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A combination boiler provides heated water to a boiler loop and heated domestic hot water (DHW) to a DHW loop. A primary heat
exchanger is connected to the boiler loop. A burner provides heat to the primary heat exchanger and an input fan supplies a fuel
and air mixture to the burner. A secondary heat exchanger transfers heat energy from the boiler loop to a domestic water loop. A
controller determines a boiler loop flow rate. The controller measures an input temperature of the boiler loop, an output
temperature of the boiler loop, and a DHW output temperature of the domestic water loop. The controller determines a DHW input
temperature and estimates a DHW flow rate. The input fan speed is initiated or operated according to a required heat output of the
burner corresponding to the DHW flow rate
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(57) Abstract: A combination boiler provides heated water to a boiler
loop and heated domestic hot water (DHW) to a DHW loop. A primary
heat exchanger is connected to the boiler loop. A burner provides heat
to the primary heat exchanger and an input fan supplies a fuel and air
mixture to the burner. A secondary heat exchanger transfers heat ener-
gy from the boiler loop to a domestic water loop. A controller deter-
mines a boiler loop tflow rate. The controller measures an input temper-
ature of the boiler loop, an output temperature of the boiler loop, and
a DHW output temperature of the domestic water loop. The controller
determines a DHW input temperature and estimates a DHW flow rate.
The input fan speed is initiated or operated according to a required heat
output of the burner corresponding to the DHW flow rate
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DESCRIPTION

METHODS AND SYSTEM FOR DEMAND-BASED CONTROL OF A COMBINATION
BOILER

TECHNICAL FTELD

[0001] The present invention relates generally to controlling burner fan control for a
combination boiler. More particularly, the present invention relates to suitably initializing,
modifying, or controlling the firing rate of an input fan of a combination boiler for a Domestic
Hot Water (DHW) demand based on an estimated DHW flow rate, a DHW set point, and an
error in a DHW output temperature.

BACKGROUND ART

[0002] Current combination boiler implementations suffer drawbacks associated with initially

and continuously undershooting and overshooting heated water temperatures when
attempting to provide DHW at a desired set point temperature. One attempted solution is to
provide a DHW output flow sensor within a combination boiler to determine a DHW output
flow rate and to use the directly measured DHW output flow rate to adjust a boiler loop
temperature to compensate for the DHW output flow rate. However, providing a DHW flow
sensor adds both cost and complexity to a combination boiler. Furthermore, flow sensors
typically have a minimum flow rate detection threshold, below which the flow sensor does not
detect a current flow rate. Thus, low DHW output flow rates are not detected and heated
DHW output may be significantly delayed or DHW output may be concluded before heated
water is provided.

[0003] Problems also arise with combination boilers that initialize a burner input rate (e.g.,
fan speed) only on a proportional term. For example, if a DHW output temperature is close to
a set point temperature when the burner fires, an input fan of the burner may initialize at a
low input rate, causing a significant DHW output temperature undershoot. The combination
burner may significantly overshoot the DHW output temperature when there is a low DHW
output flow rate or when the initial DHW output temperature is significantly lower than the
set point temperature.

[0004] It would therefore be desirable for a combination boiler to provide heated water as
quickly as possible with minimal overshoot or undershoot of a DHW output set point
temperature.

DISCL.OSURE OF THE INVENTION

[0005] An invention as disclosed herein may solve the above described problems by:
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[0006] In one exemplary embodiment, provided is a method of controlling domestic hot water
(DHW) output temperature in a combination boiler, the combination boiler including a
primary heat exchanger connected to a boiler loop, a burner configured to provide heat to the
primary heat exchanger, an input fan configured to supply a fuel and air mixture to the
burner, and a secondary heat exchanger configured to transfer heat energy from the boiler
loop to a domestic water loop. The method includes first determining a boiler loop flow rate.
An input temperature of the primary heat exchanger, an output temperature of the primary
heat exchanger, and a DHW output temperature of the secondary heat exchanger are
measured. A DHW input temperature is determined, and a DHW flow rate is estimated based
at least in part upon the boiler loop flow rate, the input temperature of the primary heat
exchanger, the output temperature of the primary heat exchanger, and a difference between
the DHW output temperature and the DHW input temperature. The input fan is initialized
or operated according to a required heat output of the burner corresponding to the DHW flow
rate.

