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ABSTRACT
The disclosure provides an HVAC system, an HVAC
controller and a method of operating an HVAC system. In one

embodiment, the HVAC controller includes: (1) an interface

> configured to receive a thermostat call and (2) a processor

configured to 1initiate operation of the HVAC system in
response to the thermostat call and control operation
thereof based on a temperature difference across a

conditioning unit of the HVAC system.
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AN HVAC CONTROLLER AND METHOD FOR OPERATING AN HVAC S5YSTEM
BASED ON A DIFFERENCE IN TEMPERATURE BETWEEN RETURN AIR AND
SUPPLY AIR AND AN HVAC SYSTEM EMPLOYING THE CONTROLLER OR
METHOD

5 TECHNICAL FIELD

This application 1s directed, 1n general, to heating,
ventilating and air conditioning (HVAC) systems and, more

specifically, to directing the operation of HVAC systems.

BACKGROUND
10 HVAC systems can be used to regulate the environment
within an enclosed space. Typically, a thermostat call

1nitiates operation of an HVAC system that results in a

circulation fan pulling air from the enclosed space into the

HVAC system through ducts and pushing the air back into the
15 enclosed space through additional ducts after conditioning
the air (e.g., heating, cooling or dehumidification). Once

the deslred environmental condition 1s obtained within the

enclosed space, such as a desired temperature, the HVAC

'}

system 1s turned off.
20 some HVAC systems 1include modulating or two-stage
compressors that can operate at different speeds compared to
a single stage compressor that runs at one speed, i.e., full
speed. The multi-stage compressors can operate more

efficiently compared to conventional single stage
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compressors and reduce energy costs. HVAC systems may also

include a multi-stage furnace that is operable at different
heating capacities. some HVAC systems can also include
circulation fans that move air through the HVAC system at
> different volumes that can vary based on the operating mode
(e.g., heating, cooling or dehumidification) and the
requested compressor capacity or speed per the thermostat

call.

In addition to multi-stage furnaces, variable-speed

10 compressors and circulation fans, some HVAC systems also use
zone controls. A zone controlled system allows a user to
independently control the temperature in various designated

e

zones oI an enclosed space, such as a house. A zone control

panel or zone controller manages the movement of conditioned
15 air to the wvarious zones using electronic dampers and

thermostats dedicated to each of the zones. Harmony I11™

sone Control System available from Lennox Industries, Inc.

of Richardson, Texas, 1s an example of a zoning system that
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SUMMARY

Certain exemplary embodiments can provide a heating,

ventilating and air conditioning (HVAC) controller of an

HVAC system, comprising: an interface configured to receive
5 a thermostat call; and a processor configured to 1nitiate

operation of said HVAC system in response to said thermostat

call and control operation thereof based on a temperature

difference across a conditioning unit of said HVAC system;

wherein the controller controls the operation of the HVAC

10 system Dby: determining, based on the temperature difference

gr—

across the conditioning unit of said HVAC system, whether

the HVAC system, operating at an original operating stage,
is conditioning to 1its maximum capability; operating, 1n
response to determining that the HVAC system 1s not
15 conditioning to 1ts maximum capabillty, one or more
components of the HVAC system at an adjusted operating
stage; and coperating, 1n response to determining that the

HVAC system 1s conditioning to 1ts maximum capability, the

one or more components of the HVAC system at the original

20 operating stage.
Certain exemplary embodiments can provide a method of
operating a heating, ventilating and air conditioning (HVAC)

system, comprising: operating said HVAC system 1n response

J
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to a thermostat call; determining a temperature difference
across a conditioning unit of said HVAC system during said

operating; and controlling said operating based on said

temperature difference by: determining, based on the

5 temperature difference across the conditioning unit of said
HVAC system, whether the HVAC system, operating at an
original operating stage, 1is conditioning to its maximum
capability; operating, in response to determining that the

HVAC system 1s not conditioning to its maximum capability,

10 one or more components of the HVAC system at an adjusted
operating stage; and operating, in response to determining
that the HVAC system 1s conditioning to 1its maximum
capability, the one or more components of the HVAC system at
the original operating stage.

