the heat transfer
system 100. The control system 140 may also be in communicative connection with the boliler
so that requests for additional heat can be sent to the boller.

[0044] In heating systems, It Is important to control the temperature of the fluid (e.g. water)
that returns to the boliler (the return temperature). The return temperature affects the efficiency
of the heating system.

[0045] Fig. 2 shows how gas boiler efficiency changes with return temperature for a typical
boiler in a domestic environment, although an analogously shaped plot would arise in other
environments. Generally speaking, gas boiler efficiency Is directly related to return
temperature. As can be seen, the efficiency increases as the return temperature to the boiler
decreases.

[0046] Whilst decreasing the return temperature increases efficiency, this can also lead to a
reduction in the power that i1s flowing through the system. This can lead to the system being
unable to effectively heat the region that it i1s serving. Nevertheless, this reduction in power can
be offset by increasing the flow temperature.

[0047] Accordingly, a balance must be struck between decreasing the return temperature, and
thereby Increasing efficiency, and providing sufficient power through the system to provide
effective heating.

[0048] Cooling systems also benefit from accurate control of the return temperature. Cooling
systems generally use heat pumps that operate more efficiently when the return temperature i1s
higher.

[0049] It 1s possible to control the return temperature via two mechanisms. The first 1s to
control the temperature of the fluid entering the system (the flow temperature). The second Is
to control the speed that fluid passes through the system (the flow rate).

[0050] There are a number of benefits to using flow rate to control return temperature:

1. 1. Target temperatures are reached more quickly than if the return temperature was
monitored directly. This i1s due to the fact that the impact of control upon flow rates is
much quicker than the impact on temperatures (due to the large thermal inertia of the
heating system).

2. 2. Target temperatures can be reached without oscillation as a result of the additional
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channel of faster feedback provided by flow rate information.

3. 3. The control system can be developed to provide non-oscillatory control for a large
spectrum of heating or cooling systems. Temperature only control mechanisms would
have to be tuned for a certain type of heating system and then subsequently retuned If
placed In a different operating environment. Accordingly, by using flow rate, the control
system Is able to control a larger variety of heating or cooling systems without requiring
significant recalibration.

[0051] Fig. 3 shows a control system for controlling the heat transfer system according to an
embodiment. The control system 140 comprises a controller 142, an input/output interface 144
and memory 146. The controller 142 1s configured to implement the control processes
described herein according to computer executable software stored in memory 146.

[0052] The control system 140 is connected to a number of sensors, valves, and related
control systems via the input/output interface 144. These connections may be via a wireless
connection (such as WiFi or Bluetooth) or a wired connection (such as electric or fibre-optic).
Whilst a combined input/output interface is shown, separate input and output interfaces may be
utilised.

[0053] As discussed above, the control system 140 is connected to the flow sensor 128 that
provides the control system 140 with measurements of the flow rate of the fluid passing
through the heat transfer system 100. The control system 140 is also connected to the flow
temperature sensor 126 and the return temperature sensor 130 that provide measurements of
the flow temperature and return temperature respectively. Furthermore, the external
temperature sensor 134 provides measurements of the region immediately outside the region
being heated or cooled (the external temperature) and the region temperature sensor 136
provides temperature measurements for the region being heated or cooled. For instance,
where a building 1s being heated or cooled, the external temperature sensor takes
measurements of the external temperature outside of the building.

[0054] The controller 142 is configured to process the received measurements and determine
a target flow rate. The controller 142 then issues control signals to the pump 124 and/or an
Inlet valve for the heat transfer system (in the case of the system of Fig. 1, the inlet valve Is the
three-way mixing valve 134), via the input/output interface 144, to adjust the flow rate to match
the target flow rate.

[0055] The controller 142 Is also configured to determine a target flow temperature and to
Issue control signals to adjust the flow temperature. In the situation where the heat transfer
system Is able to adjust the flow temperature itself (as in Fig. 1 through the use of the three-
way mixing valve 132), and the control signals are issued to the heat transfer system (e.g. to
the three way mixing valve 132). Where the heat transfer system cannot control the flow
temperature to reach the target flow temperature (e.g. if the target flow temperature is above
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the temperature of the fluid provided by the boiler, or If the heat transfer system cannot control
the flow temperature) and the control system 140 issues control signals to the heat source 110
to Increase the temperature of the fluid provided by the heat source 110.