[0007] In another exemplary embodiment, a combination boiler system is configured to provide
heated water to a boiler loop and heated domestic hot water (DHW) to a DHW loop. The
combination boiler system includes a primary heat exchanger connected to the boiler loop. The
combination boiler system further includes a burner configured to provide heat to the primary
heat exchanger and an input fan configured to supply a fuel and air mixture to the burner. The
combination boiler includes a secondary heat exchanger configured to transfer heat energy from
the boiler loop to a domestic water loop, and a controller. The controller is configured to
determine a boiler loop flow rate. The controller is further configured to measure an input
temperature of the boiler loop, an output temperature of the boiler loop, and a DHW output
temperature of the domestic water loop. The controller is configured to determine a DHW input
temperature and to estimate a DHW flow rate based at least in part upon the boiler loop flow
rate, the input temperature of the boiler loop, the output temperature of the boiler loop, and a
difference between the DHW output temperature and the DHW input temperature. The
controller is further configured to operate the input fan according to a required heat output of the
burner corresponding to the DHW flow rate.

[0008] In a further exemplary embodiment, a method of controlling domestic hot water (DHW)
output temperature in a combination boiler 1s provided. The combination boiler includes a
primary heat exchanger connected to a boiler loop, a burner configured to provide heat to the
primary heat exchanger, an input fan configured to supply a fuel and air mixture to the
burner, and a secondary heat exchanger configured to transfer heat energy from the boiler
loop to a domestic water loop. The method begins by initiating a domestic water loop flow and

a boiler loop flow. An inlet temperature and an outlet temperature of the primary heat
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exchanger are measured. A DHW output temperature of the secondary heat exchanger is
measured. A DHW flow rate is determined based on a boiler loop flow rate, a boiler loop
temperature differential based on the inlet temperature and the outlet temperature, and a
DHW temperature differential between the DHW output temperature and a DHW input
temperature. A required heat output associated with the burner is calculated, the required
heat output being defined as the DHW flow rate multiplied by a difference between the DHW
output temperature and the DHW input temperature. The input fan is initialized, modified,
or otherwise controlled at a fan rate corresponding to the required heat output.

[0009] Numerous other objects, features, and advantages of the present invention will be
readily apparent to those skilled in the art upon a reading of the following disclosure when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 is a graphical block diagram illustrating a combination boiler consistent with an

exemplary embodiment.

[0011] Fig. 2 is a flowchart representing a process for controlling an input fan of a
combination boiler according to an exemplary embodiment.

[0012] Fig. 3 is a flowchart representing an exemplary boiler loop flow rate determination
process for burner initialization according to an embodiment.

[0013] Fig. 4 is a flowchart representing an exemplary DHW output temperature error
correction process according to an exemplary embodiment.

[0014] Fig. 5 is a flowchart representing a process for controlling an input fan of a
combination boiler according to an exemplary embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] Referring generally to Figs. 1-5, various exemplary embodiments of an invention may

now be described in detail. Where the various figures may describe embodiments sharing
various common elements and features with other embodiments, similar elements and
features are given the same reference numerals and redundant description thereof may be
omitted below.

[0016] Various embodiments disclosed herein are directed to methods and systems for
demand-based initialization of a combination boiler. In the embodiments described herein, a
domestic hot water (DHW) output temperature sensor may be used to detect a DHW output
temperature of a combination boiler.

[0017] Figure 1 illustrates a graphical block diagram illustrating a combination boiler
consistent with an exemplary embodiment. The combination boiler 100 is configured to
control operations associated with two water loops. The first loop 1s a boiler loop connected to

the combination boiler 100 at an input BOILER_IN of the combination boiler 100 and an
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output BOILER_OUT of the combination boiler 100. In various embodiments the boiler loop
may be configured to provide space heating or hydronic heating. The combination boiler 100
also includes a domestic water loop for providing potable water. The domestic loop connects to
the combination boiler 100 at an input DOMESTIC_IN of the combination boiler 100 and is
output from the combination boiler 100 at an output DOMESTIC_OUT. Although described
as a loop, it should be appreciated that the domestic loop may take the form of either a closed
or open flow loop. For example, the domestic loop may include one or more domestic water
input sections configured to input domestic water into the domestic water loop.