15 Certain exemplary embodiments can provide an HVAC
system, comprising: &t least one conditioning unit; a
circulation fan configured to move air across said
conditioning unit; and a controller configured to direct
operation of said HVAC system, said controller including: an

20 interface configured to receive a thermostat call; and a
processor configured to initiate operation of said HVAC
system 1n response to said thermostat call and control

operation thereof based on a temperature difference across

CA 2871054 2019-05-27




10

15

20

5

said conditioning unit, wherein the processor controls the
operation of the HVAC system Dby: determining, based on the
temperature difference across the conditioning unit of said
HVAC system, whether the HVAC system, operating at an
original operating stage, 1s conditioning to 1ts maximum
capability; and operating, 1in response to determining that
the HVAC system 1is not conditioning to 1ts maximum
capability, one or more components of the HVAC system at an
adjusted operating stage; and operating, 1n response to
determining that the HVAC system 1s conditioning to 1its
maximum capability, the one or more components of the HVAC
system at the original operating stage.

In another aspect, the disclosure provides a controller
of an HVAC system. In one embodiment, the HVAC controller
includes: (1) an 1nterface configured to receive a
thermostat call and (2) a processor configured to i1nitiate

operation of the HVAC system 1n response to the thermostat

call and control operation thereof based on a temperature

difference across a conditioning unit of the HVAC system.

In yet another aspect, a method of operating an HVAC

system 1s disclosed. In one embodiment, the method
includes: (1) operating the HVAC system in response to a
thermostat call, (2) determining a temperature difference
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across a conditioning unit of the HVAC system during the
operating and (3) controlling the operating based on the

temperature difference.

In still yet another aspect, the disclosure provides an
5 HVAC system. In one embodiment, the HVAC system includes:
(1) at least one conditioning unit, (2) a circulation fan
configured to move air across the conditioning unit and (3)
a controller configured to direct operation of the HVAC
system, the controller having (3A) an interface configured
10 to receive a thermostat call and (3B) a processor configured
to i1nitiate operation of the HVAC system in response to the
thermostat call and control operation thereof based on a

temperature difference across the conditioning unit.

BRIEF DESCRIPTION
15 Reference 1s now made to the following descriptions
taken 1n conjunction with the accompanying drawings, in

which:

20 principles of the disclosure;
FIG. 2 1llustrates a block diagram of an embodiment of

a HVAC controller of an HVAC system constructed according to

Che principles of the disclosure: and
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FIG. 3 1llustrates a flow diagram of an embodiment of a
method of operating an HVAC system carried out according to

the principles of the disclosure.

DETAILED DESCRIPTION

Changing to the different operating stages of an HVAC

system 1s often based on the supply air temperature, 1i.e.,

—

the temperature of the conditioned air provided to the

enclosed space. It is realized herein that determining the
operating stages for an HVAC system based on a single
Cemperature can result 1in i1inefficient operation of the
system. For example, the supply temperature for an HVAC
system may 1indicate 1inadequate cooling and that the HVAC

system should be operated at a higher stage. As such, the

AVAC controller directs the variable-speed compressor, such
as a modulating of multi-stage compressor, from a first
operating stage to a second operating stage. The HVAC
system, however, can already be cooling to its maximum

capability and increasing the compressor speed would have

little or no effect. As  such, the compressor is

inefficiently operated.
It 1s further realized herein that the etficiency of
HVAC systems can be improved by controlling demand based on

the temperature difference across the evaporator coils of
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the HVAC systems. Continuing the above example, the HVAC
system may have a cooling capacity of 15 to 20 degrees and

the supply air temperature 1s 65 degrees. If the return air

temperature 1s 80 to 85 degrees, than the HVAC system 1is
5 operating at 1ts maximum capaclty and increasing COmpressor
speed will provide a minimum or no additional temperature

drop across the evaporator coil. Accordingly, disclosed

hereln are various embodiments of a HVAC controller and
method that direct the operation of an HVAC system based on

10  the temperature difference across the evaporator coil
instead of Jjust a single operating temperature of the HVAC
system.

FIG. 1 1llustrates a high-level block diagram of an

embodiment of a HVAC system 100 constructed according to the
15 principles of the disclosure. The HVAC system 100 1s
configured to condition air for an enclosed space, including
cooling and heating. One skilled in the art will understand
that the HVAC system could also include additional
environmental conditioning components. For example,

20 humidifiers or dehumidifiers may also be employed to
increase or decrease humidity. The HVAC system 100 may also

include other components and devices that are not presently
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illustrated or discussed but are typically included 1n an

HVAC system.