[0056] In addition to providing a means for connecting to various components, the input/output
Interface may also provide a means for the user to Input commands. For instance, the
iInput/output Interface 144 itself may comprise a display and user input means (e.g. a
keyboard, buttons, or touch screen interface) that allows the user to check the status of the
heat transfer system and adjust settings (e.g. the desired temperature).

[0057] The control system 140 i1s also communicatively connected to a central server 150.
System measurements and settings are uploaded to the central server 140 so that the user
(e.g. a heating engineer or a consumer) can view the status of the system and edit the system
configuration. For instance, a tenant may adjust the desired temperature of various rooms.
Alternatively, a heating engineer may access the system to determine if there are any issues
with the system and reconfigure the system remotely if needs be. This avoids the need for the
engineer to visit the site in order to diagnose and correct issues.

[0058] Multiple layers of control systems may be implemented. Whilst only one layer would
need to control the flow rate, one or more lower control layers may be implemented to monitor
heat transfer subsystems and to issue requests where additional heat Is required. A
hierarchical structure may be used, where the control system 140 is connected to one or more
lower control systems 160, each controlling its own respective heat transfer subsystem. In this
way a chain of control systems may be formed.

[0059] The lower control systems 160 are configured to manage subsidiary heat transfer
systems that fall within the overall scope of the heat transfer system 120 managed by the
control system 140. For instance, the control system 140 may manage the heating system for
a floor in a block of flats, and a number of lower control systems 160 may be provided that
each manage the heating of the flats on that floor. Across the building, a number of control
systems 140 may be utilised (for instance, one per floor). Each control system 140 may report
to a higher control system 110 or may be connected directly to the boiler 110 for the building.

[0060] Each lower control system 160 is configured to issue heat requests to their respective
control system 140 in the event that they cannot reach their respective target flow temperature.
Each heat request includes a requested flow temperature. The requested flow temperature Is
equal to the target flow temperature added to a corresponding heat loss factor. The heat loss
factor Is the expected temperature drop between the temperature source and the respective
heat transfer system. The temperature source for the heat transfer subsystems managed by
the lower control systems 160 is the input for the heat transfer system managed by the control
system 140. The temperature source for the heat transfer system may be the boiler or may be
the heat transfer system for a higher layer of control.

[0061] The control system 140 is configured to receive the heat requests and determine the
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maximum target flow temperature that i1s required. The maximum target flow temperature is
the maximum of the target flow temperatures requested by the lower control systems 160, and
the target flow temperature for the control system 140.

[0062] The control system 140 then determines whether it can serve the maximum target flow
temperature without requesting additional heat from its respective heat source. If so, then it
adjusts the flow temperature to meet the maximum flow temperature. If not, then the control
system 140 issues a request up the chain for additional heat. This could be to a higher control
system or directly to the ultimate heat source (e.g. a boiler). The temperature requested from
the heat source 140 i1s equal to the maximum target flow temperature added to a
corresponding heat loss factor for the heat transfer system.

[0063] Accordingly, by collating and passing heat request up the chain of control, control
signals can be sent to the ultimate source of heat (e.g. a boiler) in order to increase the flow

temperature to serve the needs of the heat transfer systems.

[0064] In addition to the above, each layer may be provided with a predefined maximum
possible flow temperature. If the maximum target flow temperature is greater than the masts
possible flow temperature, than the respective control system determines that the heat request
cannot be served. In this case, the control system may not issue a heat request (or may issue
a heat request equal to the maximum possible flow temperature). In some embodiments, an
alert may be issued to the user to inform them that the maximum flow temperature has been
reached.

[0065] The required flow temperature may be linked to the outside temperature. This allows
the system to compensate for additional heat losses due to cooler weather.

[0066] Fig. 4 shows a weather compensation curve according to an embodiment. The weather
compensation curve is stored in the memory 146 to allow the control system to determine a
target flow temperature based on external temperature readings taken from the external
temperature sensor 134. The weather compensation curve provides a predefined relationship
between flow temperature and external temperature. The weather compensation curve may be
stored as a curve (e.g. a list of coordinates on a curve) or as a mathematical function.

[0067] Flow temperature control is performed independently of flow rate control. The control
system 140 adjusts the flow temperature in order to meet the target flow temperature (taking
INnto account heat requests from lower control systems 160) as discussed above. The control
system also adjusts the flow rate Iin parallel to adjusting the flow temperature in order to
maintain a set level of efficiency.