[0018] In operation, the combination boiler 100 is configured to provide heat energy from the
boiler loop to the domestic loop in order to provide heated domestic hot water (DHW) output.
Boiler loop water is input to the combination boiler 100 at BOILER_IN and flows toward the
primary heat exchanger (PHE) inlet temperature sensor 102. Although illustrated in Figure 1
as being located within the combination boiler 100, it should be appreciated that the PHE
inlet temperature sensor 102 may be physically located either internally or externally to the
combination boiler 100, without departing from the spirit and scope of the present disclosure.
A detected PHE inlet temperature T1 is measured by the PHE inlet temperature sensor 102.
After passing the primary heat exchanger inlet temperature sensor 102, boiler loop water
flows toward an inlet pump 104. In various embodiments, inlet pump 104 is configured to
regulate a flow rate of boiler water in the boiler loop. The output of the inlet pump 104 (also
illustrated with reference to PHE_IN in Figure 1) continues to a primary heat exchanger 106.
[0019] Primary heat exchanger 106 may take the form of a shell and tube heat exchanger, a
plate heat exchanger, a plate and shell heat exchanger, a fire-tube combustion heat
exchanger, a water-tube combustion heat exchanger, an adiabatic wheel heat exchanger, a
plate fin heat exchanger, a pillow plate heat exchanger, a fluid heat exchanger, a waste heat
recovery heat exchanger, a dynamic scraped surface heat exchanger, a phase-change heat
exchanger, a direct contact heat exchanger, a microchannel heat exchanger, or any other
physical device capable of transferring heat energy to boiler loop water.

[0020] The primary heat exchanger 106 includes or is otherwise connected to a burner 108 or
other heat source configured to provide heat. The burner 108 is configured to heat water
contained within the boiler loop. The burner 108 may be configured to include an input fan
110. Although described with reference to a fan it should be appreciated that the input fan
110 may be replaced by a water bypass configured to vary an amount of heat used to vary an
amount of heated water passed through the secondary heat exchanger 116. In this exemplary
embodiment, the bypass may be configured to be controlled (e.g., by the controller 120 rather
than explicitly by the input fan 110). The input fan 110 is configured to supply a fuel and air
mixture to the burner 108. Although the input fan 110 is described as part of the burner 108
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in various embodiments, the input fan 110 may optionally be physically separate from the
burner 108. Furthermore, at least one of the burner 108 and the input fan 110 may be
physically located internally or externally (or a combination thereof) to the combination boiler
100. Although not illustrated in Figure 1, the combination boiler 100 may include an energy
input module configured to receive one or more sources of energy for use by the burner 108.
For example, the combination boiler 100 may include a heating oil or natural gas input, where
the heating oil or natural gas input is used by the burner 108 to provide heat energy to boiler
loop water via the primary heat exchanger 106. Although described with reference to a
burner, it should be appreciated that the burner 108 may take the form of one or more
elements configured to provide heat energy to boiler loop water at the primary heat exchanger
106, and may or may not require the use of the input fan 110 during operation depending
upon a particular implementation. In one or more exemplary embodiments, a burner 108 may
take the form of one or more heating elements configured to regulate an amount of heat
supplied to boiler loop water or domestic loop water.

[0021] Heated water is output from the primary heat exchanger 106 along output PHE_OUT.
Heated water output from the primary exchanger 106 is received at PHE outlet temperature
gsensor 112. The PHE outlet temperature sensor 112 is configured in one embodiment to
measure a PHE outlet temperature T2. Heated boiler loop water is received at the flow
diverting valve 114 after passing the PHE temperature sensor 112. The flow diverting valve
114 1s configured to provide a selected amount of heated water from the boiler loop to at least
one of the boiler output BOILER_OUT and the secondary heat exchanger 116 (via input
SHE_IN). In operation, the flow diverting valve 114 may be configured to direct all or a
portion of heated water output from the primary heat exchanger 106 to the secondary heat
exchanger 116. In various embodiments the flow diverting valve 114 may be configured to
output all heated water from the primary heat exchanger 106 via the BOILER_OUT output.
In one exemplary embodiment, a flow path corresponding to the combination boiler 114 may
be configured to bypass the BOILER_OUT and BOILER_IN of the combination boiler 114. In
this exemplary embodiment, one or more additional temperature and/or flow sensors may be
implemented in the combination boiler 100 (for example, one or more sensors may be provided
corresponding to the SHE_OUT path). The additional one or more sensors may be
implemented, for example, because a temperature at PHE inlet temperature sensor 102 might
not match the SHE_OUT temperature (e.g., because of a potential status as a mixture of
water, potentially at a different temperature measured relative to at least one of an inlet and
an outlet of the secondary heat exchanger 116 rather than an inlet or an outlet of the primary