The HVAC system 100 includes a circulation fan 110 to
move conditioned air through the enclosed space or provide

ventilation for the enclosed space. The HVAC system 100 1s

a zoned HVAC system and includes one or more electronic
dampers (not illustrated) to control air flow through air
ducts, including a supply air duct 122 and a return alr duct
124, of the HVAC system 100. The one or more dampers are
controlled by a zone controller 115. One skilled 1n the art

will understand that the HVAC system 100 <can 1include

multiple circulation fans, ducts, zone controllers, etc.

The zone controller 115 1s configured to manage
conditioned air for designated zones of the enclosed space.

A zone 1s a portion of a HVAC system that includes at least

one conditioning unit and 1ncludes at least one user

interface, such as a thermostat 170. As used herein, a
conditionling unit 1s a cooling or heating unit that provides
conditioned air for the HVAC system 100. The cooling unit
or heating unit can be part of an indoor unit 130 that can
be 1installed in, for example, a basement or attic of the
enclosed space. For the HVAC system 100, the heating unit

and the cooling unit are a furnace 131 and a refrigerant
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10

evaporator coll 132, respectively. The furnace 131 and the
evaporator coil 132 are associated with the circulation fan

110 and included with the indoor unit 130.
The zone controller 115 operates electronic dampers to
> control air flow to zones of the enclosed space. As noted
above, the zone controller 115 generates a blower control
signal to request a blower volume for the circulation fan

110. In some embodiments, the zone controller 115 1is

configured to provide greater air flow to different zones to

10  compensate for greater cooling load or air flow

requirements. As such, the blower control signal requests a

greater blower volume with respect to, for example, a
cooling call or heating call for a first zone than a second
zone., The zone controller 115 can be a conventional
15 controller for delivering conditioned air to designated

zones oI an enclosed space. In one embodiment, the zone

controller 190 can be a Harmony III™ Zone Controller.

Though the HVAC system 100 is a zoned HVAC system, the

functionality disclosed herein is not limited to a zoned

20  HVAC system.
AS noted above, the HVAC system 100 is configured to
provide heating and cooling and therefore includes the

furnace 131 and the evaporator coil 132, typlically
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assocliated with the circulation fan 110. Such embodiment of
the HVAC system 100 also 1includes a compressor 141 and
associated condenser coil 142, which are typically
assocliated 1n a so-called T“outdoor unit” 140. The
compressor 141 and assocliated condenser coil 142 are
typically connected to the associated evaporator coil 132 by
a refrigerant line 146. The outdoor unit 140 1includes an
outdoor unit controller 148 configured to direct the
operation of the outdoor unit 140, such as changing the
operating speed of the compressor 141. Although not shown
in FIG. 1, the HVAC system 100 may include a heat pump in
lieu of or in addition to furnace 131 and the compressor
141.

An HVAC controller 150 i1is configured to control the
circulation fan 110, the furnace 131 and/or the compressor
141 to regulate the temperature of the enclosed space. The
HVAC controller 150 may be an integrated controller or a
distributed controller that directs operation of the HVAC

system 100. The HVAC controller 150 may include an

interface to receive thermostat calls and other operating
data of the HVAC system 100, such as a blower control signal
and 1nformation that indicates a temperature difference

ACross a conditioning unit of the HVAC system 100. The HVAC
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12
controller 150 also 1includes a processor, such as a

microprocessor, to direct the operation of the HVAC system

100. The HVAC controller 150 may include a memory section

having a series of operating instructions stored therein
> that direct the operation of the HVAC controller 150 (e.gq.,
the processor) when initiated thereby. The series of
operating instructions may represent algorithms that are
used to direct operation of the HVAC system 100 based on the

temperature drop across a conditioning unit, such as, for

10  example, determining blower volumes for the circulation fans

110 and operating speeds of the compressor 141 based on the
temperature difference across the furnace 131 or the

evaporator coil 132. In one embodiment, the algorithms can

implement the method illustrated in FIG. 3 or at least a

15 portion thereof.
The HVAC controller 150 <can be a central HVYAC

controller. In some embodiments, at least a portion of the

functionality of the HVAC controller 150 can be 1mplemented
in the thermostat 170. In one embodiment, the thermostat

20 170 includes the functionality of a conventional thermostat
of an HVAC system such as generating thermostat calls for
cooling based on temperature settings. Additionally, the

thermostat 170 can include the necessary logic to direct the

CA 2871054 2019-05-27




13
operation of the HVAC system 100 based on the temperature

difference across a conditioning unit of the HVAC system
100.