[0068] Fig. 5 shows a flow rate control method for a heating system according to an
embodiment. The method 200 starts 205 when 1t Is determined that heat needs to be provided
to the region. As discussed above, this can be when the region temperature drops below a
threshold level. The method 200 runs continuously, in that the heating system i1s continuously
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being monitored and the flow rate Is repeatedly adjusted until the region has reached the
desired temperature.

[0069] At the first stage 210 the control system receives measured values for the current flow
rate, flow temperature, return temperature, region temperature and the specific heat capacity
of the heating fluid. The specific heat capacity Is a predefined value that may be stored In
memory 146.

[0070] The control system then uses the received values to calculate 220 the power currently
being delivered to the region by the heating system and the current temperature difference
between the region and the heat transfer section (e.g. radiator 122) of the heating system.

[0071] The power delivered into the region (MeasuredPower) Is the flow rate multiplied by the
difference between the flow and return temperatures all multiplied by the specific heat capacity

of the fluid:

MeasuredPower = flowRate X (flowTemp-returnTemp) X specificHeatCapacity

where flowRate I1s the flowrate within the heating system, flowlemp Is the flow temperature,
returnTemp is the return temperature and specificHeatCapacity 1s the specific heat capacity of

the fluid.

[0072] The temperature difference (MeasuredTempDelta) between the region and the heat

transfer section is:
MeasuredTempDelta = ((flowTemp + returnTemp)/2) — roomTemp

[0073] That is, the temperature difference is the difference between the average temperature
of the heating fluid (based on the flow and return temperatures) and the region temperature

(roomTemp).

[0074] The control system 140 then determines 130 the thermal resistance of the region being
heated. The thermal resistance (MeasuredResistance) I1s the power delivered into the region

divided by the temperature difference:
MeasuredResistance = MeasuredTempDelta/MeasuredPower

[0075] The controller 142 then retrieves a heat delivery factor (heatDeliveryfFactor) setting.
This may be retrieved from memory 146 or from an external source such as the central server
150. The heat delivery 1s a value from 0 to 1 that defines the fraction of the usable heat that is
to be delivered from the heating system to the region.

[0076] A high factor (near 1) results in a very efficient system with low flow rates where the
water returning from the radiator is much cooler than the water entering. Having said this, the
low flow rates mean that less power Is passing through the system. Accordingly, the system
may be unable to heat to high temperatures.
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[0077] A low factor (near O) results In a large amount of power passing through the system
and being supplied to the region, with high flow rates and a radiator which is uniformly hot. This
allows a system to heat to high temperatures; however, the low heat delivery factor also results
In high return temperatures, which reduce the efficiency of the system.

[0078] Accordingly, the heat delivery factor is set to balance the requirements for the region
and the overall efficiency of the system. Generally, the heat delivery factor is set to the highest
number possible whilst still providing sufficient heat for the region being served.

[0079] The heat delivery can be considered a proxy for the target return temperature. For
Instance, a heat delivery factor of 0.5 would result in a return temperature that is halfway
between the flow temperature and the region temperature. Control using the heat delivery is
more efficient than control using a target return temperature. This Is because the flow
temperature is likely to change over time which would result in a change of target return
temperature. By utilising the heat delivery factor, a single value can be stored that ensures a
set level of efficiency and power consumption.

[0080] Once the heat delivery factor (heatDeliveryFactor) has been retrieved, the control
system calculates 250 the target return temperature and target temperature difference
between the region and the transfer section.

[0081] The target return temperature ( fTargetReturnTemp) is:
TargetReturnTemp = flowTemp — (heatDeliveryFactor  (flowTemp — roomTemp))

[0082] That Is, the target return temperature is the difference between the flow and region
temperatures all multiplied by the heat delivery factor and all subtracted from the flow
temperature.

[0083] The target temperature difference (7TargetRoombDelta) between the region and the heat

transfer section iIs:
TargetRoomDelta = ((flowTemp + TargetReturnTemp)/2) — roomTemp

[0084] That is, the target temperature difference is the region temperature subtracted from the
average of the flow and target return temperatures.

[0085] The control system then calculates 260 the target power (TargetRoomPower) to be
delivered into the region (260). This target power Is the target power that should be delivered
to the region to provide the predefined proportion of usable heat to the region. The target

POWETr IS:
TargetRoomPower = TargetRoomDelta/MeasuredResistance

[0086] That Is, the target power Is the target temperature difference divided by the thermal
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resistance of the region.