heat exchanger 106)).
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[0022] Secondary heat exchanger 116 is configured to receive domestic input water (e.g.,
potable water) via input DOMESTIC_IN. The secondary heat exchanger 116 is configured to
heat input domestic water by transferring heat energy received from the boiler loop to the
domestic loop. Heated water output from the primary heat exchanger 106 is directed by the
flow diverting valve 114 and through the secondary heat exchanger 116. In one exemplary
embodiment, heated domestic hot water is output from the secondary heat exchanger 116.
Although described with reference to a PHE outlet temperature, it should be appreciated that
the PHE outlet temperature sensor 112 may be located at an input section of the secondary
heat exchanger 116 and may, in one or more embodiments, correspond to an input
temperature of the secondary heat exchanger 116 (for example, the PHE outlet temperature
sensor 112 may be located at least one of before or after the flow diverting valve 114.. A
temperature of the domestic hot water output measured by a DHW output temperature
sensor 118 in one exemplary embodiment. The DHW output temperature sensor 118 is
configured to measure a domestic hot water temperature T3. After passing the DHW output
temperature sensor 118, domestic loop heated water 1s output from the combination boiler 100
via the output DOMESTIC_OUT.

[0028] A controller 120 is configured to control operations of at least one component of the
combination boiler 100. The controller 120 may be configured to include or otherwise access
one or more memory storage elements to store or obtain at least one parameter used by the
controller 120 to control at least a portion of operations performed by or corresponding to the
combination boiler 100.

[0024] In one exemplary embodiment the controller 120 is configured to control operations of
at least one of the flow diverting valve 114 and the inlet pump 104 to cause a predetermined
amount of heated boiler loop water to be diverted from the boiler loop into the secondary heat
exchanger 116 in order to transfer heat energy to domestic loop water. The controller 120
may be configured to provide domestic hot water output at a predetermined temperature (e.g,
at a predetermined or user-specified set point temperature). Boiler loop water is output from
the secondary heat exchanger 116 via the output SHE_OUT after transferring at least a
portion of its heat energy to the domestic loop water. In one exemplary embodiment, boiler
loop water output from the secondary heat exchanger 116 is received at the boiler loop at a
position before the PHE inlet temperature sensor 102. Additionally or alternatively, at least a
portion of the output boiler loop water from the secondary heat exchanger 116 may be
received at any point of the boiler loop without departing from the spirit and the scope of the
present disclosure.

[0025] The terms “controller,” “control circuit” and “control circuitry” as used herein may refer

to, be embodied by or otherwise included within a machine, such as a general purpose
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processor, a digital signal processor (DSP), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed and
programmed to perform or cause the performance of the functions described herein. A general
purpose processor can be a microprocessor, but in the alternative, the processor can be a
microcontroller, or state machine, combinations of the same, or the like. A processor can also
be implemented as a combination of computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration.

[0026] The steps of a method, process, or algorithm described in connection with the
embodiments disclosed herein can be embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A software module can reside in RAM
memory, flash memory, ROM memory, EPROM memory, KEPROM memory, registers, hard
disk, a removable disk, a CD-ROM, or any other form of computer-readable medium known in
the art. An exemplary computer-readable medium can be coupled to the processor such that
the processor can read information from, and write information to, the memory/ storage
medium. In the alternative, the medium can be integral to the processor.

[0027] Figure 2 illustrates a flowchart providing a process for initializing, modifying, or
otherwise controlling an input fan of a combination boiler according to an exemplary
embodiment. The process 200 begins at a step 201, where a boiler loop flow is initialized. The
boiler loop flow may be initialized, for example, by domestic water output (e.g., a draw of
water for a domestic water loop associated with the secondary heat exchanger 116). The
process continues at a step 202, where a boiler loop flow rate is determined. In one exemplary
embodiment, the boiler loop flow rate is determined based at least in part upon an operational
characteristic of the inlet pump 104. Additionally or alternatively, the boiler loop flow rate
may be measured, assumed, or determined, and may correspond to a flow rate of boiler loop
water passing through the secondary heat exchanger 116 via the flow diverting valve 114. At
a step 203, a primary heat exchanger inlet temperature, a primary heat exchanger outlet
temperature, and an output temperature of a secondary heat exchanger are measured at a
step 203. In one exemplary embodiment, the primary heat exchanger inlet temperature
corresponds to T1, the primary heat exchanger outlet temperature corresponds to T2, and the
output temperature of the secondary heat exchanger corresponds to T3 as illustrated by
Figure 1 and as previously described herein. In one exemplary embodiment, a boiler loop flow
rate may correspond to or otherwise relate to an amount of boiler loop water passing through