The HVAC system 100 also includes one or more comfort

5 sensors 160 associated with the HVAC controller 150. The

one or more comfort sensors 160 provide environmental data,

e.g., temperature and/or humidity, for various zones of the

HVAC system 100 to the HVAC controller 150.
A data bus 180, which in the illustrated embodiment 1s
10 a serial bus, couples various components of the HVAC system
100 for communication of control signals and data. The data
bus 180 may be advantageously employed to convey one or more

alarm messages, one or more diagnostic messages, feedback

data, operating data, etc. of the HVAC system 100. A
15 conventional cable and contacts may be used to couple the
HVAC controller 150 to the wvarious components. In some
embodiments, a wlireless connection may also be employed to
provide at least some of the connections. The data bus 18(

can also be a wired-connection.

20 In some embodiments, the circulation fan 110 can
operate at different capacities, 1i.e., motor speeds, to
circulate air through the HVAC system 100, whereby the

circulated air is conditioned and supplied to the enclosed
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14
space. The circulation fan moves the air at a certain
capaclty according to the blower volume. Different blower
volumes can correspond to various operating speeds of the
compressor 141. The compressor 141 operates within a range
O from a minimum to a maximum capacity and the operating speed

Oof the compressor 1s denoted as a percentage of the maximum

operating capacility. The relationship between the blower

volumes and the operating speeds can be represented by a
non—linear curve.

10 The HVAC system 100 also includes a supply air
temperature sensor 182 and a return air temperature sensor
184. The supply air temperature sensor 182 and the return
ailr temperature sensor 184 can be conventional devices that

fr—

are used to determine a temperature of air and are typically

15 employed in HVAC systems. In some embodiments, one or both
of the temperature sensors 182, 184, are thermistors. For
example, the supply air temperature sensor 182 and the
return air temperature sensor 184 can be 10k thermistors in
a stainless steel hermetic housing. In other embodiments,

20 at least one of the temperature sensors 182, 184, can be a
resistance temperature detector (RTD) .

The supply air temperature sensor 182 and the return

alr temperature sensor 184 provide the supply air
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15
temperature and the return air temperature, respectively, to
the HVAC controller 150. These two temperatures indicate
the temperature difference across the conditioning units of
the HVAC system and are used by the HVAC controller 150 +o
direct operation of the HVAC system 100. As such, depending
on the operating mode of the HVAC system 100 the temperature
difference is across the furnace 131 or the evaporator coil
132. The HVAC controller 150 can determine the temperature

difference by subtracting the supply air temperature from
the return air temperature. For heating, the HVAC

controller 150 can determine a need to stage the furnace 131

pased on a temperature rise across the furnace 131. TIn one
embodiment, the HVAC controller 150 determines when to
direct the compressor 141 to a higher operating stage or
capacity based on the temperature drop across the evaporator

coll 132. Thus, the HVAC controller 150, or Processor

thereof, can direct the compressor 141 to stage-up or not.
Stage-up or staging-up as used herein is moving from a lower
operating stage to a higher operating stage or increasing
operating capacity. Considering a variable speed
compressor, the compressor would increase operating capacity
when moving from a first operating point to a second

operating point.
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In addition to making decisions regarding operating

capacity, the HVAC controller 150 1s configured to perform

diagnostics for the HVAC system 100 and control blower

volumes for the «c¢irculation fan 110. FIG. 2 and the
corresponding dilscussion provide additional information

about an HVAC controller that employs the temperature

difference across the conditioning units for directing

operation of an HVAC system.

FIG. 2 1illustrates a block diagram of an embodiment of
a HVAC controlier 200 of an HVAC system constructed
according to the principles of the disclosure. The HVAC
controller 200 1s configured to dirrect the operation of or
at least part of the operation of an HVAC system, such as
the HVAC system 100. As such, the HVAC controller 200 is
configured to generate control signals that are transmitted

to the various components to direct the operation thereof.