[0087] The control system then calculates 270 the target flow rate that would achieve the

target power:

TaraetFlowRat TargetRoomPower
argetllowRate = (.flowTemp — TargetReturnTemp) * SpecificHeatCapacity

[0088] That is, the target flow rate Is the target power divided by both the specific heat capacity
and the difference between the flow temperature and the target return temperature.

[0089] The control system then issues control signals 280 to the heating system to set the flow
rate to the target flow rate.

[0090] By controlling the flow rates to provide a set amount of heat to the region being heated,
the methods described herein provide a more stable and efficient means of managing a
heating system. Adjusting flow rates allows the system to adapt more quickly to changing heat
requirements and to avoid oscillations within the system after adaptation. Moreover, by utilising
heat delivery factor, the efficiency of the heating system may be maintained whilst ensuring
sufficient heat is provided.

[0091] Whilst some of the above embodiments relate to control systems for heating systems,
the control methodology described herein applies equally to any form of heat transfer system,
such as cooling systems (e.g. air conditioning).

[0092] For instance, instead of issuing heat requests, a cooling system may instead issue
cooling requests that include a target flow temperature that the heat transfer fluid should be
cooled to. As with the heating requests, the control system might aggregate a number of
cooling requests from heat transfer subsystems. In this case, the control system would choose
the minimum requested target flow temperature. The cooling request may request that the flow
temperature Is cooled at least to the minimum requested target flow temperature. That is, the
request can be for a flow temperature that is less than or equal to the minimum requested
target flow temperature.

[0093] The control system might take into account heat gain of the heat transfer fluid before it
reaches the heat transfer system. Accordingly, the control system may request a flow
temperature equal to the minimum requested target flow temperature minus an expected
temperature gain.

[0094] Flow control can be implemented In cooling systems In a similar manner to that
described above. By monitoring the heat transfer to the heat transfer fluid, the flow rate can be
adjusted to result in a target return temperature to ensure a required efficiency. The above
equations may be utilised to calculate target return temperatures or target flow rates as the
negative values provided by changing from heating to cooling cancel out. Alternatively, the
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equations can be adapted by reversing any subtraction of temperatures in light of the change
from heating to cooling.

[0095] Furthermore, whilst some of the above embodiments relate to heating systems that
utilise water heated by a boller, alternative heat sources may be utilised (e.g. heat pumps) and
alternative heat transfer fluids may be utilised (e.g. heating/cooling fluid). The heat transfer
fluid may be a gas or a liquid.

[0096] The above embodiments relate to a control system that is situated locally to the heat
transfer system. Whilst the control system may connect to the central server to allow
configuration information to be updated, it also stores this information locally. Accordingly, the
controller is able to continue to manage the heat transfer system even where the connection to
the central server is lost.

[0097] Alternatively, 1t I1s possible to implement the control methodology described herein on
the central server itself. The central server could receive the measurements from the heat
transfer system, determine the target flow rate and issue commands back to the heat transfer
system to adjust the flow rate. This would reduce the cost of the electronics that would need to
be Installed locally to the heat transfer system, but would result in control being lost in the
event that communication links with the central server were lost, and would increase the
amount of data that would need to be transferred to and from the central server.

[0098] VWhile certain arrangements have been described, the arrangements have been
presented by way of example only, and are not intended to limit the scope of the invention.

[0099] Indeed, the novel methods and devices described herein may be embodied In a variety
of other forms; furthermore, various changes in the form of the methods and systems may be
made within the scope of the invention as defined by the appended claims.
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STYRINGSFREMGANGSMADE OG -ANORDNING TIL ET VARMESYSTEM ELLER
KOLESYSTEM

PATENTKRAV
1. Styringssystem til et varmeovertoringssystem, hvilket styringssystem omfatter:

en indgang (144) til modtagelse af ¢t eller flere signaler, der indikerer en strommningsrate for
varmeoverforingstluid 1nde 1 varmeoverforingssystemet og en varmemangde overfort mellem
varmeovertoringstluidet og et medium, der opvarmes eller atkoles, hvor det ene eller flere signaler omfatter
signaler, der indikerer varmeoverforingsfluidets indgangstemperatur ind 1 varmeoverforingssystemet,

varmeoverforingsfluidets udgangstemperatur ud fra varmeoverforingssystemet og en temperatur pa mediet;

en udgang (144) t1l udsendelse af styresignaler til at @&ndre stromningsraten inde 1

varmeoverforingssystemet; og
en styreenhed, der er konfigureret (142) til at:

bestemme en maludgangstemperatur for varmeoverforingsfluidet for opnaclse af en foruddefineret
mangde anvendelig varme overfort mellem varmeoverforingssystemet og mediet baseret pa det enc eller

flere modtagne signaler;
bestemme en malstromningsrate for opnaelse af maludgangstemperaturen indbefattende:

bestemmelse (220) af energien overfort mellem varmeoverforingssystemet og mediet baseret pa
stromningsraten, 1indgangstemperaturen, udgangstemperaturen og en specifik  varmekapacitet for

varmeoverforingstluidet;
bestemmelse af en temperaturforskel mellem fluidet og mediet;
bestemmelse (230) af mediets termiske modstand baseret pa temperaturforskellen og energien; og
bestemmelse (270) af malstromningsraten baseret pa energien og den termiske modstand; og

udsende et styresignal (280) via udgangsterminalen (144) for at justere stromningsraten inde 1
varmeoverforingssystemet for at indstille stromningsraten til malstromnmingsraten for at opna

maludgangstemperaturen.

2. Styringssystem 1ifolge krav 1, hvor temperaturforskellen er en forskel mellem en gennemsnitlig

temperatur pa fluidet inde 1 systemet og mediets temperatur.
3. Styringssystem ifolge krav 1 eller krav 2, hvor bestemmelse af malstromningsraten omfatter:

bestemmelse (250) af en maludgangstemperaturbaseret pa indgangstemperaturen, mediets

temperatur og den forudbestemte mangde anvendelig varme;

bestemmelse af en maltemperaturforskel mellem varmeoverforingsfluidet og mediet, hvor
maltemperaturforskellen fortrinsvis bestemmes baseret pa indgangstemperaturen,

maludgangstemperaturenog mediets temperatur; og

bestemmelse (260) af en malmangde energi, der skal overfores mellem varmeoverforingsfluidet

og mediet baseret pa maltemperaturforskellen og maludgangstemperaturen,
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hvor malstromningsraten bestemmes (270) baseret pa malmangden af energl, der skal overfores,

indgangstemperaturen, maludgangstemperaturenog varmeoverforingsfluidets specifikke varmekapacitet.

1 Styringssystem ifolge et hvilket som helst foregaende krav, hvor den forudbestemte mangde er en

foruddefineret fraktion af anvendelig varme.

3. Styringssystem 1ifolge et hvilket som helst foregaende krav, hvor varmeoverforingssystemet er
forbundet med en fluidkilde, der leverer varmeoverforingstluidet og styrer varmeoverforingstluidets

indgangstemperatur, og hvor styreenheden (142) endvidere er konfigureret til at:

bestemme, om der er behov for at oge eller se&nke varmeoverforingsfluidets indgangstemperatur;
0g
som reaktion pa bestemmelse af, at indgangstemperaturen skal gges, til at udsende en anmodning

til flmdkilden om at gge indgangstemperaturen; eller

som reaktion pa bestemmelse af, at indgangstemperaturen skal sankes, til at udsende en

anmodning til fluidkilden om at senke indgangstemperaturen.
6. Styringssystem 1folge krav 5, hvor styreenheden (142) er konfigureret til at:

bestemme, at der er behov for at oge indgangstemperaturen som reaktion pa en bestemmelse af, at

indgangstemperaturen er under en forste forudbestemt malindgangstemperatur, eller

bestemme, at der er behov for at se&nke indgangstemperaturen som reaktion pa en bestemmelse af,

at indgangstemperaturen er over en anden forudbestemt malindgangstemperatur.
7. Styringssystem 1folge krav 6 hvor:
indgangen (144) er konfigureret til at modtage et signal, der indikerer en udvendig temperatur;

styreenheden (142) er konfigureret til at bestemme malindgangstemperaturen baseret pa den

udvendige temperatur;, og

anmodningen til fluidkilden omfatter en anmodning om at gge eller senke indgangstemperaturen

mindst til malindgangstemperaturen.
8. Styringssystem 1folge et hvilket som helst at kravene 5-7, hvor:
varmeoverforingssystemet omfatter en flerhed at varmeoverforingsundersystemer;

styringssystemet  star 1 kommumnikationsforbindelse med ¢t antal styringssystemer pa
nedstromssiden, hvor hver styringssystem pa nedstromssiden er konfigureret til at styre et tilsvarende

varmeoverforingsundersystem; og

styreenheden er konfigureret til at bestemme, at indgangstemperaturen skal oges eller senkes som
reaktion pa styreenhedens modtagelse af en anmodning om at oge eller senke indgangstemperaturen fra ¢t

af styringssystemerne pa nedstromssiden.