the secondary heat exchanger 116.
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[0028] At a step 204, a DHW input temperature is determined. At step 205 a DHW flow rate
is estimated based at least in part upon at least one of the boiler loop flow rate, the input
temperature of the primary heat exchanger, the output temperature of the primary heat
exchanger, and the difference between the DHW output temperature and the DHW input
temperature. After estimating the domestic hot water flow rate, the controller 120 may be
configured to cause the combination boiler 100 to operate the input fan 110 of the combination
boiler 100 according to a required heat output of the burner 108 corresponding to a set point
temperature. In one exemplary embodiment, the required heat output of the burner 108
corresponds to the DHW flow rate. The domestic hot water flow rate may be calculated using

the equation:
DHW Flow Rate = (Boiler Flow Rate * Boiler DT)/DHW DT)  (Eq. 1)
[0029] A required heat output of the burner 108 may be calculated according to the equation:

Heat Output= DHW Flow Rate * (DHW Set Point Temperature — DHW Inlet Temperature)
(Eq. 2)

[0030] A DHW inlet temperature may take the form of an assumed or measured temperature
associated with input domestic water received at the combination boiler 100. In various
embodiments, the DHW inlet temperature may be at least one of a predetermined value and
an assumed value. Additionally or alternatively, the DHW inlet temperature maybe directly
or indirectly measured at the DOMESTIC_IN input of the combination boiler 100, for example
by a temperature sensor (not illustrated) located in the combination boiler 100. The controller
120 may be configured to provide a feed-forward control system, whereby the DHW output
temperature T3 may be used in combination with at least one of the PHE inlet temperature
T1 or the PHE outlet temperature T2 to modify or compensate for an assumed or measured
DHW input temperature (as described herein with reference to Figure 4, below).

[0031] At a step 206 the input fan 110 is controlled according to a required heat output of the
burner 108. After initialization, the controller 120 may be configured to perform further feed-
back or feed-forward control of the input fan 110 to cause the DHW output temperature T3 to
satisfy a set point temperature and/or to cause a boiler loop flow rate to be modified. For
example, the input rate (e.g:, initial fan speed) may be modified by adding a term proportional
to an amount of air to cause the input fan 110 to transition the DHW output temperature to a
particular DHW set point temperature. Alternatively or additionally, the boiler loop flow rate
may be modified. In one exemplary embodiment the DHW set point temperature corresponds
to a desired temperature of output domestic hot water from the domestic loop. The controller

120 may be configured to modify an operational characteristic of at least one of the inlet pump
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104 and the flow diverting valve 114 to cause a temperature of the output DHW to correspond
to a predetermined DHW set point temperature. As previously described, the controller 120
may be configured to control, modify or otherwise initialize a heat input rate (e.g., fan speed)
of the input fan 110 to account for variation in actual DHW inlet temperature with an
assumed domestic hot water inlet temperature. The process 200 ends at a step 207.

[0032] Although described with respect to an input fan, it should be appreciated that one or
more heat sources may be used to provide the heat input rate corresponding to the primary
heat exchanger 106. In one exemplary embodiment, an input fan may be configured to supply
a volume of fuel and/or air, or a mixture thereof, to the burner 108 proportional to a given
heat demand or input. In one or more exemplary embodiments, a fan speed as described
herein may relate to a heat input associated with the primary heat exchanger 106.
Alternatively or additionally, heat input corresponding to the burner 108 may be provided by
one or more heating elements (e.g., an electric heating element) configured to be controlled by
the controller 120. In one exemplary embodiment, the controller 120 may be configured to
control one or more electric heating elements configured to provide a heat output
characteristic to the one or more heating elements corresponding to a heating demand. Even
further additionally or alternatively, the one or more heating elements are configured in one
exemplary embodiment to supply an appropriate amount of fuel, air, heat, or other
operational setting to the one or more heating elements (e.g., via one or more settings or
pulses corresponding to an on/off heat source). An operational setting of the input fan 110 or
one or more heating elements may be configured to correspond to an input heating demand
and/or input. Optionally, a fan speed of the input fan 110 may be configured to correspond to
a specific heat input.