The HVAC controller 200 may generate the control signals in

response to feedback data and/or operating data that 1is
received from various sensors and/or components of the HVAC
system. For example, HVAC controller 200 can generate a
control signal to operate a circulation fan of the HVAC
system. The HVAC controller 200 includes an interface 210

that 1is configured to receive and transmit the feedback
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data, operating data, control signals and demand data. The
operating data received by the 1interface 210 1ncludes a

plower control signal and a thermostat call. Additionally,
the operating data i1ncludes temperature data indicating the

> temperature difference between supply air and return air.

The 1interface 210 may be a conventional interface that 1is

used to communicate (i.e., receive and transmit) data for a
controller, such as a microcontroller.

The HVAC controller 200 also includes a processor 220

10 and a memory 230. The memory 230 may be a conventional

memory typilcally located within a controller, such as a

microcontroller, that 1s constructed to store data and

computer programs. The memory 230 is configured to store

operating 1nstructions to direct the operation of the

15> processor 220 when initiated thereby. The operating

instructions may correspond to algorithms that provide the

functionality of at least some of the operating schemes

disclosed herein. For example, the operating instructions

may correspond to the algorithm or algorithms that implement

20 the method illustrated in FIG. 3.

The processor 220 may be a conventional processor such

as a microprocessor. The interface 210, processor 220 and

memory 230 may be coupled together via conventional means to
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communicate 1information. The HVAC controller 200 may also
include additional components typically included within a
controller of an HVAC system or unit, such as a power supply
or power port. The processor 220 is configured to operate
> the HVAC system according to the feedback data, demand data
and operating data, that includes supply air and return air

temperature information, to provide conditioned air in

response to receilved thermostat calls.

In one embodiment, the processor 220 is confiqured to

10 1initiate operation of the HVAC system in response to the
thermostat call and control operation thereof based on the
temperature difference across the evaporator coil of the
HVAC system. In some embodiments, the processor 220 is
configured to determine operating stages for the HVAC system

15 Dbased on the temperature difference. The processor 220 can
also be further configured to control the blower volume of a
circulation fan of the HVAC system based on the temperature

difference and an operating speed of the compressor. For

example, the circulation fan can be slowed to modify the

20  temperature drop or rise depending on the desired outcome of

the thermostat call. In some empbodiments, the processor 220

can provide this functionality for HVAC systems that do not

include a variable speed compressor. The processor 220 can

CA 2871054 2019-05-27




10

15

20

19
similarly provide dehumidification for the HVAC system based
on the temperature difference. Typically, larger
temperature drops are beneficial for dehumidification and
lower temperature drops are beneficial for efficiency.

In some embodiments, the processor 220 1s further

configured to perform diagnostics on the HVAC system by

comparing the temperature difference and related operating
data to historical data of the HVAC system stored on the
memory 230. For example, the processor 220 can compare the
present operating speed of the compressor for the present

temperature difference of 15 degrees to historical data of

compressor speed at a 15 degree temperature difference. If
the present operating speed is at 80% and historical data is
at 40%, then the processor 220 can generate an alarm
indicating a potential problem. Thus, unlike conventional
controllers, the HVAC controller 200 can advantageously
employ the temperature drop across the conditioning units of

an HVAC system to perform diagnostics 1in addition to more

efficiently operating the HVAC system.

FIG. 3 1llustrates a flow diagram of an embodiment of a
method 300 of operating an HVAC system carried out according

to the principles of the disclosure. The HVAC controller

100 of FIG. 1 or the HVAC controller 200 of FIGC. ? may be
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used to perform the method 300. In one embodiment, the

method 1s performed by a manufacturer Or during

manufacturing of a HVAC controller, unit or system. The

method 300 begins in a step 305.

5 In a step 310, a thermostat call is received. The
thermostat call can be a conventional request for a cooling
demand or a heating demand of the HVAC system. The call can
be received from a thermostat associated with a zone
controller of the HVAC system.

10 In a step 320, the HVAC system is operated in response
Lo the thermostat call. For conditioning demands, such as
cooling or heating, an indoor unit of the HVAC system
opetates 1ts clrculation fan to move air across an
evaporator coil or furnace to provide conditioned air

15 through ducts to an enclosed space.
Operating data of the HVAC system is received in a step

330. The operating data includes information that 1ndicates

the temperature difference between the supply air and the
return air. In one embodiment, the Cemperature information
20 1s a supply air temperature and a return alr temperature.