9. Styringssystem ifolge krav 8, hvor varmeoverforingssystemet er et varmesystem og styreenheden

(142) er konfigureret til at:

modtage fra ¢t eller flere af styringssystemerne pa nedstromssiden, €n eller flere tilsvarende

anmodninger om at oge indgangstemperaturen, idet hver anmodning omfatter en anmodet temperatur; og
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som reaktion pa modtagelse af ¢én eller flere anmodninger, bestemme en maksimal anmodet

temperatur fra den ene eller flere anmodninger og malindgangstemperaturen;

hvor anmodningen til fluidkilden omfatter en anmodning om mindst den maksimale anmodede

temperatur.

10. Styringssystem 1ifolge krav 9, hvor anmodningen til fluidkilden omfatter en anmodning om en
temperatur svarende til malindgangstemperaturen plus et forventet temperaturtab under levering af
varmeovertforningstluidet til varmeoverforingssystemet eller minus en forventet temperaturstigning under
levering af varmeoverforingsfluidet til varmeoverforingssystemet, eller styringssystem ifolge krav 12, hvor
anmodningen til fluidkilden omfatter en anmodnming om en temperatur svarende til den maksimale
anmodede temperatur plus et forventet temperaturtab under levering af varmeoverforingstluidet til

varmeoverforingssystemet.

11. Styringssystem 1folge krav 8, hvor varmeoverforingssystemet er et kolesystem og styreenheden er

konfigureret til at:

modtage fra ¢t eller flere af styringssystemerne pa nedstromssiden, €n eller flere tilsvarende

anmodninger om at se&nke indgangstemperaturen, 1det hver anmodning omfatter en anmodet temperatur; og

som reaktion pa modtagelse af ¢én eller flere anmodninger, til at bestemme en minimal anmodet

temperatur fra den ene eller flere anmodninger og malindgangstemperaturen;

hvor anmodningen til fluidkilden omfatter en anmodning om at reducere indgangstemperaturen
mindst till den mimimale anmodede temperatur og anmodmngen til fluidkilden fortrinsvis omfatter en
anmodning om e¢n temperatur svarende til den minimale anmodede temperatur minus en forventet

temperaturstigning under levering af varmeoverforingstluidet til varmeoverforingssystemet.

12. Styringsfremgangsmade til et varmeoverforingssystem, hvilken styringsfremgangsmade udfores 1
ct styringssystem, der omfatter en styreenhed (142), en indgang (144) til modtagelse af signaler fra
varmeoverforingssystemet og en udgang (144) til udsendelse af styresignaler til at &ndre stromningsraten

inde 1 varmeoverforingssystemet, hvilken styringsfremgangsmade omfatter styreenheden (142) til:

modtagelse (210) af ¢t eller flere signaler, der indikerer en strommingsrate for
varmeoverforingsfluid inde 1 varmeoverforingssystemet og en varmemangde overfort mellem
varmeovertoringstluidet og et medium, der opvarmes eller atkoles, hvor det ene eller flere signaler omfatter
signaler, der indikerer varmeoverforingsfluidets indgangstemperatur ind 1 varmeoverforingssystemet,

varmeoverforingsfluidets udgangstemperatur ud fra varmeoverforingssystemet og en temperatur pa mediet;

bestemmelse (250) af en maludgangsstemperatur for varmeoverforingsfluidet for opnaclse af en
foruddefineret ma&ngde anvendelig varme overfort mellem varmeoverforingssystemet og mediet baseret pa

det ene eller flere modtagne signaler;
bestemmelse af en malstromningsrate for opnaelse af maludgangsstemperaturen, indbefattende:

bestemmelse (220) af energien overfort mellem varmeoverforingssystemet og mediet baseret pa
stromningsraten, 1indgangstemperaturen, udgangstemperaturen og en specifik  varmekapacitet for

varmeoverforingstluidet;

bestemmelse af en temperaturforskel mellem fluidet og mediet;
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bestemmelse (230) af mediets termiske modstand baseret pa temperaturforskellen og energien; og

bestemmelse (270) af malstromningsraten baseret pa energien og den termiske modstand; og

udsendelse af et styresignal (280) for at justere stromningsraten inde 1 varmeoverforingssystemet

til at indstille stromningsraten til malstromningsraten for at opna maludgangsstemperaturen.
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