[0033] Figure 3 provides a flowchart representing a boiler loop flow rate determination
process for burner control according to an exemplary embodiment. The process 300 begins at
a step 301, where a characteristic of at least one of the inlet pump 104 and flow diverting
valve 114 is obtained. The process continues to a step 302, where a boiler loop flow rate is
determined. The boiler loop flow rate may be determined at the step 302 in the manner
previously described herein. A DHW output flow rate is calculated using the boiler loop flow
rate at a step 303. At step 304 a required heat output of burner 108 is determined. The input
fan 110 is then initialized and/or operated according to the required heat output at a step 305.
The process then concludes at a step 306.

[0034] Figure 4 provides a flowchart representing a DHW output temperature error correction
process according to an exemplary embodiment. The process 400 begins at a step 401, where
a DHW output temperature is compared to a domestic hot water set point temperature. An

error amount is determined at step 402 based on the comparison between the DHW output
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temperature and the DHW set point temperature. It is determined at a step 403 whether the
error amount is greater than an error threshold. In one exemplary embodiment, the error
threshold may take the form of a particular range associated with the domestic hot water set
point temperature (e.g., as an offset such as +/- 3 degrees or as a percentage of the domestic
hot water set point temperature). If it is determined at the step 403 that the error amount is
not greater than the error threshold, the process 400 ends at a step 405. If, however, it is
determined at the step 403 that the error amount is greater than the error threshold, the
process continues to a step 404 where one or more operational characteristics of the
combination boiler 100 are selectively modified. The one or more operational characteristics
of the combination boiler 100 may include an assumed or measured DHW inlet temperature, a
setting of at least one of the inlet pump 104 and the flow diverting valve 414, or other
operational setting. The process then ends at a step 405.

[0035] An error correction process, for example as illustrated by Figure 4, compares a DHW
output temperature to a DHW set point temperature in order to determine an error amount.
The controller 120 may be configured to selectively modify at least one operation of the
combination boiler 100 based on the determined error amount. The selectively modified
operation may take the form of controlling, initializing, or modifying a heat input rate (e.g.,
fan speed) of the input fan 110 in one exemplary embodiment. Alternatively or additionally,
an assumed DHW input temperature may be modified at least in part based upon the error
amount.

[0036] Although described herein with reference to initialization of a fan speed, it should be
appreciated that a running fan speed of the input fan 110 may be modified on a continuing
operational basis within the spirit and the scope of the present disclosure. For example after
initialization, the controller 120 may be configured to control operations of at least one of the
flow diverting valve 114 and the inlet pump 104 to maintain an output temperature of the
domestic loop to correspond to a DHW set point temperature. As described herein, a DHW
output flow rate may be estimated and used to subsequently determine a required heat input
by the burner 108 firing by looking at one or more sensors available to the controller 120. The
controller 120 may then look at the DHW outlet temperature error as compared to a set point
temperature to further modify the estimated required heat input and initialize an advanced
fan speed accordingly once the burner 108 has ignited.

[0037] In one exemplary embodiment, the flow diverting valve 114 and inlet pump 104
constitute a known flow circuit for the combination boiler 100, and therefore correspond to a
known boiler loop flow rate when operating in a DHW mode. Implementations consistent
with the present disclosure include estimating a DHW flow rate by comparing the boiler loop

temperature change (i.e., outlet temperature minus inlet temperature) with a domestic hot
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water temperature rise. If the combination boiler 100 is not equipped with a DHW inlet
temperature sensor, an assumed DHW inlet temperature may be used as described herein.
[0038] Figure 5 provides a flowchart representing a process for controlling an input fan of the
combination boiler 100 according to an exemplary embodiment. The process 500 begins at a
step 501, where a domestic water loop flow and boiler loop flow are initiated. The boiler loop
flow may be initiated, for example, by the inlet pump 104. The domestic water loop flow may
be initialized, in one exemplary embodiment, by a domestic water draw associated with an
output of the secondary heat exchanger 116. In one exemplary embodiment, before the burner
108 fires, but sometime after the domestic loop and boiler loop flows have been initiated, the
controller 120 is configured to measure a temperature differential of the boiler loop, as well as
an estimated temperature differential of the domestic loop. The heat transferred out of the
boiler loop may be represented by the boiler loop temperature differential multiplied by the
known boiler loop flow rate. As this heat transfer rate is equal to the heat transfer rate into
the domestic water loop, the domestic water loop temperature differential can be used to
estimate the DHW flow rate.