In a step 340, a temperature difference across the

HVAC system. In  one embodiment, an HVAC controller
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determines the temperature difference based on a supply air

temperature and a return ailr temperature.

Operation of the HVAC system 1s controlled based on the

temperature difference 1n a step 350. In some embodiments,

5> controlling the operation of the HVAC system includes

g—

determining an operating stage of the HVAC system. In one

embodiment, staging-up a compressor 1s determined based on
the temperature difference. In another embodiment, changing
the blower volume for a circulation fan 1is determined based
10 on the temperature difference. In yet another embodiment

determining to stage a furnace is based on a temperature

rise across the furnace. For example, 1f the furnace 1is
already operating at a maximum heating capacity, a decision
to not stage-up can be made pbased on the temperature rise

15 across the furnace.

In a step 3600, diagnostics on the HVAC system 1is
performed employing the temperature difference. The method

300 ends in a step 370.
The above-described methods may be embodied in or
20 performed by various conventional digital data processors,
M1Croprocessors or computing devices, wherein these devices

are programmed or store executable programs of sequences of

software instructions to perform one or more of the steps of
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the methods, e.g., steps of the method of FIG. 3. The
software 1instructions of such programs may be encoded in
machine-executable form on conventional digital data storage
medla that 1is non-transitory, e.g., magnetic or optical
disks, random-access memory (RAM), magnetic hard disks,
flash memories, and/or read-only memory (ROM), to enable

various types of digital data processors or computing

devices to perform one, multiple or all of the steps of one

.
p—_

Oor more of the above-described methods, e.g., One Oor more o

the steps of the method of FIG. 3. Additionally, an
apparatus, such as an HVAC controller, may be designed to
include the necessary circuitry or programming to perform
each step of a method disclosed herein.

Portions of disclosed embodiments may relate to
computer storage products with a non—-transitory computer-
readable medium that have program code thereon for
performing various computer-implemented operations that

empody a part of an apparatus, system or carry out the steps

F

0 a method set forth herein. Non-transitory used herein

refers to all computer-readable media except for transitory,

propagating signals. bxamples of non-transitory computer-

readable media include, but are not limited to: magnetic

media such as hard disks, floppy disks, and magnetic tape;
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optical media such as CD-ROM disks; magneto-optical media
such as floptical disks; and hardware devices that are
specially configured to store and execute program code, such
as ROM and RAM devices. Examples of program code include
5> both machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the

computer using an 1nterpreter.
Those skilled 1n the art to which this application

relates will appreciate that other and further additions,

10 deletions, substitutions and modifications may be made to

the described embodiments.
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CLAIMS

1. A heating, wventilating and air conditioning (HVAC)

controller of an HVAC system, comprising:

an 1nterface configured to receive a thermostat call;

5 and
a processor configured to initiate operation of said
HVAC system 1n response to said thermostat call and control
operation thereof based on a temperature difference across a

conditioning unit of said HVAC system;

10 wherein the controller controls the operation of the

HVAC system by:

determining, based on the temperature difference

across the conditioning unit of said HVAC system,

whether the HVAC system, operating at an original

15 operating stage, 1s conditioning to its maximum
- capabilility;

operating, 1in response to determining that the

HVAC system 1is not conditioning to its maximum

capability, one or more components of the HVAC system

20 at an adjusted operating stage; and

operating, 1in response to determining that the

AVAC system is conditioning to its maximum Capability,
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the one or more components of the HVAC system at the

original operating stage.

9 The HVAC controller as recited in claim 1, wherein the

5 temperature difference across the conditioning unit of said
HVAC system is determined based on operating data that
includes both a supply air temperature and a return air

temperature of said HVAC system.

10 3. The HVAC controller as recited in claim 1, wherein:
said conditioning unit is an evaporator coll;
said one or more components comprises a variable-speed
compressor; and
said processor is configured to determine an operating
15 stage of said variable-speed compressor based on said

temperature difference across said evaporator coll.

4. The HVAC controller as recited 1n claim 3, wherein:

salid one or more components comprises a fan; and
20 said processor is further configured to control blower

volume of the fan based on said temperature difference and

an operating speed of said compressor.
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O. The HVAC controller as recited in claim 1, wherein said
conditioning wunit 1s a multi-stage furnace and said

sald furnace based on said temperature difference.