[0039] The process 500 continues to a step 502, where an inlet temperature (T'1) of the
primary heat exchanger 106 is measured. The outlet temperature (T2) of the primary heat
exchanger 106 is measured at a step 503. At a step 504 a DHW output temperature of the
secondary heat exchanger 116 is measured. At a step 505 the DHW flow rate is determined in
the manner previously described herein. A required heat output of the burner 108 is
calculated at a step 506. The controller 120 causes the input fan 110 of the combination boiler
100 to control according to the required heat output at a step 507. The process 500 concludes
at a step 508.

[0040] Although described with reference to water loops, it should be appreciated that a
combination boiler 100 in accordance with the present disclosure may be configured to heat
one or more liquids via a primary fluid that may be directly or indirectly heated in a manner
as described herein. For example, a combination boiler 100 may include a water heater
providing a secondary space heating function using a secondary space heating function and a
water heating element implementing two or more liquid sources for functionality.
Alternatively or additionally, one or more exemplary embodiments may include a water
heater without a space heating capability (e.g., as a system similar to that illustrated by
Figure 1, without requiring a BOILER_OUT and/or BOILER_IN connection, which may or
may not include a different liquid to heat a loop liquid (e.g., as a heat pump water heater).
[0041] Throughout the specification and claims, the following terms take at least the
meanings explicitly associated herein, unless the context dictates otherwise. The meanings

identified below do not necessarily limit the terms, but merely provide illustrative examples
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for the terms. The meaning of “a,” “an,” and “the” may include plural references, and the
meaning of “in” may include “in” and “on.” The phrase “in one embodiment,” as used herein
does not necessarily refer to the same embodiment, although it may.

[0042] The term “coupled” means at least either a direct connection between the connected

items or an indirect connection through one or more passive or active intermediary devices.

» o« » o« » o«

[0043] Conditional language used herein, such as, among others, “can,” “might,” “may,” “e.g.,”
and the like, unless specifically stated otherwise, or otherwise understood within the context
as used, is generally intended to convey that certain embodiments include, while other
embodiments do not include, certain features, elements and/or states. Thus, such conditional
language is not generally intended to imply that features, elements and/or states are in any
way required for one or more embodiments or that one or more embodiments necessarily
include logic for deciding, with or without author input or prompting, whether these features,
elements and/or states are included or are to be performed in any particular embodiment.
[0044] The term “communications network” as used herein with respect to data
communication between two or more parties or otherwise between communications network
interfaces associated with two or more parties may refer to any one of, or a combination of any
two or more of, telecommunications networks (whether wired, wireless, cellular or the like), a
global network such as the Internet, local networks, network links, Internet Service Providers
(ISP's), and intermediate communication interfaces.

[0045] The previous detailed description has been provided for the purposes of illustration
and description. Thus, although there have been described particular embodiments of a new
and useful invention, it 1s not intended that such references be construed as limitations upon

the scope of this invention except as set forth in the following claims.
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What is claimed is:

1. A method of controlling domestic hot water (DHW) output temperature in a
combination boiler to minimize overshoot or undershoot of a DHW output set point
temperature of output domestic water in a system having a primary heat exchanger
connected to a boiler loop, a burner configured to provide heat to the primary heat
exchanger, an input fan configured to supply a fuel and air mixture to the burner, and a
secondary heat exchanger configured to transfer heat energy from the boiler loop to a
domestic water loop, the method comprising:
determining a boiler loop flow rate;
measuring an input temperature of the primary heat exchanger, an output
temperature of the primary heat exchanger, and a DHW output temperature
of the secondary heat exchanger;
estimating a DHW flow rate based at least in part upon the boiler loop flow rate, the
input temperature of the primary heat exchanger, the output temperature of
the primary heat exchanger;
operating the input fan according to a heat output demand of the burner
corresponding to the DHW flow rate; and
providing the output domestic water from the secondary heat exchanger
corresponding to the DHW output set point temperature based at least in
part upon the operating the input fan according to the heat output demand of

the burner corresponding to the DHW flow rate.

2. The method of claim 1, wherein the boiler loop includes an inlet pump and a flow
diverting valve, and wherein the boiler loop flow rate is determined based at least in part
upon an operational characteristic of at least one of the inlet pump and the flow diverting

valve.
3. The method of claim 2, wherein the boiler loop flow rate corresponds to a flow rate of
boiler loop water passing through the secondary heat exchanger via the flow diverting

valve.

4. The method of claim 1, further comprising:

CA 3031925 2020-03-28
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comparing the DHW output temperature to the DHW output set point temperature to
determine an error amount; and

selectively modifying operation of the combination boiler based on the error amount.

5. The method of claim 4, wherein a fan speed of the input fan is modified based at

least in part upon the error amount.

6. A combination boiler system for providing heated water to a boiler loop and heated
domestic hot water (DHW) to a DHW loop while minimizing overshoot or undershoot of a
DHW output set point temperature of output domestic water, the combination boiler system
comprising:
a primary heat exchanger connected to the boiler loop,
a burner configured to provide heat to the primary heat exchanger,
an input fan configured to supply a fuel and air mixture to the burner,
a secondary heat exchanger configured to transfer heat energy from the boiler loop
to a domestic water loop; and
a controller configured to:
determine a boiler loop flow rate;
measure an input temperature of the boiler loop, an output temperature of
the boiler loop, and a DHW output temperature of the domestic water
loop;
estimate a DHW flow rate based at least in part upon the boiler loop flow
rate, the input temperature of the boiler loop, the output temperature
of the boiler loop;
operate the input fan according to a required heat output of the burner
corresponding to the DHW flow rate; and
provide the output domestic water from the secondary heat exchangerv
corresponding to the DHW output set point temperature based at least
in part upon operating the input fan according to a heat output

demand of the burner corresponding to the DHW flow rate.

7. The combination boiler system of claim 6, the combination boiler system further

comprising:

CA 3031925 2020-03-28
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an inlet temperature sensor connected to the boiler loop, the inlet temperature

sensor configured to measure the input temperature of the boiler loop.

8. The combination boiler system of claim 6, the combination boiler system further
comprising:

an input pump configured to circulate water in the boiler loop;

a flow diverting valve connected to the boiler loop, the flow diverting valve
configured to selectively divert heated water from the boiler loop to the
secondary heat exchanger,

wherein the controller is configured to determine the boiler loop flow rate based
upon an operational setting of at least one of the input pump and the flow

diverting valve.

9. The combination boiler system of claim 6, wherein the controller is further
configured to:
compare the DHW output temperature to the DHW output set point temperature to
determine an error amount; and
selectively modify operation of the combination boiler system based on the error

amount.

10. The combination boiler system of claim 9, wherein the controller is configured to

modify a fan speed of the input fan based at least in part upon the error amount.

11, A method of controlling domestic hot water (DHW) output temperature in a
combination boiler while minimizing overshoot or undershoot of a DHW output set point
temperature of output domestic water in a system having a primary heat exchanger
connected to a boiler loop, a burner configured to provide heat to the primary heat
exchanger, an input fan configured to supply a fuel and air mixture to the burner, and a
secondary heat exchanger configured to transfer heat energy from the boiler loop to a
domestic water loop, the method comprising:

initiating a domestic water loop flow and a boiler loop flow;

measuring an inlet temperature and an outlet temperature of the primary heat

exchanger;

CA 3031925 2020-03-28
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measuring a DHW output temperature of the secondary heat exchanger;
determining a DHW flow rate based on a boiler loop flow rate, a boiler loop
temperature differential based on the inlet temperature and the outlet
temperature, and a DHW temperature differential between the DHW output
temperature and a DHW input temperature; “
calculating a required heat output associated with the burner, the required heat
output being defined as the DHW flow rate multiplied by a difference
between the DHW output temperature and the DHW input temperature; and
controlling the input fan at a fan rate corresponding to the required heat output and
providing the output domestic water from the secondary heat exchanger
corresponding to the DHW output set point temperature based at least in

part upon the controlling the input fan.

12. The method of claim 11, wherein the boiler loop includes an inlet pump and a flow
diverting valve, and wherein the boiler loop flow rate is determined based at least in part
upon an operational characteristic of at least one of the inlet pump and the flow diverting

valve.

13. The method of claim 12, wherein the boiler loop flow rate corresponds to a flow rate
of boiler loop water passing through the secondary heat exchanger via the flow diverting

valve.

14. The method of claim 11, further comprising:
comparing the DHW output temperature to the DHW output set point temperature
to determine an error amount; and

selectively modifying operation of the combination boiler based on the error amount.

15.  The method of claim 14, wherein a running fan speed of the input fan is modified

based at least in part upon the error amount.

CA 3031925 2020-03-28
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