0. The HVAC controller as recited in claim 1 further

comprising a memory, wherein said processor 1is further

configured to perform diagnostics on said HVAC system by

comparing sald temperature difference and related operating

data to historical data of said HVAC system stored on said

memory.

/. The HVAC controller as recited in claim 1 wherein said
HVAC system 1s a zoned HVAC system having multiple operating
stages and sald processor 1s configured to control operating

stages of said zoned HVAC system based on said temperature

difference.

8. A method of operating a heating, ventilating and air
conditioning (HVAC) system, comprising:
operating said HVAC system in response to a thermostat

call;
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determining a temperature difference ACross a
conditioning unit of said HVAC system during said operating;

and

controlling said operating based on said temperature

5 difference by:
determining, based on the temperature difference
across the conditioning unit of said HVAC system,
whether the HVAC system, operating at an original
operating stage, is conditioning to its maximum
10 capability;
operating, in response to determining that the

HVAC system 1is not conditioning to 1ts maximum

capability, one or more components of the HVAC system

at an adjusted operating stage; and

15 operating, 1in response to determining that the

HVAC system is conditioning to 1ts maximum capability,
the one or more components of the HVAC system at the

original operating stage.

20 9. The method as recited 1in c¢laim 8, further comprising
receliving operating data of said HVAC system during said

operating, wherein salid temperature difference is determined

from salid operating data.
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10. The method as recited in claim 9 wherein said operating

data includes both a supply air temperature and a return air

temperature of said HVAC system.

5
11. The method as recited in claim 8, wherein:
sald conditioning unit 1is an evaporator coil;
sald one or more components comprises a variable-speed
compressor; and
10 said controlling 1includes determining an operating

-~

stage of said variable-speed compressor based on said

temperature difference across said evaporator coil.

12. The method as recited 1n claim 8, wherein said

15> controlling 1includes determining a blower volume for a

circulation fan of said HVAC system based on said

temperature difference and an operating stage of a

compressor of said HVAC system.

20 13. The method as recited 1n claim 8 wherein said

controlling includes determining an operating stage of a

furnace of said HVAC system based on said temperature

difference.
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14. The method as recited in claim 8 further comprising

performing diagnostics on said HVAC system employing said

temperature difference.

5
15. An HVAC system, comprising:
at least one conditioning unit;
a circulation fan configured to move air across said
conditlioning unit; and
10 a controller configured to direct operation of said

HVAC system, said controller including:

an 1interface configured to receive a thermostat call;
and
a processor configured to 1nitiate operation of said

15 HVAC system 1n response to sald thermostat call and control
operation thereof based on a temperature difference across

sald conditioning unit, wherein the processor controls the

operation of the HVAC system by:

determining, based on the temperature difference
A across the conditioning unit of said HVAC system,
whether the HVAC system, operating at an original

operating stage, 1s conditioning to 1ts maximum

capability; and
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operating, in response to determining that the
HVAC system 1is not conditioning to 1ts maximum

capability, one or more components of the HVAC system

at an adjusted operating stage; and

5 operating, 1in response to determining that the
HVAC system is conditioning to its maximum capability,

the one or more components of the HVAC system at the

original operating stage.

10 16. The HVAC system as recited in <claim 15 further
comprising both a supply alr temperature sensor and a return
air temperature sensor configured to provide a supply air
temperature and a return air temperature to said interface,
wherein salid Processor determines sald temperature

15 difference based on said supply air temperature and said

return alr temperature.

17. The HVAC system as recited 1n claim 15, wherein said

conditioning unit 1s an evaporator coil or a multi-stage

20 furnace.

18. The HVAC system as recited in «claim 15, further

comprising a variable speed compressor, wherein said
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processor 1s further configured to determine a blower volume

for operating said circulation fan based on said temperature

difference and an operating stage of said compressor.

O 19. The HVAC system as recited in claim 15 further
comprising a memory, wherein said processor is further

configured to perform diagnostics on said HVAC system by

comparing sald temperature difference and related operating
data to historical data of said HVAC system stored on said

10  memory.

20. The HVAC system as recited in claim 15 wherein said HVAC
system 1is a zoned HVAC system having multiple operating
stages and saild processor is configured to control operating

15 stages of said zoned HVAC system based on said temperature

difference.
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